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Apnry’s Inclinometer Level, 627 

Acrefair Works of Messrs. Hughes and Lancaster, 
Ruabon, 372, 373, 384 

Adamson and Co,’s 1500 Horse-Power Triple- 
Expansion Mill Engines, 350, 359 

Agriculture, U.S., 431, 432 

Air - Compressing Engine, 500 Horse - Power, 
South Duffryn Colliery, 634, 636, 637, 640 

Air Pumps of the United States Cruiser 
“Olympia,” 610 

Air Tramway, Berne Compressed, 212, 213 

“Alarm,” H.M. Torpedo Gunboat, Engines 
(Penn), 280 

Alaska, Yellowstone, and Yosemite, 
mite, de, 

“ Albert,’ Engines of the Paddle Steamer 
(Messrs. M. Paul and Co., Dumbarton), 102, 
103 

Allegheny Observatory, Spectroscope, 664, 665, 
668 

Allen Steam Striker, 250 

Allen’s Circulating Pumps on §.8, ‘‘ Campania,” 


See Yose- 


482 

Allen’s Triple-Expansion Engine with Fan, 488 

Allington Lock, Lower Medway, Waste Gates, 
342 

Alloys, 629, 659, 660, 687 

Alternate Current Dynamo (Mather and Platt), 
158, 159 

Alternating Currents, Measurement of, 141, 168, 
196, 197, 230 


American Industries and British Com- 

merce : 

Agriculture Production, 431, 432 

British Imports and Exports, United States, 
335, 336 

British Shipping in American, &c., Trade, 273 

Chemical Imports to United States, 335 

Corn, Growth of, 431 

Cost of Living, 432 

Cotton Imports to United States, 335 

Customs Duties on Imports, 305 

Emigration to United States, 367 

Exports and Imports, Tariffs, 305 

Farm Animals, 432 

Flax, Hemp, Jute, &c., Imports to United 
States, 335 

Freights by Rail and Canal, 154 

French Imports and Exports, United States, 
335, 336 

German Imports and Exports, United States, 
335, 336 

Grain, Yield and Price of, 432 

Hay, Growth of, 432 

Immigration to United States, 367 

Imports, Exports, and Tariff Duties, 305 

Imports into United States, 335, 336 

Tron and Steel Imports to United States, 335 

Nationality of Inhabitants of United States, 
367 


Oats, Growth of, 431, 432 
Population Diagrams, 124, 125, 154 
Potatoes, Growth of, 432 
Price of Produce, 432 
Railway Development, 185, 211 
Revenue and Expenditure of United States, 
51 
Shipping, American, 239 
Shipping of all Nations, British Influence, 273 
Silk Imports to United States, 335 
Tariffs, Imports and Exports, 305 
Tariff Revenue of United States, 51 
Wheat, Growth of, 431 
Wood Imports to United States, 335 
Wool Imports to United States, 335 
Ammonia Compression Refrigerator (La Vergne’s), 
498, 499 
Angle-Iron Shearing Machine, Hydraulic Channel 
and (Messrs. H. Smith and Co., Glasgow), 155 
Ardrossan Engine Shed of Concrete, 862 
Argentine Cruiser ‘‘ Neuvo de Julio” (Sir Wm. 
Armstrong, Mitchell, and Co.), 224 
Armature, Current Direction in, 782 
Asquith’s Boring Machine, 283 
Assioot-Girgeh Railway, Egypt, 764, 765, 776 
Astbury’s 8-In. Chasing Lathe, 806 
Astbury’s Turret Lathe, 376 
Atlantic Liners ‘‘Campania” and ‘ Lucania.” 
See ‘‘ Campania” 
Atlantic Record Performances. 
pania” 
Atlantic Steamer ‘‘ Umbria” (Fairfield Com- 
pany), 9, 80 
autre Torpedo Cruiser ‘‘Satellit” (Schichau), 
46 
Automatic Gas Retort House (New Conveyor 
Company), 362 
Automatic Signalling System, Liverpool Over- 
head Railway), 163 
Averager, Coffin, 251 
Ayrshire and Lanarkshire Railway Bridges, 861 


See ‘ Cam- 


Babcock and Wilcox Boilers at Chelsea Electric 
Station, 411 

Baker's Frost Valves for Hydrants, 251 

ee Canal Forward Well Dredger (Smulder’s), 


Baltimore and Ohio Railroad, 511, 512, 513 

Barry Dock Company’s Passenger Locomotive 
(Vulean Company, Newton-le-Willows), 904 

Bath Works (Maine), Hyde Steam Windlasses and 
Capstans, 702 

Battleship ‘‘ Howe,” Floating, 294 

Battleship ‘‘ Victoria,” The Loss of, 906 

Beirut, Port of, 76 

sre Engines and Dynamos for ‘* Campania,” 
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Bergsunds Shipbuilding Company, Ice-Breaking 
Steamer ‘‘ Murtaja,” 327 

Berne Compressed Air Tramway, 212, 213 

Bessemer Basic Steel Joists, Experiments, 653 

Bethlehem Company 125-Ton Steam Hanmer, 
857 

Blackpool Tower, 338, 339 

Blasting Operations on Railways, 31, 32 

Boat Railway at Meaux, France, 438, 439 

Boiler Circulator and Deposit Extractor, Watt's, 
851 

Boiler Experiments (by Mr. Bryan Donkin, Jun., 
and Professor Kennedy), 114, 897, 898 

Boiler Explosions, 10 

Boiler Ferrules, 391, 396 

Boiler Firedoors, Geddes’s Protector, 913 

Boiler Furnaces, 85, 88, 118 

Boiler-Plate Flanging Machine (Messrs. R. Har- 
vey and Co., Glasgow), 123 

Boiler Shell Drilling Machine (Scriven, Leeds), 
318 

Boiler, Trevithick’s, at Chicago Exhibition, 684 

Boiler Tube Experiments, 1 

Boiler Tube aa Tubeplate Connection, 344 

Boiler Tubes, 226, 252, 283, 750 

Boiler Tubes, Fixing (Petersen), 719 

Boiler Tubeplates, Transmission of Heat through, 
283, 395, 396, 397 

Boilers at the Chelsea Electricity Supply Com- 
pany’s Station, 411 

Boilers and Engines of H.M. Cruiser ‘‘ Gibraltar” 
(Napier, Glasgow), 851, 900, 901 

Boilers and Engines of United States Cruiser 
“Olympia” (Union Works, San Francisco), 
410, 455, 610, 611, 614 

Boilers and Forced Draught, 283, 344, 395, 396, 
397, 837 

Boilers and Leaky Tubes. See Leaky Tubes 

Boilers, Naval, 694, 695, 700 

Boilers under Steam, Alteration of Forms of, 754 

Boilers of the United States Cruiser ‘‘ Olympia,” 
611 

Booth’s Cylinder Boring Machine, 691 

Boring Machine (Asquith’s), 283 

Boring Machine, Cylinder (Booth, Halifax), 691 

Boring Machine, Duplex Wheel and Tyre (Har- 
vey, Govan), 94 

Boring Machine for Pulleys, Vertical (Richards 
Company), 739 

Braithwaite and Kirk’s Bridge Flooring, 174 

Breach in Embankment, Yellow River, 263, 296 

Brickmaking Machine, Jefferies’, with Automatic 
Cutting Table (Humpidge and Snoxell, Dud- 
bridge), 897, 898 

Bridge Failure in Servia, 134, 138 

Bridge Flooring, Braithwaite and Kirk’s, 174 

Bridge over Lower Glanmire-road, Cork, 769 

Bridge over Mississippi, Memphis, Tennessee, 166, 
216, 217 

Bridge Removal, Blasting Operations, 31, 32 

Bridges, Concrete Railway, 859, 860, 861, 862 

Bridges on the Egyptian Railway, Assioot-Girgeh, 
764, 765, 776 

Bridges on the Manchester Ship Canal, 126, 127, 
182, 183, 271, 286, 306 

Bristol’s Recording Pressure Gauge, 63 

British Imports and Exports in United States, 
335, 336 

British Shipping in American, &c., Trade, 273 

Broadbent 15-Ton Electric Travelling Crane, 55 

Brotherhood Engine and Westminster Dynamo, 
893 

Brown’s Starting Gear, 483. 

Brown’s Steam Tiller Steering Gear, 491 

Brown’s 1500-Ton Forging and Stamping Press, 
913 

Bruges as a Seaport (Proposed Canal), 98, 99 

Building a Ship. See ‘‘ Campania” 

Buildings at Chicago Exhibition. See Columbian 
Exposition\ 

Bulkhead Doors, Clark’s, 347 

Bulkheads, Economical Ships’, 391 

Bulkheads, Strength of, 427 

Burmah Oilfields, 889 

Burton’s Self-Sustaining Pulley Block Traveller, 
377 


Cable and Electric Mountain Railway, Murren, 
414, 434, 435, 446, 639, 641, 644 
Cadle, Windmill (Dublin), 868 


“Campania” and * Lueania,” 

Liners: 
463 to 502 

Diagram showing Tonnage, Power, Coal Con- 
sumption, and Performances of Atlantic 
Liners, 1848-93, 463 

Profiles of Representative Atlantic Liners, 
1837-93, 464 

Midship Sections of Representative Atlantic 
Liners, 465 

Bow Framing of ‘‘ Campania,” and Keel Plating 
of “‘ Lucania,” December 31, 1891, 466 

Bow Framing, looking forward, December 31, 
1891, 467 

Stern Framing, looking aft, December 31, 1891, 
467 

Midship Framing, as Seen from Bow, December 
31, 1891, 470 

Section of Orlop Deck Stringer, 473 

General View of Upper Deck Framing, looking 
forward, March 31, 1892, 470 

Promenade Deck, looking aft, June 30, 1892, 471 

Promenade Deck, looking forward, June 30, 
1892, 471 

Stern Framing, 473 

Bow View before the Launch, September 8, 
1892, 474 


Cusard 


“Campania” and 
Lin ers—continued, 


Stern View before the Launch, September 8, 
1892 474 
View of Ship before the Launch, 
1892, 475 
View of Vessel taken during 
September 8, 1892, 475 
Fitting and Machine Shops at Fairfield Works 
during Construction of Engines. Two-Page 
Plate No. I., adjoining page 463 
Engines of the ‘‘ Lucania” in Course of Erec- 
tion, June 30, 1892, 478 
Starting Gear, with Small Engine for Working 
Main Stop Valve, 479 
Middle Platform for 
Crossheads, 479 
Eccentric Pulley, Strap, and Rod, 481 
Main Stop Valve and Steam Pipes, 481 
Circulating Pumps and Engines, 482 
Brown’s Starting, Reversing, and Emergency 
gear, 483 
Engines of ‘‘ Campania” as Completed June 30, 
1892 ; Front Corner View. Two-page Plate 
No. IJ., adjoining page 463 
Engines of ‘‘ Campania” as Completed June 30, 
1892; back Corner View. Two-page Plate 
No. III., adjoining page 463 
Boilers of ‘‘Campania” ready to be placed on 
Board, June 30, 1892, 484 
Main and Auxiliary Feed Pumps, 486 
Ballast Pumps, Feed Water Heater, and Sea 
Water Condenser, 487 
Fan, with Triple-Expansion Engine, for Venti- 
lating Stokeholds, 488 
Electric Lighting Engine and Dynamo, 490 
Electric Light Switchboard and Distributing 
Boxes, 490 
Steam Tiller Steering Gear, 491 
Windlass and Gear, 492 
Three-Inch Cable, 492 
Longitudinal Cross Sections of Ship. 
page Plate No, IV., adjoining page 463 
Deck Plans. Two-page Plate No, V., adjoining 
page 463 
Section of Well, 493 
Drawing-Room, Dining Saloon, and Well and 
Skylight from Dining Saloon. Two-page 
Plate No. VI., adjoining page 463 
Dining Saloon, Grand Staircase, Smoking-Room, 
and Library. Two-page Plate No. VII., ad- 
joining page 463 
Ship under Steam in the Firth of Clyde. Ship 
Completed, at the Tail of the Bank, off 
Greenock. Two-page Plate No. VIII., ad- 
joining page 463 
View of Ship from Forecastle. 
Engines from Passenger Deck. 
Plate No, IX., adjoining page 463 
Promenade Deck of the ‘‘Campania,” looking 
forward, 494 
Arrangement and Details of Ventilators, 495 
Cold Air Provision Store (De la Vergne’s Refri- 
gerator), 498 
Kilbourn’s Refrigerating Plant for Cargo Holds, 
499 
Engines of the Twin-Screw Steamer “ Pole 
Star,” 502 
Campbell and Foster's Triple-Effet Evaporator 
for Sugar Manufacture (Campbell and Calder- 
wood, Paisley), 703, 706 
Cams, Cutting, 33 
Canal Boat Railway at Meaux, France, 438, 439 
Canal, Nicaragua, 209, 605, 606, 607 
Canal, Proposed, Bruges, 98, 99 
Cantilever Bridge over River Mississippi, Mem- 
phis, 166, 216, 217 
Cantilever Bridges on the Manchester Ship Canal, 
126, 127, 182, 183, 271, 286, 306 
““Capercailzie,” Steam Yacht, Engines (Messrs. 
Barclay, Curle, and Co., Limited, Glasgow), 16, 
25 


* Lueania,” Conard 


September 8, 


the Launch, 


Access to Guides and 


Two- 


View of 
Two-page 


Capstans and Windlasses, Hyde Steam (Bath 

Works, Bath, Me.), 702 

Cargo Steamer “Turret” (Doxford, Sunderland), 
738, 734, 735, 742 

Carriages, Heating Railway (Laycock), 190 

Carriages and Locomotive of Murren Mountain 

Railway, 639, 641, 644 

Central Marine Engineering Works, Hartlepool, 
274, 275, 278, 303, 314, 318 

Central Station, Electric Light, Davies-street, 

Westminster, 307, 310, 313 

Central Station, Hornsby’s Engines at the Crystal 

Palace, 614 

Central Stations, Power Development and Distri- 
bution, 81, 82, 110, 111, 143, 170, 187, 253 

Centrifugal Pump (Thwaites), 135 

Channel and Angle Iron Shearing Machine, Hy- 

draulic (Messrs. H. Smith and Co., Glasgow), 155 

Chasing Lathe, 8-In. (Astbury, Grantham), 806 

Chelsea Electric Station Boilers, 411 

Chemical Imports in the United States, 335 

“Chertsey” Winding Colliery Plant, 633, 634, 
636, 637, 640 

Chicago City, 514, 515, 516 

Chicago Exhibition. See Columbian Exposition 

Chouanard’s Cold Metal Sawing Machine, 807 

“ Circe,” H.M. Torpedo Gunboat, Engines (Penn), 
280 

Circulator and Deposit Extractor, Watt’s Boiler, 


851 

Clark’s Bulkhead Door, 347 

Clayton and Shuttleworth, Portable Engine to 
Burn Liquid Fuel, 831 

Cloth Measuring Machine, 279 

Clyde Passenger Steamer ‘“‘Isle of Arran” (T. 
B. Seath and Co.), 442 
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Coffin Averager, 251 
Cole, Marchent, and Morley, Compound Engine 
with Positive Valve Gear (Morley’s), 738 
Coligny Roof Lamp, 282 
Colliery Appliances at Chicago Exhibition, 633, 
634, 636, 637, 640 : 
Colliery Pumping Plant, Electric (Ernest Scott 
and Mountain, Limited), 347 
Colliery Trams, 640 
The Columbian Exposition : 
593 to 596 
Pennsylvania Railroad : 
The ‘Pennsylvania Limited” Running Full 
Speed, 503 
The Jersey City Dépdt, 504 
The Philadelphia Station, 504 
The Pennsylvania Railroad Station at Wash- 
ington, 504 
A Drawing-Room Car, 505 
Conestoga Bridge, 506 
A Picturesque Curve, 506 
The Horseshoe Curve, 506 
A Down Grade on the Alleghanies, 506 


New York Central and Hudson River Railroad: 
A New York Central Locomotive, No. 870, 
507 
“Record” Train on the New York Central 
Railroad, 507 
Washington Bridge over the Harlem River, 
508 
The “ Four-Track” Road ; on the Banks of the 
Mohawk, 508 
The Rapids of Niagara, 510 
The Highlands of the Hudson, 510 
Niagara River, 510 
The Rapids above Niagara, 510 
The Niagara Power Company’s Tunnel, 510 
Baltimore and Ohio Railroad Company : 
The Capitol at Washington, 512 
The Baltimore and Ohio Station at Washington, 
612 
The Potomac, Harper's Ferry, and the Shenan- 
doah, 513 
Mountain Section of the Baltimore and Ohio 
Railroad, 511 
A Mountain Station, 511 
On the Potomac, 511 
City of Chicago : 
Chicago in 18380, 513 
Map of Chicago and District in 1890, 514 
The Auditorium, 515 
The Masonic Temple, 516 
The Chicago River, 515 
World’s Columbian Exposition of 1893 : 
Sketch Plan of Exhibition Buildings 
Jackson Park, 520 


Administration Building : 
Plans of Administration Building, 521 
View showing Framing of Dome, 522 
Group of Statuary—‘ Industry,” 522 
View of Main Entrance, 523 
Northern Front, 892 


Manufactures and Liberal Arts Building : 

End Elevation, 524 

Plan, 524 

Transverse Section, showing Relative Size ot 
Machinery Hall, Paris (1889), 525 

Transverse Section, showing Framing, 525 

View of Completed Building, October, 1892, 
526 


and 


View of Building in Course of Construction, 
6 


Interior of Main Hall, 527 

Base of One of the Main Ribs, 527 

Erection of First Bay, 528 

Erection of Main Roof, 528 

Interior View of Machinery Hall, Paris Exhi- 
bition, 1889, 529 

The Fives-Lille Mode of Erecting Roof, 529 

The Cail Mode of Erecting Roof, 529 

View showing Liberal Arts, Government, and 
Fisheries Buildings, 530 

Longitudinal Section through End of Manu- 
factures and Liberal Arts Building, 530 


Machinery Hall: 

Facade Adjoining the Great Central Court, 
581, See also Plate I., at page 503 

Transverse Section, 532 

Part Longitudinal Section, 532 

Plan, 533 

Exterior View during Erection, 534 

Interior View during Erection, June, 1892, 
635 

Side Elevation, 536 

Main Fagade, 537 

North Entrance, 538 

Perspective View of Main Entrance, 539 

Transverse and Longitudiaal Sections of Elec- 
tric Mains, 539 


Electricity Building : 
Main Fagade, 540. Plate III., at page 503 
Interior of Main Hall, 541 
Half Transverse Section, 541 
General View, 542 
Half Plan, 542 
Elevations, 543 
Perspective View, 552 


Mines and Mining Building : 
Side Elevation, 543 
Transverse Section, 544 
Plan, 544 
Erection of Building, October, 1891, 545 
Interior of Building, 545 
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@ne Columbian Exposition—continued, 
Agricultural Building : k 
Diagram of Agricultural and Adjacent Build- 
ings, 546 
Outside Elevations, 547 
The Dairy Building, 548 
The Forestry Building, 548 
Plan, 548 
General View, 548 J 
Statuary for Agricultural Building, 549 
Main Entrance, showing Rotunda, 550 
Decoration for Main Portal, 550 
Statuary for Agricultural Building, 550. Plates 
II. and III., at page 503 
Transverse Section, 551 
Longitudinal Section, 551 
Transverse Section, 551 
Transportation Exhibits Building : 
Side Elevation, 552 
Perspective View, 552 
Elevation, 553 
Plan, 553 
Transverse Section, 553 
View of Interior of Central Gallery, 554 
The Golden Door, 554 
Fine Arts Building: 
General View of Main Building and Annexe, 
555 
Longitudinal Section, 555 
Transverse Section, 555 
Plan, 556 
Site of Building, December 28, 1891, 556 
Fine Arts Building, September 1, 1892, 557 
North-West Corner of Building, 557 


Government Building : 
General View, 558 
Main Entrance, 559 
Half Plan, 560 
Foundation, 561 


United States Navy Exhibit : 

General View of the Battleship “‘ Illinois,” 562 

Views showing Progress of Construction, 562 

Side Elevation and Plan, 563 
Horticultural Building : 

Side Elevation, 552 

Section through Dome, 565 

Transverse Section, 565 

Part Plan, 565 

General View, 566. 

503 

Main Entrance and Dome, 566 
Women’s Building : 

General Views, 567 

Exterior Gallery, 567 
Fisheries Building : 

Longitudinal Section, 569 

Plan, 569 

eneral View, 570 

Arcade, 571 

Section and Plan of Annexe, 572 

Transverse Section and Plan, 572 
States and Foreign Exhibitors’ Buildings : 

Illinois, 573. Plate IV., at page 503 

Montana, 574 

Ohio, 574 

Pennsylvania, 574 

Log Cabin, 574 

Nebraska, 575 

Towa, 575 

Maryland, 575 

Delaware, 575 

Colorado, 576 

Wisconsin, 576 

South Dakota, 576 

Connecticut, 576 

Rhode Island, 577 

Hayti, 577 

California, 577 

Victoria House, 577 

Arkansas, 578 

Kansas, 578 

Indiana, 578 

New York, 578 


Columbus Relics : ; 
Columbus’s Ship, the ‘‘ Santa Maria,” 580 
Water Supply : 
Worthington’s Pumping Engines, 582 
Pumping Station, Jackson Park, 583 
Horizontal Pumping Engine, 583 
Methods of Communication : 
The Moving Side-Walk, 584 
Whaleback Steamers, 587 
List of Plates : 
Plate I.— 
The Machinery Hall, looking South - West. 
Plate adjoining 503 


Plates I. and IIIL., at page 


Horticultural Building, East Front. Plate 
adjoining 503 
Plate II.— 
Statuary on the Agricultural Building, Plate 


adjoining 503 
Plate III.—- 
Entrance to Electricity Building. Plate adjoin- 
ing 503 


Statuary on the Agricultural Building. Plate 
adjoining 503 

Group on Peristyle. Plate adjoining 503 

Entrance to the Horticultural Building. Plate 


adjoining 503 
Plate IV.— 
Illinois State Building. 


Exhibits : 

Winby’s Four-Cylinder Locomotive (Haw- 
thorn, Leslie, and Co., Newcastle), 615, 618 
Welsh Colliery (Hill’s Plymouth Company, 

Merthyr-Tydfil), 633, 634, 636, 637, 640 
Railway Signalling, Pneumatic Interlocking 
and Automatic Block (Union Switch and 
Signalling Company, Pittsburgh), 669, 676 
Trevithick’s Boiler, 684 
Hyde Steam Capstan and Windlasses (Bath 
Works, Bath, Me.), 702 


Plate adjoining 503 


Water Works, Davenport, Iowa, U.S.A. 
(Filters, &c.), 715 
Cold Metal Sawing Machine (Chouanard, 


Paris), 807 
Steam Hammer, 
Company), 857 
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Columbus’s Ship ‘‘ Santa Maria,” 580 

Communication between Ships at Great Distances 
by Induction, 173 

Compound Express Locomotive for Northern 
of France Railway, 174, 175, 233, 234 

Compressed Air Tramway, Berne, 212, 213 

Concrete in Railway Structures, 859, 860, 861, 
862 


Condensation of Steam in Pipes, 916 

Condensers and Air Pumps of the United States 
Cruiser ‘‘ Olympia,” 610 

Continuous Current Dynamo (Desrozier’s), 282 

Conveyor Company (New), Automatic Gas Retort 
House, 362 

Copper-Bismuth Alloy Tests, 629, 660, 687 

Copper Plates and Locomotive Fireboxes, 629 

Cork, Bridge over Lower Glanmire-road, 769 

Corliss Gear, Morley’s Modified, Compound 
Engine (Cole, Marchent, and Morley), 738 

Corn in United States, Growth of, 431 

Cost of Living, United States, 432 

Cotton Imports in United States, 335 

Coupling, Snyer’s Elastic (Cowlishaw, Walker, 
and Co., Etruria), 220 

Cowans, Sheldon, and Co., Limited, 130-Ton 
Steam Jib Crane, Glasgow, 810, 819, 820 

Cowlishaw, Walker, and Co., Snyer’s Elastic 
Coupling, 220 

Crane, Burton’s 
Traveller, 377 

Crane, 10-Ton Railway (Messrs. Gibbins, Bir- 
mingham), 8 

Crane, 15-Ton Electric Travelling (Messrs. Broad- 
bent, Huddersfield), 55 

Crane, 20-Ton Portable, at Stockton (Rodgers 
and Co.), 410 

Crane, 130-Ton Steam Jib Crane, at Glasgow 
(Cowans, Sheldon, and Co., Limited), 810, 819, 
820 

“Crescent” Boilers, 695 

“Crescent,” H.M. Cruiser, Engines, Triple-Ex- 
pansion (Penn, Greenwich), 785 

Crow’s Boiler Flanging Machine (Messrs. R. 
Harvey and Co., Glasgow), 123 

Cruiser ‘‘ Crescent,” Engines, Triple-Expansion 
(Penn, Greenwich), 785 

Cruiser, French Unarmoured, ‘‘ Milan,” 100, 106 

Cruiser “‘ Gibraltar,” Engines, &c. (R. Napier 
and Sons, Glasgow), 851, 900, 901 

Cruiser ‘‘Neuvo de _ Julio,” Argentine (Sir 
William Armstrong, Mitchell, and Co.), 224 

Cruiser ‘‘ Olympia,” United States (Union Works, 
San Francisco), 410, 455, 610, 611, 614 

Cruiser ‘‘ Unebi,’”” Compound Engines of Japanese 
(Forges et Chantiers, Havre), 645 

Crystal Palace Supply Station, Hornsby Engines 
at, 614 

Cunard Liners ‘‘Campania” and ‘‘ Lucania.” 
See “Campania” 

Cunard Steamer ‘“‘ Umbria” (Fairfield Company), 
9, 80 

Current Direction in Armature, 782 

Currents, Measurement of Alternating, 141, 168, 
196, 197, 230 

Currents, Measurement of Wake, 425, 426 

Curves, Transition, 49, 71, 409 

Customs Duties on Imports, United States, 305 

Cutting Cams, 33 

Cyclogram, 719 

Cylinder Boring Machine (Booth, Halifax), 691 


Self-Sustaining Pulley-Block 


Damage to Torpedo-Boat, 69 

Damascus, City of, 76 

Danube, Regularisation of the, 42, 801, 802, 803 

Davenport Water Works, Iowa, 715 

Davies-street Electric Light Station, Westminster 
307, 310, 313 

Deck, Reid’s Life-Saving, on ‘‘Isle of Arran,” 442 

Decking, Bridge (Braithwaite and Kirk’s), 174 

Desroziers Dynamo, 282 

Development and Distribution of Power, 81, 82, 
110, 111, 143, 170, 187, 253 

Pista of Metal Prices, 24, 146, 262, 422, 656, 

84 

Diagram of Shipbuilding Production in United 
Kingdom, 100 

Diagram, Speed and Consumption, Russian Tor- 
pedo Cruiser, 785 

Diagram, Steam, Cyclogram, 719 

Diagrams, Harmonic Valve, 418, 419 

Diagrams, Steam Distribution, 206 

Digger, Potato (Ransome, Sims, and Jefferies), 


Disintegrator (Hardy Patent Pick Company), 
869 


Distribution of Electricity, Three-Wire System, 
78 

Distribution, Steam, Diagrams, 206 

Dochart Bridge, Concrete, Killin Railway, 861 

Donkin, Mr. Bryan, Jun., and Professor Ken- 
nedy, on Boiler Experiments, 114, 897, 898 

Double Stern-Wheel Steamer (Lobnitz, Renfrew), 
246, 247 

Doulton Drain Pipe Joint, 135 

Doxford, Sunderland, Steamer ‘‘ Turret,” 733, 
734, 735, 742 

Dredge-Steward Omni-Telemeter, 186, 188 

Dredger, Forward Well, for Baltic Canal 
(Smulder’s), 423 

Dredger for Leeds and Liverpool Canal, Stern 
Delivery (Hunter and English, London), 830 

Dredger, Rock-Cutting, for Danube (Messrs. 
Lobnitz), 42 

Drill, Rock, Driven by Priestman’s Oil Engine, 
242 


Drilling Machine, Boiler Shell (Scriven, Leeds), 
318 


Drilling Machine, Multiple (Habersang and 
Zinzen, Dusseldorf), 627 

Drums, Winding, for Pachocha Railway, Spain 
(Messrs. Harvey and Co., Hayle), 12, 13 

Duplex Pumps for H.M.S, ‘‘ Forte” (Ernest Scott 
and Mountain, Limited), 598 

Duplex Wheel and Tyre Boring Lathe (Messrs, G. 
and A. Harvey, Govan), 94 

Dynamo, Alternate Current (Mather and Platt), 
158, 159 

Dynamo, Desrozier’s, 282 

Dynamo Efficiency, 356 : 

Dynamo and Engine, Combined (Richardson, 
Patricroft), 785 

Dynamo, Multipolar, Edison’s, 130, 131 


Dynamo, Sayers’ Sparkless, 779 

Dynamo, Siemens, for ‘‘ Campania,” 490 

Dynamo, Westminster, and Brotherhood Engine, 
893 


Dynamos and Turbo- Motor for Cambridge 
Laboratory (Parsons), 406 


Earth Slips and Subsidences, 369, 403 

Earthquake, Effects on North-Western Railway, 
India, 698, 699 

Edgar’s Boilers, 700 

Edison Triple-Expansion Engine and Multipolar 
Dynamo, 130, 131 

Egyptian Railway, 764, 765, 776 

Electric Conductors, Press for Lead Coating 
(Messrs. Weems), 685 

Electric Distribution, Three-Wire System, 78 

Electric Dynamo Efficiency, 356 

Electric Haulage Plant, Mining, at Chicago, 640 

Electric Light Plant (Siemens’) for ‘‘ Campania,” 

90 
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Electric Light Station, Davies - street, West- 
minster, 307, 310, 313 

Electric Pumping Plant at Newton Colliery 
(Ernest Scott and Mountain, Limited), 347 

Electric Travelling Crane, 15-Ton (Messrs. Broad- 
bent, Huddersfield), 55 

Electric and Wire Rope Mountain Railway 
(Murren), 414, 434, 435, 446, 639, 641, 644 

Electrical and Engineering Laboratories, Univer- 
sity College, London, 727, 729, 730, 731 

Electrical Locomotive, 100-Ton, Heilmann’s 
System, 773, 794, 795, 798, 799, 834, 835, 836 

Electricity Current, Direction in Armature, 782 

Electricity, Sparkless Dynamo, 779 - 

Embankment, Yellow River, Breach in, 263, 296 

Emergency Gear (Brown’s), 483 

Emigration to United States, 367 

Enfield Works Gun Manufacture, 790, 823, 884, 
885 


Engine, Brotherhood, and Westminster Dy- 
namo, 893 
Engine, Compound, Morley’s Positive Valve 


Gear (Cole, Marchent, and Morley, Bradford), 
738 


Engine, Compound, and Rolling Mill at Tirydail 
Tinplate Works —(Lilleshall Company, 
Limited, Salop), 839, 842 

Engine for Driving Shafting, 373 

Engine and Dynamo (Richardson, Patricroft), 
785 

Engine, Fire, High-Pressure (Merryweather), 42 

Engine, Fire, at Imperial Institute (Shand, 
Mason, and Co.), 772 

Engine, Fire, Messrs. Merryweather’s (Boiler Ex- 
periments), 114 

Engine fitted to burn Liquid Fuel, Portable 
(Clayton and Shuttleworth), 831 

Engine, Gas, Fielding (Messrs. Fielding and 
Platt), 95 

Engine, Hydraulic Pumping, Imperial Institute 
(Messrs, A. Smith and Stevens), 672, 673 

Engine, Oil, Hornsby-Akroyd (R. Hornsby and 
Sons, Limited), 838 

Engine, Oil, Priestman’s, Driving Rock Drill, 242 

Engine, Oil, with Self-Starting Device, Double 
Cylinder (Priestman Brothers), 868 

Engine, Oil, Weyman and Hitchcock’s Twin 
Cylinder Vertical, 865 

Engine Shed of Concrete, Ardrossan, 862 

Engine Trials, Diagrams (Development and Dis- 
tribution of Power), 81, 82, 110, 111, 143, 170, 
187, 253 

Engine, Vertical (Lanceley, Chester), 865 

Engines and Boilers of United States Cruiser 
“Olympia” (Union Works, San Francisco), 
410, 455, 610, 611, 614 

Engines of the ‘‘Campania.” See “ Campania” 

Engines, Compound, of Japanese Cruiser ‘‘ Unebi” 
(Forges et Chantiers, Havre), 645 

Engines, Compound, for Sternwheel Steamer, 
(Messrs. Lobnitz, Renfrew), 246, 247 

Engines at the Crystal Palace Supply Station 
(Messrs, Hornsby), 614 

Engines, Friedeborn’s Twin-Screw (Conrad 
Ranke Séhn, Frankfort), 407 

Engines, 1500 Horse-Power Triple-Expansion Mill 
(Messrs. D, Adamson and Co., Dukinfield), 350, 
359 

Engines of the Paddle Steamer ‘“ Albert” 
(Messrs. M. Paul and Co., Dumbarton), 102, 
103 

Engines of the ‘‘ Pole Star” (Fairfield Company), 
502 


Engines, Pumping, Stroud Water Works (Messrs. 
Holborow and Co.), 670 

Engines, SS. ‘‘ Iveagh,” Worked Triple and Com- 
pound (Inglis, Glasgow), 718 

Engines, Triple-Expansion, of Gunboats ‘‘ Circe,” 
“ Alarm,” and “‘ Leda” (Penn), 280 

Engines, Triple - Expansion, of H.M. Cruiser 
“Orescent ” (Penn, Greenwich), 785 

Engines, Triple-Expansion, of H.M. Cruiser 
“Gibraltar” (Napier, Glasgow), 851, 900, 901 

Engines, Triple-Expansion Mill (Messrs. Shanks, 
Arbroath), 115 

Engines, Triple-Expansion and Multipolar Dy- 
namo, Edison, 130, 131 

Engines, Triple-Expansion, Steam Yacht “‘ Caper- 
cailzie” (Messrs. Barclay, Curle, and Co., 
Limited, Glasgow), 16, 25 

Engines, Triple-Expansion Twin-Screw, H.M.S. 
“Jason” (Naval Construction Company, Bar- 
row), 132 

Engineering and Electrical Laboratories, Univer- 
sity College, London, 727, 729, 730, 731 

Evaporator Pumps and Feed-Heaters, Weir's, 
486, 487 

Evaporator for Sugar Manufacture, Triple-Effet 
(Campbell and Calderwood, Paisley), 703, 706 

Big eagles Apparatus at Haslar, Ship Model, 

We eet on Bessemer Basic Steel Joists, 

oO. 
Explosions, Boiler, 10 
Exports, Imports, and Tariffs, United States, 305 


Failure of Road Bridge over River Morawa, 134, 
138 

Fairfield Company’s Steamers ‘‘ Campania” and 
“Lucania.” See ‘‘ Campania” 

Fan with Allen’s Triple-Expansion Engine, 488 


Farm Animals in United States, 432 

Feed-Heaters, Pumps, and Evaporators, Weir’s, 
486, 487. 

Fencing, ‘‘ Visible” Wire, 200 

Ferrules, 391, 396 

Fielding and Platt, Tweddell’s Hydraulic Flanger, 
303 


Fielding’s Gas Engine (Messrs. Fielding and 
Platt), 95 

Filters, Davenport Water Works, Iowa, 715 

Firedoor, Geddes’s Protector Boiler, 913 

Fire Engine Boiler Experiments, 114 

Fire Engine, ‘‘Greenwich,” High-Pressure (Merry- 
weather), 42 

Fire Engine at Imperial Institute (Shand, Mason, 
and Co.), 772 

Fire Extinction (Hale Water Tower), 191, 194 

Fixing Boiler Tubes (Petersen), 719 

Flanger, Tweddell’s Hydraulic (Messrs. Fielding 
and Platt, Gloucester), 303 

Flanging Machine, Boiler Plate (Messrs. R. Har- 
vey and Co., Glasgow), 123 

Flax, Hemp, Jute, &c., Imports in United States, 

Floating H.M.S. ‘‘ Howe,” 294 

Flooring, Bridge (Braithwaite and Kirk’s), 174 

Flooring, Hobson’s Bridge, 769 

Flues, Boiler, 85, 88, 118 

Flying Machine, Phillips’, 648 

Flying Machines, Hargrave’s, 295 

Flywheels, The Strength of, 59 

Forced Draught, 226, 253, 283, 344, 395, 396, 397, 
440, 750, 837. See LETTERS 

Forced Draught Boilers, 283, 344, 395, 396, 397, 
440, 750, $37 

Forced Draught and Leaky Tubes. 
Tubes 

Forge at Central Marine Engineering Works, 
274, 275, 278. See also 303, 314, 318 

Forges et Chantiers, Havre, Compound Engines 
of Japanese Cruiser ‘‘ Unebi,” 645 

Forging and Stamping Press, 1500-Ton (Brown 
Brothers, Edinburgh), 913 

‘* Forte” Duplex Pump (Ernest Scott and Moun- 
tain, Limited), 598 

Foundations of 130-Ton Steam Jib Crane, Glas- 
gow, 810, 819, 820 

Four - Cylinder Locomotive, Winby’s (Messrs. 
Hawthorn, Leslie, and Co.), 615, 618 

Freights by Rail and Canal in the United States, 
154 

French Engineering Work in Syria, 68, 76 

French Imports and Exports in the United 
States, 335, 336 

French Navy: 
XIX. Unarmoured Cruiser ‘‘ Milan,” 100, 106 

Friedeborn’s Twin-Screw Engines (Conrad Ranke 
Sohn, Frankfort), 407 

Frost Valves for Hydrants, Baker's, 251 

Froude’s Ship Model Experimental Apparatus at 
Haslar, 329 

Furnace Door, Geddes’s Boiler Protector, 913 

Furnace for Puddling Iron, 787 

Furnaces, Boiler, 85, 88, 118 

Furnaces for Gun Manufacture, 884, 885. 
also 789, 790, 823 


See Leaky 


See 


Gas Engine, Fielding’s (Messrs. Fielding and 
Platt), 95 

Gas Retort-House worked Automatically (New 
Conveyor Company), 362 

Gauge, Bristol’s Recording Pressure, 63 

Geddes’s Protector Firedoors, 913 

Geometrical Approximation, 345 

German Imports and Exports in the United 
States, 335, 336 

Geysers in Yellowstone, 456 

“Gibraltar,” H.M. First-Class Cruiser, Engines, 
&ec, (R. Napier and Sons, Glasgow), 851, 900, 
901 

Girder Work, St. Mary-street Market, Cardiff, 
64, 65, 208, 204, 248, 248, 253 

Glaciers, 129, 215, 271, 340 

Glasgow Harbour, 130-Ton Steam Jib Crane 
(Cowans, Sheldon, and Co., Limited), 810, 819, 
820 

Gradients of the London and South-Western 
Railway, 393 

Grain in the United States, Yield and Price of, 
432 

Gray’s Marine Engineering Works, Hartlepool, 
274, 275, 278, 803, 314, 318 

“Greenwich” High-Pressure Fire Engine (Merry- 
weather), 42 

Gun Manufacture at Enfield, 789, 790, 823, 884, 885 

Gunboat ‘‘ Speedy,” H.M. Torpedo (Thornycroft), 
872, 881 

Gunboats’ Engines, British Torpedo (Penn), 280 

Gunboats’ Engines (H.M.S. ‘‘Jason”), Naval 
Construction Company, Barrow, 132 


Habersang and Zinzen’s Multiple Drilling Ma- 
chine, 627 

Hale Water Tower (Kansas), 191, 194 

Hammer, 125-Ton Steam (Bethlehem Iron Com- 
pany, U.S.A.), 857 

Harbury Slip and Subsidence, 369, 403 

Hardy Patent Pick Company’s Disintegrator, 869 

Hargrave’s Flying Machines, 295 

Hartlepool Central Marine Engineering Works, 
274, 275, 278, 308, 314, 318 

Harvey and Co.’s Winding Drum for Pachocha 
Railway, Spain (Hayle), 12, 13 

Harvey’s Boiler Plate Flanging Machine, 123 

Harvey’s Duplex Wheel and Tyre-Boring Lathe, 


94 

Haslar Ship Model Experimental Works, 329 

Hawthorn, Leslie, and Co., Limited, Four- 
Cylinder Locomotive (Winby’s), 615, 618 

Hay in the United States, Growth of, 432 

Heat Radiation from Gases, 827 

Heat Transmission through Tubeplates, 283, 395, 
396, 397 

Heating Railway Carriages (Laycock), 190 

Heilmann’s System, 100-Ton Electric Locomotive, 
773, 794, 795, 798, 799, 834, 835, 836 

H.M. Battleship ‘‘ Victoria,” 906 

H.M. Cruiser ‘‘ Crescent,” Engines, Triple-Expan- 
sion (Penn, Greenwich), 785 

H.M. First-Class Cruiser ‘‘ Gibraltar” Engines, 
&c. (R. Napier and Sons, Glasgow), 851, 900, 
901 
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H.M.S. ‘f Howe,” Floating, 294 

H.M. Torpedo Gunboat ‘‘ Speedy ” (Thornyeroft), 
872, 881 

High-Pressure Hydraulic Presses in Iron Works, 

265, 299, 300 


’ 

Hill’s Plymouth Company, Merthyr Tydvil, South 
Wales, at Chicago, 633, 634, 636, 637, 640 

Hobson’s Bridge Flooring, 769 

Hoist, Hydraulic Pump and (Imperial Institute), 
(Messrs. A. Smith and Stevens), 672, 673 

Holborow and Co.’s Pumping Engines, Stroud 
Water Works, 670 

Hornsby-Akroyd Safety Oil Engine (R. Hornsby 
and Sons, Limited), 838 

Hornsby’s Engines at the Crystal Palace Supply 
Station, 614 

** Howe,” Floating Battleship, 294 

Hughes and Lancaster, Ruabon, Acrefair Works, 
Ruabon, 372, 373, 384 

Hulse and Co.'s Vertical Milling Machine, 768 _ 

Humpidge and Snoxell, Dudbridge, Jefferies’ 
Brickmaking Machine with Automatic Cutting 
Table, 896, 898 

Hunter and English’s Stern Delivery Dredger for 
Leeds and Liverpool Canal, 830 

Hyde Steam Windlasses and Capstans, Bath 
Works, Bath, Me., 702 

Hydrants, Frost Valves for, Baker's, 251 , 

Hydraulic Channel and Angle-Iron Shearing 
Machine (Messrs. H. Smith and Co., Glasgow), 
155 

Hydraulic Flanger, Tweddell’s (Messrs. Fielding 
and Platt, Gloucester), 303 

Hydraulic Forging and Stamping Press, 1500-Ton 
(Brown Brothers and Co., Edinburgh), 913 

Hydraulic Presses in Iron Works, High-Pressure, 
265, 299, 300 é 

Hydraulic Pump and Hoist (Imperial Institute) 
(Messrs. A. Smith and Stevens), 672, 673 

Hydraulic Riveter (Messrs. H. Smith and Co., 
Glasgow), 314 

Hydraulic Squeezer, Hartlepool Works, 278 


Ice-Breaking Steamer ‘‘ Murtaja” (Bergsunds 
Company, Stockholm), 327 

Immigration to United States, 367 

Imperial Institute, Pumping and Hoist (Hy- 

raulic)(Messrs, A. Smith and Stevens), 672, 673 

Imports, Exports, and Tariff Duties, United 
States, 305 

Imports into United States, 335, 336 

Inclinometer Level, Abney’s, 627 

Indian Railways, Earthquake Effects, 698, 699 

Induction at Great Distances, 173 

Influence Machine, Wimshurst, 657 

Inglis, Glasgow, Engines, S.S. ‘‘ Iveagh,” worked 

riple and Compound, 718 

Iron Puddling Furnace, 787 

Tron and Steel Imports in United States, 335 

“Tsle of Arran,” Clyde Passenger Steamer (Messrs. 
T. B. Seath and Co.), 442 

“Tveagh,” Engines, 8.8., Worked Triple and 
Compound (Inglis, Glasgow), 718 


Japanese Cruiser ‘‘ Unebi,” Compound Engines 
Forges et Chantiers, Havre), 645 

** Jason’s ” Boilers, 695 

** Jason,” Engines, H.M.S. (Naval Construction 
Company, Barrow), 132 

Jefferies’ Brickmaking Machine, with Automatic 
Cutting Table (Messrs. Humpidge and Snoxell, 
Dudbridge), 896, 898 

Jib Crane, 130-Ton Steam, at Glasgow (Cowans, 
Sheldon, and Co., Limited), 810, 819, 820 

Joint, Doulton Drain Pipe, 135 

Joists, Experiments on Bessemer Basic, 653 


Kennedy, Professor, and Mr. Bryan Donkin, Jun., 
on Boiler Experiments, 114, 897, 898 ‘ 

Killin Railway, River Dochart Concrete Bridge, 
861 


Kitson and Co., Leeds Tank Locomotive for 
Mersey Railway, 218 

Knaudt’s Experiments on Elasticity of Furnaces, 
85, 118 


Laboratories, Engineering and Electrical, Univer- 
sity College, London, 727, 729, 730, 731 

Lamp, Coligny Carriage Roof, 282 

Lanarkshire and Ayrshire Railway Bridges, 859 

Lanceley, Chester, Valve Gear for Vertical En- 
gine, 865 

Lathe (Astbury, Grantham), 376 

Lathe, 8-In. Chasing (Astbury, Grantham), 806 

Lathe, Pittler’s Universal Tool, 72, 73 

eres Screw-Cutting (Robertson and Loudon’s), 
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Lathe, 10-In, (Tangyes, Birmingham), 221 

Launching a Ship. See ‘ Campania” 

Laycock, Railway Carriage Heating, 190 

Lead-Coating Electric Conductors, Press for 
(Messrs. Weems), 685 

Leaky Tubes, 226, 252; 283, 395, 396, 397, 344, 440, 


750, 7 
Es Leda,” H.M. Torpedo Gunboat, Engines (Penn), 
9 


280 

Lee-Metford Rifle, Manufacture, 789, 790, 823, 
884, 885 

Leeds oi sino 4 and Hydraulic Company’s 
Oval Hole Punching Machine, 376 

Leeds Forge Experiments on Furnaces, 85 

Leeds and Liverpool Canal, Stern Delivery 
Dredger (Hunter and English, London), 830 

Level, Abney’s Inclinometer, 627 

Life-Saving Deck, Reid’s, on ‘‘Isle of Arran,” 442 

Lifts. See Hoists 

qightaing Conductors, 871 

Ma Overhead Railway, Automatic Sig- 
nalling System, 163 

Lobnitz, Renfrew, Double 
Steamer, 246, 247 

Lobnitz Rock Cutting Plant, 42 

Lock Gates, Allington, Lower Medway, 342 

Lock and Weir, Richmond, 402 

Locomotive and Carriage of Murren Mountain 
Railway, 639, 641,644. See also 414, 435, 446 

Locomotive, Compound Express, for Northern of 
France Railway, 174, 175, 233, 234 

Locomotive, Express, for London and South- 
Western Railway, 380, 381, 393 

Locomotive, 100-Tgn , Electric, Heilmann’s 
System, 773, 794, 706, 708, 799, 834, 835, 836 


Stern - Wheel 


Locomotive, Passenger, Barry Company (Vulcan 
Company, Newton-le- Willows), 904 

Locomotive, Tank, for Mersey Railway (Kitson 
and Co., Leeds), 218 

Locomotive, Winby’s Express (Messrs. Hawthorn, 
Leslie, and Co.), 615, 618 

London and South-Western Railway Express 
Locomotive, 380, 381, 393 

London and South-Western Railway Sections, 


393 
Longitudinal Elasticity of Furnaces (Knaudt Ex- 
periments), 85, 118 
Loudon Brothers, Screw Cutting Lathe, 343 
“Tucania,” Cunard Liner. See ‘‘ Campania” 


Magazine Rifle Manufacture, 789, 790, 823, 884, 
885 

Maidenhead Works, 
Bridges, 31, 32 

Manchester Ship Canal Bridges, 126, 127, 182, 183, 
271, 286, 306 

Manufacture of Small Arms at Enfield, 789, 790, 
823, 884, 885 

Marble Sawing Machine, Stone and (Mr. J. T. 
Pearson, Burnley), 147 

Marine Boilers and Leaky Tubes. 
Tubes : 

Marine Engineering Works, Hartlepool, Central, 
274, 275, 278, 303, 314, 318 

Market, Cardiff, St. Mary-Street, 64, 65, 203, 
204, 243, 248, 254 

Mather and Platt, Alternate Current Dynamo, 
158, 159 

Measurement of Alternating Currents, 141, 168, 
196, 197, 230 

Measuring Machine, Cloth, 279 

Measuring Stellar Photographs, 91 

Memphis Bridge, Tennessee, 166, 216, 217 

Merryweather’s Fire Engine Boiler Experiments, 
114 

Merryweather’s High-Pressure 
**Greenwich,” 42 

Mersey Railway Tank Locomotive (Kitson and Co., 
Leeds), 218 

Metal Price Diagrams, 24, 146, 262, 422, 656, 784 

Metal Sawing Machine (Chouanard, Paris), 807 

‘* Milan,” French Unarmoured Cruiser, 100, 106 

Mill Engines, 1500 Horse-Power Triple-Expan- 
sion (Messrs. D, Adamson and Co., Dukinfield), 
350, 359 

Mill Engines, Triple-Expansion (Messrs. Shanks, 
Arbroath), 115 

Milling Machine, Double (Shepherd, Hill, and 
Co., Leeds), 443 

reas Machine, Vertical (Hulse, Manchester), 
68 


Blasting Operations for 


See Leaky 


Fire Engine 


Minneapolis, Views in, 38, 39, 46 

Minnesota, Views in, 38, 39, 46 

Mississippi Bridge, Memphis, Tenn., 166, 216, 217 

Model (Ship), Experimental Apparatus, Haslar, 
329 


“*Monarch’s” Boilers, 694 
Monte Pumping Colliery Plant, 633, 634, 636, 637, 
640 


Morley’s Positive Valve Gear, Compound Engine 
(Cole, Marchent, and Morley, Bradford), 738 
Motor, Petroleum, ‘‘ Rocket” (R. Stephenson and 
Co., Limited, Newcastle-on-Tyne), 864 

Motor for Railway Stock, Murren Mountain Rail- 
way, 639, 641, 644 

Mountain Railway, Murren, Electric and Wire 
Rope, 414, 434, 435, 446, 639, 641, 644 

Moving Side Walk, Chicago Exhibition, 584 

Multipolar Dynamo, Edison’s, 130, 131 

Murren Wire Rope and Electric Mountain Rail- 
way, 414, 434, 435, 446, 639, 641, 644 

““Murtaja,” Ice-Breaking Steamer (Bergsunds 
Company, Stockholm), 327 


Napier and Sons, R., Glasgow, First-Class 
Cruiser ‘‘ Gibraltar,” Engines, &c., 851, 900, 
901 


Napier’s Windlass and Windlass Engine, 492 

Nationality of Inhabitants of United States, 367 

Naval Boilers, 694, 695, 700 

Naval Construction and Armaments Company’s 
Engines, H.M.S. ‘‘ Jason,” 132 

Navy. See French Navy 

““Neuvo de Julio,” Argentine Cruiser (Sir W. G. 
Armstrong, Mitchell, and Co.), 224 

New York Central and Hudson River Railroad, 
507, 508, 510 

Nicaragua Canal, 209, 605, 606, 607 

Northern of France Locomotive, Compound Ex- 
press, 174, 175, 233, 234 


Oats in United States, Growth of, 431, 432 

Observatory, Spectroscope at the Allegheny, 664, 
665, 668 

Oil Engine, Hornsby-Akroyd (R. Hornsby and 
Sons, Limited), 838 sis 

Oil Engine, Priestman’s, Driving Rock Drill, 242 

Oil Engine with Self-Starting Device, Double 
Cylinder (Priestman Brothers), 868 

Oil Engine, Two-Cylinder Vertical (Weyman and 
Hitchcock), 865 

Oilfields, Burmah, 889 

Oil as Fuel, Portable Engine (Clayton and 
Shuttleworth), 831 

Oil Launch, Priestman’s Reversible Propeller, 863 

Oil Motor ‘‘ Rocket” (R. Stephenson and Co., 
Limited, Newcastle), 864 

“Olympia,” United States Cruiser (Union Works, 
San Francisco), 410, 455, 610, 611, 614 

Omni-Telemeter, Dredge-Steward, 186, 188 

Oscillating Engines and Valve Gear (Paddle 
Steamer) (Messrs, Paul, Dumbarton), 102, 103 

Oval Hole Punching Machine (Leeds Engineering 
and Hydraulic Company), 376 

Overhead Crane, Burton’s Self-Sustaining Pulley- 
Block Traveller, 377 


Pachocha Railway, Spain, Winding Drums for 
(Messrs. Harvey and Co., Hayle), 12, 13 

Paddle Engines. See Engines 

Paddle Steamers. See Steamers 

Pallograph for Recording Vibration of Steamers, 
458, 459, 460 

Parallactic Machine, Measuring Stellar Photo- 
graphs, 91 

Parsons’ Turbo-Motor and Dynamo for Cam- 
bridge Laboratory, 406 


Passenger Steamer ‘Isle of Arran,” 
(Messrs. T. B. Seath and Co.), 442 

Pearson’s Stone and Marble Sawing Machine, 147 

Penn, Greenwich, Engines, Triple-Expansion, 
Cruiser ‘‘ Crescent,” 785; Gunboats ‘‘ Leda,” 
“ Alarm,” and ‘‘ Circe,” 280 

Pennsylvania Railroad, 503, 504, 505, 506 

Petersen System, Fixing Boiler Tubes, 719 

Petroleum Fields, Burmah, 889. See also Oil 

Petroleum Motor ‘‘ Rocket” (R. Stephenson and 
Co., Limited, Newcastle-on-Tyne, 864 

Phillips’ Flying Machine, 648 

Photographs, Measuring Stellar, 91 

Pier-at Salina Cruz, Tehuantepec Railway, 315 

Pipe Joint, Doulton Drain, 135 

Pit Sleepers from Old Rails, 146 

Pittler’s Universal Tool, 72, 73 

Planter and Digger, Potato (Ransome, Sims, and 
Jefferies, Limited), 869 

Pneumatic Interlocking and Automatic Block 
Signalling System (Union Company, Pitts- 
burgh), 669, 676 

Pneumatic Power Tramway, Berne, 212, 213 

Pneumatic Riveter, 749, 870 

‘* Pole Star” Engines (Fairfield Company), 502 

Population in United States, 124, 125, 154 

Portable Crane, 20-Ton, at Stoekton (Rodgers 
and Co.), 410 

Potato Planter and Digger (Ransome, Sims, and 
Jefferies, Limited), 869 

Potatoes in United States, Growth of, 432 

Power Distribution from Central Stations, 81, 82, 
110, 111, 148, 170, 187, 253 

Press for Lead-Coating 
(Messrs. Weems), 685 

Press, Hydraulic Forging and Stamping, 1500- 
Ton (Brown Brothers and Co,, Edinburgh), 913 

Presses, Hydraulic, in Iron Works, High Pres- 
sure, 265, 299, 300 

Pressure Gauge, Bristol’s Recording, 63 

Price of Produce in United States, 432 

Priestman Double-Cylinder Oil Engine with Self- 
Starting Device, 868 

Priestman’s Oil Engine Driving Rock Drill, 242 

Priestman’s Reversible Propeller for Oil Launches, 
863 g 

Propeller, Reversible, for Oil Launches (Priest- 
man’s), 863 

Propeller, Thorneycroft’s Screw Turbine, 162 

Propellers, Screw, 149, 177, 178 

Puddling Furnace, Iron, 787 

Pulley Boring Machine, Vertical (Richard and 
Co.), 739 

Pulleys, Varying the Working Radius of, 63 

Pulsating Steam Pump, Water Spout, 162 

Pump, Stewart’s Rotary (Thornton and Cribbin, 
Bradford), 751 

Pump, Thwaite’s Centrifugal, 135 

Pump, Water Spout Pulsating Steam, 162 

Pumps, Air, of the United States Cruiser ‘‘ Olym- 
pia,” 610 

Pumps, Duplex, for H.M.S. ‘ Forte” (Ernest 
Scott and Mountain, Limited), 598 

Pumps, Evaporators, and Feed-Heaters, Weir's, 
486, 487 

Pumps, Worthington, Chicago Exhibition, 582, 
583 

Pumping Engine, Hydraulic, Imperial Institute 
(Messrs. A. Smith and Stevens), 672, 673 

Pumping Engines, Otterbourne, Southampton 
Water Works, 363 

Pumping Engines, Stroud Water Works (Messrs. 
Holborow and Co.), 670 

Pumping Plant, Electric, at Newton Colliery 
(Ernest Scott and Mountain, Limited), 347 

Punching Machine, Oval Hole (Leeds Engineering 
and Hydraulic Company), 376 


Clyde 


Electric Conductors 


Radiation of Heat from Gases, 827 

Rails, Pit Sleepers from Old, 146 

Railway, Blasting Operations on, 31, 32 

Railway, Boat, at Meaux, France, 438, 439 

Railway Bridge over Lower Glanmire - road, 
Cork, 769 

Railway Carriage (Heating (Laycock), 190 

Railway Crane, 10-Ton (Messrs. Gibbins, Bir- 
mingham), 8 

Railway Development in United States, 185, 211 

Railway, Egyptian, 764, 765, 776 

Railway, Liverpool Overhead, Automatic Signal- 
ling, 163 

Railway, Murren Wire Rope and Electric Moun- 
tain, 414, 434, 435, 446, 639, 641, 644 

Railway, Pachocha, Spain, Winding Drums for 
(Messrs. Harvey and Co., Hayle), 12, 13 

Railway Pier at Salina Cruz, Tehuantepec Rail- 
way, 315 

Railway Signalling Apparatus, Pneumatic Inter- 
locking and Automatic Block (Union Com- 
pany, Pittsburg), 669, 676 

Railway Structures (Bridges, &c.) of Concrete, 
859, 860, 861, 862 

Railway Viaducts on the Manchester Ship Canal, 
126, 127, 182, 188, 271, 286, 306 

Railways (Indian) and Earthquakes, 698, 699 

Railways in Syria, 68, 76 

Railways, Transition Curves, 49, 71, 409 

Range Finder, Dredge-Steward Omni-Telemeter, 
186, 188 

Ransome, Sims, and Jefferies, Limited, Potato 
Planter and Digger, 869 

Refrigerator Systems (La Vergne’s and Kil- 
bourn’s), 498, 499 

Regularisation of the Danube, 801, 802, 803. See 42 

Reid’s Life-Saving Deck on ‘‘Isle of Arran,” 442 

Repairing ‘‘ Umbria” Shaft, 80. See 9 

Repeating Rifle Manufacture, 789, 790, 823, 884, 
885 


Revenue and Expenditure of United States, 51 

Reversible Propeller for Oil Launches (Priest- 
man’s), 863 

Richards Tool Company’s Vertical Boring Ma- 
chine for Pulleys, 739 

Richardson, Engine and Dynamo Combined 
(Patricroft), 785 

Richmond Lock ; 
Thames, 711 

Richmond Lock and Weir, 402 

Rifle Manufacture at Enfield, 789, 790, 823, 884, 
885 

ig Br amr Rifle Manufacture, 789,790, 828, 
8 8 


4, 


Longitudinal Section of 


River Embankment Breach (Yellow River), 263, 


River Thames from Teddington to Shadwell, Lon- 
gitudinal Section, 711 

Riveter, Hydraulic (Messrs. H. Smith and Co., 
Glasgow), 314 

Riveter, Pneumatic, 749, 870 

Road Bridges on the Manchester Ship Canal, 126, 
127, 182, 183, 271, 286, 306 

Roadmaking in Syria, 68, 76 

Robertson and Loudon’s Screw-Cutting Lathe 
(Loudon Brothers, Glasgow), 343 

Rock Cleavage (Contortion), 36 

Rock Cutting Plant for Danube Improvement 
Works (Messrs. Lobnitz and Co., Renfrew), 42 

Rock Drill Driven by Priestman’s Oil Engine, 242 

Rodgers and Company’s 20-Ton Portable Crane 
at Stockton, 410 

Rolling Mill at Enfield, 7 See also 823, 884, 
885 

Rolling Mill and Engine at Tirydail Tinplate 
Works (Lilleshall Company, Limited, Salop), 
839, 842 

Rolling Stock of Murren Mountain Railway, 639, 
641, 644. See also 414, 435, 446 

Roof Lamp, Coligny Carriage, 282 

Rotary Pump, Stewart’s (Thornton and Cribbin, 
Bradford), 751 

Rounthwaite’s Thrust Block, 751 


Royal Agricultural Show, Chester, 1893 

Brickmaking Machine, with Automatic Cutting 
Table, Jefferies’, 896 

Disintegrator (Hardy Patent Pick Company, 
Limited, Sheffield), 869 ; 

Oil Engine with Self-Starting Gear, Double- 
Cylinder (Priestman), 868 

Oil Engine, Twin-Cylinder Vertical (Messrs. 
Weyman and Hitchcock, Guildford), 865 

Petroleum Motor ‘‘Rocket” (Messrs. R. 
evephenpoe and Co., Limited, Newcastle), 


Potato Digger (Ransome, Sims, and Jefferies, 
Limited, Ipswich), 869 

Potato Planter (Ransome, Sims, and Jefferies, 
Limited, Ipswich), 869 

Priestman’s Reversible Screw Propeller, 863 

Vertical Engine (Valve Gear), H. Lanceley and 
Son, Chester, 865 

Windmill (C. Cadle and Co., Dublin), 868 

‘* Royal Sovereign” Boilers, 695 


St. Mary-street Market, Cardiff, 64, 65, 203, 204, 
243, 248, 254 
Salina Cruz, Pier at, Tehuantepec Railway, 315 
** Santa Maria,” Columbus’s Ship, 580 
ss spay Torpedo Cruiser, Austria (Schichau), 
sg Machine, Cold Metal (Chouanard, Paris), 
‘ 


Sawing Machine, Stone and Marble (Mr. J. T. 
Pearson, Burnley), 147 

Fontay, Austrian Torpedo Cruiser ‘ Satellit,” 

6 

Schlick’s Pallograph for Recording Vibration of 
Steamers, 458, 459, 460 

Scott and Mountain, Ernest, Limited, Duplex 
Pumps for H.M.S. ‘“‘ Forte,” 598 

Scott and Mountain's Electric Pumping Plant at 
Newton Colliery, 347 

Seppe bre! Lathe (Robertson and Loudon’s), 


Screw Propellers, 149, 177, 178 

Screw Turbine Propeller, Thornycroft’s, 162 

Berens Leeds, Boiler Shell Drilling Machine, 

Seath, T. B., and Co., Rutherglen, Clyde Pas- 
senger Steamer ‘‘ Isle of Arran,” 442 

Recon of London and South-Western Railway, 

Segregation, Woven Wire and, 853, 854 

Shaft Repairing, ‘‘ Umbria,” 80. See 9 

Shand, Mason, and Co., Fire Engine at Imperial 
Institute, 772 

shanks Arbroath, Triple-Expansion Mill Engines, 


5 
Shearing Machine, Hydraulic Channel and Angle 
Iron (Messrs. H. Smith and Co., Glasgow), 155 

Shepherd, Hill, and Co.’s Milling Machine, 443 
Ship Bulkheads, Economical, 391 

Ship Canal. See Manchester Ship Canal 

Ship Friction, Measurement of, 425, 426 

Ship Model Experimental Apparatus, Haslar, 


329 

Ships’ Bulkhead Doors, 347 

Shipbuilding Production, Diagram of, 100 

Shipping, American, 239 

Shipping of all Nations, British Influence, 273 

Side Walk, Moving, Chicago Exhibition, 584 

Signalling Apparatus, Pneumatic Interlocking 
and Automatic Block (Union Company, Pitts- 
burg), 669, 676 , 

Signalling Systém, Automatic, Liverpool Over- 
head Railway, 163 

Silk Imports in United States, 335 

Single-Crank Compound Engines, Paddle Steamer 
(Messrs. Paul, Dumbarton), 102, 103 

Sky Signs and Windmill (Williams and Co.), 882 

Sleepers, Pit, from Old Rails, 146 

Slips and Subsidences of Earth, 369, 403 

Small Arms Manufacture, 789, 790, 823, 884, 885 

Smith and Co., H., Glasgow, Hydraulic Channel 
and Angle Iron Shearing Machine, 155 

Smith, and Co., H., Glasgow, Hydraulic Riveter, 
314 


Smith and Stevens’ Hydraulic Pump and Hoist, 
Imperial Institute, 672, 673 

Smulder’s Forward Well Dredger for Baltic 
Canal, 423 rs 

Snyer’s Elastic Coupling (Cowlishaw, Walker 
and Co., Etruria), $90 eof ' : 

Sonning Cutting, Bridge Removal on the, 31, 32 

Southampton Water Works, 363 

Sparkless Dynamo, 779 

Spectroscope of the Allegheny Observatory, 664, 
665, 668 . 

Speed and Consumption Diagrams, Russian Tor- 
pedo Cruisers, 785 

Speeds of Pulleys, Varying, 63 

“Speedy,” H.M. Torpedo Gunboat (Thorny« 
croft), 872, 881 ‘ 

Squeezer, Hydraulic, Hartlepool Works, 278 


. 


Vil 


IN DE X.—Ituustrations, &c. 


(SUPPLEMENT 'to ‘‘ ENGINEERING,” JULY 21, 1893. 


Station, Electric Light, Davies-street, West- 
minster, 307, 310, 313 

Steam Boiler Experiments, 114, 897, 898 

Steam Condensation in Cylinders, 916 

Steam Diagram, Cyclogram, 719 

Steam Distribution Diagrams, 206 

Steam Hammer, 125-Ton (Bethlehem Iron Com- 
pany, U.S.A.), 857 

Steam Jib Crane, 130-Ton, at Glasgow (Cowans, 
Sheldon, and Co., Limited), 810, 819, 829 

Steam Striker (Allen, Cardiff), 250 

Steam Tiller Steering Gear, Brown’s, 491 

Steam Yacht ‘“‘Capercailzie,” Engines of (Messrs. 
Barclay, Curle, and Co., Limited, Glasgow), 16, 


25 

Steamer, Double Stern-Wheel (Lobnitz, Renfrew), 
246, 247 

Steamer “Isle of Arran,” Clyde 
(Messrs. T. B. Seath and Co.), 442 

Steamer ‘‘Murtaja,” Ice-Breaking (Bergsunds 
Company, Stockholm), 327 

Steamer ‘‘Turret” (Doxford, Sunderland), 733, 
734, 735, 742 

Steamer ‘‘ Umbria,” Cunard (Fairfield Company), 
9, 80 

Steamers ‘‘Campania” 
“Campania” 

Steamers’ Vibrations, Pallograph for Recording, 
458, 459, 460 

Steel Tests, 85, 88, 118 

Steering Gear, Brown’s Steam Tiller, 491 

Stellar Photographs, Measuring, 91 

Stephenson and Co., Limited, R., ‘‘ Rocket” 
Petroleum Motor, 864 

Stern Delivery Dredger for Leeds and Liverpool 
Canal (Hunter and English, London), 830 

Stern-Wheel Steamer, Double (Lobnitz, Renfrew), 
246, 247 

Sterne’s Cold-Air Provision Storesin “Campania,” 
498 

Steward-Dredge Omni-Telemeter, 186, 188 : 

Stewart’s Rotary Pump (Thornton and Cribbin, 
Bradford), 751 

Stone and Marble Sawing Machine (Mr. J. T. 
Pearson, Burnley), 147 

Straightening Rifle Barrels, Machine for, 790. See 
also 823, 884, 885 

Strength of Bulkheads, 427 

Strength of Flywheels, 59 

Striker, Steam (Allen, Cardiff), 250 

Stroud Water Works, Pumping Engines (Messrs. 
Holborow and Co.), 670 

Sugar Manufacture, Triple Effet Evaporator 
(Campbell and Calderwood, Paisley), 703, 706 

“Sybille’s” Boilers, 694 

Syria, Engineering Work in, 68, 76 


Passenger 


and ‘‘Lucania. See 


Tangyes’ 10-In. Lathe, 221 


BartLesutp ‘Ramillies,” British First-Class. 
(Messrs. J. and G. Thomson, Limited, Clyde- 
bank.) To adjoin page 716 

“‘Gampania,” Cunard Liner. Nine plates, to 
adjoin page 463 

Cardiff Market, St. Mary-street. 
to adjoin page 248 

Columbian Exposition, 1893, The World’s. 
plates, to adjoin page 503 

Concrete in Railway Structures: Bridges on the 
Lanarkshire and Ayrshire Railway. To adjoin 
page 859 

Crane, 15-Ton Electric Travelling. (Messrs. T. 
Broadbent and Sons, Huddersfield.) To adjoin 

age 55 

Gane. 130-Ton Steam Jib, at Finnieston Quay, 
Glasgow Harbour. (Messrs. Cowans, Sheldon, 
and Co., Limited, Carlisle.) To adjoin page 
819 

Cruiser ‘‘ Gibraltar,” H.M. First-Class. 


Three plates, 


Four 


(Messrs. 


ABATEMENT of Smoke, 616, 643, 701, 805 

Abney Inclinometer Level, 627 

Abstract Science and Engineering, Interdepen- 
dence, 679, 682, 720 

Accident to Paddle Steamer ‘‘ Marie Henriette ” 
(Cockerill Company, Belgium), 737 

Accidents among Workmen in Austria, 231 

Accidents to Workmen, Liability of Employers, 
167, 911 

Acrefair Works of Hughes and Lancaster, Rua- 
bon, 378 

Adams Prize, Cambridge, 199 

Adamson’s 1500 Horse-Power Triple Expansion 
Mill Engines, 359 

Admiralty Boiler Committee Report, 677, 699. 
See Lerrers, Navy Boilers and Forced Draught 

Admiralty Duplex Pumps, 596 

Aerial Flight, Phillips’ Machine, 288, 295, 653, 
714. See Lerrers, Flying Machines 

Africa, Gold in, 813 

Agriculture in United States, 431 

Air Tramway, Berne Compressed, 212, 245 

“Alarm” Torpedo Gunboat Engines (Penn), 280. 
See 656 

Alaska and the Yellowstone, Yosemite, 3, 38 

Allegheny Observatory, Spectroscope, 663 

Allen’s Fans and Triple-Expansion Engines on 
Cunard Steamers, 483 

Allen’s Steam Striker, 250 

Allington Lock Gates, Lower Medway, 342 

Alloys, 290, 322, 352, 388, 608, 629, 659, 686 

Alloys, Manganese, 389 


Tank Locomotive for Mersey Railway (Kitson 
and Co., Leeds), 218 

Tariff Revenue of the United States, 51 

Tariffs, Imports and Exports, United States, 
305 


Tehuantepec Railway, Pier at Salina Cruz, 315 
Telemeter, Omni-, Dredge-Steward, 186, 188 
Tests of Steel, &c., 85, 88, 118 


Thames from Teddington to Shadwell, Section, | 


711 

Tharsis and Calafias Railway, Spain, Concrete 
Structures, 859, 860 

Thermopiles, 635 

Thornton and Cribbin, Stewart's Rotary Pump, 
751 

Thornycroft, H.M. Torpedo Gunboat ‘‘ Speedy,” 
872, 881 

Thornycroft’s Screw Turbine Propeller, 162 

Three-Wire System, Electric Distribution, 78 

“Thrush’s” Boilers, 694 

Thrust Block, Rounthwaite’s, 751 

Thwaite’s Centrifugal Pump, 135 

Tinplate Mill, Tirydail (Lilleshall Company, 
Limited, Salop), 839, 842 

Torpedo-Boat, Strength of, 69 

Torpedo Cruiser ‘‘ Satellit,” Austrian (Schichau), 


346 

Torpedo Gunboat ‘‘Speedy ” (Thornycroft), 872, 
881 

Torpedo Gunboat’s Engines, British, 132, 280 

Tower, Blackpool, 338, 339 

Tower, Hale Water (Kansas), 191, 194 

Tramway, Berne Compressed Air, 212, 213 

Transition Curves, 49, 71, 409 

Transmission of Heat through Tubeplates, 283, 
395, 396, 397 

Traveller, Burton’s Self-Sustaining Pulley Block, 
377 


| Travelling Crane, 15-Ton Electric (Messrs. Broad- 


bent, Huddersfield), 55 

Trevithick’s Boiler at Chicago Exhibition, 684 

Triple Effet Evaporator for Sugar Manufacture 
(Campbell and Calderwood, Paisley), 703, 706 

Triple-Expansion Engine with Fan, Allen’s, 488 

Triple-Expansion Mill Engines (Messrs. Shanks, 
Arbroath), 115 

Tube, Boiler, Fastenings, 1 

Tubeplates, Transmission of Heat through, 283, 
395, 396, 397 

Tubes for Alloys, 629. See also 660, 687 

Tubes, Fixing Boiler (Petersen), 719 

Turbine Propeller, Thornycroft’s Screw, 162 

Turbines for Central Power Stations, 110, 111 

Turbo-Motor and Dynamos for the Engineering 
Laboratory, Cambridge (Parsons), 406 

Turret Lathe (Astbury, Grantham), 376 

“Turret,” Steamer (Doxford, Sunderland), 733, 
734, 735, 742 


Tweddell’s Hydraulic Flanger (Messrs. Fielding 
and Platt, Gloucester), 303 

Twin-Screw Engines, Friedeborn’s (Conrad 
Ranke Séhn, Frankfort), 407 

Tyndall on Radiation of Heat from Gases, 827 

Tyre-Boring Lathe, Duplex Wheel and (Messrs. 
G. and A. Harvey, Govan), 94 


“Umbria,” Cunard Steamer (Fairfield Company), 
9, 80 

“Umbria” Shaft, Repairing, 80. See 9 

“ Unebi,” Compound Engines of Japanese 
Cruiser (Forges et Chantiers, Havre), 645 

Union Switch and Signalling Company, Pneu- 
matic Interlocking and Automatic Block 
Signalling, 669, 676 

United States Cruiser ‘‘ Olympia” (Union Works, 
San Francisco), 410, 455, 610, 611, 614 

University College, Engineering and Electrical 
Laboratories, 727, 729, 730, 731 

Unwin on Development and _ Distribution 
Power, 81, 82, 110, 111, 143, 170, 187, 253 

Utley’s Ship Ventilation, 492 


of 


Valve Gear, Morley’s Positive, Compound En- 
gine (Cole, Marchent, and Morley, Bradford), 
738 

Valve Gear, Oscillating Engines, Paddle Steamer 
(Messrs. Paul, Dumbarton), 102, 103 5 

Valve Gear, Vertical Engine (Lanceley, Chester), 
865 

Valves for Hydrants, Frost, Baker’s, 251 

Varying the Working Radius of Pulleys, 63 

“Velocity ”’ Winding Colliery Plant, 633, 634, 
636, 637, 640 

Ventilation of Mines, 633, 634, 636, 637, 640 

Ventilation of Ships (Utley), 492 

Vergne’s Refrigerator, 498 

Vi 
182, 183, 271, 286, 306 

Vibration of Steamers, Pallograph for Record- 
ing, 458, 459, 460 

“ Victoria,’ H.M. Battleship, 906 

‘ Visible” Wire Fencing, 200 

Vulcan Company, Newton-le- Willows, Barry Com- 
pany’s Passenger Locomotive, 904 


Wake Currents, Measurement of, 425, 426 

Waste Gates at Allington Lock, Lower Medway, 
342 

Water Spout Pulsating Steam Pump, 162 

Water Tower, Hale (Kansas), 191, 194 

Water Works, Davenport, Iowa, U.S.A., 715 

Water Works, Southampton, 363 

Watt’s Boiler Circulator and Deposit Extractor, 
851 

Weir, Richmond Lock and, 402 


TWO-PAGE ENGRAVINGS. 


R. Napier and Sons, Glasgow.) Toadjoin page 
851 


| Engines and Boilers of the United States Cruiser 


“Olympia.” (Union Iron Works, San Fran- 
cisco.) Two plates, to adjoin page 614 

Engines, Triple-Expansion, of the First-Class 
Cruiser ‘‘ Gibraltar.” (Messrs. R. Napier and 
Sons, Glasgow.) To adjoin page 901 

Engines, Triple- Expansion Five - Cylinder, of 
Twin-Screw Cunard Liner ‘‘Campania.” To 
adjoin page 463 

Engines, Triple-Expansion, of H.M. First-Class 
Cruiser ‘‘Crescent.” (Messrs. Penn, Green- 
wich.) To adjoin page 785 

Engines, Triple-Expansion, of H.M. First-Class 
Torpedo Gunboats ‘‘Circe,” ‘‘ Alarm,” and 
“Veda.” (Messrs. Penn, Greenwich.) To ad- 
join page 280 

Engines, 1500 Horse- Power Triple - Expansion, 
Mill, at Minerva Cotton Spinning Mills, Ashton- 


under-Lyne. (Messrs. D. Adamson and Co., 
Dukinfield.) To adjoin page 359 

Engines, Triple - Expansion, of Steam Yacht 
“Capercailzie” (Messrs. Barclay, Curle, and 
Co., Limited, Glasgow.) To adjoin page 25 

Engines, Triple-Expansion Twin-Screw, of H.M.S. 
“Jason.” (Naval Construction and Armaments 
Company, Limited, Barrow-in-Furness.) To 
adjoin page 132 


Locomotive and Carriages on Electrical Section ; 
| Murren Mountain Railway. (Oerlikon Works, 


page 639 

| Locomotive, Compound Express, for the North- 
ern of France Railway. (La Société Alsa- 
cienne de Constructions Mécaniques, Belfort.) 
Two plates, to adjoin page 174 

Locomotive Express for the London and South- 


Western Railway. To adjoin page 380 
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Alsacienne, de Constructions Mécaniques, La 


Société, Compound Express Locomotive, 70, | 
174, 233. See Lerrers, Locomotives, &e., and | 


Erratum, 250 : 
Alternate Current Dynamo (Mather and Platt), 
160 


Alternate Current Transformer, 303 
Alternating Electric Currents, Measurement of, 
141, 168, 196, 230 
Alternating High Frequency Currents, Experi- 
ments, 323 
Alternators, Testing, 260 
America. See Notes from United States 
America Cup Yacht Race, 231 
America, First Casting, 113 
oe Bridges on the Transandine Railway, 
73, 208 
American and British Boiler Shop Wages, 878 
American and English Locomotives, 643 
American Fire Extinguishing Apparatus, 192, 845 
American Industries and British Trade: 
Agriculture, 431 
British Imports and Exports, United States, 
335, 336 
pegs Shipping and Foreign Trade, 273, 287, 


Britons in United States, 367 
Canal Movement, 153 

Cereal Production, 431 
Chemical Imports, 335 

Corn Production, 431 

Cost of Living in America, 432 


American Industries and British Trade 
—continued, 

Cost of Producing Coal, Iron, and Steel in 
Britain and United States, 92 

Cotton Imports, 335 

Customs Duties Paid per Head of Population, 
&e., 304 

Emigrants’ Caravans, 153 

Emigration to United States, 367 

Exports, 304, 335 

Farm Animals, 432 

Flax, Hemp, &c., Imports, 335 

Freights on Railways and Canals, 153 

French Imports and Exports, United States, 
335, 336 

German Imports and Exports, United States, 
335, 336 

Germans in United States, 367 

Grain, Prices of, 432 

Hay Production, 432 

Immigration into United States, 367 

Imports, 304, 335 

Indian Settlements, 123 

Trish in United States, 367 

Iron and Steel Imports, 335 

Labour, Cost of Production in United Kingdom 
and United States, 92 


| Lake Shipping, 239. See 287 


Locomotive Building, 184 


Nationality of the People of United States, 367 
Oats Production, 431, 432 


| Population, 123, 153 


ucts on the Manchester Ship Canal, 126, 127, | 


Zurich, and Machine Works, Basle.) To adjoin | 


Weir's Feed Pumps, Heaters, and Evaporators, 
486, 487 

Welsh Colliery Exhibit at Chicago Exhibition, 
633, 634, 636, 637, 640 

Westminster Dynamo and Brotherhood Engine, 
893 


Westminster Electric Light Station, Davies-Street, 
307, 310, 313 
Weyman and Hitchcock’s Twin-Cylinder Vertical 
Oil Engine, 865 
Whaleback Steamer ‘‘ Turret ” (Doxford, Sunder- 
land), 733, 734, 735, 742 
Whaleback Steamers, Chicago Exhibition, 587 
Wheat in United States, Growth of, 431 
Wheel and Tyre-Boring Lathe, Duplex (Messrs. 
G. and A. Harvey, Govan), 94 
Williams and Co., Windmill and Sky Signs, 
882 
Wimshurst Influence Machine, 657 
Winby’s Express Locomotive (Messrs. Hawthorn, 
Leslie, and Co.), 615, 618 
Winding Drums for Pachocha Railway, Spain 
(Messrs. Harvey and Co., Hayle), 12, 13 
Winding Plant, Colliery, at Chicago Exhibition, 
633, 634, 636, 637, 640 
Windlass and Capstan, Hyde Steam (Bath Works, 
Bath, Me.), 702 
Windlass and Windlass Engine, Napier’s, 492 
Windmill (Cadle, Dublin), 868 
Windmill and Sky Signs (Williams and Co.), 
882 
Wire Fencing, ‘‘ Visible,” 200 
Wire Rope and Electric Mountain Railway, 
Murren, 414, 434, 435, 446, 639, 641, 644 
Wire, Woven, and Segregation, 853, 854 
Wood Imports in United States, 335 
| Wool Imports in United States, 335 
Works, Central Marine Engineering, 274, 275, 
278, 303, 314, 318 
World’s Fair. See Columbian Eaposit on 
Worthington Pumps, Chicago Exposition, 582, 
583 
Woven Wire and Segregation, 853, 854 


Yacht ‘‘Capercailzie,’ Steam Engines (Messrs. 
Barclay, Curle, and Co., Limited, Glasgow), 16, 
25 


Yarrow’s Torpedo-Boat for Victoria Government, 


Yellow River, Breach in Embankment of, 263, 
296 

Yellowstone, Alaska, and Yosemite. 
mite, &e. 


See Yose- 


Yosemite, Alaska, and Yellowstone: 
Geysers in Yellowstone, 4, 5, 6 
Minneapolis, Views in, 38, 39, 46 
Minnesota, Views in, 38, 39, 46 


‘ Locomotive (Tank) for the Mersey Railway. 
| (Messrs. Kitson and Co., Leeds.) To adjoin 
| page 218 

| Locomotive, Winby’s Four-Cylinder Express, at 
the World’s Columbian Exposition. (Messrs. 
R. and W. Hawthorn, Leslie, and Co., Limited, 
Newcastle.) To adjoin page 615 


| 

| 

| Pier at Salina Cruz; National Railway of 
| Tehuantepec. To adjoin page 315 

| Pumping Engines of the Stroud Water Company. 
| (Messrs. Holborow and Co., Stroud.) To ad- 
join page 670 


| Bt. Mary-street Market, Cardiff. Three plates, 


| to adjoin page 248 


| “Turret,” The S.S. (Messrs. W. Doxford and 
| Sone Limited, Sunderland.) To adjoin page 
33 


American Industries and British Trade 
—continued, 
Potato Production, 432 
Produce, Prices of, 432 
Railway Development, 184, 211 
Revenue and Expenditure of United States, 
51 
Road Traffic, Early, 153 
Scandinavians in United States, 367 
Shipping, American, 239. See 287 
Shipping, British, and Foreign Trade, 273, 
287, 907 
Silk Imports, 335 
Tariff or Customs Received by United States 
and Britain, 51 
Tariffs and their Influence, 304 
Transportation, 153, 184, 211 
Wheat Production, 431 é 
Wood Imports, 335 
Wool Imports, 335 
Working of United States Railways, 211 
American Inventor, The, 385 
American Iron and Steel Production, 844 
American Line of Steamers, 287 
American Patent Office Research, 284, 343 
American Patents, 805 
American Pig Iron Production, 357 
American Railroad Economy, 452 
American Railroads as Investments, 601 
American Road Construction, 601 
American Society of Mechanical Engineers. 
Mechanical Engineers 


See 
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American Society of Mining Engineers (Montreal 
Meeting), 389, 405 

American Tariff and Tinplate Industry, 623 

American Trade with Southern Republics, 324 

American Tramway Traction, 145 

American Warship Building, 564, 909 _ 

Anderson, Dr. Wm., on the Interdependence of 
Abstract Science and Engineering, 679, 682, 
720 

April Weather, 651 f 

Arbitration and Conciliation in Labour Disputes, 
649 

Ardrossan Engine Shed, 859, 862 

Argentine Armour-Clad Ram “Libertad,” 52 

Argentine Cruiser ‘“‘Neuvo de Julio” (Arm- 
strong, Elswick), 144, 229. See Lerrer, ‘ Blen- 
heim” 

Armatures, Current Direction in, 778, 782 

Armour-Clad Battleships. See Battleships, 52 

Armour Construction in America, 199 

Armour Plates, British, 255, 288 

Armour Plates, Harveyised Steel, 249, 285 

Armstrong Gun Trials, Armour-Clad Ram 
“Libertad,” 52 

Arnold-Foster, Mr., on Mounting of Naval Guns, 
108 

Artesian Wells, for Water Supply, 744 

Artificial Stone (Mr. Frederick Ransome), 624 

Artillery, Krupp, at Chicago Exhibition, 832 

Asquith’s Boring Machine, 282 

Assioot-Girgeh Railway, Egypt, 763 

Astbury, Mr. W. H., 8-In. Chasing Lathe, 806 

Astbury, Turret Lathe, 379 

Astronomical, Allegheny, Observatory, 663 

Astronomical Survey, Stellar Photographs, 91 

Atlantic American Line Steamers, 287 

Atlantic Liner Performances. See ‘‘ Campaniu” 

Atlantic Liners ‘‘Campania” and ‘‘ Lucania.” 
See ‘ Campania” 

Atlantic Liners, Old, 173, 202, 325, 392 

Atlantic Passenger and Emigrant Trade, 387 

Atlantic Record, 714. See ‘‘ Campania” 

Atlantic Speeds, Possibilities, 874 

Atlantic Steamer ‘“‘ Umbria,” Shaft Fracture, 11, 
80, 325. See Lerrers, 41, 104, 174, 413 

Atlantic Steamers, Two New White Star, 357 

Australasian Labour Questions, 777 

Australia, Floods in, 601 

Austrian Canals and Railways, 420 ' 

Austrian Torpedo Cruiser ‘ Satellit ” (Schichau), 
346. See LeTrerR, 409 

Austrian Workmen and Accidents, 231 

Automata, New and Old, 291 

Automatic Gas Retort House (New Conveyor 
Company), 362 

Automatic Railway Signalling, 667, 670 ; 

Automatic Signalling, Liverpool Overhead Rail- 
way, 163. See Lerrers, Liverpool, cc. 

Averager, Coffin, 251 ae 

Award Scheme at Chicago Exhibition, 280, 592, 
718, 761, 793, 814, 875 

Axles, Crank, 133 


Babcock and Wilcox Boilers at Chelsea Electric 
Station, Tests, 411. See Lerrers, Boiler Tests 

Baker’s Frost Valve for Hydrants. See LetrrErs, 
Valve, dc. 

Balloon Signalling, Electric, 171 

Baltic Canal Forward Well Dredger (Smulder’s), 
423 

Baltic-North Sea Canal, 22 ; o7, 

Baltimore and Ohio Railway at Chicago Exhibi- 
tion, 289, 513 

Barclay, Curle, and Co., Limited, Steam Yacht 
“ Capercailzie,” Engines, 25 

Barrow Shipbuilding, 28, 600 : 4 

Barry Company’s Passenger Locomotive (Vulcan 
Company, Newton-le-Willows), 902 

Basic Bessemer Steel Joists, Strength of, 653 

Basic Steel Production of the World, 323. See 
also 420 

Batavian Exhibition, 201, 291, 671 

Bath Iron Works, Bath, Me., Windlasses and 
Capstans, 703 

Battering-Faced Retaining Walls, 914 

Battleship, Armour-Clad, ‘‘ Libertad,” 52 

Battleship Coal Consumption, 843 

Battleship ‘“‘ Hood,” Gunnery Trials, 199 

Battleship ‘‘ Howe,” Floating, 294 

Battleship “‘ Illinois,” 909 

Battleship ‘‘ Ramillies,’ H.M.S. (Messrs. Thom- 
son, Clydebank), 716 

Battleship ‘‘ Repulse,” Trials, 294 

Battleship ‘‘ Victoria,” The Loss of the, 905 

Battleships, American, 564, 909 

Battleships (Navy and the Lords), 321 

Battleships, New British, 255, 288 

Beare, Professor T. Hudson, on Laboratories, 
University College, London, 727 

Bedewell, Dr. F., on Mechanical and Electrical 
Analogies, 364 

Belgian Government Paddle Steamer ‘‘ Leopold 
II.” (Denny, Dumbarton), 444. See 737. See 
Lerrers, “ Leopold II.” 

Belgian Paddle Steamer ‘‘Marie Henriette” 
(Cockerill Company, Belgium), 737 

Belgian State Railways, 22 

Belgium, Labour in, 83 

Belgium, Railways in, 358 

Belliss Engine for Dynamos in Cunard Steamers, 
485 


Belts, Driving, 35 

Bergsunds Company’s Ice-Breaking Steamer 
“Murtaja,” 327 

Berlin Municipal Government, 277 

Berne Compressed Air Tramway, 212, 245 

Bessemer Steel Production, Britain, 420 

Bethlehem Iron Works Exhibit at Chicago, 858 

em Iron Works, 125-Ton Steam Hammer, 
8% 

Biles, Professor, on Possibilities of Speed on the 
Atlantic, 874 

Birmingham Hydraulic Supply Station, 390 

Blackpool Tower, 343. See LETTERS 

Blasting, Electric, 358 

Blasting Operations on Railways, 31 

“Blenheim,” H.M.S., 284 


_ Board of Trade Labour Department, Reorganisa- 
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tion, 77 
Boat Railway at Meaux, France, 438 
ae Circulator and Deposit Extractor, Watt's, 


Boiler Design and Pressures, 375, 754 

Boiler Difficulties, Navy, 255, 288. See Leaky 
Tubes 

Boiler Experiments, Steam (by Mr. Bryan Don- 
kin, Jun., and Professor Kennedy), 114, 897 

Boiler Explosion at Burslem, 332 

Boiler Explosion at Coatbridge, 361 

Boiler Explosion near Workington, 117 

Boiler Explosions at Dailly and Stacksteads, 
753 

Boiler Explosions at Glasgow and Lynn, 421 

Boiler Explosions. W. H. W., 23 

Boiler Firedoors, Geddes’s Protector, 913 

Boiler Furnaces, 53, 86, 118 

Boiler (Navy) Committee’s Report, 677, 699. See 
Letters, Navy Boilers 

Boiler Plate Flanging Machine, Crow’s (Messrs. 
R. Harvey and Co., Glasgow), 132 

Boiler Shell Drilling Machine (Scriven, Leeds), 
314 

Boiler Shop Wages, British and American, 878 

Boiler, Trevithick, at Chicago Exhibition, 684 

Boiler Tube Fastenings, 1. See Lerrers 

Boiler Tubeplates, Transmission of Heat through, 
373, 394. See Hrratum, 453 

Boiler Tubes. See Leaky Tubes 

Boiler Tubes, Fixing (Ernest Petersen), 719 

Boilers at Chelsea Electric Station, Tests (Bab- 
cock and Wilcox), 411. See Lerrers 

Boilers of Cruiser ‘‘ Gibraltar ” (Napier, Glasgow), 
851, 901 

Boilers of Cunarders, 483 

Boilers and Engines of United States Cruiser 
“Olympia” (Union Works, San Francisco), 
410, 455, 614 

Boilers, Expansion of Water in, 52 

Boilers, Marine, 225, 373, 394. See LETTERS, 
Forced Draught and Leaky Tubes 

Boilers in the Navy, 93 

Boilers under Pressure, Alteration, 375, 754 

Booth, Halifax, Cylinder Boring Machine, 700 

Boring Machine (Asquith’s, Halifax), 282 

Boring Machine, Cylinder (Booth, Halifax), 700 

Boring Machine for Pulleys, Vertical (Richards 
Company), 739 

Braithwaite and Kirk’s Bridge Flooring, 174 

Brassey, Lord, on Merchant Cruisers, 354, 457. 
See also 450 

Brassey, Lord, and the Navy, 321 

Brassey’s Naval Annual, 895 

Breach in Embankment, Yellow River, 263, 295 

Brickmaking Plant, Jefferies’ (Humpidge and 
Snoxell, Dudbridge), 898 

Bridge Destruction by Blasting, 31 

Bridge Failure under Test Load in Servia, 134 

Bridge Flooring, Braithwaite and Kirk’s, 174 

Bridge Flooring, Hobson’s, 771 

mart Members with Inclined Joints, Strength 
of, 420 

Bridge over Mississippi at Memphis, Tenn., 164, 
218 

Bridge over Mississippi at New Orleans, 249 

Bridge, Tower, River Piers, 428 

Bridges, Concrete, in Spain and Scotland, 859 

Bridges on the Manchester Ship Canal, 125, 181, 
280, 309, 340 

Bridges, Models at Chicago, 815, 857, 891 

Bridges, Railway, in Egypt, 763 

Bridges, Swing, Lengthening, 420 

Bridges on Transandine Raikyay: 173, 202 

Bridges, Vibration of Metallic, 879 

Bristol’s Recording Pressure Gauge, 63 

British and American Boiler Shop Wages, 878 

British Catalogue for Chicago Exposition, 589, 
621, 780 

British Corporation for Registry of Ships, 708 

British Cruiser ‘‘ Blenheim,” 284 

British Cruiser ‘‘ Fox,” Second Class, 850 

British Cruiser ‘‘ Gibraltar” (Napier, Glasgow), 
851, 901 

British Cruiser ‘‘Grafton” (Thames Company), 
200, 912 

British East Africa Railway, 909 

British Engineering, The Future of, 133 

British Engineering and Trade, 96. See Lerrrr, 
Future of British Engineering 

British Exhibits at Chicago, 621, 589, 780 

British Imports and Exports, United States, 335, 
336 

British Shipping, 257 

British Shipping and Foreign Trade, 273. See 
287, 907 

British Shipping Trade, 907 

British Steel Production, 323, 420 

British Torpedo-Catchers ‘‘Havoc” and ‘ Hor- 
net” (Yarrow), 848 

British Trade and American Industries. 
American Industries, &c. 

British Trade in India, 253, 401 

British Trade and New Railway Rates, 47 

Britons in United States, 367 

Broadbent, 15-Ton Electric Travelling Crane, 55 

Broken Hill Mines, 654 

Brotherhood Engine and Westminster Dynamo, 
899 

Brown’s Emergency Gear in Ounard Steamers, 
489 

Brown’s 1500-Ton Hydraulic Forging and Stamp- 
ing Press, 913 

Bruce, Mr. Eric Stuart, on Electric Balloon Sig- 
nalling, 171 

Bruges Ship Canal, The Proposed, 97 

Brunel's Pocket Line to Rescue the Drowning, 
101 

Building Stone, The Choice of, 652 

Building Stone (Mr. Frederick Ransome), 624 

Bulkhead Door, Clark's Ship, 347 

Bulkheads, 391 

Bulkheads, Strength of, 370, 427. See Lerrers 

Burmah and its Oilfields, 889 

Burns’, Sir John, ‘‘ Capercailzie” (Messrs, Barclay, 
Curle, and Co., Glasgow), 25 

Burslem, Boiler Explosion at, 332 

Burton’s Self-Sustaining Pulley Block Traveller, 
379 
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Cable and Electric Mountain Railway, Murren, 
408, 433, 639 

Cadle’s Windmill, 868 

Calvert, Mr. George A,, on Measurement of Wake 
Currents, 371, 424 

Cambridge University, Engineering at, 818 
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*Campania” and “Lucania” (Cunard | Civil Engineers, Institution of - continued. 


Steamers) : 
See also ILLUSTRATED INDEX 
See PARAGRAPH, 627 
Boilers: Feed Arrangements, 483 
Building of the Hulls, 472 
Cargo and Refrigerating Appliances, 500 
Chains and Anchors, 489 
Circulating Pumps, 481 
Commissariat and Kitchen Arrangements, 497 
Construction of the Engines, 480 
Design of the New Cunard Vessels, 469 
Dimensions, &c., of Notable Atlantic Steamers, 
465 
Electric Lighting, 485 
Engines of the Twin-Screw Steamer ‘‘ Pole 
Star,” 501 
Fans for Ventilating Stokehold, 483 
Feed-Heaters, Pumps, and Evaporators, 484 
Heating, 496 
Historical, 463 
Iron Lap-Welded Steam Pipes, 485 
Kilbourn’s Refrigerator, 500 
ay amt of the ‘‘ Campania” and ‘‘ Lucania,” 
4 
Lavatory Accommodation, 496 
Life-Saving Appliances, 496 
Manning of the Vessels, 500 
Naming of the Vessels, 477 
Navigating Appliances on the Ships, 488 
apa by ‘* Campania,” 660, 714, 771, 838, 
2 
Passenger Accommodation, 491 
Queenstown to New York, 660 
Record Voyage, New York to Queenstown, 714 
Refrigerating Plant for Provision Rooms, 497 
Search Light, 491 
Speed Trials, 600 
Starting, Reversing, and Emergency Gear, 481 
Steam Tiller Steering Gear, 489 
Ventilation, 496 
Windlass, Capstans, &c., 489 
Campbell and Calderwood, Triple Effet Evapo- 
rator for Sugar Manufacture, 703 
Cams, Cutting, 33 
Canada and Newfoundland, Labour Questions, 
707 
Canal Boat Railway at Meaux, France, 438 
Canal, Extension of Large Trollhatta, Sweden, 
323 
Canal, Manchester. See Manchester Ship Canal 
Canal Movement in United States, 153 
Canal, Nicaragua, 209, 243, 276, 436, 605, 830 
Canal, North-Sea Baltic, 22 
Canal, The Proposed Bruges Ship, 97 
Canal, Traffic in Suez, 782 
Canals, European, 416 


Canals and Railways in Austria, 420 

Cantilever Bridge over Mississippi, Memphis, 
Tenn., 164, 218 

“*Capercailzie,” Steam Yacht, Engines (Messrs. 
Barclay, Curle, and Co., Limited, Glasgow), 
23 

Capstans and Windlasses (Bath Iron Works, 
Bath, Me.), 703 

Car Lighting, Comparative Merits of Different 
Systems, 32 


Carborundum, Diamond-Cutting Material, 849 

Cardiff Market, St. Mary-street, 70, 100, 248 

Cargo Steamer ‘‘ Turret” (Doxford, Sunderland), 
33 


Carriage, Murren Mountain Railway, 639 

Carriages, Heating Railway (Laycock), 190 

Carts, Premiums for Mule, 231 

Casting Lead Keel for Yacht, 231 

Casting Made in America, The First, 113 

Catalogues of Chicago Exhibition, 621, 761 

Cell, A New Dry, 782 

Cement and Iron Pipes, 199 

Central Marine Engineering Works, Hartlepool, 
278, 314 

Central Station, 
Palace, 614 

Central Station, Westminster Electric, 312 

Central Stations, Development and Distribution 
of Power, 81, 110, 142, 169, 197, 258. See 
LETTERS 

Centrifugal Pump (Thwaites’), 135. See Lerrers 

Cereal Production in United States, 431 

Channel and Angle Iron Shearing Machine, Hy- 
draulic (Messrs. H. Smith and Co., Glasgow), 
160 


Hornsby Engine for Crystal 


Channel Mail and Passenger Service, 623 

Charges for Power at Chicago, 747 

Charnock, Mr. G. F., on Thwaites’ Centrifugal 
Pump, 135. See Lerrers, Pump 

Chartered Institute of Patent Agents and the 
Law, 145 

Chasing Lathe, 8-In. (Astbury, Grantham), 806 

“‘ Chelmsford,” Steamer, for New Route to Con- 
tinent, 779 

Chemical Energy, Heat and, 60 

Chemical Imports in United States, 335 

Chicago City, 516 

Chicago Exhibition. See Columbian Exposition 

Chicago and North-Western Railroad, 452 

Chicago Water Supply, 447 

Chlorine Recovery, 340 

Chouanard’s Cold Metal Sawing Machine, 807 

“Circe” Torpedo Gunboat, Engines (Penn), 280, 
656. See ‘ Alarm” Trials 

Circulating Pumps of Cunarders, 481 

Circulator, Boiler, and Deposit Extractor, Watt's, 
851 

Civil Engineering, The Future of British, 96. 
See Letters, British Engineering 


Civil Engineers, Institution of: 

See Lerrers 

Gas Power for Electric Lighting, by Mr. J. 
Emerson Dowson, 53, 113, 357 

Smelting Processes for the Extraction of Silver 
and Gold from Ores, by Mr. H. F. Collins, 
136 

Erection of Silver Lead Smelting Works in 
Mexico, by Mr. T. W. Malcolmson, 136 

Electrical Railways, by Dr. John Hopkinson, 


1838 

Plant for Harbour and Sea Works, by Mr. 
Walter Pitt, 329 

The Fracture of the ‘‘ Umbria’s” Shaft, by Mr. 
Thomas Sopwith, 325. See also 11, 41, 80 


The Foundations of the Two River Piers of the | 


Tower Bridge, by Mr. G. E. 
428 
Steam Engine Trials, by the late Mr. P. W, 
Willans, 441 
Mining and Ore Treatment at Broken Hill, 
New South Wales, by Mr. M. B. Jamieson 
and Mr. J. Howell, 654 
Interdependence of Abstract Science and Engi- 
neering (James Forrest Lecture), by Dr. 
Anderson, 679, 682, 720 
Wreck Raising in the River Thames, by Mr. 
C. J. More, 756 
Manufacture of Small Arms, by Mr. John 
Rigby, 757, 788, 822. See LerrErR, 899 
Annual Meeting, 784 
Awards of Medals, Prizes, and Premiums, 850 
Appointments and Council, 912 
Clapham Junction and Paddington Electric Rail- 
way, 52, 100, 139, 349 
Clark’s Ship Bulkhead Door, 347 
Clayton and Shuttleworth’s Portable Engine to 
Burn Oil Fuel, 836 
Cleaning Tramway, &c., Rails (Society of Engi- 
neers), 456 
Cleveland. See Notes from Cleveland 
Cleveland Ironstone Mining, 241 
Clock-Faced Diagram, 405, 719 
Cloth-Measuring Machine, 280 
Cloud Forms, Re-Classification, 757 
Clyde Passenger Steamer ‘‘ Isle of Arran,” 442 
Coal Consumption Diagrams, Russian Torpedo 
Cruisers (Schichau), 785 
Coal Consumption of Warships, 843 
Coal Production in the United Kingdom, 450 
Coal Production of the United States, 894 
Coal in South Africa, 109 
Coal Syndicate, Rhenish Westphalian, 749 
Coatbridge Boiler Explosion, 361 
Cockerill Company, Paddle Steamer 
Henriette,” 737 
Code, Mining and General Telegraphic, 638 
Coffin Averager, 251 
ee Sawing Machine (Chouanard, Paris), 
80) 
Cole, Mr. H. A. B., on Engines Working Triple 
and Compound, 404. See 718 
Cole, Marchent, and Morley, Compound Engine 
with Morley’s Positive Valve Gear, 738 
Coligny Roof Lamp, 282 
Colliery, Hill’s Plymouth Company, Limited, 
Merthyr Tydfil, South Wales, 633 
Colliery Manager’s Pocket-Book, 33 
Colliery Pumping Plant, Electric (Ernest Scott 
and Mountain, Limited), 347 
Colorado, Altitudes and Climate, 120 
Colour Sensitiveness of the Retina, 132 
Colours of Nature Reproduced in Photographs, 
748 
Columbian Exposition : 
503, 519, 691 
Administration Buildings, 521, 898 
Agricultural Building, 546 
Awards and Jury Regulations, 280, 592, 713, 
761, 793, 814, 875 
Baltimore and Ohio Historical Exhibit, 289 
Baltimore and Ohio Railroad, 513 
Battleship Ilinois, Model, 909 
Bethlehem Iron Works Exhibit, 858 
British Catalogue, 621 
British Section, 589, 780 
Catalogue, 761 
Charges for Power at Chicago, 747 
Chicago City, 516 
Chicago Water Supply, 447 
Classification of Exhibits, 592 
Coal Production of United States, 894 
Columbus Relics, 584, 846 
Communication for Exhibition, 586 
Competition at Chicago, 781 
Congresses, 593 
Creators of the Exhibition, 594 
Educational and Liberal Arts Exhibits, 57 
Electrical Intramural Railway, 828 
Electrical Problems, Practical, 652 
Electricity Building, 540 
Engineering Congress, 140, 155, 324, 651, 657 
762 
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Entrants, Number of, 877 

Erie Railroad, 509 

Exhibitions of Previous Years, 58 

Fine Arts Building, 557 

Fisheries Building, 573 

Foreign Co-operation, 589, 761 

Foreign Sections, 589, 761 

French Railway Preparations, 105 

German Section and Catalogue, 796 

German Steamship Lines, 858, 910 

Government Building, 560 

Grounds, 581 

Guns, Krupp, 882 

Harbour, 581 

Horticultural Building, 568 

Hyde Capstans and Windlasses (Bath Works, 
Maine, U.S.A.), 708 

Intramural Railway, Chicago Exhibition, 828 

Jury Awards and Judging, 280, 592, 713, 761, 
793, 814, 875 

Krupp Pavilion, 832 

Lighting Stalls, 165 

Locomotive, Winby’s Express (R. and W. 
Hawthorn, Leslie, and Co., Neweastle), 615. 
See LETTERS 

Machinery Hall, 535, 782, 797 

Machinery Hall Exhibits, 781, 797 

Manufactures and Liberal Arts Building, 527 

Midway Plaisance, 583 

Mines and Mining Building, 541, 893 

Mining Exhibits, 893 

Navy Exhibit, 561, 909 

New York Central Railroad, 505, 691 

Opening of the Exhibition, 725 

Pennsylvania Railroad, 504, 691 

Pier, 581 

Progress, 761, 793, 817, 877 

Prospects of American Exhibition and Trade, 
58 

Prospects, Financial, of Exhibition, 726, 877 

Pullman Exhibit at Chicago Exhibition, 736, 
891 

Railway Exhibits, 815, 857, 891 

Railway, Intramural, 828 
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Columbian Exposition —continued, . 
Railway Signalling (Union Company, Pitts- 
burg), 670 
Ship Models, 815, 857 
Site of Exhibition, 520 
State Buildings, 57, 579 
Steam Hammer, 125-Ton (Bethlehem Iron Com- 
pany), 857 
Sunday Opening Question, 761, 794, 871 
Tour to Chicago and Exhibition, 691, 761, 782, 
793 
Transportation Exhibits, 815, 857, 891 
Transportation Exhibits Building, 549 
Trevithick’s Boiler, 684 
Viking Ship, 349 
Water Supply of Exhibition, 585 
Water Works at Davenport, Iowa, U.S.A., 715 
Welsh Colliery Exhibit, 633 
Whaleback Steamers, 586, 795 
Women’s Building, 570 
Columbus Relics at Chicago, 584, 846, 847 
Commercial Aspect of Engineer’s Training, 195. 
See LuTTErRs 
Communication at Sea by Induction, 173 
Compound Engines. See Engines 
Compound Express Locomotive for North of 
France Railway, 70, 174, 233. See Lerrers. 
See Erratum, 250 
Compound and Triple Working of Marine En- 
gines, 404, 718 
Compressed Air Tramway, Berne, 212, 245 
Compressed Gas Lighting of Cars, 32 
Conciliation and Arbitration in Labour Disputes, 
649 
Concrete Bridges, 859 
Joncrete in Railway Structures, 859 
Condensation in Steam Cylinders, 915 
Condensers of the United States 
“* Olympia,” 614 
Congresses at Chicago, 593 
Consumption of Smoke, 616, 643, 701, 805 
Continuous Current Dynamo, Desroziers, 282 
Conveyor Company’s Automatic Gas Retort 
House, 362 
Cooke, Mr. Conrad, on Automata New and Old, 
291 
Cooking and Heating, Electric, 749 
Copper Fireboxes for Locomotives, 611, 629 
Copper v. Steel Fireboxes for Locomotives, 652 
Corcoran, Mr, Bryan, on Woven Wire and Segre- 
gation, 853 
Cork, Bridge at, Hobson’s Bridge Flooring, 771 
Corliss Modified Valve Gear, Morley’s, Compound 
Engine (Cole, Marchent, and Morley), 738 
Corn Production in United States, 431 
Cornish Boiler Experiments, 897 
Cost of Living in America, 432 
Cost of Producing Coal, Iron, and Steel in Britain 
and United States, 92 
Cotton Consumption and 
World’s, 22 
Cotton Factories in India, 650 
Cotton Imports, United States, 335 
Cotton Works in Russia, 652 
Cottrell, Mr. H. E. P., on Earth Slips and Sub- 
sidences, 369, 403 
County Councils and Technical Education, 619 
County Surveyors, Ireland, 899 
Coupling, Snyer’s Elastic (Cowlishaw, Walker, 
and Co., Etruria), 220 
Cowans, Sheldon, and Co., 150-Ton Steam Jib 
Crane at Glasgow, 819 
Cowlishaw, Walker, and Co., Snyer’s Elastic 
Coupling, 220 
Cowper, The Late Mr. E. A., 712 
Crane, Burton’s Self-Sustaining Pulley Block 
Traveller, 379 
Crane, Electric Overhead Travelling (Watervliet 
Arsenal), 63, 66 
Crane, 15-Ton Electric Travelling (Messrs. Broad- 
bent, Huddersfield), 55 
Crane, Railway, 10-Ton (Messrs. Gibbons, Bir- 
mingham), 11 
Crane, Steam Jib, 150-Ton, at Glasgow Harbour 
(Cowans, Sheldon, and Co., Limited), 819 
Crane, 20-Ton Portable, at Stockton (Messrs. R. 
Rodger and Co.), 410 
Cranes for Harbour Works, 329 
Crank Axles, 133 
Crehore, Dr., on 
Analogies, 364 
“Crescent,” Engines of Cruiser (Penn), 785 
Crow’s Boiler-Plate Flanging Machine (Messrs. 
R. Harvey and Co., Glasgow) 132 
Cruiser ‘‘ Blenheim,” 284 
Cruiser Coal Consumption, 843 
Cruiser ‘‘ Crescent,” Engines (Penn), 785 
Cruiser, Danish, ‘‘ Gaiser,” 22, 40 
Cruiser “‘ Fox,” British Second-Class, 850 
Cruiser ‘Gibraltar,’ British (Napier, Glasgow), 
851, 901 
Cruiser “Grafton,” British (Thames Company), 
200, 912 
Cruiser “‘ Milan,” French Unarmoured, 100 
Cruiser ‘‘ Neuvo de Julio” (Armstrong, Elswick), 
144, 229. See Lerrer, ‘‘ Blenheim” 
Cruiser ‘‘ Olympia,” United States (Union Works, 
San Francisco), 410, 455, 614 
Cruiser, Torpedo, ‘‘Satellit,” Austrian (Schi- 
_ chau), 346. See Lerrer, 409 
Cruiser ‘‘ Unebi,” Compound Engines, Japanese 
(Forges et Chantiers, Havre), 645 
Cruisers (Navy and the Lords), 321 
Cruisers, New British, 255, 288 
Cruisers, Russian Torpedo, ‘“‘ Woewoda” and 
“ Possadnik ” (Schichau), 785 
Cruisers, Speed and Coal Endurance, 353. 
LETTER, 392 
Cruisers in Warfare, Position, 353. 
392 
car lis Palace Electric Station, Hornsby Engine, 
Cunard Liners “Campania” and “Lucania,” 
See ‘‘ Campania” 
Cunard Steamer ‘' Umbria,” Shaft Fracture, 1, 
80, 325. See Lerrmrs, 41, 104, 174, 413 
Cunard Steamers, 172 
Cunarders, Old, 173, 202; 325, 392 
Current Direction in Armatures, 778, 782 
Currents, Measurement of Wake, 371, 424 
Curves, Drawing, by their Curvature, 756 
Curves, Railway Transition’ 48,71, 409 
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See Lrrrrr, 


Curves of Stability, 378 

Customs Duties Paid per Head of Population, 
&c., in United States, 304 

Cutting Cams, 33 

Cyclogram Diagram, 405, 719 

Cylinder Boring Machine (Booth, Halifax), 700 

Cylinder, Condensation in Steam, 915 


Daelen, Mr. R. M., on High-Pressure Hydraulic 
Presses in Iron Works, 265, 298 

Dailly Boiler Explosion, 753 

Dairy at Royal Agricultural Show, 867 

Dalby, Mr. W. E., on Harmonic Valve Diagram, 
418. See Lerrers, Harmonic, &e. 

Damaged Torpedo Boat (Yarrow, 
Government), 69 

Damascus, Railways, &c., in, 66. See Lerrers, 
Syrian Railways 

Danish Cruiser ‘‘ Gaiser,” 22, 40 

Danube Improvements, Rock-Cutting Plant, 42 

Danube, Regularisation of the, 800 

Davenport Water Works, Iowa, 715 

Dean, Mr. W., on Locomotive Copper Fireboxes, 
611, 629 

Debating Technical Subjects, 744 

December Weather, 20 

Decimal System, 326, 343, 391, 409, 441, 804, 838, 
869, 899 

Deep Tunnel Railways in London, 52, 100, 139, 
349 

Denmark and Sweden Telephone, 172 

Denny, Dumbarton, Belgian Government Steamer 
“TeopoldII.,” 444. See Lerrurs, ‘‘ Leopold I.” 
See 737 

Desroziers Continuous Current Dynamo, 282 

Desulphurising Iron, 764 

Diagram, Cyclogram or Clockface, 405, 719 

Diagram, Harmonic Valve, 418. See LErTsERs, 
Harmonic, &c. 

Diagram of Metal Prices, 24, 146, 262, 422, 656, 784 

Diamond-Cutting Material, Carborundum, 849 

Diamond Manufacture (Recent Science), 643 

Diamond Shoals, Lighthouse on the, 323 

Diamonds in South Africa, 109 

Dimensions, &c., of Notable Atlantic Steamers, 
465 

Directory, London, 33 


Victorian 


Disintegrator (Hardy Patent Pick Company), 869 


Distances between Britain and the East by 
Various Routes, 436, 437 

Distribution, Electric, Three-Wire System, 78 

Distribution of Steam in Single-Acting Compound 
Engine, 205 

Dochart Concrete Bridge, Killin Railway, 859 

Dock Charges and British Industries, 415. 
Letters, Shipping Charges 

Docks, Graving, 391, 440, 602, 616, 642, 671 

Docks at Portsmouth, New, 291 

Donkin, Mr. Bryan, Jun., on Condensation in 
Steam Cylinders, 915 

Donkin, Mr. Bryan, Jun.,and Professor Kennedy 
on Boiler Experiments, 114, 897 

Donkin, Mr. Bryan, Jun., on the Use of Super- 
heated Steam in Steam Engines, 417. See 
Letters, Superheated Steam 

Doulton’s Drain Pipe Joints, 135 

Dover and Continental Passengers, 623 

Dover and Ostend Paddle Steamer ‘‘ Leopold II.” 
(Denny, Dumbarton), See 444, 737. See 
Lerters, ‘‘ Leopold II.” 

Dowson on Gas Power for Electric Lighting, 53, 
113, 357 

Doxford, Sunderland, Turret Steamer, 733 

Drain Pipe Joints, Doulton’s, 135 

Dredge-Steward Omni-Telemeter, 188 

Dredger, Forward Well, for Baltic Canal 
(Smulder’s), 423 

Dredger and Rock Cutting (Messrs. Lobnitz, 
Renfrew), 42 

Dredger, Stern Delivery, on Leeds and Liverpool 
Canal (Hunter and English, London), 836, 871 

Drill, McCulloch’s Rio Tinto Rock, 11 

Drills, Rock, with Priestman’s Oil Engine, 242 

Drilling Machine, Boiler Shell (Scriven, Leeds), 
314 

Drilling Machine, Multiple (Habersang 
Zinzen), Dusseldorf), 627 

Driving Belts, 35 

Drowning, Brunel’s Pocket Line to Rescue the, 
101 

Drum, Winding, for the Pachocha Railway, 
Spain (Messrs. Harvey, Hayle), 12 

Dry Cell, A New, 792 

Duplex Wheel and Tyre Boring 
G. and A. Harvey, Govan), 100 

Durston, Mr. A. J., on Transmission of Heat 
through Tubeplates, 373, 394. See Erratum, 

53 


See 
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Lathe (Messrs. 


Dynamics, Foundations of, 756, 822 

Dynamite, Ice-Breaking with, 849 

Dynamo, Alternate Current (Mather and Platt), 
160 

Dynamo, Desroziers Continuous Current, 282 

Dynamo, Efficiency of, 356 

Dynamo, Engine and (Richardson, Patricroft), 
785 é 

Dynamo Field Magnets, Steel for, 440, 602 

Dynamo, Measuring Power for Driving, 326 

Dynamo, Multipolar and Triple-Expansion En- 
gines (Edison’s), 131 

Dynamo Tests, Holmes’ Steam, 783 

Dynamo, Westminster, and Brotherhood Engine, 
899 

Dynamos and Parsons’ Turbo-Motor at Cam- 
bridge Laboratory, 408 

Dynamos, Sparking in, 778 


Earle Company’s Steamer ‘‘ Chelmsford ” 
Great Eastern Company, 779 
Earth Currents and Telephone Communication, 


for 


173 

Earth Slips and Subsidetices, 369, 403 

Earthquake Effects on North-Western Railway, 
India, 698 

Eddy, Commissioner, and New South Wales Rail- 
ways, 17. See Letter, 409 

Edison Triple-Expansion Engine and Multipolar 
Dynamo, 131 ; 

Education. See Technical Education 

Education in Laboratories, 732 

Education, Science, 116 

Educational and Liberal Arts Exhibits, 57 


Edwards, Mr. F., on the Cyclogram or Clock- 
face Diagram, 405, 719 

Egypt, Irrigation, 18, 133. See Lerrers 

Egypt, Storage Reservoirs, 850 : 

Egyptian Railway Extension, 763 

Eight Hours Bill, Mather’s, 107 

Eight Hours Day, 696 

Electric Balloon Signalling, 171 

Electric Blasting, 358 

Electric and Cable Mountain Railway, Murren, 
408, 433; 639 

Electric Colliery Pumping Plant (Ernest Scott 
and Mountain, Limited), 347 

Electric Communication by Induction, 173 

Electric Conductors, Press for Lead Coating 
(Weems), 685 

Electric Cooking and Heating, 749, 911 

Electric Current Direct in Armatures, 782 

Electric Currents, Alternating, Measurement of, 
141, 168, 196, 230 

Electric Currents and their Interference with 
Telephones, 173 

Electric Discharge, Separation and Striation of 
Rarefied Gases under Influence of, 236 

Electric Distribution, Three-Wire System, 78 

Electric Dynamo Efficiency, 356 

Electric Flow, Differential Equation of, 379 

Electric Glow Lamp Filaments, New Method of 
Preparing, 144 

Electric Heating, Novel Method, 911. 

Electric Lighting of Cars, 32 

Electric Lighting of Cunarders, 485 

Electric Lighting, Gas Power for, 53, 113, 357 

Electric Lighting of Glasgow, 219 

Electric Lighting Mains in New York, 748 

Electric Lighting Plant for Collieries, 633 

Electric Overhead Travelling Crane, Performances 
(Watervliet Arsenal), 63, 66 

Electric Power in Sweden, 51 

Electric Railway in Chicago Exhibition, 829 

Electric Railway, Clapham Junction and Pad- 
dington, 52, 100, 139, 349 

Electric Sparks in Dynamos, 778 

Electric Supply Station, Westminster, 312 

Electric Travelling Crane, 15-Ton (Messrs. Broad- 
bent, Huddersfield), 55 

Electric, U.S.A., General Company, 681 

Electric, Wimshurst’s Machine, 657, 902 


See 749 


leq cal Engineers, Institution of: 
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Presidential Address, by Mr. Preece, 141 
Control of Sparking in Short Air-Space Dy- 
namos, by Mr. W. B. Sayers, 778 

Electrical and Engineering Laboratories at Uni- 
versity College, London, 727 

Electrical Intramural Railway, 828 

Electrical Locomotive, 100-Ton, 772, 806, 836 

Electrical and Mechanical Analogies, 364 

Electrical Problems at Chicago, Practical, 652 

Electrical Railways, 188, 828 

Electricity, Development and Distribution from 
Central Stations, 81, 110, 142, 169, 197, 258. 
See Letrers, Central Stations 

Elevators at Chicago Exhibition, 588 

Elgar, Dr., on Strength of Bulkheads, 370, 427. 
See Lerrers, Bulkheads 

Embankment of Yellow River, Breach of, 263, 295 

Emigrant Trade, Atlantic, 387 

Emigrants’ Caravans in the United States, 153 

Emigration to the United States, 367 

Employers’ Liability for Accidents to Workmen, 
167 

Employers’ Liability Bill and Seamen, 911 

Energy of Vibrating Matter, 101 

Enfield Gun Factory, 757, 789, 822, 883, 899 

Engine, Brotherhood, and Westminster Dynamo, 
899 

Engine, Compound, with Morley’s Positive Valve 
Gear (Cole, Marchent, and Morley), 738 

Engine, Compound, for Rolling Mill (Lilleshall 
Company, Salop), 838 

Engine, Compound Tandem, for Double Stern- 
Wheel Steamer, 247 

Engine and Dynamo (Richardson, Patricroft), 785 

Engine Exhibits at Chicago, 781, 797 

Engine, Fire, High-Pressure ‘‘ Greenwich” 
(Merryweather), 42 

Engine, Fire, for Imperial Institute (Shand, 
Mason, and Co.), 772 

Engine, Gas, Fielding, 30 Horse-Power (Fielding 
and Platt), 100 

Engine, Hornsby, for Crystal Palace Electric 
Station, 614 

Engine, Marine, as an Agent in Modern Civilisa- 
tion, 7 

Engine, Oil, Hornsby-Akroyd Safety, 838 

Engine, Oil, Priestman’s, Driving Rock Drill, 242 

Engine, Oil, Twin-Cylinder, with Self-Starting 
Gear (Priestman), 868 

Engine, Oil, Twin-Cylinder Vertical (Weyman 
and Hitchcock, Guildford), 865 

Engine, Portable, to Burn Liquid Fuel (Clayton 
and Shuttleworth), 836 

Engine-Room Complements, 908 

Engine Shed with Concrete Walls, 859, 862 

Engine, Single-Acting Compound, Steam Distri- 
bution in, 205 

Engine, Test of Triple-Expansion, 66 

Engine Trials, Steam, 441 

Engine, Triple-Expansion, and Multipolar Dy- 
namo (Edison’s), 131 

Engine, Vertical, Valve (Lanceley, Chester), 866 

Engines and Boilers of the United States Cruiser 
“Olympia” (Union Works, San Francisco), 
455, 614 

Engines, Compound, of Japanese Cruiser ‘‘ Unebi” 
(Forges et Chantiers, Havre), 645 

Engines, Compound Oscillating Single-Crank, of 
the Paddle Steamer ‘‘ Albert” (Messrs. Paul, 
Dumbarton), 102 

Engines of the First-Class Cruiser ‘‘ Crescent” 
(Penn), 785 

Engines, Friedeborn’s Twin-Screw, 408 

Engines, Gas v. Steam, for Electric Lighting, 
53, 113, 357 

Engines in the Navy, 93 

Engines, Pumping, at Stroud Water Works (Hol- 
borow), 670 

Engines at Royal Agricultural Show, 862 

Engines of S.S. ‘‘Iveagh” (A. and J. Inglis), 
Working Triple and Compound, 404, 718 


Engines, Triple-Expansion, of British Cruiser 
“Gibraltar” (Napier, Glasgow), 851, 901 

Engines, Triple-Expansion, of H.M.S. “‘ Jason” 
(Naval Construction Company, Barrow), 132 

Engines, Triple-Expansion, of H.M.S8S. ‘‘Circe,” 
“Alarm,” and ‘‘ Leda” (Penn, Greenwich), 
280, 656 

Engines, Triple- Expansion 1500 Horse-Power 
Mill (Adamson), 359 

Engines, Triple-Expansion Mill (Messrs. Shanks, 
Arbroath), 115 

Engines, Triple-Expansion, of §S.Y. ‘Caper- 
cailzie” (Messrs. Barclay, Curle, and Co., 
Glasgow), 25 

Engines of the Twin-Serew Steamer “‘ Pole Star,” 
(Fairfield Company), 501 

art oie Working Triple and Compound, 404, 
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Engineering and Abstract Science, Interdepen- 
dence of, 679, 682, 720 

Engineering at Cambridge University, 818 

Engineering Congress at Chicago, 140, 155, 324, 
651, 657, 762 

Engineering and Electrical Laboratories at Uni- 
versity College, London, 727 : 

Engineering, The Future of British, 96. See 
LETTERS 

Engineering in the Navy, 844 

Engineering and Shipbuilding, Marine, 27, 79, 
100, 600 

Engineering Theory and Practice, 351 

Engineering Works, Central Marine, 
pool, 278, 314 

Engineers, Naval, 291, 743 

Engineers in the Navy, 908 

Engineers’ Training, Commercial Aspect, 195. 
See LETTERS 

English and American Locomotives, 643 

English Iron Works, Early, 805 

English Shipbuilding and Marine Engineering, 
27, 600 

Enterprise Abroad, English, 408 

Equation of Motion, Lagrange’s, 328 

Erie Railroad, 509 

European Canals, 416 

Evaporator (Triple Effet) for Sugar Manufacture 
(Campbell and Calderwood, Paisley), 703 

Exhibition, Batavian, 201, 291, 671 

Exhibition, Chicago. See Columbian Eauposition 

Exhibition of Fire Extinguishing Appliances, 845 

Expansion of Water in Boilers, 52 

Experimental Works at Haslar, 156, 329 

Experiments with High-Frequency Currents, 323 

Experiments on Steel (Boiler Furnaces), 53, 86, 


Hartle- 


Explosion, Boiler. See Boiler Explosions 

Explosions, Boiler, 10. See Lerrers 

Explosives, 745 

Exports, United States, 304, 335 

Extraction of Gold and Silver from Ores, Smelt 
ing, 135 


Factors of Safety (Boiler Furnaces), 53, 86, 118 

Fairfield Company. See “* Campania” 

Fans for Ventilating Stokehold of ‘‘Campania,’ 
483 

Farm Animals in United States, 432 

February Weather, 257 

Feed Heaters, Pumps, and Evaporators (Weir's) 
for ‘‘Campania,” 484 

Fencing, ‘‘ Visible” Wire, 200 

Ferrules (Transmission of Heat through Tube- 
plates), 373, 394. See Hrratwm, 453 

Fielding Gas Engine, 30 Horse-Power (Messrs. 
Fielding and Platt), 100 

Filaments, Method of Preparing Glow Lamp, 144 

Filters for Davenport Water Works, 715 

Filtration of Sewage, Lawrence Experiments, 113 

Findlay, The Late Sir George, 390 

Fire Engine, Boiler Experiments (Merryweather), 
114 

Fire Engine, High-Pressure (Merryweather), 42 

Fire Extinction, Hale Water Tower (Kansas), 192, 
880 

Fire Extinguishing Appliances Exhibition, 845 

Fire Jets, 357 

Fire Protection of the Imperial Institute, 772 

Fire Raising by Locomotive Sparks, Law, 231 

Fires in London, 113 

Fireboxes, Copper, for Locomotives, 611, 629 

Fireboxes for Locomotives, Steel v. Copper, 652 

Firebricks, Magnesia, 452 

Fixing Boiler Tubes (Ernest Peterson), 719 

Flanger, Tweddell’s Hydraulic (Messrs. Fielding 
and Platt, Gloucester), 314 

Flanges, Standard Pipe, 10 

Flanging Machine, Crow’s Boiler Plate (Messrs. 
R. Harvey and Co., Glasgow), 132 

Flax, Hemp, &c., Imports in United States, 335 

Fleming, Dr. J. A., on Alternate Current Trans- 
former, 303 

Fleming, Professor J. A., on Laboratories, Uni- 
versity College, London, 727 

Fleming, Dr.‘J, A., on Measurement of Alternat- 
ing Currents, 141, 168, 196, 230 

Floating Deck, Reid’s, on Clyde Steamer “‘ Isle of 
Arran,” 442 

Floating H.M.S. ‘‘ Howe,” 294 

Floods in Australia, 601 

Flooring, Hobson’s Bridge, 771 

Flues, Boiler, 53, 86, 118 

Flushing of Sewers, 644 

Flying Machines, 288, 295, 653, 714. 

Flywheels, The Strength of, 58 

Focometer, 298 

Fogs, British, in 1876-1890, 879 

Forced Draught, 93, 225, 378, 394, 453, 
See LETTERS 

Forced Draught and Admiralty Boilers, 373, 394. 
See Erratum, 453 

Forced Draught, Boiler Tube Fastenings, 1. 
LETTERS 

Foreign Navies, 895 

Foreign Sections at Chicago Exhibition, 761 

Foreign Ships in British Ports, 907 

Forges et Chantiers, Compound Engine 
Japanese Cruiser ‘‘ Unebi,” 645 

Forging and Stamping Press, 1500-Ton (Brown 
Brothers and Co., Edinburgh), 913 

Formula for Ship Propulsion, 373 

Forrest, Mr. James, Secretary Inst. C.E., 679, 
682, 720 
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Forth Bridge Engineers and Poncellet Prize of 
the Académie des Sciences, 83 

Foundation for 150-Ton Steam Crane, 819 

Foundations of Dynamics, 756, 822 

“ Fox,” British Second-Class Cruiser, 850 

Freights on United States Railways and Canals, 
153 

French Engineering Works in Northern Syria, 
66. See Lerrers, Syrian Railway 

French Imports and Exports to United States, 
335, 336 

French Navy Programme, 87 

French Unarmoured Cruiser ‘* Milan,” 100 

Friction, Ships’ (Measurement of Wake Currents), 
371, 424 

Friedeborn’s Twin-Screw Engines, 408 

Frost Valves for Hydrants, 251. See LETTERS 

Froude, Mr. R. E., on Experimental Works at 
Haslar, 156, 329 

Fuel Supply of Warships, 843 

Furnace Doors, Geddes’s Protector for Boiler, 913 

Furnaces, Boiler, 58, 86, 118 

Furnaces for Rifle Manufacture, 759, 789, 822, 
883, 899 

Future of British Engineering, 133. See LeTTERs 


“ Gaiser,” Danish Cruiser, 22, 40 

Gas Engine, Fielding 30 Horse-Power (Fielding 
and Platt), 100 

Gas Enginesat Royal Agricultural Show, 862 

Gas, Heat Generated by, 63 

Gas, Increasing Illuminating Power, 623 

Gas Institute, The Incorporated, 638 

Gas-Making Plant, 117 

Gas at Paris, 681 

Gas Power, Development and Distribution from 
Central Stations, 81, 110, 142, 169, 197, 258. 
See Lerrers, Central Stations 

Gas Power for Electric Lighting, 53, 113, 357 

Gas Retort House, Automatic (New Conveyor 
Company), 362 

Gas v. Steam Engines, 53, 113, 357 

Gasoline Carbureters for Car Lighting, 32 

Gauge, Bristol’s Recording Pressure, 63 

Gauges, Standard, for Metal Sheets, 8 

Geddes’s Protector Fire Doors, 913 

General Electric Company, U.S.A., 681 

Geological Survey of United States, 389 

Geology (Royal Institution), 36, 128, 215, 271, 336 

Geometrical Approximation, 344 

German Coal Corner, 749 

German Imports and Exports to United States, 
335, 336 

German Railway, Oldest, 452 

German Rolling Mills, Union of, 878 

German Section at Chicago, 796 

German Steamship Lines, 858, 910 

Germans in United States, 367 

Germany, Labour in, 451, 622 

Geysers in Yellowstone, 4, 5, 6 

Gibbon’s 10-Ton Railway Crane, 11 

“Gibraltar,” British Cruiser (Napier, Glasgow), 
851, 901 

Gilbert's ‘‘ De Magnete,” 40, 71, 144, 202, 227 

Girders, Bridge, Strength of, 134, 420 

Glaciers, 36, 128, 215, 271, 336 

Glasgow. See Notes from the North 

Glasgow, Boiler Explosion at, 421 

Glasgow Electric Lighting Station, 219 

Glasgow Harbour 150-Ton Steam Jib Crane 
(Cowans, Sheldon, and Co., Limited), 819 

Glow Lamp Filaments, Method of Preparing, 144 

Gold in Africa, 813 

Gold and Silver Extraction, Smelting, 135 

Gold and Silver, The World’s, 260 

Gold in South Africa, 109 

Gordon, The Late J. H., 199 

“Grafton,” British Cruiser (Thames Company), 
200, 912 

Grain Prices in United States, 432 

Graving Docks, 391, 440, 602, 616, 642, 671 

Gray’s Central Marine Engineering Works, 
Hartlepool, 278, 314 

“Great Britain.” See Atlantic Liners 

Great Eastern Service to Hook of Holland, 779 

Great Northern Telegraph Company, 879 

Great Western Railway Widening, blasting, 31 

Gun Construction in America, 199 

Gun, A Multiple Projectile or Compound, 40 

Gun, Pneumatic (United States Cruiser ‘‘ Vesu- 
vius ”) 260 

Gun Trials of Armour-Clad Ram ‘ Libertad” 52 

Gun Trials of H.M.S. ‘‘ Hood,” 199 

Guns, Krupp, at Chicago Exhibition, 832 

Guns, Manufacture of Rifles, 757, 789, 822, 883, 
899 

Guns, Mounting of Navy, 108 

Guns, Quick-Firing, in the Field, 386 

Gunboat Engines, H.M.SS. ‘‘ Circe,” ‘‘ Alarm,” 
“Leda” (Penn, Greenwich), 280, 656 

Gunboat, H.M.S. ‘‘ Jason,” Engines (Naval Con- 
struction Company, Barrow), 132 

Gunboat ‘“‘Speedy ” (Thornycroft), 709, 881 

Gutta-Percha Covered Wire, Inventor, 23, 41, 70, 
201, 232, 899 


Habersang and Zinzen, 
Drilling Machine, 627 

Hale Water Tower (Kansas), 192, 880 

Halliday’s Windmill and Sky Signs, 883 

Hamburg Water Supply, 818 

Hammer, Allen’s Steam Striker, 250 

ae 125-Ton Steam (Bethlehem Iron Works) 
85 


Dusseldorf, Multiple 


Harbour Charges and British Industries, 415. 
See Letrers, Shipping Charges 

Harbour Works, Plant for, 329 

Harbury Slip, 369, 403 

Hardening of Structural Steel, 875 

Hardy Patent Pick Company, Disintegrator, 869 

Hargrave’s Flying Machine, 295. See also 288. 
See Letters, Flying Machines 

Harmonic Valve Diagram, 418. See LeTrers 

Hartlepool, Central Marine Engineering Works, 
278, 314 

Hartlepool Shipbuilding, 27, 600 

Harvey, R., and Co., Glasgow ; Crow’s Boiler- 
Plate Flanging Machine, 132 

Harvey Winding Drum for Pachocha Railway, 
Spain, 12. See Lerrers, Winding Drum 

Harveyised Armour Plates, 249, 285 
Harvey’s Wheel and Tyre Boring Lathe, 100 


Haslar Experimental Works, 156, 329 

“Havoc,” H.M. Torpedo-Boat (Yarrow), 848 _ 

Hawthorn, Leslie, and Co.’s Winby Locomotive, 
615. See Lerrers, Locomotives 

Hay Production in United States, 452 

Head, Mr. John, on Puddling Iron, 770, 787 

Headlam, Captain, on Quick-Firing Guns in the 
Field, 386 

Heat and Chemical Energy, 60 

Heat Generated by Oil and Gas Lamps, 63 

Heat Radiation by Gases, 827 

Heat Transmission through Tubeplates, 373, 394. 
See Erratum, 453 

Heating by Electricity, Novel Method, 911 

Heating Railway Carriages (Laycock), 190 

Heilmann’s Electrical Locomotive, 100-Ton, 772, 
806, 836 

Heliochromy, Composite, 748 

H.M. Battleship ‘‘ Ramillies” (Messrs. Thomson, 
Clydebank), at 

H.M. Cruiser ‘‘Gibraltar” (Messrs. Napier, 
Glasgow), 851, 901 

H.M.S. ‘“ Grafton” (Thames Company), 200, 912 

H.M.S. ‘‘ Howe,” Floating, 294 

H.MLS. ‘‘ Jason” (Naval Construction and Arma- 
ments Company, Barrow), 132 

H.M.S. ‘‘ Repulse,” Trials, 294 

H.M.S. ‘‘Speedy” (Thornycroft), 709, 881 

H.M.S. ‘‘ Victoria,” The Loss of, 905 

H.M.S. ‘‘ Vulcan,” Trials, 324 

High-Frequency Currents, Experiments with, 
323 


High-Pressure Hydraulic Presses in Iron Works, 
265, 298 

Hill's Plymouth Company Mines, 633 

Historical Narrative, Atlantic Record, 463 

History of the Railway, 289 

Hobson’s Bridge Flooring, Cork Road Bridge, 771 

Hoist, Hydraulic, and Pumps at Imperial Insti- 
tute (A. Smith and Stevens), 672 

Hoists, Hydraulic, 824 

H6k, Mr. W., on Curves of Stability, 378 

Holborow Pumping Engines, 670 

Holmes’s Steam Dynamo Tests, 783 

“ Hood,” Battleship, Gunnery Trials, 199 

Hopkinson, Dr., on Electrical Railways, 188 

Hopkinson v. St. James and Pall Mall Electric 
Company, 7e Three-Wire System, 78 

“* Hornet,” H.M. Torpedo-Boat (Yarrow), 848 

Hornsby-Akroyd Safety Oil Engine, 838 

Hornsby Engines for Crystal Palace Electric 
Station, 614 

Hot-Air Jackets for Steam Cylinders and Gas- 
Fired Boilers, 23, 41 

“ Howe,” Floating H.M.S., 204 

Hughes and Lancaster’s Works, Ruabon, 378 

Hull Shipbuilding, 28, 600 

Hulse and Co., Vertical Milling Machine, 771 

Humpidge and Snoxell, Dudbridge, Brickmaking 
Plant, 898 

Hungary, Zone Tariff, 390 

Hunter and English’s Stern Delivery Dredger for 
Leeds and Liverpool Canal, 836, 871 

Hyde Capstan and Windlass (Bath Works, Maine, 
U.S.A.), 703 

Hydrants, Frost Valves for, 251. See LETrers 

Hydraulic Channel and Angle Iron Shearing 
Machine (Messrs. Smith, Glasgow), 160 

Hydraulic Flanger, Tweddell’s (Messrs. Fielding 
and Platt, Gloucester), 314 

Hydraulic Forging and Stamping Press, 1500- 
Ton (Brown Brothers and Co., Edinburgh), 913 

Hydraulic Lifts, 824 

Hydraulic Oval Hole Punching Machine (Leeds 
Engineering Company), 379 

Hydraulic Power Development and Distribution 
from Central Stations, 81, 110, 142, 169, 197, 
258. See Letrers, Central Stations 

Hydraulic Presses in Iron Works, High Pressure, 
265, 298, 913 

Hydraulic Pumps and Lift at Imperial Institute, 
(A, Smith and Stevens), 672 

Hydraulic Riveter (Messrs. H. Smith and Co., 
Glasgow), 314 

Hydraulic Squeezer, 278 . 

Hydraulic Supplies, Power, of Periyar River, 196 

Hydraulic Supply Station, Birmingham, 390 

Hydrodynamics, 298 


T’Anson, Mr. J. C., on Ironstone Mining in Cleve- 
land, 241 

Ibea Railway, Projected, 909 

Ice-Breaking with Dynamite, 849 

Ice-Breaking Steamer ‘ Murtaja” (Bergsunds 
Co., Stockholm), 327 

“Tilinois,” Battleship, 564, 909 

Immigration into United States, 367 

Imperial Institute Fire Appliances (Shand, Mason, 
and Co.), 772 

Imperial Institute, Hydraulic Pumps and Hoist 
(A. Smith and Stevens), 672 

Implements at Royal Agricultural Show, 866 

Imports, United States, 304, 335 

Inclinometer Level, Abney, 627 

India and British Trade, 253, 401 

India, Industrial Development in, 650 

India, Labour Question in, 873 

India, Railways in, 911 

Indian Railways, Effect of Earthquakes on, 698 

Indian Settlements in United States, 123 

Indicator Diagrams, Calculating, 251 

Induction at Great Distances, 173 

Industrial Development of India, 650 

Industrial Notes, 25, 55, 84, 115, 147, 175, 203, 
235, 264, 297, 327, 360, 393, 424, 455, 596, 627, 
658, 685, 716, 751, 786, 820, 852, 881, 913 

Influence Machine, Wimshurst’s, 657, 902 

Inglis, Mr. John, on Engines of 8.8, ‘‘ Iveagh ” 
Working Triple and Compound, 404, 718 

Inman. See American Line of Steamers, 287 

Inquests, Professional Witnesses at, 71 

Inshaw, The Late Mr. John, Birmingham, 70 

Institute of Marine Engineers, 844 

Institution of Civil Engineers. See Civil Engi- 
neers, Institution of 

Institution of Electrical Engineers. 
trical Engineers 

Institution of Mechanical 
Mechanical Engineers 

Institution of Naval Architects. 
Architects, Institution of 

Insurance Statistics, 638 


See Elec- 
Engineers. See 
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Integral Calculus, 601 

Interdependence of Abstract Science and Engi- 
neering, 679, 682, 720 

Interlocking of Railway Signals and Block Ap- 
paratus, 667, 670 

Intramural Railway, Electrical, Chicago, 828 

Inventor, American, 385 

Irish County Surveyors, 899 

Irish Emigrants in United States, 367 

Tron, Desulphurising, 764 

Tron Lap-Welded Steam Pipes, 485 

Iron (Pig) Production in America, 357 

Iron Pipes and Cement, 199 

Iron, Puddling, 770, 787 

Iron and Steel in America, 843 

Iron and Steel Imports, United States, 335 
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Report of the Council, 745 
Presidential Address, by Mr. 
Richards, 745 
Bessemer Medallist (Mr. John Fritz, Bethlehem, 
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Japanese Magic Mirrors, by Professor S. P, 
Thompson, 132 
Functions of the Retina. I.—Perception of 
Colour, by Mr. W. F. Stanley, 132 
Annual Report, 236 
Some Recent Determinations of Molecular 
Refractions and Dispersion, by Dr. J. H. 
Gladstone, 236 s 
Separation and Striation of Rarefied Gases 
under the Influence of the Electric Dis- 
charge, by Mr. E. C. C. Baly, 236 
New and Handy Focometer, by Mr. Everett, 
Jun., 298 
A Hydrodynamical Proof of the Equations of 
Motion of a Perforated Solid, with Applica- 
tions to the Motion of a Fine Framework in 
Circulating Liquids, by Mr. G..H. Bryan, 
Jun., 298 
Plane and Spherical Sound-Waves of Finite 
Amplitude, by Dr. C. V. Burton, 298 
On the Application of Lagrange’s Equations of 
Motion to a General Class of Problems, 
with Special Reference to the Motion of a 
Perforated Solid in a Liquid, by Dr. C. V, 
Burton, 328 
Magnetic Field of a Circular Current, by Pro- 
fessor G. M. Minchin, 329 
The Differential Equation of Electric Flow, by 
Mr. T. H. Blakesley, 379 
The Viscosity of Liquids, by Professor J. B, 
Perry, assisted by Mr. J. Graham and Mr, 
C. W. Heath, 379, 655 
Luminous Discharges in Electrodeless Vacuum 
Tubes, by Mr. E. C. Rimington, 655 
On the Drawing of Curves by their Curvature, 
by Mr. C. V. Boys, 756 
Foundations of Dynamics, by Professor P. J, 
Lodge, 756, 822 
Bapermens with a Vibrating Bar, by Mr, 
. J. Woodward, 822 
A New Photometer, by Mr. A. P. Trotter, 883 
Some Notes on Photometry, by Professor S. P. 
Thompson, 883 
The Magnetic Field close to the Surface of a 
Wire conveying an Electrical Current, by 
Professor G. M. Minchin, 883 
Influence Machine, by Mr. W. P. Pidgeon and 
Mr. J. Wimshurst, 902 
Volumenometer, by Mr. J. E. Myers, 902 
Telephony, Long-Distance, by Professor J. 
Perry, 902 
Pier at Salina Cruz, Tehuantepec Railway, 315 
Piers, River, of Tower Bridge, 428 
Pig-Iron Production in America, 357 
Pipe Flanges, Standard, 10 
Pipe Joints, Doulton’s Drain, 135 
Pit Sleepers from Old Rails, 146 
Pitt, Mr. W., on Plant for Harbour Works, 329 
Pittler’s Universal Tool, 70 
Pittsburgh Railway Station, Signalling, 670 
Plane Table in Topographical Work, 911 
Planimeter, Coffin Averager, 251 
Pneumatic Gun, 260 
Pneumatic Power Tramway, Berne, 212, 245 
Pneumatic Riveter, 749, 870 
ie Ee Star,” Engines of (Fairfield Company), 
5 
Poncellet Prize of the Académie des Sciences, 83 
Population, United States, 123, 153 
Port of Libau, Russian Naval, 782 
Portable Crane, 20-Ton, at Stockton (Messrs. R, 
Roger and Co.), 410 ; 
Portable Engine to Burn Oil Fuel (Clayton and 
Shuttleworth), 836 
Portsmouth, New Docks at, 291 
“Possadnik,” Russian Torpedo Cruiser (Schi- 
chau), 785 
Post Office Telegraphy, 358 
Potato Planter and Digger (Ransome, Sims, and 
Jefferies, Limited), 869 
Potato Production in United States, 432 
Power at Chicago, Charges, 747 
Power Development and Distribution, Central 
Stations, 81, 110, 142, 169, 197, 258. See 
LETTERS 
Power for Driving Dynamo, Measuring, 326 
Power Trials of H.M. Battleship ‘ Ramillies” . 
(Messrs. Thomson, Clydebank), 716 
Preller, Mr. C. 8S. Du Riche, on Berne Com- 
pressed Air Tramway, 212, 245 
Preller, Mr. C. S. Du Riche, on 100-Ton Elec- 
trical Locomotive, 772, 806, 836 
Preller, Mr. C. 8. Du Riche, on the Future of 
British Engineering, 96. See Lerrers, British 
Engineering 
Preller, Mr. C. S. Du Riche, on Murren Wire Rope 
and Electric Mountain Railway, 408, 433, 639 
Premiums for Mule Carts, 231 - 
Press, Hydraulic Forging and Stamping, 1500- 
Ton (Brown Brothers and Co., Edinburgh), 913 
Press for Lead - Coating Electric Conductors 
(Weems), 685 
Presses in Iron Works, High-Pressure Hydraulic, 
265, 298 
Pressure Gauge, Bristol’s Recording, 63 
Priestman’s Oil Engine Driving Rock Drill, 242 
Priestman’s Reversible Screw Propeller, 863 
Priestman’s Twin-Cylinder Oil Engine with Self- 
Starting Gear, 868 
Produce, Prices, United States, 432 
Production of Steel in Britain, 323, 420 
Professional Witnesses at Inquests, 71 
Projectile or Compound Gun, A Multiple, 40 
Proof of Rifles, 759, 789, 822, 883, 899 
Propeller, Priestman’s Reversible Screw, 863 
Propeller, Thornycroft’s Screw Turbine, 162. 
See Lerrers, Thornycroft, &e. 
Propellers, Screw, 148, 177 
Propulsion of Ships, 373 
Protector for Boiler Fire Doors, Geddes’s, 918 
Puddling Iron, 770, 787 ; 
Pulley Boring Machine, Vertical (Richards Com- 
pany), 739 
Pulleys, Varying the Working Radius of, 64 
Pullman Cars and their Construction, 736 
Pullman Cars at Chicago, 736, 891 
Pulsating Pump, Water Spout, 162 
Pump, Stewart’s Rotary (Thornton and Cribbin, 
Bradford), 751 
Pump, Thwaites’ Centrifugal, 135, See LETTERS 
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Pump, Water Spout Pulsating, 162 

Pumps, Admiralty Duplex, 596 

Pumps and Lift (Hydraulic) at Imperial Institute 
(A. Smith and Stevens), 672 : 

Pumps of the United States Cruiser ‘‘ Olympia,” 
614 


Pumps, Worthington, for Chicago Exhibition, 585 

Pumping Engines, Southampton Water Works, 
157, 363 

Pumping Engines at Stroud Water Works (Hol- 
borow), 670 

Pumping Plant, Electric, for Colliery (Ernest 
Scott and Mountain, Limited), 347 

Punching Machine, Hydraulic Oval Hole (Leeds 
Engineering and Hydraulic Company), 379 

Pyrometer, Recording, 768 


uadruple Engines. See Engines 
uick-Firing Guns in the Field, 386 


Radiation of Heat by Gases, 827 

Railroad Economy, American, 452 

Railroad, Erie, 509 

Railroad, New York Central, 505, 691 

Railroad, Pennsylvania, 504, 691, 857 

Railroads as Investments, American, 601 

Rails, Cleaning Tramway and other (Society of 
Engineers), 456 

Rails, Heavy, 231 

Rails as Pit Sleepers, Old, 146 

Railway, Boat, at Meaux, France, 438 

aol Bridge, Cork, Hobson’s Bridge Flooring, 
71 

Railway Bridges, Transandine, 173, 202 

Railway in British East Africa, Projected, 909 

Railway Carriage Heating (Laycock), 190 

Railway Carriage Roof Lamp, Coligny, 282 

Railway, Clapham Junction and Paddington 
Electric, 52, 100, 139, 349 

Railway Commission, New South Wales, 17, See 
LETTER, 409 

Railway Crane, 10-Ton (Messrs. Gibbins, Bir- 
mingham), 11 

Railway Development, United States, 184, 211 

Railway, Electric Intramural, at Chicago, 828 

Railway Exhibits at Chicago, 815, 857, 891 

Railway Extension in Egypt, 763 

Railway History, 289 

Railway, Intramural, at Chicago Exhibition, 828 

Railway Making in Syria, French, 66, See 
Letters, Syrian Railway 

Railway Map of England and Wales, 21 

Railway, Murren Wire Rope and Electric Moun- 
tain, 408, 433, 639 

Railway, Oldest German, 452 

Railway, Pachocha, Spain, Winding Drum 
Messrs. Harvey, Hayle), 12. See LEtrTErs, 

inding Drum 

Railway Pier at Salina Cruz, Tehuantepec, 315 

Railway Pullman Cars at Chicago, 736, 891 

Railway Rates and British Trade, 47 

Railway in Russia, Projected Important, 452 

Railway from St. Petersburg to the Murman 
Coast, 748 

Railway Signalling, Liverpool Overhead, 163. 
See Lerrer, Liverpool, dc. 

Railway Signals, Interlocking 
Systems, 667, 670 

Railway Structures, Concrete in, 859 

Railway, Swedish-Norwegian, 52 

Railway Transition Curves, 48, 71, 409 

Railway Zone Tariff in Hungary, 390 

Railways, Belgian State, 22 

Railways in Belgium, 358 

Railways, Blasting Operations on, 31 

Railways and Canals in Austria, 420 

Railways, Electrical, 188 

Railways in India, 911 

Railways, New South Wales, 390 

Raising Wrecks in the Thames, 756 

Ram “‘ Katahdin,” United States, 291 

‘* Ramillies,” H.M. Battleship (Messrs, Thomson, 
Clydebank), 716 

Ramming of the “ Victoria,” 905 

page Finder, Dredge-Steward Omni-Telemeter, 
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Ransome, The Late Mr. Frederick, 624 

Ransome, Sims, and Jefferies’ Potato Planter and 
Digger, 869 

Rapid Firing Guns in the Field, 386 

Rating of Machinery, 173, 232 

Reciprocity, United States and, 324 

Record Steaming on Atlantic, 714. 
pania” 

Recording Pressure Gauge, Bristol’s, 63 

Recording Pyrometer, 768 

Refraction and Dispersion, Molecular, 236 

Refrigerating Plant (La Vergne’sand Kilbourn’s), 
497, 500 

Registry of Ships, British Corporation, 708 

Regularisation of the Danube, 800 

Regulation of the Rhine, 452 

Reid's Life-Saving Deck on Clyde Passenger 
Steamer ‘Isle of Arran,” 442 

paling “Umbria’s”’ Shaft, 80, 104, 174, 325, 


See ‘ Cam- 


Repairs of Ships, 378 

Repeating Rifle, 601. See Erratum, 749 

Repeating Rifle, Manufacture of, 757, 789, 
883, 899 

Reproducing the Colours of Nature in Photo- 
graphs, 748 

“Repulse ” Trials, Battleship, 294 

Reservoirs, Storage, in Egypt, 850 

Resistance, Ship (Measurement of Wake Cur- 
rents), 371, 424 

Retaining Walls, Battering-Faced, 914 

Retina, Functions of the, 132 

Revenue and Expenditure of United States, 51 

Reversible Screw Propeller, Priestman’s, 863 

Rhenish-Westphalian Coal Corner, 749 

Rhine, Regulation of the, 452 

Richards Co., Vertical Boring 
Pulleys, 739 

Richardson, the Late William, 11 

“9 chal Engine and Dynamo (Patricroft), 
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Richmond Lock and Weir, 408, 710 

Rifles, Magazine, 601. See Erratum, 749 

Rifles, Manufacture of, 757, 789, 822, 883, 899 

Rigby, Mr. John, on the Manufacture of Small 
Arms, 757, 789, 822, 883, 899 


Rio Tinto Rock Drill, 11 

Rites, Mr. F. M., on Steam Distribution in Single- 
Acting Compound Engine, 205 

River Embankment, Breach (Yellow River), 263, 
295 

Riveter, Hydraulic (Messrs. H. Smith and Co., 
Glasgow), 314 

Riveter, Pneumatic, 749, 870 

Road Bridge Failure in Servia, 134 

Road Construction in America, 601 

Road Traffic in United States, Early, 153 

Road-Making in Syria, French, 66, See LETTERS, 
Syrian Railway 

Roberts-Austen, Professor, on Alloys, 290, 322, 
352, 388, 608, 629, 659, 686 

Roberts-Austen, Professor, on a Recording Pyro- 
meter, 768 

Robertson and Loudon’s Screw-Cutting Lathe 
(Loudon Brothers, Glasgow), 342 

Rock-Cutting Plant (Messrs. Lobnitz, Renfrew), 
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Rock Drill, Rio Tinto, 11 
Rock Drills with Priestman’s Oil Engine, 242 
Roger’s 20-Ton Portable Crane at Stockton, 410 
Rolling Mill Plant at Tirydail Tinplate Works 
(Lilleshall Company, Salop), 838 
Rolling Stock, Murren Mountain Railway, 639 
Rotary Pump, Stewart’s (Thornton and Cribbin, 
Bradford), 751 
Rounthwaite’s Thrust Block, 751 
Routes to the East, Length of, 436, 437 


Royal Agricultural Chester Show: 
Oil, Gas, and Steam Engines, 862 
Priestman’s Reversible Screw Propeller, 863 
Petroleum Motor ‘‘ Rocket” (R. Stephenson 
and Co., Limited, Newcastle), 864 
Engine, Vertical(H. Lanceley and Co., Chester), 
865 


Engine, Oil, Twin-Cylinder Vertical (Weyman 
and Hitchcock, Guildford), 865 

Implements, 866 

Dairy, 867 

Engine, Double-Cylinder Oil, with Self-Starting 
Device (Priestman), 868 

Windmill (Cadle, Dublin), 868 

Potato Planter and Digger (Ransome, Sims, 
and Jefferies, Limited), 869 

Disintegrator (Hardy Patent Pick Company, 
Limited), 869 

Jefferies’ Brickmaking Machine with Automatic 
Cutting Table, 898 


Royal Institution, 36, 128, 215, 271, 336, 634, 827 
Royal Society Soirée, 680, 812 
Royal United Service Institution: 
The Mounting of Navy Guns, by Mr, Arnold- 
Foster, 108 
Electric Balloon Signalling, by Mr, Eric Stuart 
Bruce, 171 
The Mercantile Marine in War, by Lieut. W. C. 
Crutchley, R.N.R., 228 
Quick-Firing Guns in the Field, by Captain 
Headlam, 386 
Naval Engine-Room Efficiency, by Mr. Harry 
Williams, 743 
Fuel Supply of Warships, by Mr. W. H. Riley, 
843 


Royalties Commission, Mining, 448 

Russia, Project! Important Railway in, 452 

Russia, Railways in, 748 

Russian Manufactures, 652 

Russian Port, Libau, 782 

Russian Torpedo Cruisers ‘‘ Woewoda” and “ Pos- 
sadnik” (Schichau), 785 


St. Mary-street Market, Cardiff, 70, 100, 248 

Salina Cruz, Tehuantepec Railway, Pier at, 315 

Salvage of Wrecks in the Thames, 756 

Samuda Brothers’ Yard on the Thames, 599. See 
647 

Saniter, Mr. E. H., on Desulphurising Iron, 764 

“Satellit,” Austrian Torpedo Cruiser (Schichau), 
346. See Letrer, 409 

Sawing Machine, Cold Metal (Chouanard, Paris), 
807 

Sawing Machine, Marble and Stone, 147 

Sayers, Mr. W. B., on Sparking in Dynamos, 778 

Scandinavians in United States, 367 

Schichau Austrian Torpedo Cruiser, 346. 
LETTER, 409 

Schichau Locomotive Boiler in Danish Cruiser, 
22, 40 

Schichau Russian Torpedo Cruisers, 785 

Schlick, Mr. Otto, on Vibration of Steamers, 375, 


See 


Schloss, Mr. D. F., on Labour Department, Board 
of Trade, 77 

Scholarships, Whitworth, 811. 

Science Teaching, 116 

“Scotia.” See Atlantic Liners 

Scotland. See Notes from the North 

Scott and Mountain’s Duplex Pumps, 596 

Scott and Mountain’s, Ernest, Electric Colliery 
Pumping Plant, 347 

Screw-Cutting Lathe (Loudon Brothers, Glas- 
gow), 342 

Screw Propeller, Priestman’s Reversible, 863 

Screw Propellers, 148, 177 

Screw Propulsion with Non-Reversible Engines, 
22, 24, 101, 133, 284, 892, 617, 805 

Screw Steamers. See Steamers 

Screw Turbine Propeller, Thornycroft’s, 162. 
See Letters, Thornycroft, &c. 

Screws, Opticians’, 849 

Scriven’s Boiler Shell Drilling Machine, 314 

Search Light, 491 

Segregation, Woven Wire and, 853 

Selby, Development of, 172 

Self-Sustaining Pulley-Block Traveller (Burton), 
379 


See Lerrers 


Servia, Bridge Failure, 134 

Sewage Filtration, Lawrence Experiments, 113 

Sewage System, How to Design a, 782 

Sewers, Flushing of, 644 

Shaft Preserver, Tail, 647 

Shaft, Repairing ‘‘ Umbria’s,” 11, 80, 104, 174, 325, 
413 


Shand, Mason, and Company’s Fire Engine for 
the Imperial Institute, 772 


Shanks’ Triple-Expansion Mill Engines(Arbroath), 
115 


Shares, Depression in Mining and Metallurgical, 
620 
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Shaw, Mr. F. G., on Gold in Africa, 813 

Shearing Machine, Hydraulic Channel (H. Smith 
and Co., Glasgow), 160 

Sheffield. See Notes from South Yorkshire 

Shepherd, Hill, and Co.’s Milling Machine, 442 

Ship Bulkhead Doors, Clark’s, 347 

Ship Canal. See Manchester Ship Canal 

Ship Canal, The Bruges, 97 

Ship Model Experiments, 156, 329 

Ship Models at Chicago, 815, 857 

Ship Propulsion, 373 

Ships’ Bulkheads, 391 

Ships’ Bulkheads, Strength of, 370, 427. 
LETTERS 

Ships, Repairs of, 378 

Ships’ Scantlings, British Corporation for 
gistry of Ships, 708 

Shipbuilding in America, 564, 909 

Shipbuilding and Marine Engineering, 27, 79, 
100, 600 

Shipbuilding on the Thames, 599. See 647 

Shipowners’ Liability to Injured Seamen, 911 

Shipping, American, 239. See 287 

Shipping, British, 907 


See 
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Shipping, British, and Foreign Trade, 273. See 
287, 907 
Shipping Charges and British Industry, 415 See 


LETTERS 

Shipping and Shipbuilding, 257 

Shipping World Year-Book, 95 

Siemens’ Dynamos in Cunard Steamers, 485 

Signalling, Electric Balloon, 171 

Signalling, Liverpool Overhead Railway, Auto- 
matic, 163. See Lerrer, Liverpool, &c. 

Signalling, Railway, Interlocking and Block, 667, 
670 


Silk Imports, United States, 335 

Silver and Gold, The World’s, 260 

Sky Signs and Halliday’s Windmill, 883 

Sleepers from Old Rails, Pit, 146 

Slips and Subsidences, Earth, 369, 403 

Small Arms, Manufacture of, 757, 789, 822, 883, 
893 

Smelting Precious Metals, 135 

Smith, Messrs. H., and Co., Glasgow, Hydraulic 
Channel Shearing Machine, 160 

Smith, Messrs. H., and Co., Hydraulic Riveter, 
314 

Smith, Professor T. Roger, on Laboratories, 
University College, London, 727 

Smith and Stevens’ Hydraulic Pumps and Hoist 
at Imperial Institute, 672 

Smoke Consumption, 616, 643, 701, 805 

Smulder’s Forward Well Dredger for Baltic 
Canal, 423 

Snelus, Mr. G. J., on Desulphurising Iron, 764 

Snyer’s Elastic Coupling (Cowlishaw, Walker, 
and Co,, Etruria), 220 


Society of Arts: 
The World’s Columbian Exposition of 1893, by 
Mr. James Dredge, 57 
Development and Transmission of Power from 
Central Stations, by Professor Unwin 
(Howard Lectures), 81, 110, 142, 169, 197, 258. 
See LETTERS 
The Mining Industries of South Africa as 
shown at the Kimberley Exhibition, by Mr. 
Bennett H. Brough, 109 
Measurement of Alternating Electric Currents, 
by Dr. J. A. Fleming (Cantor Lectures), 141, 
168, 196, 230 
Alloys (Cantor Lectures), by Professor Roberts- 
Austen, 290, 322, 352, 388 
Industrial Development of India, by Sir Juland 
Danvers, 650 
Russian Industrial Arts, by Mr. G. Delmar 
Morgan, 652 
Practical Electrical Problems at Chicago, by 
Dr. Silvanus Thompson, 652 
Richmond Lock and Tidal Weir, by Mr. J. H. 
Hilditch, 710 
Composite Heliochromy, by Mr. F. E. Ives, 748 
Awards and Medals, 868 
Softening Water, Southampton, 157, 363 
Sonning Cutting, Blasting Operations, 31 
Sound-Waves, 298 
South Africa, Mineral Resources of, 109 
South-East England, Weather in, in 1892, 109 
Southampton Water Works, 157, 363 
Spanish Railway Concrete Bridges, 859 
Sparking in Dynamos, 778 
Spectroscope of the Allegheny Observatory, 663 
Speed on Atlantic, Possibilities, 874 
Speed and Coal Endurance of Cruisers, 353. See 
LETTER, 392 
Speed of Fast Cruisers, 229. See Lerrer, ‘‘ Blen- 
heim” 
Speed of Pulleys, Varying the, 64 
Speed Trials of the ‘‘ Campania,” 600 
“Speedy,” Gunboat (Messrs. Thornycroft), 709, 
881 


Squeezer, Hydraulic, 278 

Stability Curves, 378 

Stability of Turret Steamers, 735 

Stacksteads Boiler Explosion, 753 

Standard Gauges for Metal Sheets, 8 

Standard Pipe Flanges, 10 

Stanwood, Mr. James B., on the Strength of Fly- 
wheels, 58 

Starting, Reversing, and Emergency Gear, 481 

Station, Electric Lighting, at Glasgow, 219 

Station, Westminster Electric Supply, 312 

Stead, Mr. J. E., on Desulphurising Iron, 764 

Steam Boiler Experiments by Mr. Bryan Donkin, 
Jun., and Professor Kennedy, 114, 897 

Steam Condensation Cylinders, 915 

Steam Distribution in Single-Acting Compound 
Engine, 205 

Steam Dynamo Tests (Holmes), 783 

Steam Engines at Royal Agricultural Show, 862 

Steam Hammer, 125-Ton(Bethlehem Iron Works), 
857 

Steam Jackets, 63 

Steam Jib Crane, 150-Ton, at Glasgow Harbour 
(Cowans, Sheldon, and Co., Limited), 819 

Steam Navigation, Beginning of, 101 

Steam Power, Development and Distribution 
from Central Stations, 81, 110, 142, 169, 197, 
258. See Lerrers, Central Stations 

Steam Striker, Allen’s, 250 

Steam, Superheated, 417. 


See Letrers, Super- 
heated Steam 


Steam Turbine, Laval, 83 

Steam Yacht ‘ Capercailzie” (Messrs. Barclay, 
Curle, and Co., Limited, Glasgow), 25 

Steamer ‘‘ Chelmsford,” for New Route to Con- 
tinent, 779 

Steamer, Double Stern-Wheel (Lobnitz, Renfrew), 
247 


Steamer, Ice-Breaking, ‘‘Murtaja” (Bergsunds 
Company, Stockholm), 327 

Steamer “‘ Isle of Arran,” Clyde, 442 

Steamer ‘‘ Marie Henriette,” Paddle (Cockerill 
Company, Belgium), 737 

Steamer, Novel High-Speed, 52, See LETTERS 

Steamer ‘‘ Pole Star,” Engines of (Fairfield Com- 
pany), 501 

Steamer ‘‘ Turret” (Doxford, Sunderland), 733 

Steamer “‘ Umbria,” Cunard, Shaft Fracture, 11, 
80, 325. See Letrers, 41, 104, 174, 413 

Steamers ‘‘ Campania” and ‘ Lucania.” 
“ Campania” 

Steamers, Cunard, 172. See ‘‘ Campania” 

Steamers, Repairs of, 378 

Steamers, Vibration of, 375, 457 

Steamship Lines, German, 858, 910 

Steamship Speeds, Atlantic, Possibilities, 874 

Steel v. Copper Fireboxes for Locomotives, 652 

Steel, Desulphurising, 764 

Steel for Dynamo Field Magnets, 440, 602 

Steel, Hardening of Structural, 875 

Steel Institute. See Iron and Steel Institute 

Steel and Iron in America, 843 

Steel and Iron Production, 746 

Steel, Iron and, in Sweden, 358, 654 

Steel Production in America and Britain, 420 

Steel Production in Britain, 323, 420 

Steel Rails in America, 843 

Steel for Rifles, 757, 789, 822, 883, 899 

Steel, Tests of (Boiler Furnaces), 53, 86, 118 

Steering Gear of ‘‘ Campania,” 489 

Stellar Photographs, Measuring, 91 

Stephenson and Co., Limited, R., Petroleum 
Motor “ Rocket,” 864 

Stern Delivering Dredger on the Leeds and Liver- 
Ee Canal (Hunter and English, London), 836. 
see LETTER, 871 

Stern-Wheel Steamer, Double (Lobnitz, Renfrew), 
247 

Sterne’s Refrigerating Plant, 497 

Steward-Dredge Omni-Telemeter, 188 

Stewart’s Rotary Pump (Thornton and Cribbin), 
Bradford), 751 

Stock Exchange Year Book, 33 

Stone, Artificial Building (Mr. Frederick Ran- 
some), 624 

Stone, Choice of Building, 652 

Stone and Marble Sawing Machine, 147 

Stoney’s Sluices, Richmond Lock, 408, 710 

Storage Reservoirs in Egypt, 850 

Strains in Lathe Beds, 35 

Strength of Bridge Members with Inclined Joints, 
420 


See 


Strength of Bulkheads, 370, 427. See LETTER, 
Bulkheads 

Stretton’s List of Locomotives, 24, 41, 71, 101, 
133, 173, 202, 232 

Striker, Allen’s Steam, 250 

Stroud Water Works Pumping Station (Hol- 
borow), 670 

Submarine Telegraph Enterprise, 420 

Submarine Telegraphs (Great Northern Company), 
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Subways, Deep Tunnel Railways in London, 52, 
100, 139, 349 

Subways, Electrical, 188 

Suez Canal Traffic, 782 

Sugar Manufacture, Triple Effet Evaporator 
(Campbell and Calderwood, Paisley), 703 

Sulzer Engines (Future of British Engineering), 

33 

Superheated Steam, Use in Engines, 417. See 
LETTERS 

Superheating Steam, 440 

Sunshine in Relation to Cloud and Warmth, 200 

Survey for East African Railway, 909 

Survey, Geological, of United States, 389 

Survey, International Stellar, 91 

Survey of Ships, British Corporation for Registry, 
708 

Surveyors, County, Ireland, 899 

Sweden Canal Extension, 323 

Sweden and Denmark Telephone, 172 

Sweden, Electric Power in, 51 

Sweden, Iron and Steel in, 358, 654 

Swedish-Norwegian Railway, Projected, 52 

Swing Bridges, Lengthening, 420 

Syndicate, Coal, Rhenish-Wesphalian, 749 

Syria, French Works in (Roads, Rails, &c.), 66. 
See LETTERS 


Tail Shaft Preserver, 647 

Tangyes 10-In. Lathe, 221 

Tariff or Customs Received by United States 
and Britain, 51 

Tariffs and their Influence, United States, 304 

Taxation of Machinery, 173, 232, 741, 783 

Teaching Science, 116 

Technical Education, 351, 732 

Technical Education and County Councils, 619 

Technical Education by Discussion, 744 

Technical Education (Whitworth Scholarships), 
811. See Letters, Whitworth, dc. 

Technical School at Nottingham, 113 

Tees Shipbuilding, 27, 600 

Tehuantepec Railway, Pier at Salina Cruz, 315 

Telegraph Company, Great Northern, 879 

Telegraphs, Submarine, 420 

Telegraphy, Post Office, 358 

Telemeter, Omni- (Dredge-Steward), 188 

Telephone, New International, 172 

Telephones and Earth Currents, 173 

Telephonic Communication by Induction, 173 

Temperature at Greenwich, 1841-1890, 756 

Temperature on Mountain Summits, 200 

Tequixquiac Tunnel, 805 

Testing Alternators, 260 

Tests of Boilers at Chelsea Electric Station (Bab- 
cock and Wilcox), 411. See LETTERS 

Tests of Thwaites’ Centrifugal Pump, 135. 
Letters, Pumps 

Thaines Shipbuilding, 28, 599, 600. See 647 

Tharsis and Calafias Railway, Concrete Bridges, 


See 
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James Hume, 838; Charles Louis Hett, 838 ; 
J. H. Twigg, 869; J. W. Bennett, 899 

Midland Railway Speed. Frederick J. Bolt, 
325 


Navigation, The Beginning of Steam. A. M., 101 

Navy Boiler Committee. Delta, 701; J, Jen- 
nings Campbell, 870. See Forced Draught 
and Leaky Tubes 

New South Wales Railway Commission. 
F. Schey, 409 

North German Lloyd Line. B, W. Ginsburg, 409 

Northern Railway of France, Compound Loco- 
motive for. Adolphe E. Gobert, 284 

Northwich Bridge. John J. Webster, 701 

Novelty in Patents. R. R,. Gubbins, 
Thomas Moy, 343 


Wm. 


284; 


Overhead Railway, Liverpool. C. 8. du Riche 


Preller, 232 


Paddle Steamers, Fast. W. B. Thompson, 602; 
A. G. Robins, 616 ; Paddle Wheel, 643 

Patents, American. Fell and Wilding, 805 

Patents, Novelty in. R. R. Gubbins, 284; 
Thomas Moy, 343 

Persia. See Atlantic Liners, Old 

Pneumatic Riveter. Alpha, 749 ; De Bergue and 
Co., Limited, 870 

Power in Central Stations. Alfred Hanssen, 253 ; 
H. D. Pearsall, 253 

Professional Witnesses at Inquests. sf 
Davies, Fleet Engineer, R.N., 71 

Projectile or Compound Gun, A Multiple. 8. 
Tolver Preston, 40 

Propeller, Screw Turbine. 

Pulsometers, Steam 
Maclvor, 837 

Pumps, Centrifugal. 
Charnock, 202 


W. 


See Thornycroft 
Consumption of. 


Alfred Hanssen, 173; G. F 


Railway, Beirut and Damascus Light. C. 8. du 
Riche Preller, 101, 133 

Railway, Liverpool Overhead. OC. 8. du Riche 
Preller, 232 

Railway Speeds. Frederick J. Bolt, 325 

Railway, Transandine, Bridges on the. Phcenix 
Bridge Company, 173; Expert of Forty Years’ 
Experience, 202 

Railway Transition Curves. CO. F. F., 
Walter Shellshear, 409 

Rating of Machinery. 
173, 232 

Recent Science. Charles S. Parsons, 643 

Rifles, Manufacture of Small Arms. R.F.C., 899 

Riveter, Pneumatic. Alpha, 749; De Bergue 
and Co., Limited, 870 


Hale 


G. Humphreys-Davies, 


Salt-Cutting Machine. A. Espinosa, 284 

Saw Blades, Thompson Flexible Back. Saws, 174 

Schichau Locomotive Boiler and Torpedo 
Cruisers. R. A. Ziese, 22; John I. Thorny- 
croft and Co., 40 

Scholarships, Whitworth. Reform, 837 

“ Scotia.” See Atlantic Liners, Old 

Screw Propulsion with Non-Reversible Engines. 
Robert McGlasson, 22, 24, 101, 133; Magnus 
Volk, 133; Robert McGlasson, 284, 392, 617, 
805 

Screw Turbine Propeller. See Thornycroft 

Shipping Charges and _ British Industry. 
Deacon, Maxwell, and Dore, 441 

Ships’ Bulkheads, Economical. E. A. Cowper, 391 

Smoke Consumption. T. Nicholson, 616; 
X. J. V. K. Q., 643; Observer, 701; T. Nichol- 
son, 701; Progress, 805 

Steam Consumption of Pulsometers. A. MacIvor, 


Steam Navigation, The Beginning of. A. M., 
101 

Steamer, Maxim’s High-Speed. C. M. Ranus, 
201 


Steamers, Fast Paddle. W. B. Thompson, 602; 
A. G. Robins, 616 ; Paddle Wheel, 643 

8.8. ‘‘Great Britain.” Wm. M. Henderson, 173 ; 
B. W. Ginsburg, 202 ; H. Lawrence Swinburne, 
202; W. M. Anderson, 325. See also Atlantic 
Liners, Old 
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Canais—continued. 

Corinth, 24, 364, 775 

Elbe-Trave Canal, 824 

French, 15 

Glamorganshire, 714 

Manchester Canal, 15 

North Sea-Baltic Canal, 379 

Panama, 15, 293 

Saulte Ste. Marie, 11 

Stockholm Canal, 349 

Suez, 24, 206, 346, 782, 783, 913 

Sweden, New Canal in, 54 

Sweden, New Projects, 413 

Trave and Elbe Canal, 349 

Trent and Mersey Navigation, 741 
Catalogues: 

Copyright of Catalogues in Scotland, 626 

W. H. Coward and Ihlee, 809 

R. Crompton and Co,, Limited, 75 

Electric Construction Corporation, 52, 705 

Electrical Power Storage Company, Limited, 

383 

General Electric Company, Limited, 809 

Grafton and Co., 176 

W. Giinther, 441 

R. Hunt and Co., 617 

Johnson and Phillips, 262 

A. P, Lunderberg, 705 

Richard Moreland and Sons, 705 

Herbert Morris and Bastert, 809 

Frederic Nell, 441 

Phosphor Bronze Company, Limited, 880 

A. Ransome and Co., Limited, 789, 850 

F. W. Reynolds and Co., 705 

Richards Machine Tool Company, 809 

Mr. James Riggs, 15 

Samuelson and Co., Limited, 617 

Ernest Scott and Mountain, Limited, 114 

W. Simons and Co., 632 

Arch. Smith and Stevens, 383 

Robert D. Stewart, 362 

Thwaites Brothers, 441 

Walker Manufacturing Company, 441 

B. Ward and Co., 850 

R. Waygood and Co,, 52 

Westinghouse Brake Company, Limited, 176 

Worthington Pumping Engine Company, 880 
Coal: 

Aber Valley, 886 

Belgian Exports, 627, 673 

Belgium, English Coal in, 15 

Briquette, Swansea, 903 

Bute Dry Docks Company, 790 


Coal—continued, _ 

Cadeby, Coal Winning, 104 

Canadian Anthracite, 262 

Cardiff, 14, 44, 74, 104, 136, 161, 222, 261, 292, 
316, 348, 383, 413, 445, 603, 625, 646, 675, 714, 
741, 790, 809, 841, 886, 903 

Cleveland. See Middlesbrough 

aeons and the New Railway Rates, 13, 
13) 

Coke Manufacture, Waste in, 260 

Depression in Coal Trade, 704 

Dortmund District, 714 

Dronfield Valley Coal Measures, 316 

Flintshire Colliery, 646 

France, Coal in, 178, 452, 613 

German, 249, 627, 918 

German Coal in Holland, 439 

Glasgow Corporation Contracts, 840, 880 

Lanarkshire Coalfields, 137 

Mexican, 262 

Middlesbrough, 13, 43, 74, 105, 160, 192, 222, 
261, 292, 316, 348, 412, 445, 603, 625, 645, 674, 
704, 740, 774, 840, 879 

New South Wales, 16, 362 

New Zealand Coal, 719 

New Zealand Mining, 445 

Newcastle Coal in Sweden, 253 

Newfoundland Coal, 824 

Newport Coalfields, 160 

Nova Scotia, 250, 750 

Oil Furnaces, Blacksmiths’, 912 

Oklahoma, 738 

Paris, Coal in, 681 

Pennsylvanian Anthracite, 345 

Powell-Duffryn Coal, 714 

Railway Rates, 84 

Rhymney Valley, Coal in, 193, 646, 841, 886 

Scotch Coal Exports, 14, 774 

Scotch Mines Extensions, Bellshill and Blan- 
tyre, 382; Banknock, 382 ; Fife, 382, 412 

Scotch Trade, 705, 808, 903 

Seams, New, 136, 160, 886 

Sheffield, 292, 316, 348, 382, 412, 445, 603, 625, 
645, 674, 775 

South Wales Contract, 222 

South Wales Shipments, 74, 193, 316, 445, 714, 
840, 

South Yorkshire, Extension of Coalfield, 625 

Staithes for the Tees, 625 

Taff Vale, 44 

Utilisation of Coal Shale, 603 

Victorian Coal, 28 

Washing Plant, 45 


| Trade Enterprise Abroad, English, 


| 
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X111 


Steel for Dynamo Field Magnets. James Muir- 
head, 440 ; H. W. Ravenshaw, 602 

Steel for Rifles, Manufacture of Small Arms. 
R.F.C., 899 

Stretton’s List of Locomotives. John H. Raven- 
shaw, 24; Clement E. Stretton, C.E., 41; John 
H. Ravenshaw, 71; Clement E. Stretton, C.E., 
101; John H. Ravenshaw, 133; Clement E. 
Stretton, C.E., 173; John H. Ravenshaw, 202 ; 
Clement E. Stretton, C.E., 232 

Sulzer Engine Tests (Future of British Engineer- 
ing). ASW. Py 183 

Superheating Steam. William Donaldson, 440 

Surveyors, Ireland County, Open Competition, 
899 

Syrian Light Railway (Beirut and Damascus), 
C. 8. du Riche Preller, 101, 133 


Taxation of Machinery. 
173, 232 

Tequixquiac Tunnel, Mexico. Fred. W. Abbot, 805 

Tests of Steam Boilers, Chelsea Electric Station. 
J. Gresty, 441 ; Frank King, 602; M. W.T., 602; 
z Gresty, 643; Frank King, 671; J. Gresty, 

50 

Theory and Practice. See Graving Docks 

Thompson Flexible Back Saw Blades. Saws, 174 

Thornycroft Boiler in Danish Cruiser. R. A. 
Ziese, 22 ; John I. Thornycroft and Co., 40 

Thornycroft’s Screw Turbine Propeller. Alex. 
Vogelsang, 201 ; Non Libet, 201; A. Vogelsang, 
232; Arthur Rigg, 232 

Tower, Blackpool. Babel, 391 


G. Humphreys-Davies, 


Tae Wie Le 
Tuckey, 408 

Trade in India, British. S.P.Q.R., 253 

Training of Engineers, See Engineers’ Training 

Transandine Railway, Bridges on the. Phoenix 
Bridge Company, 173 ; Expert of Forty Years’ 
Experience, 202 

Transition Curves. 
shear, 409 

Triple-Screw Engines. Jas. Hamilton, 282 ; Duns- 
muir and Jackson, 284 

Tube Fastenings, Boiler. H. Benbow, 70. See 
Forced Draught and Leaky Tubes 

Tunnel, Tequixquiac, Mexico, Fred. W. Abbot, 
805 


C. F. F., 71; Walter Shell- 


Turbine Propeller. See Thornycroft 


“Umbria” Accident, The. The Electrical Com: 
pany, Limited, 41 


Vacuum Jackets. Robert McGlasson, 284 

Valve Diagram, Harmonic. John E. Sweet, 749 

Valves for Hydrants, Frost. W. Lewis Baker, 284 

Vibrating Matter, The Energy of. S. Tolver 
Preston, 101 


Water Works, Gainsborough (221), A. Timmins, 
284 

Weights, Metrical System, See Metrical System 

Whitworth Scholarships. Reform, 837 

Winby’s Express Locomotive. J. D. T., 671 

Winding Drums. A. Richards, 40 

Wire, Inventor of Gutta-Percha Covered. P. J., 
23, 41; Alex. Siemens, 70; F. H. Danchell, 201; 
Carl Siemens, 232 ; Ellen Hahn Danchell, 899 

Witnesses, Professional, at Inquests. W. H, 
Davis, Fleet Engineer, R.N., 71 


Coal—continued. 
Welsh Coal Mining, 412, 445, 714, 790 
Welsh Contracts, 74 
Welsh Trade, 261 
West Virginia, Coal in, 106 
Yorkshire. See Shefield 
Yorkshire Coalfields Extensions, 808 
Yorkshire Mining Statistics, 808 
Collisions. 
Companies: 
Arrol’s Bridge and Roof Company, Limited, 104 
William Baird and Co., Limited, 161 
Barry Railway Company, 160 
Henry Bessemer and Co,, Limited, 160 
Bristol and South Wales Railway Wagon Com- 
pany, Limited, 104 
Bristol Wagon and Carriage Works Company, 
Limited, 841 
Bristol Water Works Company, 316, 348 
Brown Bayley’s Steel Works, Limited, 221 
John Brown and Co., 840, 879 
Brush Company, 165 
Bute Docks Company, 193 
Bute Dry Dock and Shipbuilding Co., Ld., 625 
Charles Cammell and Co., Limited, 348 
Clifton Suspension Bridge Company, Ld., 104 
Creusot Company, 37 
Eaglescliffe Iron Company, 165 
Ebbw Vale Steel, Coal, and Iron Co., Limited, 
104, 886 
Samuel Fox and Co., Limited, 84 
Great Western Colliery Company, 383 
Great Western Steamship Company, Ld., 382 
Hadfield’s Steel Foundry Company, 261 
Head, Wrightson, and Co., 903 
Wm. Jessop and Sons, Limited, 292 
Krupp of Essen and Gruson Company, 30, 345 
London, Chatham, and Dover Railway Com- 
pany, 145 
Neepsend Rolling Mills Company, Limited, 840 
Newcastle Freight Insurance Association, 43 
Newton, Chambers, and Co., Limited, 412 
North of England Steamship Insurance Asso- 
ciation, 43 
North German Lloyd’s, 737 
Parkgate Iron Company, Limited, 740 
Penarth Shipbuilding and Sh‘p Repairing Com- 
pany, 223 
Pontypool Gas and Water Company, 348 
A. Ransome and Co., Limited, 15 © 
Rhondda and Swansea Bay Railway, 223 
Rhymney Iron Company, Limited, 160 


See Railways 
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Companics—continued. — ’ 
South Yorkshire Junction Railway, 221 
Staveley Coal and Iron Company, Limited, 136 
Steel Company of Scotland’s Shares, 348 
Taff Vale Railway Company, 193 
Teeside Engine Works, 316 
Vickers, Sons, and Co., Limited, 192 
Western Union Telegraph Company, 45 
Windsor Slipway Company, 222 
Yorkshire Boiler Insurance and Steam Users 
Company, 161 
Defence of Coasts. 
Drainage, See Sewage 
Electric Tramways. 
Electricity: $ 
African Transcontinental Telegraph, 332 
American Electric Railways, 364, 383 
Battery with Bromine as a Depolariser, 383 
Board of Trade Lighting Regulations, 912 
Board of Trade Regulations 7e Transformers, 604 
Canal Haulage, 145 
Chinese Telegraphy, 913 
Electrolytic Installation in Sweden, 685 
Frankfort Transmission Plant, 105 
Furnace, Electric, 383 
Gas v. Electric Light, 45 
Grid for Secondary Batteries, 145 
Insulating Material, New, 809 
Insulation Resistance, 189 
Insulator (Micanite), 189 
Lamps, 100-Ampere Arc, for Bellevue, Man- 
chester, 647 
Lighthouse, French Electric, 824 
Lighting Berlin, 15, 165 
Lighting Bristol, 261, 383 
Lighting Cardiff, 316, 741 
Lighting Cheltenham, 44 
Lighting Copenhagen, 15 
Lighting Craig House, Edinburgh, 268 
Lighting Dorchester, 674 
Lighting Dundee, 262 
Lighting Glasgow, 262. 
Lighting Hull, 84 
Lighting Leeds, 683 
Lighting London, Charges Reduced, 189 
Lighting Londonderry, 383 
Lighting Munich, 698 
Lighting New York, 189 
Lighting Ogmore Valley, 14 
Lighting Paddington, 285 
Lighting Pontypool, 222 
Lighting Railway Carriages, 675 
Lighting Scarborough, 145 
Lighting Southampton Docks, 293 
Lighting Taunton, 14 
Marine Electric Lighting, 602 
Metallic Wire, Substitute, 871 
Motors, Application, 189 
Railway, Austria-Hungary Electric, 223 
Railway, Electric, in Brussels, 75 
Railway, Electric, Chicago and St. Louis, 249 
Railway, High-Speed Electric(Vienna to Buda- 
Pesth), 11 
Reducing Oxides by Electricity, 349 
Sheffield Trades and Electricity, 625 
Signalling by Incandescent Lamp, 249 
South American Telegraphy, 106, 249 
Telegraph, American, 911 
Telegraph to Azores, 911 
Telegraph, Chinese, 913 
Telephone Apparatus in Norway, Cost, 880 
Telephone, Boston and Chicago, 647 
Telephone, Sweden, 760 
Telephone in West of England, 14, 886 
Temperature of Electric Arc, 15 
Traction on Baltimcre Underground Railway, 
705 
Tramway at Brisbane, 105 
Tramway, Electric, South Staffordshire, 15 
Tramway Traction, Electric, 45 
Tramways, Berlin, 202 
Tramways, Electric, Montreal, 15 
Tramways, Electric, Parisian, 15 
Transmission and Distribution of Power, 912 
Transmission of Power in Sweden, 413 
Western Union Telegraph Company, 45 
Wires in Paris, Regulations, 45 
Wiring, Bagshawe’s Tubular, 189 
Engineering. See Shipbuilding and Engineering 
Engines aud Boilers: 
Boilers for India, Steam, 903 
Boiler Inspection, 413 
Consumption of Smoke, 603 
Cooling Condensing Water, 105 
Copper Ferrules in American Locomotive 
Boilers, 705 
Estimating Power of Engine, 223 
Fire Appliances at Imperial Institute, 705 
Fire Engine, Largest in the World, 771 
Governor, Marine, 105 
James Watt Anniversary, 104 
Joy’s Patents, 293 
Oil Enginesand the Royal Agricultural Show,741 
Revolution Counter, 249 
Waste Oil Filter for Gas Engines, 223 


Exhibitions: 
Electrical Exhibition, 
Society, 75 
Gardening and Forestry, London, 189 
Petroleum Examination at Bolsward, Nether- 
lands, 413 
Scandinavia, 809 
Utilising Old Exhibition Buildings, 332 
Workmen’s, London, 914 
Explosions. See Engines and Boilers 
Explosives. See Guns 
Gas: 
Barry Gas, 74, 349 
Cardiff, 160, 808 
Dundee, 625 
Edinburgh and Leith, 880 
Electric Light v. Gas, 45 
Glasgow, 444 
Gloucester, 261 
Heat Processes in Gas Motor, 626 
Natural Gas in Indiana, 871 
Paris, 11, 42, 285, 368, 698, 758 
Pontypool, 348 
Waste Oil Filter, 223 


? 


See Naval 


See Electricity 


See 219 


Windsor and Eton 


Guns, &e,: 
American Ordnance, 690, 914 
Elswick Guns for British Navy, 626 
Explosives, 189 
Krupp Works in China, 75 
Maxim Guns, 741 
New Explosive, 454 
New Magazine Rifles, Cost of, 383 
Nickel Steel Gun,. 751 
Norwegian Krag-Jérgensen, 841 
Projectiles, Test of Cast-Steel, 841 
Quick-Firing Guns for Cruisers, 714 
Rifle Trials, Sweden, 293 
Rifles for Brazil, 326 
Smokeless Powder, New, 838 
Smokeless Powders in Sweden, 368 
Smokeless Powder in the United States, 751 
Whitworth Guns for Swedish Government, 15 


Harbours: 
American Lake Channel Improvements, 105 
Barry Docks, 44, 74, 193, 445, 903 , 
Breakwater, Freemantle, Western Australia, 


11 

Bristol Docks, 74, 293, 418, 445, 675, 903 

California Gulf and Arizona, 854 

Cardiff Docks, 349 

Cardiff, Proposed Harbour Trust, 261, 625 

Clevedon, 261 

Clyde Dredgings, Disposal of, 840 

Copenhagen, 617 

Darling, N.S.W., 41 

Dock Gates at Amsterdam, 454 

Dover New Pier, 741 

Dredgers for Clyde Trust, 189 

Dredging Appliances, 632 

Dredging Plant for New Zealand, 145 

Durban, South Africa, 15 

Glasgow, 627 

Glasgow (Clyde Trust), 106, 161 

Glasgow Customs Revenue, 647 

Graving Dock Construction, 871 

Great Western Railway and Swansea, 714 

Greenock 100-Ton Crane, 880 

Hopper Barges for Glasgow, 222 

Inchkeith, New Breakwater, 14 

Keyham Docks, 714 

Kiel Harbour, New, 824 

Kirkcaldy, 647 

Leith Docks, 412, 705 

Lighthouse, Automatic, 903 

Lighthouse, New, Bristol Channel, 14 

Lighthouse, French Electric, 824 

Llanelly, 348, 646 

Lynn Channel, Lighting, 145 

Methil Dock, Quick Loading at, 740 

Milford, 261 

Newport, Wales, 74, 383, 840, 886 

Ore Shipment at Svarton, Sweden, 413 

Peterhead, 674 

Plymouth Sound Survey, 349 

Portsmouth Docks, 316 

Portsmouth Survey, 104 

Severn, 104 

Snowy River, Victoria, Clearing, 28 

South-West Harbour Schemes, 136 

Southampton Docks, 293 

Tenby Pier, 293 

Torquay, 136 

Torquay Breakwater, 626 

Welsh Lighthouses, 413 

Weston-super-Mare, Pier, 14 

Wick Harbour Government Debt, 880 
ot baat er he : 

ement Briquettes, 317 

Compressibility of Liquids, 249 

Delaware Works, 262 

Machine, Heavy, 137 

Press v, Hammer, 675 


Industries, Various: 
Armour Plate Trade, 625 
Boiler Tube Orders for Glasgow, 840 
Bridge-Building in Scotland, 348 
Copper Ore Imports at the Clyde, 161 
Copper Ore Imports at Glasgow, 840 
Engineering Works and Foundry, New, in 
Motherwell, 774 
File Making, 292 
French Locomotive Tyre Contract, 345 
French Mechanical Industries, 15 
Landore Tinplate Works, 603 
Nickel Ore Imports to Scotland, 74, 674 
St. Etienne Engineers, 675 
Sheffield Engineering, 382, 625, 775 
Sheffield Trade with the United States, 44, 445 
Smelting Tin in China, 705 
Stove Grate Trade, Depression, 160 
Sugar Machinery Contracts, 161, 412 
Sugar Machinery Works, New Scotch, 740 
Tinplate Trade, Welsh, 14, 74, 161, 222 
Welsh Industries, 44 
Institutions, See Zechnical Societies. 
Iron and Steel: 
American Industries, Western, 838 
Armour Plate Orders, 740 
Australian Railmaking, 439 
Barrow Trade, 360 
Basic Steel Production of the World, 249 
Bathville Steel Works, 14 
Belgian Fishplates in Egypt, 409 
Belgian Steel Rails, 871 
Belgian Tenders in Germany, 628 
Belgium, Pig Iron, 262 
Bell, Sir Lowthian, Honour to, 261 
Birmingham Trade, 56, 115, 176, 294, 328, 360, 
398, 424, 456, 597, 628, 658, 685, 717, 752, 786, 
821, 882, 914 
Blast Furnaces and Ammonia Recovery, 104 
Blast Furnaces, Belgian, 189, 294, 717, 911 
Blast Furnaces, British, 45 
Blast Furnaces, Glengarnock, 44 
Blast Furnaces, United States, 45, 285 
Blast Furnaces, Welsh, 44, 445 
British Manufactured Iron Production, 657 
Briton Ferry Steel Works, 349 
Buildings in Chicago, Framework of, 45 
Chicago Trade, 165 
Cleveland Trade, 12, 48, 56, 74, 105, 137, 160, 
192, 222, 261, 292, 316, 348, 412, 445, 603, 625, 
645, 673, 704, 717, 740, 774, 807, 839, 879, 903 
Clyde Iron Works, Glasgow, Ammonia Reco- 
very Plant, 193, 222, 348 


Metals. 


Iron and Steel—continued. 


Dalzell Steel Works, Record Breaking, 444 

Dalzell Works, 412 

Dowlais Works, 223, 412 

Dull Trade, Reasons for, 192 

File-Making, 292 , 

Fishplates, Large Order to Scotch Firm, 348 

Forging Steel Tests, 75 

France, Steel in, 410 

France, Steel Rails in, 268, 345, 856 

Gellivora Iron Deposits, 75 

German Pig Iron, 345, 392, 896 

German Rail Imports, 162 

German Railway Material, 345 

German Steel in Scotland, 104 

German Trade, 220 

Glasgow. See Scotch 

Iron Ore Imports to Glasgow, 161, 292, 444, 
674, 808 

Iron Ore Output from Grangesberg, 105 

Ironstone, Formation of, 75 

Krupp Works in China, 75 

Lancashire Trade, 56, 84, 115, 148, 175, 204, 223, 
264, 294, 328, 360, 393, 424, 456, 596, 627, 658, 
685, 717, 752, 786, 821, 852, 882, 913 

Lincolnshire Trade, 717 

Luxembourg Trade, 16 

Make and Disposal of Scotch Iron, 14 

Metal Mixers, 261 

Metal Prices, 176 

Middlesbrough. See Cleveland 

Middlesbrough Shipments, 137, 261 

Minerals and Metals in Natal, 751 

Natal Iron, 838 

New South Wales Steel Rails, 722 

Open-Hearth Practice in America, 647 

Parkgate Works Resumed (Sheffield), 160 

Pig Iron in France, 441 

Portugal, Iron and Steel in, 646 

Rails for Africa, 14 

Rails in the United States, 662 

Rotherham, 852. See Sheffield 

Scotch, 14, 44, 56, 104, 137, 161, 193, 222, 
292, 317, 348, 382, 412, 603, 624, 646, 674, 
717, 740, 774, 808, 840, 880 

Segregation, 690 

Sheffield, 13, 14, 44, 56, 84, 104, 136, 148, 160, 
193, 221, 261, 292, 316, 348, 382, 412, 445, 603, 
625, 645, 674, 704, 740, 775, 808, 840, 852, 880, 
882, 903, 914 

South Wales Shipments, 74, 193, 316, 445, 714, 
840 

Spanish Iron Ore for Glasgow, 674 

Spanish Minerals, 262 

Stamping Iron and Steel of British Manufac- 
ture, 750 

Steel Manufacture, Early Efforts (Cleveland 
Institute of Engineering), 74 

Steel Production of the World, Basic, 249 

Sweden Iron Exports, 660 

Sweden Iron Manufacture, 683 

Testing Works at Glasgow, 15 

Tool Steel, New Process, 105 

United States Iron and Steel Industries, 293, 
345 

Utilising Old Steel Rails, 454 

Wales, Trade, 56, 84, 176, 597, 658, 717, 786, 882 

Wishaw Works, 603 

Wolverhampton, 176, 294, 328, 360, 393, 424, 
456, 597, 628, 658, 685, 717, 752, 882, 914 

Yorkshire, See Shefield 


Irrigation : : 
Barrages of the Nile, 880 
India, 841 
Wyoming and Nebraska, 262 
Labour Questions. See Trade Societies 
Light, Electric. See Electricity 
Machine Tools. 
Markets: 
Cleveland Iron, 12, 43, 72, 104, 137, 160, 192, 
221, 261, 291, 316, 348, 412, 445, 603, 625, 645, 
678, 704, 740, 774, 807, 839, 879, 903 
Glasgow Pig Iron, 14, 44, 74, 102, 137, 161, 193, 
222, 261, 292, 316, 347, 381, 412, 444, 603, 624, 
646, 674, 704, 740, 774, 808, 840, 880, 902 
Make and Disposal of Cleveland Iron, 43, 137, 
160, 292, 412, 645, 808 
Scotch Ironmasters’ Returns, 14 


261, 
705, 


See Mechanics 


Mechanics: 
Alloys, Preparing Manganese, 383 
Aluminium Prices, 105 
Aluminium, Solder for, 165, 626 
Aluminium Tests, 871 
Aluminium v. Tin, 675 
Antifriction Properties of Magnolia Metal, 454 
Armour: Press for Carnegie’s Works, 317 
Bull Metal Tests, 413 
Cement Briquettes, 317 
Coating Steel with Copper, 383 
Engineers’ Cutting Tools, 317 
Forging Press, Huge, 260 
Goehring Geometrical Moulder, 220 
Loads on Ball and Roller Bearings, 912 
Machine Tools, 189 
Manganin, 105. See Lerrers, Manganese Steel 
Metallic Chromium, 105 
Nickel Steel, 223 
Occlusion of Hydrogen by Various Metals, 741 
Powerful Steam Crane, Glasgow, 647 
Roofs of Manufacturing Buildings, 413 
Rope Gearing, 223 
Sheerlegs for Charleston Navy Yard, 262 
Vice Clamp, 317 
See Mechanics 


Mining: 
Boring through Rock, 871 
British Mining Industry, 705 
Dortmund District, 714 
Gellivora Mining, 671 
Indian Gold, 232 
Indian Survey, 809 
Natal, 751 
Newfoundland, 758 
South African Gold, 100, 346, 824 
Ventilating Fans (Colliery Managers), 704 
Miscellaneous ; 
American Cities, 750 
American Cotton, 445 
American Patents, 334 


Miscellaneous—continued. 
Argentina, 349 
Australasian Population, 824 
Baltimore, 362 
Baltimore Exports, 654 
Bath Municipal Buildings, 413 
Boston, 361 
Brazil Seat of Government, 100 
Bristol Factory Inspector, 445 
British Manufactures in the Argentine, 724 
Camphor, Preparing, Artifically, 105 
Canadian Salt, 262 
Cement Briquettes, 317 
Cement and Iron Pipes, Tests, 349 
Cement Tests, 454 
Colour Blindness, 75 
Congo, Land in the, 24 
Contractors and Local Taxation, 741 
Decimal Association, 15 
Diamond Dust Made Artificially, 317 
Dynamite Fumes, Reduction of, 349 , 
Dynamite Thawing, 349 
Emigrants’ Information Office, 15 
Emigration and Lnmigration, 456 
Fire Engine for Northampton, 45 
Fire Protection in Cleveland, Ohio, Novel, 105 
Foundations, Deep Pile, 912 
Geological Survey of Iowa, 45 
German Emigration, 722 
Glass nearly Impervious to Calorific Rays, 626 
Grenades, Hand ; Solutions for Filling, 15 
Immigration into the United States, 41 
Imports and Exports, British, 165 
Indian Cotton, 30 
Indian Engineers and the Rupee, 454 
Indian Forests, 15 
Indian Mails, 11 
Law as to Delivery of Forgings, 382 
Lifelong Service, 317 
Lining Shafts and Wells, 454 
London Improvements, Map, 114 
Machine Baking, 903 
Metal Lathing, 809 
Metric System Adopted, 675 
Mortar in Frosty Weather, Handling, 249 
New York Buildings, 173 
New York, Works at, 100 
Niagara River Discharge, 349 
Occlusion of Hydrogen by Various Metals, 741 
Painting Wood and Iron Work, 647 
Paris Academy of Inventors, 165 
Patents, The Question of Novelty in, 161 
Patents, A Year’s, 805 
Paving Results, 293 
Petroleum in Germany, 656 
Petroleum in New York, 262 
Rating of Machinery, 15, 75 
Roads in America, 841 
Roads in China, 775 
Roads in Colombia, 741 
Roads in the Island of Lewis, 412 
Roadways in France, 604 
Rope Transmission, 912 
Russian Petroleum Wells, 792 
Sandwich Islands Population, 15 
Side Walks in City Suburbs, 809 
Simplex Sensitised Paper, 681 
Slide Rule, Goold’s, 145 
Subways in Stockholm, 685 
Tacoma, 760 
Tariff, Finland and Russian, 809 
Taxation of Machinery, 15, 75 
Telescope for Copenhagen, 675 
Temperature of 273 deg. Cent., 647 
Terra Cotta, Durability, 675 
Thawing Dynamite, 349 
Tower for Niagara, 841 
Tyres, Gubbin’s Pneumatic, 165 
Vacuum Pan for Sugar Refinery, 880 


Naval: 

Argentine Ironclad ‘‘ Independencia,” 398 

Armour, Nickel Steel, Tests in United States, 
841 

Armour Plate Trial, United States Govern: 
ment, 775 

Armour Plate Trials, 249, See Lerryrs 

Armour Plates and Ordnance, 104 

Defences of Plymouth, 316 

Dockyard Grievances, 44 

Ferrules in the Navy, 722 

French Ironclad ‘‘ Tréhouart,” 758 

French Navy Estimates, 841, 871 

French Navy Vessels, 293, 364 

French Torpedo Gunboat ‘‘ Lansquenet,” 886 

Harvey Plate Trial, Portsmouth, 75 

H.M.S. ‘‘ Aolus,” 674 


H.M.S. ‘ Alarm,” 104, 656 

H.M.S. “ Alert” (New Gunboat), 755 
H.M.S. ‘‘ Antelope,” 136, 413 

H.M.S. ‘ Astrea,” 104, 137, 161, 361, 382, 625 
H.M.S. “‘ Barham,” 454, 625 

H.M.SS. ‘‘ Barham” and “ Galatea,” 722 
H.M.SS. “Bonaventure” and ‘‘ Cambrian,” 741 
H.M.S. “Brilliant,” 44, 428 

H.M.S. ‘‘ Cambrian,” 164 

H.M.S. ‘‘ Charybdis, ” 886 

H.M.S. “‘ Circe,” 262 

H.M.S. ‘‘Cockchafer,” 413 

H.M.S. ‘‘ Crescent,” 14, 758 

H.M.S. “ Devastation,” 261 

H.M.S. “Edgar,” 348 

H.M.S. “‘ Empress of India,” 261, 626, 722 
H.M.S, ‘‘ Endymion,” 722 

H.M.SS. ‘Ferret ” and ‘‘ Lynx,” 603 
H.MLS. ‘‘ Fox,” 903 

H.M.S. “ Gibraltar,” 428, 790, 809 

H.M.S. “ Haleyon,” 193 

H.M.S. “‘ Hercules,” 44, 74, 160, 281 
H.M.S. ‘‘ Howe,” 413, 602, 626, 775 
H.M.S, ‘ Hussar” (Devonport), 136, 413 
H.M.S. “Jackal,” 261 

H.M.S, ‘ Jason,” 44 

H.M.S. “‘ Magnificent,” 317, 368 

H.M.S. “ Minerva,” 368 

H.M.S. “ Minotaur,” 44 ; 
H.M.S. ‘‘ Niger,” 758 

H.M.S. ‘‘ Northumberland,” 808 

H.M.S. ‘‘ Onyx,” 423, 886 

H.M.S. “‘ Ramillies,” 445, 617, 656, 674. See 
ee INDEX 


-S. “Renown” (New Battleship), 348, 368, 
750, 755 
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Naval —continued. 

.M.S. ‘‘ Repulse,” 362 

“Rupert,” 193 

.  Sharpshooter” and “Spanker,” 15, 
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“Spanker,” 741, 841 

.M.S. ‘* Superb,” 413 

“ Sybille,” 382 

“Talbot,” 222 

S. ‘ Talbot,” “‘ Minerva,” and “‘ Eclipse,” 
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.  Téeméraire,” 413, 646 

S. ‘Téméraire” and ‘* Holus,” 292, 349 
“Victoria,” 646 

.M.SS. ‘‘ Warspite ” and ‘‘ Pheton,” 603 
H.M.S. ‘‘ Wave,” 160 

Indian Despatch Vessel ‘‘ Minto,” 358 
Keyham Coaling Station, 445 

Keyham Factory Engine Works, 293 
King George’s Sound Defence Works, 602 
Lords and the Navy, 675 

Ordnance Factory at San Francisco, 145 
Pembroke Dockyard, 316 

Petroleum and Torpedo-Boats, 714 
Plymouth Defences, 625 

Portsmouth Coaling Station, 445 
Portsmouth Dockyard Work, 292 
Portsmouth Programme, 145, 886 

Ram for United States, 105 

Russian Navy, 59 

Sheerness New Docks, 646 

Spithead Forts, 222 

Steam Cutters, 603 

Swedish Ironclad ‘‘ Thule,” 150, 604 
Torpedo-Boats, First-Class British, 283 
Torpedo Gunboats, 104, 285 

Torpedo Manufacturers, 165 

Torpedo Tubes, 223, 625 

United States Battleship ‘‘ Indiana,” 349 
U.S. Battleship ‘‘ Massachusetts,” 886 
United States Composite Gunhoats, 841 
United States Cruiser ‘‘ New York,” 790 
United States Navy, 15, 71 

United States New Warships, 105, 223, 411, 
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439 
United States Ram ‘‘ Katahdin,” 361 
Obituary. 
Piers. 


Railways; 

American, 824 

American Electric Railways, 364 

American Locomotive Building, 317, 911 

American Railroad Foreclosures, 268 

American Railroad Interests, 453 

American Street Railways, Buying up, 262 

Argentine Railways, 366 

Assam-Bengal Railway, 161 

Austrian, 80, 918 

Austria-Hungary Electric Railway, 223 

Austro-Hungarian, 362 

Barry Railway, 160, 223, 382, 790 

Bousquet a Chevalier of the Legion of 
Honour, 105 

Brakes, High-Speed, 15 

Cable, Duration of Lang’s Lay, 45 

Cape Railways, 481 

Cambrian Company, Second-Class Carriages 
Abolished, 445 

Canadian Pacific Railway, 11, 632 

Canadian Railway Economy, 646 

Carriage Warming, 165 

Chatham and South-Eastern Company Amal- 
gamation, 145 

Chicago Elevated Railway, 281 

Chicago and St. Louis Electric Railway, 249 

Clifton Rocks Railway, 332, 348, 625 

Congo Railway, 223 

Derbyshire Railway, New, 674 

Dore and Chinley Railway, 316, 674 

Dutch Railways, 379 

East Indian Railway, Permanent Way, 30 

East to West Railway, 412 

Eastern of France, 824 

Egyptian Railways, 784. See also 763 

Electric Deep Tunnel Railway, Brussels, 75 

Electric Lighting Carriages, 675 

Electric Railway, High-Speed, Vienna to Buda- 
Pesth, 11, 223 

Electric Tramways and Railways. See Electri- 


See GenERAL INDEX 


See Harbours 


city 

Elevated Railways at Chicago, 645 

European Railways, 724 

European Railways, Length, 383 

Fast American Trains, 75 

Fishguard Railway and Pier, 625 

French Railway Engineers in Edinburgh, 903 

French Railway Fares, 15 

French Railway Working Expenses, 849 

French Rai way Working, 722 

French Railways, 250 

Glasgow Central Railway, 193 

Glasgow Subway, 625 

Great Western Railway, 136 

Great Western Railway at Cardiff, 741 

Great Western Railway Company, Doubling 
Line 841 

Great Western Railway Extensions, 161 

Great Western Railway and Rates, 886 

Greenock Tramways, 880 

Hamburg Central Railway Station, 106 

Indian Railways, 14, 30, 41, 250, 841 

tee cialy and Dumbartonshire Railway, 

Liverpool Overhead Railway, 45 

Locomotive Building, French, 645 

Locomotive, Compound, Trials, 413 

Locomotive, Earliest, in Scotland, 14 

Locomotive ‘‘ Greater Britain,” 604 

Locomotive Running 102 Miles per Hour, 675 

Locomotive Sparks (America), 626 

Locomotives, American, 11 

Locomotives on Bombay, Baroda, and Central 
Indian Railway, 913 

Locomotives on the East Indian Railway, 14 

Locomotives in Germany, 14 

Locomotives on the {Great Indian Peninsula 
Railway, 30 

Locomotives of Prussia, 165 

London and North-Western Railway, 136 

London and South-Western Railway, 674 

Material for Rails, 383 


INDEX.— 


PARAGRAPHS. 


Railways—continued, 

Mexican Central Railway, 783 

Midland Line from Sheffield to Chapeltown, 
675 

New South Wales Railways, 453, 741 

New Zealand Non-Paying Railways, 454 

Norfolk and Western Railroad, 675 

Northern of France Railway, 11 

Odessa Tramways, 362 

Paris Underground Railway (Berlier’s Tram- 
ways Tubulaires), 410 

Pembroke and Tenby Railway, 261 

Pennsylvania Station Roof, 317 Y 

Pontypridd, Caerphilly, and Newport Railway, 
74 


Poole and Hamworthy Railway, 741 

Prussian Railways, 106 

Rail Breaking, Peculiar Case of, 809 

Railway Rates, 13, 14, 43, 84, 136, 675. 
also 47 

Railways in Asia Minor, 345 

Railways in Warfare, 293 

Rhondda and Swansea Bay Railway, 14, 223 

Rhymney Railway, 193 

Rolling Stock on Baltimore and Ohio, 262 

Russian Locomotive Building, 805 

Russian Railways, 75, 824, 838 

Second-Class Passengers, London and North- 
Western and Northern, 454, 604 

Severn and Wye Railway, 223 

Siberia Railways, 105, 758 

South African Railways, 105, 362 

Speeds of American Trains, 15, 75 

Speeds and Brakes, 15 

Station, An Old Railway, 317 

Street Railways in Denver, 630 

Stretton, Mr. Clement E., 349 

Syria-Ottoman Railway, 647 

Taff Vale Railway, 74, 714 

Tiverton and North Devon Railway, 14 

Track Defects, Locating (Apparatus), 454 

Tramway Traction in Glasgow, 14 

Tramways in Copenhagen, 462 

Tramways in Glasgow, New, 774 

Tramways, London, and the County Council, 
383 

Transandine Railway, 75 

Transcaspian Railway, 15 

Union Pacific Railroad, 911 

Victorian Railways, 854, 856 

Victorian Rolling Stock, 16 ; Works, 145 

Vienna, Circular Railway in, 41 

Welsh Railways, 14, 44, 74, 292, 316 

West Highland Railway, 740 

Wheel and Tyre Fractures (Germany), 105 

Workmen's Trains in London, 349 

Zone Tariff on Hungarian Railway, 824 


See 


Sewage: 
Barnstaple, 646 
Barry Harbour Drainage, 714 
Bracknell, 789 
Codnor and Loscoe, 918 
Disinfectant, New, 912 
Drainage, Portishead, 145 
Droylsden, 654 
Hiland Drainage (Aire and Calder Pollution), 
01 


Exeter, 714 

Flushing of Sewers, 644 

Glasgow, 193 

Glasgow Sewage Purification 
292 

Gorton, 624 

pee) ig eects 775 

Heatley Drainage Scheme, 604 

Honley, 202, 784 

Huddersfield, 809 

Leighton Buzzard Works, 62 

London Main Drainage Scheme, 604 

Macclesfield, 220, 775 

Maidenhead Sewage Disposal Scheme, 445 

Melbourne, 15, 460 

Monmouth Drainage, 222 

Pollution of the Exe, 603 

Pollution of the Tone, 136 

Rampton Manor Scheme of Manchester, 15 

Rhondda Main Sewage, 44 

Rosario Drainage Works, 292 

Royton Purification Works, 146 

Sanitation, 165 

Stockholm, 684 

Weybridge and Oatlands Sewerage, 654 


Scheme, 193, 


Shipbuilding and Engineering : 

American Ferryboats, 717 

American Lake Steamers, 345 

American Mail Steamers, 758 

American Steamer, Large, 662 

Antwerp Shipping, 270 

Arctic Voyage Ship “ Fram,” 841 

Atlantic Record, French Steamer ‘‘La Tou- 
raine,” 15, 54 

Bristol and Barnstaple Service, 413 

British Ships Idle, 165 

Canadian Pacific Route to the East, 647, 903 

Clyde Contracts, 161, 193 

Clyde Shipbuilding, 137, 261, 412, 603, 646, 774, 
808, 840 

Cramp’s Works in Philadelphia, 14 

Dieppe and Newhaven Service, 366 

Electric Lighting of Ships, 349 ; 

Engineering Contract for Dundee, 14 

European and American Steamers, 738 

European and South American Lines, 364 

Freight Insurance, Newcastle, 43 

Freights, 146 

French Companies, 25 

French Shipbuilding, 261 

Hamburg Shipping, 236 

Lighting the Atlantic with Buoys, 15 

Messageries Maritimes, 850 

Milford Haven and Canada, 382 

New York and Colon Line, 14 

North-East Coast Shipbuilding, 348, 840 

North German Lloyd, 383. See Lerrer, 409 

Norway, Shipbuilding in, 178 

Pensacola and Cuba Line of Steamers, 208 

Petroleum Tank Steamers, 193 

Propeller Shafts, 13 

Record to Australia and Hong Kong, 675 

Russian Differential Duties, 165 

Severn, New Line from the, 412 


XV 


Shipbuilding and Engineering—continued. 
Ship Models, Experiments with, 165 
Shipbuilding Trade at Middlesbrough, 222, 740 
Slipway at Port Glasgow, New, 444 
South African Mail Service, 784 
Stability of Vessels at Sea, 222 
Steam Shipping Trade, 657 
Steamer, New, for Brighton Railway Company, 

871 
Tacoma and Honolulu Line, 818 
Tail Shaft Preserver, 647 
Thingvalla Line, 439 
Trieste Shipping, 262 
Woolston Yard, 445 
Yakon Steam Service, 430 


Shipping. 
Societies. 
Strikes. 


Technical Societies, &c.: 


Aberdeen University Extension, 412 

Arrol (Sir Wm.) on Technical Education, 75 

Australian Association for the Advancement 
of Science, 886 

Barnsley and Mining Education, 136 

Birmingham Association of Mechanical Engi- 
neers, 75, 317, 604, 626, 809 

Civil and Mechanical Engineering Society, 45, 
165, 189, 317 

Cleveland Institute of Engineers, 74, 222 

Coatbridge Technical School, 75 

Edinburgh Association of Science and Arts, 
705 

Federated Institute of Mining Engineers, 260 

Glasgow Students of Institution of Civil Engi- 
neers, 104, 161, 193, 222, 292, 444 

Glasgow Technical College, Engine Demon- 
strator, 880, 903 

Glasgow Technical College, Metallurgical De- 
partment, 740 

Glasgow University Engineering Society, 292 

Graduates’ Section of the Institution of Engi- 
neers and Shipbuilders, 161, 292 

Hull and District Institution of Engineers and 
Naval Architects, 75, 349, 705 

Incorporated Association of Municipal and 
County Engineers, 445, 647 

Institute of Marine Engineers, 189, 193, 223, 
674, 741 

Institution of Civil Engineers, 15, 45 

Institution of Civil Engineers (Forrest Lectures), 
626. See GENERAL INDEX 

Institution of Electrical Engineers, 413 

Institution of Naval Architects, 626 

Institution of Shipbuilders and Engineers in 
Scotland, 104, 222, 348, 444, 624, 644, 647, 674 
See LETTERS 

James Watt Anniversary, 104 

Junior Engineering Society, 45, 145, 189, 317, 
413, 626 

Leeds Association of Engineers, 75, 174, 705 

Liverpool Engineering Society, 75, 317 

London Association of Foremen Engineers and 
Draughtsmen, 75, 189, 647 

Marine Engineers’ Annual, 60 

Mason’s College Engineering Society, 383 

Mining Engineers in Sheffield, 444 

Mining Institute of Scotland, 14, 193, 903 

Models Showing Geometry of Slide Valves, 

65 


See Shipbuilding and Engineering 
Bee Technical or Trade Societies 


See Trade Societies 


1 

Newcastle Students, Institution of Civil Engi- 
neers, 249, 675, 912 

Owens College Engineering Society, 146, 165, 
223, 317, 383 

Philosophical Society of Glasgow, 625 

Physical Society of Glasgow University, 75 

Royal Institution, 146 

Royal Scottish Society of Arts, 382° 

Royal Society of Edinburgh, 75, 137, 193, 625 

Science and Art Department, 165 

Sheffield Society of Engineers, 189 

Society of Arts, 105 

Society of Chemical Industry, 292 

Society of Engineers, 165, 456 

Students, Institution of Civil 
Dinner, 724 

University College Engineering Society, 75, 647 

Watt Lecture at Greenock (Sir F. J. Bramwell), 
444 

West of Scotland Iron and Steel Institute, 75, 
222 

Willans Memorial Fund, 626 

Yorkshire College, Leeds, 841 


Telegraphy. See Electricity 


Engineers, 


Telephony. See Llectricity 


Trade. See /ron and Steel, Coat, Shipbuilding, or 
Industries 


Trades Unions, Strikes, &c.: 
Amalgamated Oarpenters and Joiners, 852 
Amalgamated Society of Engineers, 56, 203, 
327, 455, 716, 852 

Arbitration and Conciliation Board, Parlia- 
mentary Bill, 628 

Associated Blacksmiths, 852 

Belgian Difficulties, 597 

Ben Tillett Prosecution, 56 

Birkenhead Joiners’ Wages, 852 

Birmingham Bedstead Trade Strike, 84 

Blacksmiths, Associated, 328, 786 

Board of Trade Report on Skilled Labour, 115, 
235, 360, 658, 751, 881 

Boilermakers and Iron Shipbuilders’ Society, 
115, 235, 360, 596, 786, 881 

Bristol Riots, 26 

Brushmakers’ Amalgamated Society, 26 

Builders’ Strike at Croydon, 752 

Building Trades, 455, 685, 821 

Carpenters and the Eight Hours Day, 852 

Chesterfield Conference of Miners, 260 

Cleveland Miners’ Wages Reduction, 192 

Clyde Shipwrights’ Strike, 148, 235 

Coal Crisis in Yorkshire, 221 

Colliers’ Strike at Staveley, 348 

Conciliation Board at Middlesbrough, 
posed, 12, 137 

Congress at Hull, 914 

Consett Steel Workers’ Wages, 903 

Cotton Trade Dispute, 56, 116, 148, 176, 236, 
264, 297, 328, 393 

Deputations to Cabinet Ministers, 147 


Pro- 


Trades Unions, Strikes, &c,—continued. 

Derbyshire Coal Strike, 292 

Disputes in America, 456 

Dockyard Employés, 328 

Eight Hours Miners’ Bill, 658, 686 

Eight Hours Scheme at Keith’s, Arbroath, 148 

Eight Hours Scheme at Ransomes and 
Rapier’s, 116 

Eight Hours System Pioneer in Parliament, 264 

Employers’ Liability, 360, 852 

Employers’ Liability Bill, 686, 821 

Factory Act Amendments in Force, 26 

French Railway Servants, 675 

French Strikes, 675 

Frodingham Dispute (Iron Works), 104, 116 

German Colliers’ Strike, 26 

Glassblowers’ Strike; Work going Abroad, 
316 


Glassblowers in Yorkshire, 26, 56, 84 

Government Arms Factories, 264, 914 

Government Employés at Enfield, Woolwich, 
&e., 456 

Great Western Railway Works, Swindon, 161 

Hull Congress, 914 

Hull Shippers’ Strike, 424, 455, 596, 627, 628, 
658, 686, 751, 786, 820, 852 

Ironmoulders of Scotland, 115, 328, 820 

Ironfounders’ Society, 84, 204, 327, 455, 852 

Labour Commission, 148, 176, 265 

Labour Department, British, 57, 116, 147 

Labour Gazette, 717 

Lewis, Sir W. T., and the Sliding Scale, 841 

London Conciliation Board, 56 

London County Council and Clyde Wages, 297 

London County Council and Trade Questions, 
26 

Marehay Main Colliery, 880 

May Day Demonstrations, 456, 628, 658, 686 

Middlesbrough Shipyard Strike, 105 

Midland Wages Board, 176, 596, 628 

Miners’ Conferences, 86, 204, 360 

Miners’ Congress at Brussels, International, 
786 

Miners and the Prime Minister, 297 

Miners’ Questions, 26, 57, 116, 148, 176, 204, 260, 
265, 292, 297, 328, 360, 394, 424, 456, 597, 628, 
645, 659, 674, 686, 717, 752, 775, 786, 821, 852 
882, 903, 914 

Parliament, 175, 265, 360, 394, 424, 882 

Poor Law Royal Commission, 26 

Review of the Year 1892, 25 

Sailors and Firemen’s Union, 852 

Seamen, Firemen, and Colliers, 645 

Seamen and Firemen and the Federation, 86, 
328. See Hull Strike 

Seamen’s Wages, 26 

Sheffield Engineers and Trades Unionism, 808 

Sheffield Strike and Lock-Out Fund, 84 

Shippers and their Wages, 394 

Skilled Labour Market, 115, 235, 360, 658, 881 

Sliding Scale on the North-East Coast, 775 

Sliding Scale in Wales, 74, 86, 104, 148, 222, 
236 

Sliding Scales, 821 

South Wales Business, 176 

Steam Enginemakers’ Society, 424, 658 

Stoppage of Yorkshire Collieries, 348 

Sweating, Anti-, Movement, 914 

Theatrical Trade Matters, 26 

Trade Outlook, 55, 84, 117, 235, 297, 327, 658, 
685, 716, 820, 852 

Trade Unions and Income Tax, Act Passed, 265 

Tyne Engineering Wages Reduced, 646 

Tyne Ship and Boiler Workers’ Wages Reduced, 
445, 597, 628 

Tyne Shipbuilders’ Wages, 674, 808 

Tyne and Wear Engineers, Reduction of Wages, 
317, 360 

Unemployed, 176 

Wear Shipbuilders’ Wages, 704, 752, 808, 914 

Welsh Iron and Steel Sliding Scale, 741 

Wharncliffe Silkstone Miners, Compromise, 


740 
Wharncliffe Silkstone Strike, 704 
Working Days in Different Countries, 45 
Workmen’s Cost of Living, 752 
Yorkshire Miners’ Association, 674, 840, 879 


Tramways. See Railways 


Tunnelling: 


First Tunnel in Finland, 871 
Simplon, 120 


Warships. See Naval 


Water Supply: 
Alum in Water, 809 
Artesian Wells, Deep, 22 
Barry, 74, 349 
Bath, 383 
Bodmin Supply, 104 
Bristol, 316 
Brooklyn, 331 
Budleigh Salterton, 886 
Cardiff, Another Reservoir for, 104 
Chard, 625 
Chester, 317 
Clevedon, 261 
Darton Water Works, 45 
Eccup Reservoir, Breakdown of, 382 
Gainsborough, 221. See LETTER, 284 
Glasgow Water Works, 137, 348, 382, 880 
Gothenburg, 850 
Haddington, 137, 317 
Hydraulic Works, Glasgow, 880 
Leighton Buzzard Works, 62 
Mains, Water, 741 
New York, 60 
Newport, 714 
Noumea Supply Pipe Contract (French), 152 
Penistone Water Works, 54 
Plymouth, 886 
Pontypool, 348 
Rhondda Valley, 790 
Russian Mill Dam Construction, 223 
Samples, 809 
Swansea Corporation Works, 626 
Wandle Valley, Tooting Artesian Wells, 293 
Water under London Basin, Deep Seated, 705 
Water Pipe Contract, Glasgow, 444 
Water Pipes for Glengavel, 412 
Welsh Water Supplies, 44 
Wotton-under-Edge, 14 


IN DE X.—Partent REcorp. 
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PATENT RECORD. 


The Patent Index is classified under the following sub-titles :—Exucraica, Apparatus; Gas Eyornes ; Guns ; MacHine Toots, SHAFLING, &C. ; 


Mining anp Meratiurcy ; MiscennANgous ; Raibways; AND STEAM ENGINES AND BoILErRs. 


SUBJECT MATTER. 


Electrical Apparatus: 
61, 89, 122, 207, 269, 333, 365, 461, 631, 689, 
723, 759, 791, 825, 855, 917 
Cables, Submarine. W. H. Preece, 917 
Circuits. H. Edmunds, 333 
Controlling Currents in Mines. 
ton and H. Walker, 207 
Couplings for Wires. A. Shiels, 759, 791 
Distribution. J. S. Raworth and W. Geipel, 
631 
Driving Machines by Electromotive Power. 
A. Chapman, 631 


R. J. Charle- 


Dynamos. T. L. Hemming, 208 

Dynamos. R. Lundell and E. H. Johnson, 
461 

Dynamos. W. C. Rechniewski, 855 

Dynamos. J. P. Thomas, 723 


Electrically-Driven Machines. W. 8. Rawson, 
C. S. Snell, and Woodhouse and Rawson, 


269 
Electro-Deposition of Metals. E. N. A. Picard 
and J. A. Taniere, 89 
Elevators. A. B. See and W. L. Tyler, 208 
Heating and Welding. H. Howard, 689 
Lamps, Electric Safety. J. P. Rees, 365 
Meters. W. F. Taylor, 791 
Motors. R. Lundell and E. H. Johnston, 825 
Percussive Tools. L. B. Atkinson, 917 
Preventing Overheating of Shafts in Bearings. 
C. Dion and A. Brebner, 122 
Registering Supply. G. Kapp, 759 
Steering Gear. G. S. Grimston and A. H. 


Dykes, 461 

Switches. A. B. Blackburn, 61 

Switches. C. E. Challis, 855 

Switches. J. M. M. Munro and J. McFarlane, 
791 

Switches. A. L. Shepard, 122 

Telephone. Sir C. S. Forbes, 207 


Gas, &c., Engines: 

61, 89, 121, 179, 207, 237, 269, 302, 399, 661, 
689, 723, 855, 917 

IF. H. Anderson, 855 

P. Bilbaut, 399 

P. Burt, 121 

F. W. Crossley and H. W. Bradley, 237 

Gas Motoren Fabrik Deutz, 61 

J. Higginson, 122 

W. Hornsby and R. Edwards, 661 

R. Langensiepen, 723 

E. T. Owen, 689 

C. W. Pinkney, 269 

J. Richardson and W. Norris, 179 

R. G. Schwarz, 207 

Gas Motor Engines. J. H. Hamilton, 207 

Gas Motor Engines. H. T. and J. D. Hum- 
pidge and G. E. Snoxell, 207 

Gas, &c., Motors. J. E. Weyman and A. J. 
and J. A. Drake, 237 

Hydrocarbon Engines. H. A, Stuart and C, 

J. E. Weyman, .G. 


R. Binney, 302 

Hydrocarbon Engines. 
Hitchcock, and J. A. Drake, 917 

Internal Combustion Engines. J. Atkinson, 
89 

Liquid Hydrocarbon Engines. J. Spiel, 237 

Oil or Gas Engines. A. J. Instone, 122 

Petroleum, &c., Engines, Semi-Portable. TT. 
Bell and J. Richardson, 855 

Self-Starting Apparatusfor Gas, &c., Engines. 
J. Atkinson, 122 

Tubes and Apparatus for Igniting Gas. A. 
Harris, 269 

Guns, &¢.: 

61, 151, 237, 302, 365, 429, 631, 661, 723, 759, 
791 

F. Bex, 661 

Apparatus for Ordnance. H. H. Grenfell, 237 

Bolt Guns. P. Mauser, 661 


Carriages. A. Radovanovic, 302 
Cartridges. E. M. Reilly, 631 


Magazine Firearms. W. Griffiths and H. F. 
Woodgate, 61 

Mounting Ordnance. 

Primer for Breechloading Guns. 
and G. Stuart, 151 

Quick-Firing Guns. 
Holmstrom, 759 

Quick-Firing Ordnance. H. Thronsen, 365 

Small Arms. R. and F. Sauers, 723 

Small Arms. J. S. Wallace and B. T. L. 
Thompson, 151 

Torpedoes. Hotchkiss and Co., 791 

Try Guns. W. F. Paddison, 429 


Machine Tools, Shafting, &c,: 
61, 89, 122, 179, 237, 301, 333, 365, 399, 429, 
461, 631, 661, 689, 723, 791, 855, 887 
Bearings for Shafts. A. G. Brown, 661 
Bearings for Shafts. W. lL. Spence, 301 
Boring and Drilling Apparatus. T. and W. 
Nutter, 29 
Boring Machines. 


Messrs. Morgan, 237 
E. W. Lloyd 


F. E. D. Acland and C. 


E. B. Donkin and F. H. 


Bacon, 661 
Clip Pulleys. J. Haythorn and J. Stuart, 461 
Clutch. J. S. Adams, 62 


Clutches, &c. 
Clutch Pulley, Friction. 
Thorp, 61 


E. Shaw and G. J. Harcourt, 89 
W. Mather and T. 


Machine Tools, Shafting, &e.—continued. 


Counterbalance and Guide for Reciprocating 


Mechanism. M. N. Forney, 461 

Cutters, Rotary Paring. A. Keats, 301 

Cutting Tubes, &c., in Lengths. A. and R. J. 
Edwards and W. R. Lane, 179 

Drill Brace. H. A. L. Barry, 334 

Drilling Machine. C. M. Davies, 689 

Drilling and Percussive Hand Tools. 
schow, 333 

Driving Chains. W. Gwinnett, 179 

Friction Clutches. J. Fraser, 365 

Friction Clutches and Couplings. F. F. Byrne, 
631 

Joints for Uniting Metal Parts of Machines, &c. 
A. W. Kirsch-King and C, E. Funk, 723 

Journal Boxes. 

Lathe, &c., Chucks. 

Lathes. O. le G. Noble, 429 

Lathes. A. Robertson, G. F. Loudon, J. T. 
Stuart, and H. L. Hopkin, 887 

Lubricating, A. and N. Drucbert, 237 

Lubricating Bearings. C. Clarke, 855 

Milling Machine. Ludwig Loewe and Co., 661 

Nut-Tapping Machine. J. E. Carter, 631 

Planing and Moulding Machines, Wood. T. J. 
Wilkie, 366 

Preventing Overheating of Shafts in Bearings. 
C. Dion and A. Brebner, 122 

Riveting Machines. V. Coates and Co, and Y. 
H. Coates, 631 

Saw, Band. A. Ransome, 301 

Sawing Metal. G. Spofford, 365 

Screw-Cutting Machinery. E. Dubosc, 179 

Shaft Brackets, &c. G. Richards, 301 

Spindle Bearing for Spinning, &c., Machinery. 
W. B. Douglas, 855 

Thrust Blocks for Shafts. J. A. and W. C. 
Paul, 791 

Turning Tools. 


B. Wesselmann, 302 


C. Berle, 333 


Mining and Metallargy: 


29, 89, 179, 208, 269, 334, 365, 399, 429, 461, 661, 


791, 825, 887, 917 
Annealing Furnaces, 
Boring and Cutting Coal, &c. 

and H. Walker, 791 
Charging Furnaces with Metal. J. Buchanan, 

825 
Coal-Heading Machines. 
Extracting Metal from Ores. 
Extraction of Lead. B. Rosing and H. and K. 

Foerster, 179 
Furnaces. J. A. and 8. Fletcher, 661 


A, A. Cowles, 399 


G. W. Winn, 429 


Furnaces for Burning Ores containing Sul- 


phur and Sulphur 
McDougall, 29 
Furnaces, Metallurgical. 


Compounds. I. 


J. N. Lauth, 90, 208 


Grinding Mills for Reducing Ores. R. E. Shill, 
269 

Jigging Machines. A. R. Sennett and J. 
Durie, 461 


Lamps, Electric Safety. J. P. Rees, 365 

Ore Concentrators. KE. Jones, 89 

Preserving the Centre of Line in Sinking Shafts. 
W. Foulstone, 461 

Regenerative Stoves, Gas Valves for Blast Fur- 
nace. J. Lewis, 399 

Rock-Drilling Machine. J. Schneider, 208 

Rock Drills. O. W. Burton, 661 

Rock Drills. W. O. Rooper, 661 

Separating Ores. F. Baum, 887 

Separators, Centrifugal Ore. M. B. Zerener, 
334 


Stands for Rock Drills. A. W. and Z. W. Daw, 
90 


Miscellaneous : 
29, 62, 90, 122, 152, 179, 208, 237, 270, 302, 334, 
366, 400, 430, 462, 632, 662, 690, 723, 760, 792, 
825, 856, 887, 917 

Aerated Water Manufacturing. 
some, 208 

Air, Compressed, Motor. 
L. Bedford, 826 

Air Compressors. C. F. Fogg, 826 

Air Compressors and Exhausters. A. H. 
Tyler and J. S. E, de Vesian, 462 

Air-Moistening, &c. G. Josephy, 462 

Axle-Box. H. Schubert, 724 

Balls, Manufacture of Steel, &c. 


W. J. Walker and A. 


J. Wild, 334 


Boards, Manufacture of Glazed and Rolled 


Press Papers or Pressing. 

Wright, 462 
Box-Nailing Machine. 
Brake for Cranes, &c. 


H. and J. J. 


W. S. Doig, 826 
H. Koll, 826 


Breaking and Beating Engines for Making 


Paper Pulp, &. J. H. Annandale, 662 
Brick Machinery. S. Jefferies, 888 
Calcination of Limestone, &c. 

366 


Curding Engines. G. A, Ayer, 430 


Carding Engines, E. and W. H. Crowther, 888 


Carding Engines. A. Hitchon, 180 

Carding Engines, Driving Revolving Flats of. 
A. Hitchon, 270 

Carding, &c., Machines, Burring Apparatus. J. 


V. Musgrave, 918 
Casting Pig Iron. H. D. Hibbard, 723 
Clips, Haulage. J. W. Smallman, 760 

Coal-Washing Apparatus. G. E. Allen, 724 


Concentrated Nitric Acid. F. Valentiner, 29 


R. Tel- 


Dodge Manufacturing Co., 399 


R. J. Charleton 


N. Lébédeff, 917 


E. L. New- 


C. R. Cowens, 


Miscellaneous —continued. 


Crane Blocks for Suspending Dogs or Grabs. 
F. W. Dick, 826 

Cranes. T. D. and F. W. Hollick, 334 

Cranes. E. W. Naylor, 662, 724 

Crushing Cylinders. J. R. Alsing, 334 


Crushing Mills. E. Jones and W. Hornsby, 
180 

Delivering Coke into Trucks. R. de Solden- 
hoff, 690 


Discharging Coal, Rotary Tipplers for. W. C. 
Blackett, 760 

Diving Bells. A. Joyce, 690 

Drains, Smoke Testing of. J. Fraser, 888 

Dressing Stones, Apparatus. A. Taylor, 400 

Driving Gear for Tramway Vehicles with Motor 
Engines. C. Luhrig, 462 

Drying and Heating Minerals. 

Drying Machines, Cylinder. 
pleton and §. F. Holt, 180 

Dumping Wagons. W. A. Thacker, 430 

Dyeing Fibrous Materials. R. Shaw, 918 

Electrolytical Decomposition of Alkaline 
Chlorides. C. A. Faure, 90 

Elevators, &c. G. Little, 400 

Elevators. R. Uren, 723 

Fans, &c., Rotary, A. Desgoffe and L. A. di 
Gorgio, 302 

Filtering Water. D. A. Rankine, 760 

Flax and Rhea, Breaking, &. G. E. Donis- 
thorpe and T. Burrows, 208, 238 

Floating Vessels. C. F. Osborne, 690 

Freezing Liquids. J. W. Bowley, 152 

Gas. J. Gray, 856 

Gas Furnaces. R. N. Oakman, 30 

Gas Generators. T. D. Rock, 632 

Gas, Illuminating. W. H. Wilson, 122 

Gas-Making Apparatus, Refuse Furnace and. 
W. J. and C, J. Lomax, 30 

Gas-Making Machine. F. W. Beardsley, 62 

Gas Manufacture. W. P. Watson, 430 

Gas Producers. O. W. Ketchum, 270 

Gas Producers, Feeding Coal. W. Bagley, 30 

Gas Retorts, Charging. J. Ruscoe, 30 

Gas Supply on Prepayment. J. Hawkyard 
and J. Braddock, 760 

Gas Valves for Regenerative Furnaces. J. 
Barr, 180 

Grain to Rolling, &c., Mills, Regulating Feed. 
P. Loughry, 888 

Grinding Mills. J. H. A. Kahl, 152 

Grinding Mills for Coarse Grinding Corn. 
C. C. L. Lucht, 180 

Hackling Machines for J. A. 
Laughlin, 400 

Hammers, Power. A. Baudry, 237 

Hauling Ships in Docks. P. Ferro, 30 

Haymakers. J. Harrison, 270 

Hoists, Hydraulic. J. A. Stevens, 400 

Hoists, Self-Sustaining. A. E. Pickering, 302 

Hydraulic Motors. F. van Rysselberghe, 918 

Hydraulic Presses. H. A. Schlund, 918 

Ice Breakers for Tugs, &c. L. ©. Bovy, 462 

Jacks for Road Vehicles. P. Winton, 334 

Lathing, Sheet Metal. W. Eckstein, 888 

Lining Plates for Tunnels, &c. S. Alley, 152 

Loading Coke. R. de Soldenhoff, 690 

Loading Coke from the Ovens. H. Brown, 238 

Loading and Unloading Vessels. J. Temperley, 
825 

Looms. 

Looms, Small Wire. 

Looms, Stop Motions for. J. 
J., A., and A, Bridge, 430 

Looms for Weaving, Jacquards of. 
Armitage, 400 

Lubricators, Drop Feed. OC. S. Snell and 
Woodhouse and Rawson United, Limited, 


A. Harris, 180 
E. and A. Ap- 


Flax, &c. 


G. F. Hutchins, 662 
S. Barnwell, 430 
H. Stott and 


Baas; 


690 
Metal Rolling. J. Just and J. Burlat, 238 
Millstones. J. Hutton and E. Doggett, 208 
Motor. W. Werner and W. T. Prudan, 462 
Mules and Turners, Self-Acting. R. Clegg and 
J. Holt, 825 
Nail-Making Machinery, &c., Feeding Wire in. 


A. O. Guttin, 152 
Nozzle for Water, Delivery. F. Scholefield, 


334 

Oilers for Cranks, &c. J. Titley and G. H. 
Shackleton, 152 : 

Paper-Making Machines. H. Fairbanks, 690 

Paper Pulp, Breaking and Beating Engines for 
Making. J. H. Annandale, 662 

Paper Pulp Digesters. C. Curtis Newton, 
N. M. Jones, and T. B. Draper, 632 

Pier for Facilitating Erection of Structures in 
Deep Water. Channel Bridge and Railway 
Company, 208 

Pipe Joints. J. Spencer, 152 

Piston Packing for Hoists. 

Ploughs, J. Backhouse, 662 


J. A. Steven, 792 


Ploughs. <A. Boulet, 825 
Ploughs. C. Kohlert, 180 
Ploughs. F. W. Wellhausen, 270 


Potato-Digging Machine. E. Paulus, 826 

Potato Digging. J. E. Ransome and J. A, 
Lewis, 918 

Potato Ploughs. J. Perkins, 918 

Printing Floorcloth. T. Dale, 918 

Printing Machinery, Rotary Letterpress. F. 


X. Holzle, 724 
Printing Machines. C. B. Cottrell, 632 


Miscellaneous—continued. 


R. Hoe and Co., 760 
H. Coward 


C. J. A. F. Jas- 


Printing Machines. 
Producing Currents in Air, &c. 
and W. L. McNay, 400 
Propeller Reversing Gear. 
tram, 430 

Propellers. W. D. and 8. Priestman and J. 
Nicholson, 366 

Propellers, Cutting Seats in Bosses of Steamers’. 
J. Barbour, 856 

Propellers, Reversible Screw. H. Grafton, 302 

Propellers, Screw. G, Chapman and J. Mach. 
Finlayson, 334 

Pulley Block Self-Sustaining Machinery for 
Lifting and Lowering Weights. E. W. Sant, 
632 

Pumping Air and Gas. W. B. Griffiths, 302 

Pumping Engines. R. E. von Lengerke, 180 

Pumps. C, H. Gray, 179 

Pumps. T. Eddleston, 400 

Pumps and Blowers. H. Skinner, 918 

Pumps, Centrifugal. W. Marsh, 302 

Pumps, Rotary. E. Barnes, 90 

Reaping Machines, Controlling Rakes of. H. 
R. Griftin and T, Culpin, 662 

Refrigerating Apparatus. P. Meura and L. 
Janssens, 430 

Refrigerating Apparatus, Ice-Making and. S. 
Puplett and J. L. Rigg, 888 

Refuse Destroying. W. Horsfall, 90 

Regulating Valves. T. H. Ward, 662 

Road Dust Collector. A.C. Holms, 917 

Road Roller, &c., Wheels, Scrapers for. 
Aveling, 400 

Rolling Metal. Société Anonyme des Acieries 
de Longwy, 724 . 

Rotary Pumps, &c. E. Barnes, 90 

Saw Benches, Self-Acting Cross-Cut. 
Robinson, 238 

Saw-Teeth, Setting over. 
W. Haywood, 152 

Seed Drill. P. Pierce, 270 

Separators, Centrifugal. C. A. Holt, 760 

Shells, Vessels, &c. B. Hewitt, 826 

Ships’ Rudders. J. Christensen, 399 

Ships, Stopping. W. H. Davies, 888 

Ships, Stopping Flow of Water through Frac- 
tures in Hull. A, Colonies, 918 

Slubbing and Roving Frames, Insuring Dif- 
ferential Motion on. E. and §S. Tweedale 
and J. Smalley, 238 

Sluice Gate. E. Reinold, 270 

Spinning Mules. T. C. Dill, 632 

Spinning Yarn, Mules for. J. Jones and J. 
W. Morrison, 690 

Springs, Helical. J.C. Naudin, 180 

Springs, Making Spiral. P. Fraser, 208 

Sprinklers for Irrigation Purposes. W. de 
Normanville, 400 

Steering Gear, Ships’. J. J. Kermode, 690 

Stocks and Dies. A. W. Bartholomew and J, 
T. Freeman, 30 

Stoker, Mechanical (Feeding Coal to Gas Pro- 
ducers). W, Bagley, 30 

Stone-Dressing Machines. F. Trier, 430 

Street-Cleaning Machines. W. C. Morison, 334 

Submarine Boat. J. R. Haydon, 826 

Submarine Explorations. A. Joyce, 690 

Sugar Cane Mills. G. Lateulade, 888 

Sugar Cane Mills. J. McNeiland H. W. Aitken, 
825 

Tension to Semi-Divided Nuts, Applying. 
J. R. Peacock, 887 

Thrashing Machines. F. H. Livens, 887 

Threshing Machines. F. Richter, 662 

Thrust of Propellers of Steamers, Balancing 
the Forward. T. Inglis, 856 

Tramway Vehicles driven by Motor Engines. 
C. Liihrig, 238 

Tubes, Internally Ribbed Metal. La Compagnie 
Frangaise des Métaux, 238 

Tunnels, Lining Plates for. S. Alley, 152 

Turbines, Percussion. C. L. Hett, 826 

Valves. H. N. Hansen-Goos, 662 

Valves. O. Schwade, 792 

Valves, Automatic Hydrant. H. Walter, 302 

Valves, Double-Acting Sluice. T. Blakeborough, 
122 

Valves, Float. J. Barr, 826 

Valves and Pump Governors, Pressure Re- 
ducing. E. J. Wood, 724 

Valves for Reducing Pressure of Water. J. 


Barr, 888 
Valves for Reservoirs of Air. H. Lane, 366 
P. Erich- 


Valves for Water Inlet, Regulating. 
sen, 238 

Vehicles, Applying Loads to Road. B. Wad- 
dington, 632 

Vice. C. Bauer, 122 

Winches, Halliard. J. Wotherspoon, 632 


Windlass, Crank. F. S. Manton, 238 
Windlasses. M. Kohn, 302 ~ 


AWG 


SEN. 
S. Ingham and J. 


Raiiway Appliances: 


29, 62, 90, 151, 179, 269, 334, 366, 429, 461, 
689, 723, 759, 825, 855, 887, 917 

Brake. J. Doyen and U. Marga, 179 

Brakes, Air Pressure. T. Humphrey, 270 

Buffers. A. B. Ibbotson, 917 

Buffer Springs, Indiarubber. J. E, Hopkinson, 
334 


Buffers, Central. W. R. 8. Jones, 366 
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Railway Appliances-— continued, 
Car Couplers. R. 8. Robertson, 62 
Car Couplings. La Burt Electric Block Signal 
System and Car Coupler Company, 689 
Car Couplings. W.N. Colam, 90 
Collisions, Preventing. T. J. Marsden, 179 
Communication between Signal Boxes and 
Trains, Telegraphic and Telephonic. J. D. 
Hickman, 29 
Compensators for Signals. J. Higginson, 917 
Controlling the Traffic on Single Lines. 
Webb and A. M. Thompson, 759 
Creeping of Rails on Railway Tracks, Prevent- 
ing. A. Gross, 90 
Illuminating Railway Lines. W. E. Ferguson, 
887 
Insuring Safety on Single Lines of. Railways. 
E. Tyre, 151 
Levers, Point and Signal. 8S, T. Dutton, 462 
Locomotive, Compressed Air. J. Kames, 690 
Points, Operating Railway. E. Klatte, 151 
Rolling Stock. G, and E. Griffith, 151 
Signalling. W. Baker, 825 
Signalling. E. L. Davis and A. Christison, 366 
Signalling. T. Zohrab and E. J. Biggs, 855 
Signalling Apparatus, Audible. J. A. and G. 
Carter and J. Hayes, 269 
Signalling Apparatus, Automatic Safety. C. 
Borghese, 461 
Signalling, Electric. T. E. Dean, 825 
Signalling and Stopping Trains. J. W. Judge, 
29 


Signals. B. T. Giraud, 429 

Signals. A. Ross and T. Wharmby, 366 

Signals, Locking. R.G. Marks, 152 

Switches. J. Riddick, 269 

Switches, &c., Controlling. 
Robinson, 723 

Train Signalling. J. W. Maycock, 62 

Vacuum Brake. H. F. Golding, 62 

Steam Engines and Boilers, &c. : 

29, 61, 89, 121, 151, 207, 237, 269, 301, 333, 365, 
399, 429, 461, 631, 661, 689, 723, 759, 791, 825, 
855, 887, 917 

H. J. Coles, 121 

J. H. Dales, 333 

J. H. Holmes, 333 

L. J. de Kossuth, 917 

Boiler Flues. A. J, Davison and J. C. Jobling, 


C. Stanley and H. 


792 

Boilers. J. Arkill and J. Price, 689 

Boilers. G. Cawley, 759 

Boilers. P. Ferguson and W. Y. Fleming, 429 

Boilers. See also Generators 

Boilers. C. W. Hullings, 429 

Boilers. V. C. J. Laurent and E. Scherding, 
689 

Boilers. J. Partington, 825 


H. Klein, 365 


Boilers, Divided Ships’. 
L. White and 


Boilers, Horizontal Tubular. 
W. Y. Baker, 887 

Boilers, Locomotive. G. H. Taylor and W, O. A. 
Lowe, 887 

Boilers, Tubular. H. Benbow, 29 

Boilers, Vertical. J. H. and G. Kellet, 301 

Boilers, Water-Tube. L. B. Battin, 429 

Boilers, Water-Tube. P. Hesse, 399 

Circulation in Boilers, Promoting. J. R. 
Rhodes, 301 

Compound Engines, 

Consuming Smoke. 

Consuming Smoke 
Langer, 61 


J. Thom, 856 
W. Lees, 461 


in Furnaces. Theodor 


Consuming Smoke in Furnaces, &. G. J. J. 
Legrand and L. E. Chagniat, 89 
Distilling Fresh from Salt Water. A. and F. 


Normandy, 631 
Ejector Condensers. T. Ledward, 856 
Engines, Multiple-Cylinder. A. Collmann, 61 
Evaporator. F. W., E. G., and F. W. Scott, 
‘1 
Evaporators and Condensers, Marine. W. G. 
Checketts, 121 
a yea Gear, Automatic. J. S, Raworth, 
91 


Expansive Fluid-Pressure Engines. J. Kemp, 
207 


Feed Water, Extracting Air from. §, Cherry, 
333 

Feed - Water Regulators, Automatic. J. 
Thomas, 792 

Flues. F. Morth and A. J. Basch, 301 

Fluid-Pressure Engines. B. R. Adkins, 399 

Furnaces. C. C. Black, 917 

Furnaces. H, Schomburg, 689 

Furnaces, Boiler. W. Smith, 689 

Furnaces for Boilers, E. Bagge, 121 

Furnaces of Boilers. T. Belcher, 333 

Furnaces of Boilers for Consuming Smoke. W. 
B. Joicey, 429 

Furnaces, Steam Generator, &c. 
and J. W. Buckley, 151 

Gauge Fittings, Water (Boilers). 

Gauges, Pressure. J. Burden, 207 

Generators, Steam. A. H. Crockford, 631 

Generators, Steam. W. C. Higgins, 661 

Generators, Steam. E. Pielock, 689 

Governing Engines. G. P. Vasey, 333 

Governor for Winches, &. W. Cooke, 759 


J. Sutton 
J. Scott, 269 


Governors. W. Hornsby and R. Edwards, 61 
pone J. T. Marshall and R. Wigram, 
92 


Governors. J. and A. Prentice, 269 
Heating Apparatus for Water, Surface. J. 


Wright, 89 
High-Pressure Engine. C. H. Benton, 917 
W. C. Farnum and H. 


Indicating Apparatus. 
E. Bodley, 307 

Indicating Flow of Liquid. H. 8. Maxim, 887 

Indicators. R. McKinnell and J. Buchanan, 399 

Injectors. R. G. Brooke, 723 

Injectors. A. Friedmann, 365 

Injectors. O. Lindemann, 89 

Jets of Steam to Furnaces of Boilers, Supply- 
ing. W. Bracewell, 855 

Locomotive Boiler Feeding. R.G. Brooke, 207 

errs. W. Grimes and OC, C. Wakefield, 
7 

Lubricators. W. Naylor, 269 

Metallic Packing. G. Capper, J. Robert, and 
J. Hill, 917 

Metallic Packing. W. H. Eastwood, 237 


Steam Engines and Boilers, &¢,.—continued. 

Metallic Packing. H. Brewer, 151 

Metallic Packing. J. Lewis, 887 

Metallic Packing for Piston - Rods. 8. 
Douglas and H. W. Nicholls, 29 

Mid-Cylinder Exhaust Steam Engines. L. J. 
Todd, 237 

Motive Power Engines. 
Walker, 365 

Preventing Overheating of Shafting. 
and A. Brebner, 122 

Production and Supply of Steam and Gases, 


J. Cochrane and W. 


C. Dion 


&c. A. R. Sennett and J. Durie, 461 
Pumps. F. and 8. Pearn and T, Addymann, 
855 


Pumps, Direct-Acting. R. Richardson, 399 

Rotary Engines. J. 8. Bieulac and M, Julien, 
917 

Rotary Engines. A, F. G. Brown, 792 

Rotary Engines, &c. 8S. Douglas and H. W. 
Nicholls, 333 

Rotary Engines. W. and T, Slater, 89 

Rotary Motive Power Engines. A. Boyd, 365 

Smoke Consuming. M. R. Ruble, 723 

Smoke-Consuming. OC. W. Stauss, 301 

Smoke-Consuming Apparatus. E. Makin, 237 

Starting Gear. W. G. Buck, 856 

Steam Traps. W. H. Fowler, 151 

Steam and Vapour Engines, Combined. F.0.C. 
Zimmermann and E. G. Behrend, 29 

Stopping Engines. F. D. Taylor, 856 

Traps, Steam. E. H. Gold, 792 

Treating Smoke and Fumes. H. Salmon, 399 

Triple-Expansion Engines. W. H. and R. 
Wallen and R. Wright, 121 

Triple-Expansion Engines. H. Davey, 89 

Vacuum, Producing, around Steam Turbines. 
C. G. P. de Laval, 29 

Valve, Compound. W. H. Fowler, 121 

Valve, Distributing Motive Force and Revers- 
ing Fluid Pressure Engines. J. G. Moore, 61 

Valve Gear. H. H. Carrick, 759 

Valve Gear. C. Green, 760 

Valve Gears for Pumps. P. R. Bjorling, 333 

Valves, Distribution. A. Blechynden, 121 

Valves, Slide. A, Meilhan, 301 

Valves, Steam, &c. OC. Richards, 461 

Valves, Steam Pressure Reducing, &c. A. 
Horn, 151 

Vibrating Fluid Pressure Engines, &c. 
Capell, 365 

Vibration in Marine Engines, Reducing. A. F. 
Yarrow, 207 


G. M. 


NAMES OF PATENTEHES. 


AcLAND, F, E. D., and Holmstrom, C. Quick- 
Firing Guns, 759 

Adams, J. 8. Clutch, 62 

Addyman, T., and Pearn, F. and 8. Pumps, 855 

Adkins, B. R. Fluid Pressure Engines, 399 

Aitken, H. W., McNeil, J. Sugar Mills, 825 

Allen, G. E, Coal-Washing Apparatus, 724 

Allen, W. H. and R. W., and Wright, R. Triple- 
Expansion Engines, 121 

Alley, 8S. Lining Plates for Tunnels, 152 

Alsing, J. R. Crushing Cylinders, 334 

Anderson, F. H. Gas, &c., Engines, 855 

Annandale, J. H. Breaking and Beating Engines 
for Making Paper Pulp, &c., 662 

Appleton, E. and A., and Holt, 8. F. Cylinder 
Drying Machines, 180 

Arkill, J. and Price, J. Boilers, 689 

Armitage, B.S. Jacquards of Looms, 400 

Atkinson, J. Internal Combustion Engines, 89 

Atkinson, J. Self-Starting Apparatus for Gas, 
&c., Engines, 122 

Atkinson, L. B. Electric Percussive Tools, 917 

Aveling, T. L. Scrapers for Road Roller, &c., 
Wheels, 400 

Ayer, G. A. Carding Engines, 430 


Backhouse, J. Ploughs, 662 

Bacon, F. H., and Donkin, E. B. Boring Ma- 
chines, 661 

Bagge, E. Furnaces for Steam Boilers, 121 

Bagley, W. Feeding Coal to Gas Producers, 30 

Baker, W. Signalling on Railways, 825 

Baker, W. Y., and White, L. Horizontal Tubular 
Boiler, 887 

Barbour, J. Cutting Key Seats in the Bosses of 
Screws in Steamers, &c., 856 

Barnes, E. Rotary Pumps, &c., 90 

Barnwell, 8. Small Ware Looms, 430 

Barr, J. Float Valves, 826 


Barr, J. Regenerative Furnace Gas Valves, 180 
Barr, J. Valves for Reducing Water Pressure, 
888 . 


Barry, H. A.L. Drill Brace, 334 

Bartholomew, A. W.,and Freeman, J. T. Stocks 
and Dies, 30 

Basch, A. J., and Morth, F. Boiler Flues, 301 

Battin, L. B. Water Tube Boilers, 429 

Bauer, C. Vice, 122 

Baum, F. Separating Ores, &c., 887 

Beardsley, F. W. Gas-Making Machines, 62 

Beaudry, A. Power Hammers, 237 

Bedford, A. L., and Walker, W. J. Compressed 
Air Motor, 826 

Behrend, E. G., and another. 
and Vapour Engines, 29 

Belcher, T. Furnaces of Steam Boilers, 333 

Bell, T., and Richardson, J. Semi- Portable 
Petroleum Engines, 855 

Benbow, H. Tubular Boilers, 29 

Benton, C. H. High-Speed Engine, 917 

Berle, C. Turning Tool, 333 

Bex, F. Guns, &c., 661 

Bieulac, J. S., and another, Rotary Engines, 917 

Biggs, E. J., and Zohrab, T. Signalling on 
Railways, 855 

Bilbaut, P. Gas, &c., Engines, 399 

Binney, C. R., and Stuart, H. A. Hydro-Carbon 
Engines, 302 

Bjorling, P. R. Valve Gear for Pumps, 333 

Black, C. C. Steam Generator Furnaces, 917 

Blackburn, A. B. Electric Switches, 61 

Blackett, W. C. Rotary Tipplers for Discharging 
Coals, &c., 760 

ee sea aide T. Double-Acting Sluice Valves, 

22 


Blechynden, A. Valves of Steam Engines, 121 


Combined Steam 


Bodley, H. E., and Farnum, W. C. 
Apparatus for Engines, 207 

Borghese, C. Automatic Safety Signalling, 461 

Boulet, A. Plough, 825 

Bovy, L. C. Ice Breakers for Tugs, &c., 462 

Bowley, J. W. Freezing Liquids, 152 

Boyd, A. Rotary Motive Power Engines, 365 

Bracewell, W. Supplying Jets of Steam to Fur- 
naces of Boilers, 855 

Braddock, J., and Hawkyard, J. Supplying Gas, 
&c., on Prepayment, 760 

Bradley, H. W., and Crossley, F. W. 
Engines, 237 

Brebner, A., and Dion, C. Preventing Over- 
heating of Shafts in Bearings, 122 

Brewer, H. Metallic Packing, 151 

Bridge, J. A. and A., and Stott, J. H. 
Motion for Looms, 430 

Brooke, R. G. Injectors, 723 

Brooke, R. G. Locomotive Boiler Feeding, 207 

Brown, A. F. G. Rotary Engines, 792 

Brown, A. G. Bearings for Shafts, 661 

Brown, H. Loading Coke from the Ovens, 238 

Buchanan, J. Charging Furnaces with Metal, 
825 

Buchanan, J., and McKinnell, R. 
Steam, &c., Engines, 399 

Buck, W. G. Engine Starting Gear, 856 

Buckley, J. W., and Sutton, J. Steam Genera- 
tors, &e., Furnaces, 151 

Burden, J. Pressure Gauges, 207 

Burrows, T., and Donisthorpe, G. E. Breaking, 
&c., Flax and Rhea, 208 

Burrows, T., and Donisthorpe, G. E. Treating 
Flax, &c., 238 

Burt, P. Gas, &c., Engines, 121 

Burt Electric Block Signal System and Car 
Coupler Company. Car Couplings, 689 

Burton, C. W. Rock Drills, 661 

Byrne, F. F. Friction Clutches and Couplings, 
631 

Capell, G. M. Vibrating Fluid Pressure Engines, 
&e., 365 

Capper, G., and others. 
Piston Rods, &c., 917 

Carrick, H. H. Valve Gear, 759 

Carter, J. E. Nut-Tapping Machines, 631 

Carter, J. A. and G., and others. Audible Rail- 
way Signalling Apparatus, 269 

Cawley, G. Steam Boilers, 759 

Chagniat, L. E., and another. Consuming Smoke 
in Furnaces, &c., 89 

Challis, C. E. Electric Switches, 855 

Channel Bridge and Railway Company.  Facili- 
tating Erection of Structures in Deep Waters, 
208 

Chapman, A. Driving Machines by Electromo- 
tive Power, 631 

Chapman, G., and Finlayson, J. MacL. Screw 
Propellers, 334 

Charleton, R. J., and Walker, H. Boring and 
Cutting Coal, &c., 791 

Charleton, R. J., and Walker, H. Controlling 
Electric Currents in Mines, 207 

Checketts, W. G. Marine Evaporators and Con- 
densers, 121 

Cherry 8. Extracting Air from Boiler Feed 
Water, 333 

Christensen, J. Ships’ Rudders, 399 

Christison, A., and Davis, E. L. Signalling on 
Railways, 366 

Clarke, C. Lubricating Bearings, 855 

Clegg, R., and Holt, J. Self-Acting Mules and 
Turners, 825 

Coates, V., and Co., and V. H. Riveting Ma- 
chines, 631 

Cochrane, J., and Walker, W. Engines, 365 

Colam, W. N. Car Couplings, 90 

Coles, H. J. Steam Engines, 121 

Collman, A. Multiple Cylinder Engines, 61 

Colonies, A. Stopping Flow of Water into a 
Vessel with Fractured Hull, 918 

Compagnie Frangaise de Métaux. 
Ribbed Metal Tubes, 238 

Cooke, W. Automatic Steam Governor for Con- 
trolling Winches, 759 

Cottrell, C. B. Printing Machines, 632 

Coward, H., and McNay, W. L. Producing Cur- 
rents in Air, &c., 400 

Cowens, C. R. Calcination of Limestones, &c., 
366 

Cowles, A. A. Annealing Furnaces, 399 

Crockford, A. H. Steam Generators, 631 

Crossley, F. W., and Bradley, H. W. Gas, &c., 
Engines, 237 

Crowther, E. and W. H. Carding Engines, 888 

Culpin, T., and Griffin, H. R. Controlling the 
Rakes of Reaping Machines, 662 


Indicating 


Gas, &c., 


Stop 


Indicators for 


Metallic Packing for 


Internally 


Dale, T. Printing Floorcloth, 918 

Dales, J. H. Steam, &c., Engines, 333 

Davey, H. Triple-Expansion Engines, 89 

Davies, C. M. Drilling, &c., Machinery, 689 

Davies, W. H. Stopping Ships, &c., 888 

Davis, E. L., and Christison, A. Signalling on 
Railways, 366 

Davison, A. J., and Jobling, J. C. Boiler Flues, 
792 

Daw, A. W. and Z. W. Rock Drill Stands, 90 

Dean, T. E. Electric Railway Signalling, 825 

Desgoffe, A., and Di Gorgio, L, A. Rotary Fans, 
&c., 302 

Dick, F. W. Crane Blocks for Suspending Dogs 
or Grabs, 826 

Dill, T. C, Spinning Mules, 632 

Dion, C.,and Brebner, A. Preventing the Over- 
heating of Shafts in Bearings, 122 

Dodge Manufacturing Co. Journal Boxes, 399 

Doggett, E., and Hutton, J. Millstones, 208 

Doig, W. S. Box-Nailing Machines, 826 

Donisthorpe, G. E., and Burrows, T. Breaking, 
&c., Flax and Rhea, 208 

Donisthorpe, G. E., and Burrows, T. Treating 
Flax, &., 238 

Donkin, E. B., and Bacon, F. H. 
Machines, 661 

Douglas, W. B. Spindle Bearing for Spinning 
Machinery, 855 

Douglas, §., and Nicholls, H. W. 
ing for Piston Rods, &c., 29 

Douglas, 8., and Nicholls, H. W. Rotary Engines, 
333 


Boring 


Metallic Pack- 


Doyen, J., and Marga, U. Railway Brakes, 179 
Drake, J. A., and others. Hydro-Carbon Motors, 
917 


Drake, A. J. and J, A., and Weyman, J. E. Gas, 
&c., Motors, 237 
Draper, T. B., and others, Paper Pulp Digesters, 


632 
Drucbert, A. and N. Lubricating Machinery, 237 
Dubose, E. Screw-Cutting Machinery, 179 
Durie, J., and Sennett, A. R. Jigging Machines, 
461 
Durie, J., and Sennett, A. R. Production and 
Supply of Steam and Gases, &c., 461 
Dutton, S. T. Railway Signal Levers, 462 
Dykes, A. H., and Grimston, G. S. Electrical 
Steering Gear, 461 


Eastwood, W. H. 
&c., Engines, 237 

Eckstein, W. Sheet Metal Lathing, &c., 888 

Eddleston, T. Pumps, 400 

Edmunds, H. Electric Circuits, 333 

Edwards, R., and Hornsby, W. Engines, 661 

Edwards, R., and Hornsby, W. Governors for 
Engines, &c., 61 

Edwards, A. and R. J., and Lane, W. R. Cutting 
Tubes, &c., into Lengths, 179 

Erichsen, P. Regulating Valves for Water Inlets 
238 


Metallic Packing for Steam 


Fairbanks, H. Paper-Making Machines, 690 

Farnum, W. C., and Bodley, H. E. Indicating 
Apparatus for Engines, 207 - 

Faure, C. A. Electrolytical Decomposition of 
Alkaline Chlorides, 90 

Ferguson, P., and Fleming, W. Y. 

Ferguson, W. E. 
887 

Ferro, P. Hauling Ships in Docks, 30 

Finlayson, J. McL., and Chapman, G. 
Propellers, 334 

Fleming, W. Y., and Ferguson, P. Boilers, 429 

Fletcher, J. A. and S. Furnaces, 661 

Foerster, H. and K., and Rosing, B. Extraction 
of Lead, 179 

Fogg, C. F. Air Compressors, 826 

Forbes, Sir C. 8. Telephone, 207 

Forney, M. N. Counterbalance and Guide for 
Reciprocating Mechanism, 461 

Foulstone, W. Preserving the Centre of Line in 
Sinking Shafts, 461 

Fowler, W. H. Compound Valve, 121 

Fowler, W. H. Steam Traps, 151 

Fraser, J. Friction Clutches, 365 

Fraser, J. Smoke Testing of Drains, &c., 888 

Fraser, P. Making Spiral Springs, 208 

Freeman, J. T., and Bartholomew, A. W. Stocks 
and Dies, 30 

Friedmann, A. Injectors, 365 

Funk, C. E., and Kirsch-King, A. W. 
for Uniting Metal Parts of Machines, 723 


ng, V Boilers, 429 
Illuminating Railway Lines, 


Screw 


Joints 


Gas Motoren Fabrik Deutz. Gas, &c., Engines, 61 

Geipel, W., and Raworth, J. S. . Distribution of 
Electricity, 631 

Giraud, B. T. Railway Signals, 429 

Gold, E. H. Steam Traps, 792 

Golding, H. F. Vacuum Brake, 62 

Gorgio, L. A. di, and Desgoffe, A. 
&c., 302 

Grafton, H. Reversible Screw Propellers, 302 

Gray, C. H. Pumps, 179 

Gray, J. Gas, 856 

Green, C. Valve Gear, 760 

Grenfell, H. H. Apparatus for Ordnance, 237 

Griffen, H. R., and Culpin, T. Controlling the 
Rakes of Reaping Machines, 662 

Griffith, G. and E. Railway Rolling Stock, 151 

Griffiths, W., and Woodgate, H. F. Magazine 
Rifles, 61 

Griffiths, W. B., and Woodley, J. 
and Gas, 302 

Grimes, W., and Wakefield, C. C. Lubricators, 
759 


Rotary Fans 


Pumping Air 


Grimston, G. 8., and Dykes, A. H. Electrical 
Steering Gear, 461 

Gross, A. Preventing the Creeping of Rails on 
Railway Tracks, 90 

Guttin, A. O. Feeding Wire in Nail-Making 
Machinery, 152 

Gwinnett, W. Driving Chains, 179 


Hamilton, J. H. Gas Motor Engines, 207 

Hansen-Goos, H. N. Valves, 662 

Harcourt, G. J., and Shaw, E. Clutches, 89 

Harris, A. Drying and Heating Minerals, 180 

Harris, A. Tubes and Apparatus for Igniting 
Gas, &c., Engines, 269 

Harrison, J. Haymakers, 270 

Hawkyard, J., and Braddock, J. 
&e., on Prepayment, 760 

Haydon, J. R. Submarine Boat, 826 

Hayes, J., and others. Audible Railway Signal- 
ling Apparatus, 269 

Haythorn, J., and Stuart, J. Clip Pulleys, 461 

Haywood, W., and Ingham, 8. Setting over Saw 
Teeth, 152 

Hemming, T. L. 


Supplying Gas, 


Dynamos, 208 


Hesse, P. Water-Tube Boilers, 399 
Hett, C. L. Percussion Turbines, 826 
Hewitt, B. Shells, Vessels, &c., 826 


Hibbard, H. D. Casting Pig Iron, 723 

Hickman, J. D. Telegraphic and Telephonic 
Communication between Signal Boxes and 
Trains, 29 

Higgins, W. C. Steam Generators, 661 

Higginson, J. Compensators for Railway Signals, 
917 

Higginson, J. Gas Engines, 122 

Hill, J., and others. Metallic Packing for Piston 
Rods, &c., 917 

Hitchcock, G., and others, Hydro-Carbon Motors, 
917 

Hitchon, A. Carding Engines, 180 

Hitchon, A. Driving Apparatus to the Revolv- 
ing Flats of Carding Engines, 270 

Hoe, R., and Co. Printing Machines, 760 

Hollick, T. D. and F, W. Cranes, 334 

Holms, A. C. Road Dust Collector, 917 

Holmes, J. H. Steam, &c., Engines, 333 

Holmstrom, C., and Acland, F. E. D, Quick- 
Firing Guns, 759 
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Holt, C. A. Centrifugal Separators, 760 

Holt. J., and Clegg, R. Self-Acting Mules and 
Twiners, 825 : 

Holt, 8. F., and Appleton, E. and A. Cylinder 
Drying Machines, 180 

Holzle, F. X. Rotary Letterpress Printing Ma- 
chine, 724 

Hopkin, H. L., and others. Turning Lathe, 887 

Hopkinson, J. E. Indiarubber Buffer Springs, 
334 

Horn, A. Steam Pressure Reducing Valves, 151 

Hornsby, W., and Edwards, R. Engines, 661 

Hornsby, W., and Edwards, R. Governors for 
Engines, &c., 61 

Hornsby. W., and Jones, E. Crushing Mills, 180 

Horsfall, W. Destroying Town Refuse, 90 

Hotchkiss and Co. Torpedoes, 791 

Howard, H. Electric Heating and Welding, 689 

Hullings, C. W. Boilers, 429 

Humphrey, T. Air Pressure Brakes, 270 

Humpidge, H. T. and J. D., and Snoxell, G. E. 
Gas Motor Engines, 207 

Hutchins, G. F. Looms, 662 

Hutton, J., and Doggett, E. Millstones, 208 


Ibbotson, A. B. Railway Buffers, 917 

Ingham, S., and Haywood, W. Setting over 
Saw Teeth, 152 

Inglis, T., Balancing the Forward Thrust of 
Propellers, 856 

Instone, A. J. Oil or Gas Engines, 122 


Janssens, L., and Meura, P. Refrigerator, 430 

Jastram, C. J. A. F. Reversing Gear for Pro- 
pellers, 430 

Jefferies, S. Brick Machinery, 888 

Jobling, J. C., and Davison, A. J. 
792 

Johnson, E. H., and Lundell, R. Dynamos, 461 

Johnson, E. H., and Lundell, R. Electric Motors, 
825 

Joicey, W. B. Consuming Smoke, 429 

Jones, E. Ore Concentrators, 89 

Jones, W. R. S, Central Buffers, 366 

Jones, E., and Hornsby, W. Crushing Mills, 180 

Jones, J., and Morrison, J. W. Mules for Spin- 
ning Yarn, 690 

Jones, N. M., and others. 
632 

Josephy, G. Air-Moistening, &c., 462 

Joyce, A. Submarine Explorations, 690 

Judge, J. W. Signalling and Stopping Trains, 
29 


Boiler Flues, 


Paper Pulp Digesters, 


Julien, M., and another. Rotary Engines, 917 
Just, J., and Burlat, J. Metal-Rolling, 238 


Kahl, J. H. A. Grinding Mills, 152 

Kames, J. Compressed Air Locomotives, 690 

Kapp, G. Registering Electric Supply 759 

Keats, A. Rotary Paring Cutters, 301 

Kellet, J. H. and G. Vertical Boilers, 301 

Kemp, J. Expansive Fluid Pressure Engines, 
207 

Kermode, J. J. Steering Gear for Ships, &c., 690 

Ketchum, 0. W. Gas Producers, 270 

Kirsch-King, A. W.,and another. Joints for 
Uniting Metal Parts of Machines, 723 

Klatte, E. Operating Railway Points, 151 

Klein, H. Divided Ships’ Boilers, 365 

Kohlert, C. Ploughs, 180 

Kohn, M. Windlasses, 302 

Koll, H. Brake for Cranes, 826 

Kossuth, L. T. de. Steam Engines, 917 


Lane, H. Valves of Reservoirs for Air, &c., 366 

Lane, W. R., and others. Cutting Tubes, Xc., 
into Lengths, 179 

Langensiepen, R. Gas, &c., Engines, 723 

Langer, Theodor. Consuming Smoke, 61 

Lateulade, G. Sugar Cane Mills, 888 

Laughlin, J. A. Hackling Machines for Flax, 400 

Laurent, V.C.J., and Scherding, E. Boilers, 
689 

Lauth, J. N. Metallurgical Furnaces, 90 

Laval, C. G. P. de. Producing Vacuum around 
Steam Turbines, 29 

Lébédeff, N. Extracting Metals from Ore, 917 

Ledward, T. Ejector Condensers, 856 

Lees, W. Consuming Smoke, 461 

Legrand, G. J. J., and Chagniat, L. E. Con- 
suming Smoke in Furnaces, Xc., 89 

Lengerke, R. E. von. Non-Rotative Pump, 180 

Lewis, J. Gas Valves for Blast Furnace Re- 
generative Stoves, &c., 399 

Lewis, J. A., and Ransome, J. E. 
tatoes, 918 

Lewis J. Metallic Packing, 887 

Lindemann, O. Injectors, 89 

Little, G. Elevators, &c., 400 

Livens, F. H  Thrashing Machine, 887 

Lloyd, E. W., and Stuart, G. Primer for Breech- 
loading Guns, 151 

Loewe, Ludwig, and Co. Milling Machines, 661 

Lomax, W. J. and C. J. Refuse Furnace and 
Gas-Making Apparatus, 30 

Loudon, G. F., and others, 


Digging Po- 


Turning Lathe, 887 


Loughry, P. Regulating the Feed of Grain to 
Roller, &c., Mills, 888 

Lowe, W. O. A., and Taylor, G. H. 
&c., Boiler, 887 

Lucht, C. C, L. Mills for Coarse Grinding, 80 

Luhrig, C. Driving Gear for Tramway Vehicles 
Propelled by Motor Engines, 462 

Luhrig, C. Tramway Vehicles Driven by Motor 
Engines, 238 

Lundell, R., and Johnson, E. H. Dynamos, 461 

Lundell, R., and Johnson, E. H. Electric 
Motors, 825 


Locomotive, 


McDougall, I. S. Furnaces for Burning Ores 
with Sulphur and Sulphur Compounds, 29 _ 
McFarlane, J., and Munro, J. M. M. Electric 
Switches, 791 

McKinnell, R., and Buchanan, J. 
Steam, &c., Engines, 399 

McNay, W. L., and Coward, H. Producing Cur- 
rents in Air, &c., 400 

McNeil, J., and Aitken, H. W. Sugar Cane 

- Mills, 825 

Makin, E. Smoke-Consuming Apparatus, 237 

Manton, F.S. Crank Windlasses, 238 

Marga, U., and Doyen, J. Railway Brake, 179 

Marks, R. G. Locking Railway Signals, 152 

Marsden, T. Preventing Railway Collisions, 179 

Marsh, W. Centrifugal Pumps, 302 

Marshall, J. T., and Wigram, R. 
Steam Engines, 792 

Mather, W., and Thorp, T. Friction Clutch 
Pulley, 61 

Mauser, P. Bolt Guns, 661 

Maxim, H. 8. Indicating the Flow of Fluid, 887 

Maycock, J. W. Train-Signalling Apparatus, 62 

Meilhan, A. Slide Valves, &c., 301 

Meura, P., and Janssens, L. Refrigerator, 430 

Moore, J. G. Distributing the Motive Force and 
Reversing Fluid Pressure Engines, 61 

Morgan, T. R., J. R., T. R., and W. H. Mount- 
ing Ordnance, 237 

Morison, W. C. Street-Cleaning Machines, 334 

Morrison, J. W., and Jones, J. Mules for Spin- 
ning Yarn, 690 

Morth, F., and Basch, A. J. Boiler Flues, 301 

Munro, J. M. M, and McFarlane, J. Electric 
Switches, 791 

Musgrave, J. V. 
Machines, 918 


Indicators for 


Governors of 


Burring Apparatus for Carding 


Naudin, J. C. Helical Springs, 180 

Naylor, E. W. Cranes, 662, 724 

Naylor, W. Lubricators, 269 

Newsome, E. L. Manufacturing Aerated Waters, 
208 

Newton, C. Ourtis, and others, 
Digesters, 632 

Nicholls, H. W., and Douglas, 8S. 
ing for Piston-Rods, &c., 29 

Nicholls, H. W., and Douglas, 8. 
gines, 333 

Nicholson, J., and Priestman. Propellers, 366 

Noble, O. le G. Lathes, &c., 429 

Normandy, A. and F, Distiller, 631 

Normanville, W. de. Sprinklers for Irrigation 
Purposes, 400 

Norris, W., and Richardson, J. 
gines, 179 

Nutter, T. and W. Boring and Drilling Appa- 
ratus, 29 


Paper Pulp 
Metallic Pack- 


Rotary En- 


Gas, &c., En- 


Oakman, R. N. Gas Furnaces, 30 
Osborne, C. F. Floating Vessels, 690 
Owen, E. T. Gas, &c., Engines, 689 


Paddison, W. F. Try Guns, 429 

Partington, J. Steam Boilers, 825 

Paul, J. A. and W.C. Thrust Blocks for Shafts, 
791 

Paulus, E. Potato-Digging Machines, 826 

Peacock, J. R. Applying the Tension to Semi- 
Divided Nuts, 887 

Pearn, F. and S., and Addyman, T. Pumps, 855 

Perkins, J. Potato Ploughs, 918 

Picard, E. N. A., and Taniere, J. A. Electro- 
Deposition of Metals, 89 

Pickering, A. E. Self-Sustaining Hoists, &c., 302 

Pielock, E. Steam Generators, 689 

Pierce, P. Seed Drill, 270 

Pinkney, C. W. Gas Engines, 269 

Preece, W. H. Submarine Telegraph Cables, 917 

Prentice, J. and A. Engine Governors, 269 

Price, J., and Arkill, J. Boilers, 689 

Priestman, W. D. and §., and Nicholson, J. 
Screw Propellers, 366 

Prudan, W. T., and Werner, W. Motor, 462 

Puplett, S., and Rigg, J. L. Icemaking and 
Refrigerating Apparatus, 888 


Radovanovic, A. Gun Carriages, 302 

Rankine, D. A. Filtering Water, 760 

Ransome, A. Band-Sawing Machines, 301 

Ransome, J. E.,and Lewis. Digging Potatoes, 918 

Raworth, J. S. Automatic Expansion Gear for 
Steam Engines, 791 


Raworth, J. S., and Geipel, W. Distribution of 
Electricity, 631 

Rawson, W. 8., and others. 
Machines, 269 

Rechniewski, W. C. Dynamos, 855 

Rees, J. P. Electric Safety Lamp, 365 

Reilly, E. M. Cartridges, 631 

Reinold, E. Sluice Gates, 270 

Rhodes, J. R. Promoting Circulation in Steam, 
&c., Generators, 301 

Richards, C. Steam, &c., Valves, 461 

Richards, G. Shaft Brackets, &c., 301 

Richardson, R. Direct-Acting Pumps, 399 

Richardson, J., and Bell, T. Semi-Portable 
Petroleum Engines, 855 

Richardson, J., and Norris, W. 
gines, 179 

Richter, F. Threshing Machines, 662 

Riddick, J. Railway Switches, 269 

Rigg, J. L., and Puplett, S. Icemaking and 
Refrigerating Machines, 888 

Robert, J., and others. Metallic Packing for 
Piston-Rods, 917 

Robertson, A., and others. Turning Lathe, 887 

Robertson, R. 8. Car Couplers, 62 

Robinson, T. N. Self- Acting Crosscut Saw 
Benches, 238 

Robinson, H., and Stanley, C. 
Railway Switches, 723 

Rock, T. D. Gas Generators, 632 

Rooper, W. O., and Tozer, H. G. Rock Drills, 
661 , 

Rosing, B., and Foerster, H. and K. Extraction 
of Lead, 179 

Ross, A., and Wharmby, T. Railway Signals, 366 

Ruble, M. R. Consuming Smoke, 723 

Ruscoe, J. Charging Gas Retorts, 30 

Rysselberghe, F. van. Hydraulic, &c., Motors, 
918 


Electrically Driven 


Gas, &c., En- 


Controlling 


Salmon, H. Treating Smoke and Fumes, 399 

Sant, E. W. Self-Sustaining Machinery for Lift- 
ing and Lowering Weights, 632 

Sauer, R. and F. Small Arms, 723 

Scherding, E., and Laurent, V.C. J. Boilers, 689 

Schlund, H. A. Hydraulic Presses, 918 

Schneider, J. Rock-Drilling Machines, 208 

Scholefield, F. Nozzle for Water, &c., 334 

Schomburg, H. Furnaces, 689 

Schubert, H. Axle Box, 724 

Schwade, O. Valves, 792 

Schwarz, R. G. Gas Engines, 207 

Scott, J. Boiler Water Gauge Fittings, 269 

Scott, F. W., E. G., and F. W. Evaporating 
Apparatus, 791 

se B., and Tyler, W. L. Electric Elevators, 

Sennett, A. R., and Durie, J. Jigging Machines, 
461 

Sennett, A. R., and Durie, J. Production and 
Supply of Steam and Gases, &c., 461 

Shackleton, G. H., and Titley, J. Oiler for 
Cranks, &c., 152 

Shaw, E., and Harcourt, G. J. Clutches, &c., 89 

Shaw, R. Dyeing Fibrous Materials, 918 

Shepard, A. L. Electric Switches, 122 

Shiels, A. Couplings for Electric Wires, 759, 791 

Shill, R. E. Grinding Mills for Reducing Ores, 
&e., 269 

Skinner, H. Pumps and Blowers, 918 

Slater, W. and T. Rotary Engine, 89 

Smalley, J., and Tweedale. Insuring Differential 
Motion on Slubbing and Roving Frames, 238 

Smallman, J. W. Haulage Clips, 760 

Smith, W. Boiler, &c., Furnaces, 689 

Snell, C. S., and others. Electrically Driven 
Machines, 269 

Snell, C. S.,and Woodhouse and Rawson United, 
Limited. Drop-Feed Lubricators, 690 

Snoxell, G. E., and Humpidge, H. T. and J. D. 
Gas Motor Engines, 207 

Société Anonyme des Acieries de Longwy. Roll- 
ing Metal, 724 

Soldenhoff, R. de. 
690 

Spence, W. L. Bearings for Shafts, 301 

Spencer, J. Pipe Joints, 152 

Spiel, J. Liquid Hydro-Carbon Engines, 237 

Spofford, G. Sawing Metal, 365 

Stanley, C., and Robinson, H. Controlling Rail- 
way Switches, 723 

Stauss, C. W. Smoke Consuming, 301 

Steven, J. A. Hydraulic Hoists, 400 

Steven, J. A. Packing Pistons for Hoists, 792 

Stott, J. H., and Bridge, J. A. and A. Stop 
Motion for Looms, 430 

Stuart, G., and Lloyd, E.W. Primer for Breech- 
loading Guns, 151 

Stuart, H. A., and Binney, C. R. Hydro-Carbon 
Engines, 302 

Stuart, J., and Haythorn, J. Clip Pulleys, 461 

Stuart, J. T., and others. Turning Lathe, 887 

Sutton, J., and Buckley, J. W. Steam Gene- 
rators, &c., Furnaces, 151 


Delivering Coke into Trucks, 


Taniere, J. A., and Picard, E. N. A. Electro- 
Deposition of Metals, 89 


Taylor, A. Apparatus for Dressing Stone, 400 

Taylor, F. D. Stopping Engines, 856 

Taylor, G. H., and Lowe, W. O. A. Locomotive, 
&c., Boilers, 887 

Taylor, W. F. Electricity Meters, 791 

Telschow, R. Drilling and Percussive Hand 
Tools, 333 ‘ 

Temperley, J. Loading and Unloading Vessels, 
825 

Thacker, W. A. Dumping Wagons, 430 

Thom, J. Compound Steam Engines, 856 

Thomas, J. Automatic Feed-Water Regulators 
for Boilers, 792 

Thomas, J. P. Dynamo, 723 

Thompson, B. T. L., and Wallace, J. S. Small 
Arms, 151 

Thompson, A. M., and Webb, F. W. Controlling 
the Trattic on Single Line Railways, 759 

Thorp T., and Mather, W. Friction Clutch 
Pulley, 61 

Thronsen, H. Quick-Firing Ordnance, 365 

Titley, J., and Shackleton, G. H. Oiler for 
Cranks, &c., 152 

Todd, L. J. Mid-Cylinder Exhaust Steam En- 
gines, 237 

Tozer, H. G., and Rooper, W. O. Rock Drills, 661 

Trier, F. Stone-Dressing Machines, 430 

Tweedale, E. and S., and Smalley, J. Insuring 
Differential Motion on Slubbing and Roving 
Frames, 238 

Tyler, W. L., and See, A. B. Electric Elevators, 
208 

Tyler, A. H., and Vesian, J. S. E. de. 
pressors and Exhausters, 462 

Tyre, E, Insuring Safety on Single Lines of 
Railway, 151 


Air Com- 


Uren, R. Elevators, 723 


Valentiner, F. Concentrated Nitric Acid, 29 

Vasey, G. P. Governing Steam Engines, 333 

Vesian, J. 8. E. de, and Tyler, A. H. Air Com- 
pressors and Exhausters, 462 


Waddington, B. 
Vehicles, 632 
Wakefield, C. C., and Grimes, W. Lubricators, 
759 ' 

Walker, W. J., and Bedford, A. L. Compressed 
Air Motor, 826 

Walker, H., and Charleton, R. J. Boring and 
Cutting Coal, &c., 791 

Walker, H., and Charleton, R. J. Controlling 
Electric Currents in Mines, 207 

Walker, W. and Cochrane, J. Motive Power 
Engines, 365 

Wallace, J. S., and Thompson, B. T. L. Small 
Arms, 151 

Walter, H. Automatic Hydrant Valve, 302 

Ward, T. H. Regulating Valves, 662: 

Watson, W. P. Manufacturing Gas, 430 

Webb, F. W., and Thompson, A. M. Controlling 
the Traffic on Single Line Railways, 759 

Wellhausen, F. W. Plough, 270 

Werner, W., and Prudan, W. T. Motor, 462 

Wesselmann, B. Lathe, &c., Chucks, 302 

Weyman, J. E., and Drake, A. J. and J. A. Gas, 
&e., Motors, 237 

Weyman, J. E., 
Motors, 917 

Wharmby, T.,and Ross, A. Railway Signals, 366 

White, L., and Baker, W. T. Horizontal Tubular 
Boiler, 887 

Wigram, R., and Marshall, J. T. Governors of 
Steam Engines, 792 

Wild, J. Manufacture of Steel, &c., Balls, 334 

Wilkie, T. J. Wood Planing and Moulding 
Machines, 366 

Wilson, W. H. Illuminating Gas, 122 

Winn, G. W:; Coal Heading, &c., Machines, 429 

Winton, P. Jacks for Road Vehicles, 334 

Wood. E. J. Pressure Reducing Valve and 
Purp Governors, 724 > 

Woodgate, H. F., and Griffiths, W. Magazine 
Rifles, 61 

Woodhouse and Rawson and others, Electrically 
Driven Machines, 269 

Woodhouse and Rawson United, Limited, and 
Snell, C. S. Drop Feed Lubricators, 690 

Woodley, J., and Griffiths, W. B. Pumping Air 
and Gas, 302 

Wotherspoon, J. Winches, 632 

Wright, J. Surface Heating Apparatus for 
Water, &c., 89 

Wright, H. and J. J. Manufacture of Glazed 
and Rolled Papers or Pressing Boards, 462 

Wright, R. and W. H., and Allen, R. W. Triple- 
Expansion Engines, 121 


Applying Loads on Road 


and others. Hydro-Carbon 


Yarrow, A. F, Reducing Vibration in Marine 
Engines, 207 


Zerener, M. B. Centrifugal Ore Separators, 334 

Zimmermann, F. 0. C., and Behrend, E. G., 
Combined Steam and Vapour Engine, 29 

Zohrab, T., and Biggs, E. J. Signalling on Rail- 
ways, 855 
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IN D E X.—ApvEnrtTIsErRsS’ CLassIFIED DrIREcTorRY. 


Tix 


CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENTS IN “ ENGINEERING.” 


HIS Directory is intended to meet the requirements of those who may 


wish to ascertain at a 


glance the names of makers of any 


article advertised in ENGINEERING ; for detailed particulars, the advertisements of the Firms indicated in this list may readily be found on 


reference to the alphabetical index of names published every week on page 5 of our advertisements. 


If the advertisement sought for should not 


be found in the Number of ENGINEERING in which search is first made, it will probably be in the Number immediately preceding or following, 
many advertisements being inserted every other week only, whilst some few appear at longer intervals. 

Copies of this DIRECTORY, in a compact book form, are regularly sent to the PRINCIPAL HOME AND FOREIGN MERCHANTS, as well as 
to AGENTS and SHIPPERS OF MACHINERY in this country and abroad ; also to the BRITISH CONSULS ABROAD, and to the Heads of Departments of 
FOREIGN AND COLONIAL RAILWAYS. 
complete List of the Telegraphic Addresses of Advertisers in ENGINEERING, together with a Key to the same. 

More thn 5BO,OOO Copies of this Directory are distributed gratuitously every year to all parts of the World. 


Agricultural Machinery. 


Clayton & Shuttleworth.. 
Davey, Paxman & Co. .. 
Foster, W., & Co., Ltd. .. an 
Fowler, J., & Co. (Leeds), Ltd... 
Garrett, R., & Sons or 
Hornsby & Sons, Ltd. .. 
Marshall, Sons & Co., Ltd. 
Ransomes, Sims & Jefferies, Ld. 
Robey & Co... 

Ruston, Proctor & ‘Co., Ltd. 


Air Compressors. 
Adamson, Daniel, & Co... ai 
Anderston Foundry Co., Ltd. .. 
Bailey, W. H., & Co., Ltd. 
Belliss, G. E., & Co. 
Brotherhood, P. .. 
Carrick & Wardale Ay 
Gave, Ha Be & Co... 
Coles, H. J. 
Grange Iron’ Company, Ltd. 
Hathorn, Davey & Uo. .. 
Hughes & Lancaster A 
K6rting Brothers . 5 
teres Engineering & Hydraulic 
Os + a 
St. George's Tronworks, Ltd. 
Schram, Richard, & Co. . 


Scott, Geo., & Son.. a 
Thwaites Brothers, Ltd.. 

Walker Brothers .. me 
Westinghouse Brake Co., ‘Ltd. 
Wilson, Alex., & Co., Ltd, 


Alloys.—(See Metals, &c.) 


Aluminium. 
Merton, Henry R., & Co. oa 


Lincoln 

Colchester 

Lincoln 

Leeds 

Leiston Works, Suffolk 
Grantham 
Gainsborough 

Ipswich 

Lincoln 

Lincoln 


Dukinfield, near Manchester 

Glasgow and Middlesbrough 

AlbionWks. Salford, Manchest'r 

Ledsam St. Works, Birmingham 

Belvedere Road, 8.E. 

Gateshead-on-Tyne 

Harrow Road, W. 

Sumner Street, 8.E. 

Durham ~ 

Leeds [minster, 5. W. 

16, Great George Street, West- 

86, Queen Street, E.C. 

Providence Works, Cross Stam- 
ford Street, Leeds 

Manchester 

17, Great George Street, West- 
minster, 8.W. 

44, Christian Street, E. 

Bradford 

Pagefield Ironworks, Wigan 

York Road, King’s Cross, N. 

Vauxhall Ironworks, Wands- 
worth Road, 8.W. 


2, Metal Exchange Buildings, 
Leadenhall Avenue, E.C. 


Ammunition Manufacturers. 


Grenfell & Accles, Ltd. . 


Anchors. 
Abbot, John, & Co,, Ltd. 
Spencer, John, & Sons, Ltd. 


Steel Co. of Scotland, Ltd., The 
Wright, Joseph, & Co. . Ere 


Arbitrators. 
Kirk, W., Price & Goulty ee 


Armour Plates. 


Vickers, Sons & Co., Ltd. Pe 
Whitworth, Sir Joseph, & Co., Ld. 


Perry Barr, Birmingham 


Park Works, Gateshead-on-Tyne 

Newburn Steel Works, New- 
eastle-on-Tyne 

23, Royal Exchange Square, 

Tipton [Glasgow 


49, Queen Victoria Street, E.C. ; 
and Albert Square, M’chester 


Sheffield 
Openshaw, Manchester 


Asbestos Goods, Fittings, &c. 


Asbestos Co., Ltd. (Bell’s) Re 
Asbestos Co., Ltd. (The United) 
Turner Brothers ., oo 


59}, Southwark Street, S.E. 
Dock House, Billiter St., E.C. 
Spotland, Rochdale 


Auctioneers (Enginering). 


Kirk, W., Price & Goulty oe 


Axles. 
Baker, John, & Co. se 


Brown, Bayley's Steel Works, Ld. 
Firth, Thos., & Sons, Ltd, 


Ball Bearings. 
Auto Machinery Co., Ltd, 


Bars (Steel and Iron). 
Abbot, John, & Co., Ltd, 
Beardmore, William, & Co. 
Bessemer, Henry, &Co., Ltd. .. 
Brown, Bayley’s Steel Works, Ld, 
Brymbo Steel Co., Ltd., The 
Colville, David, & Sons .. = 
Ebbw Vale Steel Iron & Coal 
Co., Ltd. Pr} 
Firth, Thos., & Sons ,Ltd. 
Jessop, W., & Sons, Ltd. 
Lanarkshire Steel Co., Ltd. 
Leeds Forge Co., Ltd. .. re 
Leeds Steel Works, Ltd., The .. 
Bhatia. Tron, Steel and Coal Co. 


Spencer, John, & Sons, Ltd, 


Steel Co. of Scotland, Ltd., The 
Weardale Iron & Coal ‘Co., Ltd. 


49, Queen Victoria Street, E.C.; 
and Albert Square, M’chester 


Brinsworth Iron and Wheel 
Works, Rotherham 

Sheffield 

Norfolk Works, Sheffield 


Read Street, Coventry 


Park Wks., Gateshead-on-Tyne 
Parkhead Ironworks, Glasgow 
Sheffield 

Sheffield 

Wrexham 

Motherwell, near Glasgow 


Mon., South Wales 

Sheffield 

Sheffield 

Motherwell, N.B. 

Leeds 

Leeds 

Stoke-on-Trent, & 122, Cannon 
Street, E.C 

Newburn Steel Works, New- 
castle-on-Tyne [Glasgow 

23, Royal Exchange Square, 

George Yard, Upper Thames 
Street, E.C. 


Belting (Leather, Canvas, &c.). 


Binney & fe (Linen) 
Dick, R. & 

Fleming, Birkby & Goodall; Ltd. 
Gandy's Belt Manfg. Co., Ltd.. 


Gehrckens, C. Otto * nf 


ey J.,&Co., Ltd... 
R., ae &T, Works Co., Ltd. 
Cae as 
Moseley, aes & Sons .. 
Norris, 8. E., & Co. 4 5 
Okes, J.C. ea. 
Patent Anhydrous Leather Co. 
Price's Patent Candle Co., Ltd. 
“Sale Son ee os 
TO! or ee ee 
Webb & Son a eh ae 
Willcox, W. H.,& Co, |: oe 


Belt Clamps, 
Dougall, W. 8 Ae 


Bleaching Machinery. 
Edmeston, A. &Sons ., 


Blowers.—/see Fans.) 


Catherine St., City Road, E.C. 

Greenhead, Glasgow 

West Grove Mill, Halifax 

Wheatland Works, Seacombe, 
Cheshire 

Grosse Backerstrasse 12, Ham- 
burg 

Carr z Hope Mills, Todmorden 

Silvertown, Essex 

Nottingham 

Ardwick, Manchester 

56, High Street, Shadwell, E. 

39, Queen Victoria Street, E.C. 

Portsmouth [chester 

Queen Street (Bradford), Man- 

8t.Ann's LeatherWks.,Glasgow 

Spotland, Rochdale 

Combs Tannery, Stowmarket 

34 & 36, Southwark St., 8.E. 


Radeliffe-on-Trent, Notts. 


Cannon Street Works, Salford 


They 


Boiler Composition. 
Crosbie, Adolphe, Ltd, .. 


Boiler Furnaces. 


Donkin, B., & Co., Ltd. .. ee 
Leeds Forge Co., Ltd. . 


may also be had gratis, on application to the publisher. 


Walsall Street Chemical Wks., 
Wolverhampton 


Southwark Park Rd., Bermond- 
Leeds [sey 


Boiler Insurance Companies. 


Boiler Insurance & Steam Power 
Co., Ltd., The 5 


Boiler Manholes. 


Galloways Limited On 
Leeds Forge Co., Ltd. .. 
MNeil, C., Jr... 

Piggott, Thos., & Co., Ltd, 


Boiler Mountings. 


Asbestos Co., Ltd. (Bell's) 
Bailey, G., Toms & Co. .. 
Bailey, W. H., & Co., Ltd. 
Clayton, H.. 
Crosby Steam Gage & Valve Co. 
Empire Co. . 
National Boiler & General In- 
surance Co., Ltd. ae 
Piggott. Thos. & Co., Ltd. 
Schiffer & Budenberg - 
Spencer, John, & Sons, Ltd. 


Storey, [., & Sons .. 
Treasure, J. B., & Co. 
Turnbull, Alex., & Co. 
Winn, Charles, & Co. 


Boilers (Petroleum). 
Green & Boulding.. 


Boilers (Steam). 


Abbot, John, & Co., Ltd. 

Abbott & Co, 

Adamson, Daniel, &Co.. 

Alley & Maclellan . 

Anderton, A., & Sons .. 

‘Ashmore, Benson, Pease&Co., Ltd. 

Babcock & Wilcox, Ltd. . 

Bellamy, John F as 

Belleville, J., & Co., 

Belliss, G. E., & Co. 

Bennie, J ohn c 

Bodley Brothers & Co. 

Bone, F. G. ee 

Bow, McLachlan & Co. ee 
Bowling Iron Co., Ltd., The 

Burnet, L., & Co. ., 

Burrell, C., & Sons, Ltd. 

Chaplin, ‘Alex., & Co, 

Cochran & Co. ate a 

Cox & Co. 

Davey, Paxman & Co. 

Dunsmuir & Jackson. 

Easton & Anderson, Ltd. 

Foster, W., & Co., Ltd. .. 

Fowler, J., & Co. (Leeds), Ltd. 

Fraser and Fraser. . oe . 

Galloways Limited A 

Garrett, R., & Sons, Ltd.” 

Globe Engineering Co., Ltd., The 
Grantham Crank and Iron eee - 
Ltd., The . ve a c 

Hall, T.& E,, “Ltd. “6 
Hanna, Donald & Wilson. . ; 
pay nor E R.& W., Leslie us Con oF 
Ltd. 
Hayes, Ed. 
Hill, T., & Sons ric) 
Hornsby, R., & Sons, Ltd. 
Isca Foundry & Engineering Co. 
Knap, Conrad, & Co. “ 
Leeds Forge Co., Ltd... oe 
Lumby, Son & Wood, Ltd. - 
McCulloch, Thos., Sons & Ken- 
nedy, Ltd... © . 
Manlove, Alliott & o., Ltd. 
Marshall, Sons & Co., Ltd. 
Napier Brothers, Ltd. e 
Nicholson, Alex., & Co, .. 
Norman, John 
Olrick, L., & Co. 
Partington & Co, 
Penman & Co. ' we 
Picking, Hopkins & Oo. .. 
Piggott, Thos., & Co., Ltd. 
Plenty & Son, Ltd. 
Ransomes, Sims & Jefferies, Lta. 
Robey & Co. 
Rose, Downs & Thompson 
Ross & Duncan... oe 
Rowan, David, & Son 
Russell, Geo., & Co. ne 
Ruston, Proctor & Co., Ltd, 
Schram, Richard, & Co. .. 


Shanks, Alexander, & Son 
Smedley Brothers . . 

Smith, A.& W.,&Co. ., 
Spurr, Inman & Co., Ltd. 


Tangyes Limited .. oc 
Tinker, Shenton & Co, 
Vosper & Co. oe 


Vulcan Iron Works Co. 
Walker Brothers .. AG “ 
Whitmore & Binyon .. ae 


Yarrow & Co, 
Yates & Thom 


Bolt Forcers. 
Tangyes Limited ., 


67, King Street, Manchester 


Manchester 

Leeds [gow 
Kinning Park Ironworks, Glas- 
Springhill, Birmingham 


59}, Southwark Street, S.E. 
‘7a, Laurence Pountney Hill, E.C. 
AlbionWks, Salford, Manchestr, 
115, Thornton Road, Bradford 
75, Queen Victoria Street, B.C. 
Empire Works, Manchester 


22, St.Ann s Square, Manchest'r 

Springhill, Birmingham 

1, Southgate, Manchester 

Newburn Steel Works, New- 
castle-on-Tyne 

Knott Mill, Manchester 

8, Vauxhall Road, Liverpool 

Bishopbriggs, Glasgow 

St. Thomas’ Wks., Birmingham 


21, Featherstone Street, E.C. 


Park Wks., Gateshead-on-Tyne 
Newark-on-Trent 

Dukinfield, near Manchester 
Sentinel Works, Glasgow 
Accrington 

Stockton-on-Tees 

21, Bothwell Street, Glasgow 
Millwall, E. 

a St. Denis (Seine), France 
Ledsam St. Works, Birmingham 
Star Engine Works, Moncur 
Exeter (Street, Glasgow 
Long Lane, Bermondsey 
Thistle Works, Paisley 
Bradford 

Govan, Glasgow 

Thetford 

Govan, Glasgow 

Birkenhead [Falmouth 
Falmouth Dock Iron Works, 
Colchester 

Govan Engine Works, Glasgow 
3, Whitehall Place, S.W. 
Lincoln 

Leeds 

Bromley-by-Bow, E. 
Manchester 

Leiston Works, Suffolk 

38, Victoria Bldgs., Manchest'r 


Grantham 
23, St. Swithin’s Lane, E.C. 
Paisley, N.B. 


Newcastle-on-Tyne 

Stony Stratford 

Heywood, near Manchester 

Grantham 

Newport, Mon. 

11, Queen Victoria Street, E.C, 

Leeds 

West Grove Boiler & SafeW orks, 
(Halifax 

Vulcan Works, Kilmarnock 

Nottingham 

Gainsborough 

100, Hyde Park Street, Glasgow 

Crown Point BoilerWks, Glsgow 

1314, St. Vincent St., Glasgow 

27. Leadenhall Street, E.C. 

Bradford, Yorkshire 

377, Dalmarnock Rd., Glasgow 

Bow, London, E. 

Springhill, Birmingham 


Eagle Ironworks, Newbury, 
Ipswich (Berks 
Lincoln 

Hull 

Glasgow 


Eliott Street, Glasgow 

Motherwell, near Glasgow 

Lincoln 

17a, Great George Street, West- 
minster, S.W. 

Dens Ironworks, Arbroath 

Belper 

Eglinton Engine Wks., Glasgow 

Calder Vale Boiler Works, 
Wakefield 

Cornwall Works, Birmingham 

Hyde, near Manchester 

Creek Wks., Lower Mall, Ham- 
mersmith, and Portsmouth 

Beccles, Suffolk 

Pagefield Ironworks, Wigan 

Wickham Market, and 64, 
Mark Lane, E.C. 

Poplar, E. 

Blackburn, Lancashire 


Cornwall Works, Birmingham 


Bolts, Rivets, Nuts, Screws, &c. 


Armstrong, Stevens & Son 
Bailey, G., Toms & Co. .. 
Bayliss, Jones & Bayliss . 
Clyde Rivet Works Co. .. <6 
Galloways Limited “ ts 
MacLellan, P. & W., Ltd. 
Miller, James, & Co. 


Birmingham 

7a, Laurence PountneyHill, E.C. 
Victoria Wks., Wolverhampton 
Glasgow 

Manchester 

Clutha Ironworks, Glasgow 
204, Stobcross Street, Glasgow 


| Bone Black. 


Palfreyman, W. H., & Co. 87, Piccadilly, Manchester 


Boring Tools. 


Easterbrook, Allcard & Co. Albert Works, Sheffield 


Brakes (Railway). 


Westinghouse Brake Co., Ltd... Canal Road, King’s Cross, N. 


Brass Founders and Brass Finishers. 


Abbot, John, & Co., Ltd. Park Wks., Gateshead-on-Tyne 
Asbestos Co., Ltd. (Bell’s) 59}, Southwark Street, S.E. 
Bailey, W. H., & Co., Ltd. .. AlbionWks,Salford, Manchest’r 
Baker Blower Engineering Co... Stanley Works, Sheffield 
Billington & Newton .. Longport, Staffordshire 


Bodley Brothers & Co. Exeter 
Bolton Engineering Co. .. Turton Street, Bolton | 
Broughton Copper Co., Ltd. Manchester 


Clayton, H. . 115, Thornton Road, Bradford 
Crosby Steam Gage & Valve Co. 75, Queen Victoria Street, E.C. 
Empire Co. . C Empire Works, Manchester 


Fisher, Samuel, & Co. 

Hunt & Mitton 

Hunter & English .. 

Osborne & Co, 

Picking, Hopkins « Co. 

Piggott, Thos., & Co., Ltd. ols 
Pulsometer EngineeringCo., Ltd. 
Rhodes, B., & Son. aie 7 
Schiffer & Budenberg ifs 

Scott, Ernest, & Mountains Ltd. 
Smith & Co. . 
Smith, Sydney, & Sons Oo 
Steven & Struthers 

Storey, I., & Sons .. 

Whitley Partners ., 


Nile St. Foundry, Birmingham 
Oozells St. North, Birmingham 
Bow, London, E. 

11 Great Garden Street, E. 
Bow, London, E. 

Springhill, Birmingham 

Nine Elms, 8.W. 

Bow Brass Works, London, E. 
1, Southgate, Manchester 
Close Wks., Newcastle-on-Tyne 
Station Street, Nottingham 
Basford BrassWks, Nottingham 
Glasgow 

Knott Mill, Manchester 
Railway Works, Leeds 


Bread-Making Machinery. 


Drysdale & Co. Bon Accord Eng. Wks., Glasgow 
Tyler, H.,&Co. .. 90 & 92, Whitecross Street, E.C. 
Werner & Pfleiderer 117, Queen Victoria Street, E.C. 


Brewery and Distillery Plant. 

Copeland, J., & Co. Ac .. Dobbie’s Loan, Glasgow 
Hunter & English .. va Bow, London, E. 
Llewellins & James c Bristol 

Moreland, Richard, & Son 3, Old Street, E.C, 
Picking, Hopkins & Co. .. Bow, London, E. 


Brick and Tile-Making Machinery. 


Bradley & Craven .. Westgate Common Foundry, 
Wakefield 
Clayton, Howlett & Co... Woodfield Rd., Harrow Rd., W. 
Johnson, William.. Castleton Foundry, Armley 
Road, Leeds 


Whitehead, John, & Co, .. Albert Works, Preston, Lancs, 


Bricks. 


Burham Brick, Lime & Cement 
Co., Ltd. ~* 
Ltd. 


5 7, Nicholas Lane, E.C. 
Lowood, J. Grayson, & Co., 


80, Attercliffe Road, Sheffield 


Bridge Foundation Cylinders. 


Clay Cross Co., The ; +. Clay Cross, near Chesterfield 
Hanna, Donald & Wilson Paisley 

Isca Foundry & Engineering Co. Newport, Mon. 

Stockton Forge, The ae Stockton-on-Tees 

Tees Side Iron & woeine Works 


Co., Ltd. .. On Middlesbrough-on-Tees 


Bridges. 

Arrol’s Bridge & Roof Co., Ltd... 

Ashbury RailwayCar riage& Iron 
Co., Ltd. .. 

Ashmore, Benson, Pease &! Co. ,Ld. 

Braby, Fredk., & Co., Ltd. é 


Germiston Works, Glasgow 


Openshaw, Manchester 
Stockton-on-Tees 
Deptford, 8.E. 


De Bergue & Co., Ltd. as Manchester 

Findlay, Alexander, & Co. Motherwell, N.B. 

Firth, Thos., & Sons, Ltd. .. Sheffield 

Handyside, ‘Andrew, & Co., Lta. Britannia Ironworks, Derby 
Hanna, Donald & Wilson +» Paisley 

Heenan & Froude. Manchester 

Isca Foundry & Engineering Co. Newport, Mon. 

Smith, A.& W.,&Co. .. Eglinton Engine Wks., Glasgow 


Stockton Forge, The ae 

Tees Side Iron & ete Works 
Co., Ltd. .. ee 

Walker Brothers .. 


Stockton-on-Tees 


Middlesbrough-on-Tees 
Pagefield Ironworks, Wigan 


Buffers. 


Midland Railway Carriage and 
Wagon Co., Ltd. 


Abbey Works, Shrewsbury 
Spencer, J ohn, & Sons, Ltd. 


Newburn Steel Works, New- 
castle-on-Tyne 


Turton, T., & Sons, Ltd... Sheaf Works, Sheffield 


Buoys (fron and Steel), 


Bellamy, John we Millwall, E. 


Cables (Electric Light, Telegraph and Tele- 
phone). 


Glover, Walter T., & Co. 


Salford, Manchester 
Johnson & Phillips 


14, Union Ct., Old Broad St., H.C. 


Carbonic Acid (Anhydrous). 


Scotch & Irish Oxygen Co., Ltd. Rosehill 
Glasgow 


Works, Polmadie, 


Carbons for Electrical Purposes (Manufac- 
turers of). 


Brush Electrical Engineering 
Co., Ltd. . ve ee 
Johnson & Phillips oe 


112, Belvedere Road, 8.E. 
14, Union Ct.,Old Broad St., E.C, 


With these DIRECTORIES is incorporated a 


Carriage (Railway) Builders. 


Ashbury Railway Carriage and 
Tron Co., Ltd. 

Brush Electrical Engineering 
Co., Ltd. .. 

Gloucester Railway Carriage and 
Wagon Oo., Ltd. : 

MacLellan, Pp. & W., Ltd. a 

Metropolitan Railway Carriage 
and Wagon Co., Ltd. .. 

Midland Railway Carriage and 
Wagon Co., Ltd. 

Oldbury Railway Carriage and 
Wagon Co., Ltd., The. ve 


Openshaw, Manchester 
Loughborough 


Gloucester 
Clutha Works, Glasgow 


Saltley Works, Birmingham 
Abbey Works, Shrewsbury 
Oldbury Wks., nr. Birminghain 


Carriage (Railway) Fittings. 


Greenwood & Co, .. oe oe 


Castings (Iron). 
Anderston Fonndry Co , Ltd. 
Ardeer Foundry Co. - 
Baker Blower Engineering Co.. 
Barry, Henry & Co., Ltd. 
Bodley Brothers & Co. 
Carrick & Wardale 

Clay Cross Co. : 

Clayton, Howlett & Co. |. 
Fisher, Samuel, & Co. 

Guest, Josiah 


Handyside, A., & Co., Ltd 

Hunter & English .. 7 

Isca Foundry & Engineering Co. 

Jackson, P. R., & Co., Ltd. 

Midland Railway Carriage and 
Wagon Co., Ltd. 

Piggott, Thos., & Co., Ltd. 

St. George's Tronworks, Ltd. 

Stockton Forge, The pot 

Tees Side Iron & Engine Works 
Co., Ltd. .. A 

Thornton & Crebbin 


65, Victoria Street, 8,W. 


Glasgow and Middlesbrough 

Stevenston, Ayrshire, N.B. 

Stanley Works, Sheffield 

Aberdeen 

Exeter 

Gateshead 

Clay Cross, near Chesterfield 

Harrow Road, London W. 

Nile St. Foundry, Birmingham 

Victoria & Albert Iron Foun 
dries, West Bromwich 

Britannia Ironworks, Derby 

Bow, London, E, 

Newport, Mon, 

Salford Rolling Mills, Manchstr 


Abbey Works, Shrewsbury 
Springhill, Birmingham 
Hulme, Manchester 
Stockton-on-Tees 


Middlesbrough-on-Tees 
Bradford, Yorks. 


Castings (Malleable Iron). 


Handyside, A., & Co., 
Tangyes Limited .. Py 
Wallwork, Henry & Co.,.. 


Ltd. 


Castings (Steel). 
Allen, Edgar, & Co., Ltd. 


Baker Blower Engineering Co... 
Baker, John, & Co. 


Bessemer, Henry, & Co., Ltd. 
Bowling Iron Co., Ltd., The 
Brown, Bayley's Steel Works, Ld, 
Catton & Co. 

Firth, Thos., & Sons, Ltd. 
Hadfield’ s Steel FoundryCo., Ltd. 
Jackson, P. R., & Co., Ltd. .. 
Jessop, Win., & Sons, Ltd. 
Osborn, 8., & Coyne 

Perry, Thos., & Sons, Ltd. 
Reichwald, ‘August 


Rogerson, John, & Co., Ltd. 
Spencer, John, & Sons, Ltd, 


Steel Co. of Scotland, Ltd., The 
Vickers, Sons & Co., Ltd. ae 
Weardale Iron & Coal Co., Ltd... 


Cement. 

Barron, F. C., & Co. te 

Burham Brick, Lime & Cement 
Co., Ltd. .. on 

Francis & Co., Ltd, 

Greaves, Bull& Lakin |. 

Rugby Portland Cement Co. 


Cement-Making Plant, 


Grusonwerk ve 

Huxham & Browns . 
Pulsometer Engineering Co., Ltd, 
St. George's Ironworks, Ltd. mis 


Chains and Cables. 
Abbot, John, & Co., Ltd. 
Dempster, Moore & Co, .. 
Hodgkinson & Co., Ltd. .. 
Wright, Jos., & Co. 


Britannia lronworks, Derby 
Cornwall Works, Birmingham 
Charter Street, Manchester 


Imperial Steel Works, Sheffield 

Stanley Works, Sheffield 

Brinsworth Iron and Wheel 
Works, Rotherham 

Sheffield 

Bradford 

Sheffield 

Dewsbury Road, Leeds 

Norfolk Works, Sheffield 

HeclaWks., Attercliffe, Sheffield 

Salford Rolling Mills, Manchstr 

Sheffield 

Sheffield 

Highfield Works, Bilston 

9, New Broad St., E.C.; & Lom- 
bard St., Newcastle-on-Tyne 

Wolsingham, via Darlington 

Newburn Steel Works, New- 
castle-on-Tyne 

23, Royal Exchange Square, 

Sheffield [Glasgow 

George Yard, Upper Thames 
Street, E.C, 


9, St. Mildred's Ct., Poultry, E.C. 


7, Nicholas Lane, E.0, 
Vauxhall, 8.W. 
Warwick 

Rugby, Warwickshire 


Magdeburg-Buckau 
Exeter 

Nine Elms, 8.W. 
Manchester 


Park Wks., Gateshead-on-Tyne 
49, Robertson Street, Glasgow 
Manchester 

Tipton, Staffordshire 


Chemical Works (Plant for). 


Oarrick & Wardale 
Grange Iron Company, Ltd. 
Piggott, Thos., & Co., Ltd. 


Chemicals. 
Aston Chemical Co, 


Clutches (Friction). 
Bagshaw, J., & Sons, Ltd, 
Cowlishaw, Walker & Co. 
Edmeston, A., & Sons On 
Goodwin, A. & Son ar ea 
Mather & Platt .. 

Napier Brothers, Ltd. 

Walker Brothers .. 


Coal Merchants. 

Ebbw Vale Steel Iron & Coal 
Co., Ltd. .. . AA 

Clay Cross Co. 


Gateshead 
Durham 
Birmingham 


Birmingham 


Batley 

Etruria, Stoke-on-Trent 
Cannon St. Wks., Salford, Man- 
Sumner Street, 8.E. [chester 
Salford Ironworks, Manchester 
100, Hyde Park Street, Glasgow 
Pagefield Ironworks, Wigan 


Mon., South Wales 
Clay Cross, near Chesterfield 


Coal-Washing Machinery. 


Grange Iron Company, Ltd. .. 


Coffee Machinery. 
Waygood, R., & Co. ox or) 


Durham 


Falmouth Road, 8.B, 
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Colleges and Schools. 


Penywern House Military and 
Engineering College 6 


Colliery Plant. 


Black, Hawthorn & Co., Ltd. 

Clay Cross Co. < 

Grange Iron Company, Lta. 

Hathorn, Davey & Co. .. 

Hornsby, R., & Sous, Ltd. si 

Isca Foundry & Engineering Co. 

McOulloch, Thos., Sons & Ken- 
nedy, Ltd. so 

New Conveyor Co., ‘Lta.” 

Walker Brothers .. 


2, Penywern Road, Earl's Court, 
S.W. 


Gateshead-on-Tyne 

Clay Cross, near Chesterfield 
Durhain 

Leeds 

Grantham 

Newport, Mon. 


Vulcan Works, Kilmarnock 
1, Metal Exchange Bldgs., B.C. 
Pagefield Ironworks, Wigan 


Combination Feed Check Valves. 


Green & Boulding.. 
Weir, G. & J. 3 


Compasses. 
Negretti & Zambra 


21, Featherstone Street, E.C. 
Cathcart, Glasgow 


Holborn Viaduct, E.C. 


Composition for Covering Boilers, &c. —(see 
Non-Conducting Composition.) 


Concrete Mixers. 
Wilson, John H., & Co., Ltd. .. 


Sandhills, Liverpool 


Condensers (Fresh Water). 


Chaplin, Alex., & Co. 
Kirkaldy, John, Ltd. .. os 
Normandy’s Patent Marine 

Aérated Fresh Water Co., Ld. 
Smillie, Samuel 


Govan, Glasgow 
40, West India Dock Road, E. 


Victoria Dock Road, E. 
71, Lancefield Street, Glasgow 


Condensers (for Steam Engines). 


Allen, W. H., & Co. 

Fisher, Samuel, & Co. 

Kirkaldy, John, Ltd... 
Morton, Alexr., & Thomson 
Patent Heater Condenser Co. .. 
Piggott, Thos., & Co., Ltd. 
Pulsometer EngineeringCo., Ltd. 
Scott, Ernest, & Mountain, Ltd. 
WorthingtonPumpingEngineCo. 


Conveyors. 


New Conveyor Co., Limited 
Stott, 8. S., & Co... 


York St. Works, Lambeth, 8. E. 
Nile St. Foundry, Birmingham 
40, West India Dock Road, KE, 
96, Buchanan Street, Glasgow 
16, Gt. George St., Westminster 
Springhill, Birmingham 

Nine Elms, 8S.W. 

Close Wks., Newcastle-on-Tyne 
153, Queen Victoria Street, E.C. 


3& 4, Lime Street Square, E.C. 
Haslingden, near Manchester 


Copper Ingots, Bars and Sheets. 


Broughton Copper Co., Ltd. 


Coppersmiths. 

Abbot, John, & Co., Ltd. 
Birmingham Battery & Metal Co. 
Hunt & Mitton 

Storey, I., & Sons. 


Manchester 


Park Wks., Gateshead-on-Tyne 
Birmingham 

Oozells St. North, Birmingham 
Knott Mill, Manchester 


Corrugated Boiler Furnaces. 


Leeds Forge Co., Ltd. 


Cotton Presses. 
Coles, H. J.. 

Piggott, Thos., & Co., 
Tangyes Limited .. 
Tyler, H., & Co. 


Ltd. 


Couplings (Railway). 
Gibbins, R. C.,& Co... 
Gloucester Railw: ay Carriage and 

Wagon Co., Ltd. oe 
Roger, Robert, & Co. 


Couplings (Shaft). 
Bagshaw, J., & Sons, Ltd. 
Barry, Henry & Co., Ltd. 
Cowlishaw, Walker & Co. 
Goodfellow, B. . 
Richards, G., & Co., Ltda. 
Smith & Grace. C18 
Taylor & Challen, Ltd. 


Leeds 


Sumner Street, S.E. 
Birmingham 

Cornwall Works, Birmingham 
90 & 92, Whitecross Street, E.C. 


Berkley Street, Birmingham 


Gloucester 
Stockton-on-Tees 


Batley, Yorkshire 

Aberdeen 

Etruria, Stoke-on-Trent 
Hyde, near Manchester 
Broadheath, near Manchester 
Thrapston 

Birmingham 


Cranes, Travellers, Winches, &c. 


Appleby Bros. ' 56 

Ashbury Railway Car riage &Iron 
Co., Limited .. - 

Baker Blower Engineering Co.. 

Bolton Engineering Co. .. 

Booth, Joseph, & Bros. 

Burton, C. W. z 

Butters Brothers & Co. 

Chaplin, Alex.,& Co. .. 

Clarke, Chapman & Co., Ltd. 

Cochrane, Jno. 

Coles, H. J.. 

Cowans, Sheldon & ‘Co., Ltd. 

Dempster, Moore & Co. 

Drysdale & Co... 

East Ferry Road Engineeri ing 
Works Co., Ltd.. bb ae 

Easton & ‘Anderson, Ltd. 

Gibbins, R. C., & Co. 

Grafton & Co. : 

Grice, William, & Co. 

Grieve, John, & Co. : 

Hanna, Donald & Wilson 

Humpidge & Snoxell 

Isca Foundry & Engineering Co. 

Jessop, J., & Son .. 


22, Walbrook, E.C. 


Openshaw, Manchester 

Stanley Works, Sheffield 

Turton Street, Bolton 

Rodley, Leeds 

158, Queen Victoria St., E.C. 

20, Waterloo Street, Glasgow 

Govan, Glasgow 

Gateshead-upon-Tyne 

Barrhead, N.B. 

89, Sumner Street, S.E. 

Carlisle 

49, Robertson Street, Glasgow 

Bon Accord Engine Works, 
(Glasgow 

Millwall, E. 

3, Whitehall Place, S.W. 

Berkley Street, Birmingham 

Bedford 

Fazeley St. Wks., Birmingham 

Motherwell, Scotland 

Paisley, N.B. 

Stroud, Glos. 

Newport, Mon. 

Leicester 


Leeds Engineering & Hydraulic Providence Works, Cross Stam- 


Co. 
Marshall, Fleming & Jack 
Moore & Korte... a 
Napier Brothers, Ltd. 
Priestman Brothers 

Redpath & Paris 

Roger, R., & Co... 

Rose, ‘Downs & Thompson 
Russell, Geo., & Co. 

St. George's Ironworks, Ltd. 
Shanks, Alexander, & Son 
Smith, A., & Stevens 

Smith, Thos. 

Stamm, W 

Stannah, J.. 

Stothert & Pitt, Ltd. 

Tangyes Limited .. 

Tweddell’s System, Ltd. 
Vaughan & Son... at 
Waygood, R., & Co. 

Whitaker Bros. 

Wilson, John H., & Co., Litas 
Yates & Thom 5 


€rank Axles. 
Bowling Iron Co., Ltd., The 
Spencer, John, & Sons, Ltd. 


Crankshafts. 


Beardmore, William, & Co. 
Bessemer, Henry, & Co., Ltd. 
Brown, John, & Co., Ltd. oe 
Clarke's Crank & Forge Co., Ltd. 
Dennystown Forge Co. .. 
Grantham Crank and Iron Co., 
Ltd., The. 
Jessop, BW a5 & Sons, Ltd.. 
Richardson, T., &Sons .. ra 
Spencer, John, & Sons, Ltd. .. 
Vickers, Sons & Co., Ltd. ae 
Woodhouse & Rixson .. an 


ford Street, Leeds 
Motherwell, N.B. 
Victoria Road, Leeds 
100, Hyde Park Street, Glasgow 
Hull 
Church Row, Limehouse, E. 
Iron Foundry, Stockton-on- 
Old Foundry, Hull (Tees 
Motherwell, near Glasgow 
Manchester 
Dens Ironworks, Arbroath 
Queen's Road, Battersea 
Rodley, near Leeds 
39, Victoria Street, S.W. 
20, Southwark Bridge Rd., 8.E. 
Bath 
Cornwall Works, Birmingham 
14, Delahay Street, S.W. 
West Gorton, Manchester 
Falmouth Road, 8.E. 
Horsforth, near Leeds 
Sandhills, Liverpool 
Blackburn, Lancashire 


Bradford 
Newburn Steel Works, New- 
castle-on-Tyne 


Parkhead Ironworks, Glasgow 
Sheffield 

Sheffield 

Lincoln 

Dumbarton 


Grantham 

Sheffield 

Hartlepool 

Newburn Steel Works, New- 
Sheffield [castle-on-Tyne 
Sheffield 


IND E X.—ApvertTISERS CLASSIFIED DIRECTORY. 


Creosoting Plant. 
Cowans, Sheldon & Co., Ltd. 


Crucibles. 


Doulton & Co. 
Stiff & Sons .. 


Cupolas. 
Alldays & Onions’ Pneumatic 
Engineering Co., Ltd. .. 


Thwaites Brothers, Ltd... 


Carlisle 


Lambeth, §.E. 
Lambeth, 8.E, 


Birmingham 
Vulcan Ironworks, Bradford 


Cylinders for Compressed Gases. 


Endurance Seamless Tube and 
Vial Co., Ltd., The , 

Lane, Howard fe 

Scotch & Irish Oxygen Co., Lta, 


Disincrustants. 


Asbestos Co., Ltd. (Bell's) 
Aston Chemical Co. fe 
Crosbie, Adolphe, Ltd. .. 


Litholine Co., The 
Nottingham Chemical Co. 


Birmingham 

Birmingham 

Rosehill Works, 
Glasgow 


Polmadie, 


594, Southwark Street, S.E. 

Birmingham 

Walsall St. Chemical Works, 
Wolverhampton 

32, Victoria Street, Manchester 

Goldsmith Place, Nottingham 


Disinfectors and Destructors. 


Bradford, Thomas, & Co. 
Manlove, Alliott & Co., Ltd. 


Disintegrators. 


Carter, J. Harrison 
Grusonwerk a 


High Holborn, W.C. ; and Cres- 
cent Ironworks, Manchester 
Nottingham 


82, Mark Lane, E.C. 
Magdeburg-Buckau 


Distillery Plant.—/See Brewery and Distillery Plant.) 


Distilling shoes Apparatus. 


Caird & Rayner = 

Chaplin, Alex., & Co. 

Kirkaldy, John, Ltd. 

Normandy’s Patent Marine 
Aérated Fresh Water Co., Ld. 

Ross & Duncan 5 


Diving Apparatus. 
Barnett & Foster .. 


Drawing Instruments, 
Eyre & Spottiswoode 


777, Commercial Road, E. 
Govan, Glasgow 
40, West India Dock Road, E. 


Victoria Dock Road, E. 
Glasgow 


25q, Eagle Wharf Road, N. 


Great New Street, E.C. 


Drawings, Tracings, &c. 


Hollander, C. 
Kell, T., & Son 
Messer & Thorpe 


Dredging Machines. 
Coles, H. J. 5 
Edwards & Symes 
Fleming & Ferguson 5 
Hanna, Donald & Wilson 
Hunter & English .. 
Lobnitz & Co. 

Priestman Brothers 

Rose, Downs & Bhempson 
Simons, W., & Co.. 
Smulders, es ee 
Stothert & Pitt, Lta. 

Werf Conrad, Ltd. 


12, Grosvenor Terrace, York 
40, King Street, Covent Garden 
8, Quality Court, E.C. 


89, Sumner Street, 8.E. 
Millwall, E. 
Paisley, N.B. 
Paisley, N.B. 
Bow, London, E. 
Renfrew, Scotland 
Hull 

Old Foundry, Hull 
Renfrew, N.B. 
Utrecht, Holland 
Bath 

Haarlem, Holland 


Dynamos.—(See Electric Lighting Plant.) 


Ebonite. 


Moseley, David, & Sons .. 
Winter, F ee 


Economisers (Fuel). 


Chadderton Ironworks Co., Ltd. 
Green & Boulding.. 
Kirkaldy, John, Lita. 


Ardwick, Manchester 
138, London Wall, E.C. 


Near Manchester 
21, Featherstone Street, H.C. 
40, West India Dock Road, E. 


Electric Bells and Signals. 


Bailey, W. H., & Co., Ltd. 
Blackburn, Joseph - 


Electric Cables. 


peleerseD} pe eure, Co., 
Lta., . 


Electric Lighting Plant. 


Allen, W. H., & Co. an 

Brush Electrical Engineering 
Co., Ltd. .. 4 

Charleswor' th, Hall & Co, 


Crompton & Co., Ltd. 

Dorman & Smith .. 

Easton & Anderson, Ltd.” 

Electric Construction Coxpors 
tion, Ltd., The .. 5 3 

Electrical Power Storage Co., 
Ltd. 5 

Glover, Walter T., “& Co. 

Grange Iron Company, Ltd. 

Greenwood & Batley, Ltd. = 

Giilcher Electric Light & Power 
Co., Ltd., The .. 

Hall- Brow n, Buttery & Co. 


Hartnell, Wilson .. 

Holmes, J. H., & Co. 

I. R., G. P. & T. Works Co., Ltd. 

Johnson & Phillips 

Mather & Platt, Ltd. bie 

McCulloch, Thos., Sons & Ken- 
nedy, Ltd.. 

Parsons, C. IAs, & Co. 

Siemens Brothers & Co., ‘Lita. 

WestinghouseElectrie Company, 
Ltd., Che . 


Electrical Engineers. 


Allen, W. H., & Co. ° 

Brush Electrical Engineering 
Co., Ltd. .. 

Clarke, Chapman & Co., ‘“Lta. 

Crompton & Co., Ltd. 

Dorman & Smith . 

Easton & ‘Anderson, Ltda. AG 

Glover, Walter T., & Co. 50 

Greenwood & Batley, Ltd. : 

Giilcher Electric Light & Power 
Co., Ltd., The .. es 

Hartnell, Wilson .. 

Johnson & Phillips 

Parsons, C. A., & Co. ‘3 

Scott, Ernest, '& Mountain, Ltd. 

Siemens Brothers & Co., Ltd. 

Telegraph Manufacturing o., a 
Ltd., The . 

WestinghouseBlectric Company, 
Ltd., The . A 


Humpidge & Snoxell .. oe 


Elevators, Grain, Coal, 
Coles, H. J.. ae 
Priestman Brothers 

Rose, Downs & Thompson 
Eases AF. .. ae or 
Stott, 8.8. &Co... ao any 


Electrically Driven Machinery. 


AlbionWks. Salford, Manchest’r 
89, Arkwright St., Nottingham 


Helsby, near Warrington 


York St. Works, Lambeth, S.E. 


112, Belvedere Road, S.B. 

Richmond Hill Ironworks, 
Oldham 

Are Works, Chelmsford 

Manchester 

3, Whitehall Place, 8.W. 


Wolverhampton 


4, Gt. Winchester Street, E.C. 
Salford, Manchester 
Durham 
Leeds 
[S.w. 

Battersea Foundry, Battersea, 
Helen Street Engine Works, 

Govan, Glasgow 
Volt Works, Leeds 
Newcastle-on-Tyne 
Silvertown, E. 
14, Union Ct.,Old Broad St., E.C. 
Salford Ironworks, Manchester 


Vulcan Works, Kilmarnock 
Heaton Works, Newcastle 
12, Queen Anne’s Gate, 8.W. 


32, Victoria Street, S.W. 


York St. Works, Lambeth, 8.E. 


112. Belvedere Road, 8.E. 
Gateshead-upon-Tyne 
Mansion House Buildings, B.C. 
Manchester 
3, Whitehall Place, 8.W. 
Salford, Manchester 
Leeds 

(S.w. 
Battersea Foundry, Battersea, 
Volt Works, Leeds 
14, Union Ct.,Old Broad St.. Z.C. 
Heaton Works, Newcastle 
Close Wks., Newcastle-on-Tyne 
12, Queen Anne's Gate, S.W. 


Helsby, near Warrington 


32, Victoria Street, S.W. 


Stroud, Glos, 


&e. 


Sumner Street, 8.E. 

Hull 

Old Foundry, Hull 

Utrecht, Holland 
Haslingden, near Manchester 


Davies, W. J.,& Sons .. ee 
Goldsworthy, T., & Sons.. 

Oakey, John, & Sons, piel 
Tanite Co., The 


Bird, C. G. .. 
Burton, C. W. 
Tanite Co,, The 
Tanite Co., The 


Emery Wheels. 


Burton, 0. W. an 
Greenwood & Batley, Lta. 

Luke & Spencer, Ltd. 

Mitchell’s Emery Wheel Go. 
Rooper & Harris 

Selig, Sonnenthal & Co. . 

Sterne, L., & Co., Ltd. 

Tanite Co., The 

Tanite Co., The 


Asbestos Co., Ltd. (Bell's) 
Bailey, W. H., & Co., Ltd. 
Dempster, Moore & Co. .. 
Empire Co. .. ae 
Galloways Limited 

Hunt & Mitton 

MNeil,C., Jr... oe 
Picking, Hopkins & Co.. 
Piggott, Thos., & Co., Ltd. 
Rhodes, B., & Son.. ° 
Schiffer & Budenberg gens 
Scott, Ernest, & MoE al, Ltd. 
Smith & Co.. we ‘ 
Tangyes Limited ory 

Weir, G. & J. 


Hollander, C. 


Engines (Air). 


Bailey, W. H., & Co., sai 
Tyler, H., & Co. 


Engines (Blowing). 
Adamson, Daniel, & Co... 
Baker Blower Engineering Co... 
Carrick & Wardale fs 
Galloways Limited 

Goodfellow, Benjamin .. 
Perry, Thomas, & Son, Ltd. 
Scott, Geo., & Son . 
Thwaites Brothers, Ltd. 

Walker Brothers .. 


Engines (Gas). 
Crossley Bros., Ltd. 
Dick, Kerr & Co., Ltd. 
Humpidge & Snoxell 
Korting Brothers . 5 
Madan, Charles S., & Co. 
Manlove, Alliott & Co., ae 
Okes, J. C. R. St 
Robey & Co.. 

Stamm, W. 

Tangyes Limited | 


Engines (Locomotive). 


Bagnall, W. G., Ltd. qj 
Black, Hawthorn & Co., Lita. 


Co., Ltd. .. 
Bur nham, Williams & Co. 5 
Dick, Kerr & Co., Ltd. .. . 
Fowler, J., & Co. ‘(Leeds), Ltd.. 
Hawthorn, R. & W., Leslie & Co., KS 
Ltd. 
Hudswell, Clarke & Co. .. 
Hunslet Engine Co. 
Jessop, J., & Son .. 
Kerr, Stuart & Co. 
McCulloch, Thos., Sons ‘& Ken- 
nedy, Ltd.. 
Manning, Wardle & Co. . ae 
Peckett & Sons 
Robey & Co.. 59 
Rogers Locomotive | Co. .. 
Ruston, Proctor & Co., Ltd. 
Walker Brothers .. 


Engines (Marine). 

Alley & Maclellan .. 

Belliss, G. E., & Co. am be 

Black, Hawthorn & Co., Ltd. .. 

Bow, McLachlan & Co. .. 

Burrell, C., & Sons, Ltd. 

Chaplin, Alex., & Co. 

Cochran & Co. 

Cox & Co. .. 

Dunsmuir & Jackson 

Fleming & Ferguson 

Hanna, Donald & Wilson 

Harvey & Co., Ltd. aa 

Hawthorn, R. aW., Leslie & Co., 
Ltd. : 

Hayes, Ed. .. 

Hunter & English .. 

Plenty & Son, Ltd. 

Roger, R., & Co. 

Rose, ‘Downs & Thompson 

Ross & Duncan... Bs 

Rowan, David, & Son 

Schichau, F. 


Simons, W., & Co.. a 
Simpson, Strickland & Co. 
Thornycroft, J. I., & Co. 
Vosper & Co. ‘ «s 


Wilson, Alex., & Co., Ltd. 


Yarrow & Co, o os 


Engines (Oil). 
Crossley Bros., Ltd. 

Grob, J. M., & Co. 
Priestman Brothers 
Tangyes Limited .. 
Weyman & Hitchcock, Lta. 


Engines (Petroleum). 
Green & Boulding.. we 
Tangyes Limited .. ai 


Engines (Portable). 


Aveling & Porter .. ae 
Barrows & Co. =i . 
Belleville, J,, & Co. 
Clayton & Shuttleworth | 
Davey, Paxman & Co. .. 
Easton & Bessemer, Ltd.. 
Foster, W., & Co., Ltd. .. 
Garrett, R., & Sons 
Hindley, E. 8. 35 
Hornsby, R., & Sons, Ltd. 
Marshall, Sons & Co., Ltd. 
Piggott, Thos., & Co., Ltd. 
Ransomes, Sims & Jefferies, Ltd. 
Robey & Co.. 

Ruston, Proctor & o., Lta. 
Smedley Brothers. he oe 


Brush Electrical Engineering 


Scott, Ernest, & Mountain, Lta. 


Emery and Emery Cloth. 


109, Weston Street, S.E. 
Hulme, Manchester 
Wellington Mills, London, S.E. 
Stroudsburg, Pa., U.S.A. 


Emery Grinding Machinery. 


Wellington Street, Ipswich 
158, Queen Victoria Street, E.C. 
90, ‘Cannon Street, B.C. 
Stroudsburg, Pa., U.S.A. 


158, Queen Victoria Street, E.C. 
Leeds 

Ardwick, Manchester 

Mill St., Bradford, Manchester 
Emery Works, Stafford 

85, Queen Victoria Street, E.C. 
Crown Ironworks, Glasgow 

90, Cannon Street, E.C. 
Stroudsburg, Pa., U.S.A. 


Engine and Boiler Fittings. 


59}, Southwark Street, S.E. 
AlbionWks. Salford, Manchest’r 
49, Robertson Street, Glasgow 
Empire Works, Manchester 
Manchester 

Oozells St. North, Birmingham 
Kinning Park Tron WOrEE: Glas- 
Bow, London, E. [gow 
Springhill, Birmingham 

Bow Brass Works, London, BE. 
1, Southgate, Manchester 
Close Wks., Newcastle-on-Tyne 
Station Street, Nottingham 
Cornwall Works, Birmiugham 
Catheart, Glasgow 


Engineers (Consulting). 


12, Grosvenor Terrace, York 


Albion Wks, Salford,Manchest’'r 
90 & 92, Whitecross Street, E.C. 


Dukinfield, near Manchester 
Stanley Works, Sheffield 
Gateshead-on-Tyne 
Manchester 

Hyde, near Manchester 
Highfields Works, Bilston 
44, Christian Street, E. 
Vulcan Ironworks, Bradford 
Pagefield Ironworks, Wigan 


Manchester 

101, Leadenhall Street, E.C. 
Stroud, Glos. 

86, Queen Street, E.C. 
Mansfield Injector Works, Man- 
Nottingham [chester 
39, Queen Victoria Street, E.C. 
Lincoln 

39, Victoria Street, 5.W. 
Cornwall Works, Birmingham 


Castle Engine Works, Stafford 
Gateshead-on-Tyne 


Loughborough 
Philadelphia, U.S.A. 

101, Leadenhall Street, E.C. 
Leeds 


Newcastle-on-Tyne 
Leeds 

Leeds 

Leicester 

20, Bucklersbury, E.C. 


Vulcan Works, Kilmarnock 
Boyne Engine Works, Leeds 
Atlas Engine Works, Bristol 
Lincoln 

Paterson, N.J., U.S.A, 
Sheaf Ironworks, Lincoln 
Pagefiela Ironworks, Wigan 


Sentinel Works, Glasgow 
Ledsam St. Works, Birmingham 
Gateshead-on-Tyne 

Thistle Works, Paisley 
Thetford 

Govan, Glasgow 

Birkenhead {Falmouth 
Falmouth Docks Iron Works, 
Govan Engine Works, Glasgow 
Paisley, N.B. 

Paisley, N.B. 

Hayle, Cornwall 


Newcastle-on-Tyne 
Stony Stratford 


Bow, E. 

Eagle Ironworks, Newbury, 
Stockton-on-Tees (Berks 
Hull 


Whitefield Works, Glasgow 
Eliott Street, Glasgow 
Elbing-Prussia 

Close Wks., Newcastle-on-Tyne 
Renfrew, N.B. 

Dartmouth, 8, Devon 
Chiswick, W. 

Creek Wks., Lower Mall, Ham- 
mersinith, and Portsmouth 
Vauxhall Ironworks, Wands- 

worth Road, S.W. 
Isle of Dogs, London, E. 


Manchester [E.C. 
18, Dufferin St., Bunhill Row, 
73a, Queen Victoria Street, E.C. 
Cornwall Works, Birmingham 
Guildford 


21, Featherstone Street, E.C. 
Cornwall Works, Birmingham 


Rochester, Kent 
Banbury 

a St. Denis (Seine), France 
Lincoln 

Colchester 

Taunton 

Lincoln 

Leiston Works, Suffolk 
Bourton, Dorset 
Grantham 

Gainsborough 

Springhill, Birmingham 
Ipswich 

Lincoln 

Sheaf Ironworks, Lincoln 
Belper 
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Engines (Pumping). 
Bailey, W. H., & Co., Ltd. 
Harvey & Co., "Ltd. xe, 
Leeds Engineering & Hydraulic 


Co. 
Pulsometer ingineeringCo. rie 
Robey & Co.. “ ‘, 
Tangyes Limited ae 

Warner. R., & Co. 


Engines (Stationary). 


Adamson, Daniel, & Co... 
Airdrie Iron Co., The 

Allen, W. H., & Co. 

Alley & Maclellan . ae 
Anderston Foundry Co., “Ltd. on 
Bailey, W. H., & Co., Ltd. r 
Baker Blower ‘ngineering Co... 
Barr, James.. mie 
Bennie, J ohn. 


Brotherhood, P. .. a Acs 


Browett, Lindley & Co., Ltd. .. 
Bullock, M. C., Manfg. Co. 
Bumsted & Chandler 


Carrick & Wardale 
Chaplin, Alex., & Co. .. 
Charlesworth, Hall & Co. 
Clayton & Bhuvtlercr 
Cochrane, J. a 
Coles, H. J. . 

Copeland, J., 'g Co. 
Davey, Paxman & Co. 
Dempster, Moore & Co. .. 
Donkin, B., & Co., Ltd. .. 
Douglas & Grant .. 
Drysdale & Co. 


Easton & Anderson, Ltd. 

Easton & Bessemer, Ltd.. 

Entwisle & Gass, Ltd, 

Fisher, Samuel, & Co. .. 

Foster, W., & Co., Ltd. .. ae 

Fowler, J., & Co. (Leeds), Ltd... 

Galloways Limited niet 2B 

Garrett, R., & Sons 

Globe Engineering Co., Lta., re he 

Goodfellow, Benjamin 7 oe 

Grange Iron Company, Ltd. 

Greenwood & Batley, Ltd. 

Harvey & Co., Ltd. = 

Harvey, Robert, & Co. 

Hathorn, Davey & Co, 

Heenan & Froude .. 

Hindley, E. 8. 

Holborow & Co, .. 

Hornsby, R., & Sons, Lta. 

Hunter & English. . a 

Isca Foundry & Bngineering Co. 

Jessop, J., & Son .. . 

Kirk & Horsfield .. 

Lupton, H.& K. .. 

Manlove, Alliott & Co. . 

McCulloch, Thos., Sons & Ken- 
nedy, Ltd.. 4 

Marshall, Sons & Co., Lta. 

Mohn, Chr. B. 

Moreland, Richard, “& Son ap 

Musgrave, John, & Sons, Ltd... 

Napier Brothers, Ltd. .. 

Peckett & Sons... 

Perry, Thomas, & Son, Ltd. 

Picking, Hopkins & Co.. 

Piggott, Thos., & Co., Ltd. 

Ransome, A., & Co. 

Ransomes, Sims & J efferies, Lta. 

Richards, Geo., & Co., Ltd. 

Robey & Co. an 

Roger, R., & Co. 

Rose, Downs & Thompson 5 

Russell, Geo., & Co. é as 

Ruston, Proctor & Co., Ltd. 

St. George's Ironworks, Ltd. 

Scott Bros. 

Shanks, ‘Alexander, & Son 

Simpson, Strickland & Co. 

Smedley Brothers.. 

Smith, A. & W., & Co. 

Stott, S$. S., & Co. .. 

Tangyes Limited .. 

Taylor & Challen, Ltd. 

Tyler, H.,&Co. .. 

Vulcan Iron Works Co.. 

Walker Brothers .. 

Whitmore & Binyon 


Willans & Robinson, Ltd. 
Wilson, Alex., & Co., Ltd. 


Yates & Thom 


Engines pines 
Aveling & Porter .. 

Burrell, C., & Sons, Ltd. 
Clayton & Shuttleworth... 

Foster, Wm., & Co., Ltd. 
Fowler, J., & Co. (Leeds), Ltd. 
Hornsby, Re & Sons, Ltd. hc 
Marshall, Sons & Co., Ltd. . 
Ransomes, Sims & J efferies, Ltd. 
Robey & Co.. ae 
Ruston, Proctor & ‘Co., Ltd. 


Engines (Winding). 


Chaplin, Alex.,&Co. . 

Grange Iron Company, Lid. <2 

ieee Hngincertaels & SS eG 
‘On ee 

Robey & Co.. as “0 

Tangyes Limited ate On 

Turner, E. R. & F. a 


i ge eres Works, Cross Star 


AlbionWks. Salford, Manchest'r 

Hayle, Cornwall 

Providence Works, Cross Stam 
ford Street, Leeds 

Nine Elms, 8.W. 

Lincoln 

Cornwall Works, Birmingham! 

27, Jewin Crescent, E.C. 


Dukinfield, near Manchester | 

Airdrie, near Glasgow i 

York St. Works, Lambeth, 8.E, 

Sentinel Works, Glasgow 1 

Glasgow and Middlesbrough 

AlbionWks, Salford, Manchest’r 

Stanley Works, Sheffield 

Kilmarnock 

Star Engine Works, Moncur 
Street, Glasgow 

Belvedere Road, Westminster 
Bridge Road, 8.E. 

Sandon Works, Patricroft 

Chicago, U.S.A, 

Cannock Chase Engine Works 
Hednesford, Staffs. 

Gateshead-on-Tyne 

Govan, Glasgow 

Richmond Hill Ironworks, 

Lincoln (Oldham 

Barrhead 

Sumner Street, S.E. 

Dobbie’s Loan, Glasgow 

Colchester 

49, Robertson Street, Glasgow 

Bermondsey, S.E. [N.B, 

Dunnikier Foundry, Kirkcaldy 

Bon Accord Engin2 Works 
Glasgow - 

3, Whitehall Plac 8.W. 

Taunton 

Atlas Foundry, B:It »» 

Nile St. Foundry. ‘i: minghan 

Lincoln 

Leeds 

Manchester 

Leiston Works, Suffolk 

38, Victoria Bldgs., Mz uchest’: 

Hyde, near Manchcster 

Durham 

Albion Works, Le 2ds 

Hayle, Cornwall 

Park GrovelIron~ orks, Glasgov 

Leeds 

Manchester 

Bourton, Dorset 

Dudbridge Ironworks, Stroud 

Grantham 

Bow, E. 

Newport, Mon. 

Leicester 

Chapel-en-le-Frith, erbsital 

Coventry 

Nottingham 


Vulcan Works, Kilmarnock 

Gainsborough 

Christiania, Norway 

3, Old Street, E.C. 

Globe Ironworks, Bolton 

100, Hyde Park Street, Glasgov 

Atlas Engine Works, Bristol _ 

Highfield Works, Bilston 

Bow, London, E. 

Springhill, Birmingham 

Stanley Works, Chelsea 

Ipswich 

Broadheath, near Manchester 

Lincoln 

Stockton-on-Tees 

Old Foundry, Hull 

Motherwell, near Glasgow 

Sheaf Ironworks, Lincoln 

Manchester 

Halifax 

Dens Ironworks, Arbroath 

Dartmouth, 8. Devon 

Eagle Ironworks, Belper 

Eglinton Engine Wks., Glasgo! 

Haslingden, near Manchester 

Cornwall Works, Birmingham 

Birmingham 

90 & 92, Whitecross Street, E.' ¢ 

Beccles, Suffolk 

Pagefield Ironworks, Wigan _ 

Wickham Market, and 6 
Mark Lane, E.C. 

Thames Ditton, Surrey ; 

Vauxhall Ironworks, Wand 
worth Road, S.W. 

Blackburn, Lancashire | 


Rochester, Kent 
Thetford 

Lincoln 

Lincoln 

Leeds 

Grantham 

Gainsborough 

Ipswich 

Lincoln 

Sheaf Ironworks, Lincoln 


Govan, Glasgow 
Durham 


ford Street, Leeds 
Lincoln 
Cornwall Works, Birmingha 
(182) Ipswich 


Engravers, Mechanical, &c. 


Morrison, G. & M.. nit Ott 
Rolls & Co, .. AS 
Steinmetz, Ewald . ts a 


92, St. Vincent Street, Glasg¢ 
7, Featherstone Buildings, W. 
Hanover, Germany 


Envelope-Making Machines. 


Carlaw, David AA ain a 


Evaporators. 


Kirkaldy, John, Ltd... An 
Weir, @. & J. ee os . 


Excavators. 


Chaplin, Alex., & Co. 

Coles, H. J.. 

F.C. "Austin Manufacturing Co. 
Fleming & Ferguson 

Priestman Brothers Sib se 
Rose, Downs & Thompson 
Ruston, Proctor & Co., Ltd. 
Schram, Richard, & Co... 


Smulders, A. F. .. 

Werf Conrad, Ltd. 
Whitaker Bros... 

Wilson, John H., & Co., ‘Lita. 


Exhausters. 


Drum Engineering Cok 
Tilghman’s Eaene Sand Blast 
Co., Ltd. de we oe 


Expansion Gear. 
Mohn, Chr.B,  .. oe os 


81, Dunlop Street, Glasgow 


40, West India Dock Road, # 
Cathcart, Glasgow 


Govan, Glasgow 

Sumner Street, 8.B. 

Chicago, Ill., U.S.A. 

Paisley, N.B. 

73a,Queen Victoria Street, BE. 

Old Foundry, Hull 

Sheaf [ronworks, Lincoln 

17a, Great George Street, We 
minster, 8.W. 

Utrecht, Holland 

Haarlem, Holland 

Horsforth, near Leeds 

Sandhills, Liverpoo 


55, Athol Road, Bradford 
Sheffield 


Christiania, Norway 
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ns and Blowers. 

lays & Satonel, Luepmatis 
ngineering Co., 

m, W. H., & Co. om Se 
ver Blower Engineering Co... 
iss, G. E., & Co. a =o 
ck, Hawthorn & Co., Ltd. .. 
skman Air Propeller Ven- 
lating Co., Ltd. " 4 
ing Iron Co., Ltd., The 
therhood, P. .. 


lock, M. C., Manfg. Co. 
nsted & Chandler 


Birmingham 

York St. Works, Lambeth, S.E. 
Stanley Works, Sheffield 
Ledsam 8t. Works, Birmingham 
Gateshead-on-Tyne 


63, Fore Street, E.C. 

Bradford 

Belvedere Road, Westminster 
Bridge Road, 8.E. 

Chicago, U.S.A. 

Cannock Chase Engine Works, 
Hednesford, Statts, 


rick & Wardale ie Gateshead-on-Tyne 
akin, B., & Co., Ltd. .. Bermondsey, 8.E. 
tm Engineering Co. .. 55, Athol Road, Bradford 


sdale& Co. .. te ae 
wwisle & Gass, Ltd. .. 


Bon Accord Engine Works, 
Glasgow 

Atlas Foundry, Bolton 

Aston, Birmingham 


Gas Works (Plant for). 


Ashmore, Benson, Pease & Co., Ld. 
Dixon, Isaac, & Co. . ae 
Hanna, Donald & Wilson 
Piggott, Thos., & Co., Ltd. 


Gauge Glass Cutters. 
Green & Boulding.. 


Gauge Glasses. 
Butterworth Bros., Ltd... 


Guilbert-Martin .. 
Schiffer & Budenberg . 
Tomey, Joseph, & Sons .. 


Gauges (Pressure), 

Bailey, W. H., & Co., Ltd. 

Hunt & Mitton 

Negretti & Zambra «s 

Schiffer & Budenberg .. 
Smith & Co,. as 


Stockton-on-Tees 
Spekeland Road, Liverpool 
Paisley, N.B. 

Springhill, Birmingham 


21, Featherstone Street, E.C. 


Newton Heath Glass Works, 
Manchester 

1 & 2, Falcon Street, E.C. 

1, Southgate, Manchester 

Aston, Birmingham 


AlbionWks. Salford, Manchest'r 
Oozells St. North, Birmingham 
Holborn Viaduct, E.C. 

1, Southgate, Manchester 


‘ting Bros, os a i 
iele Union Engineering Co.. 


td. 

tt, Ernest, & Mountain, Ltd. 
cey, F. H. as 
rtevant Blower Co. .- 
vaites Brothers, Ltd... 

lker Brothers .. we oe 


ed-Water Heaters. 


ley, W. H., & Co., Ltd. 

cer Blower Engineering Co... 
idderton Ironworks Co., Ltd. 
ton & Anderson, Ltd. = 
be Engineering Co., Ltd., The 
en & Boulding.. = = 


ap, Conrad,& Co. .. an 
H. & K. is 
ent Heater Condenser Co. .. 
hardson, Thos., & Sons oo 
wre, T., & Sons .. . 


nc. ‘ 
(ams, Alfred, & Co... 
ight, Jos., & Co. 


bre. 
seley, David, & Sons .. ro 


86, Queen Street, E.C. 

64, Sumner Street, S.E. 

Banbury, Oxon 

Pollard Street East, Ancoats, 
Manchester 

Close Wks., Newcastle-on-Tyne 

Heeley Bridge Fndry., Sheffield 

75, Queen Victoria Street, E.C. 

Vulcan Ironworks, Bradford 

Pagefield Ironworks, Wigan 


Albion Wks. Salford, Manchest'r 
Stanley Works, Sheffield 

Near Manchester 

3, Whitehall Place, 8.W. 

38, Victoria Bldgs., Manchest’r 
21, Featherstone Street, E.C. 
40, West India Dock Road, E. 
11, Queen Victoria Street, E.C. 
Coventry 

16, Gt. George St., Westminster 
Hartlepool 

Hanley, Staffs. 

71, Lancefield Street, Glasgow 
Cornwall Works, Birmingham 
Cathcart, Glasgow 

39, Great Eastern Street, B.C. 
Tipton, Staffordshire 


Ardwick, Manchester 


les and File-Sharpening Apparatus. 


en, Edgar, & Co., Ltd. 
th, Thos., & Sons, Ltd. 
meer, John, & Sous, Ltd. 


ltering Apparatus. 


ton & Anderson, Ltd. oe 
liday & Co, we ° ok 


ent Heater Condenser Co. .. 
someter EG TREEENE Cory ge 
ls, A. C., & Co, F * 


rebars. 
aderson, T. ar 


re-Clay Goods. 


vood, J. sh et & oy Ltd. 
ikey, J. H. : 


Imperial Steel Works, Sheffield 

Sheffield 

Newburn Steel Works, New- 
castle-on-Tyne 


3, Whitehall Place, S.W. 
Water Street, Manchester 

40, West India Dock Road, E. 
16, Gt. George St., Westminster 
Nine Elms, 8.W. 

102, Midland Rd., N.W. 


40, Castle Street, Liverpool 


80, Attercliffe Road, Sheffield 
Essex Wharf, Canning Town, E. 


re-Extinguishing Apparatus. 


wson, Taylor & Co., Ltd. .. 
: Appliances Manufacturing 


nt & Mitton 


14, Victoria St., Westminster 


9, Moorfields, B.C. 
Oozells St. North, Birmingham 


Station Street, Nottingham 
Treasure, Js B., & Co. 8, Vauxhall Road, Liverpool 


Gearing.—(See Wheels, Geared.) 


Girders. 


Arrol’s Bridge & Roof Co., Ltd.. 

Ashbury Railway Carriage & Iron 
Co., Ltd. .. ie 

De Bergue & Co., Ltd. 

Dixon, Isaac, & Co. 

Dorman, Long & Co., Ltd. 


Germiston Works, Glasgow 


Openshaw, Manchester 

Manchester 

Spekeland Road, Liverpool 

19, Victoria Street, West- 
minster, S.W. 

Motherwell, N.B. 

Newton Heath Ironworks, near 


Findlay, A lexaneety & Cos 
Heenan & Froude . 


Manchester 
Isca Foundry & Engineering Co. Newport, Mon. 
Leeds Steel Works, Ltd.. Leeds 


McCulloch, Thos., Sons & Ken- 
nedy, Ltd.. 

Measures Bros. es Tikdte a 

Moreland, Richard, & Son 

Piggott, Thos., & Co., Ltd. 

Smith, A, & W., & Co. 

Stockton Forge, The 


Vulcan Works, Kilmarnock 
Southwark Street, S.E. 

3, Old Street, E.C. 

Springhill, Birmingham 
Eglinton Engine Wks., Glasgow 
Stockton-on-Tees 


Yates & Thom Blackburn, Lancashire 
Glazing. 
British Patent Glazing and 2 Clans 

Co., Ltd. 75, Queen Victoria Street, E.C. 


Grover & Co., Ltd. 
Rendle, Wm. Edgcumbe, & Co. 


Gold-Crushing & Amalgamating Machinery. 


Grusonwerk Magdeburg-Buckau 
Harvey & Co., 186, 187 & 188, Gresham House, 
B.C. 


Britannia Works, Wharf Rd.,N. 
5, Victoria Street, S.W. 


Ltd. 

Governors (Engine). 

Browett, Lindley & Co., Ltd. .. 

McCulloch, Thoxs., Sons & Ken- 
nedy, Ltd.. as 

Mohn, Chr. B. 


Napier Brothers, Ltd. ‘ 
Pollock, Macnab & Highgate 


Sandon Engine Works, Salford 


Vulcan Works, Kilmarnock 
Christiana, Norway 

100, Hyde Park Street, Glasgow 
Shettleston, Glasgow 


St. George's Ironworks, Ltd. Manchester 

Schiffer & Budenberg 4 Manchester 

Selig, Sonnenthal & Co. .. 85, Queen Victoria Street, F.C. 
Steven & Struthers Glasgow 


Tangyes Limited .. 
Turner, E. R. & F. 
Whitley Partners .. 


Cornwall Works, Birmingham 
(132) Ipswich 

Railway Works, Leeds 
Grain Cleaning Machinery. 

Howes, 8. 64, Mark Lane, E.C. 


Grindstones. 


Kell, Richard, & Co, Newcastle-on-Tyne 


Grinding Machinery. 


Askham Bros. & Wilson, Ltd... 
Central Cyclone Co., Ltd. 


Sheffield 
9&11, Fenchurch Avenue, E.C, 


rryweather & ae Lta. 
rthingtonPumpingEngineCo. 


63, Long Acre, W.C. 
153, Queen Victoria Street, E.C. 


rges (Portable). 


rtevant Blower Co, 


ag 75, Queen Victoria Street, E.C, 
waites Brothers, Ltd... 


Vulcan Ironworks, Bradford 


rging Plant. 
itworth,Sir Joseph, & Co.,Ld. 


rgings (fron and Steel). 


cer Blower Engineering eee .. Stanley Works, Sheffield 
cer, John, & Co. te . Brinsworth Iron and Wheel 


Works, Rotherham 
rdmore, William, & Co. Parkhead Ironworks, Glasgow 


Openshaw, Manchester 


semer, Henry, & Co., Ltd... Sheffield 
wling Iron Co., Ltd., The .. Bradford 
ywn, Bayley's Steel Works, Ld, Sheffield 
wn, John, & Co., Ltd. ..» Sheffield 
‘brook Forge & Steel Co., The Sheffield 
rke’s Crank & Fi. rgeCo., Lita. Lincoln 
anystown For ve Co. .. +» Dumbarton 


th, Thos., & Sous, Ltd. 


.. Norfolk Works, Sheffield 
»dfellow, Benjamin oe e 


Hyde, near Manchester 


rvey & Co., Ltd. Hayle, Cornwall 

wthorn, BR. & W., Leslie &Co., oF 

itd. re ie - .. Newcastle-on-Tyne 

1& Smith te Brierley Hill Ironworks, near 
Newport, Mon, (Dudley 


Salford Rolling Mills, Manchstr 


sop, Wm., & Sons, Ltd. Sheffield 
‘kstall Forge Co. « Near Leeds 
ds potee Co., Tad, A Leeds 


chan & Sons .. 

land Railway Cuniiage and 
Vagon Co., Ltd, ne 

orn, 8., & Co. os, + 

ton & Co, te a 
gerson, John, & Co., Lta. wa 
meer, John, & Sons, Ltd: .. 
el Co. of Scotland, Ltd., ge 
ckton Forge, The... 

kers, Sons, & Co., Ltd. 
itworth, Sir Ji oseph, &Co. La. 


Cranstonhill, Glasgow 


Abbey Works, Shrewsbury 

Sheffield 

Saville Street East, Sheffield 

Wolsingham, via Darlington 

Newburn Steel Works, New- 
castle-on-Tyne 

23, Royal Exchange Square, 

Stockton-on-Tees (Glasgow 

Sheffield 

Openshaw, Manchester 


irnaces for Destroying Refuse.—/(See Disinfectors 
and Destructors.) 


irnaces and Furnace Fittings. 


wdderton Ironworks Co., Ltd. Near Manchester 

lloways Limited Fe Manchester 

nderson, T. aa ie .. 40, Castle Street, Liverpool 
ldrum Bros... - .. 10, City Road, Manchester 
te& Carlton .. AS +. 63, Queen Victoria Street, E.C. 
iles, J. W., & Co. ae SouthShore, Gateshead-on-Tyne 


alvanized Ironwork. 


veckwall Galvanized Iron Co., 
itd. wa sa a .. Corbet Court, E.C. 
in, A. & J., & Co. -E «+ 77a, Queen Victoria St., E.C. 


anister. 
wood, J. Grayson, & Co., Ltd. Attercliffe Road, Sheffield 


as Engines.—/See Engines, Gas.) 


as Exhausters, 
len, W. H., & Co. G York St. Works, Lambeth, 8.B. 
ker Blower Engineering Co.. Stanley Works ,Sheffield 
nkin, B., & Co., Ltd. Bermondsey, 8.E. 
Brothers | . - . 86, Queen Street, E.C. 


amma Oo... .... 
muelson & Co., Ltd. .. xs 


as Ignition Tabes. 
tent Indestructible Gas Igni- 
ion Tube Syndicate, Ltd, .. 100c, Queen Victoria St., E.C. 


Whitefriars Street, E.C. 
Banbury, Oxon 


Easton & Bessemer, Ltd.. 


Taunton 


Gunpowder Machinery. 


Baker Blower Engineering Co... 
Easton & Anderson, Ltd. 

Hall, J. & E., Ltd. . 
Stamm, W. (Grusonwerk) 
Taylor & Challen, Ltd. .. 


Stanley Works, Sheffield 

3, Whitehall Place, 8.W. 
23, St. Swithin’s Lane, B.C. 
39, Victoria Street, 8.W. 
Birmingham 


Guns and Gun Forgings. 


Firth, Thos., & Sons, Ltd 
Vickers, Sons & Co., Ltd. aie 
Whitworth,Sir Joseph, & Co., Ld. 


Norfolk Works, Sheffield 
Sheffield 
Openshaw, Manchester 


Gutta-Percha Machinery. 


Werner & Pfleiderer 


Hammers (Gas). 
Tangyes Limited .. 


Hammers (Hydraulic). 
Tweddell’s System, Ltd... 


Hammers (Power). 
Massey, B. & S. 

Player, W.&J. . 
Thwaites Brothers, ‘Lta.. 


117, Queen Victoria Street, E.C. 
Cornwall Works, Birmingham 
14, Delahay Street, 8.W. 


Openshaw, Manchester 
Lionel Street, Birmingham 
Vulcan Ironworks, Bradford 


Hammers icam).—/se Steam Hammers.) 


Heating Apparatus. 
Bradford, Thomas, & Co. 


Easton & Anderson, Ltd. 
Kirkaldy, John, Ltd. 
K6érting Brothers . 
Lumby, Son & Wood, Ltd. 


Thames Bank Iron Co., The 


Hoisting Machinery. 


Bailey, W. H., & Co., Ltd. 
Belliss, G. E., "& Co. A 
Bullock, M. (on Manfg. Go. 
Chaplin, Alex., & ee 
Coles, H. J. 

Drysdale & Co. 


Easton & Anderson, Ltd. 
Fraser & Chalmers, Ltd. 
Gibbins, R. C., & Co. 
Hunter & English .. 

Jessop, J., & Son .. 
Payne- Gallwey & Co., Lia. 


Rohey & Co., 

Shanks, Alexander, & Son 
Smith, ge & ENOL 
Stamm, Ww. 
Stannah, J. os 
Tangyes ‘Limited aia 
Wilson, John H., & Co., Lita. 


Hose Pipes. 


Asbestos Co., Ltd. (Bell's) 
Merryweather & Sons, Ltd, 
Moseley, David, & Sons .. 
Sphincter Hose & Engineering 
Co., Ltd., The .. ve 
Tullis, John, & Son 
Willcox, W. H., & Co. .. An 
Worthington Pumping Engine Co. 


Hydraulic Machinery. 


Anderston Foundry Co., Ltd. .. 
Bailey, W. H., & ce Ltd. 
Bennie, John A a 


Berry, Henry, & Co. 


High Holborn, W.C. ; and Cres- 
cent Ironworks, Manchester 

3, Whitehall Place, 8. W. 

40, West India Dock Road, E. 

86, Queen Street, E.C. 

West Grove Boiler and Safe 
Works, Halifax 

Upper Ground Street, 8.E. 


Albion Wks. Salford, Manchest’r 

Ledsam St. Works, Bir mingham 

Chicago, U.S.A. 

Govan, Glasgow 

Sumner Street, 8.E. 

Bon Accord Engine Works, 
Glasgow 

3, Whitehall Place, 8.W. 

43, Threadneedle Street, E.C. 

Berkley Street, Birmingham 

Bow, London, E. 

Leicester 

Canal Head Foundry and En- 
gineering Works, Ulverston 

Lincoln 

Dens Ironworks, Arbroath 

Queen's Road, Battersea 

39, Victoria Street, S.W. 

20, Southwark Bridge Rd., 8.E. 

Cornwall Works, Birmingham 

Sandhills, Liverpool 


593, Southwark Street, 8.E. 
63, Long Acre, W.C. 
Ardwick, Manchester 


9, Moorfields, E.C. 

St. Ann’s LeatherWks., Glasgow 
34 & 36, Southwark Street, S.E. 
153, Queen Victoria Street, E.C. 


Glasgow and Middlesbrough 

Albion Wks., Salford, M’chester 

Star Engine Works, Moneur 
Street, Glasgow 

Croydon Works, Leeds 


Hydraulic Machinery.—Continued. 


Bowling Ivon Co., Ltd., The 
Carrick & Wardale ais 
Coles, H. J.. 
Cowans, Sheldon & Co., 
Drysdale & Co. : 
Easton & ‘Anderson, Ltd. 
Fisher, Samuel, & Co. . 
Grange Iron Company, Ltd. 
Greenwood & Batley, Ltd. 
Hathorn, Davey & Co. 
Humpidge & Snoxell .. 
Lacs Engineering & Hydraulic 
Oe. wre oj < ae 
Marshall, Fleming & Jack 
Middleton, Robert ee 
Moore & Korte 
Owens, 8S.,&Co. .. 
Payne- “Gallwey & Co., Lt i. 


Uta. 


Pulsometer Engineering Co.,Ltd. 
Rose, Downs & Thompson 

St. George’s Ironworks, Ltd. 
Smith, A., & Stevens 

Smith Brothers & Co. 

Smith, Hugh, & Co. 

Thornton & Crebbin 

Tangyes Limited .. “0 
Tweddell's System, Ltd... 
Warner, R., & Co... . 
Weems, J.& W. .. on 
Whitworth, Sir Joseph, & Co.,Ld, 
Williams, Alfred, & Co. .. :5 
Yates & Thom 


Hydraulic Presses. 


Bailey, W. H., & Co., Ltd. 
Bennie, John . 


Berry, Henry, & Co. 

Besseimer, Henry, & Co., ‘Lta. 

Carrick & Wardale os 

Coles, H. J. . 

Copeland, J., “& Co. 

Drysdale & Co. eee 

Easton & Anderson, Ltd. 

Fisher, Samuel, & Co. . 

Greenwood & Batley, Ltd. 

Grusonwerk me 

reeds Engineering ‘& Hydraulic 
Oe. = = 

Middleton, Robert « 

Piggott, Thos., & Co., Ltd. 

Rose, Downs & Thompson 

Rushworth & Co. .. 

St. George's Ironworks, ‘Ltd. 

Stothert & Pitt, Ltd. 

Tangyes Limited .. 

Tweddell’s System, Ltd.. 

Tyler, H., &'06..;.. as 

Waygood, R., & Co, 

Weems, J. & W. 


Hydraulic Rams. 


Bailey, W. H., & Co., Ltd. 
Blake, John os 
Easton & Anderson, Ltd. 


| Owens, S., & Co. 


Warner, ne & Co... 


Hydro-Extractors. 


Broadbent, Thos., & Sons 
Manlove, Alliott & Co., Ltd. 


Bradford 

Gateshead-on-Tyne 

89, Sumner Street, 8.E. 

Carlisle 

Bon Accord Eng. Wks., Glasgow 

3, Whitehall Place, 8.W. 

Nile St. Foundry, Birmingham 

Durham 

Leeds 

Leeds 

Stroud, Glos. 

Providence Works, Cross Stam- 
ford Street, Leeds 

Motherwell, N.B. 

Sheepscar Foundry, Leeds 

Victoria Road, Leeds 

Whitefriars Street. E.C. 

Canal Head Foundry and En- 
gineering Works, Ulverston 

Nine Elms, 8.W. 

Old Foundry, Hull 

Manchester 

Queen's Road, Battersea 

Kingston Engine Wks., Glasgow 

Possil Engine Works, Glasgow 

Bradford, Yorks. 

Cornwall Works, Birmingham 

14, Delahay Street, 8.W. 

27, Jewin Crescent, E.C. 

Johnstone, near Glasgow 

Openshaw, Manchester 

39, Great Eastern Street, E.C. 

Blackburn, Lancashire 


AlbionWks. Salford,Manchest’r 

Star Engine Works, Moncur 
Street, Glasgow 

Croydon Works, Leeds 

Sheffield 

Gateshead-on-Tyne 

89, Sumner St., Southwark,S.E. 

Dobbie's Loan, Glasgow 

Bon Accord Eng. Wks., Glasgow 

3, Whitehall Place, 8.W. 

Nile St. Foundry, Birmingham 

Leeds 

Magdeburg-Buckau 

Providence Works, Cross Stam- 
ford Street, Leeds 

Sheepscar Foundry, Leeds 

Springhill, Birmingham 

Old Foundry, Hull 

Sowerby Bridge, Yorkshire 

Hulme, Manchester 

Bath 

Cornwall Works, Birmingham 

14, Delahay Street, S.W. 

90 & 92, Whitecross Street, E.C. 

Falmouth Road, 8.E. 

Johnstone, near Glasgow 


AlbionWks, Salford, Manchest’r 
Accrington, Lancashire 

3, Whitehall Place, 8.W. 
Whitefriars Street, E.C. 

27, Jewin Crescent, E.C. 


Chapel Hill, Huddersfield 
Nottingham 


Hydrokineters and Temperature Equalisers. 


Weir, G. & J. 


Ice-Making Machines. 


Allen, W. H., & Co, 

Hall, J. & E., Ltd.. 

Linde British Refrigeration Co., ? 
Ltd., The . 

Pulsometer Engineeri ing Co. Ltd. 

Standard Ammonia Co., Ltd. 


Holm Foundry, Cathcart, 


Glasgow 


York Street Works, Lambeth 
23, St. Swithin's Lane, E.C. 


35, Queen Victoria Street, E.C. 
Nine Elins, 8.W. 
Old Ford, E. 


Incandescent Electric Lamps, 


Brush Electrical p Hngineaxing 
Co., Lid. .. ee 


India-Rubber Goods. 
Asbestos Co,, Ltd. (Bell's) : 
Harburgh India-Rubber Comb Co, 
India Rubber, Gutta Percha and 
Telegraph Works Co., Ltd. .. 
MacIntosh, Chas., & Co., Ltd... 
Moseley, David, & Sons .. 


112, Belvedere Road, 8.E. 


59}, Southwark Street, 8.E. 
138, London Wall, E.C,. 


Silvertown, Essex 
Cambridge Street, Manchester 
Ardwick, Manchester 


Indicators (Steam Engine). 


Bailey, W. H., & Co., Ltd. ni 
Crosby Steam Gage & Valve Co. 
Globe Engineering Co., Ltd., The 
Hannan & Buchanan 

Schiffer & Budenberg .. 

Scott, Ernest, & Mountain, Lta. 


Ingot Moulds. 
Ardeer Foundry Co, 


Injectors. 

Bailey, W. H., & Co., Ltd. 

Dempster, Moore & Co. .. 

Fairburn & Hall 

Green & Boulding .. « 

Greshain & Craven, Ltd... 

Holden & Brooke, Ltd. 

K6rting Brothers .. 

Madan, Charles 8., & Co. 

Manlove, Alliott & Oo;, Lids. “<< 

Patent Exhaust Steam Injector 
Co., Ltd. .. 

Rhodes, B., & Son.. 

Schaffer & Budenberg 

Smith & Co.. : 

Vaughan & Son 


Insulating Materials. 
Wiggins, I’., & Sons 


Insurance Companies. 


Boiler Insurance and Steam 
Power Co., Ltd. 
Railway Passengers’ Assurance 


Company .. 
Sun Insurance Office 


Iron Buildings. 

Blackwall Galvanized Iron Coss ie 
Ltd. 

Dixon, Isaac, | & Co. 

Heenan & Froude , 


Morton, F., & Co., Ltd. .. 


Iron Merchants. 


Birch, John, & Co, 
Dorman, Long & Co., Lta. 


Dunkerley, C. C., & Co. .. 
Henderson & Glass 


Iron (Pig). 

Bowling Iron Co., Ltd., The .. 

Ebbw Vale Steel Iron & cal 
Co., Ltd. 

Glengarnock Tron s Steel Co. 


AlbionWks. Salford, Manchest'r 
75, Queen Victoria Street, E.C. 
38, Victoria Bldgs., Manchest’r 
75, Robertson Street, Glasgow 
1, Southgate, Manchester 
Close Wks., Newcastle-on-Tyne 


Stevenston, Ayrshire, N.B. 


Albion Wks. Salford, Manchest'r 
49, Robertson Street, Glasgow 
63, RoyalExchange, Manchester 
21, Featherstone Street, E.C. 
Manchester 

St. Simon's Works, Salford 

86, Queen Street, E.C. 
Mansfield Injector Works, Man- 
Nottingham (chester 


4, St. Ann's Square, Manchester 
Bow Brass Works, London, E. 
1, Southgate, Manchester 
Station Street, Nottingham 
West Gorton, Manchester 


10, Tower Hill, & 102, Minories, 
E.C. 


7, King Street, Manchester 


64, Cornhill, E.C. 
63, Threadneedle Street, E.C. 


Corbet Court, E.C. 

Spekeland Road, Liverpool 

Newton Heath Ironworks, near 
Manchester 

Hamilton Ironworks, Garston, 
near Liverpool 


10 & 11, Queen's St. Place, E.C. 

19, Victoria St., Westminster, 
8.W. 

66, Port Street, Manchester 

Liverpool 


Bradford 


Mon., South Wales 
Glengarnock, Scotland 


Iron and Steel Works 5 (Plant for). 


Berry, Henry, & Co, 
Craig & Donald 5 
Fisher, Samuel, & Co. 


Croydon Works, Leeds 
Johnstone, near Glasgow 
Nile St. Foundry, Birmingham 


Tron and Steel Works (Plant for).—Continued. 

Galloways Limited A .. Manchester 

Glengarnock Iron & Steel’ Co. ... Glengarnock, Scotland 

Guest, Josiah Victoria & Albert Iron Foun- 
dries, West Bromwich 


McCulloch, Thos., Sons & Ken- 
nedy, Ltd.. c. Vulcan Works, Kilmarnock 
Miller & Co.. Vulcan Foundry, Coatbridge 


Perry, Thomas, & Son, Ltd. 
Thornton & Crebbin 
Thwaites Bros., Ltd. 
Walker Bros. 


Jacks (Lifting). 


Berry, Henry, & Co. ap 
Dempster, Moore & Co. .. 
Gibbins, R. C., & Co. 
Tangyes Limited .. 


Joists, Rolled (tron and Steel). 
Dunkerley, C. C., & Co. .. 66, Port Street, Manchester 


Highfield Works, Bilston 
Bradford, Yorks. 

Bradford 

Pagefield Ironworks, Wigan 


Croydon Works, Leeds 

49, Robertson Street, Glasgow 
Berkley Street, Birmingham 
Cornwall Works, Birmingham 


Glengarnock Iron & Steel Co. .. 
Leeds Steel Works, Ltd. . 
Measures Bros,, Ltd. . ry 
Shelton Iron, Steel & Coal Co., 
Ltd, we : 


Ladles. 
M‘Neil, C., Jr. 


Lamps. 


Barnett & Foster .. 
Wells, A. C., & Co, 


Launches and Yachts. 


Burnet, L., & Co. .. 
Chaplin, Alex., & Co. 
Cochran & Co. 

Cox&Co. .. ° 
Edwards & Syies |. 
Fleming & Ferguson 
Forrestt & Son, Ltd. 
Green & Boulding.. 7 
Hanna, Donald & Wilson 
Hayes, Ed. .. 

Mechan & Sons 

Redpath & Paris .. 

Reid, Wm., & Co... 

Ross & Duncan 

Schichau, F. oe 
Simons, W., & Co.. 
Simpson, Strickland & Co. 
Thornycroft, J. I., & Co. 
Vosper & Co. . ar 


Yarrow & Co. 


Laundry Machines. 
Bradford, Thomas, & Co, 


Manlove, Alliott & Co., Ltd. 


Leather Machinery. 


Drysdale & Co. 
Huxham & Browns 
Stothert & Pitt, Ltd. 


Lifts. 

Bailey, W. H., Siege Ltd. 
Coles, H. J.. 

Drysdale & Co. 


Easton & Anderson, Ltd. 
Gibbins, R. C., & Co. 
Hall, J. & E., Ltd. 
Hunter & English.. 

Otis Elevator Co., Ltd. 
Smith, Archd., & Stevens 
Stannah, Kt 

Tangyes Limited | a0" 
Waygood, R., & Co. 


Glengarnock, Scotland 

Leeds 

Southwark Street, 8.E. 

Stoke-on-Trent, & 122, Cannon 
Street, E.C. 


Kinning Park Ironworks, Glas- 
gow 


259, Eagle Wharf Road, N. 
2, Midland Road, St. Pancras, 
N.W. 


Govan, Glasgow 

Cranstonhill Engine Works, 

Birkenhead (Glasgow 

Falmouth Docks Iron Works, 

Millwall, E. [Falmouth 

Paisley, N.B. 

Limehouse, E. 

21, Featherstone Street, E.C. 

Paisley, N.B. 

Stony Stratford 

Cranstonhill, Glasgow 

Church Row, Limehouse, E, 

112, Fenchurch Street, E.C. 

Whitefield Works, Glasgow 

Elbing-Prussia 

Renfrew, N.B. 

Dartmouth, 8S. Devon 

Chiswick, W. 

Creek Wks., Lower Mall, Ham- 
mersmith, and Portsmouth 

Poplar, E 


High Holborn, W.C. ; and Cres- 
cent Ironworks, Manchester 
Nottingham 


Bon Accord Engine Works, 
Exeter (Glasgow 
Bath 


Albion Wks. Salford,Manchest'r 

89, Sumner Street, 8.E. 

Bon Accord Engine Works, 
Glasgow 

3, Whitehall Place, 8.W. 

Berkley Street, Birmingham 

23, St. Swithin’s Lane, E.C. 

Bow, E. 

4, Queen Victoria Street, E.C. 

Queen's Road, Battersea 

20, Southwark Bridge Rd., 8.E. 

Cornwall Works, Birmingham 

Falmouth Road, 8.E. 


Lighting Apparatus. 


Adam, J. M., & Co. 
Wells, A. C., & Co. 


Ibrox Works, Glasgow 

2, Midland Road, St. Pancras, 
N.W. 

Lightning Conductors. 

Bailey, W. H., & Co., Ltd. 

Blackburn, Joseph 


AlbionWks, Salford, Manchest'r 
39, Arkwright St., Nottingham 


Liquid Fuel Apparatus for Burning. 
Taite & Carlton 63, Queen Victoria Street, E.C. 


Lithographers. 


Kell, Thos., & Son.. a Street, Covent Garden, 


Lock Nuts and Nut-Locking Appliances. 
Grover & Co., Ltd. Wharf Road, N. 


Locomotive Engines.—(See Engines, Locomotive. 


Locomotives (Mountings for). 


Bailey, W. H., & Co., Ltd. AlbionWks, Salford, Manchest'r 
Storey, I., & Sons .. Knott Mill, Manchester 


Lubricants and Oils. 
Asbestos Co., Ltd. (Bell's) 
Blumann & Stern, Ltd. .. 
Bradford, J., & Sons 
Bremner, John A., & a 
Empire Co, .. * < 
Engelbert & Co. .. 
Fleming, A. B., & Co.. Lta. 
Mica Lubricant Co., The 
Palfreyman, W. H.. & Co, 
Palmer & Co., Ltd. = 


59}, Southwark Street, 8.E. 

43, London Wall, E.C. 

44, Chapel Street, Liverpool 

Albert Street, Manchester 

Empire Works, Manchester 

44-47, Bishopsgate St., E.C. 

15, Whitefriars Street, E.C. 

South Shields 

87, Piccadilly, Manchester 

Victoria Oil & Candle Works, 
Stratford, E. 

Battersea, 8.W. 

3, Cross Street, Manchester 

7, Idol Lane, E.C. 

19, Gt. George St., Westminster 

The Albany, Westminster, S.W. 

Leeds 

34 & 36, Southwark Street, 8.E. 


Price's Patent Candle Co., Ltd. 
Price’s Patent Candle Co., so 
Ragosine & Co. 

Trier Bros. .. 

Vacuum Oil Company, The 
Vickers, Benj. R., & Sons 
Willcox, W. H., & Co. 


Lubricators. 
Asbestos Co., Ltd. (Bell's) 
Bailey, W. H., & Co., Ltd. 
Butterworth Bros., Ltd. 


59}, Southwark Street, 8.E. 

AlbionWks, Salford, Manchest'r 

Newton Heath Glass Works, 
Manchester 

75, Queen Victoria Street, £.C. 

78,Gt. BridgewaterSt., M’chester 

38, Victoria Bldgs., Manchest'r 

21, Featherstone Street, E.C. 

Oozells St. North, Birmingham 

86, Queen Street, E.C. 

Bristol 

Birmingham 

Springhill, Birmingham 

112, Fenchurch Street, E.C. 

1, Southgate, Manchester 

Cornwall Works, Birmingham 

19, Gt. George St., Westminster 

34 & 36, Southwark Street, S.E. 

St. Thomas Wks., Birmingham 


Crosby Steam Gage and Valve Co. 
Empire Co., The .. 

Globe Engineering Co., Ltd., The 
Green & Boulding.. Ao 

Hunt & Mitton 

K6érting Brothers .. 

Llewellins & James 

Nettlefolds Limited 

Piggott, Thos., & Co, 

Reid, Wm., & Co. .. 

Schitfer & Budenberg 

Tangyes Limited .. 

Trier Brothers... 

Willcox, W. H., & Co. 

Winn, Charles, & Co. 


Machine Tools. 


Archdale, Jas., & Co. 
Asquith, William .. 
Astbury, W. H. .. 

Atlas Engineering Co. .. 
Bennie, James, & Sons .. 


Ledsam Street, Birmingham 

Highroad Well Works, Halifax 

Grantham 

Levenshulme, Manchester 

Clyde Engine Works, Polmadie, 
Glasgow (Bridge 

Calderdale Ironworks, Sowerby 

Croydon Works, Leeds 

54, Old Broad Street, E.C. 

Turton Street, Bolton 


Berry, F., & Sons .. 
Berry, Henry, & Co. 
Bliss, E. W., Co., Ltd. 
Bolton Engineering Co. ., 


Xxll 


Machine Tools.—Continued. 


Booth, Geo., & Co. Halifax 
Britannia Comey Colchester 
Buck & Hickman . 280 & 281, Whitechapel Road, E. 


Butterfield, F. & es & Co., Ltd. Keighley, Yorkshire (ford 
Cameron, John .. .. Oldfield Road Ironworks, Sal- 
Churchill, Chas., & Co., itd. 21, Cross Street, Finsbury, B.C. 
Craig & Donald Johnstone, near Glasgow 

Davis & Primrose . Etna Ironworks, Bangor Road, 


De Bergue & Co., cil Manchester (Leith, N.B. 
Dempster, Moore & Co. .. 49, Robertson Street, Glasgow 
Galloways Limited Manchester 


Albion Works, Leeds 

Perry Barr, Birmingham 

Park Grove Ironworks, Glasgow 

Ashton-under-Lyne 

Coventry 

St. George's eee Wks., 
Wood's Lane, Derby 


Greenwood & Batley, Ltd. 
Grenfell & Accles, Ltd. .. 
Harvey, Robert, & Co. .. a9 
Heap, Joshua, & Co., Ltd. 
Herbert, Alfred ., 5p 
Hill, Isaac, & Son . oe o. 


Hodgson, H. E., & Co. Brookhouse Ironworks, Cleck- 
heaton 

Hulse & Co. . Ordsal Wks., Salford, M’chester 

Humpidge & Snoxell Stroud, Glos. 

Keighley Engineering ce Halifax 


Springfield, Salford, M'chester 
Johnstone, N.B. 
Providence Works, Cross Stam- 


Kendall & Gent 
Lang, J.,&Sons .. oe 
Leeds Engineering & Hydraulic 


Co: .. ford Street, Leeds 
Lister & Co.. ad Keighley 
Lupton, H. & 2 aS Coventry 


Sherbourne Street, Manchester 

Hamilton, Ohio, U.S.A. 

Neweastle-on-Tyne 

Lionel Street, Birmingham 

Broadheath, near Manchester 

Suffolk House, Laurence Pount- 
ney Hill, E.C. 


Muir, Wm., & Co... 

Niles Tool Works Co. 

Noble & Lund - 

Player, W.&J. .. 

Richards, Geo., & Co., Lid. |. 
Richards Machine Tool Co., The 


Rowan, F. J. Aa 121, West Regent St., Glasgow 
Rushworth & Co. .. Sowerby Bridge, Yorkshire 
Scott Bros. .. Halifax 


Leeds Old Foundry, Marsh 
Lane, Leeds 

85, Queen Victoria Street, E.C. 
Leeds 

Kingston Engine Wks., Glasgow 
Ordsal Lane, Manchester 
Possil Engine Works, Glasgow 
.. Kingston Works, Halifax 
Southgate Engineering Co., Ltd. 172, Fenchurch Street, E.C. 
Spencer, James, & Co. .. .. Hollinwood, Manchester 
Tangyes’ Machine Tool Co., Ltd. Soho, Birmingham 

Taylor, C. .. : Bartholomew St., Birmingham 
Taylor & Challen, Ltd. Birmingham 
Thornton & Crebbin ri Bradford, Yorks. 
Tweddell's System, Led 14, Delahay Street, S.W. 
Wagner & Co. As Dortmund, Westialia 
Wellington & Co. . .. 73A, Queen Victoria Street, E.C. 
Whitworth, Sir Joseph, &Co., Ld. Openshaw, Manchester 
Widdowson, J. H.. Ordsal Lane, Salford 
Wedekind, Her mann 158, Fenchurch Street, E.C. 


Machinery Agent. 
Cartmell, J. Monkhouse .. 


Maize-Pressing Machinery. 
Copeland, J., & Co. Dobbie’s Loan, Glasgow 


Mathematical Instruments (Makers). 


Negretti & Zambra Holborn Viaduct, E.C. 
Stanley, W. F. es Great Turnstile, Holborn, W.C. 


Meehanical Engineers. 
Kirk & Horsfield .. 


Metals (Phosphor, Alloys, &€.). 

Berend, 0., & Co. .. aie .. 61, Fore Street, E.C. 

Billington rs Newton .. Longport, Staffordshire 

Delta Metal Co., Ltd. 110, Cannon Street, E.C. 

Hiéveler & Dieckhaus 3, Stockwell Avenue, 8.W. 

Magnolia Metal Co. a5 75, Queen Victoria Street, E.C. 

Merton, Henry R., & Co. 2, Metal Exchange Buildings, 
Leadenhall Avenue, E.C. 

11, Great Garden Street, E. 

Sumner Street, 8.K. 


Scriven & Co, 


Selig, Sonnenthal & Co. .. 
Shepherd, Hill & Co. 
Smith Brothers & Co... 
Smith & Coventry, Ltd... 
Smith, Hugh, & Co. 
Smith & Wilshaw . 


91, Buchanan Street, Glasgow 


Chapel-en-le-Frith, Derbyshire 


Osborne & Co, . 
Phosphor Bronze Co., Ltd. 


Meters. 

ManchesterWater MeterCo., Ltd. 
Scott, Ernest, & Mountain, Ltd. 
Universal Water Meter Co., Ltd. 
WorthingtonPumpingEngineCo. 


Miea. 
Wake & Sanders .. 
Wiggins, F., & Sons 


Ardwick, Manchester 

Close Wks., Newcastle-on-Tyne 
St. George’s House, Hastcheap 
153, Queen Victoria Street, E.C. 


8, Crosby Square, E.C. 

16, Tower Hill, & 102, Minories, 
B.C. 

Mill Gearing, Shafting, &c. 

Baker Blower Engineering Co... Stanley Works, Sheffield 


Barry, Henry & Co., Ltd. .. Aberdeen 
Bessemer, Henry, & Co., Ltd. Sheffield 
Bodley Bros. & Co. Exeter 


Brown, Bayley’s Steel Works, Ld. Sheffield 
Easton & Anderson, Ltd. .. 38, Whitehall Place, 8.W. 
Fisher, Samuel, & Co. Nile St. Foundry, Birmingham 
Goodfellow, Benjamin .,. .. Hyde, near Manchester 
Greenwood & Batley, Ltd. .. Leeds 
Harpers Limited .. .. Aberdeen 
Hawthorn, R. & W., Leslie & Co. Ye 
Ltd.. : 
Kirkstall Forge Co. 5 
St. George's Ironworks, Ltd. 
Unbreakable Pulley and Mill 
Gearing Co., Ltd. ve oe 


Newcastle-on-Tyne 
Leeds 
Hulme, Manchester 


West Gorton, Manchester 


Mill Machinery (Flour, Corn and Rice). 


Carter, J. Harrison 82, Mark Lane, E.C. 
Clayton & Shuttleworth.. Lincoln 

Copeland, J., & Co. Dobbie’s Loan, Glasgow 
Greenwood & Batley, Ltd. Albion Works, Leeds 
Hunter & English.. ‘. -. Bow, London, E. 


Marshall, Sons & Co., Ltd. Gainsborough 

Ransomes, Sims & J efferies, Ltd, Ipswich 

Robey & Co.. Lincoln 

Ruston, Proctor & ‘Co., ta. Lincoln 

Simon, H. 20, Mount Street, Manchester 


Wickham Market, 
Mark Lane, E.C. 
Blackburn, Lancashire 


Whitmore & Binyon and 64, 


Yates & Thom 


Mills (Paint, Oil, Mortar, &c¢.). 


Follows & Bate, Ltd. fis Gorton, Manchester 
Greenwood & Batley, Ltd. Leeds 

Grusonwerk Magdeburg-Buckau 
Rose, Downs & Thompson Old Foundry, Hull 
Smedley Bros, Belper, Derbyshire 
Wilson, John H., & Co., ‘Lita. Sandhills, Liverpool 


Mining Machinery. 
Bailey, W. H., & Co., Ltd. 
Bullock, M. Gs Manfg. Co. 
Clay Cross Co. AA 5 


AlbionWks, Salford, Manchest’r 
Chicago, U.S.A. 

Clay Cross, near Chesterfield 
Coles, H. J .. Sumner Street, 8.E. 

Fowler, J., '& Co. (Leeds), ), Ltd. -. Leeds 

Hardy Patent Pick Co., Ltd., The Sheffield 

Harvey & Co., Ltd. -. 186, 187 & 188, Gresham Sean 
Hathorn, Davey &Co. .. Leeds (B.C 
Hornsby, R., & Sons, Ltd. Grantham 

Napier Brothers, Ltd. .. .. 100, Hyde ParkStreet, Glasgow 
Pulsometer EngineeringCo.,Ltd, Nine Elms, 8.W. 


Ransomes, Sims & Jefferies, Ltd. Ipswich 
Robey & Co. Lincoln 
Ruston, Proctor & ‘Co., Ltd. Lincoln 


9, Northumberland St., W.C. 
39, Victoria Street, 8.W. 
Cornwall Works, Birmingham 
90 & 92, Whitecross Street, B,C. 
Wigan 


Schram, Richard, & Co. . 
Stamm, W. 5 ‘ 
Tangyes Limited . An 
Tyler, H., & Co. (Pumps) 
Walker Bros. se 


Mint Machinery. 


Greenwood & Batley, Ltd. 
Taylor & Challen, Ltd. 


Albion Works, Leeds 
Birmingham 


tt 


Plates (ron and Steel). 
Beardmore, William, & Co. 


Model Makers. 


Carlaw, David a4 as .. 81, Dunlop Street, Glasgow 


Brown, John, & Co., Ltd. 

Colville, David, & Sons "8 

Jessop, Wm., & Sons, Ltd. 

Lanarkshire Steel Co., Ltd. 

Leeds Forge Co., Ltd. 

Mechan & Sons 0 

Shelton Iron, Steel and Coal Co., 
Ltd. 

Spencer, John, & Sons, Ltd. 


Moulding Machines. 


Whittaker, Wm., & Sons Oldham 


Non-Conducting Compositions. 

Anderson, D., & Son, Ltd. 812, Old Ford Road, Bow, E. 
Asbestos Co., Ltd. (Bell's) 503, Southwark Street, S.E. 
Aston Chemical Co. Birmingham 

Chadderton TronwWones Co., Ltd. Near Manchester. 


Haacke, A., & Co.. Kieselguhr Wharf, Hackney 

Wick, E. Steel Co. of Scotland, Ltd. 
Keenan, M.. Armagh Works, Tredegar Road, 

North Bow, E. Weardale Iron & Coal Co., Ltd... 


Leroy, F., & Co. Gray St., Commercial Rd., E. 


Nuts and Nut-Making Machines. Plates (Perforated), 


stay & Wric ag Ks lifax Merthyr Vulcan Foundry and 
Carter & Wright .. oe Hexagon Ironworks, Halifax Tin pideorinig Commute, : 
Oil Cans. , 

Kaye, Jos., & Sons.. ate .. Lock Works, Leeds Plummer Blocks. 


Barry, Henry & Co., Ltd. 
Oil-Distilling Plant. Fisher, Samuel, & Co, 
Copeland, J., & Co. a5 49 
Napier Brothers, Ltd. ‘ 

Oil Filters. 

Wells, A. C., & Co. 


Dobbie’s Loan, Glasgow 
100, Hyde Park St., Glasgow 


102, Midland Rd., N.W. 


Oil Gas Apparatus. Bodley Brothers & Co. 


Mansfield, Edwin A., & Co. 


Oil Mill Machinery. 


Coles, H. J. 

Greenwood & Batley, Ltd. 
Manlove, Alliott & Co., Ltd. 
Rose, Downs & Thompson 
Stamm, W... a AA 
Tangyes Limited .. 
Waygood, R., & Co. 


Oils.—(See Lubricants.) 


Ore-Crushing Machinery. 
Harvey & Co., Ltd. 186, 187 & 188, Gresham House, 


75, Queen Victoria Street, E.C. 


Printing Machinery. 


Greenwood & paves i: 
Pearson, Jas. 


Sumner Street, S.E. 

Albion Works, Leeds 
Nottingham 

Old Foundry, Hull 

39, Victoria Street, 8.W. 
Cornwall Works, Birmngham 
Falmouth Road, 8.E. 


Propellers. 


Baker Blower Engineering Co... 
Cox & Co. 
Ross & Duncan ,, 

Scott, Ernest, & Mountain, Ltd. 
Thornycroft, J. 1,, & Co. 0 


Hornsby sir R., & Sons, 8, Ltd. Grantham {E.C. | Pulley Blocks. 
Robey & Co. . Lincoln 
Stamm, W... 39, Victoria Street, S.W. OE VE ey & Co., Ltd. 


Gibbins, R. C.. & Co. 
Pickerings Limited 
Tangyes Limited .. 


Packing (inzins), 
Asbestos Co., Ltd. (Bell's) “ 
Asbestos Co., Ltd. (The United) 
Binney & Son 

Briggs Bros. os 
Dewhurst, John, &8on .. 
Green & Boulding .. 
Lindsay, R. B., & Co. 
Mica Lubricant Co., 
Murray, James 
Tuck & Co., Ltd. 
Turner Brothers .. 
United States Metallic Packing 


59}, Southwark Street, 8.E. 
Dock House, Billiter St., E.C. 
Catherine St., City Rd., E. Cc. 
Moor End, Hunslet, Leeds 
Attercliffe Road, Sheffield 

21, Featherstone Street, E.C. 
Plantation Quay(West) Glasgow 
South Shields 

8, Anderson Quay, Glasgow 
116, Cannon Street, E.C. 
Spotland, Rochdale 

Soho Works, Thornton Road, 


Pulleys (Cast Iron). 


Begone J., & Sons, Ltd. 
Barry, Henry & Co., Ltd. 
Bodley Brothers & Co. 
Fisher, Samuel, & Co. 
Goodfellow, Benjamin 
Goodwin, A., & Son 
Grice, William, &Co. .. 
Jackson, P. R,, & Co., Ltd, 


he 


Co,, Lites 3. Bradford St. George's Ironworks, 1 ids an 
Willcox, W. 4H, & ‘Co. 34 & 36, Southwark Street, S.E. | Smith & Grace Ac ae 
Wood, John & Edw. Bolton Stott, S.8., & Co... ae) an 


Taylor & Challen, Ltd. .. 40 


Pulleys (Wood). 
Dell, Wm. R., & Son Ain 


Paint and Putty Machinery. 
Werner & Pfleiderer 117, Queen Victoria Street, E.C. 


Paints, Varnishes, &c. 
Asbestos Co., Ltd. (Bell's) aa 
Asbestos Co., Ltd. (The United) 
Crosbie, Adolphe, Ltd. .. ae 


59}, Southwark Street, 8.E. 

Dock House, Billiter St., E.C. 

Walsall Street Chemical Wrks., 
Wolverhampton 

7, Idol Lane, Great Tower St. 


Bagshaw, J., & Sons, Ltd. 

Cruickshanks & Cook, Ltd. 

Goodwin, A., & Son ee as 

Hudswell, Clarke & Co, 

Okes, J. C. R. 

Richards, Geo., & Co., Ltd. 

Stott, 8. 8., & Co, ae 

Unbreakable Pulley and mili 
Gearing Co., Ltd. 

Vaughan Pulley Co., The a9 


Ragosine & Co, .. ve «. 


Paper. 


Bemrose & Sons Irongate, Derby; and 23, Old 
Bailey, E.C. 


Paper-Making Machinery. 


Donkin, B., & Co., Ltd, Bermondsey, S.E. 
Douglas & Grant Bey Kirkcaldy, N.B. 
Easton & Andersen, ta. 3, Whitehall Place, 8.W. 


Mohn, Chr. B. Christiania, Norway Pumps (Centrifugal). 


Allen, W. H., & Co. 
Bailey, W. H, & Co., Ltd, 
Belliss, G. E., "& Co. . 
Drysdale & Co. 


Papier Mache Covering for Pulleys. 
Dougall, W. 8. Radcliffe-on Trent, Notts. 


Easton & Anderson, Ltd. 
Entwisle & Gass, Ltd. 

Giinther, W. 0 

Gwynne, J.& H. .. 

Hathorn, Davey & vo és 
Heenan & Froude . oe 
Owens, 8., & Co. 

Pulsometer Engineering Co., Ltd. 
Ruston, Proctor & Co., Ltd. .. 
Rowan, David, & Son .. 
Scott, Emest, & Mountain, Ltd. 
Simons, W., & Co.. oe 
Tangyes Limited ae ee oe 
Wade, J. A... AD Ag 5 


Patent Agents. 
Alexander, E. P. .. 
Allison Brothers .. 
Beck, W. H. 


36, Southampton Bldgs, W.C. 

52, Chancery Lane, W.C. 

115, Cannon Street, E.C. 

Brewer & Son 5 33, Chancery Lane, W.C. 

Davies & Baraclough fe 179, Osmaston Road, Derby; 

Triangle Chambers, Martineau St., Birmingham 
5 23, Southampton. Bldgs., Ww. Cc. 

77, Chancery Lane, W.C. 

22, Southampton Bldgs., W.C. 

4, South Street, Finsbury, E.C. 

169, Queen Street, Melbourne, 

Victoria 

96, Buchanan Street, Glasgow 

57, Chancery Lane, W.C. 

46, Lincoln's Inn Fields, W.C. 


Harris & Mills : eee 
Jensen & Son ae se oe 
Phillips & Leigh .. 

Redfern, G. F., & Co. 
Rowlingson, W. D. 


Thomson, W. R. M., & Co. 
Vaughan & Son 


Wise, W. Lloyd Warner, R., & Co... ‘ate is 


Pumps (Colonial). 


Bailey, W. H., & Co., Ltd. 

Pulsometer EngineeringCo., Ltd. 
Tyler, H.,&Co. .. fe 
Warner, R., & Co.. 5 .- 
Williams, ‘Alfred, & Co. : ae 


Permanent Way. 


Anderston Foundry Co., Ltd. .. 
Bagnall, W. G., Ltd. 48 
Birch, John, & Co. 

Bolling & Lowe .. 

Dick, Kerr & Co., Ltd. .. 

Isca Foundry & Engineering Co. 
Summerson, Thomas, & Sons .. 


Glasgow and Middlesbrough 
Castle Engine Works, Stafford 
10 & 11, Queen St. Place, E.C. 
Laurence Pountney Hill, E.C. 
101, Leadenhall Street, E.C. 
Newport, Mon. 


Railway Plant Wks.,Darlington | Pumps (Donkey). - 


Bailey, W. H., & Co., te 
Cameron, Ji ohn 

Carrick & Wardale 

Cochrane, John 

Coles, H. J... AG se An 
Cox&Co, .. ee o oe 


Pile Drivers. 


Gibbins, R. C., & Co. 
Whitaker Bros. 


Piles. 


Copley, Turner & Co., Ltd, 
Le Grand & Sutcliff 5 


Berkley Street, Birmingham 
Horsforth, near Leeds 


Middlesbrough 


125, Bunhill Row, E.C, Hathorn, Davey & Co, 


Kirkaldy, John, Ltd. 
Moore & Korte 
Mumford, A. G. 


Okes, J. ©. R. 

Owens, 8.,&Co. .. 

Piggott, Thos., & Co., Lta. Xe 
Pulsometer EngineeringCo., Ltd. 
Rowan, David, & Son 

Roger, R., & Co. .. 

Scott, Ernest, & Mountain, Lt. 
Stannah, J. oo 

Tangyes ‘Limited ne 

Vosper & Co, 


Pipe-Bending Machinery. 
Grenfell & Accles, Ltd. .. Perry Barr, Birmingham 


Pipe (Drain) Making Machinery. 
Clayton, Howlett & Co. .. Woodfield Rd., Harrow Rd.,W. 


Pipe Founders.—/(See also Tubes, ) 


Ashmore, Benson, Pease&Co.,Ltd. Stockton-on-Tees 

Clay Cross Co. : Clay Cross, near Chesterfield 
Isca Foundry & Engineering Co. Newport, Mon. 

Pulsometer Engineering Co.,Ltd. Nine Elms, 8.W. 

Stewart, D. Y.,& Co. .. Glasgow 


Pipes (Riveted). 
Mechan & Sons 


Warner, R., & Co.. 

Wilson, Alex., & Co., Ltd. 

Neptune Ironworks, Cranston- 
hill, Glasgow Wilson, John H., & Co., Ltd. 


Pipes (Stoneware). WorthingtonPumpingEngineCo. 


Doulton & Co. 


Piston Packing. 


Green & Boulding.. 5 
McCulloch, Thos., Sons & Ken- 

nedy, Ltd.. : 
Mather & Platt, Ltd. 


Lambeth, S.E. 


Allen, W. H., & Co. 

Bailey, W. sty & Co. 

Baker Blower ‘Wngineering Co.. 
Belliss, G. E., & Co. 

Black, Hawthorn & Co., ‘Ltd. 
Cameron, John .. 

Carrick & Wardale se 
Carruthers, J. H., & Co., 
Chaplin, Alex., & Co. “9 
Clarke, Chapman & Co., Ltd. 


21, Featherstone Street, E.C. 


Vulcan Works, Kilmarnock 
Salford Ironworks, Manchester 


Pistons and Piston Rings. 


Edmeston, A, & Sons Cannon Street, Salford 
Jackson, P. R., & Co., Ltd. Salford Rolling Mills, Manchstr 


Lancaster & Tonge Pendleton, Manchester Clay Cross Co. 
Lockwood & Carlisle Eagle Foundry, Sheffield Cochrane, Jno. BS ate 
Oldham, Alex,, & Sons ,, Dukinfield, near Manchester Coles, H. J... an on 


IND E X.—ADvVERTISERS CLASSIFIED DIRECTORY. 


.. Parkhead Ironworks, Glasgow 
Brown, Bayley’s Steel Works, Ld. Sheffield 


Sheffield Glascow 

Motherwell, near Glasgow Easton & Anderson, Ltd. 3, Whitehall Place, S.W. 
Sheffield Fairburn & Hall .. A 63, Royal Exchange, Manche; 
Motherwell, N.B. Grange Iron Company, Ltd. Durham 

Leeds Greenwood & Batley, Ltd. .. Leeds 

Cranstonhill, Glasgow Hanna, Donald & Wilson .. Paisley 


Portable Engines.—/(See Engines, Portable.) 
Portable Railways. —(SceRailways, Portable, ) 


Pottery and Encaustic Tile Machinery. 


Presses (Hydraulic).—(See Hydraulic Presses.) 


Pulleys (Wrought Iron). 


Pumps and Pumping Machinery. 
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Pumps and Pumping Machinery.—Continued, 


Dempster, Moore & Co, .. 49, Robertson Street, @& 
Drysdale & Co, Bon Accord Engine Wo! 


Harvey & Co., Ltd. ‘ak 5 
Harvey & Co., Ltd. Fi aa 
Harvey, Robert, & Co. .. Ni 


Hayle, Cornwall [Bh 
186, 187 & 188, Gresham Ho 
Park Grove Ironworks, bea | 


Stoke-on-Trent, & 122, Cannon 
Street, E.C. 
Newburn Steel Works, New- 


castle-on-Tyne Hathorn, Davey & Co, .. .. Leeds 
23, Royal Exchange Square, | Hornsby, R., & Sons, Ltd. .. Grantham 
Glasgow Hughes & Lancaster 53 Chester 
George Yard, Upper Thames | Hunter & English.. .. Bow, E. 
Street, B.C. Isca Foundry « & Engineering Co. Newport, Mon. 
Isler, C.,& Co... .. _ Artesian Wks., Bear Lane, 8 


Korting Br others - aie 

Le Grand & Sutcliff ; a 

ees Engineering ss & Hydraulic 
a . 

Moore & Korte .. 

Moreland, Richard, & Son 

Mumford, A.G@. .. any 


Okes, J. C. R. ve ve 
Owens, S., & Co. .. ate 
Pearn, Frank, & Co. aD AA 
Picking, Hopkins & Cor .. Bow, London, E. 
Piggott, Thos., & Co., .. Springhill, Birmingham 
Pulsometer oe a, ,»Ltd. Nine Elms, 8.W. 
Robey & Co.. .. Lincoln 
Rowan, David, & gon. .. Eliott Street. Glasgow 
Ruston, Proctor & Co., Ltd. .. Sheaf Ironworks, Lincoln 
Scott, Ernest, & Mountain, Ltd. Close Wks., Newcastle-on-T; 
Shanks, Alexander, & Son Dens Ironworks, Arbroath 
Stannah, J.. a 20, Southwark Bridge Rd., § 
Stothert & Pitt, Ltd. |! Bath 
Stott, S.8., & Co... on Haslingden, near Manchest 
Tangyes Limited .. Cornwall Works, Birmingh; 
Thwaites Brothers, Ltd.” Vulcan Ironworks, Bradforc 
Tweddell’s System, Ltd.. 14, Delahay Street, S.W. 
Tyler, H., & Co. .. E 90 & 92, Whitecross St., E.C 
Warner, R., & Co.. 27, Jewin Crescent, E.C. — 
Weir, G. & ap .. Cathcart, Glasgow 
Westinghouse Brake Co., ‘Ltd... York Road, King’s Cross, N 
Williams, Alfred, & Co. . .. 39, Great Eastern Street, E. 
Wilson, Alex., & Co., Lia, .. Wauxhall Ironworks, Wai 
worth Road, S.W. 
Wilson, John H., & Co., Ltd. ., Sandhills, Liverpool 
Worthington Pumping EngineCo. 153, Queen Victoria Street, ] 
Yates & Thom se .. Blackburn, Lancashire 


"86, Queen Street, E.C. 

125, Bunhill Row, E.C, 

Providence Works, Cross Sta 
ford Street, Leeds 

Victoria Road, Leeds 

8, Old Street, E.C. 

Culver Street Iron Wor 
Colchester 

39, Queen Victoria Street, E 

Whitefriars Street, E.C. 

Manchester 


91, St. Mary Street, Cardiff 


Aberdeen 
Nile St. Foundry, Birmingham 


Exeter 


Albion Works, Leeds 
Burnley 


Stanley Works, Sheffield 
Falmouth Dock Iron Works, 
Glasgow (Falmouth 
CloseWks., Newcastle-on-Tyne 
Chiswick, W. 


Albion Wks. Salford, Manchest’r 
158, Queen Victoria St., E.C. 
Berkley Street, Birmingham 
Stockton-on-Tees 


Punching and Shearing Machines. 
Cornwall Works, Birmingham 


Bennie, James, & Sons .. «. Clyde ee Works, Polma 


Glasg 
Berry, F., & Sons .. 4 5 Calderdale Ironworks, Sow 
Batley, Yorkshire Booth, Geo., & Co. Halifax " 


Craig & Donald .. 5 
De Bergue & Co,, Ltd. 


Leeds Engineering & Hydraulic 
Co... an 
Perry, Thomas, & Son, Titd: eee 
Pollock, Macnab & Hupieave 
Rushworth & Co. .. ee 


Johnstone, near Glasgow 
Strangeways Ironworks, 
chester 
Providence Works, Cross St 
ford Street, Leeds 
Highfields Works, Bilston | 
Shettleston, Glasgow 
Sowerby Bridge, Yorkshire 
.» Halifax 


Aberdeen. 

Exeter 

Nile St. Foundry, Birmingham 
Hyde, near Manchester 
Sumner Street, S.E. 

Fazeley St. Wks., Birmingham 
Salford Rolling Mills, Manchstr 
Manchester 


Scott Brothers 


Thrapston t . as : 
Haslingden, near Manchester Smith Brothers &Co. .. .. Kingston Engine Works 
Birmingham Glasgow 


Thornton & Crebbin a . 
Tweddell’s System, Ltd... ae 


Rail Benders. 

Gibbins, R.C.,&Co.  .. #0 
Tangyes Limited .. o» AG 
Wood, CG. .. ve on oo 


Rail Lifters. 
De Bergue & Co., Ltd. .. 


Gibbins, R.C.,& Co... on 


Rails (Steel and Iron). 


Bolling & Lowe .. 3 

Brown, Bailey’s Steel Works, Ld. 

Ebbw Vale Steel Iron & Coa 
Co., Ltd. .. 

Glengarnock Iron & Steel Co. 

Bhelton Iron, Steel, & Coal Co. 


Bradford, Yorks. 
14, Delahay Street, S.W. 


26, Mark Lane, E.C, 


Berkley Street, Binninehe 

Cornwall Works, Birming 

Tees Ironworks, Middles 
on-Tees 


Batley, Yorkshire 

74, Galbraith Street, Glasgow 
Sumner Street, S.E. 

Railway Foundry, Leeds 

39, Queen Victoria Street, E.C. 
Broadheath, near Manchester 
Haslingden, near Manchester 


Strangeways Ironworks, 1] 

chester | 
Berkley Street, Birmingha 
. 
West Gorton, Manchester 


West Gorton, Manchester Laurence Pountney Hill, 


Sheffield 


Mon,, South Wales 
Glengarnock, Scotland 
Stoke-on-Trent, & 122, 


York St.Works, Lambeth, 8.E. 


Albion Wks, Salford, Manchest’r ai 


Ledsam St. Works, Birmingham Ae Street, E.C. 
Bon Accord Engine Works, | Steel Co. of Scotland, Ltd. .. 23, Royal Exchange Sq 
Glasgow Glasgow 


3, Whitehall Place, 8.W. 
Atlas Foundry, Bolton 
Central Works, Oldham 
89, Cannon Street, E.C. 
Leeds 

Aston, Birmingham 
Whitefriars Street, E.C. 
Nine Elms, 8.W. 


Railway and Contractors’ Plant. 

Bagnall, W. G., Ltd. 30 .. Castle Engine Works, Sta 

Bailey, G., Toms & Co. .. 7a,Laurence PountneyHill, 

Baker, John, & Co. on .. Brinsworth Iron and V 
Works, Rotherham 

Birch, John, & Co. 


10 & 11, Queen St. Place, FE 
Brown, Bayley’s Steel Works, La. Sheffield 


Lincoln Dick, Kerr & Co., Ltd. . 101, Leadenhall Street, E. " 
Eliott Street, Glasgow Fowler, J., & Co. (Leeds), ‘Ltd... Leeds 

Close Wks., Newcastle-on-Tyne | Gibbins, R. CG. & Cos Berkley Street, ee 
Renfrew, N.B. Isca Foundry & Engineering Co. Newport, Mon. 


Cornwall Works, Birmingham 

Hydraulic Engineering Works, 
Hornsea 

27, Jewin Crescent, B.C. 


Oldbury Railway Carriage and 

Wagon Co., Ltd., The. oe 
St. George's Tronworks, Ltd. ie 
Summerson, Thomas, & Sons .. 
Wood, C. 


Oldbury Wks., nr, Birminy 
Manchester Pl 
RailwayPlant Wks., Darlir 
Tees Ironworks, Middle 
on-Tees 4 


AlbionWks. Salford, Manchest'r 
Nine Elms, S.W. 

90 & 92, Whitecross St., E.C. 
27, Jewin Crescent, E.C. 

39, Great Kastern Street, E.C. 


Railway Signals. 
Isca Foundry & Engineering Co. 


Railways (Portable). 


Bagnall, W.G., Ltd. .. .» Castle Engine Works, Sti 
Bailey, G., Toms & Co. .. AG 
Birch, John, & Co. an we 
Decauville, Ainé .. ate 5 
Dick, Kerr & Co., Ltd. . 
Fowler, J., & Co. (Leeds), Lta.. 
Kerr, Stuart & Co.. 

Wood, Or oo 


Newport, Mon. 


10 & 11, Queen St. Place, F 

7, Idol Lane, E.C. 

101, Leadenhall Street, E.' 

Leeds 

20, Bucklesbury, E.C. 

Tees Ironworks, Middle 
on-Tees 


AlbionWks. Salford, Manchest’r 

Oldfield Rd. Ironworks, Salford 

Gateshead-on-Tyne 

Barrhead, N.B. 

89, Sumner St., Southwark, S.E. 

Falmouth Dock Iron Works, 
Falmouth 

Leeds 

40, West India DockRoad, E. 

Victoria Road, Leeds 

Culver Street Iron Works, 
Colchester 

39, Queen Victoria Street, E.C. 

Whitefriars Street, E.C. 

Springhill, Birmingham 

Nine Elms, 8.W. 

Eliott Street, Glasgow 

Stockton-on-Tees 

Close Wks., Newcastle-on-Tyne 

20, Southwark Bridge Rd., S.E. 


Reducing Valves. 
Auld, David, & Sons ie ri 
Bailey, W. H., & Co., Ltd. 
Kirkaldy, John, Ltd. 
Schiffer & Budenberg 


Whitevale Foundry, Glas; 
AlbionWks. Salford,Mane 
40, West India Dock Roa’ 
1, Southgate, Manchester 


. . 


Refrigerating Machinery. 
Allen, W. H., & Co. a3 York Street Works, Lam] 
Copeland, J., & Co. AS Dobbie’s Loan, Glasgow 
Douglas & Grant .. ee .». Dunnikier Foundry, 


caldy, N.B. 
Hall, J. & E., Ltd. 


.._ 23, St. Swithin’s Lane, E. 
Kilbourn Patent Refrigerator 59, Commercial Road, 


Cornwall Works Birmingham Co., Ltd., The .. a pool 
Creek Wks., Lower Mall, Ham- Linde British Refrigeration Co., 
mersmith, and Portsmouth Ltd., The . 35, Queen Victoria Street, 


Pulsometer Engineering | Co. ila. Nine Elms, 8.W. 
Standard Ammonia Co., Ltd. Old Ford, E. 
Sterne, L., & Co., Ltd. Crown Tronworks, Glasgo 


27, Jewin Orescent, E.C. 

Vauxhall Ironworks, Wands- 
worth Road, 8.W. 

Sandhills, Liverpool 

153, Queen Victoria Street, E.C, 


Rice-Dressing Machinery. 


Copeland, J., & Co. ae +» Dobbie's Loan, Glasgow 
Douglas & Grant .. ae .. Kirkcaldy, N.B. 

York Street, Lambeth, S.E. . 

Albion Wks, Salford, M'chester . 

Stanley Works, Sheffield 

Ledsam St. Works, Birmingham 

Gateshead-on-Tyne 

Oldfield Rd. Ironworks, Salford 

Gateshead-on-Tyne 

Polmadie Iron Works, Glasgow 

Gov.n, Glasgow 

Gateshead-upon-Tyne 

Clay Cross, near Chesterfield 

Barrhead 

Sumner Street, 8.E, 


Hunter & English.. av .. Bow, London, E. 
Waygood, R., & Co. ts .. Falmouth Road, 8,E. 


Rivets.—(See Bolts, Rivets, &c.) 


Riveting Machines, 


Berry, Henry, & Co. es ee 
De Bergue & Co., Ltd. . 

Drysdale & Co. ei in 
Harvey, Robert, & Co. ee 
Rushworth & Co. .. 1 
Smith Brothers & Co... 
Tweddell’s System, Ltd, , , 


Croydon Works, Leeds 
Manchester (G1 
Bon Accord Engine W 
Park Grove Ironworks, G1 
Sowerby Bridge, Yorkshi; 
Kingston Engine Works, 
14, Delahay Street, 8, W, 
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pad-Making Machinery. 


3, Austin Manufacturing Co. 
»ek Drills. 

lock, M. C,, Manfg. on. se 
es, H. J... oe 


\ram, Richard, & Oo... o 


Chicago, Ill., U.S.A. 


Chicago, U.S.A. 

Sumner Street, 3.E. 

17a, Great George Street, West- 
miuster, 8.W. 


pling Mills.—(See Iron & Steel Works, Plant for.) 
olls (Chilled and Grain). 


est, Josiah ve aa es 


‘ry, Thomas, & Son, Ltd... 
mm, W... er a ae 


Victoria & Albert Iron Foun- 
dries, West Bromwich 

Highfields Works, Bilston 

29, Victoria Street, 8.W. 


pofs (Iron, Steel and Zinc). 


rol’s Bridge & Roof Co., Ltd.. 
nbury RailwayCarriage& Iron 
to., Ltd. .. 

hinore, Benson, Pease&Co., utd. 
eer Galvanized tron we a9 


os & Co., Lid. os ae 
xon, Isaac, & Co. ae 
adlay, Alexander, & Co. 
mdyside, Andrew, & Co., Lta. 
nna, Donald & Wilson 
nan & Froude .. 


4 Foundry & Engineering ohh 
lin, A. & J., & Co. 
orton, Francis, & Co. .. 


ggott, Thos.,& Co.,Ltd. .- 
rh, A. & We, &Co. .. . 
ockton Forge, The .. 

alker Brothers .. 

ire-Wove Waterproof Rooting 
Co., Ltd ae 


oofing (Glass). 
sndle, Wm. Edgeumbe, & Co. 


nae a 


Germiston Works, Glasgow 


Openshaw, Manchester 
Stockton-on-Tees 


Corbet Court, E.C. 
Manchester 
Spekeland Road, Liverpool 
Motherwell, N.B. 
Britannia Ironworks, Derby 
Paisley, N.B. 
Newton Heath Ironworks, near 
Manchester 
Oy Naa Mon. 
77a, Queen Victoria St., E.C. 
Hamilton Ironworks, Garston, 
near Liverpool 
Springhill, Birmingham 
Eglinton Engine Wks., Glasgow 
Stockton-on-Tees 
Pagefield Ironworks, Wigan 


108, Queen Victoria St., E.C, 


5, Victoria Street, S.W. 


‘ope, Cord and Twine Machinery Makers, 


‘over, Walter T., & Co. oe 


‘ope Driving Gear. 
vodfellow, Benjamin 


Salford, Manchester 


Hyde, near Manchester 


opes (Wire).—(See Wire & Wire Rope Makers.) 


afety Apparatus. 
eid, Wm., & Co. .. oe os 


and Blast Machinery. 


ree “ghewrs pee Blast 
Co., Ltd. . 


anitary eeiinanen. 


oulton & Co. ie oe . 
ughes & Lancaster a oe 


112, Fenchurch Street, £.C. 


Sheffield 


Lambeth, S8.E. 
Chester 


crew Propeller Blades. 


rown, John, & Co., Ltd. oe 
ox & Co. 


pencer, John, & Sons, Ltd. .. 


oo ” oo - 


Sheffield 

Falmouth Dock Iron Works, 
Falmouth 

Newburn Steel Works, New- 
castle-on-Tyne 


eparators and Steam Dryers. 


hadderton Ironworks Co., Ltd. 


ewing Machinery. 
reenwood & Batley, Ltd. 


Near Manchester 


Albion Works, Leeds 


hafting and Shaft Fittings. 


agshaw, J., & Sons, Ltd. ne 
jarry, Henry & Co., Ltd. A 
jennie, John «s 
essemer, Henry, & Co., ‘Ltd. 
rown, Bayley’s Steel Wrks., Ltd. 
srown, John, & Co., Ltd. 

‘oles, H. J... 


Sahar Oxastrislsige Contes 0.2 
rT ock Iron & Steel Co. :. 
iow, Benjamin .. . 


essop, W., & Sons, Ltd. F 
Cirketall Forge Co. . 
‘aylor & Challen, Ltd. .. oe 
Jnbreakable Pulley and Mill 

Gearing Co., Ltd. os re 


jhipbuilders. 


\bercorn Shipbuilding Co, 
\lley & Maclellan .. 

sraby, Fredk., & Co., Ltd. 
Jox & Co. 

yunsmuir & J ackson 
‘leming & Ferguson ae : 
{all-Brown, Buttery & Co, 


toss & Duncan... . a 


sleepers (Railway). 
Anderston Foundry Co., Ltd. 
Sbbw Vale Steel Iron & Coa 
Co,Ltd... .. ‘i 
smiths’ Fires. 
fhwaites Brothers, Ltd... 


Smiths’ Hearths. 


Alidays & irae Pneumatic 
Engineering Co., Ltd... ie 


on 


Batley, near Leeds 

Aberdeen 

Star Engine Works, Moncur 
Sheffield [Street, Glasgow 
Sheffield 

Sheffield 

Sumner Street, 8.E. 

Nile St. Foundry, Birmingham 
Glengarnock, Scotland 

Hyde, near Manchester 
Sheffield 

Leeds 

Birmingham 


West Gorton, Manchester 


Abbey Works, Paisley, N.B. 

Glasgow 

Deptford, 8.E. (Falmouth 

Falmouth Docks Iron Works, 

Govan Engine Works, Glasgow 

Paisley, N.B. 

Helen Street Engine Works, 
Govan, Glasgow 

Hayle, Cornwall (E.C. 

186, 187 & 188, Gresham House, 

19, Castle Street, Liverpool, 

Glasgow 

Elbing-Prussia 

Renfrew, N.B. 

Lythain, Lancashire 

Isle of Dogs, E. 


Glasgow and Middlesbrough 
Mon., South Wales 


Vulcan Ironworks, Bradford 


Birmingham 


soda Water ntentaesy: 


Barnett & Foster ., 


Spanners. 
Armstrong, Stevens & Son 


Speed Indicators. 
Braun, Dr, 0. 


Springs. 


Brown, Bayley’s Steel Wrks., Ltd. 
ee Samuel & Co, ee 
jpencer, John, & Sons, Ltd. 
Sterne, L., & Co., Ltd. .. 
Turton, Thos., & Sons, Ltd. 


Sprinklers, 
Dowson, Taylor & Co,, Ltd. 


Steam Hammers, 


- 


Baker Blower Engineering Co... 
Beth, Goon 8 Co. Rr. 
Davise Primrose!) 1) 
Hingis tte. 
a ry een 
Bwbwotiece 


25q, Eagle Wharf Road, N, 
Birmingham 
Gyrometerworks, Berlin, W., 62 


Sheffield 

Sheffield ({castle-on-Tyne 
Newburn Steel Works, New- 
Crown Ironworks, Glasgow 
Sheaf Works, Sheffield 


14, Victoria Street, Westminster 


Stanley Works, Sheffield 
Clyde Engine Works, Polmadie, 
Halifax 


[Glasgow 
Barrhead, N.B. 
Etna Ironworks, Bangor Road, 

Leith, N.B. 

49, Robertson Street, Glasgow 
Park Grove Ironworks,Glasgow 
Halifax 
Openshaw, Manchester 
Dowry Wks., Accrington, Lance. 


Glasgow 
Sowerby Bridge, Yorkshire 


IN DE X.—ADvERTISERS CLASSIFIED DIRECTORY. 


- ae cc aD 


Steam Liga ho RR 


Scott Brothers .. . +e 
Smith Brothers & Co... oe 
Stacey, F. H. aa 
Thwaites Brothers, “Ltd... oe 
Walker Brothers ,. 


Steam Road Rollers. 


Halifax 

Kingston EngineWks., Glasgow 
Heeley Bridge Fndry., Sheffield 
Vulcan Ironworks, Bradford 
Pagefield Ironworks, Wigan 


Aveling & Porter .. sf 
Steam Traps. 


.. Rochester, Kent 


Torpedo Machinery. 


Belliss, G. E., & Co, as Ledsam St. Works, Birmingham 


Torpedoes. 
Whitworth,SirJoseph,&Co.,Ld, Openshaw, Manchester 


Translations. 


Douglas, George 59, Mark Lane, E.C, 


XX1l1 


Vices. 


Crampton Brothers . we 
Mutual Secor eet Ltd. 
Parkinson, J. 

Taylor, C. 


Sheffield 

Barum House, Halifax, Yorks. 
Bradford, Yorks. 
Bartholomew St,, Birmingham 


Vuleanite and Vulcanised Fibre. 

Moseley, David, & Sons .. Ardwick, Manchester 

Mosses & Mitchell.. 68, 69, 70 & 71, Chiswell St., E.C, 
Winter, F. .. 138, London Wall, E.C, 


Chadderton Ironworks Co., 


Ltd. 
Edmeston, A., & Sons fe 
Lancaster & Tonge . aC 
Picking, Hopkins & Co. . ae 
Schiffer & Budenberg C 


Near Manchester (chester 
Cannon St. Wks., Salford, Man- 
Pendleton, Manchester 

Arnold Works, Bow, E. 

1, Southgate, Manchester 


Steel and Iron Works (Plant for).—(See Jron and 


Steel Works.) 


Steel Makers. 


Allen, Edgar, & Co., Ltd. 
Beardmore, William, &Co. .. 
Bessemer, Henry, & Co., Ltd. .. 
Bowling Iron Oo., Ltd., ‘The |. 
Brown, Bayley’ 3 Steel Works. ,Ld. 
Brymbo Steel Co., Ltd., The 90 
Colville, David, &Sons .. 
Ebbw Vale Steel Iron & Coal 
Co., Ltd. 
Firth, Thos., ‘& Sons, Ltd. ee 
Glengarnock Iron & Steel Co. .. 
Hadfield's Steel Pomn dye: te 
Howell & Co., Ltd. 
Jessop, W., & Sons, Ltd. 
Lanarkshire Steel Co,, Ltd. 
Leeds Forge Co., Ltd. .. a 
Leeds Steel Works, Ltd., The .. 
Osborn, 8., & Co. .. a. 
Rogerson, John, &Co., Lita. ae 
Steel Co. of Scotland, ‘itd,, The 


Turton, T., & Sons, Ltd.. 
Vickers, Sons & Co., Ltd. 
Weardale Iron & Coal Co., Lta. 


Whitworth,Sir Joseph, & Co.,Ld. 


Steering Gear. 

Napier Brothers, Ltd. as 
Piggott, Thos., & Co., Ltd. 
Redpath & Paris ap oo 
Roger, R., & Co. .. 

Wilson, John H., & Co., ‘Ltd. 


Stekers (Mechanteal. 


Chadderton Ironworks Co., bee 
Knap, Conrad, & Co. an “ 
Proctor, J. .. a oe 


Stonebreakers. 

Baker Blower Mngineerips Co.. 
Baxter, W. H. se ee 
Marsden, H. R. 

Robey & Co., a 

Stamm, W... ae 


Sugar Machinery: 


Clayton, Howlett & Co. .. 
Copeland, J., & Co. 

Davis & Primrose . 

Easton & ‘Anderson, Ltd. 
Fisher, Samuel, & Co. 
Harvey, Robert, &Co. .. 
Manlove, Alliott & Co., Ltd. 
Piggott, Thos., & Co., Ltd. 
Ruston, Proctor & Co., Ltd. 
Smith, A. & W., & Co. 


Surface Plates. 
Okes, J. C. R. 


Tanks. 


Bellamy, John nt: 

Braby, Fredk., & Cu. 

Clay Cross Co., The 

Copeland, J., & Co. 

Easton & ‘Anderson, Ltd. 
Findlay, Alexander, & Co, 
Hanna, Donald & Wilson 
Mechan & Sons _.. o 
Piggott, Thos., & Co., Ltd. we 
Yates& Thom .. os 


Tanners and Curriers. 


Norris, 8. E., & Co, an An 
Tullis, John, & Son ue te 
Webb & Son ee - 


Imperial Steel Wks., Sheffield 
Parkhead Ironworks, Glasgow 
Sheffield 

Bradford 

Sheffield 

Wrexham 

Motherwell, near Glasgow 


Mon., South Wales 

Norfolk Works, Sheffield 

Glengarnock, Scotland 

HeclaWks,, Attercliffe, Sheffield 

Brook Steel Works, Sheffield 

Sheffield 

Motherwell, N.B. 

Leeds 

Leeds 

Sheffield 

Wolsingham, near Darlington 

23, Royal Exchange Square, 
Glasgow 

Sheaf Works, Sheffield 

Sheffield 

George Yard, Upper Thames 
Street, E.C. 

Openshaw, Manchester 


100, Hyde Park Street, Glasgow 
Springhill, Birmingham 
Church Row, Limehouse, K. 
Stockton-on-Tees 

Sandhills, Liverpool 


Near Manchester 
11, Queen Victoria Street, E.C. 
Burnley, Lancashire 


Stanley Works, Sheffield 
Leeds 

Soho Foundry, Leeds 
Lincoln 

39, Victoria Street, S.W. 


Woodfield Rd., Harrow Rd., W, 
Dobbie’s Loan, Glasgow 

Etna Irnwks., Bangor Rd., Leith 
3, Whitehall Place, 8.W. 

Nile St. Foundry, Birmingham 
Park Grove Ironworks, Glasgow 
Nottingham 

Springhill, Birmingham 

Sheaf Lronworks, Lincoln 
Eglinton Engine Wks., Glasgow 


39, Queen Victoria Street, E.C. 


Millwall, E. 

352 to 362, Euston Road, N.W. 
Clay Cross, near Chesterfield 
Dobbie's Loan, Glasgow 

3, Whitehall Place, 8.W. 
Motherwell, N.B. 

Paisley, N.B. 

Cranstonhill, Glasgow 
Springhill, Birmingham 
Blackburn, Lancashire 


High Street, Shadwell, E. 
St. Ann's LeatherWks.,Glasgow 
Stowmarket 


Tea-Dressing Machinery. 


Copeland, J., & Co. ne 
Marshall, Sons & Co., Ltd. 
Ransomes, Sims & Jefferies, Ltd. 


Dobbie’s Loan, Glasgow 
Gainsborough 
Ipswich 


Telegraph Instruments. 


Johnson & Phillips ae ne 
Siemens Brothers & Co., Ltd. .. 
Telegraph ManufacturingCo., Ld. 


Fowler-Waring Cables Co., Ltd. 
Glover, Walter T., & Co. 
Johnson & Phillips ae 
Siemens Brothers & Co., Ltd. 
Telegraph ManufacturingCo., La. 


Chadburn & Son ., . 


Telephones. 
Telegraph ManufacturingCo., Ld. 


Testing Machines. 


Bailey, W. H., & Co., Ltd. eis 

Denison, Saml., & Sons .. ae 

Greenwood & Batley, Ltd. 

Leeds pee oer & Lh bomen 
Co. ° 

Tangyes Limited : 3 

Whitworth,Sir J oseph, &Co. La. 


Textile Machinery. 
Anderston Foundry Co., Ltd. .. 


Bailey, W. H., & Co., Ltd. 
Llewellin Machine Co. .. 


Buck & Hickman .. oe 
Burton, C. W. as ee ee 
Chatwin, Thos. ., oo 
Churchill, Chas., & Co., Ltd. ns 
Dempster, Moore &Co. .. rs 
Green & Boulding.. 

Hardy Patent Pick Co., Ltd., The 
Heap, Joshua, & Co., Ltd. 
Mutual Engineering Co., Ltd, | a 
Nettlefolds Limited *° ce 
Noble & Lund oe oe 
Selig, Sonnenthal & Co. « 5 
Taylor,C. .. ae ee 
Wells, A. C., & Co. oe ae 


Widdowson, J. H... 


Torpedo Boats. 


Greenwood & Batley, Ltd. 
Hanna, Donald & Wilson 
Schichau, F. 

Thornycroft, J. I., “& & Co.” . 
Yarrow & Co. oe on 


14, UnionCt., Old Broad St., E.C, 
12, Queen Anne's Gate, 8. W. 
Helsby, near Warrington 


Telegraph Wire and Cables. 


32, Victoria Street., S.W. 
Salford, Manchester 

14, Union Ct., Old Broad St.,E.C, 
12, Queen Anne's Gate, S.W. 
Helsby, near Warrington 


Telegraphs (Engine and Steering). 


11, Waterloo Road, Liverpool 


Helsby, near Warrington 


Albion Wks. Salford, Manchest’r 

Atlas Works, Leeds 

Albion Works, Leeds 

Providence Works, Cross Stam- 
ford Street, Leeds 

Cornwall Works, Birmingham 

Openshaw, Manchester 


Glasgow and Middlesbrough 


Time-Checking Machines. 


Albion Wks. Salford, Manehest’r 
Bristol 


Tools (Hand and Small). 


280 & 281, Whitechapel Road, E. 
158, Queen Victoria St., E.C. 
Gt. Tindal St., Birmingham 
21, Cross St., Finsbury, E.C. 
49, Robertson Street, Glasgow 
21, Featherstone Street, E.C. 
Sheffield 

Ashton-under-Lyne 

Barum House, Halifax, Yorks. 
Birmingham 
Newcastle-on-Tyne 

85, Queen Victoria Street, E.C. 
Bartholomew St., Birmingham 
2, raeane Road, St. Pancras, 


Ordsal Lane, Manchester 


Leeds 

Paisley 
Elbing-Prussia 
Chiswick, W. 
Isle of Dogs, E, 


Tramways and Tramway Plant. 


Baker Blower Engineering oo, 
Birch, John, & Co. A a 
Dick, Kerr & Co., Ltd. 
Hawthorn, R R& Ww. Leslie & Co. bs 
Hornsby, R., & Sons, Ltd. - 
Isca Foundry & Enginearing; Co. 
Kerr, Stuart & Co. 


Tube-Drawing Plant. 


Fisher, Samuel, & Co. 
Grice, William, & Co. 
Guest, Josiah 


Platt, Samuel 


Tube Wells. 
Isler, C., & Co. oi 

Le Grand & Sutcliff 
Tangyes Limited .. 
Williams, Alfred, & Co.: 


Stanley Works, Sheffield 
10 & 11, Queen St. Place, E.C, 
101, Leadenhall Street, E.C. 


Newcastle-on-Tyne 
Grantham 

Newport, Mon. 

20, Bucklersbury, E.C. 


Nile St. Foundry, Birmingham 
Fazeley St. Wks., Birmingham 
Victoria & Albert Iron Foun- 

dries, West Bromwich 
Wednesbury 


Artesian Wks., Bear Lane, S.E. 
125, Bunhill Row, E.C. 
Cornwall Works, Birmingham 
39, Great Eastern Street, E.C. 


Tubes (Brass and Copper). 


Birmingham Battery & Metal Co. 

Broughton Copper Co., Ltd. .. 

Elmore's Patent Copper gePons 
ting Co., Ltd. .. 

Grice, Grice & Son 

Wilkes, J., Sons, t ‘Mappiebeck, 
Ltd. 


Tubes (Glass Lined). 
Dan Rylands, Ltd, 


Tubes (Iron and Steel). 


Aird, Jos. .. 

Birmingham Battery & Metal Co. 

Brown, John, & Co., Ltd. = 

Caledonian Tube Come 

Credenda Seamless Etec) Tube 
Co., Ltd. a 

Eadie, J.,& Sons ae a 


Galloways Limited 

Hildick & Hildick 

Howell & Co., Ltd. 

Lewis, E., & Sons.. 

Lloyd & Lloyd ae AC: os 
Marshall, J., & Sons oe ee 
Mechan & Sons... ° . 
Piggott, Thos., & Co., Lta, 
Projectile Co., “Ltd. 

Russell, Jas., 's Sons, Ltd. 
Spencer, J. ohn ws 

Star Tube Co.,, Ltd., The.. 

Steel Pipe Co., Ltd., The 
Stewart, A. &J.,8Clydesdale, La. 
Weldless Steel Tube Co,. : 


Tug Boats. 


Cox & Co. 
Ross & Duncan 


Birmingham 
Manchester 


Leeds 
Sheepcote Street, Birmingham 


Abberley Street, Birmingham 


Barnsley 


Tipton, Staffordshire 
Birmingham 

Sheffield 

Coatbridge, near Glasgow 


Smethwick, Birmingham 

Clydesdale Tube Works, Ruth- 
erglen, near Glasgow 

Manchester 

Tube Works, Walsall 

Brook Steel Works, Sheffield 

Wolverhampton 

Albion Tube Wks., Birmingham 

Glasgow (hill, Glasgow 

Neptune Ironworks, Cranston- 

Springhill, Birmingham [S.W. 

New Road, Wandsworth Road, 

CrownTubeWorks, Wednesbury 

Wednesbury 

Birmingham 

2, Victoria Mansions, 8.W. 

Clyde Tube Works, Glasgow 

Icknield Port Rd., Birmingham 


Falmouth Docks Iron Works, 
Glasgow | Falmouth 


Tunnelling Machinery. 


St. George's Ironworks, Ltd, 


Turbines. 

Allen, W. H., & Co. 

Dell, Wm. R., & Son... 
Donkin, B., & Co., Ltd. .. 
Easton & Anderson, Ltd. 
Fraser & Chalmers, Ltd. . 
Giinther, W. 

Hanna, Donald & Wilson 
Howes, 8. .. 

Schram, Richard, &Co.. 
Stothert & Pitt, Ltd. 
Warner, R., & Co... 


Turnstiles. 

Isler, C., & Co. ° 

Le Grand & Suteliff 
Turntables. 

Cowans, Sheldon & Co., Ltd, .. 


Twist Drills. 
Burton, C, W. 
Typewriters. 

American Writing Machine Co. 
Yost Typewriter Co., Ltd. 
Tyres (Railway). 


Bessemer, Henry, & Co., Ltd. .. 
Brown, Bayley's Steel Works, Ld. 
Firth, Thos., & Sons, Ltd. OK; 
Vickers, Sons & Co., Ltd. ts 


Manchester 


York St. Works, Lambeth, 8.E. 
26, Mark Lane, E.C. 
Bermondsey, 8.E. 

3, Whitehall Place, S.W. 

43, Threadneedle Street, E.C. 
Central Works, Oldham 
Paisley, N.B. 

64, Mark Lane, E.C. 

17a, Great George Street, West- 
Bath (minster, 8.W. 
27, Jewin Crescent, E.C. 


Artesian Wks., Bear Lane, S.E. 
100, Bunhill Row, E.C. 


Carlisle 


158, Queen Victoria St., E.C. 


Coventry 
40, Holborn Viaduct, E.C, 


Sheffield 
Sheffield 
Norfolk Works, Sheffield 
Sheffield 


Vacuum Drying Apparatus. 


Vacuum Drying Co., Ltd. 54 


Valuers (Engineering). 


Kirk, W., Price & Goulty ae 


Norman, John ,, 


39, Commercial Road, E. 


52, Queen Victoria Street, E.C.; 
and Albert Square, M’chester 
1314, St. Vincent St., Glasgow 


Valves (Gas, Steam, Water, &c.). 


Alley & MacLellan ° 
Asbestos Co., Ltd. (Bell’ 5) 
Bailey, W. H., & Co., Ltd. * 
Crosby Steam Gage & Valve Co. 
Donkin, B., & Co., Ltd. ve 
Glenfield Co., Ltd. ee oe 
Green & Boulding .. 
Hanna, Donald & Wilson 
Hunter & English .. : 
Metallic Valve Co. 
Owens, 8.,&Co. .. 4 
Palatine Engineering Co., “Ltd... 
“ Perfect" Hydraulic Valve Co. 
Piggott, Thos., & Se Ltd, 

Reid, Win., & Co. . 
Rhodes, B., & Son. F 
Schiffer & Budenberg zx 
Scott, Ernest, & eu, Ltd. 
Walker Bros. ve 

Warner, R., & Co.. on oe 
Whitley Partners oe oe an 


Valves (Safety). 


Bailey, W. H., & Co., Ltd. 7 
Crosby Steam Gage & evalre Co. 
Empire Co., The .. ‘ 


Schiiffer & Budenberg .. e 
Scott, Ernest, & Mountain, Lta. 
Turnbull, Alex., & Co. .. . 


Ventilators. 


Allen, W. H., & Co. ve 

Blackman Air Propeller Ven- 
tilating Co., Ltd. a 

Boyle, R., & Son, Ltd. 

Heenan & Froude .. 

Utley, Thomas, & Co, 


Sentinel Works, Glasgow 

59}, Southwark Street, S.E. 
Albion Wks, Salford, Manchest'r 
75, Queen Victoria Street, H.C. 
Bermondsey, 8.E. 

Kilmarnock, N.B. 

21, Featherstone Street, E.C. 
Paisley, N.B. 

Bow, E. {Liverpool 
Tower Buildings, Water Street, 
Whitefriars Street, E.C. 

10, Blackstock St., Liverpool 
27, Moor Road, Headingley, 
Birmingham [Leeds 
112, Fenchurch Street, E.C. 
Bow Brass Works, London, E. 
1, Southgate, Manchester 
Close Wks., Newcastle-on-Tyne 
Pagefield Ironworks, Wigan 
27, Jewin Crescent, E.C. 
Railway Works, Leeds 


Albion Wks. Salford, Manchest'r 

75, Queen Victoria Street, E.C. 

Gt. Bridgewater Street, Man- 
chester 

1, Southgate, Manchester 

Close Wks., Newcastle-on-Tyne 

Bishopbriggs, Glasgow 


York St. Works, Lambeth, 8. E. 


63, Fore Street, E.C. 

64, Holborn Viaduct, E.C. 
Aston Lane, Birmingham 
Stoneycroft, Liverpool 


Wagon (Railway) Builders. 


Ashbury Railway Carriage and 


Iron Co., Ltd. 
Bagnall, W. G., Ltd. 
Brush ‘Electrical 

Co., Ltd. 
Gloucester Railw: ay ‘Carri iage and 

Wagon Co., Ltd. a <s 
Kerr, Stuart & Co... se «e 
MacLellan, P. & W., Ltd. ats 
Metropolitan Railway Carriage 

& Wagon Co., Ltd. : 
Midland Railway Carriage and 

Wagon Co., Ltd. 

Oldbury Railway Carriage and 

Wagon Co., Ltd., The . 
Pickering, R. Sas. & Co., Ltd. 


Wagons (Tip). 
Bagnall, W. G., Ltd. “ 
Bailey, G., Toms & Co. .. 
Dick, Kerr & Co., Ltd. .. 
Washers, 

Jardine, J. .. 


Engineering 


Water Meters. 

Glenfield Co., Ltd. 

Manchester Water Meter Co.Ltd. 
Sporton, Henry, & Co. .. 
WorthingtonPumpingEngineCo. 


Openshaw, Manchester 
Castle Engine Works, Stafford 


Loughborough 

Gloucester 

20, Bucklersbury, E.C. 
Clutha Works, Glasgow 
Saltley Works, Birmingham 
Abbey Works, Shrewsbury 


Oldbury Wks., nr, Birmingham 
Wishaw, near Glasgow 


Castle Engine Works, Stafford 
7a, LaurencePountney Hill, E.C, 
101, Leadenhall Street, E.C. 


Nottingham 


Kilmarnock, N.B. (chester 
Tipping Street, Ardwick, Man- 
Chase Side, Enfield 

153, Queen Victoria Street, E.C. 


Water-Purifying Apparatus. 


Easton & Anderson, Ltd. 

Green & Boulding 

Kirkaldy, John, Ltd. on 

Patent Heater Condenser Co. .. 

Pulsometer Engineering Co., Ltd. 


Water Wheels. 


Bodley Brothers & Co. 

Copeland, J., & Co. ee 
Easton & Anderson, Ltd. AG 
Stothert & Pitt, Ltd. oe 
Warner, R., & Co... 

Whitmore & Binyon 


Weighing Machines. 


Denison, Saml., & Son 

East Ferry Road _ Engineering 
Works Co., 

Hodgson & Staal” 7 

Morton, Francis, & Co., Ltd. 

Pooley, Henry, & Son 

Scott, Jas., & Son.. aa 


3, Whitehall Place, S.W. 

21, Featherstone Street, E.C. 
40, West India Dock Road, E. 
16, Gt. George St., Westminster 
Nine Elms, 8.W. 


Exeter 

Dobbie's Loan, Glasgow 

3, Whitehall Place, 8.W. 

Bath 

27, Jewin Crescent, E.C. 

Wickham Market, and 64, 
Mark Lane, E.C. 


Atlas Works, Leeds 


Millwall, E. 

Regent Road, Manchester 

Garston, near Liverpool 

Albion Foundry, Liverpool 

10, Tibb Lane, Cross Street, 
Manchester 


Well-Boring Machinery. 


Bolling & Lowe .. 
Easterbrook, Alleard & Co. 
Williams, Alfred, & Co.. 


Well Engineers. 


Easton & Anderson, Ltd. 
Isler,C.,&Co. .. es 
Le Grand & Sutcliff A 
Williams, Alfred, & Co... 


Wheels (Geared). 


Barry, Henry & Co., Ltd. 
Bodley Brothers & (ore 
Brown, D. .. 

Chidlaw, R.. 

Fisher, Samuel, & Co. 
Fletcher, John, & Sons .. 


Goodfellow, Benjamin 
Grice, William, & Co. _ .. 
Hawthorn, R. & W., Leslie and 


Co., Ltd. .. 
Jackson, P. R., & Co., Ltd. 
Manlove, Alliott & Co., Ltd. 


Perry, Thomas, & Son, ‘Ltd. 
St. George's Ironworks, Ltd. 
Spencer, John, & Sons, Ltd. 


Whittaker, Wm,, & Sons 
Yates & Thom a 


Wheels (Railway). 

Ashbury Railway Conikee sud 
Iron Co., Ltd. .. . 

Baker, John, & Co. zn 

Metropolitan Railway Carriage 
and Wagon Co, 

Midland Railway Carriage and 
Wagon Co., Ltd. 

Oldbury Railway Carriage and 
Wagon Co., Ltd., The. o> 


Windmills. 


Picking, Hopkins & Co. ,. 
Warner, R,, & Co... . 
Whitmore & Binyon 


Williams, Alfred, & Co... 


Wire-Drawing Plant. 
Fisher, Samuel, & Co. 

Grice, William, & Co. .. 
Hodgson, H. E., & Co, ., 


Wilmott & Cobon 


Birmingham Battery & a Oe 

Bullivant & Co. 

Cradock, Geo., & Co. 

Dennis, W. F., & Co. 

Elliot, George, & Co. 

Fowler, J., & Go. (Leeds), Ltd. 

Glover, Walter T., & Co. F 

Johnson & Phillips oe 

Warrington Wire Rope Works, 
Ltd.. 

Wilkes, By, Sons, & ¢ Mapplebeck, 
Ltd, 


Barr, James oo ry: 
Dempster, Moore & “Co. 
Easton & Bessemer, Ltd.. 
Fay, J. A., & Co. .. * 
Hindley, B. 8. 
Marshall, Sons & Co., Ltd. 
Mohn, Chr. B. ee es 
Pollock, Macnab & Highgate 
Ransome, A., & Co., Ltd. 
Reynolds, F. W., & ‘Co. © 
Richards, Geo., & Co., Ltd. 
Robey & Co.. a 
Robinson, Thos., & Son, Ltd. . 
Ruston, Proctor "k Co., Ltd. 
Sagar, J., & Co. 
Scott Bros. .. 

Tangyes’ Machine Tool Co., Ita, 


2, Laurence Pountney Hill,E.C. 
Albert Works, Sheffield 
39, Great Eastern Street, E.C. 


3, Whitehall Place, 8S.W. 
Artesian Wks., Bear Lane, 8.E. 
125, Bunhill Row, E.C. 

39, Great Eastern Street, E.C. 


Aberdeen 

Exeter 

Huddersfield 

City Road, Manchester 

Nile St. Foundry, Birmingham 

Eagle Foundry, Salford, Man- 
chester 

Hyde, near Manchester 

Fazeley St. Wks., Birmingham 


Newcastle-on-Tyne 

Salford Rolling Mills, Manchstr 

Nottingham 

Highfields Works, Bilston 

Manchester 

Newburn Steel Works, New- 
castle-on-Tyne 

Oldham 

Blackburn, Lancashire 


Openshaw, Manchester 
Brinsworth Iron and Wheel 

(Works, Rotherham 
Saltley, Birmingham 


Abbey Works, Shrewsbury 
Oldbury Wks,, ur, Birmingham 


Winches (Steam).—(See Cranes.) 


Bow, London, E. 

27, Jewin Crescent, E.C. 

Wickham Market, and 64, 
Mark Lane, E.C. 

39, Great Eastern Street, E.C. 


Nile St. Foundry, Birmingham 

Fazeley St. Wks., Birmingham 

Brookhouse Ironworks, Cleck- 
heaton 


Wire-Netting Machines. 


30, 32 & 34, Rotherhithe St., 8.E. 


Wire and Wire Rope Makers. 


Birmingham 

72, Mark Lane, E.C. 

Wakefield 

11, Billiter Street. E,C. 

23, Great George Street, West- 
Leeds {minster 
Salford, Manchester 

14, Union Ct., Old Broad St.,E.C, 


13, Goree Piazzas, Liverpool 
Abberley Street, Birmingham 


Wood-Working Machine Makers. 


Kilmarnock 

49, Robertson Street, Glasgow 
Taunton 

54, Old Broad Street, E.C, 
Bourton, Dorset 
Gainsborough 

Christiania, Norway 
Shettleston, Glasgow 

Stanley Works, Chelsea 
Acorn Wks., Edward St., S.E. 
Broadheath, near Manchester 
Lincoln 

Rochdale 

Sheaf Ironworks, Lincoln 
Halifax, Yorks. 

Halifax 

Oxford Works, Birminghaw 
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Abbot, John, & Co., Ltd., Park Works, Gateshead-on-Tyne 

Abbott & Co., Newark-on-Trent . 8 ae tle ne 

Adam, J. M., & Co., Ibrox Works, Glaseew 

Adamson, Daniel, & Co., Dukinfield, near Manchester 

Aird, Jos., Wrot. Iron and Steel Tube Works, Great Bridge, Stafts, 

Airdrie Iron Co., The, Airdrie, near Glasgow ae on 

Alexander, E. P., 36, Southampton Buildings, W.C. se 

Alldays & Onions’ Pneumatic Engineering Co., Lta., 
Birmingham .. 

Alldays & Onions’ pneumatic Barincertig Co. Ltd., 
15, Sherbourne Lane, E.O. 

Allen, Edgar, & Co., Ltd., Traperial Steel Works, ‘Sheffield 

Allen, W. H., & Co., York Street Works, Lambeth . 

Alley & Maclellan, Sentinel Works, Glasgow 

Allison Bros., 52, Chancery Lane, W.C. . 

American Writing Machine Co., Cov entry 

Anderson, D., & Son, Ltd., 812, Old Ford Road, Bow, E 

Anderson, D., & Son, Ltd., 118, Broomielaw, Glasgow .. 

Anderson, D., & Son, Litd., Lagan Felt Works, Belfast .. 

Anderston Foundry Co., Ltd., Glasgow 

Anderston Foundry Co., Ltd., Middlesbrough 


Anderton, A., & Sons, Accrington 

Appleby Bros., 22, Walbrook, E.C. 

Archdale, Jas., & Co., Manchester Wks., ededed St, Gpitaieehans 

Archdale, Jas., & Co., 23, College Hill, E.C. . af 

Ardeer Foundry Co., Stevenston, Ayrshire, NB. 

Armstrong, Stevens & Son, Birmingham 

Arrol’s Bridge & Roof Co.,. Ltd., Germiston Works, Ciccerm 

Asbestos Co., Ltd. (Bell’s), 594, Southwark Street, S.E. Ss 

Asbestos Co., Ltd. (The United), Dock House, Billiter St., E.C. 

Ashbury Railway Carriage Co., Openshaw, Manchester 

Ashmore, Benson, Pease & Co., Ltd., Stockton-on-Tees 

Ashmore, Benson, Pease & Co., Ltd., 7, Laurence Pountney 
Hill, E.0. a5 is 

Askham Bros. & Wilson, ‘Lta., ‘Sheffield . 

Asquith, William, Highroad Well Works, Halifax .. 

Astbury, W. H., Grantham .. a ate 

Aston Chemical Co., Birmingham 


Atlas Engineering Co., Levenshulme, Manchester .. 
Auld, David, & Sons, Whitevale Foundry, Glasgow 
Auto Machinery Co., Ltd., Read Street, Coventry 
Aveling & Porter, Rochester, Kent 


Babcock & Wilcox Limited, 114, Newgate Street, E.C. 

Babcock & Wilcox Limited, 21, Bothwell Street, Glasgow 

Babcock & Wilcox Limited, 28, Deansgate, Manchester 

Bagnall, W. G., Ltd., Castle Engine Works, Stafford 

Bagshaw, J., & Sons, Ltd., Batley, Yorkshire 

Bailey, G., Toms & Co., 7a, Laurence Pountney Hill, E. 0. ae 

Bailey, W. H., & Co., Ltd., Albion Works, Salford, Manchester. . 

Baker Blower Engineering Co., Stanley Works, Sheffield 

Baker, John, & Co., Brinsworth [ron & Wheel Works, Rotherham 

Barnett & Foster, 259, Eagle Wharf Road, New North Road, N. 

Barr, James, Kilmarnock, N.B. 

Barron, F. C., & Co., 9, St. Mildred’s Gourk; Poultry, E C. 

Barry, Henry & Co., Ltd., Aberdeen 

Barry, Henry & Co., Ltd., 3 & 4, Lime Street aadare, E Or 

Baxter, W. H., Leeds 

Beardmore, William, & Co., Parkhead Forge Rolling Mills ane 
Steel Works, Glasgow ; oe ate 50 co 

Beck, W. H., 115, Cannon Street, E. ©. 

Bellamy, John, Millwall, E. 

Belleville, J., & Co., 4 St. Denis (Seine), Weis 

Belliss, G. E., & Co., Ledsam Street Works, Bleniuphae 

Bemrose & Sons, Irongate, Derby 

Bemrose & Sons, 23, Old Bailey, E.C. . 0 

Bennie, James, & Sons, Clyde Engine Works, Bolranaie aceon 

Bennie, John, Star Engine Works, Moncur Street, Glasgow 

Berend, O., & Co., 61, Fore Street, E.C. 

Berry, F., & Son, Sowerby Bridge, Yorkshire 

Berry, Henry, & Co., Oroydon Works, Hunslet, Leeds 

Bessemer, Henry, & Co., Ltd., Sheffield 

Billington & Newton, Longport, Stoke-on-Trent . 

Binney & Son, Catherine Street, City Road, E.C. 


Abbott, Newark 
Adamant, Glasgow 
Adamson, Dukinfield 
Vigilantia, Tipton 
Iron, Airdrie 

Epa, London 


Alldays, Birmingham 


Typhoon, London 

Allen, Sheffield 

Pump, London 

Alley, Glasgow 

Nosilla, London 

Caligraph, Coventry 

Ulster, London 

Lewis, Broomielaw, Glasgow 

Anderson, Belfast 

Afco, Glasgow 

Afco, Port Clarence, Middles- 
bro’ 

Anderton, Boiler Church 

Millwright, London 

Archdale, Birmingham 

Colloquial, London 

Kerr, Stevenston 

Armstrongs, Birmingham 

Germiston, Glasgow 

Belfry, London 

Asbestos, London 

Ashburys, Manchester 

Gasholder, Stockton-on-Tees 


Derwent, London 
Astbury, Grantham 


Aston Chemical Co., Birming: 
ham 


. Atlas, Levenshulme 


Reducing, Glasgow 
Auto Co., Coventry 
Aveling, Rochester 


Babcock, London 
Babcock, Glasgow 
Babcock, Manchester 
Bagnall, Stafford 
Bagshaw, Batley 
Bailey Toms, London 
Beacon, Salford 

Elivas, Sheffield 
Brinsworth, Rotherham 
Drinks, London 

Barr, Kilmarnock 
Noclaf, London 

Barry, Henry, Aberdeen 
Laborless, London 
Knapping, Leeds 


Beardmore, Glasgow 


Bellamy, London 

Belleville, Saint Denis, Seire 
Belliss, Birmingham 
Bemrose, Derby 

Bemrose, London 

Bennie, Polmadie, Glasgow 


Yttrium, London 
Berrys, Sowerby Bridge 
Rivetter, Leeds 
Bessemer, Sheffield 
Bronze, Longport, Staffs, 
Lubricative, London 


Birch, J ohn, & Co., 40, Chapel Street, Liverpool 

Birch, John, & Co., 10 & 11, Queen Street Place, E.0. 

Bird, C. G., Wellington Street, Ipswich .. Re og 

Birmingham Battery and Metal Co., Birminghani ae oS 

Black, Hawthorn & Co., Ltd., Gateshead... 3 

Blackburn, Joseph, 39, Arkwright Street, Nosicham 

8lackman Air Propeller Ventilating Co., Ltd., 63, Roe 
Street, E.C.  .. 

Blackwall Galvanized Iron Co., Ltd., 4, Cofbet Gout E. C. 

Blackwall Galvanized Iron Co., Ltd., Orchard Place, Black- 
wall : ot) 5 

Blake, John, Patent Ram Works, kooeiteson: Lane. 

Bliss, E. W., Co., Ltd., New Road, Wandsworth Riad, Ss. W. 

Blumann & Stern, Ltd., 43, London Wall, E.C. 

Bodley Bros, & Co., Old Quay Foundry, Exeter 

Boiler Insurance and Steam Power Co., Ltd., 67, King 
Street, Manchester .. : 

Bolling & Lowe, 2, ademas Poneren Hill, E @: 

Bolton Engineering Co., Turton Street, Bolton 

Bone, F. G., Long Lane, S.E. 

Booth, G., & Co., Central Iron Works, Halifax. 

Booth, Joseph, & Bros., Rodley, Leeds 

Bow, McLachlan & Co., Thistle Works, Paisley 

Bowling Iron Co., Ltd., Bradford 

Boyle, R., & Son, Ltd., 64, Holborn Viaduct, E. ©.; and 110, Both- 
well Street, Glasgow a 

Braby, F., & Co., Ltd., Deptford, 8. EK. 

Braby, F., & Co., Ltd., Fitzroy Wks., 352 to 362, ieeton Rd., N. W. 

Braby, F., & Co., Ltd., Cannon Street, E.C. 

Braby, F., & Co., Ltd., Glasgow .. 5 

Braby, F., & Co., Ltd., Liverpool.. oe 

Bradford, J., & Sons, 44, Chapel Street, Liv aepoelt 

Bradford, Thos., & Co., 140 to 143, High Holborn, W.C. .. 

Bradford, Thos., & Co., Crescent Ironworks, Salford, Manchester 

Bradley & Craven, Westgate Common Foundry, Wakefield 

Braun, Dr. O., Gyrometerworks, Berlin, W, 62 as 


oe 


Bremner, J. A., & Co., Albert Street, Manchester .. no 

Brewer & Son, 33, Chancery Lane, W.C. 

Briggs Bros., Moor End, Hunslet, Leeds 

Britannia Company, Colchester.. of 

British Patent Glazing & Glass Co., Ltd., 75, ogee Victoria 
Street, E.C. 

Broadbent, Thos., & Sons, Central: ironworks, "Chapel Hill, 
Huddersfield .. 

Brotherhood, Peter, Belvedere Road, laste 8. E. 

Broughton Copper Co., Ltd., Glasgow 

Broughton Copper Co., Ltd., London 

Broughton Copper Co., Ltd., Manchester . ; 

Browett, Lindley & Co., Ltd., Sandon Wks., Patrlorott, Mneheter 

Brown, Bayley’s Steel Works, Ltd., Sheffield .. 

Brown, D., Huddersfield ae le 5 

Brown, John, & Co., Ltd., Sheffield 5 

Brush Electrical Engineering Co., Ltd., 112, Belvedere 
Road, Lambeth, 8.E. . 

Brush Electrical Engineering co. Led, raleoe Works 
Loughborough ‘ o ae 

Brymbo Steel Co., Ltd., TWreshani 9 

Buck & Hickman, 280 & 281, Whitechapel Roadl E. 

Bullivant & Co., 72, Mark Lane, E.C. . 5 

Bullock, M. C., Manfg. Co., Chicago, U.S. A. 

Bumsted & Chandler, Cannock Chase Engine Works, Hednes! 
ford, Staffs, 

Burham Brick, Lime and Cement Co., Lta., Nicholas 
Lane, Lombard Street, E.O. - 

Burnet, Lindsay, & Co., Moor Park Boiler Works, Geren: cline 

Burnet, Lindsay, & Co., 52, Leadenhall Street, E.C. 

Burnham, Williams & Co.,Dashwood House,9,New Broad St., E. 0. 

Burnham, Williams & Co., Philadelphia, U.S.A. 

Burrell, Chas., & Sons, Ltd., St. Nicholas Works, Thetford, Notte 

Burton, C. W., 158, Queen Victoria Street, E.C. Ac 

Butterfield, F. & J., & Co., Ltd., Midland Tool Works, RKelghiey 

Butters Bros. & Co., 20, Waterloo Street, Glasgow 56 

Butterworth Bros., Ltd., Newton Heath GlassWorks, Manchested 


ae 


Caird & Rayner, 777, Commercial Road, Limehouse, FE. .. 
Cameron, John, Oldfield Road Iron Works, Salford .. 


Poolbirch, Liverpool 
Endeavour, London 
Seabird, Ipswich 

Battery, Birmingham 
Blackthorn, Newcastletyne 
Blackburn, Nottingham 


Ventilator, London 
Promptitude, London 


Silverine, London 


Blumann, London 
Bodley, Exeter 


Boiler, Manchester 
Bird, London 
Bec, Bolton 


Booths, Engineers, Halifax 
Cranes, Rodley 

Bow, Paisley 

Bowling, Bradford 


Braby, Deptford, London 
Courteous, London 
Xenophon, London 
Braby, Glasgow 
Braby, Liverpool 
Lubricants, Liverpool 
Bradfords, London 
Vowel, Manchester 
Craven, Wakefield 
Dr. Braun, Nettolbeokstea 
Berlin 
Roman, Manchester 
Infallible, London 
Packing, Leeds 
Britannia, Colchester 


Astragal, London 


Broadbent, Huddersfield 
Brotherhood, London 
Copper Co., Glasgow | 
Copper Co., London 
Copper Co., Manchester 
Sandon, Patricroft 
Bayley, Sheffield | 
Gearing, Huddersfield 
Atlas, Sheffield ) 


Magneto, London 


Steel, Wrexham 
Roebuck, London | 
Bullivants, London 
Bullock, Chicago 


Bags, Hednesford 


Burnet, Glasgow 
Nomen, London 
Rodadura, London 
Baldwin, Philadelphia 
Burrell, Thetford 
Hibou, London 

Field, Keighley 
Butters, Glasgow 
Glasses, Newton Heath 


Vaporize, London 
Original, Manchester 
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arbrook Forge and Steel Co., Sheffield 

arlaw, David, 81, Dunlop Street, Glasgow 

arrick & Wardale, Gateshead.. 

arruthers, J. H., & Co., Polmadie Tronworks, Gunes 
arter & Wright, Hexagon Iron Works, Halifax ap 
arter, J. H., 82, Mark Lane, E.C. <t 

artmell, J. Monkhouse, 91, Buchanan Street, Glasgow 
atton & Co., Dewsbury Road, Leeds eS 
entral Cyclone Co., Ltd., 9 and 11, Feocharch ret enue, y, G; 
hadburn & Son, 11, Waterloo Road, Liverpool .. A : 
hadderton Iron Works Co., Ltd., near Manchester .. 
haplin, Alex., & Co., Govan, Glasgow 

harlesworth, Hall & Co., Richmond Hill Ironw fe Oldham... 


hatwin, Thos., Great Tindal Street, Birmingham 

hidlaw, R., 43, City Road, Manchester 

hurchill, Chas., & Co., Ltd., 21, Cross Street, ace. E. O.. 
larke, Chapman & Co., Ltd., Gateshead .. 

larke’s Crank & Forge Co., Ltd., Patent Crank Woke, Einools 
‘lay Cross Co., Clay Cross, near Chesterfield . ie as 
‘layton, H., 115, Thornton Road, Bradford 

llayton, Howlett & Co., Woodfield Road, Harrow Road, w. 
Hayton & Shuttleworth, Lincoln 44 
Nayton & Shuttleworth, 78, Lombard Street, E. o. 

ilyde Rivet Works Co., Glasgow AA ae 

fochran & Co., Duke Street, Birkenhead 

tochrane, John, Barrhead, N.B.. Aa 

joles, H. J., Sumner Street, nari: S.E. = 

yolville, David, & Sons, Dalzell Steel and Iron Works, athe: 

well, near Glasgow .. oA = 

tolville, David, & Sons, ‘3, Pee ahaeck reer E. 0. 
jopeland, J., & Co., Dobbie’s Loan, Glasgow 

topley, Turner & Co., Ltd., Engineers, Middlesbro’ 

jowans, Sheldon & Co., Ltd., Carlisle 

jowlishaw, Walker & Co., Etruria, Stoke-on- Trent 

jox & Co., Falmouth Dock Iron Works, Falmouth 

yradock, Geo., & Co., Wire Rope Works, Wakefield.. 

jraig & Donald, Johnstone, Renfrewshire, N.B. 

jrampton Bros., West Bar Green, Sheffield 
jredenda Tube Co.,, Ltd., Smethwick, Birmingham 
Srompton & Co., Ltd., Arc Works, Chelmsford ac 
Jrompton & Co., Ltd., Mansion House Buildings, E.C. no 
jrosbie, Adolphe, Ltd., Walsall St. Chemical Wks., Wolverhampton 
jrosby Steam Gage & Valve Co., 75, Queen Victoria St., E.C. 
Srossley Bros., Ltd., Openshaw, Manchester i - 
cruickshanks & Cook, Ltd., 74, Galbraith Street, Giaeron 


Dan Rylands, Ltd., Barnsley 

Davey, Paxman & Co., Standard Iron Works, Gaicheuter's 

Davies & Baraclough, ey Chambers, Martineau Street, 
Birmingham 

Davies & Baraclough, 179, Doenaton oad: Derbys, 

Davies, W. J., & Sons, 109, Weston Street, S.E. 

Davis & Primrose, Etna Iron Works, Bangor Road, Leith, N. BL 

De Bergue & Co., Ltd., Strangeways Iron Works, Manchester .. 

Decauville, Aine, 7, Idol Lane, E.C. .. 

Dell, Wm. R., & Son, 6, Mark Lane, E.C. fh 

Delta Metal Co., Ltd., 110, Cannon Street, E.C. : 

Dempster, Moore & Co., 49, Robertson Street, Glasgow 

Dewhurst, John, & Son, Attercliffe Road, Sheffield 


Denison, Saml., & Son, Atlas Works, Leeds 

Dennis, W. F., & Co., 11, Billiter Street, E.O. 

Dennystown Forge Co,, Dumbarton .. 7 

Dick, Kerr & Co., Ltd., 101, Leadenhall Street, E. 0. 

Dick, R. & J., Greenhead, Glasgow ; 

Dixon, Isaac, & Co., Windsor Iron Wks., Beekelan! Ra. ETdvernool 
Donkin, B., & Co., Ltd., Southwark Park Road, S.E. ‘ ats 
Dorman & Smith, London . F 

Dorman & Smith, Salford, Man dlicstar:, - 

Dorman, Long & Co., Ltd., Middlesbrough 5 

Dorman, Long & Co., Ltd., 19, Victoria St., Wectaiineter’ 8. W. 


Dougall, W. S., Radcliffe-on-Trent, Notts. 

Douglas, George, 59, Mark Lane, E.C. 

Douglas & Grant, Dunnikier Foundry, Kirkcaldy, N. B. 
Doulton & Co., Lambeth ; 

Dowson, Taylor & Co., Ltd., 14, Victoria Street, yates itators. 
Drum Engineering Co., 55, Athol Road, Bradford . 

Drysdale & Co., Bon Accord Engine Works, meee 
Dunkerley, C. C., & Co., 66, Port Street, Manchester 
Dunsmuir & Jackson, Goyan Engine Works, Glasgow 


Eadie, James, & Sons, Clydesdale Tube Works, Rutherglen, near 
Glasgow 

East Ferry Road Engineering Works Co., Ltd., Millwall, E. 

Easterbrook, Allcard & Co., Albert Works, Sheffield 

Easton & Anderson, Ltd., 3, Whitehall Place, S.W. 

Easton & Bessomer, Ltd., Taunton .. 

Ebbw Vale Steel, Iron & Coal Co., Ltd.,1: 22, Saancd St., EO 

Ebbw Vale Steel, Iron & Coal Co., Ltd., Mon., South iveiea! 

Edmeston, A., & Sons, Cannon Street Ironworks, Salford 

Edwards & Symes, Millwall, E. ee 

Electrical Power Storage Co., Ltd., 4, at. ‘Winchester St., E. ©. 

Electric Construction Corporation, Ltd., Worcester House, 
Walbrook, E.0. na 


Electric Construction Corporation, Ltd., itcsdiainpton 


Hodgkinson, Sheffield 
David Carlaw, Glasgow 
Wardale, Gateshead 
Hoisting, Glasgow 
Hexagon, Halifax 
Milling, London 
Monkhouse, Glasgow 
Cattons, Leeds 
Rouquette, London 
Chadburn, Liverpool 
Disinfect, Manchester 
Chaplin, Glasgow 
Charlesworth, Engineers, 
Oldham 
Chatwin, Birmingham 


Opodeldoc, London 
Cyclops, Gateshead 
Cranks, Lincoln 
Jackson, Clay Cross 


Brickpress, London 
Claytons, Lincoln 

Clayton Shuttleworth,London 
Rivet, Glasgow 
Multitubular, Birkenhead 
Cochrane, Barrhead 


Colville, Motherwell 
Colville, London 
Vulcan, Glasgow 
Vulcan, Middlesbrough 
St. Nicholas, Carlisle 
Etruria, Stoke-on-Trent 
Iron, Falmouth 
Cradock, Wakefield 
Craig-Donald, Johnstone 


Credenda, Birmingham 
Crompton, Chelmsford 
Crompton, London 
Crosbie, Wolverhampton 
Crosby, London 
Crossleys, Openshaw 
Blowers, Glasgow 


Rylands, Barnsley 
Paxman, Colchester 


Emery, London 

Etna, Leith 

Debergue, Manchester 

Vonglehn, London 

Cosgrove, London 

Delta, London 

Dempster, Glasgow 

Dewhurst, Attercliffe Road, 
Sheffield 

Weigh, Leeds 

Fredennis, London 

Forge, Dumbarton 

Dicker, London 

Guttapercha, Glasgow 

Roofing, Liverpool 

Donkin Company, London 

Prefix, London 

Current, Manchester 

Dorman, Middlesbrough 

Dorman, 19, Victoria Street, 
Westminster 

Dougall, Radcliffe-on-Trent 

Douglas, Mark Lane, London 

Douglas, Kirkcaldy 

Doulton, London 

Sprinkler, London 

Drum, Bradford 

Bonaccord, Glasgow 

Ajax, Manchester 

Dunsmuir Jackson, 
Glasgow 


Govan, 


Eadie, Rutherglen 
Hydrostatic, London 
Easterbrooks, Sheffield 
Egyptian, London 
Eastwald, Taunton 
Furnaces, London 
Company, Ebbw Vale 
Edmeston, Adelphi, Salford 
Yola, London 

Storage, London 


Concordance, London 
Electric, Wolverhampton 


Elliot, George, & Co., 23, Great George Street, Woestuilieter, S.W. 

Elliot, George, & Co., Cardiff oa 

Elmore’s Patent Copper Depositing Co., Lta., Leeds an 

Elmore’s Patent Copper coma Co., Ltd., 64, Cannon 
Street, E.C. 

Empire Co., The, maicis Seater 78, Great edad Street, 
Manchester , 

Endurance Seamless Tube & Vial Co., Ltd., Biewingbans! 

Engelbert & Co., 44-47, Bishopsgate Street, E.C. 

“ Engineering,” 35 and 36, Bedford Street, Strand, W.C. 

Entwisle & Gass, Ltd., Atlas Foundry, Bolton 

Eyre & Spottiswoode, Great New Street, E.C. 


Fairburn & Hall, 63, Royal Exchange, Manchester 

Fay, J. A., & Co., New Road, Wandsworth Road, S.W. 

F. C. Austin Manufacturing Co., Chicago, Ill., U.S.A. .. 

Findlay, Alexander, & Co., Motherwell, N.B. 

Fire Appliances Manufacturing Co., 9, Moorfields, B. C. 

Firth, T., & Sons, Ltd., 35, Exchange Buildings, Birmingham .. 

Firth, T., & Sons, Ltd., Guildhall Chambers, Albert Square, Man- 
chester . 


| Firth, T., & Sons, Ltd., 10, lo Street, BE C. 


Firth, T., é& Sons, Ltd., Norfolk Works, Sheffield 

Fisher, Samuel, & Co., Nile Foundry, Birmingham 

Fleming, A. B., & Co., 15, Whitefriars Street, Fleet Street, E. ©. 
Fleming & Ferguson, Paisley, near Glasgow 50 

Fleming, Birkby & Goodall, Ltd., West Grove Mills, Halifax 
Fletcher, John, & Sons, Eagle Foundry, Salford, Minchester 
Foot, R. G., & Co., 12, Great St. Thomas Apostle, E.C. 
Forrestt & Son, Ltd., Limehouse, E. - AC 

Forrestt & Son, Ltd., Wyvenhoe, Rec 

Foster, William, & Co., Ltd., Wellington Romidrys fincoie 
Fowler, John, & Co. (Leeds), Ltd., 6, Lombard Street, E.C. 
Fowler, John, & Co. (Leeds), Ltd., Steam Plough Wks., Leeds 
Francis & Co., Ltd., Vauxhall, 8.W. 

Fraser & Chalmers, Ltd., 43, Thieadnesdio Brett: E. ©. 
Fraser & Fraser, Bromley-by-Bow, E. - 


Galloways Limited, Manchester cs 

Gandy Belt Mfg. Co., Ltd., Wheatland Works, Roncembe. Cheshire 

Gandy Belt Mfg. Co., Ltd., 130, Queen Victoria Street, E.C. 

Gandy Belt Mfg. Co., Ltd., 220, Ingram Street, Glasgow... 

Gandy Belt Mfg. Co., Ltd., 3c, Guardian Buildings, Cross Street, 
Manchester ae we on “F 

Garrett, R., & Son, cin Works, Suffolk 

Gehrckens, C. Otto, Hamburg j 

Gibbins, R. C., & Co., Berkeley Street, Fotyeviy bart 

Glenfield Co., Ltd., Kilmarnock, N.B. cs 

Glengarnock Iron & Steel Co., Gicdgarnosk, Saotiand* 

Globe Engineering Co., Ltd., 38, Victoria Buildings, Manchest’r 

Gloucester Railway Carriage and Wagon Co., Limited, 
Gloucester 

Glover, Walter T., & Co., Salford, Mancbeeter 

Glover, Walter T.. & Co., 39, Victoria Street, Weebiiinster: Ss. w. 

Goldsworthy, T., & Son, Hulme, Manchester AS 

Goodfellow, Benjamin, Hyde, near Manchester 

Goodwin, A., & Son., Sumner Street, S.E. 

Grafton & Co., Bedford 

Grafton & Co., 113, Cannon Street, E. ©. 7 

Grange Iron Co., Ltd., Foundry, aciteerine and Boiler W ore 
Durham a 

Grantham Crank and Iron Co., Ltd., Granta 

Greaves, Bull & Lakin, 13, South Wharf, Paddington, W. 

Greaves, Bull & Lakin, Warwick ey 

Greaves, Bull & Lakin, Birmingham és 

Green & Boulding, 21, Featherstone Street, E.C. 

Greenwood & Batley, Ltd., Albion Works, Leeds.. 

Greenwood & Co., 65, Victoria Street, Westminster, S.W. .. 

Grenfell & Accles, Ltd., Perry Barr, Birmingham 

Grenfell & Accles, Ltd., 7, Great St. Helen’s, E.C. 

Gresham & Craven, Ltd., Salford, Manchester 

Grice, Grice & Son, Sheepcote Street, Birmingham 

Grice, William, & Co., Fazeley Street Works, Birmingham 

Grieve, John, & Co., Motherwell, Scotland 

Griffin, C., & Co., Ltd., Exeter Street, Strand, W. 0. 

Grob, J. M., & Co., 18, Dufferin Street, Bunhill Row, E.C. .. 

Grover & Co., Ltd., Wharf Road, City Road, E.C. 

Grusonwerk, Magdeburg-Buckau.. 

Guest, Josiah, Victoria & Albert Iron Poundrian W a Bromwich 

Guilbert-Martin, 1 & 2, Falcon Street, Aldersgate Street, E.C.  .. 

Gulcher Electric Light and Power eee tied Battersea 
Foundry, Battersea, S.W. .. ae As 

Gunther, W.,, Central Works, Oldham 

Gwynne, J. & H., Hammersmith Ironwks.,W,, & 39, Cannon St. ,E. 0. 


Haacke, A., & Co., Kieselguhr Wharf, Hackney Wick, E. 

Haacke, A., & Co., 165, Great Mersey Street, Liverpool ‘ 

Hadfield’s Steel Foundry Co., than Hecla Works, Atterelie 
Sheffield 

Hall-Brown, Buttery & Co., Helen Street Rapiee SWosks: 
Govan, Glasgow 

Hall, J. & E., Ltd., 23, St. "Swithin’s tate E. ©. 

Hall, J. & E., Ltd., Dartford, Kent : 

Handyside, Andrew, & Co., Ltd., Britaitiiie Tronwueke Derby 

Handyside, Andrew, & Co., Ltd., 104, Queen Victoria St., E.C. 

Hanna, Donald & Wilson, Abercorn Foundry, Paisley .. 

Hannan & Buchanan, 75, Robertson Street, Glasgow 

Hardy Patent Pick Co., Ltd., Sheffield 


Elliot Company, London 
Elliot Company, Cardiff 
Elmore, Leeds 


Weldless, London 


Lubric, Manchester 
Endurance, Birmingham 
Engelbert, London 
Engineering, London 
Entwisles, Burnden, Bolton 
Spotless, London 


Injector, Manchester 


Austin, Chicago 
Findlay, Motherwell 
Sphincter, London 
Firth, Birmingham 


Lodor, Manchester 
Ezra, London 

Firth, Sheffield 
Smeroe, Birmingham 
Fleming, London 
Phoenix, Paisley 
Fleming, Halifax 
Wheels, Manchester 


Foster, Lincoln 
Steamplow, London 
Fowler, Leeds 
Cementum, London 
Vanner, London 
Pressure, London 


Galloway, Manchester 
Gandy, Birkenhead 
Gandy, London 

Gandy Belt, Glasgow 


Gandy Belt, Manchester 
Garrett, Leiston 
Riemlager, Hamburg 
Gibbins, Birmingham 
Glenfield, Kilmarnock 
Merry, Glengarnock 
Globulus, Manchester 


Slater, Gloucester 
Walter Glover, Salford 
Phonoscope, London 
Goldsworthy, Manchester 
Goodfellow, Hyde 


Grafton, Bedford 
Graftonian, London 


Grange, Durham 
Land, Grantham 

Lias, London 

Greaves, Warwick 
Greaves, Birmingham 
Temperature, London 
Greenwood, Leeds 
Greenwoods, Westminster 
Mitraille, Birmingham 
Mitraille, London 
Brake, Manchester 
Grice, Birmingham 


Grieve, Motherwell 


Petroline, London 
Adopted, London 


Chilled, West Bromwich 
Photophore, London 


Gulcher, London 
Gunther, Oldham 
Gwynne, London 


Haacke, London 
Haacke, Liverpool 


Hadfield, Sheffield 


Triple, Glasgow 
Hallford, London 
Hallford, Dartford 
Handyside, Derby 
Handyside, London 
Donald, Paisley 


Hardypick, Sheffield 
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Harris & Mills, 23, Southampton Buildings, W.C. 


Hartnell, Wilson, Volt Works, Leeds .. ‘ 3 
Harvey & Co., Ltd., 186, 187 & 188, Gresham ours: E. oO. 

Harvey & Co., Ltd., Hayle, Cornwall . bea ae aie 
Harvey & Co., Ltd., Falmouth . x ee 


Harvey, Robt., & Co., Park Crore Iron Works, Gisrewe 

Hathorn, Davey & Co., Sun Foundry, Leeds aie Ad 
Hawthorn, R. & W., Leslie & Co., Ltd., Newcastle-on- Tyne A 
Hayes, E., Stony Stratford .. . * $. 
Heap, Joshua, & Co., Ltd., anton: under Lyne Be ae = 


Heenan & Froude, Newton Heath Ironworks, Manchester Se 

Heenan & Froude, Aston, Birmingham 

Henderson & Glass, Liverpool . 

Henderson, Thos., 40, Castle Btrect, ee areal 

Herbert, Alfred, Coventry A 

Hildick & Hildick, Walsall Tube Works! Walsall 

Hill, Isaac, & Son, St. George's Bese ie Works, Woods Tey, 
Derby .. re a 59 ae 

Hill & Smith, nrietley Hill, near : Dudley 

Hill & Smith, 118, Queen Victoria Street, E.C. 


oe o- 


Hill & Smith, Dublin a6 a5 sts Ao os sie oe 
Hill & Smith, Glasgow... es ae bo a8 
Hill, T., & Sons, Heywood, near Manohestor an ah 
Hindley, E.S., Bourton, Dorset .. 5 me! 


Hindley, E. S., 11, Queen Victoria Street, E. ©. 

Hodgson, H. E., & Co., Brookhouse Ironworks, Olek ieaton 
Hodgson, H. E., & Co., 61 & 62, Gracechurch Street, E.C.. 
Hodgson & Stead, Windsor Street, Regent Road, manchester 
Holborow & Co., Dudbridge, near Stroud a 
Holden & Brooke, Ltd., St. Simon’s Works, Salford 
Hollander, C., 12, Grosvenor Terrace, York 

Holmes, J. H., & Co., Portland Road, Noweuntio’s on- Het 
Holmes, J. H., & Co., 17, Coleman Street, E.C.  .. - 
Holmes, J. H., & Co., Oriel Chambers, Water Street, liverpool 
Hornsby, R. & Sons, Ltd., Spittlegate Iron Works, Grantham.. 
Hornsby, R., & Sons, Ltd., 84, Lombard Street, B.C. .. 
Hoveler & Dieckhaus, 3, Stockwell Avenue, S.W. 

Howell & Co., Ltd., Brook Steel Works, Sheffield 

Howes, S., 64, Mark Lane, E.C. .. 

Hudswell, Clarke & Co., Railway Rousary, Leeds 

Hughes & Lancaster, City Road, Chester 

Hughes & Lancaster, Liverpool 

Hughes & Lancaster, 16, Gt. George Street, EWestmiineker: 8. W. 
Hulse & Co., Ordsal Works, Salford, Manchester 

Humpidge & Snoxell, Stroud, Glos. : 

Hunslet Engine Co., Leeds f 

Hunt & Mitton, Oozells Street North, Binainenent ac 
Hunter & English, Bow, E. as ss a6 ec 58 ac 
Huxham & Browns, Exeter 


India Rubber, Gutta Percha and Telegraph Works 
Go., 100, Cannon Street, B.C... 

India Rubber, Gutta Percha andl Telegraph \ Works 
Co., Silvertown, Essex 

Isca Foundry Co., Newport, Monmontiishire . oe are aie 

Isca Foundry Co., 10, Bush Lane, Cannon Street, E.C. 

Isler, C., & Co., Artesian Works, Bear Lane, S.E. 


Jackson, P. R, & Co., Ltd., Salford Rolling Mills, Manchester 
Jardine, John, Nottingham Se ee ee 
Jensen & Son, 77, Chancery Lane, W. o. we an ae wa 
Jessop, Jos., & Son, Leicester .. 

Jessop, Wm., & Sons, Litd., Brightside Works. Sheffield 
Johnson & Phillips, 14, Union Court, E.C. me sé 
Johnson, Wm., Castleton Foundry, Armley Road, Leeds .. ae 
Jones, Burton & Co., 19, Castle Street, Liverpool 


Kaye, Jos., & Sons, Lock Works, Leeds ve 

Keenan, M., Armagh Works, Tredegar Road, North Bow, E 

Keighley Engineering Co., West Mount Works, Halifax 

Kell, Richard, & Co., 7, Sandhill, Newcastle-on-Tyne .. as 

Kell, T., & Son, 40, King Street, Covent Garden, W.C. 35 

Kendall & Gent, Springfield, Salford, Manchester .. 

Kerr, Stuart & Co., Glasgow ‘ 

Kerr, Stuart & Co., 20, Bucklersbury, E C. 

Kilbourn Patent poetic tkaad Co., Ltd., 69, Oenmnercial 
Road, Liverpool an aia 

Kirk & Horsfield, Chapel- en-le- Frith, Derbyan ay 2 

Kirk, Wheatley, Price & Goulty, 49, Queen Victoria Street, E. 0. 

Kirk, Wheatley, Price & Goulty, Albert Square, Manchester.. 

Kirkaldy, John, Limited, 40, West India Dock Road, E. 

Kirkstall Forge Co., Leeds 50 - a8 me 

Knap, Conrad, & Co., 11, Queen Victoria Street, E. 0. es 

Korting Bros., 86, Queen Street, E.C. .. AA nC = 


Lanarkshire Steei Co., Ltd., Motherwell, N.B. .. iy 

Lancaster & Tonge, Pendleton, near Manchester 

Lane, Howard, Corporation Street, Birmingham vs 

Lang, John, & Sons, Lathe Makers, Johnstone, N.B. Ag 

Le Grand & Sutcliff, 125, Bunhill Row, E.C. F 

Leeds Engineering & Hydraulic Co., Cross Stamford ‘Street, 
Leeds 45 ae ae es ve ae 

Leeds Forge Co.. Lta., Teeda < Se oA 

Leeds Steel Works, Ltd., Leeds 


Privilege, London 

Hartnell, Leeds 

Carnsew, London 

Harvey, Hayle 

Harvey, Falmouth 

Cook, Glasgow 

Hathorn, Leeds 

Locomotive, Newcastle 

Hayes, Stony Stratford 

Heap, Limited, Ashton-under- 
Lyne 

Spherical, Newton Heath 

Spherical, Birmingham 

Vulcan, Liverpool 

Mechanical, Liverpool 

Boiler, Coventry 

Hildick, Walsall 


Hill, Derby 

Fencing, Brierley Hill 
Fencing, London 
Fencing, Dublin 
Fencing, Glasgow 
Hills, Heywood 
Hindley, Bourton 
Steamport, London 
Hodgson, Cleckheaton 
Spero, London 
Weighing, Manchester 
Holborow, Cainscross 
Influx, Manchester 
Hollander, York 
Holmes, Newcastle 
Vermilionette, London 
Current, Liverpool 
Hornsbys, Grantham 
Hornsbys, London 
Analyzing, London 
Howell, Sheffield 
Barbeau, London 
Loco, Leeds 
Lancaster, Chester 
Diagram, Liverpool 


Esluh, Manchester 
Humpidge, Cainscross 
Engine, Leeds 
Mitton, Birmingham 
Venator, London 
Huxhams, Exeter 


Silvergray, London 


Graysilver, London 
Isca, Newport 

Isca, London 

Isler, London 


Jacksons, Manchester 
Jardine, Nottingham 
Venture, London 
Jessop, Leicester 
Jessops, Sheffield 
Juno, London 


_ Ronksley, Leeds 


Enterprise, Liverpool 


Kaye, Hunslet 


Scott, Halifax 

Mitchelson, N’castle-on-Tyne 
Lithographer, London 
Tools, Manchester 

Meliss, Glasgow 

Meliss, London 


Ammonia, Liverpool 
Forge, Chapel-en-le-Frith 
Indices, London 
Indicator, Manchester 
Compactum, London 
Forge, Kirkstall 

Conrad, London 

Korting, London 


Siemens, Motherwell 
Pistons, Manchester 
Pneumatics, Birmingham 
Lang, Johnstone 
Abyssinian, London 


Pumps, Leeds 
Vulpes, Leeds 
Bessemer, Leeds 


Leeds Steel Works, Ltd., 117, Bishopsgate Street Within, E.C. 
Leroy, F., & Co., Gray Street, Commercial Road, E. 
Lewis, E., & Sons, Wolverhampton . 

Linde British Refrigeration Co., Ltd., 35, aces Victoria 

Street, F.C. .. 

Linde British Refrigeration ‘Co., Lta., mower ‘shadwell, E. 
Lindsay, R. B., & Co., 43, Mair Street, Plantation, sare: 
Lister & Co., Keighley a A 
Litholine Co., The, 32, Victoria Street, hianohentec® me ey 


Llewellin & James, Bristol a AG ae te se bp 
Llewellin Machine Co., Bristol 2 ae 50 te Bo 


Lloyd & Davis, 64, Sumner Street, S.E. 

Lloyd & Lloyd, Albion Tube Works, Birmingham .. Hes 

Lobnitz & Co., Renfrew, Scotland Ab ap ae ae 

Lockwood & Carlisle, Eagle Foundry, Sheffield ae d 

Lowood, J., Grayson & Co., Ltd., Attercliffe Road, Sheffield. 

Luke & Spencer, Ltd., Ardwick, Manchester 

Lumby, Son, & Wood, Ltd., West Grove Boiler and Sate Works, 
Halifax .. 29 é 663 ers we =a 

Lupton, H. & K., Well ‘Strack Garedery , 

Lytham Shipbuilding & Engineering Co., Lysine Lane 


Machinery Purchase-Hire Co., 147, Queen Victoria Street, E.C, 
MacIntosh, Chas., & Co., Ltd., 43, Piccadilly, Manchester ie 
MacIntosh, Chas., & Co., Ltd., 30, Fore Street, E.C. 
MacIntosh, Chas., & Co., Ltd., 9, Chapel Street, Liverpool 
MacIntosh, Chas., & Co., Ltd., 22, St. Enoch’s Square, Glaszow 
MacLellan, P. & W., Ltd., Clutha Ironworks, Plantation, Glasgow 
MacLellan, P. & W., Ltd., Offices : 129, Trongate, Glasgow... 
MacLellan, P. & W., Ltd.,7 and 8, Great Winchester Street, E.C- 
Madan, Charles S., & Co., Mansfield Injector Works, Manchester 
Magnolia Metal Co., 75, Queen Victoria Street, E. Cc. 

Magnolia Metal Co., 76, Haworth's Bldgs., Cross St., Manchester 
Main, A. & J., & Co., 77a, Queen Victoria Street, E.C. 

Main, A. & J., & Co., Possil Park, Glasgow .. 

Manchester Water Meter Co., Ld, Tipping St et Arde 


Manchester .. ; ae aA 34 
Manlove, Alliott & Co., Lta., ‘Notuinghama’ a8 ae ae 
Manlove, Allictt & Co., Ltd., Glasgow... 5 


Manlove, Alliott & Co., Ltd., 57, Gracechurch Street, E. C 
Manning, Wardle & Co., Boyne Engine Works, Leeds 
Mansfield, Edwin A., & Co., 76, Queen Victoria Street, B.C. 
Marsden, H. R., Soho Foundry, Leeds .. ae a oe a0 
Marshall, Fleming & Jack, Motherwell, N.B, Be 
Marshall, John, & Sons, Glasgow Tube Works, persed XN. Bs. 
Marshall, Sons & Co., Ltd., Gainsborough . A 
Marshall, Sons & Co., Ltd., 79, Farringdon Road, E.O. 
Massey, B. & S., Openshaw, Manchester 
Mather & Platt, Ltd., Salford Ironworks, Manchester 
McCulloch, Thos., Sons & Kennedy, Ltd., Vulcan worms 
Kilmarnock 6 re 
McNeil, C., Jr., inning Park Tron: Works, Giasgoa ae 


- 


Measures Bros., Ltd., Southwark Street, S.E. ab ve we 
Mechan & Sons, €0, Queen Victoria Street, E.C. 
Mechan & Sons, Cranstonhill, Glasgow F es 


Meldrum Bros., 16, Union Court, Old Broad Street, ‘E. C. 
Meldrum Bros., 10, City Road, Manchester : 
Merryweather & Sons, Ltd., 63, Long Acre, w. ©. ; 
Merthyr Vulcan Foundry & Engineering Co., Ltd., 
91, St. Mary Street, Cardiff 
Merton, Hy. R., & Co., 2, Metal xchange Buildings, Leadon 
Avenue, E.C. .. os 
Messer & Thorpe, 8, ‘Quality Court, Gaanoery’ Tans W. C. 
Metallic Valve Co., The, Tower Bldgs., Water Street, Liverpool 
Metropolitan Railway Carriage Co., Birmingham .. 


oo 


oe 


ee 


oe 


Mica Lubricant Co., The, South Shields .. ae ue An 
Middleton, Robt., Sheepscar Foundry, Leeds . on éc me 
Middleton, Robt., 9, Fenchurch Avenue, E.C. 5 sie AG 


Middleton, T., & Co., Loman Street, Southwark, 8. E. ain 2 
Midland Railway Carriage and Wagon Co., Abbey Works, 
Shrewsbury 
Miller, James, & Co., 204, sscopeross Street, Glassow 
Mitchell’s Emery Wheel Co., Mill Street, Bradford, Manchester 
Mohn, Chr. B. Christiania, Norway ae Ay 36 ot 
Moore & Korte, Victoria Road, Leeds .. Be 
Moreland, R., & Son, 3, Old Street, E.C. 4 
Morrison, G. & M., 92, St. Vincent Street, Glasgow .. , c 
Morton, Alexander, & Thomson, 96, Buchanan St. eGiseoe. ; 
Morton, Francis, & Co., Ltd., Hamilton Ironworks, Garston, 
near Liverpool fs On 
Morton, Francis, & Con ‘Lta., 17, "Victoria Street, S.W. ae 
Moseley, David, & Sons, Ardwick, Manchester aie 
Mosses & Mitchell, Chiswell Street, E.C.  .. ao ae 50 
Muir, Wm., & Co., Sherbourne Street, Manchester .. & ne 
Mumford, A. G., Culver Street Ironworks, Colchester 
Murray, J., 8, Anderson Quay, Glasgow .. 
Musgrave, John, & Sons, Ltd., Globe Tonworest Bolton, ee. 
Mutual Engineering Co., Ltd., Barum House, Halifax, Ycr'.s. 


ee oe oo 


oe oe 


oe 


oe oe 


oe oe 


Napier Bros., Ltd., 100, Hyde Park Street, Glasgow 
National Boiler & General Insurance ae Ec 
Ann’s Square, Manchester .. 3 

Negretti & Zambra, Holborn Vindeoks E. ©. 
Nettlefolds Limited, 16, Broad Street, ‘ipuinehart BS 
Nettlefolds Limited, London .. Sic 
New Conveyor Co., Ltd., 3 & 4, Lime Street ee E. Ose 
Nicholson, Alex., & Co., Crown Point Boiler Works, Glasgow 


Hammond, London 
. Efficiency, London 
Lewis, Wolverhampton 


wbhreir Ge ot 


Separator, London 
Refrigeration, London 


Lister, Engineer, Keighley 
Constant, Manchester 
Llewellin James, Bristol 
Llewellins, Bristol 
Exhausters, London 
Lloyds, Birmingham 
Lobnitz, Renfrew 

Piston, Sheffield 

Lowood, Sheffield 

Emery, Manchester 


Lumby, Halifax 
Luptons, Coventry 
Sternwheel, Lytham 


MacIntosh, Manchester 
Lark, London 
MacIntosh, Liverpool 
Medlock, Glasgow 
MacLellan, Glasgow 
MacLellan, Glasgow 
MacLellan, London 
Vortex, Manchester 
Smoothly, London 
Smoothly, Manchester 
Kelvin, London 
Kelvin, Glasgow 


Watermeter, Manchester 
Manloves, Nottingham | 
Manloves, Glasgow 
Manloves, London 
Manning, Leeds 

Lucifico, London 
Marsden, Leeds pil 
Dellburn, Motherwell 
Tube, Glasgow 
Marshall, Gainsborough ~ 
Engine, London 
Masseys, Openshaw 
Mather, Manchester 


McCulloch, Kilmarnock 
McNeil, Glasgow 
Measures, London 
Elongation, London | 
Nautical, Glasgow 
Meldrum, London | 
Meldrum, Manchester | 
Merywether, London 
| 


Desoldenhoff, Cardiff 


Merton, London | 


Valve, Liverpool 
Metro, Birmingham 


Hydraulic, Leeds 
Intensifier, London 
Loman, London 


Midland, Shrewsbury 
Stobcross, Glasgow 
Mitchells, Bradford,M’che 
Mohusverkstedet, : 
Christia,; 
Expansion, London 


Inventions, Glasgow 


Ironsides, Liverpool 
Dropper, London 
Moseleys, Manchester 


Britan .a, Manchester 
Mum ori, Colchester 


IZusszrave, Bolton 


W x=dlass, Glasgow 


National, Manchester 
Negretti, London 
Nettlefolds, Birmingham 
Nettlefolds, London 
Laborless, London 
Nicholson, Glasgow 
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les Tool Works Co., Hamilton, Ohio, U.S.A. 

yble & Lund, Forth Banks, Newcastle-on-Tyne ; 
wman, John, 1314, St. Vincent Street, Glasgow .. ar 
wrmandy’s Patent Marine Aerated Fresh Water Co., 
_ Ltd., Victoria Dock Road, E. .. oh = ne ob ae 
orris, S. E., & Co., 56, Shadwell, E. ..  .. + a 
pttingham Chemical Co., Goldsmith Place, Not Hoyhain , 


akey, John, & Sons, Ltd., Westminster Bridge Road, S.E. 
kes, J. C. R., 39, Queen Victoria Street, E.C.. 3 
dbury Railway Carriage & Newel Co., Ltd., Oldbury 


- Works, near Birmingham .. k PA 
dham, Alex., & Sons, Dukinfield, near iat obieaten ar re 
rick, L., & Co., 27, Leadenhall Street, E.C. sD ig a2 
sborn, S., & Co., Clyde Steel Works, Sheffield a ‘ 


sborne & Co., 11, Great Garden Street, FE... 
tis Elevator Co., Ltd., 4, Queen Victoria Street, E. . 
wens, S., & Co., Whitefriars, E.O. oa os se ee 


alatine Engineering Co., Ltd., 10, Blackstock St., Liverpool 
alfreyman, W. H., & Co., 87, Piccadilly, Manchester 


almer & Co., Ltd., Victoria Oil & Candle Works, Stratford, E. .. 

arkinson, J., Bradford, Yorks. .. <A aa Ss 

arsons, C. A., & Co., Heaton Works, Newcastle aS a 

arsons, C. A., & Co., 66, Victoria Street, S.W. 

artington & Co., Bradford, Yorks. .. ae 

atent Anhydrous Leather Co., Porkenouth ap 

atent Axle-Box & Foundry Co., Ltd., 61 & 62, Greoshurch 
Street, E.C. .. Pr 

atent Axle-Box and Foundry Co., Lta., Saltley ‘Gentral 
Works, Birmingham .. Bs o. 

atent Exhaust Steam Injector Co., Lta., St. ee’ 8 aoace 
Manchester .. F 

atent Heater Condenser Co., 16, Gt. ares St., Pw atinlnstes 

atent Indestructible Gas Ignition Tube Syndicate, 
Ltd., 100c, Queen Victoria Street, E.C. = 

ayne-Gallwey & Co., Ltd., Canal Head oe and En- 


gineering Works, Ulverston AG ie AE mc 5c 
‘earn, F., & Co., West Gorton, Manchester .. a As 
‘eckett & Sons, Atlas Engine Works, Bristol.. as 


fenman & Co., 377, Dalmarnock Road, Glasgow 

‘enywern House Military and 2 oenrehloegy College, 
2, Penywern Road, Earl’s Court, S.W. aa 

Perfect” Hydraulic Valve Co., 27, Moor Road, Headingley, 
Leeds .. 2 a . 

erry, T., & Son, Ltd., Highfields Works, Bilston af Sh 

*hillips & Leigh, 22, Southampton Buildings, ChanceryLane, W. C. 

*~hoonix Bolt & Nut Co., Handsworth, near Birmingham 


*~hosphor Bronze Co., Sumner Street, S.E. .. Se 6A 
*hosphor Bronze Co., Birmingham .. ee ae = ae 
*~hosphor Bronze Co., Liverpool a ce ¥ AF 


*ickering, R. Y., & Co., Ltd., Wishaw, near SUtacca 
*icking, Hopkins & Co., Arnold Works, Bow, E. 
*iggott, Thos., & Co., Ltd., Birmingham .. 
*iggott, Thos., & Co., Ltd., St. Thomas postle, E. 0. 


*ilkington, P., Dowry Works, Accrington, Lanc. .. a 
*latt, Samuel, Wednesbury ae s 

layer, W. & J., Lionel Street, Birainghan ne oie ea 
*lenty & Son, Ltd., Newbury, Berkshire ee 5A 


ollock, MacNab & Highgate, Shettleston, Saat 

2ooley, H., & Son, Albion Foundry, Liverpool 

>rice’s Patent Candle Co., Ltd., Belmont Works, een. Ss. w. 
>rice’s Patent Candle Co., Ltd., Bromborough Pool, Liverpool 
>rice’s Patent Candle Co., Ltd., 3, Cross Street, Manchester.. 
Priestman Bros., Holderness Foundry, Hull .. AC He 
Priestman Bros., 734, Queen Victoria Street, E.C. .. af ae 
Proctor, Jas., Burnley, Lancashire ae os 
Projectile Co,, Ltd., New Road, Wandsworth Saad ‘8. w.. aap 
Pulsometer Engineering Co., Ltd., 63, Queen Victoria St., E.C. 
Pulsometer Engineering Co., Ltd.,35, Robertson St., Glasgow 


Ragosine & Co., 7, Idol Lane, E.0. ne ae “ri oF 

Ransome, A., & Co., Ltd., King’s Road, Chelsea, S. W. AG Oc 

Ransomes, Sims & Jefferies, Orwell Works, Ipswich .. a0 

Redfern, G. F., & Co., 4, South Street, Finsbury, E.0. .. of 

Redpath & Paris, Limehouse, E. 2 ae 5 5c 

Reichwald, August, Lombard Street, Rewnestla on- tyne. 

Reichwald, August, 9, New Broad Street, E.O. 

Reid, Wm., & Co.,, 112, Fenchurch Street, E.C. 

Reid, Wm., & Co., Newcastle-on-Tyne .. ae 

Reid, Wm., & Co., Liverpool 

Reid, Wm., & Co., Glasgow 

Rendle, Wm, Edgcumhe, & Co., 5, Victoria ‘Street, 8. w. 

Renton & Co., Savile Street East, Sheffield A 

Reynolds, F. W., & Co., Acorn \ Edward Street, Black: 

friars Road, 8,E. .. 7 oe 5 

Rhodes, B., & Son, 234 & 240, Bow cad J ee 

Richards, Geo., & Co., Ltd., Broadheath, near anchors 

Richards, Geo., & Co., Ltd., 110, Cannon Street, E.O. “ 

— Machine Tool Co., Suffolk House, Laurence Pountney 
E.O. : be a Ki Na 

Richardson, Thos., '& Sons, Hartlepoo ee 

Robey & Co., Lincoln ae oe 

Robinson, T., & Son, Ltd., Ractidale Se “e 

Roger, Robt., & Co., Stockton Iron Foandey; Stockton- on- piest 


Niles, Hamilton, Ohio 
Lathes, Newcastle on-Tyne 
Norman, Glasgow 


Normandy, London 
Vigilos, London 


Oakey, London 
Oaktree, London 


Weldless, Dukinfield 
Olrick, London 
Osborn, Sheffield 


Lyndentree, London 
Owens, London 


Waste, Liverpool 

Palfreyman, Piccadilly, Man- 
chester 

Palmerine, London 

Temples, Bradford 

Turbo, Newcastle-on-Tyne 

Dunamis, London 

Partington, Bradford 

Anhydrous, Portsmouth 


Beuthers, London 
Beuthers, Birmingham 


Exhaust, Manchester 
Heaterite, London 


Hydraulic, Ulverston 
Pumps, Manchester 
Peckett, Bristol 
Penman, Glasgow 


Tunzelmann, London 


Perfect, Leeds 

Perry, Bilston 

Rotnevni, London 

Bolts, Birmingham 
Phosphor Bronze, London 
Phosphor, Birmingham 
Phosphor, Liverpool 
Pickering, Wishaw 


Atlas, Birmingham 
Intersection, London 
Peter Pilkington, Accrington 
Platt, Weduesbury 
Players, Birmingham 
Plenty, Newbury 
Highgate, Shettleston 
Pooley, Liverpool 
Belmont, London 
Prices, Birkenhead 
Palmitine, Manchester 
Priestman, Hull 
Priestman, London 
Proctor, Burnley 
Diepress, London 
Pulsometer, London 
Pulsometer, Glasgow 


Ragosine, London 
Ransome, London 
Ransomes, Ipswich 
Invention, London 


Reichwald, N’castle-on-Tyne 
Reichwald, London 
Reidwill, London 

Reidwill, Newcastle-on-Tyne 
Reidwill, Liverpool 
Reidwill, Glasgow 

Glazing, London 

Renton, Sheffield 


Excellence, London 
Infusion, London 
Richards, Altrincham 
Herodes, London 


Rishi, London 
Richardsons, Hartlepool 
Robey, Lincoln 
Robinson, Rochdale 
Roger, Stockton-on-Tees 


Rogers Locomotive Co., Paterson, New Jersey, U.S.A. 
Rogerson, J., & Co., Ltd., Wolsingham, via Darlington .. 
Rolls & Co., 7, Featherstone Buildings, High Holborn, W.C. 
Rooper & Harris, Ltd., Emery Works, Stafford 

Rose, Downs & Thompson, Old Foundry, Hull 

Ross & Duncan, Govan, Glasgow 

Ross, R. G., & Son, Glasgow 

Rowan, David, & Son, Eliott Street, Gis lasgow 

Rowan, F. J., 121, West Regent Street, Glasgow... 
Rugby Portland Cement Co., Rugby Ea Gp 
Rushworth & Co., Sowerby Bridge, Yorkshire 

Russell, G., & Co., Gt. Motherwell, near Glasgow 
Russell, James, & Sons, Ltd., Crown Tube Works, Grinch? 
Ruston, Proctor & Co., Ltd., Sheaf Iron Works, Lincoln ae 


Sagar, J., & Co., Halifax, Yorks. 
St. George’s Ironworks, Ltd., Homme eeeees 


Samuelson & Co., Ltd., Banbury, Oxon 

Sankey, J. H., Fssex Wharf, Canning Town, E. 

Schaffer & Budenberg, 1, Southgate, St. Mary’sSt., Mancbester 

Schaffer & Budenberg, 774, Queen Victoria Street, E.C. 

Schichau, F., Engineer, Elbing-Prussia .. 

Schiele Union Engineering Co., Ltd., Pollard Street East, 
Manchester 

Schram, R., & Co., 17a, Great Grace Street, Weeun instar 8. w.. 

Scotch & Irish Oxygen Co., Ltd., Rosehill Works, orunale, 
Glasgow F faa is a 

Scott Bros., West Mowat Works, Halitax.. 

Scott, Ernest, & Mountain, Ltd., 164, St. Vinoant St. Glasgow 

Scott, Ernest, & Mountain, Ltd., 24, Victoria Buildings, Man- 
chester . 5 

Scott, Ernest, & Mountain, Ltd., The Dives Works, New faire 
on-Tyne 

Scott, Ernest, & Mountain, Lta., Paneer Yard, Cloth Hall 
Street, Huddersfield.. i 

Scott, Ernest, & Mountain, Ltd., 5, rane Ct., Crearenie, E. C. 

Scott, Ernest, & Mountain, Ltd., 2, Oriel Chambers, Close, 
Water Street, Liverpool 

Scott, Ernest, & Mountain, Ltd., aneaneebare: South Atvion 

Scott, Geo., & Son, 44, Christian Street, E. 

Scott, James, & Son, Manchester 

Scriven & Co., Marsh Lane, Leeds 

Selig, Sonuenthal & Co., 85, Queen Victoria Street, E. C. 

Shanks, Alex., & Son, Dens Ironworks, Arbroath, Scotland 

Shanks, Alex., & Son, 110, Cannon Street, E.C. .. 

Shelton Iron, Steel and Coal Co., Ltd., Stoke-on- orrenb ‘ 

Shelton Iron, Steel and Coal Co., Ltd., 122, Cannon St., E.C,. 

Shepherd, Hill & Co., Leeds .. ae zs ae ac 

Shore, T., & Sons, Hanley, Staffs.. 

Siemens Brothers & Co., Ltd., 12, Queen Ants Gate, West- 
minster, 8.W. . " mi 55 : 

Simon, Henry, 20, Mount Street, ‘Manohentort: 

Simons, W., & Co., Renfrew, Scotland . 

Simpson, Strickland & Co., Teareiaouties S. Dev on 

Smedley Bros., Belper, Derbyshire oF 3 

Smillie, Saml., 71, Lancefield Street, cacen 

Smith, Archibald, & Stevens, Janus Wks., Queen's Rd, Bateerson 

Smith, A. & W., & Co., Eglinton Engine Works, Glasgow 

Smith Brothers & Co., Kingston Engine Works, Glasgow 

Smith & Co., Station Street, Nottingham 

Smith & Coventry, Ltd., Gresley Irnwks., Ordsal tate; w’ chester 

Smith & Grace, Thrapston i 

Smith, Hugh, & Co., Possil Engine Works, Glascow 

Smith, Sydney, & Sons, Basford Brass Works, Nottingham 

Smith, Thomas, Steam Crane Works, Rodley, near Leeds .. 

Smith & Wilshaw, Kingston Works, Halifax.. 

Smulders, A.-F., Utrecht, Holland 

Snowball & Co., Crown Chambers, Side, New castie-6 -on- Tyne ne 

Southgate Engineering Co., Ltd., 172, Fenchurch Street, E.C. 

Spencer, James,& Co., Chamber Ironworks, Hollinwood, M’chester 

Spencer, J. E. & S., 14, Gt. St. Thomas Apostle, E.C. 

Spencer, John, Globe Tube Works, Wednesbury 

Spencer, John, & Sons, Ltd., Newburn Steel Works, Neweake 
on-Tyne 

Spencer, John, & Sons, Eid. Ousatarn Wee, ae Sale: -on- aye ne 

Spencer, John, & Sons, Ltd., Cannon Street Buildings, 139, 
Cannon Street, E.O. . 

Sphincter Hose & Engineering Co., ‘Lta., 9, Moorfields, E. 0. 

Sporton, Henry, & Co., Chase Side, Enfield . 

Spurr, Inman & Co., Calder Vale Boiler Works, Wakefic ld 

Stacey, F. H., Heeley Bridge Foundry, Sheffield 

Stamm, W., Albany Buildings, 39, Victoria Street, S.W. 

Standard Ammonia Co., Ltd., Old Ford, E. 

Stanley, W. F., Great Turnstile, Holborn, W.O. 

Stannah, J., 20, Southwark Bridge Road, S.E. . 

Star Tube Co., Ltd., Birmingham 

Steel Company of Scotland, 23, Royal kanes pare, Sian 

Steel Pipe Co., Ltd., The, 2, Victoria Mansions, Westminster,S. W. 

Steel Pipe Co., Ltd., The, Kirkcaldy . 

Steinmetz, Ewald, Hanover, entanay i ‘| 

Sterne, L., & Co., Ltd., Crown Ironworks, Ginacow 

Sterne, L., & Co., Ltd., 2, Victoria Mansions, 8.W. 

Steven & Struthers, Brassfounders, Glasgow 

Stewart, A.& J., and Clydesdale, Ld., 41, Oswald St. VGlascow 

Stewart, A. & J., and mene sear Ld., et Tube Mises 
Coatbridge of ye is 


Steelworks, Wolsingham 


Rooper, Staftord 
Rose, Hull 
Whitefield, Glasgow 
Glenros, Glasgow 
Rowan, Glasgow 
Barnacles, Glasgow 
Cement, Rugby 
Rushworth, Sowerby Bridge 
Russell, Motherwell 
Russell, Wednesbury 
Ruston, Lincoln 


Sagars, Engineers, Halifax 

Ormerod Grierson, Man- 
chester 

Samuelson, Banbury 

Sankey, Canning Town 

Manometer, Manchester 

Pyrometer, London 


Schiele, Manchester 
Schram, London 


Oxygen, Glasgow 
Scott, Halifax 
Esco, Glasgow 


Ampere, Manchester 
Esco, Newcastle-on-Tyne 


Dynamo, Huddersfield 
Potential], London 


Oracle, Liverpool 
Galvo, Johamnesburg 
Thirtyfour, London 
Scotia, Manchester 
Scriven, Leeds 

Selig, London 

Shanks, Arbroath 
Shankson, London 
Shelton, Stoke-on-Trent 
Sheltonian, London 


Shores, Engineers, Hanley 


Siemens, London 
Reform, Manchester 
Simons, Renfrew 
Engineers, Dartmouth 
Smedleys, Belper 


Hydraulics, London 
Engine, Glasgow 

Planer, Glasgow 

Injector, Nottingham 
Gresley, Manchester 
Grace, Thrapston 

Possil, Glasgow 

Smiths, Nottingham 
Smith, Rodley 

Smith & Wilshaw, Halifax 
A. Smulders, Utrecht 
Snowball,Newcastle-on-Tyne 
Centrifugal, London 
Spencer, Hollinwood 
Tubes, London 

Tubes, Wednesbury 


Newburn,Newcastle-on-Tyne 
Tyne, Newcastle-on-Tyne 


Newburn, London 
Sphincter, London 
Sporton, Enfield, Middlesex 


Pyxor, London 
Carbon, London 
Turnstile, London 
Lifts, London 

Taunt, Birmingham 
Steel, Glasgow 
Aquilentus, London 
Aquilentus, Kirkcaldy 
Ewald Steinmetz, Hanover 
Crown, Glasgow 
Elsterne, London 
Bronze, Glasgow 
Lapweld, Glasgow 


Stewart, Coatbridge 
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Stewart, D. Y., & Co., Cast-Iron Pipe Manufactory, Glasgow 
Stiff, James, & Sons, London Pottery, Lambeth, S.E. 
Stockton Forge, The, Stockton-on-Tees 

Stockton Forge, The, 20, Victoria Street, Westminster’ s. w. 
Storey, Isaac, & Sons, Little Peter Street, Manchester .. 
Stothert & Pitt, Ltd., Bath As 

Stothert & Pitt, Ltd., 30, Walbrook, E. 0. 

Stott, S. S. & Co., Haslingden, near Manchester ae 
Sturtevant Blower Co., 75, Queen Victoria Street, E.C. .. 
Summerson, Thomas, & Sons, Railway PlantWorks, Darlington 
Sun Fire Office, 63, Threadneedle Street, E.C... 
Sunderland, John, Flecce Mills, Keighley 


Taite & Carlton, 63, Queen Victoria Street, E.C. .. 

Tangyes Limited, Cornwall Works, Birmingham 

Tangyes Limited, 35, Queen Victoria Street, E.C. 

Tangyes Limited, St. Nicholas Buildings, Newcastle-on- Tene 

Tangyes Limited, Deansgate, Manchester . 3 

Tangyes Limited, Argyle Street, Glasgow 

Tangyes’ Machine Tool Co., Ltd., Oxford Works, Birmingham 

Tanite Co., The, Stroudsburg, Pa., U.S.A. ; 

Taylor & Challen, Ltd., Derwent Foundry, nineteen 

Taylor, C., Bartholomew Street, Birmingham 

Tees Side Iron & Engine Works Co., Ltd., Middlesbrough 
on-Tees . 

Telegraph Manufacturing Co., Lta., Helsby, near n Warrington 

Telegraph Manufacturing Co., Ltd., 11, QueenVictoria St.,E.C, 

Thames Bank Iron Co., Upper Ground Street, S.E. ae 

Thomson, W. R. M., & Co., 96, Buchanan Street, Glasgow 

Thornton & Crebbin, Bradford, Yorks a 

Thornycroft, J. 1., & Co., Church Wharf, Chiswick — 

Thwaites Bros., Ltd., Bradford, Yorkshire .. 6 

Tilghman’s Patent Sand Blast Co., Ltd., Sheffield 

Tinker, Shenton & Co., Hyde, near Manchester . és 

Tomey, Joseph, & Sons, Manor Glass Works, Aston, iBinciagham 

Treasure, J. B., & Co., 8, Vauxhall Road, Liverpool 

Trier Bros., 19, Great George Street, Westminster, S. W. 

Tuck & Co., Ltd., 116, Cannon Street, E.C. 

Tuck & Co., Ltd., 13, Aston’s Quay, Dublin . ‘ ve 

Tullis, John, & Son, St. Ann’s Leather Works, eleezon aD 

Turnbull, Alex., & Co., Bishopbriggs, Glasgow 

Turner Brothers, Spotland, Rochdale .. 

Turner, E. R. & F., 82, Mark Lane, E.C. 

Turner, E. R. & F., (132), Ipswich 4 

Turton, T., & Sons, Ltd., Spring Works, Sheffield . 

Tweddell’s System, Ltd., 14, Delahay Street, Weatrainster: S. w. 

Tyler, Hayward, & Co., 90 & 92, Whitecross Street, E.C. 


Unbreakable Pulley & Mill Gearing Co., iad 56, Cannon 
Street, E.C. 

Unbreakable Pulley and Mill Gearing Co., ‘Lta., West 
Gorton, Manchester . 

United States Metallic Packing Co., Ltd, poke Works, 
Thornton Road, Bradford . 

Universal Water Meter Co., Lta., St. Genre 8 ages: Bariobesn 

Utley, Thos., & Co., Stoneycroft, Liverpool 


Vacuum Drying Co., Ltd., 39, Commercial Road, E. 

Vacuum Oil Co., The Albany, Victoria Street, Westminster, S. W. 
Vaughan & Son, 57, Chancery Lane, W.C. 

Vickers, Sons & Co., Ltd., River Don Works, Sheffield . 
Vickers, Sons & Co., Ltd., 28, Victoria Street, iyoatrainster S.W. 
Vosper & Co., Broad Street, Portsmouth 


Dys, Glasgow 

Stiff, London 

Forge, Stockton-on-Tees 
Ferric, London 

Stork, Manchester 
Stothert, Bath 

Stothert, London 
Elevator, Haslingden 


Summerson, Darlington 


Taite Carlton, London 
Tangyes, Birmingham 
Tangyes, London 
Tangyes, Newcastle 
Tangyes, Manchester 
Tangyes, Glasgow 
Tangyes, Birmingham 


Derwent, Birmingham 
Lathes, Birmingham 


Teesside, Middlesbrough 
Limited, Helsby 
Concentric, London 
Hotwater, London 
Inventions, Glasgow 
Ironfounder, Bradford 
Thornycroft, London 
Thwaites, Bradford 
Patenbelle, Sheffield 
Duplex, Hyde 

Tomey, Aston, Birmingha 
Treasure, Liverpool 
Viscosity, London 
Tucks, London 

Tucks, Dublin 

Tullis, Glasgow 
Valve, Glasgow 
Turners, Rochdale 
Canvassers, London 
Gippeswyk, Ipswich 
Turtons, Shefiield 


Tweddell, Westminster, Ldn. | 


Tylerox, London 


Horsepower, London 
Strength, Manchester 


Metallic, Bradford 


Utley, Woburn Hill, Liverpl, 


Draff, London 
Vacuum, London 


Vickers, Sheffield 
Vickers, London 
Repsov, Portsmouth 


| NAME AND ADDRESS OF ADVERTISER. 


| Vosper & Co., Creek Works, Lower Mall, Hammersmith, W 
| Vulcan Iron Works Co., Beccles, Suffolk 


| wade, J. A., Hydraulic Engineering Works, Hornsea oe 
| Wade, R., Sons & Co., Hull .. 5b “8 AG aia ea 
"Wagner & Co., Dortmund, Westfalia 
| Wailes, J. W., & Co., South Shore, Gatesyente -on- yn ne 
| Wake & Sanders, 3, Crosby Square, E.C. ae 
| Walker Bros., Pagefield Iron Works, Wigan «< 
Wallwork, Henry, & Co., Charter Street, Rianenesier ae 
| Warner, Robert, & Co., 27, Jewin Crescent, Cripplegate, E.0. 
| Warrington Wire Rope Works, Ltd., Liverpool 
| Watson, T. J., Union Chambers, Grainger St., Newcastle-on- yi 
Wayzgood, R., & Co., Falmouth Road, S.E. 
| Weardale Iron & Coal Co., Ltd., George Yard, Upper Paine 
Street, B.C... sf On “6 
| Weardale Iron & Coal Co., Ltd., Manchester 
| Weardale Iron & Coal Co., Ltd., Newcastle 
_Weardale Iron & Coal Co., Ltd., Tudhoe a Spaiaye 
moor, Durham 3 ee a ve 
| Webb & Son, Combs Daneryi Sto wninkes 
| Wedekind, H., 158, Fenchurch Street, E.C. ae 
Weems, J. & W., Perseverance Ironworks, Johnstone, nr. Ginscow 
Weir, G. & J., Holm Foundry, Cathcart, Glasgow 
Weldless Steel Tube Co., 303, Icknield Port Road, Birmiaghadt 
| Wellington & Co., 734, Queen Victoria Street, E,C. 
| Wells, A. C., & Co., 2, Midland Road, St. Pancras 
Wells, A. C., & Co., Carnarvon Street, Cheetham, Manchester 
Werf Conrad, Ltd., Haarlem, Holland.. 
| Werner & Pfleiderer, 117, Queen Victoria Street, E C. 
| Westinghouse Brake Co., Canal Road, King’s Cross, N. a 
| Westinghouse Electric Co., Ltd., 32, Victoria Street, 8.W... 
| Weyman & Hitchcock, Ltd., Guildford Be 
| Whitaker, B., & Sons, Horsforth, near Leeds 
m_ Whitehead, John, & Co., Albert Works, Preston 
| Whitley Partners, Railway Works, Leeds 
Whitmore & Binyon, 64, Mark Lane, E.C. 
Whitmore & Binyon, Wickham Market 
Whittaker, Wm., & Sons, Oldham 
Whitworth, Sir Joseph, & Co., Ltd., Opeuehay? Manchester 
| Widdowson, John H., Ordsall Lane, Salford, Manchester 
Wiggins, F., & Sons, 10, Tower Hill, and 102, Minories, E.0. a 
Wilkes, John, Sons & Mapplebeck, Ltd., nibed Street, 
Birmingham : 3 
Willans & Robinson, Ltd. Thames Ditton, ‘Sarrey 
| Willcox, W. H., & Co., 34 & 36, Southwark Street, S.E. é 
| Williams, Alfred, & Co., 39, Great Eastern Street, E.C. .. 
| Wilmott & Cobon, 30, Rotherhithe Street, S.E. 
Wilson, A., & Co., Ltd., Vauxhall Ironworks, Wandsworth Rd. 8. W. 
| Wilson, John H., & Co., Ltd., Bankhall Lane, Sandhills, Liverpool 
| Winn, Chas., & Co., St. Thomas’ Works, Birmingham ze 
| Winter, F., 138, London Wall, E.C. . 
| Wire-Wove Waterproof Roofing Go., I ‘Lta., vy "108, ‘queen 
Victoria Street, E.C. ° f a 
Wise, Lloyd, 46, Lincoln’s Tne Fields, w. ©. Ao 
| Wood, Chas., Tees Iron Works, Middlesbro’-on-Tees .. 
| Wood, John & Edw., Bolton 
Woodhouse & Rixson, Attercliffe, Sheffield . of 
Worthington Pumping Engine Co., 153, QueenVistorias St., E. 0. 
| Wright, Jos., & Co., Tipton, Staffordshire # 


| Yarrow & Co., Isle of Dogs, Poplar, E... 
| Yates & Thom, Blackburn, Lancashire .. Oo 
| Yost Typewriter Co., Ltd., 40, Holborn Viaduct. E, ©. 


KEY TO TELEGRAPHIC ADDRESSES. 


. Awake, London 4 | 


Mituros, London ‘* 


Wade, Hornsea 3 
Wade, Hull al 
Wagner, Dortmunderfela 


Pagefield, Wigan | 
Foundry, Manchester 
. Hydrological, London 
Wirop, Liverpool 


Waygood, London Pe 


Weardale, London 
Weardale, Manchester 
Weardale, Newcastle 


Weardale, Spennymoor 
Webb, Combs 

Wittekind, London 
Perseverance, Johnstone 
Giweir, Glasgow 
Weldless, Birmingham 
Gyrating, London 
Unbreakable, London 
Unbreakable, Manchester 
Werfconrad, Haarlem 
Pfleiderer, London 
Westinghouse, London 
Mobilized, London 
Weyman, Guildford 
Whitaker, Horsforth 
Brictile, Preston 
Torpedo, Leeds 
Accelerate, London 
Works, Wickham Market 


Whitworth, Openshaw 
Taps, Salford 
Wiggins, Minories, Zondg 


Cape, Birmingham 
Willans, Thames Ditton 
Willcox,Southwark St., Ln: 
Ventulus, London 


Wellhole, London 
Engineers, Liverpool 
Winn, Birmingham 


Unaffected, London 
Lloydwise, London 


Rixson, Sheffield 
Tune Harp, London 
Wright, Tipton 


Yarrow, London 
Yates, Blackburn 


Woods, Bolton 
| 
Writers, London | 
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Abbott, Newark .. 
Abyssinian, London 
Accelerate, London 
Adamant, Glasgow 
Adamson, Dukinfield 
Adopted, London .. 
Afco, Glasgow 6 
Afco, Port pares Middles- 
bro’ 5 ad 
Ajax, Manchester | 
Alldays, Birmingham .. 
Birmingham 
Allen, Sheffield 
Alley, Glasgow 
Ammonia, Liverpool 
Road, Liverpool 
Ampere, Manchester 
Analyzing, London 
Anderson, Belfast 
Anderton, Boiler Church 
Anhydrous, Portsmouth 
Aquilentus, Kirkcaldy 


Abbott & Co., Newark-on-Trent 

Le Grand & Sutcliff, 125, Bunhill Row, E.C. 
Whitmore & Binyon, 64, Mark Lane, E.O. 

Adam, J. M., & Co., Ibrox Works, Glasgow 
Adamson, Daniel, & Co., Dukinfield, near Manchester 
Grover & Co., Ltd., Wharf Road, City Road, E.O. 
Anderston Foundry Co., Ltd., Glasgow 


Anderston Foundry Co., Ltd., Middlesbrough 
Dunkerley, C. C., & Co., 66, Port Street, Manchester 
Alldays & Onions’ Pneumatic Engineering Co., Ltd., 


Allen, Edgar, & Co., Ltd., Imperial Steel Works, Sheffield 
Alley & Maclellan, Sentinel Works, Glasgow 
Kilbourn Patent Refrigerator Co., Ltd., 59, Commercial 


Scott, Ernest, & Mountain, Ltd., 24, Victoria Bldgs, Manchester 
Hoveler & Dieckhaus, 3, Stockw ‘ell Avenue, S.W. 
Anderson, D., & Son, Ltd., Lagan Felt Works, Belfast 
Anderton, A., & Sons, Accrington 

Patent Anhydrous Leather Co., Portsmouth 

Steel Pipe Co., Ltd., The, Kirkcaldy 


Aquilentus, London 
Archdale, Birmingham 
Armstrongs, Birmingham 
Asbestos, London .. 
Ashburys, Manchester.. 
A. Smulders, Utrecht .. 
Astbury, Grantham #3 
Aston Chemical oe Birming- 

ham .. 2 : 
Astragal, London.. 


Astbury, W. H., Grantham 


Street, E.C. 
Atlas, Birmingham 
Atlas, Levenshulme 
Atlas, Sheffield 
Austin, Chicago 
Auto Co., Coventry 
Aveling, Rochester 
Awake, London 


Babcock, Glasgow ae sn 
Babcock, London .. 


. Steel Pipe Co., Ltd., The, 2, Victoria Mansions, Westminster, § 
Archdale, Jas., & Co., Manchester Works, Ledsam St.  Birming: 
Armstrong, Stevens & Son, Birmingham 

. Asbestos Co., Ltd. (The United), Dock House, Billiter St., 
Ashbury Railway Carriage Co., Openshaw, Manchester 
Smulders, A. F., Utrecht, Holland 


Aston Chemical Co., Birmingham 
British Patent Glazing & Glass Co., Ltd., 75, Queen Vie 


Piggott, Thos., & Co., Ltd., Birmingham 

Atlas Engineering Co., Levenshulme, Manchester 
Brown, John, & Co., Ltd., Sheffield 

F. C. Austin Manufacturing Co., Chicago, Ill., U.S.A. 
Auto Machinery Co., Ltd., Read Street, Coventry 
Aveling & Porter, Rochester, Kent 

Wake & Sanders, 3, Crosby Square, E.C. 


Babcock & Wilcox Limited, 21, Bothwell Street, Glasgow 
. Babcock & Wilcox Limited, 114, Newgate Street, E.C. 
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cock, Manchester .. 
nall, Stafford.. 
s, Hednesford 


shaw, Batley .. 

ey Toms, London .. 
iwin, Philadelphia.. 
beau, London.. 

nacles, Glasgow - 
r, Kilmarnock Je) 
ry, Henry, Aberdeen 
tery, Birmingham .. 

ley, Sheffield .. 

con, Salford .. 

rdmore, Glasgow 


, Bolton .. 

fry, London 

lamy, London . : 
leville, Saint Denis, Seine 
liss, Birmingham = 
mont, London .. 

arose, Derby .. 

arose, London.. aie 

nie, Polmadie, Glasgow... 
rys, Sowerby Bridge 
semer, Leeds .. 

semer, Sheffield 


ithers, Birmingham 
tthers, London eS 
d, London 


ckburn, Nottingham 
ckthorn, Newcastletyne.. 
wers, Glasgow ae 
mann, London... 

lley, Exeter 

ler, Coventry .. 

ler, Manchester 


ts, Birmingham 
1accord, Glasgow .. 
»ths, Engineers, Halifax .. 
v, Paisley a ae = 
wling, Bradford * 
iby, Deptford, London 
iby, Glasgow .. 

vby, Liverpool .. 
idfords, London 

tke, Manchester 
.ckpress, London 

.ctile, Preston .. es 
insworth, Rotherham 
itannia, Colchester .. 
itannia, Manchester 
»adbent, Huddersfield 


omze, Glasgow .. * 

omze, Longport, Staffordsh. 
»therhood, London .. 
livants, London 

lock, Chicago .. 

rnet, Glasgow .. Es 
rrell, Thetford.. na = 
tters, Glasgow ze ee 


ligraph, Coventry 
avassers, London 
pe, Birmingham 


rbon, London 

rnsew, London... 

ttons, Leeds 

ment, Rugby 

mentum, London 
atrifugal, London 
adburn, Liverpool 

aplin, Glasgow.. es 
arlesworth, econ. 
Ndham ve 

atwin, Birmingham... 

illed, West Bromwich An 
ee enon 
tytons, Lincoln .. 

max, Gorton 

chrane, Barrhead 
lloquial, London 

Iville, London .. ws 
Iville,Motherwell .. 
mpactum, London sa 
mpany, Ebbw Vale .. se 
neentric, London 


mcordance, London .. 


mrad,London .. ee 
mstant, Manchester.. 


Babcock & Wilcox Limited, 28, Trenuentae Manchester 

Bagnall, W. G., Ltd., Castle Engine Works, Stafford 

Bumsted & Chandler, Cannock Chase Engine Works, Hednes- 
ford, Staffs. 

Bagshaw, J., & Sons, Ltd, Batley, Yorkshire 

Bailey, G., Toms & Co., 74, Laurence Pountney Hill, E.0. 

Burnham, Williams & Co., Philadelphia, U.S.A, 

Howes, S., 64, Mark Lane, E.0O. 

Rowan, F. J., 121, West Regent Street, Glasgow 

Barr, Jas., Kilmarnock, N.B. 

Barry, Henry & Co., Ltd., Aberdeen 

Birmingham Battery & Metal Co., Birmingham 

Brown, Bayley’s Steel Works, Ltd., Sheffield 

Bailey, W. H., & Co., Ltd., Albion Works, Salford, Manchester 

Beardmore, William, & Co., Parkhead Forge, Rolling Mills and 
Steel Works, Glasgow 

Bolton Engineering Co., Turton Street, Bolton 

Asbestos Co., Ltd. (Bell’s), 59}, Southwark Street, S.E. 

Bellamy, John, Millwall, E. 

Belleville, J., & Co., 4 Saint Denis (Seine), France 

Belliss, G. E., & Co., Ledsam Street Works, Birmingham 

Price’s Patent Candle Co., Ltd., Battersea, S.W. 

Bemrose & Sons, Irongate, Derby 

Bemrose & Sons, 23, Old Bailey, E.C. 

Bennie, James, & Sons, Clyde Engine Works, Polmadie, Glasgow 

Berry, F., & Son, Sowerby Bridge, Yorkshire 

Leeds Steel Works, Ltd., Leeds 

Bessemer, Hy., & Co., Ltd., Sheffield 

Patent Axle-Box and Foundry Co., Ltd., Saltley Central 
Works, Birmingham 

Patent Axle-Box & Foundry Co., Ltd., 61 & 62, Gracechurch 
Street, E.C. 

Bolling & Lowe, 2, Laurence Pountney Hill, E.C, 

Blackburn, Joseph, 39, Arkwright Street, Nottingham 

Black, Hawthorn & Co., Ltd., Gateshead 

Cruickshanks & Cook, Ltd., 74, Galbraith Street, Glasgow 

Blumann & Stern, Ltd., 43, London Wall, E.C. 

Bodley Bros. & Co., Old Quay Foundry, Exeter 

Herbert, Alfred, Coventry 

Boiler Insurance and Steam Power Co., Ltd., 67, 
Street, Manchester 

Phoenix Bolt & Nut Co., Handsworth, near Birmingham 

Drysdale & Co., Bon Accord Engine Works, Glasgow 

Booth, G., & Co., Central Ironworks, Halifax 

Bow, McLachlan & Co., Thistle Works, Paisley 

Bowling Iron Co., Ltd., Bradford 

Braby, F., & Co., Ltd., Deptford, 8.E. 

Braby, F., & Co., Ltd., Glasgow 

Braby, F., & Co., Ltd., Liverpool 

Bradford, Thos,, & Co., 140 to 143, High Holborn, W.C. 

Gresham & Craven, Ltd., Salford, Manchester 

Clayton, Howlett & Co., Woodfield Road, Harrow Road, N. 

Whitehead, John, & Co., Albert Works, Preston 

Baker, John, & Co., Brinsworth Iron & Wheel Works, Rotherham 

Britannia Company, Colchester 

Muir, Wm., & Co., Sherbourne Street, Manchester 

Broadbent, Thos., & Sons, Central Ironworks, Chapel Hill, 
Huddersfield 

Steven & Struthers, Brass Founders, Glasgow 

Billington & Newton, Longport, Stoke-on-Trent 

Brotherhood, Peter, Belvedere Road, London, 8. E, 

Bullivant & Co., 72, Mark Lane, E.C. 

Bullock, M. C., Manfg. Co., Chicago, U.S.A. 

Burnet, Lindsay, & Co., Moor Park Boiler Works, Govan, Glasgow 

Burrell, Chas., & Sons, Ltd.,St. Nicholas Works, Thetford, Norfk. 

Butters Bros. & Co., 20, Waterloo Street, Glasgow 


King 


American Writing Machine Co., Coventry 

Turner, E. R. & F., 82, Mark Lane, E.O. 

Wilkes, John, Sons & Mapplebeck, Ltd., Abberley Street, 
Birmingham 

Standard Ammonia Co., Ltd., Old Ford, E. 

Harvey & Co., Ltd., 186, 187 and 188, Gresham House, E,C, 

Catton & Co., Dewsbury Road, Leeds 

Rugby Portland Cement Co., Rugby 

Francis & Co., Ltd., Vauxhall, 8.W. 

Southgate Engineering Co., Ltd., 172, Fenchurch Street, E.0. 

Chadburn & Son, 11, Waterloo Road, Liverpool 

Chaplin, Alex., & Co., Govan, Glasgow 


Charlesworth, Hall & Co., Richmond Hill Ironworks, Oldham 

Chatwin, Thos., Great Tindal Street, Birmingham 

Guest, Josiah, Victoria & Albert Iron Foundries, West Bromwich 

Clayton & Shuttleworth, 78, Lombard Street, E.C, 

Clayton & Shuttleworth, Lincoln 

Follows & Bate, Ltd., Gorton, Manchester 

Cochrane, John, Barrhead, N.B. 

Archdale, Jas., & Co., 23, College Hill, E.C 

Colville, David, & Sons, 3, Fenchurch Avenue, E.C. 

Colville, David, & Sons, Dalzell Steel & Iron Wks,, Motherwell 

Kirkaldy, John, Ltd., 40, West India Dock Road, E. 

Ebbw Vale Steel, Iron & Coal Co., Ltd., 122, Cannon St., E.0. 

Telegraph Manufacturing Co., Ltd., The, 11, Queen Victoria 
Street, E.0, 

Electric Construction Corporation, Ltd., Worcester House, 
Walbrook, E.C. 

Knap, Conrad, & Co., 11, Queen Victoria Street, E.C. 

Litholine Co., The, 32, Victoria Street, Manchester 


Cook, Glasgow 

Copper Co., Glasgow 
Copper Co., London 
Copper Co., Manchester 
Cosgrove, London 
Courteous, London 
Cradock, Wakefield 
Craig-Donald, Johnstone 
Cranes, Rodley 

Cranks, Lincoln .. 


Craven, Wakefield 
Credenda, Birmingham 
Crompton, Chelmsford 
Crompton, London : 
Crosbie, Wolverhampton 
Crosby, London 
Crossleys, Openshaw 
Crown, Glasgow .. 
Current, Liverpool 
Current, Manchester 
Cyclops, Gateshead 


David Carlaw, Glasgow 
Debergue, Manchester 
Dellburn, Motherwell .. 
Delta, London ° 
Dempster, Glasgow 
Derwent, Birmingham 
Derwent, London... 


Desoldenhoff, Cardiff .. 


Dewhurst, Attercliffe Road, 


Sheffield 
Diagram, Liverpool 
Dicker, London 
Diepress, London 5 
Disinfect, Manchester .. 
Donald, Paisley 
Donkin Company, London 
Dorman, Middlesbrough 


Dorman, 19, Victoria Street, 


Westminster 


Dougall, Radcliffe-on-Trent.. 


Douglas, Kirkcaldy 


Douglas, Mark Lane, London 


Doulton, London .. 


Dr. Braun, N vb teeny 10, 


Berlin ee 
Draff, London 
Drinks, London 
Dropper, London .. 
Drum, Bradford 
Dunamis, London 
Dunsmuir Jackson, 

Glasgow 
Duplex, Hyde A 
Dynamo, Huddersfield 


Dys, Glasgow 


Eadie, Rutherglen nO 
Easterbrooks, Sheffield 
Eastwald, Taunton 


Edmeston, Adelphi, Salford.. 


Efficiency, London 
Egyptian, London 
Electric, Wolverhampton 
Elevator, Haslingden .. 
Elivas, Sheffield : 
Elliot Company, Cardiff 
Elliot Company, London 
Elmore, Leeds AS 
Elongation, London 
Elsterne, London.. 
Emery, London 

Emery, Manchester 
Endeavour, London 
Endurance, Birmingham 
Engelbert, London 
Engine, Glasgow .. 
Engine, Leeds 

Engine, London =e 
Engineering, London .. 
Engineers, Dartmouth.. 
Engineers, Liverpool 
Enterprise, Liverpool .. 


Entwisles, Burnden, Bolton 


Epa, London.. 
Esco, Glasgow .. : 
Esco, Newcastle-on- Tyne 


Esluh, Manchester 
Etna, Leith .. 
Etruria, Stoke-on-Trent 


Ewald Steinmetz, Hanover.. 


Excellence, London 


Govan, 


Harvey, Robt., & Co., Park Grove Iron Works, Glasgow 

Broughton Copper Co., Ltd., Glasgow 

Broughton Copper Co., Ltd., London 

Broughton Copper Co., Ltd., Manchester 

Dell, Wm. R., & Son, 26, Mark Lane,E.C. 

Braby, F., & Co., Ltd., Fitzroy Wks., 352 to 362, Euston Rd.,N.W. 

Cradock, Geo., & Co., Wire Rope Works, Wakefield 

Craig & Donald, Johnstone, Renfrewshire, N.B. 

Booth, Joseph, & Bros., Rodley, Leeds 

Clarke’s Crank & Forge Co., Ltd., Patent Crank Works, 
Lincoln 

Bradley & Craven, Westgate Common Foundry, Wakefield 

Credenda Tube Co., Ltd., Smethwick, Birmingham 

Crompton & Co., Ltd., Arc Works, Chelmsford 

Crompton & Co., Ltd., Mansion House Buildings, E.C. 

Crosbie, Adolphe, Ltd., Walsall St. Chemical Wks., Wolverhampton 

Crosby Steam Gage & Valve Co., 75, Queen Victoria St., E.C. 

Crossley Bros., Ltd., Openshaw, Manchester 

Sterne, L., & Co., Ltd., Crown Ironworks, Glasgow 

Holmes, J. H., & Co., Oriel Chambers, Water Street, Liverpool 

Dorman & Smith, Salford, Manchester 

Clarke, Chapman & Co., Ltd., Gateshead-on-Tyne 


Carlaw, David, 81, Dunlop Street, Glasgow 

De Bergue & Co., Ltd., Strangeways Iron Works, Manchester 

Marshall, Fleming & Jack, Motherwell, N.B. 

Delta Metal Co., Ltd., 110, Cannon Street, E.O. 

Dempster, Moore & Co., 49, Robertson Street, Glasgow 

Taylor & Challen, Ltd., Derwent Foundry, Birmingham 

Ashmore, Benson, Pease & Co., Ltd., 7, Laurence Pountney 
Hill, E.0. 

Merthyr Vulcan Foundry & Engineering Co., Ltd., 
91, St. Mary Street, Cardiff 


Dewhurst, John, & Son, Attercliffe Road, Sheffield 
Hughes & Lancaster, Liverpool 

Dick, Kerr & Co., Ltd., 101, Leadenhall Street, E.C. 
Projectile Co., Ltd., New Road, Wandsworth Road, S.W. 
Chadderton Iron Works Co., Ltd., near Manchester 
Hanna, Donald & Wilson, Abercorn Foundry, Paisley 
Donkin, B., & Co., Ltd., Southwark Park Road, 8.E. 
Dorman, Long & Co., Ltd., Middlesbrough 


Dorman, Long & Co., Ltd., 19, Victoria St., Westminster, S. W. 
Dougall, W. S., Radcliffe-on-Trent, Notts. 

Douglas & Grant, Dunnikier Foundry, Kirkcaldy, N.B. 
Douglas, George, 59, Mark Lane, E.C, 

Doulton & Co., Lambeth 


Braun, Dr. O., Gyrometerworks, Berlin, W, 62 

Vacuum Drying Co., Ltd., 39, Commercial Road, E. 
Barnett & Foster, 259, Eagle Wharf Road, New North Road, N. 
Morton, Francis, & Co., Ltd., 17, Victoria Street, S.W. 
Drum Engineering Co., 55, Athol Road, Bradford 

Parsons, C. A., & Co., 66, Victoria Street, S. W. 


Dunsmuir & Jackson, Govan Engine Works, Glasgow 

Tinker, Shenton & Co., Hyde, near Manchester 

Scott, Ernest, & Mountain, Ltd., Lancaster Yard, Cloth Hall 
Street, Huddersfield 

Stewart, D. Y., & Co., Cast-Iron Pipe Manufactory, Glasgow 


Eadie, Jas., & Sons, Rutherglen, near Glasgow 

Easterbrook, Allcard & Co., Albert Works, Sheffield 

Easton & Bessemer, Ltd., Taunton 

Edmeston, A., & Sons, Cannon Street Ironworks, Salford 

Leroy, F., & Co., Gray Street, Commercial Road, E. 

Easton & Anderson, Ltd., 3, Whitehall Place, S.W. 

Electric Construction Corporation, Ltd., Wolverhampton 

Stott, S. S., & Co., Haslingden, near Manchester 

Baker Blower Engineering Co., Stanley Works, Sheffield 

Elliot, George, & Co., Cardiff 

Elliot, George, & Co., 23, Great George Street, Westminster, S.W. 

Elmore’s Patent Copper Depositing Co., Ltd., Leeds 

Mechan & Sons, 60, Queen Victoria Street, E.C. 

Sterne, L., & Co., Ltd., 2, Victoria Mansions, S.W. 

Davies, W. J., & Sons, 109, Weston Street, S.E. 

Luke & Spencer, Ltd., Ardwick, Manchester 

Birch, John, & Co., 10 & 11, Queen Street Place, E.O. 

Endurance Seamless Tube & Vial Co., Ltd., Birmingham 

Engelbert & Co., 44-47, Bishopsgate Street, E.C. 

Smith, A. & W., & Co., Eglinton Engine Works, Glasgow 

Hunslet Engine Co., Leeds 

Marshall, Sons & Co., 79, Farringdon Road, E.C. 

“Engineering,” 35 and 36, Bedford Street, Strand, W.C. 

Simpson, Strickland & Co., Dartmouth, 8. Devon 

Wilson, John H., & Co., Ltd., Bankhall Lane, Sandhills, Liverpool 

Jones, Burton & Co., 19, Castle Street, Liverpool 

Entwisle & Gass, Ltd., Atlas Foundry, Bolton 

Alexander, E, P., 36, Southampton Buildings, W.C. 

Scott, Ernest, & Mountain, Ltd., 164, St. Vincent St., Glasgow 

Scott, Ernest, & Mountain, Ltd., The Close Works, Newcastle- 
on-Tyne 

Hulse & Co., Ordsal Works, Salford, Manchester 

Davis & Primrose, Bangor Road, Leith, N.B. 

Cowlishaw, Walker & Co., Etruria, Stoke-on-Trent 

Steinmetz, Ewald, Hanover, Germany 

Reynolds, F.:W., & Co., Acorn Works, Edward Street, Bluck- 
friars Road, S,E, 
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Exhaust, Manchester .. 


Exhausters, London 
Expansion, London 
Ezra, London 


Fencing, Brierley Hill 
Fencing, Dublin .. 
Fencing, Glasgow 
Fencing, London.. 
Ferric, London 

Field, Keighley 
Findlay, Motherwell 
Firth, Birmingham 
Firth, Sheffield é 
Fleming, Halifax .. 
Fleming, London .. 
Forge, Chapel-en-le-Frith 
Forge, Dumbarton 
Forge, Kirkstall .. 
Forge, Stockton-on-Tees 
Foster, Lincoln as 
Foundry, Manchester .. 
Fowler, Leeds 
Fredennis, London 
Furnaces, London 


Galloway, Manchester.. 
Galvo, Johannesburg .. 
Gandy Belt, Glasgow 

Gandy Belt, Manchester 


Gandy, Birkenhead 
Gandy, London 
Garrett, Leiston 


Gasholder, Stockton-on-Tees 


Gearing, Huddersfield .. 
Germiston, Glasgow 
Gibbins, Birmingham .. 
Gippeswyk, Ipswich 
Giweir, Glasgow .. 
Glasses, Newton Heath 
Glazing, London : 
Glenfield, Kilmarnock... 
Glenros, Glasgow.. : 
Globulus, Manchester .. 
Goldsworthy, Manchester 
Goodfellow, Hyde 
Grace, Thrapston.. 
Grafton, Bedford .. 
Graftonian, London 
Grange, Durham .. 


Graysilver, London 
Greaves, Birmingham .. 
Greaves, Warwick 
Greenwood, Leeds 


Greenwoods, Westminster .. 


Gresley, Manchester 
Grice, Birmingham 
Grieve, Motherwell 
Gulcher, London .. 
Gunther, Oldham.. 
Guttapercha, Glasgow.. 
Gwynne, London .. 
Gyrating, London 


Haacke, Liverpool 
Haacke, London .. 
Hadfield, Shefiield 


Hallford, London .. 
Hallford, Dartford 
Hammond, London 
Handyside, Derby 
Handyside, London 
Hardypick, Sheffield 
Hartnell, Leeds 
Harvey, Falmouth 
Harvey, Hayle 
Hathorn, Leeds 
Hayes, Stony Stratford 


Heap, Limited,Ashton-under- 


Lyne 

Heaterite, London a 
Herodes, London .. 
Hexagon, Halifax 
Hibou, London... ee 
Highgate, Shettleston .. 
Hildick, Walsall .. 
Hill, Derby .. 


Hills, Heywood 
Hindley, Bourton.. a 
Hodgkinson, Sheffield .. 


Patent Exhaust Steam Injector Co., Ltd., St. Ann’s Square, 
Manchester 

Lloyd & Davis, 64, Sumner Street, S.E. 

Moreland, R., & Son, 3, Old Street, E.C. 

Firth, T., & Sons, Ltd., 110, Cannon Street, E.C. 


Hill & Smith, Brierley Hill Ironworks, near Dudley 

Hill & Smith, Dublin 

Hill & Smith, Glasgow 

Hill & Smith, 118, Queen Victoria Street, E.C. 

Stockton Forge, The, 20, Victoria Street, Westminster, S. W. 
Butterfield, F. & J., & Co., Midland Tool Works, Keighley 
Findlay, Alexander, & Co., Motherwell, N.B. 

Firth, T., & Sons, Ltd., 35, Exchange Buildings, Birmingham 
Firth, T., & Sons, Ltd., Norfolk Works, Sheffield 

Fleming, Birkby & Goodall, Ltd., West Grove Mills, Halifax 
Fleming, A. B., & Co., 15, Whitefriars Street, Fleet Street, E.C. 
Kirk & Horsfield, Chapel-en-le-Frith, Derbyshire 
Dennystown Forge Co., Dumbarton 

Kirkstall Forge Co., Leeds 

Stockton Forge, The, Stockton-on-Tees 

Foster, Wm., & Co., Ltd., Wellington Foundry, Lincoln 
Wallwork, Henry, & Co., Charter Street, Manchester 
Fowler, John, & Co, (Leeds), Ltd., Steam Plough Wks., Leeds 
Dennis, W. F., & Co., 11, Billiter Street, E.C. 

Ebbw Vale Steel, Iron & Coal Co., Ltd., Mon., South Wales 


Galloways Limited, Manchester 

Scott, Ernest, & Mountain, Ltd., Johannesburg, South Africa 

Gandy Belt Mfg. Co., Ltd., 220, Ingram Street, Glasgow 

Gandy Belt Mfg. Co., Ltd., 3c, Guardian Buildings, Cross Street, 
Manchester 

Gandy Belt Mfg. Co., Ltd., Wheatland Works, Seacombe, Cheshire 

Gandy Belt Mfg. Co., Ltd., 130, Queen Victoria Street, E.C. 

Garrett, R., & Son, Leiston Works, Suffolk 

Ashmore, Benson, Pease & Co., Ltd., Stockton-on-Tees 

Brown, D., Huddersfield 

Arrol’s Bridge & Roof Co., Ltd., Germiston Works, Glasgow 

Gibbins, R. C., & Co., Berkeley Street, Birmingham 

Turner, E. R. & F. (132), Ipswich 

Weir, G. & J., Holm Foundry, Cathcart, Glasgow 

Butterworth Bros., Ltd., Newton Heath GlassWorks, Manchester 

Rendle, Wm. Edgcumbe, & Co., 5, Victoria Street, S.W. 

Glenfield Co., Ltd., Kilmarnock, N.B. 

Ross, R. G., & Son, Glasgow 

Globe Engineering Co., Ltd., 38, Victoria Buildings, Manchest’r 

Goldsworthy, T., & Son, Hulme, Manchester 

Goodfellow, Benjamin, Hyde, near Manchester 

Smith & Grace, Thrapston 

Grafton & Co., Bedford 

Grafton & Co., 113, Cannon Street, E.0. 

Grange Iron Co., Ltd., Foundry, Engineering and Boiler Works, 
Durham 

India Rubber, Gutta Percha, &c., Co., Ltd., Silvertown, Essex 

Greaves, Bull & Lakin, Worcester Wharf, Birmingham 

Greaves, Bull & Lakin, Warwick 

Greenwood & Batley, Ltd., Albion Works, Leeds 

Greenwood & Co., 65, Victoria Street, Westminster, S.W. 

Smith & Coventry, Ltd., Gresley Irnwks., Ordsal Lane, M’chester 

Grice, Grice & Son, Sheepcote Street, Birmingham 

Grieve, John, & Co., Motherwell, Scotland 

Gulcher Electric Light & Power Co., Ltd., Battersea, S.W. 

Gunther, W., Central Works, Oldham 

Dick, R. & J., Greenhead, Glasgow 

Gwynne, J. & H., Hammersmith Ironwks.,W., & 89, Cannon St.,E.0. 

Wellington & Co., 734, Queen Victoria Street, E.C. ; 


Haacke, A., & Co., 165, Great Mersey Street, Liverpool 

Haacke, A., & Co., Kieselguhr Wharf, Hackney Wick, E. 

Hadfield’s Steel Foundry Co., Ltd., Hecla Works, Attercliffe, 
Sheffield 

Hall, J. & E., Ltd,, 23, St. Swithin’s Lane, E.0. 

Hall, J. & E., Ltd., Dartford, Kent 

Leeds Steel Works, Ltd., 117, Bishopsgate Street Within, E.O. 

Handyside, Andrew, & Co., Ltd., Britannia Ironworks, Derby 

Handyside, Andrew, & Co., Ltd., 104, Queen Victoria St., E.O. 

Hardy Patent Pick Co., Ltd., Sheffield 

Hartnell, Wilson, Volt Works, Leeds 

Harvey & Co., Ltd., Falmouth, Cornwall 

Harvey & Co., Ltd., Hayle, Cornwall 

Hathorn, Davey & Co., Sun Foundry, Leeds 

Hayes, E., Stony Stratford 


Heap, Jos., & Co., Ltd., Ashton-under-Lyne 

Patent Heater Condenser Co., 16, Gt. George St., Westminster 

Richards, Geo., & Co., Ltd., 110, Cannon Street, E.O. 

Carter & Wright, Hexagon Iron Works, Halifax 

Burton, C. W., 158, Queen Victoria Street, E.C. 

Pollock, MacNab & Highgate, Shettleston, Glasgow 

Hildick & Hildick, Walsall Tube Works, Walsall 

Hill, Isaac, & Son, St. George’s Engineering Works, Woods Lane, 
Derby 

Hill, T., & Sons, Heywood, near Manchester 

Hindley, E, S., Bourton, Dorset 

Carbrook Forge and Steel Co., Sheffield 


Hodgson, Cleckheaton .. 
Hoisting, Glasgow 
Holborow, Cainscross .. 
Hollander, York .. 
Holmes, Newcastle 
Hornsbys, Grantham 
Hornsbys, London 
Horsepower, London 


Hotwater, London 
Howell, Sheffield .. 
Humpidge, Cainscross.. 
Huxhams, Exeter 
Hydraulic, Leeds.. : 
Hydraulic, Ulverston .. 


Hydraulics, London 
Hydrological, London .. 
Hydrostatic, London 


Indicator, Manchester 
Indices, London .. 
Infallible, London 
Influx, Manchester 
Infusion, London 
Injector, Nottingham .. 
Injector, Manchester 
Intensifier, London 
Intersection, London .. 
Invention, London 
Inventions, Glasgow 
Inventions, Glasgow 
Iron, Airdrie 

Iron, Falmouth : 
Ironfounder, Bradford 
Ironsides, Liverpool 


Isca, London 
Isca, Newport Ks 
Isler, London 5 A 


Jackson, Claycross 
Jacksons, Manchester .. 
Jardine, Nottingham 
Jessop, Leicester .. 
Jessops, Sheffield.. 
Juno, London a 


Kaye, Hunslet 
Kelvin, Glasgow 
Kelvin, London 
Kerr, Stevenston .. 
Knapping, Leeds... 
Korting, London .. 


Laborless, London 
Laborless, London 
Lancaster, Chester 
Land, Grantham .. 
Lang, Johnstone .. 
Lapweld, Glasgow 
Lark, London 
Lathes, Birmingham 


Lewis, berate iS 
Lias, London : 
Lifts, London 

Limited, Helsby 


Lithographer, London . 
Llewellin James, Bristol 
Llewellins, Bristol 
Lloyds, Birmingham 
Lloydwise, London 
Lobnitz, Renfrew 
Lockfast, London .. 

Loco, Leeds .. AG E 
Locomotive, Newcastle 
Lodor, Manchester 


Loman, London 
Lowood, Sheffield 
Lubric, Manchester 


Lubricants, Liverpool .. 
Lubricative, London 
Lucifico, London .. 
Lumby, Halifax 


Luptons, Coventry 
Lyndentree, London 


MacIntosh, Liverpool .. 


MacIntosh, Manchester 
MacLellan, Glasgow 
MacLellan, Glasgow 


Lathes, Newcastle-on-Tyne .. 
Lewis, Broomielaw, Glasgow 


Lister, Engineer, Keighley .. 


Hodgson, H. E., & Co., Brookhouse Ironworks, Cleckheaton 

Carruthers, J. H., & Co., Polmadie Ironworks, Glasgow 

Holborow & Co., Dudbridge, near Stroud 

Hollander, C., 12, Grosvenor Terrace, York 

Holmes, J. H., & Co., Portland Road, Newcastle-on-Tyne a 

Hornsby, R., & Sons, Ltd., Spittlegate Iron Works, Granthan 

Hornsby, R., & Sons, Ltd., 84, Lombard Street, E.C. ral 

Unbreakable Pulley & Mill Gearing Co., Ltd., 56, Can) 
Street, E.C. 

Thames Bank Iron Co., Upper Ground Street, S.E. 

Howell & Co., Ltd., Brook Steel Works, Sheffield 

Humpidge & Snoxell, Stroud, Glos. 

Huxham & Browns, Exeter 

Middleton, Robt., Sheepscar Foundry, Leeds 

Payne-Gallwey & Co., Ltd., Canal Head Foundry and 
gineering Works, Ulverston 

Smith, Archibald, & Stevens, Janus Wks.,Queen’s Rd. re | 

Warner, Robert, & Co., 27, Jewin Crescent, Cripplegate, E.( 

East Ferry Road Engineering Works Co., Ltd., Millwal 


Kirk, Wheatley, Price & Goulty, Albert Square, Manches| 
Kirk, Wheatley, Price & Goulty, 49, Queen Victoria Street, } 
Brewer & Son, 33, Chancery Lane, W.O. 
Holden & Brooke, Ltd., St. Simon’s Works, Salford | 
Rhodes, B., & Son, 234 & 240, Bow Road, E. | 
Smith & Co., Station Street, Nottingham 
Fairburn & Hall, 63, Royal Exchange, Manchester 
Middleton, Robt., 9, Fenchurch Avenue, E.C. 
Piggott, Thos., & Co., Ltd., St. Thomas Apostle, E.C. 
Redfern, G. F., & Co., 4, South Street, Finsbury, E.O. | 
Morton, Alex., & Thomson, 96, Buchanan Street, Glasgow 
Thomson, W. R. M., & Co., 96, Buchanan Street, Glasgow 
Airdrie Iron Co., The, Airdrie, near Glasgow | 
Cox & Co., Falmouth Dock Ironworks, Falmouth | 
Thornton & Crebbin, Bradford, Yorks 
Morton, Francis, & Co., Ltd., Hamilton Ironworks, Gari 
near Liverpool } 
Isca Foundry Co., 10, Bush Lane, E.C. ; 
Isca Foundry Co., Newport, Monmouthshire } 
Isler, C., & Co., Artesian Works, Bear Lane, S.E. } 


j 
Claycross Co., Claycross, near Chesterfield 
Jackson, P. R., & Co., Ltd., Salford Rolling Mills, Manches) 
Jardine, John, Nottingham i 
Jessop, Joseph, & Son, Leicester i 
Jessop, Wm., & Sons, Ltd., Brightside Works, Sheffield 
Johnson & Phillips, 14, Union Court, F.C. 


Kaye, Jos., & Sons, Lock Works, Leeds 

Main, A. & J., & Co., Possil Park, Glasgow 

Main, A. & J., & Co., 774, Queen Victoria Street, E.C. 
Ardeer Foundry Co., Stevenston, Ayrshire, N.B. } 
Baxter, W. H., Leeds 
Korting Bros., 86, Queen Street, E.O. { 


Barry, Henry & Co., Ltd., 3 & 4, Lime Street Square, E.C 
New Conveyor Co., Ltd., 3 & 4, Lime Street Square, E.C. 
Hughes & Lancaster, City Road, Chester ‘ 
Grantham Crank Co., Ltd., Grantham ‘| 
Lang, John, & Sons, Johnstone, N.B. | 
Stewart, A. & J.,and Clydesdale, Ld., 41, Oswald St., Gl! 
MacIntosh, Chas., & Co., Ltd., 30, Fore Street, E.C. | 
Taylor, C., Bartholomew Street, Birmingham ‘ 
Noble & Lund, Forth Banks, Newcastle-on-Tyne 
Anderson, D., & Son, Ltd., 118, Broomielaw, Glasgow | 
Lewis, E., & Sons, Wolverhampton 
Greaves, Bull & Lakin, 13, South Wharf, Paddington, W. | 
Stannah, J., 20, Southwark Bridge Road, S.E. | 
Telegraph Manufacturing Co., Ltd., Helsby, near Warr’ 
Lister & Co., Keighley q 
Kell, T., & Son, 40, King Street, Covent Garden, W.O. 
Llewellin & James, Bristol - 
Llewellin Machine Co., Bristol 
Lloyd & Lloyd, Albion Tube Works, Birmingham 
Wise, Lloyd, 46, Lincoln’s Inn Fields, W.C. 
Lobnitz & Co., Renfrew, Scotland 
Bayliss, Jones & Bayliss, 139 & 141, Cannon Street, E.C. | 
Hudswell, Clarke & Co., Railway Foundry, Leeds 
Hawthorn, R. & W., Leslie, & Co., Ltd., Newcastle-on-1 
Firth, T., & Sons, Ltd., Guildhall Chambers, Albert Squar 
chester 
Middleton, T., & Co., Loman Street, Southwark, S.E. 
Lowood, J. Grayson, & Co., Ltd., Attercliffe Road, She 
Empire Co., The, Empire Works, 78, Great Bridgewater | 
Manchester 
Bradford, J., & Sons, 44, Chapel Street, Liverpool 
Binney & Son, Catherine Street, City Road, E.O. 
Mansfield, Edwin A., & Co., 76, Queen Victoria Street, 
Lumby, Son, & Wood, Ltd., West Grove Boiler and Safe ° 
Halifax 
Lupton, H. & K., Well Street, Coventry 
Otis Elevator Co., Ltd., 4, Queen Victoria Street, E.C. 


MacIntosh, Chas., & Co., Ltd., 9, Chapel Street, Liverpo 
MacIntosh, Chas., & Co., Ltd., 43, Piccadilly, Mancheste 
MacLellan, P. & W., Ltd., Clutha Ironworks, Plantation, 
MacLellan, P. & W., Ltd., Offices: 129, Trongate, Glasgo' 
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: cLellan, London 
| vgneto, London 


‘\nloves, Glasgow 
\inloves, London 
‘nloves, Nottingham 
nning, Leeds .. 
wnometer, Manchester 
‘ursden, Leeds .. 
urshalls, Gainsborough 
isseys, Openshaw 
‘uther, Manchester 
':Culloch, Kilmarnock 


Neil, Glasgow .. 
pasures, London 
‘chanical, Liverpool 
3dlock, Glasgow 
‘1drum, London 
23ldrum, Manchester.. 
>Sliss, Glasgow 

3liss, London 

erry, Glengarnock 
erton, London .. 


erywether, London .. 
etallic, Bradford 


etro, Birmingham... 
ldland, Shrewsbury .. 


illing, London .. 
Ulwright, London 


itchells, Bradford,M’chestr. 
itchelson, N’castle-on-Tyne 


‘itraille, Birmingham 
itraille, London 
itton, Birmingham 
ituros, London .. 
obilized, London 


nia... ah 
onkhouse, Glasgow ; 
oseleys, Manchester .. 


ultitubular, Birkenhead .. 


umford, Colchester .. 
usgrave, Bolton.. 


ational, Manchester .. 


autical, Glasgow 
egretti, London .. + 
attlefolds, Birmingham 
ettlefolds, London 
ewburn, London 


ewburu,N ewcastle-on-Tyne 


icholson, Glasgow .. 
lles, Hamilton, Ohio .. 
oclaf, London A 
omen, London .. oC 
orman, Glasgow 
ormandy, London 


osilla, London .. ee 


akey, London... a. 
aktree, London .. a 
bversely, London 
trick, London 
podeldoc, London 
racle, Liverpool 


riginal, Manchester .. 
rmerod Satay 
chester an 

sborn, Sheffield . : 
‘wens, London & 
xygen, Glasgow .. < 


iacking, Leeds .. = 
agefield, Wigan.. YF 


alfreyman, cea Man- 


chester 

almerine, London 
‘almitine, Manchester 
artington, Bradford .. 
atenbelle, Sheffield 
axman, Colchester 
eckett, Bristol . 
‘enman, Glasgow 
‘erfect, Leeds 


erry, Bilston 
‘erseverance, Johnstone 


ohnsveerkstedet, Christia- 


Man- 


o. 


MacLellan, P. & W., Ltd., 7 & 8, Great Winchester Street, E.O. 

Brush Electrical Engineering Co., Ltd., 112, Belvedere 
Road, Lambeth, S.E. 

Manlove, Alliott & Co., Ltd., Glasgow 

Manlove, Alliott & Co., Ltd., 57, Gracechurch Street, E.C. 

Manlove, Alliott & Co., Ltd., Nottingham 

Manning, Wardle & Co., Boyne Engine Works, Leeds 

Schaffer & Budenberg, St. Mary’s Street, Manchester 

Marsden, H. R., Soho Foundry, Leeds 

Marshall, Sons & Co., Gainsborough 
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BOILER TUBE FASTENINGS. 

Mucu of the trouble experienced with tubeplates 
at the present day is no doubt due to the use of 
stay tubes, and could these be safely dispensed with, 
asin the opinion of many competent engineers they 
can, a part of the difficulties connected with the 
use of forced draught would be avoided. The 
experiments, the results of which we publish 
below, go far to support the contention that stay 
tubes are not required, but it is necessary to 


tially correct the evils now so common, which 
arise from a variety of causes. Amongst these we 
may note that, curious as it may seem, the 
plate has been found by actual experiment to 
expand into the holes, under certain condi- 
tions, thus tending to crush the tube. The ex- 
planation doubtless is that at the spot where this 
action occurs the plate is hotter than in the sur- 
rounding portions, which, accordingly, form a more 
or less unyielding ring, which the hotter metal 
round the hole or holes, as the case may be, uses 
as an abutment against which to expand into the 
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holes. Of course if the temperature of the plate 
were uniform all over, this action could not occur. 
Hence for this and other reasons the mere omission 
of stay tubes is unlikely to be a complete cure for 


‘tube failures, but it certainly seems a step in the 
- right direction. 


In a previous volume of ENGINEERING* we pub- 
lished the results of a number of experiments on 
the holding power of boiler tubes in their tube- 
plates, carried out at the Washington Navy Yard by 
Chief Engineer W. H. Shock. These experiments 
were made on brass tubes of 2} in. outside dia- 
meter, and showed that in no case was the holding 
power less than about 6000 lb., whilst the average 
was upwards of 20,000 lb, It was further shown 
that with these tubes nuts were superfluous, quite 
as good results being obtained with tubes simply ex- 
panded into the tubeplate and fitted with a ferrule. 
As these experiments were confined to brass tubes, 
it seemed desirable to obtain similar information 
about iron and steel tubes, and by the courtesy of 
Messrs. Yarrow, of Poplar, we are able to place 


before our readers the results of-a series of experi- 


ments made by Messrs. Kirkaldy and Son for this 
firm. These results are exhibited in Table I., 
page 2, and the quality of the tubes tested is’shown 
by Table Il., page 3. As these experiments were 


.. * See ENGINEERING, vol, xxiv., page 199. 


‘and 5 in. internal diameter. 


all carried out on a small diameter of tube, it ap- 
pears advisable that the results obtained should be 
compared with tests of the holding power of tubes 
of a larger diameter, and we accordingly also 
append the results of a number of such trials 
carried out for us some years ago by Professor A. 
B. Kennedy in the laboratory of University Col- 
lege, London. The results of these tests are ex- 
hibited in Tables III. and IV., page 3. 

We are unable to state what plan of testing was 


| adopted by Messrs. Kirkaldy, but the arrangement 
remember that their omission would only par- | 


employed at University College is shown in Figs. 1 
and 2 annexed. The tubes experimented upon were 
some of iron and some of steel, and were of 4 in, 
Each tube was fixed 
at one end in a piece of steel plate Zin. thick 
representing the tubeplate, while at the other end 
it was fitted with a plug which received, centrally, 
the thrust of the ram of the testing machine. The 
fixing of these plugs in such a manner as to resist 
effectually the strain put upon them was at first 
found to be a matter of difficulty, as any screwing 
of the plugs into the tubes—necessitating, as it 
would, a reduction of the section of the tube—was 


Fig.2. Longitudinal Section 
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found to be inadmissible, Under these circum- 
stances, the plan shown by Fig. 2 was adopted and 
was found to answer perfectly. As there shown, a 
nicely fitted plug was driven into the tube, and the 
latter was then encircled by a stout ring which was 
shrunk on its place. As will be seen, the corner at 
the outer end of the plug was turned off, and the 
strengthening ring was countersunk on its outer 
side, and into the channel of triangular section 
thus formed the end of the tube was riveted. 

As shown in Figs. 1 and 2, the tube under trial 
was slipped into a cast-iron shell which received 
the thrust of the tubeplate. The shell was turned 
at the ends so as to give a fair bearing against the 
plate, the actual bearing surface being an annular 
one touching the tubeplate at a distance of } in. 
from the outside of the tube. This arrangement 
was adopted to approximate to the conditions of 
strain existing in a boiler having the tubes placed 
lin. apart. One end of the shell had a bearing 
surface suitable for the 4-in. tubes, while the other 
was adapted for use with the 5-in, tubes. As will 
be seen from Fig. 1, two screws served to adjust 
abs babe under trial to’ a central position in the 
shell. 

Turning now to the results of Messrs. Yarrow’s 
experiments as recorded in Table I., page 2, it 
will be observed that the first five tubes were 
tested under identical conditions, and gave way 


at an average of 

would appear to be about two-thirds the ultimate 
strength of the tubes themselves. In all these 
cases the hole through the tubeplate was parallel 
with a sharp edge to it, and a ferrule was driven 
into the tube. ‘The next two cases, viz., Numbers 
931 and 1238, differ-only from the above in that 
the edges of the hole through the tubeplate were 
rounded off slightly, but it is impossible to say 
positively whether this had any effect on the 
holding power, as though the mean pull required 
is slightly less, the figures for Number 1288 look 
doubtful, as if the tube had been insufiiciently 
expanded, and further experiments would be 
required to settle the pot. But even taking 931 
as the proper result to be expected from rounding 
the edges of the hole in the tube, the increase, as 
compared with the preceding tubes, is probably 
too small to justify the additional work required. 
The next five tubes are interesting, as they were 
made under the same conditions as the first five in 
the Table, with the exception that in this case the 
ferrule was omitted, the tubes being simply ex- 
panded into the plates. The mean pull required 
was 15,270 lb., or considerably less than half the 
ultimate strength of the tubes. The addition of 
ferrules, therefore, to tubes of this diameter may 
be expected to increase their holding power 55 per 
cent. 

Next proceeding to Numbers 1237, 930, 1236, 
and 1234, we see the effect of beading the tubes, 
the holes through the tubeplate being parallel and 
ferrules omitted. The mean of the first three, 
which are tubes of the same kind, gives 26,876 lb. 
as their holding power under these conditions, as 
compared with 23,740 lb. for the tubes fitted with 
ferrules only. This high figure is, however, mainly. 
due to the exceptional case of 930, where the hold- 
ing power is greater than the average strength of the 
tubes themselves, as given in Table II. The 
true mean is more probably about 21,000 Ib., 
but our readers can draw their own conclusions. 
The next few results seem to show that it is dis- 
advantageous to cone the hole through the tube- 
plate, unless its sharp edge is removed, as the 
results are much worse than those obtained with 
parallel holes, the mean pull being but 16,031 lb., 
the experiments being made with tubes expanded 
and ferruled but not beaded over. Numbers 
1782, 1785, 1798, and 1799 refer to experiments 
on tubes expanded into tapered holes, beaded over, 
and fitted with ferrules ; the net result is that the 
holding power is for tubes of the size experimented 
on about three-quarters of the tensile strength of the 
tube, the mean pull for the tubes being 28,797 lb. 
With tubes expanded into taper holes and simply 
beaded over, better results were obtained than with 
ferrules. As indicated by the Table, in these cases, 
however, the sharp edge of the hole in the tube- 
plate was rounded off, which appears to have in 
general a good effect. 

Numbers 1804, 1788, 1805, 1789, show some good 
results obtained by countersinking the tubeplate 
} in. and expanding the tube into it. The mean 
pull for the 2-in. tubes is 21,269 lb., but for the 
2;5;-in. taper tubes the results are inconsistent, 
probably due to differences in workmanship. 
By driving bell-mouthed ferrules into the tubes 
still better results were obtained, the mean figures 
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for two parallel tubes being 29,497 lb., the tubes 
pulling asunder in both cases. The fastening, 
therefore, was stronger than the tube itself. The 
value of the plan of countersinking the tubeplate 
is, however, rather discounted by experiments 1232 
and 1233, as in these two cases the tubes pulled 
through at a comparatively low figure, and, with 
the results with the larger tubes already referred 
to, this seems to show that the workmen required 
to exercise more care in their work. The dif- 
ference between these two experiments and the 
couple immediately preceding is very remarkable, 
and difficult to account for, save on the suppo- 
sition of careless work. 


Taste V.—Results of Experiments on Brass Tubes con- 
ducted at Washington Navy Yard, by Chief Engineer 
W. H. Shock, U.S.A. 


5 | 
3 oy os: uo 

2/8 | s g& g & 5, 
a) | w 52 | #28 ‘\Method of Fas-| Sieh 
Bal Os | ss ma a 2 tening, | OS | ate 
ea SI eS de. are) com) a3 
ER) 2o Samet 35 | | Sie ES 
oR BE & 2 Se we a, 
Fie LOl sat al eS iS L 

in: \\jsq. in.| 2:42 |) ~ in. | | 

Di) Daly) 2.41 z Prosser Iron 28,050 

PAN Fe) | 39) PAB bei: As 1 5. | 803200 

3B) 2.5 9 DBA «| DR Dudgeon | ,, 32,750 

4) 2.5 9 | 2.50 + Sy 7h 36,000 

5 | 2.5 9 | 2.44 3 3 | None 21,150 

Gi Deby) 9) nated 4 Prosser » | 12,000 

Theil way 9 2.25 4 os Iron | 27,800 

eh iP eee || 9 8) % Dudgeon » | 46,000 

9|-2.5 | .9 2.31 g ie Sm 803300 
10) 25) 9 2.44 g Ss FA 36,000 
isl 7:5 a9 yl 4 2.50 id Prosser | ,, |. 25,300 
12)||'72:5) <9 2.50 g % 5, | 26,400 
AS) wee 9 2.50 7 Nut fin. thick, None} 30,450 
14) 25!) .9 2.50 8 * var Mey 27,000 
UGY |e Asia ae) 2.50) a _ 55 Iron | 40,130 
TOM OTH MN leon ve 2.50 3 i e »» | 38,600 
ipl PA | ERY aD 3 ‘ », None} 22,000 
183 | 2.6 | 1.33 2.60 5 * i », | 21,400 
19!| 2.6 | 1.38 2.60 3 5 a Iron | 39,350 
20] 2.6 1.33 2.40 3 on SAN. | 41,650 
DAH 2:5.) 3.9 2.50 3 Dudgeon None}! 7,650 
22| 2.5 | .9 2.50 4 Bs a 5,850 
O35 (01225. \) 20 2.50 a » Tron | 14,460 
24/25 9 2.50 } s Pa 8°850 
ay Phy | aS) | ED t nA None | 8,300 
96} 2:5 | .9 || *2.50 i ” 56 8,150 
DING2 > 29 2.50 3 ‘ Tron | 14,250 
28 2.5 #3) 2.59 3 3 a 14,550 
Doi 2:5 2 2.50 t Prosser None 14,450 
30 | 2:5) .9 2.50 3 ie » | 15,000 
BY) 2:5 9 2.50 2 Dudgeon = 17,075 
321 2.5.) 9 2.50 3 3s »» | 21,825 
383) 2:5 9 2.50 4 as Brass | 32,250 
34| 2.5) ..9 2.50 3 i legen 131400 
35| 25) .9 2.50 | 3 Pross2r »» | 22,750 
33) 25 |-.9 | 2.50 | 4 “a sy | 22,950 
Sve} WAS SE || hav t ” oy ar day000 
33) 25 | .9| 2:50 3 » | 17,400 
39 | 2.5 EOP He 2250 3 Dudyeon » | 24,800 
40) 2.5 |. .9 2.50 3 ay i-,, | 23,600 
41 | 2.5 9 2.50 2 Prosser Nons| 9,800 
42 | 2.5 ye | ys 3 i ees 10,850 
43 | 2.5 9) 2.50 zt Dudgeon | ,, | 23,890 
44 2.5 9 2.50 4 ” soe 0) 225200 
45| 2.5, .9 | 2.50 3 5 Brass | 29,800 
46 2B) 9) 2.50 i 9 Hes Ussy 27,550 
47 | 2.5 £9) WN 2:50) | 284 Prosser ie 15,250 
47 2.5 A) | 2.50 | } 9 ; 20,250 


Turning now to Table III., which records the 
results of the tests made for us by Professor 
Kennedy, we find, from a comparison of the 
specimens Nos. 6558 and 6559, that in the case of 
tubes respectively 4 in. and 5 in. in diameter, of 
the same thickness, and fixed in the same way, 
the holding power is apparently nearly propor- 
tional to the diameter. The number of experi- 
ments is, however, too few to allow of this deduc- 
tion being definitely drawn. Indeed, the results 
with the larger tubes are so variable that it is diffi- 
cult to draw any conclusions from them, there 
not being sufficient of any class to form a reliable 
average. Steel tubes, however, seem to hold 
rather better than iron ones, though Number 6905 
warns us to be cautious in generalising. Con- 
sidering the experiments as a whole, it will be 
seen that in no case with the large tubes did the 
fastening prove as strong as the tube itself. Never- 
theless the holding power is quite sufficient to make 
the tube a very efficient stay. In one particular the 
experiments are incomplete, as it is impossible to 
reproduce on a machine the racking the tubes get 
by the expansion of a boiler, as it is heated up and 
cools again, and it is quite possible, therefore, that 
the fastening giving the best results on the testing 
machine may not prove so efficient in practice. 

In the case of Messrs. Yarrow’s experiments, the 
material of which the 2-in. tubes were made appears 
to have been a steel of exceptionally low tensile 
strength, especially when one considers the working 
to which it must have been subjected in manufac- 
ture. The ductility, however, is high. Whether 
these low results have any connection with the 


TABLE I.—Resutts or MEssrs 


. YARROW AND Co.’s EXPERIMENTS, 


os 
g Pull 
a6 | Description. Method of Fastening. Method of Giving Way. an REMARKS 
as DS. 
Shine! 
7 
1227 Parallél ateel mipe aay, outside | Parallel hole one roar edge in tube- | Tube pulled through |22,427| Compare with 1792. 
diameter plate, ferrule, no bead : x 
1778| Parallel steel tube 2in. outside Ditto ditto Ditto 27,266 
diameter, } in. thick 
1794 Ditto ditto Ditto ditto Tube pulled asunder |23,898 
1799| Taper steel tube 2in. outside Ditto ditto Tube pulled through |22,884 
diameter, 4 in. thick 
1795| Taper steel “tube 2,5, in. outside Ditto ditto Ditto 22,226| Mean pull on the 
diameter, reduced to 2 in., din. igor he tubes 
thick is 23, 8 
931| Parallel steel tube 2 in. outside Harel! Bs through tubeplate, ferrule, 26,867 | Compare with 1238. 
diameter no bea 
1238 Ditto ditto Ditto | ditto _ Tube pulled through |19,530 +3 ei 931. 
1792) Parallel steel tube, 2 in. outside | Parallel hole with sharp edge in tube- Ditto ~{ 18,514 + a deat 
diameter, 4 in. thick plate, porns no enh Ditto he 
1808 Ditto ditto itto itto 1 5, 
1793| Taper steel tube 2,5, in. outside Ditto ditto Ditto 18,756 
diameter, reduced to 2in., din. 
thick ‘ ; 
1809] Taper steel tube 2,5 in. outside Ditto ditto Ditto 15,934 
diameter } in. thick ‘ 
1235| Taper steel tube 24 in. outside | Parallel hole with sharp edge through Ditto 7,990) Mean pull on these 
diameter reduced to 2 in. tubeplate, no ferrule, no bead ) five tubes is 15,2701b. 
1237) Parallel steel tube 2 in. outside | Parallel hole with sharp edge through Ditto 21,945 
diameter tubeplate, bead, no ferrule 
930 Ditto ditto Ditto ditto Bead pulled off and /38,065 
tube pulled through 
1236 Ditto ditto Parallel hole through tubeplate, raised | Tube pulled through |20,618 
bead (7.e., plate thinned between 
tube holes) 
1234] Taper steel tube 2}in. outside Orne oe phrough pubeplate: tube Ditto 31,705 
diameter reduced to 2in. elled out 45 deg., no ferrule j 
1228| Parallel steel tube 2 in. outside | Hole in tubeplate coned to same taper Ditto 9,390 
diameter as mandrel of expander, sharp edge, 
ferrule, no bead 
1780| Parallel steel tube 2 in. outside | Ditto ditto Ditto 19,552 
diameter, 4 in. thick 3 
1796 Ditto ditto Ditto ditto Ditto 16,842 
1797| Taper steel tube 2,3, in. outside Ditto ditto Ditto 15,858] | Mean pull on these 
diameter reduced to 2 in., } in. tubes = 16,031. 
thick j 
1781) Taper steel tube 2, in. outside Ditto ditto Ditto 15,815 
diameter, 4 in. thick 
1229| Parallel steel tube 2 in. outside | Hole in tubeplate coned to same taper Ditto 27,182 
diameter, } in. thick as mandrel of expander, round edge, 
ferrule, no bead 
1798 Ditto ditto Hole in tubeplate coned to same taper | Tube pulled asunder /|27,968 
as mandrel of expander, round edge, 
ferrule, and bead 
1782 Ditto ditto Ditto ditto Tube pulled through |24,234 
1703| Taper steel tube 2,%, in. outside Ditto ditto Tube partly pulled |33,952 
diameter reduced to 2 in., 3 in. paronghy and partly 
thick roken 
1799 Ditto ditto Ditto ditto Ditto 29,034) Mean pull on the 
1230 Ditto ditto Hole in bubeplate coned to same taper Ditto 22,905 above four tubes 
as mandrel of expander, round edge, = 28,797 lb. 
bead, no ferrule 
1931| Taper steel tube 2}in. outside ’ Ditto ditto Ditto 27,702 
diameter reduced to 2 in. 
1890] Parallel steel tube 2 in. outside Ditto ditto Ditto 21,022 
diameter, 3 in. thick 
1784 Ditto ditto Ditto ditto Tube pulled through |20,386 
1785| Taper steel tube 2,5, in. outside Ditto ditto Tube partly pulled |28,244 
diameter reduced to 2 in., } in. earls and partly 
thick roken 
1801 Ditto ditto Ditto ditto Fube pulled pelta ds 25,834 
and partly broken | 
1802! Parallel steel tube 2 in. outside Ditto ditto Tube partly pulled |25,158 
diameter, } in. thick through and partly 
broken 
1786 Ditto ditto Ditto ditto Ditto 23,898 
1787| Taper steel tube 2,5, in. outside Ditto ditto Ditto 28,066 
diameter, reduced to 2 in., 
din. thick 
1803 Ditto ditto Ditto ditto Ditto 22,424 
1804| Parallel steel tube 2in. outside } Parallel hole through tubeplate, Ditto 21,724 
diameter, } in. thick countersunk, } in., no ferrule 
1788 Ditto ditto Ditto ditto Ditto 20,814 
1805 zaper steel tube 2,4 in. outside Ditto ditto | Ditto 33,057 
iameter, reduced to 2 in., 
din. thick 
1789 Ditto ditto Ditto ditto rubs broken in tube-| 32,702 
plate 
1790| Parallel steel tube 2 in. outside | Parallel hole through tubeplate, | Tube pulled asunder | 32,957 
diameter, 3 in. thick countersunk #in., with bellmouthed 
ferrule 
1806 Ditto ditto Ditto ditto Ditto 26,038| Mean pull on above 
1791| Taper steel tube 2,% in. outside | Parallel hole through tubeplate Ditto 41,715} two tubes is 
diameter, reduced to 2 in., countersunk # in., no ferrule 29,497 lb. 
din. thick 
1807 a Ditto ditto Ditto ditto Tube partly pulled |37,432) Mean pull on the 
through, and partly above two tubes 
broken = 39,573 Ib. 
1232| Taper steel tube 2} in. outside | Parallel hole through  tubeplate, | Tube pulled through /| 19,012 : 
diameter, reduced to 2 in. countersunk } in., no ferrule 
1233 Ditto ditto Parallel hole through  tubeplate, Ditto 13,222 
countersunk # in., no ferrule 


shape of the specimen we do not know, but it would 
have been interesting to test strips of the metal as 
well as the whole tubes. The figures obtained by 
Messrs. Kirkaldy are the more remarkable in face 
of the results obtained at University College with 
strips cut from the large tubes as given in Table 
IV., where the iron specimens are decidedly 
stronger than the steel specimens tested by Messrs. 
Kirkaldy. This may be partly due to the specimens 
being much shorter, and thus preventing local con- 
traction. It must be admitted, however, that the 
ductility is enormously less, as that of the 2-in. tubes 
was measured on 10 in. as against 1.5 in. for the 
strips. 

Some of the results obtained during our experi- 
ments on the 4-in. and 5-in. tubes are very 


remarkable, particularly those on portions of 
the broken beading. When annealed, one of these 
specimens had a strength of 39.3 tons per square 
inch, and its ductility is proved by the reduction of 
area of 31.3 per cent. Two other specimens in 
their unannealed condition had a tensile strength 
of 45 tons in the one case and 36.9 tons in the 
other. These results are remarkable when one 
considers the punishing the metal had undergone 
before being tested. The remaining experiments 
still further show the high quality of the material 
of these tubes, though the small percentage of 
extension proves it to be somewhat lacking in duc- 
tility. 

In the experiments on the beaded tubes re- 
corded in Table III. some interesting results were 
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TABLE II.—Resutts or EXPERIMENTS ON THE TENSILE STRENGTH OF TUBES USED BY Mussrs. YARROW. 


Ulimate Shite Fractured. Difference. | 
ibaa Strength. Extension Appearance of 
Number. Diameter Sectional es = on Ten ‘Fracture 
aor | Area, p Sactonal Inches. | ‘ 
| er . 4 ti | + Cent. | 
| Total, Sq. Inch. ieseton veal Area. Per Cen | 
¢i | sq. in. i Ib. | | | per cent, 
1780 2.00 3 ae | Ae 1.67 1 f ase 
2 Rei -681 35,227 | 51,728 1.48 471 -210 | 30.8 23.5 | Fibrous. 
1792 2.00 | ri: er | ae 1.76 . ; 
2 1.79 | 630 34,520 | 54,793 | 1.59 1448 182 28.8 21.9 os 
1779 2.30 x ne ne 2.04 , | 
"2 2.06 | .832 42,615 51,780 1.84 “610) |) 218 25.8 22.8 3 
1793 2.30 = eae Mie carne 1.81 We pate = 
2 2.08 759 40,840 | 53,807 1.65 434 +320 42.8 26.4 95 
1796 2.00 Ae ae ae 1.70 oe 
2 1.79 .630 29,880 47,428 1.53 ASRee ie 10% 31.2 19.7 s 
1808 2.00 50 ar AD | 1.62 | - 
2 1.79 -630 32,042 50,860 | 1,45 409 221 35.0 19.8 Ay 
1795 2.30 ; ee gL -81 ‘ Vd 
2 2.07 «791 38,530 48,710 1.66 409 382 48.2 25.2 a 
1809 2.30 Ae a 1.86 Z 
2 ‘2.10 -691 35,920 51,982 1.70 447 244 35.3 26.2 oe 
\ 
TABLE III.—ExpgrimMEnTs ON 4-IN, AND 5-IN, TUBES. 

oe iM) 

on | 

Pas Pull 

Be Description. Method of Fastening. Method of Giving Way. in REMARKS. 

Ea Lbs. 

A oe — 

g022| Steel tube 4 in. in dia- | Tube tightly expanded in ordinary | Tube pulled through 63,920 | 

ma meter, .15 in. thick | way and ferrule driven in as | 
/ usual | ‘ 
8023 Ditto ditto Ditto ditto Ditto ditto 45,040 In this case the 
i‘ | ferrule was driven 
|e somewhat 
further. 

6556 Iron tube 4 in. in diameter | Tube expanded into plate in | Ata load of 15 tons there were /35,610, Intended to repre- 
| | ordinary way and with usual slight signs of the beading giving sent the ordinary 
| | amount of tightness, beaded way, at 15.9 tons the plug was conditions of good 

| over pushed through about y. After | workmanship. 
this the plug was pushed through | 
by gradually decreasing loads, | 
coming out at last at a load of 
3 tons x | 
6557 ” ” ” Tube expanded only slightly, | At a load of 16.4 tons beading /42,560) Intended to repre- 
just sufficient to allow of bead- gave slightly, at 19 tons the sent a leaky tube 
ing over plug slipped, and was pushed held only by its 
through by a load of 12 tons beading. | 
6558 » ” FY Tube expanded tightly, not | At a load of 11.9tons tube slipped |26,210 \\ These experiments 
; beaded, the end projecting $ in. in plate, then it stood a load of || show effect of in- 
beyond plate 4 tons, and finally was pushed || crease of  dia- 
| 5 out at 1 ton || meter. In the 
| | | first, however, the 
|| hole in tubeplate 
|| calipered a shade 
5 5 in ; | Tube expanded tightly, not | Ata load of 14 tons tube slipped |31,360 | less on the outside 
a 2 j | beaded Sawa in plate. Then it stood 12 tons, mae | ; of the plate than 
and on the load being again | on the inside, so 
carried up to 14 tons it slipped || that the grip 
| again, and was finally pushed || lessened as the 
out by loads decreasing from 8 || tube was drawn 
| to 1} tons || out. With the 
: || second tube the 
| | reverse was the 
|/ case. 
6903| Steel tube 4 in. 5 | Tightly expanded, beaded in the | Pushed clean through plate quite 68,040) 
ordinary way suddenly, beading broke off 
clean all round 2 

6904 ” ” ” | Ditto ditto Ditto ditto 61,600 | 

6905 ” ” ” | Well expanded only Tube pushed through plate. 20,720 | 

6646) Iron tube _,, a Same tube as 6557, the plug having | Beading came right off 34,560) 

been made good ; | 
6647 » ” ” | Same tube as 6558, the plug having | Beading drew through plate and 36,150 
| been made good tore off 
6648 ” | The tube hole tightly expanded, | Beading tore off suddenly 38,850) 
| countersunk, and beaded a 
6649 5) | Same as above, but bead slightly 37,150) 
| imperfect 
6650 19 | Slightly expanded, only counter- 31,550 
| _ sunk and beaded é aA 
6651 38 | Tube expanded, not countersunk, | Beading drew off 28,350 
| and bead } in. clear of plate | 
} 
TABLE IV.—EXPERIMENTS ON MATERIALS OF 4-IN. TUBES. 
a ang” £ Ion 
Dimensions. Keg Breaking Load. 9 
Ee OO 
ay Pie Sees 
Nature of Specimen. 3 eee le an Founda, Tons Fe 13 £4 REMARKS. 
= | Breadth. neh | Area. | 8'S| oh | per |%5| 2 | 5a 
stall ness. | |45 2) Square Sait aie te 3 
~ lq &| Inch, )8o-*2- 37) g es 
are a | | —— 
| in. in, isq. in.) in. |p. et. | p.ct f ( 
Specimen cut from wrought- 6648)/) 0.975 0.146 (0.142 | 20.45 | 56,900 | 25.40 | 1.5] 14.7 | 19.0 Silky and laminated frac- 
iron tube previously tested in. | ture. 
tubeplate | | ; 

Ditto ditto - 66483 0.993 0.153 |0.152 | 17.84 | 52,590 | 23.48/ 1.5] 12.0 | 17.6 Silky and laminated frac- 
| ture, but about 10 per 
| | | cent. crystalline. 

Specimen preparedfrombroken 69043) 0,123 -070 | .009 | | 88,840 | 39.67 | 2.0 | 15.0 26.8 Silky fracture annealed. 

beading of steel tube pre-| 
viously tested in plate | | | | 

Ditto ditto , 69044 | -143 058, .008 88,020 | 39.30 31.3 Fi re 1 
| about | | about 1eces sae rough to accu- 

Ditto —_— ditto 6903; | 0015 | 101,000 | 45.00; .. | .. | .. Ly ney oie itay 

prone eed sion taken (both an- 

Ditto ditto 69039 | no re | -0015 | ae 82,160 | 36.90) .. CW ate nealed). 

Specimen cut from steel tube 69035 1.012 +143 | .145 | 24.28 | 72,980 | 32.58 | 2.0} 16.0 | 31.7 Fracture silky, a trace 

previously tested in plate | | | of ones with 
| crystals. 

Ditto ditto 6903, 1.012 1145 | .147 | 26.41 | 79,623 | 35.54 | 2.0| 18.5 | 45.5 | Fracture finely silky. 

Specimen cut ringwise from 6904, | 321 -124 | .040 -. | 82,030 | 36.62/6.0] 2.5 | 53.8 Fracture silky, some- 

expanded part of steel tube. | | what granular in 
previously tested in plate | | | | | centre (unannealed). 

Specimen cut ringwise from 69049. 803 -146 | 044 | 24.72 | 68,040 | 30.37 6.0] 10.2 | 56.4 Fracture finely silky 

plain part of steel tube pre- | | | | | (wiannealed), 
viously tested in plate | 


obtained, to which it may be worth while to draw 
attention. In the first place, the experiment on 
No. 6557 shows the total holding power due to the 
beading alone. This specimen was specially pre- 
pared to represent the case of a leaky tube which 
had become comparatively loose in the tube- 
plate, and which was depending upon the 
bead alone for its efticiency as a stay. This 
tube stood a strain of 42,500 lb., when the experi- 
ment was brought to an end by the plug at the end 
of the tube being forced out. After the plug had 
been refixed this tube was again tested, as specimen 
No. 6646, when it curiously failed at 34,560 1b., 
the beading coming right off. Whether or not the 
proper bearing of the beading on the tubeplate 
had been affected during the refixing of the plug 
we cannot say, but, judging from a comparison 
with the tests Nos. 6556 and 6647, we are inclined 
to believe that the result obtained in the trial of 
sample No. 6557 was a somewhat exceptional one. 

In the case of No. 6903, when the tube was 
| both tightly expanded and beaded, the resistance 
obtained, namely, 68,040 Ib., was approximately 
equal to the sum of the resistances obtained in 
samples Nos. 6557 and 6558, in one of which the 
tube was barely fixed in the hole by the expander, 
while on the other it was tightly expanded, but not 
beaded over. 

As we have already said, these experiments on 
4-in, and 5-in. tubes are not sufliciently numerous 
to warrant general deductions being drawn from 
them, but at the same time they are of interest, 
and we trust that the publication of them will lead 
to further experiments of the same kind being 
made. A series of tests of the holiing power of 
stay tubes of the diameters now chiefly used in 
marine boilers would be of especial interest. 

For the purpose of comparison we complete our 
article by reproducing in Table V. a summary of 
the results of the experiments on brass tubes 
referred to at the beginning of our article. 


THE YOSEMITE, ALASKA, AND 


THE YELLOWSTONE. 
(From our New York Corresponpenr.) 
(Continued from page 809, vel. liv.) 

As soon as breakfast was orer, we hurried out 
and were soon seated; the driver cracked his 
whip, the four horses darted forward, and we sprn 
away over the level sandy road. 

‘* Tt is exactly as I expected it to be,” said some- 
one beside us, and we agreed with him. There 
are scenes which burst upon you with overwhelming 
novelty, and there are others which exactly satisfy 
your preconceived idea. This was the outskirts of 
the Yellowstone Park, as we had so often fancied 
it; the wild, almost treeless, waste of low hills, 
covered with pale green sage bushes, here and there 
a lonely white house, and four or five reckless horse- 
men dashing away before us controlling big herds 
of scattered cattle. On the slopes were the most 
exquisite wild flowers ; one especially beautiful 
blossom was shaped like a pond lily, and bore on 
the same plant both white and shell-pink flowers. 
Little gophers, which the driver called ‘‘ whang- 
doodles,’ scudded past us, and ‘‘ cotton-tail ” 
rabbits bobbed through the sedge. Once we passed 
a white prairie schooner lumbering slowly along, 
and, peeping inside, we saw a comely brown-faced 
woman and four or five black-eyed children. A 
little beyond was their discarded camp, and near it 
we noticed steam ascending from a pool of water. 
A boiling spring! It gave usastrange feeling of 
the thinness and instability of the very ground, and 
it seemed as though we must be over a boiling 
lake. A few trees were scattered on the hillside, 
and soon we approached a fringe of verdure along 
the banks of the foaming Gardiner River, 

At about noon we saw between ihe green hills 
the smoking terraces of the Mammoth Hot 
Springs. There is something so unnatural in this 
strange great formation that its effect is almost 
saddening, and the wonderful beauty of its varied 
colouring only makes it the more unearthly. It is 
far more like a scene from the ‘‘ Inferno” than a 
part of the United States, and it requires but little 
imagination to people this blasted mountain with 
throngs of demons. After lunch we began the 
ascent, first passing the Liberty Cap, which is an 
extinct geyser cone 52 ft. high and 20 ft. in diameter 
at its base. 

We had all brought blue or smoked glasses with 
us, but, very fortunately, the sun was partially 
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overclouded, which prevented the glare on the 
white formation, while occasional bursts of sunshine 
showed us the colours. 


requires constant care to avoid stepping in the 
boiling water which trickles over the formation. 
Our first stopping-place was Minerva Terrace 


is slightly different from all the others. 


In some | Hot Springs Hotel is a large and well-appointed 


the colours vary from pale pink to deep rose-| building, and it was with feelings of regret that 


The ascent of the Mam- colour; while another is as white as snow, its crystal 
moth Hot Springs is tedious and tiring, and it water covered at the edges with floating flakes like 


‘marble. 


steam is very perceptible, but not at all disagree- 


able. 


we left the next morning. We were going into 
la wild and unknown country, and however beauti- 


The smell of sulphur from the clouds of | ful might be the scenery, the happiness of humanity 
‘unfortunately depends largely upon cooks 
If objects are placed in these pools they |Owen Meredith has so plainly told us. 


as 


Fic. 96. 


Fic. 98. THe GRAND GEYSER. 


(Fig. 94), which is 40 ft. high, and covers nearly 
three-quarters of anacre. Its pillar-like furrows 


shade from white and delicate cream to deep red | 


and orange, and the steaming pool of water is vivid 
blue. The spring of Jupiter Terrace, which we 
next visited, is the largest, being nearly 100 ft. in 
diameter, and its terraces are in many fantastic 
forms. It would be useless to attempt a detailed 
description of the wonderful springs, yet each one 


THe Great Fats (360 Fr.) or tHe YELLOWSTONE. 


Fig. 97. 
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lare heavily coated with white soda in a few 
days. 

Distant growls of thunder hurried us back to the 
/hotel, which we had hardly reached when the 
|storm broke. It lasted only a short time, and 
'when the sun again burst forth, the high pale 
terraces gleaming in the light, and the columns of 
white steam rising steadily in the windless air, were 
‘clear cut against the purple clouds. The Mammoth 


Tur CastLe Geyser Formation, Uprer Basin. 


THE SPLENDID GEYSER. 


| Our morning’s journey was a pleasant and 
|an interesting one; our road wound along the 
|dizzy edge of a ravine, where great engineering 
skill had been employed in its construction. 
|The long drive in the fresh air had given us 
|famous appetites, and when we reached Norris’s, 
our lunch-place, the scene which met our eyes 
was far from reassuring. The hotel had been 
burnt to the ground, and several tents supplied 
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its place. However, we were pleasantly surprised 
by an excellent meal. 

We then drove through the Norris Geyser Basin, 
which is a tract of blasted land honeycombed with 
little geysers and boiling springs. As the traveller 
gradually approaches from above, the jets of steam 
rising above the low trees make it look as if he was 
nearing a collection of factories. All the after- 
noon we pass‘d a succession of beautiful and 
wonderful scenes, and we often stopped to 
taste the waters of medicinal springs of iron, 
soda, and alum. Beside the road were many 
boiling springs, the most curious being the Devil’s 
Frying Pan (Fig. 95), where, it is said, he 
cooks eggs in the morning, and the driver informed 
us, aS we gazed at the popping, snapping bubbles, 
that his Satanic Majesty was then at work. We 
could not see him, and from the odours which blew 
to us from the pool, we decided that we did not care 
to remain to breakfast. 

Later we saw two beautiful lakes, whose sea- 
green waters gleam over a bottom of marble-white 


valley for the first time. We did not think—in 
the presence of its surpassing beauty, every sense 
seems concentrated in sight. Never in our lives 
had we seen anything which could at all be 
compared to it, nor a picture which could in 
any measure do it justice. It is not alone its 
enormous depth, nor the fact that no human 
being has ever descended those precipitous sides ; 
it is its wonderful and gorgeous colouring, which 
renders the beholder speechless and spellbound ; 
800 ft. in height, it rears its jagged towers of pale 
gold, with here and there a turret or boulder of 
brilliant yellow or vivid scarlet, while the sliding 
sands are streaks of violet and brown and rose, 
and at its foot the river rushes in swirling eddies 
of deep green water lined with foam, while just 
beneath the Lower Fall were two great snow-banks 
yet unmelted. Instead of the greens and browns 
which Nature uses in the painting of her other 
valleys and cafions, she here revels in gorgeous 
colouring, like the old masters of art. And, as 
ever, at her highest grandeur and beauty she is 
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formation, and then we all alighted at the cliffs of 
Obsidian Glass, and picked up great pieces, which 
resembled coal until the dirt was removed, when 
they were exactly like very dark green glass. 
Obsidian is a species of lava, which, according 
to Pliny, was first found in Ethiopia. The name, 
however, seems to have been applied by the 
ancients to Chian marble, and is probably a false 
spelling of the Greek opsianos, signifying to reflect 
images, because the Chian marble was as hard to 
cut as volcanic glass, and was used for mirrors. 

The Indians used this glass in making arrow- 
heads, weapons, and tools. Relics of this sort, 
which tourists find, seem to be made of the superior 
quality of obsidian, which was procured at the cliffs. 
This cliff is 250 ft. in height, and is in vertical 
columns, pentagonal in form, but more or less 
irregular. It is the only thing of its kind in the 
world, and is much visited by geologists. 

After passing the foaming rapids and fan- 
like falls of the Virginia Cascades, we reached 
the Cafion Hotel, and a little later started 
for a walk through the woods. Not knowing 
exactly where the path was, we thought we could 
climb down the wooded sides of the cafion to the 
top of the Great Falls. We did it, but would not 
advise anyone to repeat the experiment. Clinging 
from tree to tree, with the fearful abyss beneath 
us, we slowly shipped downwards until we reached 
the great rock above the fall, whence we could see 
up and down the cafion (Fig. 96). Someone has 
asked us what we thought as we gazed down.this 
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inimitable ; and even the most carefully coloured 
photographs of this cafion are gaudy and unnatural- 
looking. The whole valley echoes with the sound 
of the Great Falls; above us the Upper Fall 
plunged on the rocks, and rose again almost half 
its height in shooting towers of foam and float- 
ing mists, while just beneath us the Great or 
Lower Fall poured its roaring tide over a pre- 
cipice 360 ft. high. For many years there was no 
photograph of this greatest fall, except the one 
from which Fig. 96 was prepared, which was 
taken from a ledge three-quarters of a mile 
away. This, of course, does not at all do it justice, 
and photographers and artists have sought in vain 
all along the banks for a spot to which they might 
descend. A friend of ours, who was one of the 
earliest visitors to the park, once made the attempt 
with a party of eager men. They clung to the 
rocks, and succeeded in going down a short dis- 
tance, when, to their horror, they found that the 
treacherous sand was falling underthem. A fearful 
struggle followed, and after some moments of 
agony, they gained a secure footing and relin- 
quished the attempt. But the enthusiastic artist, 
Mr. Haynes, would not be thus daunted, and not 
long ago he went to the brink of the cliff, and, 
having been lowered by ropes, actually succeeded 
in securing a photograph. It is told that when, on 
the return of the intrepid man, the picture was 
developed, as the magnificent outlines emerged 
from the dark glass, the anxious crowd of watchers 
burst into wild applause: 


The next morning we procured horses and rode 
through the pine woods, visiting both falls, and 
keeping as much as possible near to the edge 
of the cliff. It wasa perfect day ; the scent of the 
pines was delicious, and all along the path were 
violets, spring beauties, and others of our flowers of 
early spring. And, indeed, the air was like that of 
an April day, and beside the road were heaps of 
snow. Ina mossy valley we saw a beautiful little 
fawn, which had just died on the brink of a pool. 

In the afternoon we went again to the Rapids 
of the Yellowstone, and the Upper Fall, and 
found it even more beautiful than before; the 
sunlight glinted through the trees on the wavering 
mist, and in it quivered the colours of a rainbow. 
We watched the water roll over the precipice in 
ragged ropes of foam, until the sun sank behind 
the cliff, and the floating mist above the arrows of 
the rising spray was tinged a soft pale rose. 

On our return we saw buffalo tracks in the mud, 


Fig. 101. 


and once our horses shied violently, and one, having 
jumped quite across the road, stood trembling all 
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over. We gazed into the woods on every side, and 
seeing nothing, said, ‘‘ It might have been a bear !” 
and the stories we heard next morning decidedly 
confirmed us in this supposition, for, when the 
writer was mounted on high beside the driver, he 
at once began : 

‘* Did you hear what happened last night? Two 
of the drivers had to go in the barn to sleep, and 
as they entered they thought they heard something 
snorting, and there, in one of the stalls, was a big 
bear. ‘They ran like mad, and he after’em. One 
fellow got out of the yard gate by luck, but ’twas 
so dark the other couldn’t find it, and he was that 
wild, he just tore down the light plank fence to get 
away.” Our road now lay through the pine woods, 
and along stretches of plain covered with sage bush 
and beautiful wild flowers. We passed many boiling 
springs, and one little geyser shot a fine shower of 
water into the air. After another lunch in the 
tents at Norris's we wound along by the Gibson 
River, and saw its beautiful white fall spreading 
over the rocks. 

We now drew near our destination, and were 
just clattering over a little bridge, when the driver 
called our attention to a great lump of soda forma- 
tion on the opposite bank, saying : : 

‘“That is the Riverside.” 

** How it hops!” remarked the writer, watching 
the boiling water leap up in the central hole, 
“* Does it always do like that ?”’ 

““O, yes, it often——” 

‘* Wait! Wait!” we cried: 
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He pulled up the horses, and even as we spoke 
the geyser roared and cast up a thin wavering 
column of foam. Higher and higher it rose, until 
it spanned the river with a streaming arch of water. 
We watched it, speechless, until it became quiet. 
Who can ever forget the sight of his first geyser ? 

We had now reached the Upper Geyser Basin, a 
strange and blasted region, crusted with soda, 
and sprinkled with the mounds of geysers and boil- 
ing springs. As we passed the curiously shaped cone 
of the Bee Hive the driver again stepped the horses, 
and exclaimed, ‘‘ Well, you people are in luck !” 
and in about a minute this geyser also rose nearly 
21 ft. high in the air. Across the level beyond 
we could see our destination, the Paper House. 
This hotel of the Upper Geyser Basin was burned 
last year, and a structure, principally com- 
posed of laths and brown paper, was erected in 
haste. This is not the place for a conspiracy to be 
laid, for almost every sound can be heard in all 
directions. About half a mile from it we passed 
the enormous cone of the Castle, one of the largest 
geysers (Fig. 97). The imposing crater of this 
geyser is 100 ft. in length by 75 ft. in width, and 
its column of water is from 30 ft. to 50 ft. in 
height. Sometimes, when it has husbanded its 
strength an unusual time, it will cast a jet 100 ft. 
high. The little indicator at the left of the geyser 
was leaping at a great rate, and several soldiers 
and tourists were standing near. We called from 
the carriage : 

‘Ts it going off ?” 

‘‘Tt’s twenty-four hours overdue now,” was the 
answer. 

We decided not to wait, however, and walked out 
upon the glaring white waste. Such ascene as this 
is almost indescribable ; hot water trickled over 
the crust on every side, great pools surrounded us, 
into which we could look down incalculable depths 
into the clear water and see the varied gorgeous 
shades of blue and green. A _ particularly lovely 
one, which is called the Morning Glory, is shaped 
exactly like that flower, and is of delicate tints of 
pale amber, brown, and faint pink. One curious 
geyser, called the Sawmill, was continually making 
the sound of a saw with two jets of water snapping 
up and down, It seems unsafe to walk on the 
white crust with the roar and rumble of turbulent 
water about and beneath you. We returned to Old 
Faithful, which is just back of the hotel, at six 
o’clock, and were in time to see it shoot up a great 
pillar of steam and foam against the deep blue sky, 
while the span of a rainbow shone in the showers 
of its glittering spray. 

Immediately after supper we betook ourselves to 
the Castle, which had not yet had its eruption, and 
there remained, fighting mosquitoes, and when 
they became unendurable, standing where the sul- 
phurous steam blew from some pools. The sunset 
glory faded from the little fiery clouds blowing 
across the western sky, and there shone the arc of 
the new moon, and still we stayed. It was impos- 
sible to help personifying the geyser, for it acted 
like an angry demon. It roared and spluttered, 
and the explosion seemed imminent. At length we 
left it reluctantly, and when we rose next morning 
were told, to our joy, that it was still preparing for 
the eruption. We waited until noon, when we 
decided that we must see the prismatic lakes, though 
we all agreed that ‘‘that beast was just mean 
enough to go off while we were away.” As we 
passed it jets of water spurted from the crater 
several feet high, but, as it had done this before, 
we proceeded. The writer was looking out of the 
back of the carriage when clouds of steam appeared 
oyer the trees half a mile away. We turned our 
horses and galloped them back, reaching the Castle 
the instant before the eruption. We had hardly 
arrived when, with an awful subterranean roar, the 
geyser cast a pillar of foam and steam 150 ft. into 
the air. 

We then drove to the Devil’s Punch Bow), the 
many-coloured formation of which is shaped much 
like a bowl, and is brimming with boiling water, 
which ripples over a fathomless hole of cerulean 
blue. Leaving our carriage, we walked some dis- 
tance across the white crust to the wonderful pris- 
matic lakes. It isa curious sight, this wide area of 
boiling water, from which clouds of sulphurous 
steam ascend, and the exquisite beauty of the 
blending colours is overwhelming. Each lake is 
slightly different from all the others, but in order 
that the reader may be better able to picture to 
himself their appearance, the writer noted exactly 
the sequence of colour in one. It was pale salmon 
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at the edge, which shaded into brown, thence it 
glowed to yellow, fading gradually to pure white, 
while the bubbling centre was deep blue-green. 

On our return to the geyser basin we visited the 
Grand, and obtained photographs of the cone (Fig. 
98), which is a very large one, and also of the water 
in the cone before eruption, and of the geyser in 
action, We also saw the Splendid (Fig. 99). 

For the convenience of the reader the following 
Table of the geysers of this basin is presented: 


Name of Taterval or Duration of Height of 
Geyser. Period, Eruption. Column in Ft. 
1. O'd Faithful} 55 to 70 min. 3 to 5 min, 100 to 150 
2. Bee Hive ..| 7 to 25 hours 3 to 18 m'n. 170 to 219 
3. Lioness Not known About 3 min. 60 
4, Lion.. do. About 5 min. 75 
5. Giantess 14 days 12 hours 250 
6. Saw Mill ..| Very frequent 1} to 3 hou s, 15 to 20 
7. Grand 16 to 3L hours | 10 to 42 min. 95 to 200 
8. Turban About 15 min. |15 sec. to 5 min. 25 
9. Castle ..|Occe in 48 hours 30 min, 1c0 
10. Giant ..| Once in 4 days |'} hours to3 h s|J30 to over 200 
1l, eoung eattth Very frequent 10 to 39 
fu 
12, Oblong ..; Oace or twice 6 mio. 
| daily 
13. Splendid | About 3 hours 4 to 10 min. 200 
14. Grotto a ears times a) Half-hour 20 to 60 
day, 
15. Fan.. ..|Threetimesdaily| 6 to 9 min. About 60 
16. Riverside .. a times daily, 10 to 13 min. About 60 
i} 


These geysers were once quite regular, but before 
the Park belonged to the Government, tourists were 
in the habit of ‘‘soaping” them—that is, throwing 
soap down the crater, in order to produce an erup- 
tion. This disturbed the regular action of the 
geyser, and the Government now prevents it by 
making it a penal offence, and guarding the geysers. 
The landlord of the hotel then took us to visit 
his laundry, which is a very novel one, being merely 
a large tent beside a great boiling spring. We 
were told that the first person to try this experi- 
ment was a Chinaman, who was so unfortunate as 
to choose a geyser cone then quiet, but not extinct. 
The result of the soap may be easily imagined. 
One morning the geyser rose early, and Chinaman, 
tent, and ‘‘ washee”’ were knocked sky high. 

We left the Upper Geyser Basin in the afternoon, 
and our drive was enlivened by the fording of a 
swollen stream where the water came up to the 
bottom of the wagon. We all alighted at the 
strange tract of land which has been so fittingly 
named ‘‘ Hell’s Half Acre,” and looked into the 
enormous crater of the Excelsior Geyser. This 
immense pit of irregular outline is 330 ft. in length 
and 200 ft. wide at the widest part. This geyser 
has eruptions every fourth year. The first record 
of this most powerful of all geysers is as follows : 

‘*Colonel Norris asserts that he at first heard its 
spoutings at a point six miles distant, but reached 
the scene too late to witness them, although he saw 
the effects of the eruption upon the Firehole River, 
which was so swollen by the flood as to wash away 
some bridges over the small streams below. In 
February, 1880, the Excelsior became frightfully 
violent in its eruptions, causing the carth to 
rumble, and filling the valley with dense vapour. 
The period of action began about 10 p.m., gradually 
becoming later every night, until on the Ist of July 
the eruption took place at 10 a.m., showing a loss of 
12 hours during nine months. Colonel Norris re- 
ported that in the summer of 1880 the power of 
the eruptions was almost incredible, ‘ elevating 
sufficient water to heights of from 100 ft. to 300 ft. 
to render the Firehole River, here nearly 100 yards 
wide, a foaming torrent of steaming hot water, and 
hurling rocks of from 1 1b. to 1001b. in weight, 
like those from an exploded mine, over surrounding 
acres.’ The Excelsior has increased in activity 
ever since, giving two or more displays daily, 
sending out a compact body of water from 60 ft. to 
75 ft. in diameter to a height varying from 60 {t. to 
300 ft. Itis a sufficiently awe-inspiring experience, 
as the writer can affirm, to stand at the verge of 
this steaming lake, upon the hollow crust which 
projects over the boiling water, and peer down 
upon the agitated surface as the clouds of scalding 
vapour are occasionally lifted by the breeze. But 
when this geyser is in action, the awful noise and 
concussion produced by the falling water, accom- 
panied by rumblings and vibrations like those of an 
earthquake, and the disagreeable habit of vomiting 
up stones, which is a special characteristic, warrant 
the visitor in keeping a safe distance away during 
the display of its terrible power.” 

We reached the Lower Geyser Basin in the after- 
noon, and immediately went upon the white forma- 
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tion, and after passing many little geysers and 
many black holes, from which the accumulated 
steam burst from time to time with a dull thud, 
we climbed a little hill and saw before us the 
mud geysers which have been so appropriately 
named the Mammoth Paint Pots. This cauldron 
of bubbling mud measures 40 ft. by 60 ft., 
and its rim is from 4 ft. to 5 ft. in height. It is 
filled with a mass of pasty clay, which boils 
sluggishly, and spits from its bursting bubbles, 
globular masses, cones, rings, and jets of mud. 
Some parts of it are so hard that little paths have 
been worn upon the baked crust, and it is decidedly 
startling when you are walking by a quiet lump of 
mud to have it suddenly explode and cast a soft 
bullet close beside your face. The main basin is 
white, but the mud puffs or cones scattered about 
are delicate shades of old rose, and a!l look exactly 
like boiling paint. 

In the evening a party of us assembled on the 
formation to see the Fountain’s eruption, which 
was momentarily expected. In front of us was a 
great broad spring, in whose centre were rising 
bubbles. One of the ladies and a small dog were 
seated by the edge of this pool looking into its 
clear sapphire deeps. Suddenly, without any 
warning, the centre of this lake rose with a fearful 
roar. The lady fled, and the dog galloped over 
the formation, yelping with terror. Unlike any 
other geyser we had seen, this beautiful Fountain 
rushes into the air, not froma crater, but from the 
centre of a pool, rising vertically to the height of 
60 ft. to 80 ft. in many jets, and with other 
streams shooting out in all directions. 


(To be continued.) 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


(By our New York CorresPponpDeEnt. ) 


LIKE every previous annual meeting of this 
Society, the present one was full of interest, and was 
largely attended. Although this Society is the 
youngest of the three great American societies, 
yet it invariably calls together more of its members 
at its annual and other meetings. On the present 
occasion fully 350 to 400 were in attendance at the 
Society's House, New York, to listen to the address 
of the retiring president, Mr. Charles H. Loring, 
late Engineer-in-Chief in the United States Navy. 

This address was scholarly, interesting, and in- 
structive. He traced the course of the steam 
engine as anagent in modern civilisation. Want of 
space precludes more than the following extracts : 

‘*The steam engine is a machine which has been 
the prolific parent of other machines. It has 
caused the invention and construction of the im- 
mense plant of ingenious power too]s employed in 
its own fabrication ; it has caused the improve- 
ment of metallurgy as a science, and of the various 
methods of metal manufacture as an art ; it may be 
said to have created whole branches of important 
manufactures, and to have been the occasion of the 
invention of the immense mass of highly diversified 
machinery by means of which these manufactures 
are practised ; and, last and greatest, it has stimu- 
lated and directed the human intellect as nothing 
else ever has, and has done more to advance human 
nature to a higher plane than all which statesmen, 
generals, monarchs, philosophers, priests, and artists 
have ever accomplished, in the vast interval which 
separates original man from the man of to-day. It 
has raised man from an animal to something ap- 
proaching what a great intelligence should be, by 
simply placing in his hands a limitless physical 
power capable of application in every conceivable 
direction and to every conceivable purpose.” 

Then, after reciting the various steps of progress, 
he concluded as follows : 

“ Following as a natural sequence this recital of 
the potent influence of the steam engine upon 
man’s social and physical conditions, comes the ques- 
tion, Is it to continue as the great power- producing 
machine of the future? Canthe inventive mind of 
man and his artful hand bring into being any other 
device as a substitute for it that will do its work 
cheaper, better, and more handily ? 

‘* To give answer to this is to say how it can be 
done, and as yet none is ready with a reply. 
Without doubt there are still ‘more things in 
heaven and earth than are dreamed of in our philo- 
sophy,’ but in the contemplation of a solution of 
this question, that already dreamed of is the limi- 
tation of our resource. Already we are beg'nnirg 
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to avail ourselves of the enormous energy of water 
power, now going to waste, through the conveni- 
ence of electrical transmission and distribution, 
and the hand of the ‘ Wizard’ has drawn faint 
electrical energies direct from the combustion of 
fuel. 

‘“‘The winds and the tides and the rays of the 
sun have locked up within themselves enormous 
stores of power, waiting, perhaps, for the ingenuity 
of man to unbind and convert them to his uses. 

“‘ But when all shall have been realised which 
these as yet unused resources offer to man, when 
all man’s present knowledge shall have ended in 
fruition, the steam engine, from its portableness, 
its convenience of application, and its self-con- 
tainedness, will still remain man’s. valued servant, 
the grandest conception of the human mind, the 
great conservator of the human race.” 

Succeeding this address came a delightful inter- 
change of greetings between old friends, some of 
whom had not met since the memorable trip of this 
Society to Europe in 1889, and the names of Mr. 
James Forrest and Mr. James Dredge were fre- 
quently heard among these parties, and the sense 
of the obligations of the Society pre-eminently te 
these gentlemen was freely expressed, and heartily 
concurred in. 

There were also reunions of last summer's 
‘‘voyageurs”” to the Pacific Slope and the far 
north-west, while there was also much talk on the 
proposed visit to Mexico in 1894, which is gradually 
taking the shape of a probability. 


Reports. 


The next morning, as a preliminary skirmish, 
possibly simply a picket-firing, came the reports of 
standing committees. The committee appointed to 
confer with similar committees appointed by the 
civil, mining, and electrical societies reported that a 
¢ongress of engineers of the world would be held 


in Chicago, July 30 to August 5, 1893, the first and 
last sessions to be held at the Art Memorial Build- 
ing, the others to be held ina suitable building 
that had been secured. There will be no joint 
entertainment, but each society will conduct its 
own proceedings, the papers to be presented before it 
being accepted by its own management in the usual 
way. The proceedings will be published entire, the 
plan being to sell the volumes at cost. A head- 
quarters for the use of engineers visiting the Fair 
has been obtained. 

The Committee on Standards found that congress 
was more interested in other matters and were 
evidently discouraged, for they requested to be 
discharged, which was granted. 

The committee appointed to consider standard 
gauges for metal sheets and plates, presented in 
tabulated form a somewhat complicated array 
giving the gauge numbers in fractions of an inch. 
A few examples will show the unwieldy propor- 
tions of this anethod. Gauge No. 15 is ,$, in., 
No. 17 is zo in., No. 19 is +45 in., No. 21 
is gs in., No. 23 is 395 In., and so on, It was 
pointed out in discussion that one of the simplest 
methods was to consider all measurements in parts 
of a thousandth ; thus 5 would mean 0.005, 50 
would mean 0,050. These numbers could be easily 
remembered and easily measured with the micro- 
meters now in such common use. Moreover, the 
values could be readily changed into the metric 
system by simply knowing the relation the inch 
bears to the centimetre. 

The annual report of the Council showed that 
seven business meetings had been held during the 
year. lt had considered favourably a proposition 
that the secretary keep on file a record of patents 
taken out by members, and had arranged to take 
charge of the mechanical engineering section of the 
World’s Fair Congress. The Council also asked 
engineers to co- operate in a movement to do 


honour to the memory of G. A. Hirn, at Colmar, 
Alsace, his native place. It is proposed to have 
some one in attendance at the rooms of the Society 
next year, speaking several of the European lan- 
guages, to receive and render all possible assist- 
ance to any foreign engineers who may be ev route 
to the Chicago Exposition. An invitation to 
several of the foreign societies to visit this country 
in a body is also contemplated. For maintaining 
the engineering headquarters at Chicago, 1500 dols. 
has been already subscribed, but 1500 dols. more 
is needed. An amendment to the rules, permit- 
ting the Council to remit the dues for life member- 
ship of any member of 10 years’ standing, was 
proposed. 

The state of the Society as to its membership 
was as follows : 

The Council passed favourably on 180 applica- 
tions for membership last year ; 21 members re- 
signed for various reasons ; 17 members died. The 
present membership is : 


Honorary members... ae me oa 17 
Life members ane as 2 at 39 
Members or a3 7 oes 1273 
Associates Se af = ae Bee 68 
Juniors 211 

Total scr 1608 


The tellers reported 64 members, six assuciates, 
and 24 juniors elected on the ballot canvassed at 
the meeting. 

The congratulatory address to Mr. John Fritz 
was read, which has already been given to the 
readers of ENGINEERING. 

The Finance Committee reported a balance of 
1628 dols. in the treasury, and showed that in 
addition the Society had funded its bonds to the 
amount of nearly 5000 dols. additional ; that the 
receipts from all sources had been 34,000 dols., an 
increase of 7% per cent. over that of the previoys 
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year; so that the increase of dues had been a 
perfect financial success. 

The uncollected dues ina membership of 1500 is 
but about 1400 dols., confined to 89 members, and 
probably most of this is collectable. This speaks 
well for the integrity of mechanical engineers and 
their desire to fulfil their obligations. The follow- 
ing list shows the result of the annual election : 
Kckley B. Coxe, president ; C. W. Hunt, T. R. 
Pickering, and Edwin Reynolds, vice-presidents ; 
Wm. H. Wiley, treasurer; Charles H. Manning, 
John Thomson, and C. W. Pusey, managers. 


STANDARD Pripk FLANGES. 


The report of the Committee on Standard Pipe 
Flanges came next. It contained tabulated results 


from the practice of 25 manufacturers, and pre- 
sented for discussion and consideration a set of 
The 


proposed standards from 2 in. pipe to 48 in. 
summary of the report is as follows : 
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with wrought-iron pipe with those of gates and 
water mains. They have been generally made 
larger than cast-iron pipe sizes, owing, first, to a 
reinforcing fillet encircling the pipe above the 
flange ; and, second, to an increased diameter due 
to the necessity for a reasonable width of gasket 
outside of the inner flange face, where the metal is 
cut out for wrought-iron pipe insertion. 

“Tf, after further consultation with manufac- 
turers, it appears that they would be willing to 
slightly increase the dimensions of most of the 
flanges now made, the difficulty caused by the 
fillet can be avoided by making all flanges at their 
inner faces, except the smallest sizes, of sufficient 
thickness to insure the proper depth of pipe thread. 
For lower pressures, where a lesser thickness of 
metal will serve, a reduction may be made on the 
general surface, leaving the centre around the pipe 
of the standard thickness, bosses for the bolts 
being kept at the same level. 


SECTION A-A, 
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“The large diversity of dimensions of all sorts 
which is evident, is due, doubtless, to the in- 
dividual growth of each concern, which has from 
time to time made only what its own requirements 
and experience seemed desirable, and with these 
divergencies to face it is evident that the problem 


presents some difficulties. While the dimensions 
given by manufacturers of cast-iron pipe are com- 
paratively small, the gates and valves which are to 
be used in connection with them are universally 
considerably heavier, which suggests the inquiry, 
why the slight additional thicknesses necessary 
may not be made by pipe manufacturers. The cost 
of moulding would be the same, and the only 
apparent increase in cost of product would be the 
very few pounds of additional metal necessary and 
a trifling addition in the expense of facing ; for, 
in the latter case, most of the time expended is in 
adjusting and centring the work in the lathes. 
‘Another difficulty to be met was to harmonise 
the measurements of flanges used in conjunction 


“Tf this method of construction is adopted, it 
would appear to have the conspicuous advantage of 
reducing both the measurements of the bolt circles 
and the flanges, for the distance between the nuts 
and outside of the wrought-iron pipe surface may 
evidently be reduced by the thickness of the rein- 
forcement formerly used and the fillet at its base. 

‘* Scales for two pressures are proposed for sizes 
of 24 in. and over, as it was evident that from 
this size up the discrepancies in measurements, 
both in pipe thickness and flanges, begin to be so 
great that two standards would seem advisable, 
one for pressures ranging up to 80 lb., and the other 
to 200 lb. 

‘‘The thinner scale might perhaps be carried 
below 24 in., but the objection to doing so is that 
at this point the difference in sizes is not very 
large, and as many of the builders of pumping 
engines use considerable quantities of pipe ranging 
from 18 in. to 24in., a small difference in the dimen- 
sions of the two scales might lead to confusion.” 
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The business of the Society being now concluded, 
the annual array of victims to the critical judg- 
ment of the experts began its interesting proces- 
sion. The critics breathlessly awaited their ap- 
pearance with a sharpened knife, perhaps all the 
sharper because there were so few critics at the 
San Francisco meeting, either from impecuniosity 
or from pressure of business. 


BorteR EXPLosions. 


The first paper was by Mr. F. H. Daniels, who 
is in every way quite capable of taking excellent 
care of himself, as the writer can testify, for he 
travelled with him through Colorado, California, and 
Oregon last summer. Moreover, Mr. Daniels had 
no theory to propound (another evidence of wisdom). 
He had some facts, and the experts could fit any 
number of theories tothem. The paper was entitled: 
“* An Interesting Boiler Explosion.” These ex- 
plosions, it may be said, are usually ‘‘ interesting” 


Fig. 2, SECTION B-B. 
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to every one in the immediate vicinity. In the 
present case the boilers were furnished by a well- 
known firm, who advised a testing of the material 
to be used in their construction, which was done, 
and but one plate rejected. The boilers were in 
use six years, and were inspected every week, nor 
does any scale accrue from the water used. 

The boiler and setting are shown above in Figs. 
land 2. 

At the time of the accident the plant was running 
as usual, but the boilers were somewhat forced, 
although not to any extreme limit. Without any 
warning whatever, and with very little noise, the 
firing doors of the furnace were burst open, coal, 
ashes, and water thrown out, and the boiler-house 
in an instant filled with steam. 

As soon as an examination could be made, it was 
found that one of the plates in the third row, just 
over the most intense heat, had bagged and rup- 
tured, leaving an orifice about 1 in. in diameter, 
thinning the metal around the orifice to a knife 
edge. ‘The remainder of the shell was not damaged, 
because the boiler quickly emptied itself of water 
and steam, which extinguished the fire and cooled 
the brickwork. The accompanying drawings (Figs. 
1 and 2) illustrate the exact location of the rupture, 
also the arrangement and details of the boiler and 
setting. A careful inspection failed to discover 
scale or débris of any kind inside the boiler. The 
other five boilers of the battery were also examined 
at the same time, and we found two of them with 


a a 


aie 


JAN. 6, 1893.] 


ENGINEERING. 


II 


their lower sheets slightly wavy, but nothing ap- 
proaching a beg. The ruptured portion was cut 
out and a patch supplied in its place. The boiler 
has been in constant use since, without any further 
sign of failure. : ay 
Upon examination of the cut-out piece (exhibited 
at the reading) there was found a very thin_black 
scale around the rupture, and nearest the orifice it 
looked as if the plate had been highly heated, so 
highly, in fact, as to permit the cutting away 
of the hot metal. We carefully calculated the 
cubical contents of the plate, and found that 
there were 1.41 cubic inches less material in the 
half 10-in. circle, after rupture, than there 
was in the plate before. These figures, to- 
gether with a careful examination of the plate, 
seem to indicate that for a few moments before 
the rupture, the plate was subjected to a very 
high, possibly to a white heat, and when the 
metal became sufliciently plastic, and was in a 
proper condition for such a result, it simply flowed 
out, as shown in the exhibited plate. The writer 
thought the plate had been overheated but a few 
moments, as the boilers were inspected only four 
days before the accident. The plate which burst 
had a test number stamped on it, and from this it 
appeared it had withstood a tensile test of 68,050 lb. 
on one end and 65,650 Ib. per square inch on the 
other, and had also stood well the burr test for 
annealing and water chilling. By way of comparison, 
two test-pieces were planed from the ruptured 
late. The test-piece which was farthest from the 
bulge held 60,486 1b. to the square inch, and had a 
reduction of area of 41 per cent. The test piece 
close beside the rupture held 61,666 Ib. to the 
square inch, and had a reduction of area of over 
32 per cent. It will be observed that the tensile 
strength is considerably less in the ruptured plate 
than in the original tests of the plate. This may 
be accounted for, however, by reason of the test- 
piece having a twist in it, occasioned by the bulge 
in the plate, and having been put into the testing 
machine without straightening. ‘‘ Burr tests” 
were also made. One of them, heated high and 
allowed to coolin the air, was hammered together ; 
the other, heated to redness and plunged in cold 


water and hammered without failure. The analysis 
of the ruptured plate is as follows : 
Per Cent. 
Phosphorus 0.063 
Sulphur 0 022 
Silicon... 0.024 
Manganese 0.261 
Carbon... 10 


The conclusions the writer arrives at are that the 
importance of mechanical, physical, and chemical 
tests cannot be overrated. While the plate-makers 
invariably subject their plates to tests and stamp 
them accordingly, at the same time a confirmation 
of quality by the consumer is desirable, for we 
have seen that, in the tests at Watertown, one plate 
was condemned. If the ruptured plate had been 
of improper material or had contained sufficient 
carbon to harden when the water came in contact 
with the overheated plate, a crack might have de- 
veloped, resulting in a serious explosion, possibly 
destroying the entire plant and causing a loss of 
life. 

This was Mr. Daniel’s story and his conclusions. 
Then came various reasons from the various ex- 
perts as to why this occurred, and they were very 
like the accusations of the Jews before Pilate : no 
two agreed, or perhaps it may be said that they ran 
in couples; every other one agreed with the next but 
one. ‘The real reason, as it appears to the writer, 
and which no expert will dispute, was that the 
plate yielded because it could no longer sustain the 
strain to which it was subjected. 

(Zo be continued.) 


RAILWAY CRANF. 

Tue railway crane which we illustrate on page 8 
has been constructed by Messrs. R. C. Gibbins and 
Co., of Berkley-street, Birmingham. It is designed 
to lift 10 tons at a radius of 18 ft., and is 20 ft. high 
from rail level to centre of jibhead sheave, and runs 
upon the ordinary railway gauge of 4ft. 8hin, The 
lifting gearing is single and double-purchase, and is 
fitted with a powerful brake. The crane is also pro- 
vided with slewing gear, powerful enough to turn the 
crane round when lifting the full load. The centre 
pillar is of forged steel, and is fitted into a massive 
cast-iron baseplate. This baseplate is built into the 
carriage frame, which is made of rolled steel girders. 
The carriage is mounted upon three pairs of railway 


_ 


wheels, with axle-boxes and springs, and has extend- 
ing girders and holding-down clips. The jib is of 
wrought iron, with lattice stays, and the tie-rods 
which support the jib are provided with links and 
cotters to enable the jib to be lowered to pass under- 
neath bridges when the crane is travelling in a train. 
The weight of the crane complete, with the balance- 
box fully loaded, is about 26 tons. 


THE CUNARD STEAMER ‘ UMBRIA.” 

GREAT interest has been excited in the Cunard 
steamer Umbria during the past fortnight, owing to 
the fracture of her shaft in mid-ocean, doubling the 
duration of her voyage from Queenstown to New York. 
The vessel sailed from Queenstown on December 18, 
and should have arrived in New York on Christmas 
Eve. Her non-arrival aroused no apprehension, not- 
withstanding the stormy weather prevailing, for since 
she was constructed eight or nine years ago great regu- 
larity has characterised her performances in all 
weathers, and her machinery has given no trcuble. 
On the 21st, three days’ steaming from Queenstown, 
Mr. Tomlinson, the chief engineer, noticed a flaw in 
the shaft, which so developed that two days after- 
wards he deemed it necessary to stop the engines 
and temporarily repair it. The details cabled to 
the daily papers are not quite explicit, although 
all agree in complimenting the engineer for the 
resource and skill displayed. We hope to give ina 
future issue exact information as to the frac- 
ture and the method adopted in repairing it. The 
Umbria, which is a sister ship to the Etruria, has 
run for fully eight years without any mishap, and 
has done credit to the designers and builders of the 
ship and engines at Fairfield. She is 501.5 ft. long, 
57.2 ft. beam, 38.2 ft. deep, the gross tonnage being 
7718 tons. Her engines are of the compound type, 
with one high-pressure cylinder 71 in. in diameter, 
and two low-pressure cylinders of 105 in. in dia- 
meter, the stroke being 72 in. The boilers work to a 
pressure of 110 1b. to the square inch. The power 
developed is 14,500 indicated horse-power, and the 
ordinary speed 19 knots. ‘The two vessels for five years 
were supreme on the Atlantic, and even now the 
Umbria does not fall far short of her more recently 
constructed rivals, as quite recently on her eighty- 
second voyage she ran from Queenstown to New 
York in 5 days 22 hours, although on the fourth day 
the engines had to be slowed down for 105 hours 
owing to the fog. If the weather on that day had 
been clear, the voyage would have been completed in 
two or three hours’ less time. She is on the Ad- 
miralty list for service as an armed cruiser when 
occasion arises. In view of the interest now felt in 
the vessel we republish an illustration of her on page 10 
of the present issue. 


THE LATE MR. WILLIAM RICHARDSON. 
Ix our issue of December 23 last we briefly an 
nounced the death of Mr. William Richardson, J.P., of 
the firm of Messrs. Platt Brothers and Co., Limited, 
Oldham, and some details as to his career may be of 
interest. The deceased gentleman was born at Horbury, 
near Wakefield, on August 11, 1811, and, in accord- 
ance with the usual practice at that date amongst the 
working classes, went to work at the early age of eight 
years, previous to which he had been for some time at 
the village school. He was apprenticed to millwright 
work when 11 years old, entering the mechanics’ shop 
attached to the cotton millof Mr. Thomas Haigh, 
Colne Bridge. During his apprenticeship he tried 
diligently to remedy the defects of his scanty educa- 
tion. In 1834 he entered the service of Messrs. 
Hibbert and Platt, Hartford Works, Oldham, then a 
rising firm, engaged in making textile machinery. 
Three years later, during a temporary depression of 
trade, he went to London, and obtained employment 
with Messrs. Beal and Henderbury, East Greenwich, 
where he learnt the use of gauges and templets, and 
the importance of the principle of interchangeability 
of parts. Only six months were spent here, however, 
as, business in Oldham improving, he went back to 
Messrs. Platt and Hibbert, with which firm he has 
ever since been identified. His services proved so 
valuable that he was advanced to a leading position in 
the management of the works. As years went on 
the undertakings of the firm were greatly extended, 
the additions including a forge department, brick- 
works, collieries, and coke ovens, with all of which 
Mr. Richardson was closely identified. Mr. Richard- 
son was a prolific inventor, but shone still more as an 
organiser and constructor. He took much interest in 
the progress of his adopted town, of which he was a 
borough magistrate, and also for a time town coun- 
cillor ; he contributed largely to local charities. He 
became a member of the Institution of Mechanical 
Engineers in 1859, and was also a member of the Iron 
and Steel Institute from its commencement in 1869. 
He was made a partner in the firm of Messrs. Platt 
Brothers and Co, in 1854, and in 1868 the firm was 
turned into a limited liability company, Mr, Richard- 


son becoming vice-chairman, his eldest son, George, 
being also a director. He occupied the same position 
in the company up to his death, which took place at 
the age of 81. He married, when 29 years old, Mary, 
the eldest daughter of Mr. John Gartside, the woollen 
manufacturer, addleworth. 


THE RIO TINTO ROCK DRILL. 

Mr. J. McCunniocu, of Wolverhampton, whose 
English agents are Messrs. Morrison, Kekewich, and 
Co., 70, Gracechurch-street, London, E.C., has re- 
cently introduced a new form of rock drill and air 
compressor, the latter of which was awarded a gold 
medal by the Johannesburg Chamber of Mines last year. 
The new drill has been named by its patentee the 
**Rio Tinto,” and the point in which it differs from its 
predecessors is the device by which rotation of the 
twist bar is prevented during the return stroke of the 
drill. The rotation of the drill is effected in the usual 
way. That is to say, the piston-rod is hollow, and at 
the piston end there is a bronze nut through which 
passes a rifle-bar attached to the cylinder cover; this 
bar is fitted with a ratchet device which permits it to 
rotate during the out-stroke of the drill, but prevents 
it rotating during the return stroke. The consequence 
is that the piston, and with it the drill, has to rotate 
instead. The novelty of Mr. McCulloch’s arrange- 
ment consists, as already stated, in the ratchet gear. 
The rifle-bar is fitted with a ratchet disc at its upper 
end, which is firmly secured to it. A second ratchet 
disc is arranged to gear with that on the rifle-bar 
during the return stroke, but to be quite free from it 
during the out-stroke. This discis fitted with a square 
or hexagonal shank fitted into a recess of. the same 
form in the cylinder covered. It is brought up into 
gear with that on the rifle-bar by admitting pressure 
behind it. An india-rubber pad is used to reduce the 
shock when the two wheels engage. This plan is 
claimed to minimise the risk of breaking the teeth of 
the ratchets. 


GAs AT Parts.—The revenue collected in the first 11 
months of 1892, by the Parisian Company, for lighting 
and heating by gas, was 2,773,797/., as compared with 
2,784,272/. in the corresponding period of 1891, showing 
a decrease of 10,475/., or 0.38 per cent. 


AMERICAN Locomotivres.—A locomotive for the New 
York Central Railroad, just completed at the company’s 
shops in Albany, weighs 120 tons, has cylinders 19 in. by 
24 in., and its length, including tbe tender, is 60ft. The 
driving wheels, four in number, are7 ft. 3 in. in diameter. 


ANOTHER CANTILEVER Bripcr.—The last plank in the 
floor the Clinton and Illinois high cantilever bridge over 
the Missisippi at Clinton, Iowa, has just been laid. The 
bridge, which is to be used as an ordinary roadway, will 
open up a large territory in Illinois, which will be tribu- 
tary to Clinton. 


FREEMANTLE(WESTERNAUSTRALIA).—The Western Aus- 
tralian Government is about to construct a breakwater at 
Freemantle. When completed it will cost about 900,000/. 
By an expenditure of 250,000/., however, vessels drawing 
30 ft. of water will be enabled to visit the port and 
obtain shelter. 


Tue Inpran Maiis.—Negotiations have been pending 
at Rome between the English and Italian Governments, 
with reference to the passage of the Indian mails over 
Italian territory. It isexpected that the present arrange- 
ments will be continued, with certain reductions in the 
Italian postal tariff. 

Tue Saute Sante Marie Canat.—In July 1,926,210 
net tons of freight passed through the ship canal at Sault 
Sainte Marie. At the rate at which cargoes went through 
the canal in July, the traffic for the seven months’ season 
of navigation would not be less than 13,500,000 tons, in 
round figures, or about 4,000,000 tons more than the 
tonnage which will use the Suez Canal this year. 


A Hicu-Sprep Evecrric Rartway.—Messrs. Ganz and 
Co., of Buda-Pesth, have submitted to the Hungarian 
Government plans for an electric railway from Vienna to 
Buda-Pesth. A journey between these two capitals isnow 
accomplished by fast trains in about five hours, but it is 
stated that the run could be made by the proposed elec- 
tric railway in an hour and a half. 


WorkING EXPENSES ON THE NORTHERN OF F'RANCE.— 
Working expenses appear to be sightly inereasing upon the 
French railways, although they are still relatively mode- 
rate. The ratio of the working charges upon the Northern 
of France Railway last year was 49.48 per cent., as com- 
pared with 47.46 per cent. in 1890, 48.01 per cent, in 1889, 
and 45.38 per cent. in 1888, 


CANADIAN Pactric Rattway.—The Canadian Pacific 
Railway Company proposes to establish an independent 
entrance into the State of New York by building a line 
from Woodstock to Niagara Falls, and crossing the gorge 
on a bridge of its own. The new bridge will be con- 
structed between the present cantilever and the suspen- 
sion foot structures, and will consist of a single arched 
steel span resting on buttresses on either bank about 1200 ft, 
apart 
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THE two sets of drums (four in all) which are illus- 


trated by the engravings Figs. 1 to 4 on this page) 
and on the opposite page, were constructed by) 


Messrs. Harvey and Company, Limited, of Hayle, 
Cornwall, for the Pachocha Railway, 
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by countersunk bolts to the drum, which was mounted 
on a dummy cast-iron shaft, and the cast-iron surface 
of the bed turned true. The brake band was cast in 
one circle 16 ft. 9in. in diameter, was then turned 
true in the lathe, cut into segments, and bolted to the 


cently made to open up some valuable deposits of wrought-steel band, ? in. thick, shown in Fig. 3. This 


iron ore in the Bilbao district. The gradients are 


about | ft. in 34 ft., and as the working traffic is all| 


down grade, the line is worked by wire ropes, the full 
descending wagons hauling the empties up the incline, 
Each pair of drums is mounted on strong masonry 
foundations (Figs. 1 and 2), at a convenient distance 
from the head of the incline, the wagons passing 
underneath the drums. The speed of lowering is con- 
trolled by very powerful brake gear (Figs. 2 and 3), 
actuated by a hand winch placed in a convenient 
position for observing the wagons. This is connected 
to the brake levers (Fig. 3) by means of horizontal rods 
supported on small cast-iron pulleys. These rods, and 
also the whole of the brake gear, are arranged to be in 
tension when the brake is applied. 

The load to be provided for on each cet of drums was 
that due to one train of wagons loaded, weighing 110 
tons, on the down line, and one train of wagons occa- 
sionally to be filled with stores, and then weighing 


75 tons, on the up line, plus the weight of the rope, | 


12 tons; the drums themselves weighed 48 tons 
each. The main shaft upon which the two drums are 
mounted is 174 in. in diameter and 26 ft. long; this 
shaft, which is of hammered steel, was forged by 
Messrs. Harvey and Co., Limited, in their hammer 
mill from selected steel scrap, and weighed 10 tons. 
The shaft is carried by three bearings, the two outer 
ones being 15} in. in diameter by 24 in, long, and the 
centre one 174 in. by 33 in. long. These bearings are 
of cast iron, having the bottom halves filled with white 
metal. 
bearings, there was some danger of the bearings getting 
out of line from settlement of the masonry, and hence 
the arrangement of wedge sole plates has been pro- 
vided to allow of readjustment. 

The drums are 16 ft. Gin. in diameter by 4 ft. 4in. 
wide over the wood lagging, and 18 ft. 1 in. in diameter 
over the shrouding plates. The details of construc- 
tion are fully shown by Figs. 3 and 4, Each drum has 
two brake rings 16 ft. 103 in. in diameter by 94 in. 
wide, so that each set of wagons is controlled by four 
brakes. Owing to the large expense for renewals 
when the brakes are made of wood, in this case both 
the brake bed and band are of cast iron. The bed, 
which is 2} in, thick, was cast in segments and bolted 


Having such heavy weights supported on the | 


insured that both the bed and brake bands were per- 
fectly true. Opportunity was taken whilst the drums 
were revolving to turn the edges of the shrouding 
plates, &c. When the drums were completed, they 
were loaded at Hayle into one of Messrs. Harvey’s 
boats having hatches specially made for taking ma- 
chinery, and were delivered at Bilbao. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 21, 1892. 

OrpERS have been placed, within ten days, for 
30,000 tons of structural material and plate iron, and 
it is ramoured that about as much more will be wanted 
before the close of January. It seems to be the policy 
of large buyers of such material to secure supplies for 
the winter and early spring now when prices are ex- 
ceptionally low, and the policy is certainly a good 
one, aS manufacturers are so extremely anxious to 
secure large orders that they are making very favour- 
able terms. Work at the Lake Boatbuilding Yards is 
very urgent, and heavy orders for car-building are to 
be placed. The locomotive builders are all busy, and 
the shipyards are crowded with work. The Cramps 
are about to extend their capacity, and other ship- 
building concerns have as much work as they can take 
care of. The nail factories of the country have been 
turning out heavy stocks, but report no accumulations. 
The pig iron production is maintained at about 170,000 
tons per week, Prices are 15 dols. for No. 1 foundry, 
14 dols. for No. 2, and 13 dols. for grey forge. The 
rolling mills are at work as usual, but will be idle for 
a week during the holidays. Steel billets have de- 
clined to 24 dols., 24 dols, 50 cents at eastern points. 


; December 29, 1892. 

Negotiations are now pending for several large 
orders of steel rails at 29 dols., several railroad com- 
panies being willing to buy at this figure, or 28.50 dols. 
A number of railroad building enterprises are under 
consideration, and it is probable that orders will be 
placed in January for 20,000 or 25,000 tons, and one 
or two good authorities say a very much larger 
amount. Steel billets have slightly weakened, and 
competition is very active between manufacturers. 
The demand for muck bars has largely fallen off, 


owing to the increased use of soft steel. The mills 
are generally idle this week. A large amount of busi- 
ness will be placed during January, anda hardening 
in pricesis probable. Plate and structural inquiries 
are in hand for large amounts. Crude iron has 
weakened about 25 cents for ordinary ; but standard 
makes are firm. The outlook is favourable for an 
active demand, but prices allaround continuedecidedly 
in favour of buyers. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIbDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was no 
market here, most of the leading firms having intimated 
that they would not be represented on ’Change that day. 
One or two gentlemen, however, attended, but there was 
really no business doing, and this fact renders it difficult 
to fix quotations. We did not hear of a single transac- 
tion, but about 36s. 9d. was regarded as the quotation 
for prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig 
iron. Perhaps anybody desirous of purchasing might 
have done so at rather less than the foregoing quota- 
tion. The lower qualities were no more heard of than 
No. 3, but sellers might have been found at prices 
based on 385s. for immediate delivery of grey forge. 
Hematite pig iron was something like 44s. for early 
delivery of Nos. 1, 2,and 3 makers’ east coast brands, 
and as the output has recently been reduced it is 
not very likely that the quotation will decline much 
at present. Spanish ore keeps quiet at about lls. 9d. 
ex-ship Tees for rubio, To-day a small business was 
recorded in No. 3 Cleveland at 36s. 3d. for prompt f.o.b. 
delivery. In Middlesbrough warrants there was next to 
nothing doing, and they closed 36s. cash buyers. There 
was no alteration in quotations for the lower qualities. 


Manufactured Iron and Steel.—Nothing new can be 
said about the manufactured iron and steel trades, 
Nearly all the establishments are still closed, and some 
of them will unfortunately remain so for a while, but we 
are glad to state that one or two will probably be re- 
started next week. Little, indeed, if any, business has 
been done during the past few days, so that quotations are 
by no means easy to fix, but doubtless orders could be 
placed at ths rates last mentioned. 


Proposed Conciliation Board at Middlesbrough.— A 
proposal has been submitted to the men employed 
at the Newport Rolling Mills, Middlesbrough, to 
form a private board of conciliation in connection 
with the works for the settlement of any dispute 
which may occur in the future. <A set of rules has been 
drawn up, to which some of the workmen object, and the 
proposal is being freely criticised by both employers and 
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Local Prospects for the New Year.—The vacation has 
been extended to ‘Tuesday of this week. At the forges 
business has not opened heavily, but orders are to hand 
for bar iron for Australia and South Africa, and colliery 
proprietors are sending in new lines at the closing prices 
of last year. There is a spirit of speculation in the iron 
trade here, agents looking for an advance. In the coal 
market the contrary is the case, consumers refusing to 
commit themselves on contracts without a reduction. 
Armour-plate and ordnance manufacturers are short of 
business, with a poor outlook, and the only coming 
foreign buyers for best samples of crucible cast steel and 
tools are Chili and South Africa, Realisations on pro- 
duce haye put the last two named in the lead as early 
buyers. 


NOTES FROM THE SOUTH-WEST. 
Welsh Railway Revenue.—The revenue of the Rhymney 
Railway Company has remained about stationary during 
the past six months. The Cambrian has established an 
increase of about 3000/., as compared with the correspond- 
ing period of 1891. 


Cardiff.—The steam coal trade has shown little change ; 
the best qualities have made 9s. 6d. to 9s. 9d., while 
secondary descriptions have brought 9s. to 9s. 3d. per 
ton. There has been a good demand for household coal ; 
No. 3 Rhondda large has made 11s. 3d. to 11s. 9d. per 
ton. Patent fuel has shown little activity. Coke has re- 
mained without much variation ; foundry qualities have 
made 17s. to 18s., while furnace ditto have brought 
15s. 6d. to 16s. per ton. The iron and steel trades have 
continued depressed. 


Rhonddz and Swansea Bay Railway.—-This company 
will apply to Parliament next session for powers to con- 
struct six additional sections, representing altogether 
nearly six miles of new line. It is also proposed to raise 
an additional 90,0007. by stock or shares, and to enlarge 
the borrowing powers to the extent of 30,0007. In the 
event of the new capital being raised by preference 
shares, the rate of interest attached to these shares is not 
to exceed 6 per cent, per annum, 


The ‘ Crescent.” —The new cruiser Crescent is making 
good progress at Portsmouth. She is a sister ship to the 
Royal Arthur, 


Water Supply of Wotton-under-Edge.—A town’s meet- 
ing at Wotton-under-Hdge has approved a revised scheme 
prepared by Mr. Cotterell for a supply of water from 
Hamlin’s Brake, with a storage of 500,000 gallons. The 
scheme is to be brought before the Local Government 
Board for its sanction, 


The Tin Plate Trade.—Captain Harries, late manager 
of the Gwendraeth Works, Kidwelly, has been appointed 
manager of the Glanamman Works, in succession to Mr. 
R. Peregrine, who transfers his services to the Old Lodge 
Works, Llanelly. 


A New Lighthouse.—The Bristol Chamber of Commerce 
has been informed by the Trinity House that it is their 
intention to establish in the summer a new lighthouse, 
to be known as the East Usk, on the east side of the 
entrance to the Usk. The light will be occulting, giving 
an occultation of about two seconds’ duration every ten 
seconds. 


The Electric Light at Tawnton.—The Board of Trade 
has intimated its willingness to grant the Taunton Town 
Council a licence to undertake the lighting of the town 
by electricity, Sir T. Blomefield and Major Cardew, 
who recently conducted an inquiry into an application 
made by the council, having reported favourably. 


The Telephone in the West.—Mr. C. Hooper, who has 
for several years been local superintendent at Torquay 
for the Western Counties and South Wales Telephone 
Company, has resigned his post in order to take the 
management of the three western counties on behalf of 
the National Telephone Company. 


Tiverton and North Devon Railway.—This line has been 
sold to the Great Western Railway Company. The basis 
of the transfer is the payment of 5/. for every 20/. share 
in the Tiverton and North Devon, The line runs from 
Tiverton to Morebath, where it joins the Devon and 
Somerset line. Higher terms could not be obtained from 
the Great Western, as the concern has proved an unre- 
munerative one for a long series of years. 


Railway Rates.—The Bristol Chamber of Commerce 
has adopted the following resolution: ‘‘That this asso- 
ciation views with apprehension the probable effects upon 
the general trade of the country of the new railway rates 
which came into force January 1, and hereby resolves to 
appoint a committee to consider the question, with power 
to take such steps as may appear desirable.” The Cham- 
ber further adopted another resolution to the effect that 
the Board of Trade should be requested to grant a further 
extension of time, for, say, three months, before the new 
rates are enforced. The traders of Bristol and the West of 
England appear to consider that they have been worsted 
thus far in the long struggle which has been pending, 
They are accordingly now anxious for delay. 


Rails for Africa.—A first consignment of the 50,000 
tons of steel rails which the Ebbw Vale Steel, Coal, and 
Tron Company, Limited, is supplying to the Transvaal 
Railway Company has left Newport in the steamer La 
Serena, owned by Messrs. Houlder Brothers and Co. 


Weston-super-Mare.—A meeting was held at Weston- 
super-Mare on Monday evening to consider a proposed 
pier to be carried into the bay for about 1} miles. The 
town commissioners are about to take up the subject. 


ENGINEERING. 


The Electric Light in the Ogmore Valley.—The Ogmore 
Valley Electric Light and Power Supply Company, 
Limited, is introducing the electric light into the Ogmore 
Valley. Supply cables and wires have now been brought 
into operation for a total length of 28 miles. The district 
has been divided into two parts, with one central station 
at Tynewydd and another at Nantymoel. Motive power 
for each station is obtained from two compound engines, 
each of 35 horse-power nominal. The engine at Nanty - 
moel was supplied by Messrs. Fowler and Co., Leeds, 
and that at Tynewydd by Messrs. Robey and Co., 
Limited, Lincoln. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—There was a little more 
business doing on the pig iron warrant market last 
Thursday forenoon, but it was rather slow. Of Scotch 
1000 tons were disposed of at 41s. 9d. one month, and 
3600 tons at 41s. 7d. per ton cash. Cleveland was offered at 
37s. 44d. per ton cash, being adrop of 43d. from the pre- 
ceding night, and it was reported that there were offers 
to sell at 36s. 9d. three months open; but in neither case 
were there any buyers at those rates. A moderate amount 
of business was done in the afternoon—1000 tons of Scotch 
warrants changing hands at 41s. 84d. per ton one month 
open, 1500 tons at 42s. three months fixed, 1000 tons 
at 41s. 9d. a month open, 1000 tons at 41s. 7d. cash, and 
2000 tons at 41s. 7d. a week, with 6d. per ton forfeit in 
sellers’ option. At the close the settlement prices were— 
Scotch iron, 41s. 74d. per ton; Cleveland, 37s. 13d; 
hematite iron, 45s. 103d. per ton. Only the forenoon 
meeting of the ‘‘ring ” was held on Friday, owing to the 
near approach of the New Year holidays. A fair amount 
of business was done, considering the circumstances. 
Scotch pig iron was firmer, and rose $d. per ton. Some 
4000 tons of Scotch were disposed of. Cleveland was 
very weak, and a sale of 500 tons was made at 104d. per 
ton under the ruling price of Wednesday, and the clos- 
ing price was 74d. per ton under that of the previous week. 
Hematite iron was held firm, and buyers came up 13d. 
per ton, butno business was done, and the week closed 
with the price 1d. dearer. The settlement prices at the 
close were—Scotch iron, 41s. 7$d. per ton; Cleveland, 
36s. 74d.; hematite iron, 45s. 105d. per ton. Monday 
and Tuesday were both observed as complete holidays 
amongst the iron merchants and brokers. When busi- 
ness was resumed this forenoon, only a few transactions 
took place, some 2000 tons changing hands—1000 tons of 
Scotch at 41s. 9d. cash, and 500 ditto at 41s. 104d. per 
ton one month, and 500 tons of hematite iron at 45s, 104d. 
per ton cash. In the afternoon the business consisted 
practically of a repeat of that of the forenoon, and at the 
same prices as were then obtained. The following are 
the quotations for No. 1 special brands of makers’ 
iron: Calder and Gartsherrie, 51s. per ton; Sum- 
merlee, 51s. 6d.; Langloan, 52s. 6d.; Coltness, 55s.—the 
foregoing all shipped at Glasgow ; Glengarnock (shipped 
at Ardrossan), 50s.; Shotts (shipped at Leith), 53s. 6d.; 
Carron (shipped at Grangemouth), 53s. per ton. There 
are 67 blast furnaces in actual operation—four each at 
Langloan and Carnbrae and one at Shotts being out 
temporarily for repairs. A year ago there were 77 fur- 
naces blowing. Last week’s shipments of pig iron from 
all Scotch ports amounted to 5934 tons, as compared with 
2731 tons in the corresponding week of last year. They 
included 150 tons for India, 305 tons for Italy, 145 tons 
for Holland, 110 tons for Belgium, smaller quantities 
for other countries, and 4518 tons coastwise. The stock 
of pig ironin Messrs. Connal and Co.’s public warrant 
stores stood at 340,288 tons, as against 340,583 tons 
yesterday week, thus showing a reduction over the week 
amounting to 295 tons. 


Scottish Ironmasters’ Association: Annual Returns of 
Pig Iron.—The following are the production, consump- 
tion, the exports, and stocks of Scotch pig iron (including 
hematite and basic) for the year 1892. For comparison 
the previous year’s figures are also given: 


1892. 1891. Inc, Dec. 
Tons. Tons. Tons. Tons. 
Production, as per 
makers’ returns 977,213 674,425 302,788 
Consumption in foun- 
dries... se -- 146,123 159,423 13,305 
In malleable iron and 
steel works .. -- 621,125 285,152 285,973 
Total .. 667,248 394,580 272,668 
Exports—Foreign 139,675 166,969 ea 27,294 
Coastwise 133,918 132,761 1,157 
Rail to Eng- 
land 11,734 18,883 ia 2,149 
Total +. 285,327 313,618 30 28,285 
Total consumption and 
exports .. 952,575 908,193 244,382 
Stocks as on December 31: 
In Connal’s stores 340,288 500,957 oy 160,669 
In makers’ yards 103,358 78,720 24,638 “rs 
Total 443,646 579,677 ie 136,031 
1892, 1891, 
Number of furnaces in blast on December 31 67 78 
Average number of furnaces in blast for the 
year be : 76.72 51.054 


The returns were not officially published till some time 
after the close of the warrant market this afternoon, but 
so far as any opinion regarding the statistics could be 
learned, they were considered to be satisfactory. 


Bathville Steel Works.—These works, situated near 
Armadale Station, in the Bathgate Division of Linlith- 
gowshire, and which have for some years, with Messrs. 


[Jan. 6, 1893. _ 


Dickson and Mann as the proprietors, done a large busi- 
ness in steel castings, are about to assume a more pro- 
nounced position, the concern having passed into the hands 
of a limited liability company to be known as ‘‘ Dickson 
and Mann, Limited,” with a capital of 75,0000. 


The Earliest Locomotives in Scotland.—An inquiry has 
just arisen as to the first locomotive in Scotland and 
where it was used, and two very different replies have 
been given. One of them is as follows: A locomotive 
was runon the Monkland and Kirkintilloch Railway on 
May 10, 1831, and it is claimed that this was the first 
locomotive ever built in Glasgow, the engineers being 
Messrs. Murdoch and Aitken, Hill-street, Glasgow. 
It was constructed from plans and specifications prepared 
by George Dodds, superintendent of the Monkland and 
Kirkintilloch Railway Company. The other reply is 
froma gentleman resident at Cardiff, but evidently an 
Ayrshire man. He says that he can authentically state 
that a locomotive was run on the Duke of Portland’s 
Railway between Kilmarnock and Troon in the year 1817 
or 1818, and this, he believes, was the first locomotive 
engine in Scotland. If so, it would doubtless come from 
Newcastle-on-Tyne. 


Tramuay Traction in Glasgow.—In view of the Glasgow 
tramway system becoming a corporation concern, in the 
fullest sense of the term, at the expiry of the Tram- 
way Company’s lease next year, much attention has for 
some time been given by the Town Council Committee 
on Tramways to the question of traction, and at to- 
morrow’s meeting of the council a report on the subject 
from a special sub-committee will be submitted. As 
regards the advantages and disadvantages of overhead 
electrical traction, the report does not hold out any hope 
of that system being recommended for the present. The 
sub-committee seem to be disposed in favour of the 
adoption of the cable system of traction, but they urge 
that the further development of all forms of electrical 
traction be carefully followed. Thereis every probability 
that horse haulage will, for a time, be continued under 
the corporation tramway régime. 


Important Engineering Contracts for Dundee.—Messrs. 
Gourlay Brothers and Co., engineers and shipbuilders, 
Dundee, have just contracted to build new boilers, en- 
gines, and other machinery for the Danish steamer Niord, 
of Randers. They have also received the contract to fit 
out afresh with machinery, boilers, &c., the whaling 
steamer Nova Zembla, of Dundee. 


Mining Institute of Scotland.—A meeting of this Insti- 
tute was held in Glasgow last Thursday evening. Mr. 
J. B. Atkinson, president, occupied the chair. An in- 
teresting discussion took place on Dr. Robertson’s paper 
descriptive of the kerosene coal deposits of New South 
Wales, and at the close the author was accorded a vote of 
thanks. Mr. David Smith’s paper on “A Threefold 
Longwall Working” was also discussed, and further 
criticism adjourned. Mr. W. E. Teale gave a further 
exposition of his new patent lamp, and after some dis- 
cussion he was awarded a vote of thanks. A paper 
was read by Mr. Dugald Baird on ‘‘ Pump Valves.” The 
question of federation with the English institutes was 
taken up. The Secretary (Mr. Barrowman) moved that 
the proposal be not further proceeded with. Mr. M ‘Laren 
moved that it should. Mr. Mitchell proposed 10s. 6d. 
members should have the option of remaining non- 
federated members. After a long di-cussion it was 
agreed to federate by a majority of between 20 and 30. 
It was also agreed to adopt Mr. Mitchell’s motion to 
permit non-federated members. 


New Breakwater at Inchkeith.—Following upon the 
fortification of the island of Inchkeith, in the Firth of 
Forth, preparations are now being made for the construc- 
tion of a breakwater, within which there will be accommc- 
dation for ships of war. 


Scotch Coal Exports.—During the year which closed last 
Saturday the shipments of coal from all Scotch ports 
amounted to 7,764,417 tons, as compared with 6,738,703 
tons, thus showing an increase of 1,025,714 tons for the 
year. 


FOREIGN AND COLONIAL NOTES. 
Bridge Building in the Low Countries.—Tenders have 
just been received for a large bridge over the Dieze, near 
Bar-le-Duc. The lowest tender (7186/.) was delivered by 
Messrs. Schafer and Bloch. The John Cockerill Company 
tendered at 11,8301. 


Locomotives in Germany.—Contracts have just been let 
for 216 locomotives for the Prussian State Railways. 
These contracts were divided solely among German 
firms. 


New York and Colon.—Two steamships of the Mallory 
Line have been chartered by the Panama Railroad Com- 
pany to ply between New York and Colon, commencing 
February 1. 


Locomotives on the East Indian Railway.—Increasing 
demands for a quicker and more punctual mail and pas- 
senger service have induced the directors of the Hast 
Indian Railway to order 50 locomotives and 22 tenders 
of an improved and more powerful type. The first cost 
of these engines is 106,445/., of which it is estimated that 
59,7857. will be charged to revenue in respect of 30 loco- 
motives and two tenders to be put upon the system in 
the place of others worn out, the remainder being charged 
to capital as so much increase in the working stock. 


The Cramps.—The Cramps, of Philadelphia, have made 
a proposition to purchase from the authorities of that 
city a plot of ground for the enlargement of their ship- 
building plant, so as to cover a space now occupied by 
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several streets. The object of Messrs. Cramp is to com- 
mence as soon as possible the construction of six large 
steamers. 


Pennsylvanian Natural Gas.—The Pennsylvania Na- 
tural Gas Company of Pittsburg has a gas well at Eliza- 
beth, Pennsylvania, which is said to show a heavier pres- 
sure than any of the wells ever struck in that district. 
Drilling operations are being pushed vigorously forward, 
and several other wells are expected to be brought into 
working within a few weeks. 


The United States Navy.—Of 40 wooden ships in the 
American Navy 20 years since, only nine are now in active 
service. 


American Barge Building.—The American Steel Barge 
Company, of Duluth, built in the past season six steam- 
ships, four barges, and one tug. It is expected that the 
present winter will be a period of further activity. 


Enalish Coal in Belgium.—The imports of English coal 
into Belgium in the first ten months of this year were 
362,447 tons; the imports in the corresponding period 
of 1891 were 457,661 tons. 


French Railway Fares.—A convention between the 
French Government and the six great French railway 
companies for a reduction in passenger fares came inte 
effect in April last year. The result has not been dis- 
couraging, as there has not been any diminution in the 
revenue collected, although the reductions made amounted 
to 10 per cent, in second-class fares and 20 per cent. in 
third-class fares. 


Indian Forests.—The Government of India has decided 
to publish unofficially a series of notes on the produce of 
Indian forests. It is hoped by this means to disseminate 
a good deal of useful information with respect to Indian 
forest produce, especially with a view to its utilisation 
for manufacturing and trading purposes. 


The Sandwich Islands.—The population of these islands 
is 85,000, of whom 35,000 are natives, 15,000 Chinese, and 
20,000 Japanese. The United States and the Sandwich 
Islands are closely connected commercially, the native 
population is fast dying out, and it will not be many years 
before the stars and stripes will float over the islands. 


Lighting the Atlantic.—The French Compagnie Générale 
Transatlantique has brought forward the question of 
lighting the Atlantic route from Ireland to Newfound- 
land. Itis proposed to moor ten powerful floating lights 
200 miles apart and connected by electric cables. 


Electric Tramways at Montreal.—The Montreal Street 
Railway Company has secured the exclusive privilege of 
working a tramway system in that city by electricity for 
thirty years. The company is now working eight miles 
of electric tram lines. To meet its present requirements 
the company owns twenty motor cars of American manu- 
facture and fifteen of Canadian manufacture. 


French Canals.—There has been a very decided advance 
in French canal traffic during the last forty-five years. 
Comparing 1891 with 1847, the increase indicated comes 
out at nearly 100 per cent. French canals are accord- 
ingly formidable competitors of French railways, 


A Parisian Electric Tramway.—The Parisian Municipal 
Council has, after considerable discussion, granted a con- 
cession of a subterranean electric tubular tramway to 
M. Berlier. The tramway will run from the Bois de 
Boulogne to Vincennes. 


Sewerage of Melbourne.—The first brick of a main out- 
fall sewer at Werribee has just been laid by Mr. Styles, 
vice-chairman of the sewerage committee of the Melbourne 
Board of Works. A large company representing the 
public hodies of Melbourne proceeded to Werribee on the 
occasion, on the invitation of the contractors, Messrs. 
Falkingham and Son. 


Durban.—The harbour of Durban has been so much 
improved that the Dunrobin Castle, a ship of 2811 tons 
burthen, recently went over the bar without first dis- 
charging any of her cargo. Upon this occasion 22 ft. of 
water was noted at high tide. On another occasion a 
minimum of 15 ft. 8 in. was noted at low tide. 


“Ta Touraine.”—La Touraine, owned by the Com- 
pagnie Générale Transatlantique, has made a run across 
the Atlantic in 6 days 17 hours and 30 minutes, actual 
time, and 6 days 12 hours and 30 minutes apparent time. 
During the first 24 hours La Touraine made the remark- 
able run of 528 miles, 


French Mechanical Industry.—The St. Denis Work- 
shops Company will in future be known as the French 
General Construction Company. The new company, it 
may be added, has taken over the works of the Inter- 
national Sleeping Car Company at Marly, near Valen- 
ciennes. 


American Canals.—A Bill is pending in the United 
States Congress to pay for the cost of surveys for two 
important canals, viz.—first, a canal round the Falls of 
Niagara; and secondly, a canal from Lake Ontario to 
the Hudson. The cost is estimated by an officer of the 
United States Engineer Corps at 22,000,000/. 


MISCELLANEA. 


Rai~way communication between Cape Town and Pre- 
toria was opened on New Year’s Day. 


The Swedish Government has ordered, we learn from 
abroad, from Messrs. Whitworth and Oo., Limited, three 
24-centimetre guns at a price of 3200/. for each gun, 
The gun carriages will also be supplied by Messrs, Whit- 
worth, at a price of 17007. each, 


The gross receipts of the 23 principal railways of the 


United Kingdom for the week ended December 25 
amounted, on 16,4174 miles, to 1,444,781/., and for the 
corresponding period of 1891, on 16,322? miles, to 
1,316,169/., an increase of 944 miles, or 0.5 per cent., and 
an increase of 128,612/., or 8.9 per cent. 


The regular service on the tramlines of the South 
Staffordshire Tramways Company, worked by electric 
traction on the overhead system, was inaugurated on 
Saturday last. The lines worked in this manner are 
about nine miles in length, and run between Wednes- 
bury, Bloxwich, Darlaston, and Walsall. 


M. Violle has attempted to determine the temperature 
of the electric arc by thinning the positive carbon, and 
when the arc is in full activity causing the extremity of 
the carbon to fall into a calorimeter. The temperature 
thus obtained was 3500 deg. Cent., but in the absence of 
details of the precautions taken, the method adopted 
does not seem likely to inspire confidence in the results. 


Mr. James Rigg, of 20, Bucklersbury, London, has 
recently published a new sheet of engravings illustrating 
the models of machine parts which he is now prepared 
to supply to technical schools. The models have been 
prepared from the drawings and to the proportions given in 
Unwin’s ‘‘ Machine Design,” and the collection as a whole 
should prove very valuable to technical schools. 


Monday last, the 2nd inst., was the 75th anniversary of 
the establishment of the Institution of Civil Engineers. A 
revised list of the members of all classes just issued shows 
that the numbers now on the books amount to 6,341, repre- 
senting an increase at the rate of 34 per cent. during the 
past 12 months. The Institution,and all concerned in its 
development, are to be congratulated on its prosperous 
career. 


The appeal to Quarter Sessions of the Dowlais Iron 
Company against the assessment of their new furnaces 
at Cardiff will now be withdrawn. Last week a con- 
ference of the assessment committee, with Mr. E. P. 
Martin, the company’s manager, and Mr. Humphreys- 
Davies, of London, the valuer, advising the company, 
resulted, after a long discussion, in acompromise by which 
the new assessment is reduced by about 50 per cent, 


The Rampton Manor scheme of the Manchester Cor- 
poration, for the disposal of a part of its refuse on land 
70 miles distant, in Nottinghamshire, has been defeated 
by its opponents. The Local Government Board has 
notified its inability to sanction the proposed loan of 
60,000. for the purchase of the estate. This action of 
the Board of Trade will, we should think, meet with 
general approval. The objections to the scheme were 
set forth in a leading article in our issue of September 30. 


The Admiralty have notified to the authorities at 
Devonport that the torpedo gunboats Sharpshooter and 
Spanker are to be subjected to a series of experimental 
trials, prior to being reboilered. It is proposed to subject 
the vessels to 24 hours’ full speed trials, and also to long 
trials at a lesser pressure. It is understood that these 
experiments are to be made chiefly with the view of de- 
ciding upon the construction of the new boilers. The 
boilers will be supplied by contract, but no tenders have 
as yet been invited. 


The Colombian Government has imposed the following 
conditions for granting an extension of time to the 
Panama Canal Company :-—1. The debt to the Colombian 
Government of 6,500,000 fr. to be made 8,000,000 fr., 
which sum must be paid in four equal instalments, the 
date of the first being May 1, 1893. 2. An inventory to 
be made of all the property of the company in the isthmus, 
the company to bind itself not to transfer or dispose of 
it without the consent of the Government. 3. Any dis- 
putes to be settled by the Supreme Court of the Colom- 
bian Republic.” 


In view‘of the probable adoption of very high speeds 
on railways during the next few years, the Westinghouse 
Company are said to have been experimenting during the 
past six months with a new brake, which, instead of 
applying a constant retarding force to the train, causes 
this force to vary proportionately to the speed. It is said 
that preliminaiy experiments show that trains can be 
stopped with this apparatus in three-quarters the distance 
required by the old brake, but no details have as yet 
been published, and criticism of the idea must be sus- 
pended in the meanwhile. 


Messrs. A. Ransome and Co, Limited, sawmill engi- 
neers and ironfounders, of the Stanley Works, King’s- 
road, Chelsea, and the Battersea Foundry, London, in- 
form us that, with a view to simplifying the management, 
they have amalgamated the two concerns, which, though 
owned by the same partners, have been under different 
managements, The new firm will be known as Messrs. 
‘A. Ransome and €o., Limited,” the whole of the share 
capital being practically held by Messrs. Allen Ransome, 
Frederic Josslyn, and Vincent Sydney Woods, the late 
partners, who will be the managing directors of the new 
concern. 


A new testing machine, of Wicksteed’s improved type, 
has been erected at Lloyd’s Proving House, 82, St. James- 
street, Kinning Park, Glasgow, which is under the 
superintendence of Mr. E. Seedhouse. The new machine 
has been specially designed for testing samples and 
experimental work generally. It is adapted for making 
tensile, compressive, and bending tests. It has been 
passed by the Government Inspector of Proving Ap- 
pliances, and is licensed by the Board of Trade. Arrange- 
ments have been made by which the preparation of speci- 
ans Ae the machine can be undertaken by the testers if 

esired, 


The corporation which owns the new central electric 
station in Oopenhagen contemplates reducing the charge 


for electric light by 25 per cent. from 8 Gre (1d. equal to74 
dre) to 6 Gre per 100 watt-hours. Iustead of the present 
average use of 16,000 lamps, it is expected that under the 
new conditions quite 17,000 lamps will be used on the 
average throughout the whole year, and that the average 
burning time will be increased to 500 instead of 400 
hours, so that the consumption will increase from 356 
to 4674 million watt-hours. ‘his alteration is not ex- 
pected to much affect the receipts, though the expendi- 
ture, of course, will be somewhat augmented. 


The Chancellor of the Exchequer and the President of 
the Board of Trade have promised to receive a deputation 
from the New Decimal Association, for the reform of the 
English system (or, perhaps we should say, want of 
system) of weights and measures on January 25 next. 
We note that a duke and various other peers have agreed 
to take part in the proposed delegation, but in matters of 
this kind the adhesion of the principals of large manu- 
facturing concerns would, we imagine, be more valuable. 
We note, however, that on September 21 last the Legis- 
lative Assembly of Victoria adopted a motion in favour 
of the formation of an international union for adopting 
the decimal system, and various of the agents-generals of 
the colonies are also to take part in the deputation. 


A report just issued from the Emigrants’ Information 
Office, 31, Broadway, Westminster, S.W., warns intend- 
ing emigrants against going to Brazil. In Australia there 
is continued depression, but at the Cape there isa limited 
demand for mechanics ; reduced passages to the Cape and 
Natal are offered to such. As regards Canada, the 
Canadian Government are offering bonuses of 5dols. to 
10 dols. a head to those who take up land in the north- 
west or British Columbia. Branch offices of the Emigrants’ 
Information Office are now organisod at Bradford, 
Cardiff, Devizes, Glasgow, Hereford, Leeds, Liverpool, 
Manchester, Newcastle-on-Tyne, Reading, and Wolver- 
hampton, mostly in connection with the public free 
libraries, where all information can be obtained. 


According to the report of the Berliner Electricitets- 
werk for 1891-2, the users of electricity for lighting 
purposes now number 1782, against 1314 the pre- 
vious year, the increase being equal to 35 per cent. 
The number of normal lamps installed has risen 
from 104,100 to 136,600, an increase equal to 31.2 per 
cent. The aggregate consumption amounts to a total of 
8517 million normal hours, against 7162 millions the pre- 
vious year, an increase equal tol9.1 percent. The net 
profits were 912,020 marks (45,600/.), against 712,650 
marks (35,600/.) the previous year. The share capital is 
now 9 million marks (450,000/),as compared with 7 million 
marks (350,000/.) the previous year. A dividend of 7# per 
cent. has been paid, considerable sums being added to the 
reserve. The tax paid to the corporation amounted to 
53,818 marks, or about 2,700/. 


The importance of the Transcaspian Railway for wide 
areas of Russian and Central Asia is fully demonstrated 
by some statistics recently published by the Russian 
authorities. The railway from the borders of the Caspian 
Sea to Samarkand, was opened in May, 1889, up to which 
time goods between Europe and Central Asia were con- 
veyed by caravan vid Kazulinsk, whence Russian goods 
were forwarded to Khiva, Bokhara, Samarkand, and 
Tashkent. Since the railway was opened, the Russian 
export to Asia has increased by more than 110 per 
cent., and some 202,408 passengers and some 40,000 
soldiers have been conveyed by the line. The exports 
from Central Asia, especially to Russia, are wool, cotton, 
grapes, &c. The exports of cotton are now five times 
more than what they were before the railway was opened. 
eres of Indian tea is also conveyed to Russia by 
this line. 


In the Journal de Pharmacie et de Chimie, M. Hunkel 
gives the following solution as an efficient material for 
filling hand grenades and other portable fire extin- 


guishers. Six solutions should be prepared as follows: 

1, Ammonium chloride... 200 grammes 
Water . 20 litres 

2. Calcined alum... 350 grammes 
Water ae .e 10 litres 

3. Powdered ammonium § sul- 

phate ... 2 .. 8 kilogrammes 

Water 5 litres 

4, Common salt ... 2 kilogrammes 
Water ? 40 litres 

5. Sodium carbonate 350 grammes 
Water 5 litres 


6. Soluble glass 4.5 kilogrammes 


The whole of these should be mixed together in the order 
ndivated, and 20 litres of water are then added to the 
result. 


With reference to the future number of municipal 
representatives on the canal board, and other points of 
difference between the Ship Canal shareholders’ directors 
and the Manchester Corporation, the Mayor of Man- 
chester has briefly replied to the letter from the canal 
chairman (Lord Egerton of Tatton) and his colleagues, 
which appeared in the 7'’tmes about two months ago. The 
delay of the reply has been due to the pressure of busi- 
ness at the termination of the municipal year, when the 
letter in question was addressed to the late mayor. 
Writing under the advice of Mr. Moulton, Q.C., the 
present mayor declines, with a view to the avoidance of 
undesirable controversy, to discuss statements to which 
the corporation must take exception. They will be con- 
sidered by the Parliamentary Committee on the Ship 
Canal Bill, and the corporation reserve full liberty then 
to present their own view of the case. The corporation 
committee will be glad at any time to meet the canal 
board in conference if desired. 
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Coat In New Sourw WatEs.—The New South Wales 
Railway Commissioners have accepted a tender of the 
Lithgow Associated Collieries Company for a supply of 
coal during the next three years. The quantity required 
is estimated at 100,000 tons per annum, and it is to be 
supplied at 5s, 3d. per ton. 


LuxempourG Iron Mrineras.—The extraction of iron 
minerals in the Grand Duchy of Luxembourg moved on 
as follows during the 10 years ending with 1891 in- 


clusive : 1882, 2,476,000 tons ; 1883, 2,575,000 tons ; 1884, 
2,451,000 tons ; 1885, 2,648,000 tons ; 1886, 2,434,000 tons : 


1887, 2,649,000 tons ; 1888, 3,261,000 tons ; 1889, 3,170,000 | 


tons ; 1890, 3,359,000 tons ; and 1891, 3,102,000 tons. 


VicTorIAN Rouiinc Srock.—The Victorian Acting 
Railway Commissioners are so satisfied with a plan which 
has been recently adopted for converting ordinary first- 
class carriages into corridor carriages for country lines, 
that they have determined to apply the system to second- 


| class carriages. By means of the corridor principle, smok- 
ing compartments, lavatories, and other conveniences can 
| be provided for the use of the whole of the passengers 
occupying each carriage. The second-class corridor car- 
riages will be made up from the better pattern of second- 
class carriages now running, in order that the different 
compartments may be as roomy as possible. For the car- 
riage of fish, the commissioners have just had four trucks 
fitted up in accordance with the Taylor cool solution sys- 
| tem, and these are to be supplemented by 100 louvre cars, 
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Ausrria, Vienna: Lehmann and Wentzel, Kiirntnerstrasse. 

Care Town: Gordon and Gotch. 

EpinpureH ; John Menzies and Co,, 12, Hanover-street. 

FrAnczE, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue dela Banque; M. Em. Terquem, 31>is Boulevard Haussmann. 
Also for Advertisements, Agenve Havas, 8, Place de la Bourse. 


(See below.) 


GeERMANY, Berlin: Messrs, A. Asher and Co,, 5, Unter den Linden. 
Leipzig: F. A. Brockhaus. 
Mulhouse: H, Stuckelberger. 


GLAsaow: William Love. 


InprA, Calcutta: Thacker, Spink, and Co, 

Bombay : Thacker and Co., Limited, 
IraLy: U. Hoepli, Milan, and any post office. 
Liverroou: Mrs, Taylor, Landing Stage. 
MANCHESTER : John Heywood, 143, Deansgate. 
New Sourn Waugs, Sydney: Turner and Henderson, 16 and 18, 
Gordon and Gotch, George-street. 
QUEENSLAND (Sourn), Brisbane : Gordon and Gotch. 

(Norru), Townsville: T. Willmett and Co. 
RoTreRDAM : H, A, Kramer and Son. 
Sourn AusrrRaLia, Adelaide: W C. Rigby. 
Unxirep States, New York: W. H. Wiley, 53, East 10th-street 
Chicago: H. V. Holmes, 44, Lakeside Building. 

VicroriA, MELBOURNE : Melville, Mullen and Slade, 262/264, Collins- 
Gordon and Gotch, Limited, Queen-street. 


Hunter-street. 


street. 


Accordingly Mr. Want moved the following reso- 
lutions : 


NOTICES OF MEETINGS. 


Tur SoutH STAFFORDSHIRE INSTITUTE OF IRON AND STEEL WORKS 
MANAGERS.—Next meeting at Dudley on Saturday, the 14th inst., 
when Mr. E. H. Saniter will read a paper on ‘‘ An Economic 
Process for the Removal of Sulphur from Iron and Steel.” 
Chair to be taken at 7 p.m. 

Puysican Society. —January 13th. 
by Mr. F, W. Sanderson, M.A. 

LONDON ASSOCIATION OF FOREMEN ENGINEERS AND DRAUGHTSMEN. 
—Saturday, the 7thinst., at 7 p.m. Annual general meeting in 
Cannon-street Hotel. Annual address by the President, Mr. F. J. 
Garnish, at 8 p.m. 

Tux Surveyors’ InstiruTioN.—Monday, January 9th, when two 
papers will beread: By Mr. P. D. Tuckett (Fellow), entitled ‘‘ A 
Short Explanation of the Proposed Bimetallism as affecting 
British Interests;” and by Mr. A. Goddard (Professional Associate), 
entitled ‘*The Currency Question and Land.” The chair to be 
taken at eight o’clock, 

Society or Arts.—Wednesday, January llth, at 7 p.m. 
Jnvenile lectures. ‘‘ The Guriosities of Bird Life,’’ by Mr. R. 
Bowdler Sharpe, LL.D. (Lecture II.)—Thursday, January 12th, 
at 4.30 p.m. Indian Section. ‘‘ Upper Burma under British 
Rule,” by Mr. H, Thirkell White, I.C.S. (Burma), C.I E. Major- 
General Sir George Stewart White, K.C,B., K.C,I.E., V.C., will 
preside. The paper will be illustrated with lantern views.— 
Friday, January 13th, at 8 p.m. Howard lectures. ‘‘ The Deve- 
lopment and Transmission of Power from Central Stations,” by 


“‘That this House desires to put on record its severest 
condemnation of the conduct of the member for Redfern, 
Mr. Schey, in connection with the charges made by him 
against Mr. Eddy, the Chief Commissioner for Railways 
and his colleagues. That in view of the finding of the 
Royal Commission appointed to inquire into the charges 
made by Mr. Schey, the member for Redfern, against the 
Chief Commissioner for Railways and his colleagues, the 
member for Redfern, Mr. Schey, ought to resign his seat 
in this House.” 

He had, however, scarcely risen to support the 
resolution, and brought his mind fully to bear on 
the subject, before he saw the futility of the latter 
portion. Itwas certain that Mr. Schey would treat 
an abstract resolution that he ought to resign his 
seat with perfect indifference, and the Assembly 
would, therefore, be brought into contempt. Mr. 
Want consequently offered to withdraw this latter 
part of the resolution, and eventually this course 
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was followed. The debate commenced at seven 
o'clock in the evening, and lasted until four 
o’clock the next morning. A few voices—very few 
—were raised in defence of Mr. Schey, speaker 
after speaker on the other side joining in the 
work of castigation. It is pleasant to add that, 
as might be expected in an assembly of English- 
men, Mr. Schey, while severely blamed, was 
encouraged to stand up, and by a manly and 
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sincere apology purge his offence, and gain the 
right to earn for himself a better character in the_ 
future. But such entreaties were vain. Mr. 
Schey under the shadow of Parliamentary pri- 
vilege was quite a different person from Mr. Schey 
before a Royal Commission. He no longer de- 
clared that he had no charges to make, and that all 
he had to offer were opinions and inferences. On 
the contrary, he repeated for two hours the old 
accusations. He asserted that he had neither 
apology nor excuse to offer. When he made his 
accusations he believed them, and now he be- 
lieved them more strongly than ever. He added 
that, no matter to what penalty he was subject, he 
should do again as he had done without fear, but 


On November 17 the Legislative Assembly of 
New South Wales sat in judgment on the conduct 
of Mr. Schey, member for Redfern, in connection 
with the charges he brought against Mr. Eddy and 
the other Railway Commissioners. We have 
already reported the previous proceedings on 
page 785 of vol. liii., and on page 357 of our last 
volume, and need not recapitulate them at any 
length. It will be sufficient to recall that Mr. 
Schey was dismissed by the Railway Commissioners 
from their employment, and that he then entered 
Parliament as a labour member. He seems to 
have devoted a great part of his energy to attacks 
upon the Commission, accusing its members of the 
most gross and flagrant misuse of their position for 
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their own personal ends, and demanding an inquiry 
into their conduct. The Government, knowing 
how empty were the charges, pooh-poohed the 
inquiry, but Mr. Eddy, with a clearer perception 
of what was necessary in such a democratic com- 
munity, sent in an urgent request that the inquiry 
should be granted, and the Government yielded. 
Mr. Schey wanted a Parliamentary Committee of 
equal numbers of avowed partisans of both sides, 
and himself as chairman, with a casting vote, of 
course. The procedure in such a court might 
have been very simple ; the two sides would have 
debated a point of order until both succumbed 
from fatigue, and then the president could have 
found all the charges proven. Lawyers and 
witnesses would have been equally superfluous. 
The Government naturally dissented from assisting 
at such a farce, andappointed a Royal Commission 
of three members, with a judge as President. 
Immediately this was known, Mr. Schey moved 
heaven and earth to avoid appearing before the 
tribunal ; he posed as a poor man for whom atrap was 
being laid by a pampered bureaucracy, and asserted 


fact that there was no likelihood of his expulsion, 
and that in the witness-box he had fenced awkward 
questions with an expertness that could not have 
been exceeded if he had been brought up in Great 
George-street. He objected to the framing of the 
indictment, although it was mainly taken word for 
word from his speeches ; he criticised the constitu- 
tion and procedure of the Commission ; he defended 
the character of the witness that did not appear, 
and retailed a statement he had heard that the man 
was paid to stay away ; he attacked the fairness of 
the court, accused the opposite side of perjury, 
and asserted that he was the object of a general con- 
spiracy to get him out of public life. 

What can be said of a person of Mr. Schey’s 
mental vision? He will accuse a man of un- 
blemished integrity of the most disgraceful corrup- 
tion on the strength of a rumour retailed by a man 
who cannot be found to confirm it, and he will 
‘‘ infer” that a second man is an accessory because 
he is brother-in-law to somebody else. Yet he 
cannot accept the acquittal of a Royal Commission, 
presided over by one of Her Majesty’s judges, and 
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the judge and the witnesses, but also prosecutor, 
dcfendant, and counsel, and that the only offence is 
wilful perjury. Although he could not—or would 
not—see this, he had to yield and appear, and 
then the cause of his reluctance was manifest. 
He had not a tittle of evidence to offer, except a 
statement by a man who discreetly disappeared 
the moment he was wanted as a witness. Kleven 
charges were taken seriatim, and every one failed 
completely and entirely, the Commission finding 
that there was no justification for them whatever. 
It would have been undignified on the part of 
the Legislative Assembly to have passed without 
notice the results of the inquiry. It had its origin 
in their midst, and not a few of the members were 
at one time misled by Mr. Schey’s positive assevera- 
tions into believing that the Railway Department 
was a nest of corruption. Even those that held 
the opposite view felt it was necessary to formally 
purge themselves from all appearance of complicity 
in the attempt to damage an upright and capable 


public servant, such as the inquiry had proved Mr. 
Eddy to be. 


American Industries and 

British Commerce. No. I. 
IN OLEBMieraisistnte’aitlalsie'sis'sisis, oiz-a6 
Screw Propulsion with Non- 

Reversible Engines ...... 
| The Danish Cruiser ‘‘ Gaiser” 
Boiler Explosions.......... 
Forced Draught and Leaky 

Tubes in Marine Boilers.. 
|The Inventor of Gutta- 


After due consideration his fellow-members de- 
cided that they must ignore him. They have 
already pronounced their opinion by a majority 
of 62 to 25; but he cannot be silenced except 
by expulsion, which would enable him to pose 
as a martyr, and we suppose it is hopeless to 
expect that his motions will fail for want of a 
seconder. Fortunately members of Parliament are 
not obliged to listen to the speeches of their com- 
panions ; the smoking-room and the library afford 
comfortable refuges, and we should imagine they 
will be largely resorted to in future when Mr. 
Schey is addressing the house. 

Mr. Eddy’s very numerous friends in this 
country will hear of the last scene in the splendid 
struggle he has made against detraction and 
calumny with genuine delight. It is quite certain 
that if he could have foreseen the half of what he 
has had to encounter in New South Wales, he would 
never have gone. The task of reorganising a rail- 
way department which had previously been ad- 
ministered by men who were selected for political 
reasons, and not for their competency, was diffi- 
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cult enough in itself, but in addition to this Mr. 
Eddy has had to maintain a continual conflict out- 
side his department. All the disappointed poli- 
ticians have combined to render his position un- 
tenable, and have tried every possible weapon 
against him. He has had to defend himself before 
two, if not three, Royal Commissions, but in each 
case he has been successful. On one occasion he 
prosecuted an assailant for libel so successfully that 
the man is now in prison, and this result probably 
accounted for Mr. Schey’s disinclination to venture 
outside the walls of Parliament. In the last 
encounter the victory has been so complete that it 
will be years before any serious opposition is raised 
again to Mr. Eddy. ‘‘ Wolf!” has been cried so 
otten that in future all ears will be closed to the 
alarm, and Mr. Eddy may do as he likes. No one 
will wish to court another failure like Mr. Schey’s. 


IRRIGATION IN EGYPT. 


JT'au Italian Government has published since 
1888 ten memoirs explanatory of the hydrographic 
map of Italy. Two treatises are in the press, and, 
under the title of Appendices, a supplementary 
series is commenced by a volume on ‘‘ Irrigation in 
Egypt,” by Professor J. Benetti, of Bologna. So 
far as population is concerned, Italians are very 
numerously represented on the banks of the 
Nile. In the census of 1882, out of a_ total 
foreign population of somewhat over 90,000, 
Greece contributed 37,301, Italy 18,665, and 
France 15,716. 

It is not, however, from the point of view of the 
material interests of Italy in Egypt, even with the 
possibility that this Mediterranean power may, 
through an extension of her sphere of influence in 
Abyssinia, control the flood watershed of the 
Eastern Nile, that the professor of hydraulic en- 
gineering inthe Engineering College of Bologna, 
prepared this valuable treatise.* ‘‘Itis expedient,” 
says the Minister of Agriculture, in the introduc- 
tion, ‘‘in view of what remains to be done in Italy, 
that we should examine projects that have been 
adopted, and results obtained in other countries. 
Professor Benetti spent several months in Egypt 
during the winter of 1890-91, during which he 
visited all the principal irrigation works, dating, 
some of them, from remote classical period, and 
made the personal acquaintance of the officials and 
private persons concerned with the maintenance 
of existing works and the further development of the 
resources of the country, and has thus been enabled 
to procure all the material necessary for a treatise 
on this subject.” 

Drawing largely from the reports of M. Linant, 
Sir J. Fowler (1873), M. Barois (1887), Mr. Will- 
cocks (1888), M. Chélu (1891), Professor Benetti 
expresses an independent opinion, which must be 
regarded as a very important tribute to the excel- 
leut work accomplished by the Irrigation Depart- 
ment since 1883. He speaks in the highest terms 
of the English officials, and is careful to give them 
credit for all that they have done in the re-organi- 
sation of Egyptian irrigation. At the same time 
there is a measure of disappointment in many of 
the conclusions at which Professor Benetti 
arrives. Thus he considered that the engineering 
works constructed for the draining of Lake Aboukir 
were planned and executed with consummate 
ability, and managed with great economy, but was 
‘“ orieved to see the delay shown by the peasants in 
taking active possession of theexcellentland of which 
the company could now dispose.” Agreeing with 
M. Prompt and M. Chélu, that the deterioration of 
Egyptian soil demands most careful considera- 
tion, the diminution in value of agricultural 
products, as compared with the fixed charges 
of the public debt, seems to him very serious. 
It may be that Lord Cromer (Sir E. Baring) 
is fully justified in saying that, so long as 
the political situation remains unchanged, the 
steady, moral, and material progress of the country 
is assumed (Report, page 37). In 1885 (Septem- 


* “Memorie Illustrative della Carta Idrografica 
d'Italia pubblicata dalla Direzione Generale dell’ Agri- 
coltura.” Tipografia Nazionale di G. Bertero, Roma. 
N. 13, “Le Irrigazioni nell’ Egitto, 1892” (115 pages, 
three maps). ‘‘ Nile Reservoirs.” Reports by Sir C. 
Scott-Moncrieff, K.C.M.G. ; Lieut.-Colonel J. C. Ross, 
C.M.G.; and Mr. W. Willcocks, M.I.C.E.; Public 
Works Department, Cairo, 1891 (71 pages). “* Egypt 
No. 3 (1892) ;” Report on the Administration, &c., in 
continuation of ‘‘ Egypt Nos. 2 and 3 (1891).” Her 
Majesty’s Stationery Office, March, 1892 (38 pages, 
price 43d.). 


ber 11) we said that England was pledged to stay 
in Egypt for many years. From the cataracts of 
the Upper Nile to the Barrage and the Harbour of 
Alexandria, this Italian treatise shows how English 
engineers and capital were utilised by Ismael, 
and that long before the occupation by a military 
force, resort was had to the civil engineers of this 
country. If it became expedient to modify the 
terms on which English officers stand by the side 
of Egyptians at Wady Halfaand Suakin, and direct 
and aid the native engineers in the ministry of 
Public Works, it is quite certain that, with due 
regard for the technical skill and training of the 
Continent, civil engineers from England, and Anglo- 
Indian officials, would have no reason to fear the 
results of an open competition. It is equally clear, 
however, that Italy has made vast strides since the 
Cavour Canal was an ill-omened name in the city. 
Nothing could well be more thorough, more con- 
scientious or more scientific than the works described 
in these official memoirs of irrigation in Italy. If 
England should encourage Italian enterprise in the 
marshes of the Egyptian seaboard, the generous 
rivalry might prove of importance in more than 
one relation. In the negotiations commenced in 
August, 1885, and summed up by Sir H. Drummond 
Wolff in his despatch of May, 1887, he acknowledges 
the assistance afforded by the Austrian ambassador 
and the Italian Chargé d’ Affaires at Constantinople. 
Italian architects, engineers, and contractors have 
left substantial proofs of their capacity throughout 
Egypt. 

In his last report Lord Cromer gives the revenue 
of Egypt at 10,599, 0001. ;* expenditure, 9,525, 0001. ; 
surplus, 1,074,000/. Nothing could apparently be 
more satisfactory. Still there is an Italian side to 
this picture, which represents not only a diminish- 
ing output per acre, with the heavy load of taxation 
bequeathed by Ismael, but accentuates the danger 
to be apprehended from the steady depreciation in 
the value of cotton and cereals, and the consequent 
‘unearned increment” of the land tax. Sir H. 
Drummond Wolff declared in 1887 that: ‘‘It would 
be a blot on any permanent arrangement if some 
attempt were not made to alleviate the heavy 
burden entailed on the fellaheen by the debt which 
crushes their industry, and often deprives them of 
their property and means of livelihood. Lord 
Northbrook recommended the diminution of the 
land tax by 450,000/. annually. Nothing was done.” 
The corvée was reduced in amount by 250,000. 
annually, but ‘‘this sum was paid by the people.” 
The Nile corvée this year kept over 100,000 
labourers away from their fields. Forced, unfed 
and unpaid, in Lower Egypt especially, this cannot 
be considered as anything else than a land tax; a 
servitude impressed upon the unprivileged part of 
the agricultural population. The new agricultural 
roads are paid for by a local tax. The land tax 
has been reduced by about 250,000/., but this is not 
a measure of general relief. It is the exemption of 
certain parcels of land in Upper Egypt, some of which 
had been abandoned by their miserable owners, be- 
cause they had been absolutely barren, or were taxed 
for more than the gross value of the entire inunda- 
tion crop. Cultivation of tobacco having now been 
prohibited, the imports have yielded 500,000. per 
annum in excess of the years previous to 1889. 
This is clearly also a land tax, imposed with ruinous 
severity upon the proprietors of certain lands 
specially adapted to its cultivation, and upon the 
peasants who smoked the cheap but steadily im- 
proving native product. 

The land tax actually collected in 1891 was 
5,075,000. The reductions were in the two 
southern provinces 120,000/., and in Gizeh 10,0001. 
Sir E. Baring notes that the results were most 
satisfactory, and that ‘‘the arrears were largely 
reduced.” Naturally the malevolent critic re- 
marked that it was a mere book account. The 
taxes were not reduced, but bad debts were written 
off because they were irrecoverable. ‘‘I may also 
mention,” says Lord Cromer, ‘‘that the value of 
gold and silver exported has decreased from 
281,000/. in 1889, and 171,000/. in 1890, to 27,0001. 
in 1891.” ‘I am informed on good authority that 
the peasants no longer sell their jewellery to pay 
their debts to nearly the same extent as formerly.” 
Upon this the Austro-Hungarian Consul in Alex- 
andria, in a remarkably lucid and suggestive report, 
responds; ‘‘ Sir HE. Baring points out in his report 


* These figures are Hgyptian pounds. An Egyptian 
pound is 2.5 per cent. more valuable than a pound 
sterling. 


that this reduction is a favourable sign of increasing 
prosperity, but I should like to permit myself the 
observation that the peasants, who, within two 
years, have sold 352,000/. worth of ornaments, 
probably have none or few left to sell. This seems 
to me quite as plausible an explanation of the fact 
mentioned.” (Commercielle Berichte, K. K. Oest.- 
Ung. Wien 7 Juli, 1892.) With the officially esti- 
mated reduction in values of 30 per cent., the land 
tax, which Lord Northbrook proposed to reduce by 
450,0001., has been, in fact, increased by 1,600, 0001. 
This increase also, of course, must be considered 
in its bearing upon the incidence of mortgages and 
other fixed charges. Egyptian farmers have been 
compelled to face declining prices without substan- 
tial relief. 

On April 22, 1879, the Khedive Ismael issued a 
decree prescribing a new adjustment of the financial 
situation, entailing no reduction of interest and 
promising payment in full to all classes of creditors. 
Egypt was at that time an equatorial empire. Both 
the Nile and the Red Sea routes were in its control. 
It was extending its commerce westward towards 
the Congo, and subjects of the viceroy held the 
frontier desert line of Middle Arabia. In the 
report of 1891 Lord Cromer accepts the estimate 
that since the deposition of Ismael three-fifths of 
the entire population of the Soudan have been 
destroyed by war, famine, and disease. Major 
Wingate puts this loss of life at over 8 millions of 
persons, who, in 1879, were loyal tax-producing 
subjects of the Government in Cairo, contributing 
a substantial quota to the Egyptian treasury and 
the trade of the world. On March 31, 1880, the 
Commission of Liquidation fixed the debt of Egypt 
at about 80,000,000/. In March, 1892, the debt 
was 106,000, 0001. 

The irrigation officials in Egypt are expected to 
make two ends meet, which are much further apart 
in 1892 than when the ex-Khedive retired to Con- 
stantinople. No doubt this has been done. A 
large surplus, partly re-invested in Egyptian secu- 
rities and partly in railway extensions, amounting 
nominally to over 2,000,000/., shows that Egypt was 
not near bankruptcy when the Powers forced the 
Sultan to put in the new Khedive, with an inter- 
national ‘‘board of directors.” Professor Benetti 
seems to consider that the task has not been so 
much lightened by the Barrage as has been gene- 
rally supposed. He refers to the careful examina- 
tion of the whole subject by the technical commis- 
sions of 1856, 1861, 1863, &c., and especially the 
detailed report of ‘‘the distinguished English 
engineer,” Sir John Fowler. He obviously con- 
siders that the battle of Barrage against pumps has 
not as yet resulted in a decisive victory for the 
open dam of Mehemet Ali and M. Mougel. It is 
now seen that the problem was not a simple ques- 
tion of the expense or feasibility of repairs. 

There has been an increase of disease directly 
traceable to high-level canals. ‘‘ A possible source 
of contamination of water supply in Egypt, which 
probably never entered the minds of the Irrigation 
Department, is undoubtedly to be found in the 
Barrages.”’ ‘‘ The Nile, for a considerable portion 
of the year, is converted into what is neither more 
nor less than a gigantic cesspool” (British Medical 
Jownal, September 22, 1888). Cholera in Ham- 
burg was serious enough ; but cholera for three 
months in Egypt, with the whole water supply of 
the Delta from Alexandria to Port Said and Suez 
poisoned in the ‘‘cesspool,” which extends from 
the Barrage to Cairo, is a contingency which the 
commercial world cannot contemplate with equa- 
nimity. 

The condition of the great elevating dams at the 
neck of the Delta is thus described by Sir C. O. 
Scott-Moncrieff : ‘‘ While the Barrage may be pro- 
nounced a sound, reliable work, so long as it is 
carefully watched, and repairs always effected as 
they are required, it would be madness to cease 
this careful surveillance.” These are not the terms 
on which the Forth Bridge or the Vyrnwy dam 
were authorised, or accepted from their respective 
constructors. Lord Cromer strongly indorses the 
views which Sir C. C. Scott- Moncrieff has expressed 
on this subject. ‘‘It does not require any tech- 
nical knowledge to see that a work such as 
the Barrage, which is built on a foundation 
of mud, must always be a cause of anxiety to the 
professional advisers of the Egyptian Government. 


Constant watchfulness, high engineering skill, and . 


the expenditure of money whenever it is necessary, 
can alone insure the country against the disaster 
which would ensue were this most important work 
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to break down ” (Report, Eg. 3, 1892). It may 
be said generally that engineers do not admit that 
an unsound dam has a right to exist. Continual 
repairs represent so large a capitalised sum that any 
initial expense is better than insecurity coupled 
with constant expenditure. The disaster which 
Lord Cromer considers possible would be the loss 
of the bulk of the cotton crop and great mortality. 
At what rate would a group of underwriters insure 
10,000,000/. of crops and 100,000 lives ? 

It must be remembered that Colonel Western 
distinctly intimated in 1887 that the repairs 
carried out under his direction, which, with the 
canal, cost three-quarters of the million lent to 
Egypt and guaranteed by England, would never 
make the structure stable. Professor Benetti is 
plainly of the same opinion as the late Director- 
General of Works, and by no means convinced 
that radical changes will not be required within 
a few years. 

Professor Benetti examines the question of storage 
reservoirs with judicial impartiality. Indeed, it is 
to be regretted that he does not express a more 
decided opinion. The reason may well be the 
anticipated presence of an Italian engineer at the 
proposed international Commission. In October 
last we said that this Commission would be 
summoned to Cairo at a very early moment. 

In May, 1891, Mr. Willcocks prepared a report on 
Nile reservoirs, in which he embodied the results 
of the prolonged and expensive studies made by 
him on the Upper Nile, and chiefly at Assuan. This 
report was submitted to the examination of Colonel 
Ross and Sir C. C. Scott-Moncrieff, and printed in 
September. Unfortunately, this volume of seventy 
pages does not contain any of the seven appendices, 
thirty-six plans, and three water-colour drawings 
which are said to have accompanied it. There is 
so much difference of opinion between Mr. Will- 
cocks and his superiors that, in the absence of the 
evidence, we shall content ourselves with stating 
the facts admitted on all sides. 

Sir C. C. Scott-Moncrieff prefaces his submission 
of the papers to the President of the Council of 
Ministers by saying that the subject is of the very 
greatest importance. 

‘*T think it proved, beyond doubt, that it is pos- 
sible, if it is desirable, to store up, during the 
months of abundance, water suflicient to enable 
the whole valley of the Nile, from Silsileh north- 
ward, to enjoy the same benefits of perennial irri- 
gation as are now confined to the Delta, and to 
those tracts watered by the Ibrahimiyeh Canal. 
More than that, it is possible to increase the sum- 
mer volume available in the canals of the Delta, 
and to leave a surplus to devote to the two long 
branches of the river, north of the Barrage, which 
would be a valuable boon to towns on the banks, 
such as Kafr Zayat, Dessuk, Zifta, and Mansourah. 
The water can be had. The means of storing it is 
not an impossible engineering feat. To carry out 
this programme, it will be necessary to form a 
great reservoir somewhere south of Silsileh, and to 
adapt the Wadi Raiyan to act both as a reservoir 
and as a great moderator of Nile floods.” 

The cost of conferring the priceless boon of peren- 
nial irrigation over large areas of Upper Egypt, and 
the reclamation of the marshes of the Northern 
Delta, is estimated at 8,000,000/. The results antici- 
pated were described by us in 1885. It was stated 
by Sir J. Fergusson, in the House of Commons, 
August 20, 1887, that ‘‘ the cultivable area of the 
country would be increased by not less than 90 
per cent.” With a debt of over 106,000,0001., it 
may be assumed that these eight millions, which 
would be largely private or corporate outlay, 
would add another hundred millions to the wealth 
of the province now administered under British 
supervision. 

‘* What I have now to recommend is the forma- 
tion of a reservoir capable of supplying a volume 
of 30,000,000 cubic metres of water for the sixty 
days in the months of May, June, and July, when 
the river is at its lowest.” 

“This quantity of water would, according to Sir 
©. C. Scott-Moncrieff, allow 5,000,000 cubic 
metres to pass continually through the Rosetta 
and Damietta branches, while none is now allowed 
at Low Nile to pass through the Barrage. It 
would produce 111,000 acres of rice and 541,000 
acres of cotton ; 500,000 acres under cotton would 
. yield nearly one-half of the present crop. Its value 
might be estimated at over 4,000, 000/. 

““The works necessary to furnish this irrigation 
and their approximate cost are as follows : 


£ 
Reservoir for water storage... 1,200,000 
Dam over Nile at Assiout and regu- 
lating bridge, Ibrahimiyeh Canal 800,000 
New canals required to utilise 
10,000,000 cubic metres of water ... 600,000 
2,600,000 


‘*The dam at Assiout is not with the object of 
storing water; but, like that at the head of the Delta, 
is to give us control over the Nile to enable us to 
send down the Ibrahimiyeh Canal (which will be the 
source of supply for all the provinces south of the 
Barrage) exactly the volume that is required. 1 
look on this work as of very great importance.” 

Sir C. C. Scott-Moncrieff examines briefly the 
proposed dams at Assuan, Kalabshah, Silsileh, and 
Wadi Halfa. The results are vague. It is obvious, 
as was pointed out long ago by Nubar Pasha, that the 
Nile minimum supply of 25,000,000 cubic metres is 
far in excess of the possible requirements of Upper 
Egypt, amounting to about 15,000,000 per day south 
of Biba. There is no need of a storage reservoir, 
therefore, south of the Raiyan, if sutticient water 
can be obtained from it to replace the amount 
used in Upper Egypt and double the present 
supply for the increased consumption of the 
Delta. 

‘‘The Wady Raiyan reservoir possesses great 
advantages in that it is sonear.” ‘‘ This reservoir 
would contain 2,000,000,000 cubic metres, orenough 
for 33,000,000 per diem for sixty days.” 

In regard to the cost of the Raiyan Reservoir, 
Sir C. C. Scott-Moncrieff gives five estimates by 
Colonel Western and Mr. Willcocks, varying from 
180,000/. to 1,479,247/. The calculation of Mr. 
Willcocks, however, was based upon an error of 
fact in regard to the length and difficulty of the 
line called by Mr. Cope Whitehouse the Berek 
Abu-Hamed (ENGINBERING, September 14 and 21, 
1888). The length of the desert section above the 
level of high Nile is given in Plate xxyvi., ‘‘Kgyptian 
Irrigation,” ‘‘ from the original plan, prepared by 
a staff of engineers working under the orders of 
Colonel Western, Director-General of Works.” 
‘*The Ministry of Public Works is (1889) ex- 
amined the Raiyan project in a very thorough 
manner, Major Ross, Inspector-General of Irriga- 
tion, examining the irrigation side of the question, 
and Colonel Western the constructive.” The per- 
pendicular section in metres, above 28 metres (taken 
as flood level in the Nile valley at intervals of a 
kilometre), is 18, 16, 21, 26, 26, 22, 12, 18, 14, 
16, 10, 4 (see map, EncinrErrInec, September 14, 
1888). The Wady Lulu, into which the canal 
would discharge, falls with great rapidity. Borings 
have been made which reduce the rock to be ex- 
tracted to certainly not more than one-half the 
total quantity. 

At the time this report was prepared Mr. Will- 
cocks had not been able to examine the region him- 
self, but Professor Benetti, Colonel Western, and 
Colonel Ardagh have stated facts, as the results of 
their visits, which will doubtless be accepted in 
their entirety in the report now in the hands of 
Mr. Garstin, who succeeds Sir C. C. Scott-Mon- 
crieff as Under-Secretary of State for Public Works. 
Colonel Ross considers that the canal should be a 
flood-escape, carrying 100 million cubic metres per 
day, straight through the hills. This question of 
the supply for the Raiyan reservoir is complicated 
by the time to be allowed for the first filling to 
the level of low Nile, the amount of dangerous 
flood to be taken off, and the separation of the use- 
ful alluvial deposit from the water passed into the 
lake. This does not affect the value of the project, 
but, as is well known, Mr. Cope Whitehouse 
claims that the immense water-power, and similar 
uses, should not be disregarded. 

On September 9, 1887, we made a careful analysis 
of the tables and levels in Colonel Western’s first 
report, and said that the ‘‘ minimum” curve, pro- 
jected by us in a diagram, was entirely below the 
‘requisite’ curve, but added: ‘This is a very 
cautious estimate, and quite omits two elements 
available for the filling of the basin upon which 
Mr. Cope Whitehouse places reliance.”’ ‘‘ In the 
first place it supposes ” (as Mr. Willcocks does now) 
‘*that the lake will be filled by the direct flow of 
water from the river through a canal cut for the 
purpose (across the valley of the Nile). But this 
is not necessary. At the end of the flood season 
millions of tons of water lie in the basins of 
Upper Egypt. All this is now allowed to run 
eastward into the river. It would be just as easy 
to divert this westward into the new lake.” 


‘‘ Again, the Bahr Jusuf can be relied upon asa 
feeder, as it runs all the yearround.” ‘This is the 
plan recommended by Sir C. C. Scott-Moncrieff, 
associated with the flood escape of Colonel Ross. 
Professor Benetti reminds his readers that this 
lake, of which he gives a map, with its surface of 250 
square miles, will be larger than the largest lake in 
Switzerland, and double that of the largest Italian 
lake, the Lago di Garda. Yet Sir C. C. Scott- 
Moncrieff says: ‘‘ With a dam at Assiout to turn 
the water down the Bahr Jusuf, the reservoir could 
probably be filled in three or four years.” 

Sir C. C. Scott-Moncrieff proposes (page 9) a 
Commission of a French, an Italian, a German, and 
an English engineer. ‘‘If an American engineer 
could be added to their number it would be most 
valuable. For nowhere in the world are there 
better engineers than in America, and they are 
used to dealing with larger rivers than are to be 
found in Europe. It would be easy to prepare 
distinct questions to lay before such a Commission. 
They might come to Egypt in November (1891), 
and go up the Nile with Mr. Willcocks to furnish 
them with all needful information. By February 
or March, 1892, one might hope to have their con- 
clusions, and, then, should the finances allow, no 
time need be lost in beginning the construction of 
a great Nile reservoir.” 

We wrote in 1887 that ‘‘ there are in this country 
at least a dozen engineers of eminence who are 
well acquainted with Egypt, and who are able to 
form a perfectly correct opinion as to the feasi- 
bility of the Raiyan scheme, and as to its value 
when completed. It would be a simple matter to 
ask their advice, and, if it were favourable to the 
project, the rest would be easy.” ‘‘The money 
could be raised in the city in a day on a conces- 
sion backed by our Foreign Office.” This opinion 
was fully endorsed by the London Chamber of 
Commerce, November 2, 1888, at a meeting pre- 
sided over by Sir J. Lubbock, where the address by 
Mr. Cope Whitehouse was amply confirmed by 
Colonel Ardagh and other distinguished authorities 
in engineering, commerce, and finance. 

The subject has been repeatedly mentioned in 
the House of Commons. Our minimum estimate 
of profit and maximum of cost was in round terms a 
million of income for a million of outlay, The 
Kgyptian Government consider that we under- 
estimated the relation between capital and return. 

In the report of Sir E. Baring (Lord Cromer) in 
1891 the project is described as feasible for 
1,500,000/. In his last report, March, 1892, Her 
Majesty’s representative in Cairo discusses the 
question at some length : 

‘*The Assuan dam would involve the submer- 
sion for several months every year of the beautiful 
Temple of Philz.” The Italian engineer intimates 
that this might prove a fatal objection. Lord 
Cromer expresses his hope and belief that ‘‘ the 
Egyptian Government will not be placed in the 
unpleasant position of being obliged to choose 
between the destruction or removal of the Temple 
of Philee and the abandonment of the scheme for a 
large reservoir.” ‘‘Sir Colin Moncrieff has sug- 
gested that a commission of specialists, who should 
be thoroughly indep« ndent men, and whose names 
should not have been connected with the advocacy 
of any particular plan, should be assembled to 
discuss this questions The Egyptian Government 
have not as yet taken any official decision in the 
matter, but I have little doubt that Sir Colin Mon- 
crieff’s proposal will be eventually adopted.” Lord 
Cromer, however, does not agree with Sir C. Scott- 
Moncrieff that the Public Works Department is 
ready for such a commission. ‘‘In view of the 
great importance of the question, and of the highly 
technical nature of the issues involved, which 
places a heavy responsibility both on the officers 
of the Egyptian Public Works Department and 
on the Commissioners, who may be ultimately 
called to give an opinion on the subject, I have 
strongly urged that the matter should not be 
hurried. A false step may produce very serious 
consequences. The only wish both of myself and 
of all other impartial persons must be that the 
scheme most likely to benefit the country should 
eventually be adopted. In order to attain this 
object, it is necessary to proceed with great de- 
liberation, and to insure the merits and demerits of 
the various plans being very fully considered from 
every point of view.” (‘‘ Egypt No. 3, 1892,” 
page 19). No doubt all this is quite true, but the 
Silsileh project as well as the Raiyan have been 
under consideration for ten years. No objection 


20 

of any kind has been successfully maintained 
against the desert-girt reservoir. It costs Egypt 
over 4,000,000]. per annum to deliberate. Ought 
the English engineers employed as the technical 
advisers of the Egyptian Government to be exposed 
to the interference of Her Majesty’s Government to 
prevent steps which they deem expedient ? 


THE WEATHER OF DECEMBER, 1892. 
Tur weather of December was variable as regards 
temperature: mild from 11th to 23rd inclusive, 
cold and frosty most of the former and latter part ; 
dry mainly, especially in east England, where fogs 
were also prevalent during the last week, causing 
the sullen days of winter to be most pronounced : 
*Tis done ! dread winter spreads its latest glooms, 
And reigns tremendous o’er the conquered year. 
One favourable feature has been the absence of 
tempests. The mean pressure and temperature of 
the atmosphere at extreme positions of the British 
Islands, to which the Isle of Man is central, were 
as follows : 


A Mean : 
tye Mean Difference Difference 
Positions. | pressure. | from Normal. Pompe, | from Normal. 
in. in. deg. deg. 
North 29.73 above 0.04 39 | below 1 
South 30.02 *) 04 44 | nil 
West 29.88 ns 04 44 above 1 
East 22,91 a 04 37 | below 3 
Central 29.91 .. 05 40 A 2 


The distribution of rain (including snow melted) 
in frequency and quantity may be inferred from 
the following results: 


; Difference 

Places. Rainy Days. Amount. fronteNonal 
in, in. 
Sumburgh .. ae 24 2.71 less 1.54 
Scilly a ee es 20 2.07 Pe 1495 
Valentia oie fee 26 5.0L » 098 
Yarmouth .. ae 1L 1.03 ae teeliGo 


The daily general directions of the winds over 
these islands give a resultant from W.S.W., re- 
garding them of equal force, taking the estimated 
strength into the computation W. by S., and the 
distribution of atmospherical pressure indicates 
the same. Thus while the pressure has been 
normal, the temperature nearly, the rainfall has 
been deficient, though frequent, and the drift of 
air has been normal. The notable feature is 
the general deficiency of rain, increasing from 
west to east, till on the east of England it was 
less than 39 per cent. of the normal amount, and 
rainy days there were very few. The east and 
south-east of England, however, had te endure 
seven or eight foggy days, the 21st, 22nd, 26th to 
the end of the month. The shortest day was short 
indeed, for fog obliterated it. During the period 
of fog the wind was either calm or light from S.E. 
During the 4th to 13th the winds were chiefly 
from N.W., at times fresh. In the intervening 
period the winds were chiefly from W.S.W., mode- 
rate, only reaching the force of a gale on the 18th. 
These warm winds sent ‘‘a comfortable air from 
far, which might supply the sun.” The mean tem- 
perature at 8 a.m. for the entire area of these 
islands, at sea level, was 36 deg. on the 2nd, 42 
deg. on the 3rd, 34 deg. on the 5th, 42 deg. on the 
11th, 38 deg. on the 13th, 48.5 deg. on the 18th, 
32.5 deg. on the 26th, 38.5 deg. on the 30th. The 
highest temperature, 58 deg., was reported at 
Foynes on the 18th; the lowest, 8 deg., at Braemar 
on the 5th. Owing to radiation, inland places were 
frequently very cold, while stations by the sea were 
quite mild. Here are a few instances at 
8 A.M. : On the Ist, Valentia 53deg., Wick 18 deg.; 
2nd, Scilly 49deg., Loughborough 23 deg. ; 3rd, 
Jersey 54 deg., Stornoway, 32 deg. ; 7th, Scilly 
45 deg., Nairn 23 deg. ; 8th, Scilly 45 deg., Lough- 
borough 25 deg.; 13th, Roche’s Point 52 deg., 
Parsonstown 30 deg. ; 22nd, Valentia 50 deg., 
Oxford 29 deg.; 28rd, Scilly 47 deg., Oxford 
27 deg. ; 24th, Valentia 51 deg., London 27 deg. ; 
25th, VWalentia 48 deg., York 17 deg. ; 26th, 
Valentia, 44 deg., Parsonstown 25 deg., Lough- 
borough 18 deg., York 18deg., Oxford 14 deg. ; 
27th, Scilly 44 deg., Loughborough 10 deg. ; 28th, 
Sumburgh 43 deg., Aberdeen 25 deg., Scilly 43 deg., 
Loughborough 16 deg.; 29th, Valentia 49 deg., 
York 16 deg. ; 30th, Scilly 50 deg., Cambridge, 
18 deg. The greatest atmospherical pressure, 
30,35 in., occurred on the 18th ; the least, 29.0 in., 
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on the 11th. Aurora was reported in north Scot- 
land on the 29th. The weather notations indicate 
that fine clear days varied between 8 in east Eng- 
land and 5 in west Ireland ; overcast days between 
19 in west Ireland and 15 in east England. On the 
5th a snowstorm in Larne and Antrim, also in 
north Scotland, formed drifts which blocked rail- 
ways temporarily and stopped outdoor work; and 
some snow fell in Wales, the midland, and some 
other counties of England. Beyond this there has 
been very little snow, but a great deal of hoar frost. 
The weather notations indicate most sunshine in 
the east, least in the west. The actual duration of 
bright sunshine, during the four weeks ending the 
year, estimated in percentage of its possible amount, 
was for the United Kingdom 20 (varying from week 
to week as 31, 15, 9, 27), Channel Isles, 30 ; north- 
sast England, 27 ; south-west England, 26; south 
England, 25; north-west England, 24; east 
England, 23; central England, 22 ; south Ireland 
and east Scotland, 19; north Ireland, 14; west 
Scotland, 12 ; north Scotland, 5. 

It may be serviceable to such of our readers as 
take an interest in meteorology to direct their 
attention to the ‘‘American Meteorslogieal 
Journal,” which began its ninth volume in May, 
1892. Itis the only publication in English which 
deals exclusively with meteorological problems and 
investigations. It aims to be first of all a monthly 
review of American meteorology, but mention is 
also made in its columns of all the more important 
foreign contributions to the science. Hach number 
contains several original articles ; short notices on 
various matters of current interest ; bibliographical 
notes, correspondence, and other matters of interest. 
The support that the journal has received shows 
that such a publication is needed, and the growing 
interest of all classes in this branch of knowledge 
should result in giving it a wider circulation 
wherever the English language is read. 


AMERICAN INDUSTRIES AND 
BRITISH COMMERCE.—No. I. 

Tue Democratic tidal wave which, last November, 
swept the whole surface of the United States, sub- 
merging—for the present, at least—McKinleyism, 
with all its charms and terrors, and lifting far 
above high-water mark the new platform of 
modified tariffs, gives cause for serious thought to 
those who, viewing theconvulsion from a distance, 
can perhaps form a clearer idea of its probable results 
than if they had been battling against, or swimming 
with, the flood. For those who take an interest in 
the question here, the excited utterances of partisan 
newspapers may be wholly disregarded ; even the 
opinions of careful and moderate politicians, 
amateur or professional, are reduced in value 
from the fact that they must be tinged with the 
hue of the writer’s or the speaker’s prejudiced, 
though honest, convictions. To us in England, it 
makes but little difference who sits in the Presi- 
dential chair at the White House, and in one sense, 
indeed, few things are less profitable or more 
offensive than English criticisms of foreign politics, 
especially — largely owing to a community of 
language—of American politics. 

But in another sense the change of Government 
in America is of the highest importance to us, and 
several questions are constantly present in most 
manufacturing centres in this country :—Will the 
entry of Democracy into power affect the industries 
of England, and, if so, how? Will the change im- 
prove our present stagnant state of trade, and 
revive the languishing condition of our export 
business? May it not even prove to be the com- 
mencement of a new and prosperous era, when 
British goods shall find their way through opened 
doors hitherto secured by tariff barriers, and the 
United States shall be, in the future, a more profit- 
able customer than she has been in the past? 
There are other and still broader questions that 
do not so readily present themselves for considera- 
tion, but which are even of still greater impor- 
tance: What effect will more liberal trade con- 
ditions have upon the producing capacities of the 
United States? Would it be to our ultimate profit 
or loss that the fostering care of Protection should 
be wholly or partly removed ? 

The wants of a population of more than 60 
millions are vast and varied ; to some extent in the 
United States they are and must be supplied from 
abroad, and become costly from the added duty. 
Some such wants are those of necessity, but others 
are those of luxury; and as the latter must be costly 
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and are not necessary to actual comfort and well- 
being, they are sought for sparingly, and in many 
cases are practically unknown. On the other hand, 
the essential comforts of life, though dearer than in 
this country for the most part, are practically within 
the reach of all wage-earners, because wages are 
regulated on a higher standard than with us. Such 
comforts and necessities are produced at home within 
the protective high tariff ring fence. Year by year 
the population of the United States increases at a 
very rapid rate; facilities of transport are ever 
extending and increasing, so that the industries of 
Maine and those of Florida, the products of New 
England factories and the agricultural wealth of the 
Pacific States, can be exchanged constantly and 
promptly, for the common good of all. To all intents 
and purposes the great country is self-supporting, 
with a large margin in some directions for export. 
These are mainly of the land—agricultural and 
pastoral—though certain industries, and especially 
certain classes of machinery, find profitable foreign 
markets. 

Of course, in America, as in other countries, 
unforeseen conditions—such as the opening up 
of new coalfields and iron mines in a region of 
cheaper labour ; the bringing together the produce 
of the field and the machinery for its conversion 
to save long and costly carriage of waste material— 
may and do shift the centres of manufacture, 
but only affect the total volume by swelling its 
mass. Thus the means of production are ever on 
the increase ; facility in production is always on 
the increase too; and with the growing population 
comes the growth of demand. Practically— though, 
on account of increasing taste for ease, the ratio 
does not hold—demand rises at the same rate as 
the population. But judging from the past, and 
seeing to-day what a vast manufacturing power the 
United States now possess, it is evident that the 
capacity of production is growing faster than the 
home demand. The excess already finds an outlet 
in foreign markets, and a question of vital impor- 
tance to this country is: Will the time come, and if 
so how soon, when our markets at home and abroad 
shall be invaded by the American, and the supinest 
Briton among us shall be forced to admit that the 
prestige of our merchant flag has flickered out ? 
That this evil day belongs to a distant future may 
well and confidently be hoped ; but many thought- 
ful and not pessimistic Englishmen regard it as 
within measurable distance. We have no reason 
to suppose that this country is to be exempted from 
the inexorable law which condemns all nations to 
decline and decay, but it is within the resources of 
modern civilisation to prolong vitality and vigour 
into extreme old age. Modern civilisation, how- 
ever, hasalso brought with ita danger to a nation’s 
commercial life, unknown in earlier times. Facility 
of communication means facility of competition, and 
campaigns, whether of war or trade, are fought 
now with a rapidity and intensity that make events 
march with bewildering speed. In attempting, 
therefore, to estimate the dangers that beset us in 
the future from foreign competition, this latter 
element must be counted, and its importance 
steadily kept in view. 

Pressure from without which is distributed more 
or less equally among the millions of units com- 
posing a population, becomes so reduced as to be 
little felt for a long time. Moreover, the wind 
that blows foreign goods to our shores to compete 
successfully with our native industries, benefits the 
consumer, even if it ruins the producer, thus illus- 
trating the old proverb. To take an example 
quoted at a recent meeting of the Fair Trade Club. 
The manufacture of the shilling razor was, from 
the first day a razor was sold for a shilling, until a 
few years ago, a British monopoly, and an impor- 
tant article of export. The trade is quite dead to- 
day, because German ingenuity, aided by State 
protection, developed a razor as good and for less 
money. So now the tables are turned ; a few hun- 
dred people lost their trade and turned to other 
occupations, or dropped into the ever-swelling 
flood of purposeless humanity, and were lost sight 
of. But, on the other hand, thousands benefited 
by the change—to say nothing of the profit trans- 
ferred to the German makers—which, however, 
was a poor consolation for those losing the business. 

But it dues sometimes happen that foreign com- 
petition presses so hardly on a very large section 
of the community, that after long and patient suffer- 
ing they are constrained to cry for relief with a 
determination that must be heard. Such an in- 
stance is before us now in the name of ‘“‘agricul- 
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tural depression.” For years the suffering has 
gone on, intensifying every season, driving a per- 
centage of the agricultural labouring classes into our 
cities, to struggle for labour in markets where the 
supply is always in excess of the demand ; or to 
seek a means of living in our colonies or under 
a new flag. But this shifting the centres of distress, 
or relieving it somewhat by actual removal, has not 
prevented the existence of wholesale and intoler- 
able suffering, the alleviation of which is a problem 
that calls for a solution, if one can be found. Here 
we have again the illustration of the shilling razor, 
but on a larger scale, and with an interesting dif- 
ference in the proportion between the producer and 
the consumer; the former class cannot accomo- 
date the latter by changing their avocations, though 
they do their best, or by disappearing, though 
stress of circumstances seems tending to force on 
them thatalternative. The inexorable law of supply 
and demand has brought about this crisis—though 
it would appear also that the quality of British 
wheat has something to do with it—and not one of 
the reforms or nostrums proposed can change the 
fact that we must continue to buy in the cheapest 
markets ; that the tendency in prices of foreign wheat 
is downward ; and that year by year England must 
be further distanced in the hopeless competition 
to supply her population with food. 

Now it does not require a large demand on the 
imagination to see this disaster befall other staple 
industries. On a smaller scale we have illustra- 
tions of it in full operation. The growth of our 
cotton manufactures has suffered by the establish- 
ment of mills on a great scale in India. Why 
should not the same thing happen in the United 
States? At present our geographical position is 
the best possible for shipment to many far-away 
markets, and it is cheaper to send cotton from the 
Southern States to Liverpool than to attempt to 
convert it in the vicinity of the cotton fields. But 
when a short route to the East is given to America 
by way of Nicaragua, our geographical advantage 
so far will have disappeared, and it may be cheaper 
to transfer the centre of industry from Manchester 
to Louisiana. British capital, in such a case, would 
doubtless follow the trade, but Britain’s staple 
industry would be crippled, and a thousand auxi- 
liary pursuits would be ruined. No matter in 
which direction we may turn, we find the same 
hostile influences at work, the same dangers 
impending ; the war of competition grows fiercer, 
and some of our outworks are already in the 
hands of the enemy. Of course the same struggle 
goes on with other countries; but naturally we 
feel more interested with our own difficulties ; 
moreover, we are perhaps more exposed, because, 
unlike France, we have no specialities that cannot 
be imitated, and because any real or fancied advan- 
tages of reciprocity are denied us. We have, more- 
over, more foreign connections and interests to 
guard from violation, and are more wholly de- 
pendent on foreign sources for the actual neces- 
saries of life. And as for our competitors from 
whom we have most to fear ; those who undersell 
us in our home markets, and seek, not always un- 
successfully, to undermine our foreign trade? In 
Europe ; Germany, Belgium, and France ; in the 
New World, the United States. So far, the last 
named has given us little cause for alarm, and 
she is by far the best foreign customer we possess; 
a customer we shall have before long menaced 
by Germany. Despite the continuous flood of 
immigration and the consequent heterogeneous 
character of the population, the United States 
people is an Anglo-Saxon people, who shares with 
us the proud conviction of universal superiority, 
differing only with us on the question of priority 
in this distinction among the nations. Anyhow, we 
may agree that trade follows the flag, whether the 
Union Jack or the Stars and Stripes, and that when 
the time comes the Anglo-Saxon element in America 
will not discredit, though it may sorely hurt, its 
progenitor, 

No time could be more opportune than the 
present to inquire, and if possible to ascertain, 
what real danger to our trade there is, if any, 
from the other side of the Atlantic. The anti- 
tariff demonstration and the holding of the Colum- 
bian International Exhibition at Chicago this year, 
are events that will attract universal attention in 
Europe, and should be studied especially in Britain. 
As to the former, time alone can disclose the 
changes that will occur, and if those changes will 
be specially favourable to Britain. For our own 
part, we think there is no reason to suppose they 


- 


will be particularly favourable. Such changes as 
will be made will be designed with the intention 
of benefiting American interests; if they are 
calculated to damage British interests, they will 
not be unacceptable in America on that account. 
The check on immigration which appears pro- 
bable ; a large reduction in the duties on raw 
materials which may be confidently looked for 
—neither of these changes are likely to do us 
good. As for other reductions in duty, we may 
take it for granted that they will be made with 
due consideration for the real or fancied interests 
of American industries. With France, Ger- 
many, and other countries the case is dif- 
ferent ; they have something to give in exchange 
for improved trade facilities ; we having nothing to 
offer, we cannot demand concessions, but we must 
perforce continue to import American foodstuffs 
and the products of such American industries as 
find their market here. The reduction of duties 
on raw materials may doubtless benefit a limited 
number; but it will also enable the American 
manufacturer to produce more cheaply, and there- 
fore bring him more nearly within the range of 
successful competition. We should imagine that 
anything like a realisation of the Presidential 
election cry of ‘‘ Protection for revenue only ” is 
absolutely visionary ; we have no doubt that, were 
it realised, early and lasting disaster would befall 
the trade of this country, after a few years of 
abnormally busy times; because, when once the 
social chaos in the United States from such a revo- 
lutionary change had passed away, American 
iudustrials would surely, and not slowly, learn how 
to produce more cheaply than ourselves, and flood 
the markets of the world with their manufactures. 
There is no reason why England should be liked in 
the United States, and many reasons why she 
should be disliked; of course we are speak- 
ing of nations, not of individuals. We are some- 
what too fond of emphasising our relation- 
ship, and on the strength of it to give use- 
less advice unasked, and to criticise with all 
the hardihood born of ignorance. Community 
of speech does not conduce to mutual love between 
nations, and vague ties of blood repel, rather than 
serve as bonds of union. The travelling Briton in 
the United States is apt to express his ill-founded 
opinions, regardless of giving offence ; the home- 
staying Briton displays the same artless frankness 
towards the American visitor. Thus, as a nation, 
we have earned an unfavourable reputation, and 
we all know here with what the term ‘“ Irish- 
American” is synonymous. The millions of various 
other nationalities that have found their homes in 
America accept the opinions of their environment, 
supposing that they have none of their own ; and 
it is not going too far to say that while there is no 
country in the whole world where the hand of 
friendship ig so warmly extended and whole- 
hearted hospitality displayed to an Englishman, as 
in the United States, we are not regarded nation- 
ally with the favour we believe we have a right to 
look for. 

These facts British exhibitors at, and visitors to, 
the Exhibition this year will do well to take to 
heart and profit by. The occasion will be one, if 
used aright, of incalculable value to those who 
seek to learn the strength and weakness of 
America’s industries; the directions in which they 
are likely to extend, and how far we have to 
apprehend loss from her competition with us in 
the near future. Commercially it is probable we 
have more to fear than to hope from this Exposi- 
tion. The British section, with its handful of 
exhibitors, will only, ina very partial and incom- 
plete sense, represent British industry. The 
manufacturers of the United States, partly from 
motives of patriotism, chiefly from a desire to extend 
business, are crowding to Chicago. There is no 
doubt as to the universal intention to display to 
the world the present condition of American in- 
dustry, for, if every department of the Exhibition 
had been four times as large, it would have been 
filled by applicants whose demands for space have 
been reduced by 75 per cent. The power of 
production ; the quality of the product; and the 
price of sale, will be illustrated there, but it is 
more than possible that to the casual English 
observer the information thus conveyed will be 
fallaciously encouraging. He will doubtless see a 
great range of objects that might dangerously 
compete with our own work, apparently, and 
possibly really, inferior in quality and higher in 
price. But if he is led from this to overlook other 


facts, and to come away more convinced than 
before of the superiority of British industry, he 
will have failed to learn the lesson that the Ex- 
hibition can undoubtedly teach. Apart from art 
industries, inferiority in quality is very often more 
apparent than real, and very often perfection of 
finish is less sought after than suitability for a 
special purpose. Indeed, adaptability is conspicu- 
ously an American characteristic, and to supply the 
customer with what he wants, instead of forcing on 
him what the manufacturer thinks fit to make, 
goes far towards compensating for imperfection in 
finish, supposing such to exist. The standard of 
higher prices must not be regarded with too much 
confidence. Extreme protection fosters high 
prices ; competition, and the prospect of foreign 
trade, reducesthem. And if we are to believe that 
the professions of the Democratic party will be put 
into effect, the higher prices will disappear under 
the stimulus and advantages of moderate tariffs. As 
for the national capacity of production, the contents 
of an exhibition afford little information on this 
point ; it must be sought in the statistics of manu- 
facture. 

From the foregoing we hope we have made 
our meaning clear, that there exists a twofold 
danger for us at the Columbian Exposition—the 
danger of being very imperfectly represented, 
and therefore of losing trade, and the peril of 
setting a false value on the productive capacity of 
the United States, on the quality of her products, - 
and on the question of her prices. It is in the 
hope of guarding our industrials against this latter 
danger that we have essayed an investigation into 
the condition of American industries and its possible 
future influence on British trade. The subject is 
too complicated and vast to attempt more than 
a series of notes on the development and tendency 
of those industries, our investigations tending 
towards a solution of the questions already asked 
at the commencement of this article: When will 
production in the United States outstrip demand 
to such an extent as to create a dangerous com- 
petition with us? And is it likely that in a not 
distant future such productions may compete with 
ours in price ? 

Very many points have to be considered in rela- 
tion to these questions ; the natural wealth and 
resources of the country must be kept in mind ; 
so must the increasing facilities in communication ; 
the growth and distribution of the population ; the 
cost of raw materials, the relation of wages and of 
manufacturers’ profits to selling prices, and so 
forth. To estimate the probable development in 
the future, the rate of progression in the past must 
be ascertained, and in order to bring the informa- 
tion thus obtained home to ourselves, we must 
institute comparisons between parallel industries 
in the United States and Great Britain. We can 
scarcely hope to acquit ourselves of such a task 
with completeness, or to the full satisfaction of 
those chiefly interested, but we trust that these 
articles may bring before the manufacturers of this 
country certain facts of which they were ignorant 
before, and lend a new value and interest for 
English visitors to the Columbian Exposition, 


NOTES. 
New Rattway Watt Map or ENGLAND AND 
WALES. 

Mr. Epwarp Stanrorp, of 26 and 27, Cockspur- 
street, London W.C., has just published a new 
wall map of the railway system of England and 
Wales, which has been prepared by Mr. R. 
Pryce-Williams, M. Inst. C. E., whose name is a 
guarantee of the accuracy and value of the infor- 
mation supplied, ss that of Mr. Stanford is for the 
manner in which the map has been executed. The 
map measures nearly 6 ft. by 7 ft., and is mounted 
on strong linen. It shows all the railways of the 
country, and also those at present authorised, but 
not yet completed. The map is finely coloured, 
showing the districts served by each railway. 
Joint lines are indicated by alternate strips of 
colour. Accompanying the map isatable, showing 
the number of miles open, the area of gathering 
ground for traftic, the miles of line to 10 square 
miles of area served, and the total receipts of the 
lines of England and Wales in 1871 and in 1891. 
From this table it appears that the Great Western 
has the largest gathering ground of any company, 
amounting to 11,954 square miles. Next to this 
comes the London and North-Western, which has 
7018 square miles of gathering ground, whilst the 
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North-Eastern comes third with 6842 square miles. 
These figures are no doubt more or less arbitrary, 
as they depend on the presence of other lines 
in the districts served, and are therefore of them- 
selves no indication of the relative importance of 
the companies, though it also appears from the 
table that the mileage standard would also place 
the three companies in the same order. The total 
number of miles now open is put down at 14,285, 
the average receipts per mile being 47101. in 1891. 


Tue Norra Sea-Batric Cana. 

According to the latest official report, work on 
this canal up to October 1, 1892, has entailed an 
expenditure of 116,000,000 marks, or 5,800,000l. 
The remaining work will involve a further 
estimated expenditure of 40,500,000 marks, or 
about 2,000,000). So far, 52,000,000 cubic metres 
of earth, clay, and rock have been excavated and 
removed. The so-called ‘‘ high bridge” at Griin- 
thal has been completed and delivered to the rail- 
way authorities, and has, since November 1, been 
used regularly for railway traffic. The water in 
the Hider Canal has been lowered, and in the 
course of the winter the water level will be further 
lowered over a considerable portion of the old 
canal. Some portions of the new North Sea-Baltic 
Canal, which have been filled with water from the 
Eider and Hider Canal, are already being used by 
small sailing vessels. On October 1, 1892, the men 
engaged on the works numbered 5868. It will be 
necessary to build another high-level bridge at 
Levensan ; according to the original plan a ferry 
and a turn-bridge were considered necessary at 
this spot, where the high-road between Kiel and 
Eckernforde crosses the canal. Recent experience 
has, however, proved that these means of com- 
munication will not suffice. This bridge at Levensan 
will necessitate an increased expenditure of about 
230,000. There is, however, a likelihood of saving 
some 100,000/. in other portions of the work. At 
present there is every probability of being able to 
open the canal for general shipping in the course of 
1895. Amongst the modifications of the original 
plans may be mentioned an increase in the number 
of the escape reservoirs from four to six, and these 
and other alterations will altogether entail an 
increase in the quantity of earth, &c., to be ex- 
cavated of some 14,000,000 cubic metres. Instead 
of the three single locks at the Elbe, and single 
lock at the Kiel port, originally intended, double 
locks will be used everywhere, to be 500 ft. long 
and 83 ft. wide. 


THE Wor.p’s Cotton ConsuMPTION. 

The consumption of cotton appears to be steadily 
and even rapidly increasing. In 1881-2 the aggre- 
gate consumption was estimated at 9,424,600 bales; 
in 1886-7 the total had advanced to 10,468,800 
bales ; and in 1891-2 it had further expanded to 
12,933,619 bales. A check was experienced in 
1884-5, but with this exception the consumption 
has been steadily advancing year by year. The 
consumption, for instance, of the last five years 
has been: 1887-8, 10,938,670 bales ; 1888-9, 
11,394,880 bales; 1889-90, 12,015,293 bales ; 
1890-1, 12,881,328 bales; and 1891-2, 12,933,619 
bales, as already stated. The consumption of each 
year may be classified under four main heads: 
Great Britain, the Kuropean Continent, the United 
States, and British India. In 1881-2 the consump- 
tion of Great Britain was 3,640,000 bales; in 
1886-7 it stood at 3,694,000 bales ; and in 1891-2 
at 3,977,000 bales. The European consumption 
was 3,198,000 bales in 1881-2, 3,640,000 bales 
in 1886-7, and 4,524,000 bales in 1891-2. The 
United States consumed 2,197,000 bales in 1881-2, 
2,423,000 bales in 1886-7, and 3,290,000 bales in 
1891-2. Finally, British India consumed 389,600 
bales in 1881-2, 711,800 bales in 1886-7, and 
1,142,619 bales in 1891-2. It will be seen that 
there has been a general advance all along the line, 
but that the proportionate increase in the con- 
sumption of British India has been especially 
marked. The working of coal in Alabama and 
Tennessee has also greatly stimulated the cotton 
manufacture of the Southern States. The con- 
sumption of cotton in Great Britain was somewhat 
smaller in 1891-2 than in either 1890-1 or 1889-90. 
The substantial fact remains, however, that the 
general consumption of cotton throughout the 
world has increased at an appreciably faster 
rate than in the British Isles. The supremacy 
which Lancashire has so long enjoyed in the 
cotton manufacture would appear to be on the 
wane, although it is claimed for Lancashire that it 
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possesses a climate admirably suited for the manipu- 
lation and treatment of raw cotton. While the con- 
sumption of cotton throughout the world has been 
steadily advancing during the last ten years, pro- 
duction has been growing in even a greater and 
more rapid ratio. The pacification of Egypt, and 
the good government of that country resulting from 
the British occupation, which has been in force 
since 1882, has very greatly increased the produc- 
tion of Egyptian cotton. The growth of cotton in 
the Southern States has also been advancing by 
leaps and bounds since 1882, so that, notwithstand- 
ing the remarkable increase in consumption to 
which we have just called attention, the price of 
raw cotton was exceptionally low during the crop 
year ending with September, 1892. Since Septem- 
ber, however, it has been ascertained that this 
year’s American cotton crop will be a short one—in 
fact, the United States Bureau of Agriculture pro- 
nounces it the worst crop secured since 1860. The 
result has been a marked and rapid advance in raw 
cotton quotations. 


BELGIAN State Raiways. 


This important network now employs no fewer 
than 10,684 officers, agents, workpeople, &c. 
Including 201% miles of leased lines, the system 
at the close of last year comprised 2025 miles 
of line in operation. The invested capital stood 
at the same date at 53,816,728/., and the net 
revenue acquired for 1891 was at the rate of 4.43 
per cent. per annum upon this outlay. This must 
be regarded as a satisfactory fact, as the credit of 
Belgium enables that country to raise capital at 
3 per cent. per annum. It is expected that the 
current year’s working will yield substantially 
similar results, since a slight falling off which has 
occurred in the receipts will, it is anticipated, be 
compensated by a reduction in the working ex- 
penses, in consequence of the management being 
able to obtain coal upon somewhat easier terms. 
The importance of this coal question may be in- 
ferred from the fact that the consumption of coal 
upon the system now amounts to about 800,000 
tons annually. The administration continues 
to replace iron rails with steel rails. The length 
of steel rails upon the system was increased last 
year to the extent of 1714 miles, while the length 
of iron rails was reduced to the extent of 1463 
miles. Nearly 75 per cent. of the whole mileage 
embraced in the system is now laid with steel rails. 
The rolling stock upon the system comprised at 
the close of last year 2070 locomotives and steam 
motors, 1268 tenders, 4917 carriages, vans, and 
vehicles used in connection with passenger trains, 
and 43,232 trucks and vans used in the goods de- 
partment. The consumption of coal upon the 
system during the last 10 years has been as follows 
1882, 698,000 tons; 1883, 692,000 tons; 1884, 
682,000 tons ; 1885, 660,000 tons; 1886, 647,000 
tons; 1887, 699,000 tons; 1888, 758,000 tons; 
1889, 779,000 tons ; 1890, 832,000 tons ; and 1891, 
837,000 tons. The average cost of the coal con- 
sumed during the 10 years was: 1882, 5s. 7d. per 
ton; 1883, 63. 3d. per ton; 1884, 5s. 11d. 
per ton ; 1885, 4s. 5d. per ton; 1886, 4s. per ton ; 
1887, 3s. 8d. per ton; 1888, 4s. 7d. per ton; 
1889, 5s. 4d. per ton; 1890, 8s. 9d. per ton; 
and 1891, 8s. 2d. per ton. The number of 
passengers carried over the system last year was 
67,000,000, or 3,000,000 more than in 1890. As in 
England, so in Belgium, third-class passenger traflic 
was by far the heaviest, amounting to 44 per cent. 
in the case of express trains and 87 per cent. in 
the case of ordinary trains. The number of second- 
class passengers was 36 per cent. by express trains 
and 11 per cent. by ordinary trains; and of first- 
class passengers 20 per cent. by express trains and 
2 per cent. by ordinary trains. The aggregate 
weight of goods which passed over the system last 
year was 26,500,000 tons. As regards accidents, it 
may be observed that there were 158 derailments and 
collisions last year, of which 43 occurred to pas- 
senger trains and 115 to goods trains ; the corre- 
sponding average number of derailments and colli- 
sions for the last twelve years was 185, so that last 
year’s working was attended with somewhat fewer 
accidents than usual. 


Derr ARTESIAN WELLS.—The deepest artesian well in 
the world is said to be one which penetrates to a depth of 
4194 ft., near Berlin, most of the distance through a solid 
belt of salt. The next deepest well is 38434 ft.,at St. 
Louis, Missouri ; and the third on the list is a well 3553 ft. 
in depth at Titusville, Pennsylvania, 
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SCREW PROPULSION WITH NON- 
REVERSIBLE ENGINES. 
To tue Epriror or ENGINEERING. 

Srr,— Probably your readers will be interested to hear 
that we shall have a neatly modelled craft, fitted with one 
adaptation of our reversible propeller, running on the 
Thames in about a month. It has first to go to the 
Mersey (after leaving the Humber), to be seen by several 
owners, merchants, and other gentlemen in that neigh- 
bourhood, 

Ihave the honour to invite any engineer or owner in 
search of economy and safety to favour us by inspecting it. 

Any one desirous of trying this system—either for new 
ships or renovation—will be placed in communication 
with some of the most eminent engineers in the kingdom. 

I shall also be very pleased to hear from any engimeers 
who may be inclined to encourage a system which can 
be proved to be in every way satisfactory and correct both 
in theory and practice. 

(The late accidents to the Spree, Noordland, and 
Umbria are a very sufficient commentary upon my often- 
expressed opinion that twin-screws are a necessity for 
passenger and war ships.) 

I shall be glad to acquaint any one interested with the 
date and whereabouts of the boat who will write to 

Your obedient and obliged servant, 
Ropert Mc.GLasson. 

39, Dagnall-park, Selhurst, London, 8.E., 

December 31, 1892. 


THE DANISH CRUISER ‘‘GAISER.” 
To THE Epiror or ENGINEERING. 

Sir,—With great interest I have read your article in 
ENGINEERING, December 23, about the trial of the Thorny- 
croft boiler on board the Danish cruiser Gaiser. 

As for all connected with the progress of marine engi- 
neering, the question of steam boiler construction is at 
present a very interesting one, I hope the following 
data and comparison may be of some value. 

Some long time already I have been trying to get a 
comparison made between a good system of water-tube 
boiler and the locomotive boilers built by Mr. Schichau, 
at Elbing, for similar purposes. Up till now, I never 
could get any trustworthy information about the water- 
tube system, and I have only to thank the courtesy of 
Messrs. Thornycroft, in publishing these results, that I 
am at last able to do so. 

I hardly need say that there is no other feeling than 
real technical interest on my part in making this com- 
parison, and as I esteem Mr. Thornycroft as the foremost 
and most able constructor of the system of water-tube 
boilers for marine purposes, a comparison with him and 
that which other people have achieved on other lines can 
only proveof value. .« 

I firstly take the data as published by you: The 
Gaiser is a ship of 1276 tons displacement, has two engines 
(triple-expansion) 18 in. (460 mm.) stroke by 19 in., 
30 in. and 50 in. (480 mm., 760 mm., and 1270 mm.) cylinder 
diameter, eight water-tube boilers arranged in two boiler- 
rooms, with four stokeholds and two funnels. 

Steam pressure at full power 177.6 lb. (about 12 atmo- 
spheres), revolutions of engines 250.6 per minute, and 
total indicated horse power 3157. 


Weight of boilers with pipes, pumps, up- tons 
take, funnel, and all other fittings in 
boiler-room... at oor ae 90.8 

Water in boilers 17.4 

Total o-: 108.2 


That is 34.3 kilogrammes per indicated horse-power. 


The cruiser type Kassarsky or D class, of which Mr. 
Schichau, at Elbing, has built about 10, are ships of 400 
tons displacement, and have one triple-expansion engine 
of 238 in. (600 mm.) stroke, by 271 in., 444 in., and 664 in. 
(690 mm. by 1120 mm. by 1680mm.) cylinder diameter, 
and two locomotive boilers in one boiler-room, one stoke- 
hold, and one funnel. Steam pressure 12 atmospheres, 
revolutions per minute 250, and indicated horse-power 
3500, 

As you will see from the detailed list of weights given 
below, the weight of engine complete, with shafting, 
screw, and with boilers, water, all auxiliary engines, floor 
plates, supplementary and spare gear complete, is 112.7 
tons—that is, 32.2 kilogrammes per indicated horse-power. 

That means the water-tube boilers on the Gaiser weigh 
alone more than on the Kassarsky type engines and 
boilers together. 

The boilers alone, with water and all fittings in boiler 
room, weigh on the Kassarsky type only 19.2 kilogrammes 
per indicated horse-power. 

These types of engines and boilers have been in constant 
work now about six years, and have given entire satis- 
faction. The best proof of this probably is that after the 
delivery of the first of these ships the German, Russian, 
and Austrian Governments have ordered and received 
several more exactly similar vessels. The boilers have 
never given trouble, never prime, and the engines have 
proved excellent and up to any requirement. 

The coal consumption of the Gaiser, with about 1 in. 
air pressure, is stated to be 1.87 lb. (about 0.9 kilo- 
grammes) per indicated horse power per hour, whereas on 
the Kassarsky type it does not exceed 0.75 kilogrammes 
per indicated horse-power per hour on full power. 

About the space taken up by the eight water-tube 
boilers I am not able to judge without drawings and 
dimensions, but I believe I shall not be very far out if I 
take it to be at least double that required for the two 
locomotive boilers of the Kassarsky type. 

If we are able to achieve such results with our old 
friend the locomotive boiler in every-day practice, I may 
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well ask if there is any necessity to go off from these 
lines, before at least somewhat similar results have been 
reached with other systems. 


List of Weights of Engines and Boilers for Cruisers, Type 
“ Kassursky,” built by Mr. F. Schichau, Elbing ; 3500 
Indicated Horse-Power. 


é Kilogrammes. 
1. Boilers with clothing 40,367.50 
2. Fittings '; re 6,458, 70 
3. Uptake and funnel... 4,692.10 
4. Water in boilers 15,800 
Total, A —— 67,318.30 
1. Main engine, complete with 
condenser, air, feed, and 
bilge pumps, tanks, evapo- 
rator, Kingston’stubes, &c. 40,458.01 
2. Water in condenser, pumps 
and tubes if win 2,284 
3. Shafting, stern-tube, screw, 
and bearings oe a 8,874 
Total, B —— 41,616.01 
ca 
1. Ventilating engines and 
ventilator complete 663.20 
2. Steam pumps complete 405 
3. Circulating pump and en- 
gine complete ae 540.50 
Total, C — 1,608.70 
1. Floorplates in boiler and 
engine-room, and telegraph 
complete with gear 1,064.58 
Total, D — 1,064.58 
EK. 
1. Spare gear - 343.25 
2. Supplementary 752.10 
Total, E 1,095.35 
Total ee 112,702.94 
Iam, Sir, yours very truly, 
R. A. ZIEsE. 
St. Petersburg, December 17 1892, 
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BOILER EXPLOSIONS. 
To THe Eprror or ENGINEERING, 

Sir,—I am very much pleased to find in your present 
issue an article on ‘‘ Boiler Explosionsand the Board of 
Trade.” I have carefully read all that has appeared in your 
paper respecting boiler explosions since the Board of Trade 
was empowered by the Act of 1890 to investigate such ex- 
plosions at mines, With you, I think that in the main 
those inquiries must have produced a favourable impres- 
sion upon those who have followed them. The investigation 
of the collapsing of one of the furnace flues of a Lanca- 
shire boiler at Leigh has afforded me great interest. I 
quite agree with you as to the false position taken up by 
the boilermakers, and that the injury to and deteriora- 
tion of boilers is often brought about by boilermakers 
sending out mere workmen to repair boilers, without any 
advice or instruction save to repair by patching. This 
patching and removing of portions is carried on until it 
is impossible to trace the original construction of the 
boiler. But while I disagree with boilermakers and their 
workmen setting themselves up as being competent to 
advise steam users as to alterations, I think the pro- 
prietor of a colliery ought to be held equally guilty for 
the employment of an incompetent person to discharge 
duties of such an onerous nature as those devolving upon 
an engineer at acolliery. If Mr. Howard Smith thought 
the colliery company had infringed the rules, as he stated, 
why did he not inflict a fine upon them also? As I look 
at the matter, the colliery company were certainly more 
to blame than the boilermakers, and particularly if Mr. 
Whitehead would not allow the boiler front to be 
removed. True, Mr. Stewart ought to have given up 
the job and allowed Mr. Whitehead to have employed 
some one else. As to Mr. Howard Smith’s decision that 
the colliery company had infringed the rules by allowing 
an incompetent person to act in the capacity of engineer, 
I should like to point out that probably more than one- 
half of the colliery proprietors in the United Kingdom 
are infringing rules, as there is no doubt that if men who 
are at present acting as colliery engineers were subjected 
to an examination, a very considerable portion of them 
would be found incompetent to either instruct or super- 
intend workmen employed in the repairs of boilers, and 
certainly not one-third would be able to calculate the 
bursting pressure of a boiler shell, the collapsing pres- 
sure of tubes, or the size of bowling hoops or other stif- 
fening rings. The question which naturally arises is, 
What is the reason of this want of intelligence in this class 
of workmen? To any person who has seen the effects of 
the Mines Regulation Act, which has placed in the hands 
of mineagents and managers the power to employ as an 
engineer a colliery joiner, a blacksmith, a fitter— 
in fact, any man that pleases their fancy, although 
the man so employed has never given a serious 
thought about the management or construction of boilers 
—the results will be obvious. With proprietors and 
Managing directors the difference between 32s. and 60s. 
or 80s. per week may carry great weight, but there is a 
much more potent factor at work than £s. d., which it is 
to be hoped the investigations of such menas Mr. Howard 
Smith may have the effect of minimising to some extent. 
As a first step towards the solution of the problem, 
perhaps it would be well to define—first, what are the 
qualifications, status, and responsibilities of an engineer ; 
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second, to determine his position in relation to others 
who, though possessing but a smattering of mechanical 
knowledge, take upon themselves to instruct, and in 
some cases to decide, what shall be his sphere of opera- 
tions; and so long as this is allowed to exist, what share 
of the responsility (in case of accidents, &c.) shall be 
borne by him and his so-called superiors ? 
W. H. W. 


FORCED DRAUGHT AND LEAKY TUBES 
IN MARINE BOILERS. 
To THE Eprror or ENGINEERING. 

Str, —Being engaged in an investigation of the strain- 
ing forces in boilers while heated, I venture to offer an 
explanation, possibly a remedy, for the much discussed 
plague of leaky tubes. 

To put it in afew words: the highly-heated tube-ends 
are crushed by the holes in the tubeplates, which are 
contracted at their firebox ends, forming a cone into which 
the expanding tubes are firmly pressed when the tube- 
ends are so far weakened by the bot gases and the very 
questionable cooling of a mixture of steam bubbles and 
water, if the temperature of the fire gases exceeds a 
certain limit. 

That the holes must be deformed conically is quite 
clear, on account of the enormous difference of tempera- 
ture on the two sides of the tubeplate. This is near 
1000 deg. Cent. in locomotives, and possibly more than 
1200 deg. in the combustion chambers of marine boilers, 
where the enormous temperature is created by the com- 
bining of highly-heated combustion gases and hot air. 

That the tube-ends are literally crushed is a fact of 
which every one may convince himself by examination ; 
the ends are quite loose in the holes, and may be moved 
by hand. 

The high temperature is a consequence of forced 
draught, by which far more hot gases are produced than 
by natural draught. These, cooled by the same heating 
surface of the furnaces, enter the combustion chamber 
with higher temperature, and double the difference by the 
fact that the combustion in the chamber now proceeds 
with hotter gas and air. 

You see now at a glance that the Admiralty ferrule 
acts as a stiffener, not permitting he crushing, and 
retaining the elasticity of the tube to follow the expansion 
and contraction of the tubeplate. 

To resume: 

1. Furnaces should have greater heating surface. 

2. The tubeplate should be 

a. of amaterial the expansion coefficient of which is 
a minimum, to reduce the contraction pressure 
between plate and tubes. 

b. of little thickness to the same effect. 

c. the tube-holes as large as practically compatible 
with the desired heating surface. 

d, capable of giving way a little to the expansion of 
the tubes, 

e. cooled so far as possible by good circulation. 

3. Ferrules are of good use. 

4. Separate combustion chambers for reducing the 
temperature of the gases. 

5. Stoking should be effected with as little air surplus 
as practically possible to reduce combustion in combus- 
tion chamber. 

The locomotives for which I am responsible have steel 
tubes with copper ends 5 mm, thick ; from the beginning 
they hold admirably, wanting little re-rolling, but when 
burned down to 2mm. re-rolling does not help without 
the use of ferrules. 

Begging pardon for encroaching so much upon your 
valuabie space, 

Iam, Sir, yours respectfully, 
J. WITTENBERG, 
Engineer to the Southern Railway. 
Hungary, Nagy-Kanizsa, December 29, 1892. 


To THE EDITOR OF ENGINEERING. 

Sirr,—The serious trouble which has been experienced 
with so many of our Navy boilers, when working with 
forced draught, has naturally led to the proposal of a 
great variety of expedients, intended to afford such pro- 
tection to the tubeplates and tube ends as to render 
unnecessary the entire renewal of many existing boilers. 
We know that the Admiralty pattern ferrule has un- 
doubtedly done good service. The endurance of this 
ferrule, however, has yet to be proved. 

In your issue of December 23, 1892, page 795, you 
illustrate a tubeplate shield with ferrules, invented by Mr. 
Cowper, and [ am sorry to say it will not doat all. He 
completely screens the tubeplate from the heat altogether, 
thus removing a great amount of heating surface where it 
is practically required in all marine boilers of the class 
which have so signally failed; I think we may as 
well not use a tubeplate at all if we are to adopt 
this method. There is no doubt but that there 
has been some very valuable imformation gleaned 
through your valuable medium concerning this leaky 
tube question, which is troubling the minds of the 
Admiralty and the nation at large. Now, as a practical 
boiler constructor, I have viewed the many illustrations 
and the many methods of circulation of water to the tube- 
plates, and I must say that I am astonished at some of 
the inventors who have rushed into the market since this 
discussion commenced in yourcolumns. Now, if we were to 
adopt Mr. Lyndsay Burnett’s method we should be surely 
descending the ladder. We have set ourselves to climb 
by sucking the sediment and dirt out of the bottom of 
the boiler and distributing it over the tubeplates, over the 
tenderest part of the boiler’s anatomy, and the very part 
where we must try to prevent scale or dirt accumulating. 
Now, in your issue of December 16, 1892, there is an 
annexed diagram to the method which Messrs. Murray 
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and Paterson have adopted, and which all practical con- 
structors should view with interest, for they are pro- 
tecting the tubeplate and tube-ends simultaneously by a 
light compound fireproof tubeplate shield, which forms a 
medium between the flame and tubeplate, allowing the nor- 
mal temperature of heat in the combustion chamber to be 
always in contact with the tubeplate, and no impediment 
being offered. The stinging nature of the gases cannot 
come in contact with the tubeplate or tube ends, nor can 
any of the ferrules be knocked out during cleaning 
operations. I am led to believe that no contraction 
can take place in the material they are constructing 
their shields of, for they are made for special intense 
continuous and intermittent heats, and their refractory 
power and durability are unequalled. I think the Ad- 
miralty could not do better than give the shield a trial, 
for it seems to satisfy the minds of all practical engineers 
I have had the pleasure to come in contact with con- 
cerning this leaky tube question. 
fam, yours faithfully, 
Joun Lermont, Consulting Engineer 
A (Late of Lloyd's). 
George-square, Glasgow, January 2, 1893. 


THE INVENTOR OF GUTTA-PERCHA- 
COVERED WIRE. 
To THE Eprror OF ENGINEERING. 

Sir,—From your notice of the lately deceased Dr. W. 
von Siemens, it would appear that he was the inventor 
of gutta-percha-covered wire; but such is not the case. 
The inventor is my old friend Mr. F. H. Danchell, a 
Danish engineer, well known to many in this country, 
where he resided and practised for about 50 years, and 
who now writes me from Copenhagen as follows: 

““T do not remember the exact date, but I think it was 
between 1840 and 1845 that I heard a paper read at the 
Society of Arts upon gutta-percha, where some of it was 
shown as a curiosity. On application I obtained some of 
it for experiment ; the peculiar properties of it gave me 
the idea that it might be used with advantage for cover- 
ing wire for electric telegraphs. I succeeded in doing 
this, and showed a specimen of it to an agent of a noted 
American firm, who at that time happened to be in 
London to take orders for electric communications. He 
thought very highly of it, and advised me to go to Berlin 
and apply for a patent, as the Prussians were making 
great advances in adopting the electric telegraph com- 
munication. In England I could take no steps, as a 
Quaker firm had obtained a patent for the application of 
gutta-percha generally. I took bis advice and applied in 
Berlin for a patent, and was told by the Royal Commis- 
sioners that they could not grant a patent without seeing 
how it was done; for this purpose I had to get a machine 
made to show how the wire was to be covered with gutta- 
percha. The English Consul, Mr. Eliot, introduced me 
to an engineering firm for this purpose ; their name was, 
if I do not mistake, Siegel. When the machine was 
made, I apprised the Royal Commissioners that I was 
prepared to show them the process, and they appointed 
a day to attend. With the two commissioners came 
Ernest Werner Siemens, then a young officer in the 
Prussian service, who seemed to be a special friend of 
theirs. They satisfied themselves about the process, and 
promised that I should hear from them. After waiting 
a fortnight, and not receiving any communication, I 
called upon the principal commissioner, when I was in- 
formed by him that the matter was too important to give 
any one the monopoly of it, but that shortly tenders would 
be applied for, for a line between Berlin and Frankfort, 
in which case I would have the best chance to recoup 
myself for my expenses. I sent in my tender, but was 
astonished to find that a connection of Siemens had got 
the order. On inquiry, I found his tender was very 
slightly below mine. T leave it to you and others to 
judge of the fairness of these proceedings, but at any rate 
Mr. Siemens or his friends have no right to call the in- 
vention his.” 

Asa matter of fact, I cannot find any English patent 
application in the name of Siemens till 1852, but in that 
year E. W. Siemens had a patent for electric telegraphy, 
and in the specification is described and claimed a specific 
construction of machine for covering wire with gutta- 
percha, and he states wherein the difference lies between 
that machine and other machines for accomplishing the 
same purpose. 

I believe that gutta-percha-covered telegraph wire was 
first used in 1837, on the aforesaid Berlin-Frankfort line, 
and next in 1848 for submarine purposes in the harbour 
of Kiel and adjoining waters during the Dano-German 
war, and that by the then Lieutenant E. Werner Siemens 
for the Prussian Government, who thus secretly sup- 
ported the revolt against Denmark. 

Yours obediently, 


HOT-AIR JACKETS FORSTEAM CYLINDERS 
AND GAS-FIRED BOILERS. 
To THE Epiror or ENGINEERING. 

Sir,—I wish to obtain from your readers opinions as to 
the application of hot wir jackets, instead of steam jackets, 
to steam cylinders. The idea of writing to you occurred 
to me when reading in your recent issues the second 
report of Mr. Davey’s committee, and the discussion 
thereon, at the last meeting of the Mechanical Engineers, 
as printed on pages 549, 556, 567. 

The use of jackets with steam cylinders is as old as the 
days of Boulton and Watt ; it was so much more neces- 
sary, aS in those days of spherical and wagon boilers 
hardly more than 2 to 23 atmospheres pressure could be 
obtained, 
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All that a jacket is asked to dois to keep the cylinder 
at an even temperature and expansion, to prevent its 
cooling by transmission of heat through its walls, and 
consequently the condensation of the steam inside of it, 
which condensation in the old Newcomen atmospheric fire 
engine was done there on purpose by injecting a spray of 
water, as you all know. 

Though I perfectly acknowledge the use of steam for 
filling the jackets of modern engines, I cannot refrain 
from seeing thereby an enormous waste of heat, there- 
fore of power and energy produced by the boiler, besides 
other inconvenient things, such as condensed water, &c. 

I believe the object may be fulfilled with greater ad- 
vantage by the use of hot ai, asit does not rob the boiler 
of any of its produced energy, and as with all stationary 
and marine engines it may be had almost for a song. 
For it is only necessary to place under the funnel or 
chimney-stack a properly constructed hot-air apparatus, 
heated by the waste heat, and kept at such a tempera- 
ture as to produce hot air of a somewhat higher tempera- 
ture than that of the steam admitted to the cylinder. 
Such an apparatus can be made very compact on an im- 
provement of James Neilson’s invention, who first used 
hot blast in 1829 at the Clyde Iron Works, near Glasgow. 

I think a temperature of the hot air of from 300 deg. 
Fahr. to 350 deg. Fahr., or from 150 deg. Cent. to 
180 deg. Cent.—that is, of about the melting point of 
camphor—will be sufficient for most purposes. The advan- 
tages I see from hot air are a great saving of heat and 
power, consequently of fuel and labour, great facility of 
its application and regulation, and total absence of con- 
densed water in the jacket ; and as the exhaust air will 
be conducted to the fires (while the exhaust steam and 
the water are now sent to the boiler), there will be a better 
combustion and utilisation of the fuel too. 

I do not know whether hot air was ever tried before for 
this purpose, and what drawbacks it may possibly have 
proved to possess. But I well remember that I suggested its 
use more than 40 years ago to William Siemens, then engi- 
neer in Fox, Henderson, and Co.’s London Works at Smeth- 
wick, near Birmingham, where he constructed his regenera- 
tive steam engine, which made so much stir at the first Paris 
Exhibition (in 1855), when it was the motor for a great 
portion of the machinery hall. Siemens employed then 
a bath of easily fusible metal, such as an alloy of bismuth, 
lead, and tin, which surrounded the steam cylinder, and 
was kept at a temperature a little above its melting 
point. There were, however, difficulties in keeping it 
fluid, which would have been avoided by the employment 
of hot air instead. 

It also appears to me that the construction of perfectly 
reliable boilers for high pressures, consequently for high 
temperatures, leaves still very much to be desired. Cy- 
lindrical they must be, and tubular also, but I think it is 
a mistake to have solid fuel burnt inside the boiler. Ac- 
cording to my view, only gasified fuel should enter the 
boiler, and the gas producers or generators should be 
outside the same, just as with the Siemens-Martin steel 
furnace, only adapted in proper shapes, of iron with a fire- 
proof lining, and perhaps with a water jacket for use 
in ships. The boilers are the stomach of the ship, and her 
finest machinery becomes useless when they fail. There- 
fore they ought to have given them the highest digestive 
power possible, and what escapes as waste should be still 
utilised as much as possible, 


I am, yours truly, 


SCREW PROPELLERS. 
To THE EDITOR or ENGINEERING. 

Srr,—You may consider that the importance of the 
subject will justify my again trespassing upon your very 
valuable space, and perniit me to offer a few remarks 
upon a paragraph in your last issue as to the trials of the 
Hercules (page 696). 

I long ago noted in your esteemed journal that the 
blades must not be ‘‘ crowded,” that they must be per- 
mitted to ‘‘ pass” the water freely, and that they must 
be placed in such a position that the water is supplied to 
them in as ‘‘solid” a condition as possible. Accident, 
and even ‘‘ natural causes,” have been known to ‘‘ correct” 
a four-bladed propeller to the benefit of the owner. With 
all deference to the designers, I cannot see why—having 
increased the revolutions and the power—a two-bladed 
propeller should, in this case, have been changed to a 
four-bladed_ one on the first renovation. It must be 
remembered that it works in a ‘‘hollow between two 
posts” right in the ‘‘run” of along ship. However, the 
repeated dockings have had the effect of corroborating 
views I have expressed in your esteemed journal and its 
contemporaries. I presume it is not now expedient to 
alter the engines. It may, also, not now be economically 
or architecturally possible to make this particular ship a 
twin-screw by means I have had the honour of suggesting, 
and to which I again referred in a recent issue. 

But the executive may at least begin the two new 
blades where they can act. Let the engineers decide 
upon the maximum engine speed of rotation they con- 
sider most desirable in this case (the maximum possible 
would be best if ‘‘he” had twin screws in open water), 
and then let the circumferential travel of the periphery of 
the boss be equal to the anticipated maximum speed of 
the ship through the water. Anything less than this 
will create a ‘harmful space,” which will do all sorts of 
damage, and assist in spoiling the action of the remainder 
of the blades. (As to my opinion of what the new blades 
themselves ought to be capable of doing, I take the 
liberty of referring the reader to my last two letters, so 
kindly inserted by you.) If it be found that the boss 
‘‘works out” rather large, and it be desired to reduce 
its diameter, the revolutions must be increased. 

They may not be able to do this to the desired extent 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


OcropER, 1892. 


NovemBer, 1892. 


DEcEMBER, 1892. 
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upon the Hercules, but they may with other old-time 
ships about to be refitted. If the Government would 
only fit them with (where at all possible) twin screws, 
the ships would be worth double the money in modern 
warfare, in which handy manipulation will be their very 
life. It may be said that they are intended for distant 
stations, convoy, &c. ; but it must not be forgotten that 
a ship like, say, the Russian Ruric, built to run 18,000 
knots without coaling, and having almost 2000 tons 
greater displacement than the heaviest armed cruiser in 
the world, could ‘‘ drop” torpedo (or even gun) boats any- 
where, and that these handily-manipulated craft could 
make the Ruric their base, and could probably (say at 
night) make short work of a long vessel that did not 
possess the vitally necessary power of sharply manceuvring. 
And the loss of such a ship might sacrifice a colony. 

Two quickly-revolved two-bladed screws in ‘‘ open” 
water, with blades begun where they can act beneficially, 
their surface area not crowded, and acting in equilibrio 
at any pitch, angle, and speed, their section such as will 
avoid friction as much as possible, made capable of 
direct manipulation and of suiting the vessel and the con- 
ditions on the vessel and while running, are the fittings 
requisite for the proper propulsion and the safety of the 
Hercules of the future. 

I have the honour to be, 
Your obedient servant, 
Rosert McGuasson. 
Selhurst, London, 8. E., December 3, 1892, 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE Epiror or ENGINEERING. 

Sir,—In your issue of the 9th inst. you notice the 
above list and quote figures, in ‘* Miscellanea,” for the four 
leading railway companies. Perhaps Mr, Stretton can 
enlighten me as to the reason of the last-named railway’s 
number being less by some 180 than given a few months 
ago by its superintendent. 

Yours faithfully, 
Joun H. RAVENSHAW. 

Ryton-on-Tyne, December 22, 1892. 


LAnp In THE Conco.—The lands owned in the Congo 
Territory by the Belgian Congo Commercial and 
Industrial Company stand in the company’s books at 2d. 
peracre. Actual sales have been effected at this price; 
hence its adoption for account-keeping purposes. 

THE CorintTH CANAL.—The extraction effected from the 
resumption of the works to November 20, 1892, amounted 
to 2,691,900 cubic metres. Two steam navvies and one 
dredger are now at work. The number of men engaged 
is about 1700. 


THE Surz Canau.—M. Jules Guichard has been elected 
provisionally to the presidency of the Suez Canal Com- 
pany. M. Guichard has issued a notice to the effect that 
a regular and satisfactory administration of the affairs of 
the company is absolutely assured and secured, : 
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“ CAPERCAILZIE.” 
LIMITED, GLASGOW. 


IN 


We illustrate this week the steam yacht Caper- 
cailzie, which Messrs. Barclay, Curle, and Co., 
Limited, Whiteinch, Glasgow, constructed last year 
for Sir John Burns, Bart., of Castle Wemyss. ‘This 
is the fourth steam yacht the chairman of the Cunard 
Company has had built in succession on the Clyde, and 
it is interesting to note that each was inevery respect an 
improvement on its predecessor. The first was built 
in the yard of the Messrs. Thomson at Clydebank, and 
was named the Matador. She was 125ft. long, 20 ft. 
beam, and of 220tons. Her immediate successor was 
a smart steamer called after a South American bird— 
the Jacamar. Messrs. Barclay, Curle, and Co. built 
the Jacamar, which was 170 ft. long, 24 ft. beam, and 
of 451 tons. Selling her to the Government—who 
changed her name to Imogen, and got a lot of excellent 
work out of her as a man-of-war vessel for the Ambas- 

ador in Constantinople—Sir John Burns commissioned 

the same firm, in 1883, to build him a still larger and 
finer boat, which they did, the name of Capercailzie 
being now first adopted. This steamer was 192 ft. 
long, 24 ft. beam, and of 519 tons. Like her prede- 
cessor, she was acquired by the Admiralty, and was 
handed over to them at Devonport, where she took the 
place of the veteran side-wheeler Vivid as flagship, and 
now carries the flag of H.R. H. the Duke of Edinburgh, 
the Naval Commander-in-Chief there. The Vivid, it 
might be worth mentioning, was one of the first 
steam vessels used in carrying the mails between 
Doyer and Calais. The naval authorities were much 
pleased with the Capercailzie ; amongst those who in- 
spected her minutely on her arrival being His Royal 
Highness the Duke of Edinburgh. Sir John Burns 
being pleased with the name, and desiring to adopt 
it for his new yacht, stipulated that the Admiralty 
must find a new name. 

The new Capereailzie, as will be seen from a glance 
at Fig. 1, above, showing the profile, is certainly 
smart. She is built of steel, and internally is 
subdivided into six water-tight compartments. She 
is plated out and in below, and flush from the turn 
of the bilge, an improvement on her immediate pre- 
decessor, which was plated out and in both above 
and below. Forward she has a strong resemblance to 
the last boat, and the same might almost be said of 
her aft; but probably the counter—finished with a 
square taffrail—is longer than that of the older boat, 
and consequently more graceful. Her clipper cut- 
water is finished with a representation of the bird 
after which she is called, while the under side of 
the counter is relieved by some carving, amongst 
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which is the coat-of-arms of Sir John Burns, and the 


motto of his house, ‘‘ Ever Ready.” The new Caper- 
cailzie is 229 ft. long on the load water-line, and about 
240 ft. long over all, 26 ft. 9 in. beam, 16 ft. deep 
moulded, and of 800 tons yacht measurement. She 
is rigged as a fore-and-aft two-masted schooner, her 
mainmast being 120 ft. long over all. 

The general arrangement of the decks and cabins 
will be appreciated from Figs. 2 and 3. It is scarcely 
necessary to particularise as to the decoration and 
upholstery. The grand reception saloon, which is 
the full width of the vessel, is about 28 ft. or 30 ft. 
long, and is amidships; the rooms for Sir John and 
Lady Burns and their family—splendid apartments— 
are forward ; while the accommodation for the guests 
is aft in a suite of eightlarge and handsome state-rooms. 
The deck-houses have been utilised for smoking and 
lounging rooms. The quarters for officers and crew 
are also very good. The Capercailzie was built under 
the personal supervision of Captain A. Wilson, who 
isto command her, as he has doneall Sir John Burns’s 
steam yachts. 

The engines are of the triple-expansion type, having 
cylinders 17 in., 28 in., and 45 in. in diameter, and 3 in. 
stroke, working at a boiler pressure of 165 lb. The 
general design is well illustrated by the engravings on 
our two-page plate and on page 16. Particular attention, 
it may be stated, has been given in the design of these 
engines to make them run without noise or vibration, 
which is so objectionable in fast steam yachts. Inthe 
engine-room there are electric engines anddynamo, and 
storage cells of sufficient capacity to supply the whole 
of the electric lights in the ship for ten hours after 
the machinery has ceased working. There is an 
auxiliary circulating pump to condense the steam from 
the electric engines when the main engines are stopped. 
Steam is supplied by a single-ended boiler 15 ft. 6 in. 
in diameter by 11 ft. 6 in. long, having four Fox’s 
corrugated furnaces 3 ft. 3in. in diameter. Weir’s 
patent duplex feed pumps and evaporator are fitted, 
The speed on the measured mile was 144 knots, and, 
on a nine hours’ trial at sea, the engines worked most 
satisfactorily, and although the weather was extremely 
boisterous and the sea rough, a power of 1085 indicated 
horse-power was obtained, which drove the yacht at a 
mean speed of 13.624 knots. 


Frenow Navications.—The Havre, Paris, and Lyons 
Navigation Company has just held its meeting for 1891-2. 
A dividend of 16s. per share was paid for the year. 
Similar distributions were made for 1890-1 and 1889 90, 


INDUSTRIAL NOTES. 

THE year that has gone has been remarkable for 
the prominence of labour questions in all the social 
and political movements which have taken place. 
In the politics of the General Election, in the chief 
municipal and local contests, and in connection 
with public bodies of all kinds, ‘fair wages,” 
shorter hours, and better conditions of work have 
been insisted upon, and in most instances with 
considerable success. On the whole, it will be ad- 
mitted that the workmen in numerous places and 
cases have improved their positions during the year 
1892. In a few instances reductions in wages have 
been effected—-among the miners in South Wales and 
Monmouthshire ; in Durham, after a thirteen wecks’ 
strike ; in Cumberland ; and in Northumberland. In 
all the other coalfields wages have so far been main- 
tained. The engineering and shipping trades have 
suffered reductions in Newcastle and along the north- 
east coast generally, on the Clyde, at Barrow, and at 
some other places. Generally, however, wages in the 
several branches of the engineering trade have kept 
up wonderfully. The eight hours’ system is being 
tried in Newcastle and one or two other places, in- 
cluding the Thames Iron and Shipbuilding Company’s 
works, under certain conditions, and approximately in 
the whole of the building trades of London. Trade 
union rates of wages have been secured in con- 
tracts under the London County Council, the Lon- 
don School Board, and in various vestries, municipal 
and county councils, and other bodies. These are 
gains—net gains—to working people. On tie other 
hand, some strikes are in progress, and others are 
pending; but with even a slight revival in trade 
many rumoured labour disputes may be averted, and 
possibly those in progress may be settled. Let us 
fervently hope that trade will so revive as to bring 
industrial peace and commercial prosperity, both in 
engineering and all other great industries. 


In the Lancashire district there is little change to 
record in the situation. There being little real pres- 
sure of work, otherwise than in exceptional cases, the 
last week of the past year was exceedingly quiet, the 
holidays being prolonged in many instances because of 
the absence of pressure. ‘The dispute in the cotton 
trade helped to prolong the holidays in several of the 
centres of industry. The hopes are that with the 
opening weeks of the year, and the completion of 
stock-taking, there will be not only a resumption of 
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steady work, but that in some cases there will bea 
little more activity than of late. There may be no 
actual foundation for those sanguine hopes, but some 
circumstances seem to justify the anticipation. There 
are no serious complications in the labour market, in 
so far as the engineering trades are concerned, nor in 
the cognate industries ; this fact alone is a good sign, 
as it indicates that the depression is not yet acute 
enough to cause serious labour troubles in those 
branches of trade, or even to create uneasiness among 
the workmen. 

The dispute in the cotton trade has now lasted over 
two months, and no real signs of an agreement are 
manifest at this date. But there is a growing feeling 
all along the line in favour of a speedy settlement of 
the dispute. The stoppage has gradually lessened the 
stocks on hand, and there is more firmness in the 
quotations, so that self-interest will urge a settle- 
ment, if no stronger motives exist for delaying 
it. The pressure of privation has been severely felt 
during the past fortnight, and has been bravely en- 
dured. But willing hands and hearts have come to 
the rescue in many places, and notably in Oldham, 
where feeding the hungry has been engaging the 
attention of those not suffering by the dispute. There 
is one gratifying feature in connection with the struggle 
which is frequently absent from similar disputes— 
there is none of the bitterness of industrial contests, 
as usually conducted. Consequently there is less 
difficulty in the way of conciliation, or mediation, 
if circumstances should favour negotiations for a 
settlement. The sooner such are opened the better 
for all parties. 


In the Sheffield and Rotherham district the pressure 
of business, in anticipation of the Christmas and new 
year’s holidays, was not so great as was expected, and 
that pressure being over, trade has relapsed into a very 
quiet state. The outlook is not very favourable at 
present; indced, itis anything but encouraging. The 
year must be well turned before it can be at all pre- 
dicted what kind of a spriog season it will be for the 
staple industries of Sheffield and its neighbourhood. 
The old contracts in the heavier trades are being 
worked off, with no sufficient weight of new work in 
immediate prospect to supply their places. But no 
important laLour disputes are taking place, and no 
disquieting rumours are heard of serious reductions in 
wages being in contemplation. Here, again, the very 
absence of indications in this respect is to s»me extent 
reassuring. A falling market is usually accompanied 
by notices of reductions in wages ; the absence of the 
latter may possibly mean that the depression is 
believed to be temporary. 


A dispute which arose at the steel works of Messrs. 
Craven and Co., Limited, at Darnall, was with a con- 
tractor rather than with the firm. It is stated that he 
gave the men a verbal notice of a 10 per cent. 
reduction in the wages rates. The men asked fora 
written notice, which he gave, but then refused to 
allow them to continue at work. The men then 
claimed a week’s wages in lieu of notice; this was 
refused until the men placed the matter in the hands 
of a solicitor, who demanded the wages, or in default 
or refusal, threatened to sue for them. The wages 
were then paid. The men were then refused work, 
and the contractor decline1 to recognise the men or 
their representatives. After some consultation, the 
men have made an offer to the firm to do the work at 
a price, and dispense with the contractor. The men 
are members of the National Iron and Steelworkers 
Association, whose head-quarters are at Darlington, 
and the society sent a delegate to try and effect a 
settlement of the dispute. 


The condition of trade in the Cleveland district 
has been extremely slow, very little businéss being 
done during all last week. The outpot has not 
diminished beyond what is usual at this season of the 
year, but the sales and shipments have been limited, 
The result has been that stocks have largely increased, 
and the rates are weaker. Manufactured iron and 
steel continue in a depressed state, the demand being 
extremely limited. But as work is likely to be better 
on the Tees and the north-east coast, there will probably 
be a little more activity in a short time. 


In Scotland the iron and. steel trades have been 
quiet, and as New Year’s Day is the Scottish holiday, 
the stoppages extended into the present week, until 
after Wednesday. The demand for iron has been 
limited, but prices are steady. The wages question 
has been settled with the steelworkers, so that work 
will be more general after the present week. Indeed, 
it is said that activity will be generally resumed in 
most branches of the steel trade at an early date, 
There is a gradually improving tone as regards the 
prospects of the present year, and some confidence is 
felt as to the near future. Steel makers are already 
asking for better prices, 


In South Wales there is little new to report as 


regards the iron and steel industries. The prospects 
are not bright, and the present uncertainty with 
respect to the sliding scale tends to render still more 
uncertain the anticipations of a revival. Work has 
has not been busy at some of the great iron works of 
the district for some time past, and the keen competi- 
tion of some of the English competitors has worked 
disadvantageously to the Welsh firms and companies, 
even though the price of fuel has gone down, as com- 
pared with the prices in the English counties. Never- 
theless the trade languishes somewhat, and has done 
for some time past. The tinplate trade is also very 
dull, the recent expectations as to a revival not having 
been fully realised. 


A ballot of the sailors and firemen, members of the 
union at the port of Hull, has resulted in their accept- 
ance of reductions in the rates notified by the ship- 
owners some time since ; the men will work under the 
lower rates from the commencement of this year. The 
reductions are rather substantial, and have been 
threatened for some considerable t'me. 


The glassblowers at various districts are locked out 
to the number of about 2000, of whom about 1000 are 
in the Barnsley district of Yorkshire. It is expected 
that the dispute will affect from 10,000 to 12,000 men 
altogether in all the districts in the West Riding of 
Yorkshire. The reduction sought to be enforced is 
3s. per week. The employers state that they cannot 
work at present rates owing to foreign competition. 


The Bristol Watch Committee, it appears, have 
resolved to prosecute Mr. Alderman B. ‘Tillett for 
alleged incitement to riot in connection with the 
recent processions and meeting in the Horse Fair. The 
magistrates granted a summons on Friday last, re- 
turnable on January 9. Mr. Tillett was not at the 
meeting, but the speech referred to was delivered in 
Bristol at an earlier date. The words quoted do not 
appear to.be very dreadful in themselves, but a wide 
construction may be put upon them under some of the 
old statutes. 


The Amalgamated Society of Brushmakers have de- 
cided to admit women into the union as members, with 
the hope of securing to them the same pay as ren for 
the same class and quality of work. This decision will 
apply to all branches of the union throughout the United 
Kingdom. Gradually the unions are opening their 
doors to female workers in the several trades where 
females are employed, asin the textile trades, book- 
binding, and some others. Jn some industries the 
proportion of women workers is yery large. 


No change has taken place in the condition of affairs 
at Frodingham, and it seems as though both parties 
were determined to fight out the issue to the bitter 
end, The contest has resolved itself into union or no 
union, so that all sections of the workers are affected, 
and all the several unions to which the men belong. 
The men are appealing for support to other unions, on 
the ground that it will be a blow to trade unionism 
everywhere should they fail in this instance. 


The Idaho miners have been found not guilty of 
murder and conspiracy in connection with the mining 
riots at Cour d’Alene in July last. This acquittal is 
equivalent toa verdict that the acts of the unionist 
miners were of a defensive character, and not a con- 
Spiracy, as had been assumed. Such verdicts bring 
the law into contempt, and lead to further outrages. 


The strike of some 8500 miners in the coal mines of 
the Saarbriick district affects nearly the whole of the 
State mines, Great excitement prevailed in the dis- 
trict by reason of some excesses alleged to have bern 
committed, and because of the fact that many of the 
men were armed with revolvers. Violence in connec- 
tion with labour disputes never really pays, to put it 
on no higher grounds. 


A rather curious dispute occurred at Manchester last 
week, whereby some 800 employés at the theatres 
were dismissed. 'The managers heard that a strike 
was intended, but this the men denied. ‘The former, 
however, desired to fortify themselves by an agree- 
ment, giving and taking a week’s notice. The men 
refused to sign, whereupon they were dismissed, and 
their places were filled by others. The men have re- 
cently formed a union, but the managers refused to 
recognise it. 


The Royal Commission on the Poor Law is directed 
by its reference to the subject of the aged poor, and 
covers the whole ground of old age pensions. The 
Commission is a strong one, and if it be possible 
to develop a scheme of provision for old age, doubt- 
less one will be evolved from the inquiry. But it 
leaves out, of the scope of inquiry the pressing ques- 
tion of out-of-work, and the temporary relief that 
is necessary to ward off absolute want, and yet pre- 
serve the self-respect of the worker. The inquiry will 


not settle much, therefore, though it may help us to 
solve the question of provision for old age. 


The provisions of the Factory Act which came into 
operation with the dawnof the present year will mark 
a new departure in the history of the Factory and 
Workshop Acts. The age at which children can be 
put to work is raised, outdoor workers are to be regis- 
tered, and the provisions relating to sanitation will be 
more generally enforced. Whatever the shortcomings 
of factory legislation in this country, it is, on the whole, 
far in advance of that of all other countries-—even of 
Switzerland. 

In the efforts to fix a scale of trade union rates of 
wages, the London County Council has found a diffi- 
culty in the tailoring trade. That trade is so vaiying 
in its ramifications, and different in its rates of pay- 
ment, that even the ‘‘log” so long contended for, and 
at last won, in so faras London is concerned, has not 
solved the problem. But the scheme, as regards most 
other trades, appears to be pretty complete. In any 
case the recognised rates will become more firmly 
established under the rules in force by the London 
County Council and the London School Board ; and as 
such will often be quoted in courts of law as the cus- 
tomary rates of the district, which, so far as London 
is ocncerned, will mean the metropolitan district. 


The ironstone miners in the Cleveland district have 
resolved to leave the National Union, with which 
they have been so long connected, embracing Durham 
and Northumberland, and to go in heartily for the 
National Federation. Many circumstances have con- 
duced to this—the Durham strike, the help cf the 
federation in the time of their tribulation, its resistance 
to reductionsin wages, and its policy on the eight hours’ 
day. Very curiously, the delegates of the Cleveland 
miners gave evidence against legislative interference 
before the Royal Commission on Labour, and sub- 
sequently affirmed that they had changed their minds 
upon that subject, 

The conditicn of affairs in the South Wales coal 
trade is unchanged, except that the sliding scale, 
which ended on Saturday last, is being kept in force to 
the end of this month, though a decision in respect to 
it is expected by the 2lst inst. Meanwhile the agents 
of the South Wales Miners’ Federation and of the 
National Federation are busy, one set working for and 
the other against the sliding scale. No real decision 
can be given as yet as to which way the men will go; 
much will doubtless depend upon the Birmingham 
Conference. But the chances of the continuance of 
the scale are growing weaker, and of joining the 
federation stronger, in the several districts. 

In the Forest of Dean some unimportant disputes 
have arisen among the miners oyer alleged reductiors 
in rates, quite apart from the general reduction in 
colliers’ wages. The disputes have led to stoppages in 
two or three places, in one of which non-union men 
have gone in. At the Trafalgar Colliery the men 
ceased work because of a reduction of 3d. per ton on 
the standard rate on a particular seam. Efforts have 
been made to settle these differences pending the 
general question of a reduction, the notices of which 
have been withdrawn. 

The condition of the coal trade in Derbyshire has 
keen so good that at many places only two days’ 
holiday was allowed, and at some pits only one. The 
questions in dispute over the price list are being 
arranged satisfactorily, and it is expected that all 
matters will be amicably settled. The two collieries 
at which the notices were given with the view of effect- 
ing a settlement have continued at work, and are 
likely to remain so until the price-list is agreed upon, 
when the new rates will apply not only to these Lut 
to all others. 

At the Pontop Colliery, Durham, there has been, 
and is, a strike against some ten or a dozen non- 
unionists, or rather against men whe, having been 
members of the union, and who were supported dur- 
ing the 13 weeks’ strike, fell into arrears, and refused 
to pay up. The uvion men refused to descend or 
ascend the shaft in the samecage. Efforts at a settle- 
ment have been made, and failed so far. Now some 
of the union men are summoned before the magis- 
trates. 

In the Scottish mining districts trade is depressed, 
but signs of improvement are manifest in various dis- 
tricts. Wages have gone down from 6s. per day in 
1891 to 5s. 6d. in April last, and subsequently to 5s. 
per day, and there seems to belittle chance of any ad- 
vance at the presenttime. The price of coal has gone 
down from 1s. to ls. 9d. per ton, according to the 
quality. 

At the Nailstcne Wood Collieries, Leicestershire, 
a dispute is pending over the question of ccal wall in 
the pits. The men allege that it means a reduction 
in wages, and some efforts have been made to effect a 
settlement. No open rupture has taken place, nor 
have the coalowners given notices, but if such are 
given the men say that they will tender notices to 
cease work, and the association, it appears, will sanction 
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their doing so, 


Probably, however, a strike may be 
averted. 


SHIPBUILDING AND MARINE ENGINEER- 
ING IN ENGLAND.* 
Tue Norru-East Coast. 

In our article on the industries in Scotland we 
entered into a brief comparison between the Clyde 
and the North-East Coast, the two principal shtp- 
building districts, indicating the important features 
of the work as a whole, and that in neither case was 
the difference on the output of the previous year very 
pronounced, One remarkable feature brought out by 
the returns from the North-East Coast, more distinctly 
than by those from the Clyde, is the increasing size 
of the vessels built. On the Clyde there is a much 
greater variety of craft, and usually a large number 
of small boats for special purposes ; on the Tyne and 
adjacent 1ivers the great majority of the vessels built 
are for cargo-carrying, with occasionally a high-speed 
passenger steamer. The Tyne return is affected by 
the inclusion of the two battle-ships launched by 
Messrs. Palmer, which unduly increases the average ; 
but on the Wear, the Tees, and Hartlepool it is 
remarkable to note almost a steady increase in average 
size in five years, from 1700 to 2500 tons in one case, and 
to 2755 tons in the case of Hartlepool. Before entering 
upon details it may be mentioned that marine engineers 
in the district have been very busily engaged, and that 
Messrs. Hawthorn, Leslie, and Co., Newcastle, who 
have constructed a large number of engines for 
Government vessels, top the list in the United King- 
dom. We give, along with their total, a list of the 
firms who confine themselves to engineering ; 


1891. 


| 
| 1892. 
| 


No, | I.H.P. |No. | LHP. 


Hawthorn, Leslie, and Cc,, Newcastle | 12 | 41,350 20 | 43,5C0 
Central Marine Eogineering Works, | | | 
West Hartlepool ats an ..| 15 | 34,250 , 22 | 14,450 
Wallsend Slipway and Engineering, | 
Company .. oF ae Bic ..| 20'| 25,700 21 | 24,569 
North-Eastern Marine Engineering) | | | 
Company, Sunderland. . = eo} 1 |) 16,540) ? 23° 31,220 
North-Eastern Marine Engineering | 
Company, Wallsend Se o2e 15250 ||) 
John Dickinson, Sunderland ., wel) 27i-) 70,800 | 21} 4,875* 
George Clark, Limited, Sunderland ..| 9 | *6,795 | 11 , 11,40 
W. Allan and Co, Sunderland.. 23 | 10,A00 | 28 | 32,550 
Westgarth, English, and Co. 6 | 2,066 | 138] 9,725 


* Nominal horse-power, 


The last -named firm also constructed two sets of 
triple-ex pansion engines for factories. 

The Tyne.—The 18 yards on the banks of the River 
Tyne produced 116 vessels, which collectively repre- 
sent 229,469 tons, including the two 14,150-ton 
battle-ships. The number of vessels is fewer than in 
previous years, but the tonnage is greater, the reason 
being the two bigships of war. The tonnage is 44,100 
tons, or 23 per ceat., more thin in 1891; but this is 
scarcely equal to the decrease then, so that the year’s 
total is 5200 tons short of 1890, when the aggregate 
attained the highest point in the history of the port. 
The prospects point to something approaching a 
collapse, since the work on hand falls far short of the 
capacity of the yards. The Tyne depends very largely 
on steamers. But one ship of size (3178 tons) was 
built by Messrs. Swanand Hunter, the only other ship 
of note being a 1541-ton vessel by Messrs. Schlesinger, 
Davis, and Co. The remainder of the 8468 tons of sail 
craft was made up of barges and small craft. This 
total, although it only represents 3.69 per cent. of the 
aggregate production, is greater than in previous years, 
since sail tonnage has, hitherto, been practically ni/. 
Foreign tonnage stands about the usual ratio, 27 per 
cent.; the total being 61,615 tons, the measurement of 
34 vessels. Several small craft were constructed of 
iron, the total being 5457 tons, which is rather more 
than in some past years. 

Messrs. Palmer launched seven vessels, including 
the two battle-ships, the total being 45,470 tons, 
which is considerably less than in the year of great 
activity, the highest point having been reached in 
1889, when the output was 64,669 tons. The indicated 
horse-power was 34,200, against 37,960 indicated 
horse-power in 1891. Sir William Armstrong, 
Mitchell, and Co. launched from their two yards 19 
vessels, of 36,043 tons, an increase of about 6000 tons 
on the previous year. From the Elswick establish- 
ment there were floated, as usual, several cruisers of 
note, including the Japanese vessel Yoshino Kan, of 
2890 tons displacement, to attain a speed of 225 
knots with 15,000 indicated horse-power developed ; 
the 9 de Julio, for Argentina, which attained this 
satisfactory result; and a couple of cruisers for 
Brazil.t Messrs. Readhead, South Shields, constructed 


* In previous articles we dealt with the kingdom 
oy (see vol. liv., page 791), and with Scotland and 

reland (Jbid., page 814). 

+ Seé ENGINEERING, vol. liv., page 779. 


eight steel screw steamers of 21,410 tons gross register, 
showing a reduction on the previous year’s return of 
three vessels, and 4241 tons, partly accounted 
for by the practical stoppage of the yard for 
about three months in the early part of the 
year in consequence of the engineers’ strike. Messrs. 
R. and W. Hawthorn, Leslie, and Co. built five 
steel steamers varying from 3000 to 4671 tons, and 
aggregating 19,760 tons, and engined these and seven 
others, including H.M.SS. Bonaventure and Cam- 
brian, built in the Dockyards, as well as the Brazilian 
cruisers Tiradentes and Republica, built at Elswick. 
The total indicated horse-power of the twelve vessels 
is 41,350. Messrs. Wigham Richardson and Co., of 
Low Walker, completed 10 steel vessels—nine steamers 
of large tonnage, and a sailing vessel of 55 sons. The 
tonnage totalled 15,789 tons, against 13,592 tons in 
1891, an increase of 2197 tons. The engineering 
returns of the firm show that 13 steamers have been 
fitted with triple-expansion engines, aggregating 
22,050 indicated horse-power, against 24,240 indi- 
cated horse-power in 1891. As in 1891, Edwards’ 
Shipbuilding Company, Limited, Howdon, launched 
six vessels, but the measurement is 5431 tons greater, 
being 15,761 tons. Four steamers were over 3000 
tons. The return of Messrs. Swan and Hunter, 
Wallsend, shows a decrease of 6948 tons as com- 
pared with 1891, the total being 15,001 tons. Three 
of the five vessels launched were for the British 
Colonies, and were fast steamers, the Tasmania, 
the Warrimoo, and the Miowera. The Tyne 
Iron Shipbuilding Company, Limited, Willington 
Quay, launched six steel steamers, of 13,509 gross 
tons, 1188 tons more than in 1891. The return 
by Messrs. Wood, Skinner, and Co, comprises nine 
steel screw steamers, of a gross register of 13,238 
tons, as compared with four steel steamers, of 3242 
tons, in 1891. The output is the largest the firm 
has yet made ; the best previous return having been 
that of 1890, when 10,065 tons of shipping was turned 
out. Messrs. W. Dobson and Co., Low Walker, 
floated six steel steamers, of 9,663 tons, a decrease, 
as compared with 1891, of one vessel and 3541 tons. 
Messrs. R. Stephenson and Co., Limited, Hebburn, 
include in their return two composite lighiships, each 
of 210 tons ; six iron pontoons, of 408 tons each; and 
one steel screw steamer, of 3141 tons. The total 
tonnage for the nine vessels is 6009, as against 
one vessel of 3523 tons in 1891. The returns of all 
the firms are tabulated : 

Production of Tyne Fis ims. 


| 1892. 1891. 1890. 
N. me of Firm, ING. = eae 2 = 
Tons.| I.H.P. |fons. I.H.P. | Tons, 
Messrs. | | | | 
Palmer .. i --| 7 |45,470) 84,200 | 30,297, 37,960 | 45,312 
Su W. G. Armstrong, | | 
Mitchell, and Co. ..| 19 36,043, 49,£69 | 30,088 30,820 28,110 
J. Readhead and Co...| 8 21,410) 10,870 | 25,652) 13,589 | 23,599 
Hawthorn, Leslie, and | 
Co. .. .. _ ..| 5 {19,760} 41,350 |13,251' 45,000 |19,688 
Wigham Richardson | 
and Co, ae .-| 10 | 15 7&9} 22,050 |13 592, 24,240 | 14 578 
Fdwa‘ds and Co. 6 15,761| 8,0:0 | 10,332, 5,460 | 10,450 
Swanand Hunter . 5 15,001) 12,900 | 21,949 10,850 | 26,454 
Tyne Company, Wil- | | 
lington ae --| 6 | 13,509; 8,400 | 12,321! 6,810 |18,016 
Wood, Skinner, and | | | 
Oona ts cs eat @ 13,238. 6,510 | 3,242 2095 | 10,065 
Dobson and Co. -.| 6 | 9,663) 5,490 |13,204° 9,710 |10,438 
Stephenson and Co. ..| 9 | 6,009) 2,000 | 3,523. 2,100 | 15,700 
S:hlesinger, Davis, and | | 
Oo. =. «sil 5 | 8,998] 1520 | 1,853' $:000'|| 7,867 
Scotswood Company..| 1 | 1,519) 2,400 983 2.0) -- 
J P. Rennoldson and 
Sons .. fe S| 9) 1,312) S130) 1,459, 3)441 722 
J. T. Eltringham and 
0:8 eS a6 Anite! 992, 1,025 | 1,427; 2,155 — 
Anderson and Lave- 
rick). sie 4 488 530 983 210 — 
Hepple and Co. 3 277 669 | 1,522 62t | — 


Smith’s Dock Company, Limited, constructed two 
barges to carry petroleum in bulk, and this suggests 
the remark that a goodly number of oil-carrying 
steamers are built on the North-East Coast, certainly 
many more than on the Clyde. 

The Wear.—A circumstance of some interest in the 
history of the Wear shipbuilding and engineering 
during the year is the putting in operation of an eight 
hours’ day at the Scotia Engine Works of Messrs. 
William Allan and Co. during the year; and Mr. 
Allan, in making his return, states that ‘ the altera- 
tion has proved in every way a success.” The point 
is of special interest, and, in view of this declaration, 
it would be interesting if Mr. Allan would give our 
readers the data which have induced him to come to 
this satisfactory con:lusion. In addition to the nine 
engines of 10,600 indicated horse-power fitted into 9 
or 10 knot steamers, there were two sets virtually 
finished, although the vessels are not ready for them, 
so that the total production of the firm is 13,500 indi- 
cated horse-power. Two of the vessels were re- 
engined, the othe s were newly built on the Wear. 


The total horse-power for the various Wear firms | 


was 104,261. The tonnage of the 76 vessels built was 
190,802. This compares favourably with previous 
years, being only 27,000 tons less than the high total 
of 1889. This is the more remarkable in view of the 
extensive strikes amongst helpers, engineers, and 
miners, which considerably affected all the north- 
eastern ports. Eleven sailing vessels were built, The 
largest, 3440 and 2873 tons, were launched, with three 
others, by Messrs. Pickersgill. The tonnage of the 
eleven was 18,483, nearly 10 per cent. of the total, 
whereas, in the previous year, the ratio was 20 per 
cent. Prior to that year the Wear shipbuilders 
had not done much in sailing ship building. All the 
vessels, except a small London barquentine, were 
constructed of steel. This barquentine was also ex- 
ceptional, in that she was launched sideways. The 
foreign tonnage shows a tendency to decline, but the 
local owners supply the builders with a large propor- 
tion of their work. All the vessels were cargo carriers, 
and 20 of the vessels were over 3000 tons, and only 
six under 1000 tons. The Samoa, of 6812 tons, is said 
to be the largest cargo steamer afloat. She was built by 
Messrs. Doxford, who also constructed a turret-deck 
vessel, a type of whaleback steamer constructed to suit 
Lloyd’s requirements, which has been fully described 
and illustrated in a previous volume.* ‘The returns 
by the individual firms are fairly satisfactory, the 
cases of decreased production being few. The work 
generally was secured at reduced prices, involving the 
payment of less wages. The output of the various 
firms is tabulated, and, as has been the case since 1885, 
Messrs. J, L. Thompson and Sons head the list : 


Production of Wear Firms. 
1892 1891 1890. 
= =e 
| 
\No. Tons. Tons. | Tons. 
Messrs. Joseph L. Thompson and 
Sons.. ate as “ie --| 13 37,649 | 32,145 | 32,040 
Mr, James Laing .. Ac +-| 8 | 22,792 | 17,141 | 22,700 
Messrs. W. Doxford ard Sons, 
Limited An 50 ae --| 6 | 21,646 | 27,1384 | £8,386 
Messrs. Short Brothers... --| 8 | 21,661 | 23,511 | 25,073 
»,  W. Pickersgilland Sons..| 6 | 14,526 | 12,133 | 12,223 
» Robert Thompson and | 
Sons.. se # 4 «| 7 | 14,187 | 11,605 | 11,377 
Messrs. J. Blumer and Co, »-| 8 | 18,586 | 12,006 | 14,270 
», Bartram, Haswell, and Co, 4 | 12,254 | 12.5383 | 10,013 
s, Osbourne,Graham,andCo,, 5 11,*89 8,051 6,098 
», John Priestman and Co. .. | 5 | 10,786 8,381 | 10,42 
Sunderland Shipbuilding Com- 
pany ule er eee cleat e.046 |) 14-49eneab ets 
Messrs. S. P. Austin and Son aie’ 4,480 4,468 5,978 
The Strand Slipway Company -- - 1,535 3,129 


The total engine production was 104,261 indicated 
horse-power, an increase of 6000 indicated horse-power 
over 1891, and of 7000 over 1890. As tothe future it 
may be stated that work in some of the yards is still 
very busy, in several quiet, and in two dull, 

The Tces.—The Tees shows the most decided deci ease 
of all the portsinthe kingdom. ‘The tonnage is 174 per 
cent. less than the total of 1891, and 21 per cent. 
under that of 1890, in which year the tonnage attained 
its highest—-127,739 tons. The decreases on the Tyne 
and Wear on this latter year were but 2 and 4 yer cent. 
Forty-seven vessels only were built— practically all for 
cargo-carrying, and these aggregate 99,279 tons, the 
engine production being 43,378 indicated horse-power, 
a decrease of 30,000. ‘I here was a larger number built 
of iron, the tonnage being 6897—7 per cent. of the total. 
Messrs. Craig, Taylor, and Co. built, of iron, an oil- 
carrying steamer of 3328 tons, and Messrs. Richard- 
son, Duck, ard Co., one large ship; the other 
vessels were steamers, excepting two pontoons by 
Messrs. Harkess. The toreign-owned tcnnage is about 
12 per cent.—about the same as last year. All the 
firms show decreases, and as the vessels do not call for 
special note, it may be sufficient to give the returns in 
a Table for easy comparison ; 


1892. 1891. 1890. 
| pee Le 
| No. | Tons. Tons. | Tors. 
Sir Raylton Dixon and Co. 19 | 34,636 38,597 | 43,665 
Ropner and Son P9 FA | 10 | 81,854 | 37,977 | 32,662 
Richardson, Duck, and Co. | 8 | 20,601 | £7,264 | 24,61 
Craig, Taylor,and Co... é | 3 | 8,758 | 9.34 | 15,398 
R, Craggsand So s.. é 5 | 38,180 4,030 5 553 
W. Harkess and Son | 2 250 2,900} 5,600 
47 


99,279 120,132 | 127,739 
| 


Sir Raylton Dixon and Co. return the indicated 
horse-power of their steamers as 14,928, The firm, in 
addition, have, like several of the other nerth-east 
coast builders, executed extensive repairs on several 
vessels. 

Hartlepool._-The three firms at West Hartlepool 
have produced 33 vessels—all steamers—with a total 
tonnage of 90,924, so that each averages in size 2755 


* ENGINEERING, vol. liii., pages 459, 539. 
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tons, whereas in the two previous years the mean was 
2360 tons, and in 1887 it was 2429 tons. Only one 
vessel, of 1894 tons, was constructed of iron, by 
Messrs. Furness, Withy, and Co., for London owners. 
It is noteworthy that nine of the 33 vessels were 
owned in West Hartlepool, three being launched by 
each of the firms, that these average close upon 3000 
tons each, so that 30 per cent. of the total tonnage was 
locally owned. Only one vessel was foreign owned, at 
Flensburg, a second being for Melbourne, and of the 
remainder London took the greater proportion. Sir 
William Gray and Co. launched 21 vessels of 59,810 
tons, 777 tons above the production of 1891 ; although 
it falls short by 4400 tons of the highest total attained 
by the firm in 1890. At the company’s Central 
Marine Engine Works the total indicated horse-power 
produced was 34,250, against 32,550 indicated horse- 
power in 1891, but in 1890 the total surpassed that of 
the past year, having been 37,100. Seven years have 
seen engines constructed for 155 vessels aggregating 
over 176,500 indicated horse-power, an average of 
25,000 indicated horse-power per annum. Messrs. 
Furness, Withy, and Co. show a decrease of 7500 tons, 
their output having been seven vessels of 18,074 tons. 
This is only 6000 tons less than in 1890. Messrs. 
Irvine and Co. have a record total of five vessels of 
13,040 tons, 700 tons above last year’s. They have in 
four years steadily advanced from 4000 tons. 

Blyth and Whitby.—These two ports are usually 
included in the north-eastern district, and this year 
they have been more than usually busily employed, the 
production being practically doubled. Messrs. Turnbull 
and Sons, the principal firm at Whitby, completed 
five steel steam vessels of 13,202 tons, four being about 
2760 tons, and the other 2123 tons. Three were for 
local owners, and the other two for Cardiff. In the 
previous year the output of the firm was two steamers, 
together 4781 tons. ‘Lhe vessels launched from Blyth 
yards total 8071 tons, slightly higher than in the two 
preceding years, although less than in 1890, when the 
total was over 10,000 tons. The Blyth Shipbuilding 
Company launched four steamers of 8001 tons and 
3610 horse-power, against five vessels of 6973 tons and 
3384 horse-power in 1891; and the Union Co-opera- 
tive Company a steamer of 70 tons and 32 horse- 
power, against one of 32 tons and 10 horse-power. 
‘he Blyth Company, who expect to open their new 
dock some time in the new year, also repaired about 
200 steamers, and docked something like 90,000 tons. 
But trade generally is quiet in the port—there is only 
one vessel on the stocks—but the repairing work 
js affording employment to a fair number of hands. 


Tue THAMES. 

If we except Government work, shipbuilding on the 
Thames has been in a more unsatisfactory con- 
dition during the past year than in former periods, 
and the production of new tonnage has reached 
almost a minimum. © Messrs. Samuda Brothers have 
been completing the two second-class cruisers, Sappho 
and Scylla, launched in 1891, while the Thames Iron 
Company launched two first-class cruisers, the Grafton 
and Theseus, fully described in a previous issue.” 
Messrs. Thornycroft have been busy during the year 
on torpedo boats and torpedo catchers and launches, 
while Messrs. Yarrow completed 15 launches varying 
from 60 ft. in length downwards, nine paddle steamers 
varying from 105 ft. long, two single-screw gunboats 
75 ft. long; and, in addition to fitting them with 
high-pressure engines, the firm constructed engines 
and boilers for other craft, including six Yarrow 
tubulous boilers, with which such successful results 
have been got. It is too late in the day, however, to 
refer further to the specialities of buth these firms, 
which keep them fairly well employed, even when 
other firms have a difficulty in securing work. The 
work turned out by Messrs. R. and H. Green con- 
sists of the Expert, a steel tug of 99.94 tons gross 
register and 500 indicated horse-power, for service on 
the Thames and the Channel; the Palm and the 
Orchid, passenger paddle steamers of 136.9 tons gross 
register and 120 indicated horse-power, for the Victoria 
Steamboat Association’s service on the Thames; 
three steel swim barges of 150 tons dead-weight, 
and six steel swim barges of 100 tons dead-weight. 
Messrs. George Rennie and Co. turned out three 
screw tugs—one of 250 tons, and two of 95 tons 
—a steel paddle steamer of 350 tons, a floating 
dock of 1000 tons, and 19 steel lighters, oil barges, 
and river barges aggregating 2835 tons. Messrs. 
Forrest and Sons, Limited, completed a large number 
of boats for the Admiralty, Chilian Government, 
Indian Government, and merchant owners. 


HULL. 

Excluding the first-class Brivish cruiser St. George, 
of 7700 tons displacement and 12,000 indicated horse- 
power, the vessels built at Hull were unimportant, 
and consisted almost entirely of 10 and 11 knot steam 
trawlers and fishing craft. Two other vessels for Hull 
owners were of steel, the one 688 tons and the other 
840 tons, and attained 15 and 14 knots speed respec- 


* See ENGINEERING, vol. liii., p. 180, 


tively. The others were all of iron, and mostly 
locally owned. The exceptions we have made were 
constructed by the Earle Company, whose total is 
1000 tons less than in the previous year, and 8000 tons 
less than in 1889. The decline, however, is much 
more remarkable in the engine production, the com- 
pany having in the previous year completed all their 
engines for British cruisers. The figures for six years 


are given ; 

1887. 1888. 1889. 1890. 1891. 1892. 
Tons.. .. 12,474 5,610 18,455 4,429 11,789 10,691 
Ind. H.-P... 10,216 10,185 35,895 39,380 54,720 18,475 


The total for Hull and Grimsby fluctuates pretty much 
in thesame way. Last year it was 14,094 tons, against 
19,070 tons in the previous year, and 9624 tons in 
1892. Of the other firms Messrs. Cook, Welton, and 
Gemmell produced 14 iron steam trawlers totalling 
2045 tons and 4178 indicated horse-power, and Messrs. 
Cochrane and Cooper, Beverley, 13 iron vessels of 
1358 tons and 1990 indicated horse-power. In both 
cases these are decreases on the totals of previous 
years. 
THe Mersey. 

The shipbuilders at Birkenhead and Liverpool 
have produced a much larger total tonnage than 
in some previous years, but this is largely due to the 
floating of the 14,150-ton battleship Royal Oak from 
the dock of Messrs. Laird, who also launched two 
torpedo gunboats for the British Navy. The remainder 
of their output consisted of two 5000-ton cattle-carry- 
ing steamers, the fast paddle steamer Snowdon for 
passenger service, and a paddle steamer of 260 tons 
for foreign owners. This latter, indeed, was the only 
foreign vessel sent from the Mersey. Messrs. Laird’s 
total was therefore 26,125 tons, the power of engines 
being 28,850 indicated horse-power, a paddle steamer 
having been converted into a twin-screw steamer with 
triple-expansion engines, The other firms confined 
themselves to sail tonnage, excepting Messrs. Jones, 
who built a steamer of 684 tons, with engines of 1000 
indicated horse-power, as well as 12 barges for the 
Manchester Ship Canal. Messrs. Royden built a 
couple of large sailing ships, Messrs. Potter three 
ships, four pontoons, and a caisson, and Messrs. 
Evans two ships, the totals of the various firms, with 
the figures for previous years, being appended in 
tabular form. The total for the district was therefore 
40,125 tons, as compared with 25,975 tons in 1891, 
30,253 tons in 1890, and 35,773 tons in 1889. About 
a third of the tonnage was sailing vessels, rather less 
than in the previous year, and 11.4 per cent. con- 
structed of iron, notably the pontoons, caisson, and 
two large ships. 


1892. 1891. 1890. | 1889. 
= = — | 
No. | Tons. No. | Tons.| Tons. | Tons. 
=> | 

Laird Brothers .. _..|_ 7 |26,125, 5 | 6,231] 9,166 | 13,478 
W. H. Potter andSons | & 9,645 2 | 5,983) 6,340 7,698 
Royden and Sons 2 4,846 3 | 9,883 | 11,047 9,234 
R. and J. Evans .. | 21 QOL) 1) 18477), 1146 3,472 

Messrs, Jones... Betoun deOb4eeeml : 


Messrs. Cochran and Co., Birkenhead, built 17 vessels, 
ranging from 5 to 50 tons, and totalling 350 tons, 
including two screw steamers for Her Majesty’s 
Government. 

Barrow AnD District, 

The Naval Construction and Armaments Company, 
Limited, Barrow-in-Furness, constructed 15 vessels, 
totalling 27,080 tons, which compares with 13 vessels 
of 31,444 tons in the previous year. The total 
for four years is 110,000 tons, so that the year’s 
output is about the average. Three British torpedo 
gunboats are included, two merchant steamers of 
4500 tons, a third of 4045 tons, a fourth of 3432 tons, 
and one of 2506 tons. The other steam vessels are 
small. There is, however, a sailing ship of 1730 tons 
included, the only vessel for foreign owners on the list. 
In addition to engining the 13 vessels constructed, 
the company supplied machinery to three Clan Liners, 
bringing the total indicated horse-power to 35,300, 
which is considerably greater than last year, but 
less than in 1890, when three fast cruisers were 
included in the production, The four years’ production 
makes an aggregate of 142,310 indicated horse-power. 
This, however, is not to be taken as a record perform- 
ance. It is excelled by one or two other firms, notably 
Fairfield, who have the four years’ total of over 160,000 
indicated horse-power, nevertheless it is a total which 
shows the splendid position of the Barrow firm. 
Messrs. R. Williamson and Son, Workington, com- 
pleted two ships, one of 2531 tons for London owners, 
and another of 2526 tons for a local firm. Messrs. 
Ritson and Co., Maryport, built a ship of 1352 tons 
for a Whitehaven firm. 


OTHER ENGLISH AND WELSH Ports. 

At Southampton work has latterly been confined 
to repairs. The Naval Works Company completed 
two sailing ships, one of 2555 tons and the other 
of 2036 tons, for Liverpool, while in the previous 
year over 11,000 tons of new vessels were com- 
pleted by this company, and Messrs. Day, Summers, 


and Co., Plymouth, builders, launched three vessels 
of 224 tons and 630 indicated horse-power. Messrs. 
Willoughby constructed a pleasure steamer, paddle, 
of 146 tons and 400 horse-power, for Liverpool, 
and a tug steamer for London; while the Millbay 
Marine Engineering Company finished a wooden 
steam yacht of 36 tons and 80 horse-power for a 
gentleman in Galway. Messrs. D. Banks and Co. did 
not launch any new vessels, but are constructing a 
ketch. Messrs. Cox and Co., Falmouth, launched two 
twin-screw steamers of 263 tons and 790 horse-power, 
compared with two of 85 tons and 320 horse-power 
last year. Additional work by the firm included two 
sets of compound engines of 300 indicated horse-power, 
with boilers, &c. ; new boilers for three cargo steamers 
and two screw tugs, and extensive overhauls and 
repairs. The amount of work on hand is above the 
average, It includes a tug-boat 130 ft. long, a cargo 
steamer 135 ft. long, a composite screw tug 105 ft. 
long for Port Elizabeth, two tug and passenger 
steamers for special service, and a boiler for a new tug- 
steamer in course of construction elsewhere. Messrs. 
Harvey and Co., Hayle, Cornwall, constructed two 
steamers, one of 534 tons, and the other of 361 tons, 
both with engines of 550 indicated horse-power. This 
compares indifferently with the output in the previous 
year: fourvessels of 5765 tons and 3600 indicated horse- 
power. The firm have a vessel of 600 tons building. 
Messrs. Charles Hill and Son, Bristol, launched a 
steel barque of 1367 tons, and have a similar barque in 
course of construction. Across the water, at Newport, 
Monmouthshire, Messrs. Morder Carney and Co. 
launched an iron steamer of 70 tons and 200 horse- 
power for local owners. Messrs. T. R. Oswald, 
Limited, of Milford Haven, launched two vessels of 
3071 tons, a barque and a steam trawler, the latter with 
engines of 200 indicated horse-power, compared with 
two of 5951 tons last year, and four of 5868 in 1890. 
Messrs. William Allsup and Sons, Preston, completed 
five vessels, a twin-screw steamer for lighthouse service, 
a yacht, two canal boats, and a floating bridge for 
Portsmouth, all fitted with engines, the total tonnage 
being 1450, as compared with 1090 in the previous year, 
while the indicated horse-power was 1670 against 1020. 
Messrs, R. Smith and Co., Lytham, Preston, constructed 
14 vessels, including a passenger steamer of 78 tons, a 
cargo steamer of 150 tons, and two tug steamers. Mr. 
T. A. Walker, Sudbrook, completed two steel hopper 
barges of 279 tons and 300 horse-power, for the 
Aberdeen Harbour Trust, and an iron steamship of 
427 tons and 500 horse-power, for Liverpool owners. 
Two iron barges are in course of construction by the 
same firm. A wood sailing vessel of 94 tons was built 
by Messrs. F. 8. Carver and Sons, Bridgewater, for 
local owners ; and a ketch of 94 tons, by Messrs. H. 
Fellows and Son, Yarmouth, for London ‘owners. 
Messrs. W. Thomas and Sons, Amlwch, completed 
two sailing vessels of 452 tons. Messrs. G. and T. 
Smith, Rye, launched three wood sailing vessels of 
321 tons, 


Tur Snowy.—A proposal has been made to the Victorian 
Minister of Public Works for clearing the Snowy of snags 
above Orbost, so as to enable farmers occupying the flats 
bordering on the river to bring the produce down the 
stream in punts to that township, and to permit of 
schooners proceeding higher up the river than Orbost. 
The Inspector-General of Public Works, Mr. Davidson, 
has reported adversely on the suggestion, because he con- 
siders that the benefit to be conferred on the farmers 
would not be commensurate with the large expenditure 
which would have to be incurred. About 8,500/. has been 
spent in snagging the Snowy, but it has nearly all been 
expended between the township and the mouth of the 
river. It is difficult to keep the stream below Orbost 
open to navigation, owing to each flood bringing down a 
large number of snags, and to the fact that shifting sandy 
bars, composed of material carried down the river, are 
frequently formed in different portions of it, 


Vicror1an Coat.—The question of the use of Victorian 
coal on Victorian railways is shortly to receive the atten- 
tion of the Victorian Acting Railway Commissioners. 
Small quantities of black coal are at present taken from 
local mines ; they are found to answer the purpose of a 
steam-producing fuel, with varying results, according to 
the qualities of the seams worked; but, on the whole, 
these results are deemed satisfactory. The great question 
which has to be determined. however, is whether, under 
favourable circumstances, Victorian coal can be delivered 
at a rate which will bear comparison with that at which 
Newcastle (New South Wales) coal is obtained. The 
commissioners are disposed to utilise the Victorian coal 
in preference to the New South Wales if they can do so 
without extra expenditure ; but they are of opinion that 
if local supplies are more costly, it will be a matter for the 
Colonial Government or Parliament to consider whether 
State aid should be given to develop the Victorian local 
coalfields. Itis considered that the railway communica- 
tion which has been established with the Korumburra 
mines will give an opportunity for ascertaining in a 
thoroughly practical manner what results may be expected 
from opening up fairly large seams in a systematic 
fashion. So far as brown coal is concerned, a good deal 
will depend upon experiments which are about to be made 
with briquettes which have been manufactured in Ger- 
many from samples of Gippsland coal, 
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OComritep By W. LLOYD WISE. 
S#LEOTED ABSTRACTS OF REORNT PUBLISHED SPROLFIOATIONS 
UNDER THE ACTS 1883—1888. 

The number of views given in the Specification Drawings és stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
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uniform price of 8d. 
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the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


20,603. C. G. P. de Laval, Stockholm, Sweden. 
Producing Vacuum around Steam _ Turbines. 
(2 Figs.) November 26, 1891.—The object of ths invention is to 
use the waste steam escapiog from the buckets of a steam turbine 
so that a powerful vacuum is maintained thereby round the tur- 
bine wheel. Through the pipe A the high-pressure steam is con- 
ducted to the expansion nozzle B intended for the isoentropic 
expansion of the steam to that pressure which prevai's in the 
chamber D. After the steam in B has been expanded, and has 
attained a great velocity in the last section thereof, it is impelled 
on the buckets E of the turhine wheel C. Here the velocity of 
the steam is reduced, partly by the friction of the buckets, and 
partly by being turned into work, whereby the direction of the 
steam is considerably changed, The centre line of the exhaust 


pipe F has the same direction as the steam escaping from the 
buckets, and that part of it whichis nearest to the turbine wheel 
is so large that it allows escape for the exhaust steam. The sides 
GI and HK (Fig. 2) of the exhaust pipe slightly converge 
from the section at G H to that at I K, other sides G being 
formed to correspond with two concentric circular segments. 
As the exhaust steam is collected and made to pass out 
through the exhaust pipe with decreasing speed and a pressure 
gradually approaching, and at length slightly exceeding, the 
pressure of the outer atmosphere, it produces a vacuum in the 
casing of the turbine, the amount of which depends upon the 
rate at which the steam escapes therefrom, and the steam 
is exhausted by itself at the same time. (Accepted November 30, 
1892). 


22,062. S. Douglas, Salford, and H. W. Nicholls, 
Manchester. Metallic Packing for Piston-Rods, 
&c. [3 Figs.) December 17, 1891.—This invention relates to 
metallic packing for piston-rods, &c., in which the joint is made 
and maintained by the automatic adjustment of the parts as 
wear takes place. a is the piston-rod, b the gland, ¢ the cover 
secured thereto, e a pair of segmental rings placed next to a, and 
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f the second ring of segments surrounding the first, and encircled 
by the springg. The flanged sleeve h is fitted on the piston-rod 
a, its flange bearing against the packing, on which it is con- 
stantly pressed by the spring i compressed between the end of 
the sleeve and the gland b. Pins are employed which enter 
holes in the flange and the contiguous ring of segments f in 
order to guide and keep the latter in their place. (Accepted 
November 30, 1892). 


22,422. F. O. C. Zimmermann, Ludwigshafen, and 
E. G. Behrend, Hamburg, Germany. Combined 
Steam and Vapour Engines. [5 Figs.) December 22, 
1891.— This invention relates to a motive power engine consisting 


of a steam engine combined with a cold steam engine, so that the 
exhaust of the former can be used for regenerating that of the 
latter. In the two parts of the counter-current regenerating 
apparatus are arranged zigzag pipes a connected with each 
other, and to one of which is joined a p‘pe 7 of the vapour engine 


adapted to be closed by a valve h, whilst the exhaust vapour con- 
ducted through the zigzag pipe of the two parts A and B is 
passed through another valve k, and thence by a pipe m to the 
vapour cylinder again, water being now allowed to flow through 
the two parts in a direction opposite to that of the exhaust 
vapour which is in the zigzag pipes a. In proximity to the point 
where the inflow pipe e enters, exhaust steam from the engine W 
is also admitted through a pipe w, so that the water flowing 
through B is heated, and the tension of the exhaust within the 
pipes @ is again increased after it has been condensed in A 
by means of water at a lower temperature admitted and dis- 
charged through the pipes el, fl respectively. A pump is em- 
ployed for conveying the exhaust vapour from the pipes a to 
those containing gas at a high tension. (Accepted November 30, 
1892). 


6471. H. Benbow, Plymouth. Tubular Boilers: 
(2 Figs.) April4, 1892.—This invention relates to tubular boilers- 
The ends of the tubes next the combustion chamber are made 
with a shoulder which abuts against a seat turned on the inner 
face of the tubeplate around the hole through which the tube 
passes. The end of the tube which projects outside the tubeplate 
is riveted over and fits into a groove in the outer face of the tube- 
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plate, the ho'es in the other tubeplate being made sufticiently 
large to allow the shoulders on the tubes to pass through, 
the ends of the tubes which fit into these holes being enlarged and 
secured by being expanded and beaded over on the outside. A 
groove is formed around the combustion chamber tubeplate 
beyond the outer row of tubes, to provide for expansion and con- 


traction. (Accepted November 30, 1892). 
MINING AND METALLURGY. 
22,504. I. S. McDougall, Didsbury, Manchester. 


Furnaces for Burning Ores Containing Sulphur and 
Sulphur Compounds, [5 Figs.] December 24, 1891.—This in- 
vention relates to means for burning ores containing sulphur. The 
long shaft K, K1, K2 is built up in lengths, joined together by one 
end of the shaft heing expanded to form a square socket N, a 
square end M being constructed on the shaft to which it is to be 
joined toslip into the socket N. Each shaft is thereby rotated by 
the part adjoining it. Each length is secured longitudinally by 


caged 


through the socket N, and engaging the inclosed square end M. 
To protect the socket N, square end, and key from the action of 
the sulphurous fumes, the exterior of the socket, including a 
flange adjoining the square end, is made slightly conical. A spring 
protection ring is then slipped over this cone, and is split so as 
to spring over the coupling part of the two shafts. The furnace 
rings are jointed one to another by half-check joints secured by 
set pins and rust jointing. The ends of theset pins are arranged 
by projections in the interior of the casting, so that the ends of the 
pins are not exposed to the corrosivefumes. (Accepted November 
30, 1892), 


RAILWAY APPLIANCES. 


18,926. J. W. Judge, Ingrow, Keighley, Yorks. 
Signalling and Stopping Trains. [1 /ig.] November 3, 
1891.—In this invention a shaft has secured upon it a weighted 
pulley, connected to the rod for operating the signal, so 
that, when the latter is actuated, the pulley and shaft are 


operated also. On this shaft is an arm which, when the signal 
is at danger, is in a position for supporting one end of a plate, 
and on lowering the signal, the shaft is operated in the direction 
for lowering the plate. To the engine frame is fitted a lever pro- 
jecting towards the ground, the bottom end having a pulley 
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mounted thereto, and the top extended on each side of the sup- 
porting pin. Resting upon the extended top of the lever, is 
another lever connected by a series of arms and rods to an up- 
right bar passing through the footplate of the engine, and to 
which connections are made, so that when the bar is actuated in 
an upward direction, the whistle handle and valve lever of the 
air pipe are both raised. When the signal is set at danger against 
the engine, the plate is raised, and on the pulley at the end of 
the lever passing over the plate, it is operated on its fulcrum pin 
and the motion conveyed through the connections to the upright 
bar, thereby operating it so as to automatically open the whistle 
tap and raise the valve lever of the air pipe, by which the 
pet td a sounded and the brake applied. (Accezted November 
, 1892). 


16,820. J. D. Hickman, Thames Ditton, Surrey. 
Telegraphic and Telephonic Apparatus for Esta- 
blishing Communication between Signal Boxes 
and Trains. [7 Figs.) september 20, 1892.—The object of 
this invention is to provide for the fact that a line signal is 
standing at ‘‘ danger” being notified to the driver and guard of 
an approaching train travelling on that line soon enough for it 
to be stopped outside the signal; and to permit conversation 
between the signalman and driver of the train during the time 
that the latter is either standing still or moving. The current is 
generated on the engine in order that its maximum strength can 
be used for actuating a miniature semaphore signal on the engine 
as well as the telegraphic and telephonic apparatus which it 
carries. Coloured discs and a semaphore signal are provided 
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for day use, and coloured lights for night use, an alarm 
bell and electro-magnets operating them. A shunt is adapted 
to supply sufficient current to work the miniature sema- 
phore signal on the engine when the signal circuit has been broken 
by thedriver switching his signal off, and his telephone on, to the 
only conductor between the signal-box and the engine. Inde- 
pendent current, constant so long as the contact device maintains 
circuit, is provided for actuating the ‘‘ proceed cautiously ” signal 
on the line, and an automatic arrangement controlled by the 
‘*danger” signal on the engine for preventing the ‘‘ proceed cau- 
tiously”” signal thereon presenting itself when the line signal 
stands at ‘‘danger.” Meansare also provided to cause the signals 
on the engine to move to “‘danger” if the apparatus or current 
fails. (Accepted November 30, 1892), 


MISCELLANEOUS, 


6129. T. and W. Nutter, Tyldesley, Lancashire. 
Boring and Drilling Apparatus, [2 Figs.) March 30, 
1892.—This invention has reference to means for boring and drill- 
ing, and its object is to communicate the rotary motion to the 
boring tool, so that should the latter encounter any obstruction 
the motion will cease to be communicated toit. Upon the spindle 
Bis an externally screwed sleeve C, the end of which abuts on 
the collar A, the other end being connected with the spindle B 
and driven thereby through a friction clutch. The end of the 
sleeve is enlarged and conically recessed, and has fitted within it 
the conical block F secured upon the spindle by a feather R, so 


that the block, while being free to slide upon it, is compelled to 
rotate therewith. The pressure between the conical block F 
and the corresponding recess is regulated by means of the nut 
and lock-nut G on a screwed part of the spindle. The nut in 
which the screwed sleeve rotates is formed in the end piece Lof a 
triangular framing. In the end piece is a block M dovetailed 
into the former, and constructed so that the inner junction 
between the block and the end piece bisects the nut. This block 
may be secured in the end piece by means of a pin, so that on 
loosening the block, after removing the pin, the apparatus may 
be taken from the framing or the sleeve moved back, after being 
fed to itsfulllength. (Accepted November 30, 1892). 


610. F. Valentiner, Plagwitz, Saxony. Concen- 
trated Nitric Acid. [1 ig.) January 12, 1892.—Dried salt- 
petre is decomposed with sulphuric acid at 66 deg. Baume in a 
vacuum by means of an apparatus, consisting of a retort A, con- 
taining the saltpetre and acid, a cooler B, a receiver C, a tube D 
having a three-way cock E leading from the receiver into a 
vacuum chamber F. Another tube G, also containing a stopcock 
is led from the chamber F to an air pump by which the vacuum 
is maintained. From the head of the retort A a tube leads to the 
cooler B, in which it forms a coil surrounded by cooling water 
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which enters by a lower pipe, and passes off by an upper one in 
the direction of the arrow. The end of the coil tube passes from 
the cooler B through the plug of the receiver C, which is placed 
beneath the cooler, and the latter is connected to the vacuum 
chamber F by the tube D, in which is the three-way cock E and 


pressure gauge H. After the air in the apparatus has been sufli- 
ciently exhausted by the air pump, the decomposition of the salt- 
petre commences, and the acid passes over into the receiver O, the 
retort A being placed on a hot-water bath to promote the opera- 
tion. (Accepted November 30, 1892). 


864. J. Ruscoe, Hyde, Chester. Charging Gas 
Retorts. [4 gs.) January 15, 1892,—This invention relates 
to apparatus in which a revolving scoop is employed to charge the 
retort with coal, and consists in providing two scoops to receive 
the charge, and caused to rotate in opposite directions. The scoop 
frame is constructed of longitudinal rails B, braced together by 
stays C passing over the top and,bottom, and the side stays D. 
These latter also carry loops d to which the suspending cords are 
attached, and journals for the cross-shafts E which carry chain 
pulleye for drawing the scoopsinto and out of the retorts. Inthe 
scoop carriage are mounted two scoops H, HI placed side by side 
longitudinally, and each capable of rotating onitsaxis. The bear- 


ngs for the scoops are carried by the carriage. These scoops are 

each attached to a rotating disc, the connection being sufficiently 
rigid to sustain the weight of the scoops when charged. The 
discs are geared together by the wheels J, Jl, so as to rotate 
simultaneously, but in opposite directions. The scoops are 
rotated about their axes by a pinion K which gears with the wheel 
J, and is supported by a bracket on the front of the scoop car- 
riage, and slides with the latter to and fro on the shaft L, which 
runs the entire length of the frame, and rests in bearings at the 
ends thereof. The shaft Lis either square or fitted with a slot 
and key, so that the pinion turns with it and slides to and fro 
thereon as the carriage and scoops are moved backwards and for- 
wards. (Accepted November 30, 1892). 


1181. W. J.and C. J. Lomax, Bolton, Lancashire. 
Refuse Furnace and Gas-Making Apparatus, (6 
Figs.) January 21, 1892.—This invention relates to a combined 
refuse furnace and gas-making apparatus. A furnace is con- 
structed under the retorts employed in making gas, and is pro- 
vided with means for charging it with town refuse from a hopper. 
The furnace consists of movable firebars operated backwards and 
forwards by cams M and driving gear. The bottom end of the 
hopper is the full width of the furnace, to insure that the refuse is 
delivered over the entire width thereof. The refuse after being 


burnt or reduced to a friable state is delivered by the firebars 
through a hinged door O to the floor P at the back end of the 
furnace. A steam jet blast is disposed under the firebars in 
order to facilitate the burning power of the furnace, an air blast 
being provided for the same purpose. The upper side of the 
furnace is provided with the openings T to allow of the heat 
and gases given off from the burning refuse being transfered 
into the retort chamber V, where the gases are consumed and 
the heat utilised for assisting in maintaining the temperature of 
the retorts K. (Accepted November 30, 1892). 


21,563. W. Bagley, Knottingley, Yorks. Feedin 
Coal to Gas Producers. [2 Figs.) December 9, 1891.— 
This invention relates to means whereby coal is fed and distributed 
to gas producers in a regular and continuous manner. The 
hopper a has attached to it a dome 6 forming the base, and 
secured to the top of the gas producer. The screw c rotates in 
the lower opening d of the hopper, its diameter being only very 
slightly less than that of the opening, so that the coal cannot 
pass between them. The shaft ¢ of the screw is suspended at its 
upper end in a bearing f carried in a beam extending across the 
hopper, and is steadied at the centre by another bearing g, carried 
by arms h, the upper edges of which are bevelled so that the 
arms offer as little obstruction as possible to the passage of the 
coal. That part of the hopper between the arms h and the open- 
ing d is enlarged, this having the effect of causing the coal 
to bear more lightly upon the top of the screw c than would 
otherwise be the case, as the coal, after passing through the 
contracted opening above the enlargement, is again loosened 
as it fallsintothe enlarged part of the hopper, whilst at the same 
time the weight of coal tending to pass through the upper con- 
tracted opening causes sufficient compression to prevent the gas 


from the producer from escaping upwards through the coal. The 
distributor j is arranged at the lower end of the screw, and is 
provided with a series of ribs and grooves radiating from that 
point of the distributor on to which the coal comes from the 
screw, so that as the screw rotates in the direction of the arrow 
(Fig. 2) the coal falls therefrom along the entire length of the rear 


edge, and is thereby evenly distributed. A damper i serves to 
shut off the hopper from the interior of the gas producer during 
the time that the latter is being ‘‘ burnt out,” and when the heat 
produced is so great that thescrew and distributor might be 
damaged. (Accepted November 16, 1892). 


1558. P. Ferro, Pertusola, Italy. Hauling Ships 
in Docks. [3 Figs.] January +6, 1892.—This invention con- 
sists of means for giving to the cradle upon which the vessel 
stands, a continuous and regular forward motion. At the 
forward end of the cradle A and on its underside, there isa 
screw rack «@ fixed to the cradle by bolts. The shaft Bis made of 
various sections connected together by solid couplings and pro- 
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vided at intervals with worm-screws b. When the vessel is 
placed upon the cradle the rotary motion of the driving shaft 
hauls it up; as the cradle advances forward, and its screw rack 
leaves one of the worm-screws at its rear end, it will fit into the 
next one forward, so that the rack may always be in gear with 
the same number of worm screws, For the launch of the cradle 
the shaft is rotated in the opposite direction. (Accepted Novem- 
ber 30, 1892). 


872. A.W. Bartholomew and J. T. Freeman, Bos- 
ton, Mass., U.S.A. Stocksand Dies. [7 Figs.) January 
15, 1892.—This invention consists of a stock having a hole through 
it, and tool carriers mounted on opposite sides of the opening, 
aud adapted to be moved towards each other simultaneously to 
bring the tools into contact with opposite parts of the material 
operated upon ; in the combination of a tool-carrying stock and 
a chuck connected together, so that the latter can be held sta- 
tionary and the former rotated upon it. The stock A is formed 
with a hole a through its centre, and is hollowed out with a recess 
a'. Bisa rectangular frame free to travel in this recess. The 
rod C is sectired at its outer end in the handle Al, and provided 


just inside the end wall of the stock A with acollar, so that the 
rod is free to be turned with the handle. This rod is also formed 
with a right and left-hand screw, one of which works in a thread 
cut in the end of the frame B, and the other in the tool carrier D, 
the other tool carrier D1 being made fast to the frame B, so that 
when the handle A! is turned one way or the other, the tool 
carriers are simultaneously caused to advance toward or recede 
from each other. The width of the thread-cutting dies E is just 
sufficient to fit within the frame B, by which they are guided 
when the handle Al is operated. The upper part of the tool 
carriers are recessed out to receive the cutters F, which are dove- 
tail on oneside and straight on the other. These cutters are held 
in place by screws. The chuck is formed at its upper end with a 


flange, and is held to the stock by two } lates, each having a lip 
to embrace the flange, these plates being secured to the under- 
side of the stock by screws. A hole is formed in the centre of 
the chuck, and the latter is made hollow, and its wall cut away 
to receive a rectangular frame I. A rod, having a right and left- 
hand screw, is held at or about its centre by a pin passing 
through a boss on the chuck ; the outer end of this rod works in 
one end of the frame I and the outer end in the jaw K, the other 
jaw K' being secured to the end of the frame I, so that when the 
screw rod J is operated the jaws K, Klare simultaneously moved 
towards or from each other, according to the directicn in which 
the rod is turned. (Accepted November 23, 1892). 


845. H. E. Newton, London. fk. N. Oakman, Green- 
jield, Mass., U.S.A.) Gas Furnaces. [4 Figs.) January 15, 
189%.—This invention relates to means for heating large plates 
of metal by gas flames. The reheating furnace A is constructed 
of refractory material, and is provided with a broad hearth B in 
the heating chamber, and with an arched crown C supported upon 
the side and end walls. Upon the foundation floor D is con- 
structeda series of low longitudinal division wallsn extending across 
from side to side of the furnace and forming parallel flues d, d', — 
which open upward alternately upon opposite sides of the furnace, 
between the side and the opposite bridge walls on each side of 
the hearth B. The flames and products from both sets of flues 
d, dl pass up over lateral bridge walls b, b1 above the hearth, and 
thence through ports c in the crown of the furnace C, and on 
upward into the chamber E! of the heat restorer supported 
upon a frame above the furnace A. The heat restorer is provided 
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with a perforated arch near its bottom, forming below it the 
receiving and distributing chamber, which is divided by trans- 
verse vertical partition plates. The outlet ports in the crown of 
the furnace are provided with dampers for controlling the pres- 
sure within the working chamber and escape of hot gaseous pro- 
ducts, which riseinto the chamber for heating the air supplied 
to the coils of pipe H. Cold air is passed into all three of the 
top row of pipes at once and thence down through all of the pipes 
in each row simultaneously, becoming hotter as it goes along, and 
downward through the series, while the waste heated products 
become cooled as they pass upward over the air pipes, and 
finally escape at the ports a at a comyaratively low temperature. 
The main gas supply pipes F connect by service pipes having 
valves with the burners a and a). Means are provided for heat- 
ing andworking brass and copper and all metals sensitive to sul- 
phurous gases. (Accepted November 23, 1892). 


UNITED STATES PATENTS AND PATENT PRACTIOR 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


Inpian Corron.—The deliveries of Indian cotton to 
Great Britain have very materially declined during the 
last five years. In 1887-8 they amounted to 234,000 bales ; 
in 1888-9 to 386,000 bales ; in 1889-90 to 370,000 bales ; in 
1890-1 to 114,000 bales ; and in 1891-2 to 72,000 bales. 


LocoMoTIvEs ON THE GREAT INDIAN PENINSULA RalIL- 
way.—The number of locomotives upon the Great Indian 
Peninsula Railway at the close of June, 1892, was as 
follows: Ghaut and mixed engines, 74 ; passenger engines 
(tender, 113; tank, 20), 133; and goods engines (tender, 
376 ; tank, 22), 398. Of the 605 engines upon the system 
at the close of June, 1892, 141 were undergoing or await- 
ing repairs at that date. The average number of engines 
undergoing repairs and renewals at any one time during 
the half-year ending June 30, 1892, was 165. 


Krupp, oF Essen.— Krupp, of Essen, has just concluded 
a contract with the Gruson Company, by which heacquires 
an optional right of taking over the establishments of 
the Gruson Company, which was organised in 1886 by the 
acquisition of the -business of Mr. H.-Gruson. The 
optional right extends over a term of 25 years, during 
which Mr. Krupp guarantees the Gruson Company a 
dividend of 9 per cent. per annum. If Mr. Krupp takes 
over the Gruson works before-1917, the consideration 
which he has to pay for them is to be 1,200.0007. After 
1917, the consideration is to be reduced to 961,0002.; but, 
on the other hand, after 1917, the Gruson Company regains 
the right of not selling its works at all, if it deems it best 
to carry them on upon its own account. 


PERMANENT WAY ON THE East INDIAN RatLway.—The 
directors of the East Indian Railway Company recently 
summoned to this country Mr. Robertson, the company’s 
chief engineer in India, in order that Mr. Robertson might 
discuss with Sir A. Rendel and Son on the general condi- 
tion of the permanent way upon the Kast Indian system. 
This step was taken in consequence of Sir A. Rendel and 
Son having reported to the directors as follows: ‘* We 
are approaching, in fact, Knglish railways in speed and 
weight of locomotives, and we exceed them in respect of 
the weights which we put upon our wagon-wheels ; yet 
our permanent way is much inferior in weight and solidity 
to that which is now thought necessary in England. ‘The 
subject, therefore, requires full and careful considera- 
tion.” Asa result of a conference which has taken place 
between Mr. Robertson and Sir A. Rendel and Son, a 
scheme has been drawn up which has been approved by 
the directors, and which has been also submitted to the 
Anglo-Indian Government for its ecrsiceration. 
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BLASTING OPERATIONS ON 
RAILWAYS. 


Duriné the execution of the works in connection 
with the doubling of the Great Western Main Line 
between Maidenhead and Didcot* (now approach- 
ing completion), it became necessary to replace a 
considerable number of the old over bridges by 
new structures of increased width and_ span. 
These old bridges were of the same simple type 


cut away and remove the arch and other brickwork 
at leisure. This plan, however, could not be 
adopted, as, owing to the small height of the 
| bridges, there was insufficient room between the 
limits of the minimum structure guage and the 
soflit of the arches in which to introduce the ribs 
and lagging. After some consideration, it was 
decided to blow up the arches, leaving the abut- 
ments, wing walls, and other work quite clear of 
|the main lines, to be dealt with at leisure. This 


Browine up BRIDGES ON THE SONNING CurTTING, GREAT WESTERN Rartway. 


throughout, consisting simply of one semi-elliptical 
brick span of about 30 ft. on the square, with 
brick abutments, parapet and wing walls, the 
latter being in line with the parapet of the bridge. 
The removal of the arch and other parts of these 
bridges, immediately over the main lines, was a 
matter of some difficulty, as the very heavy 
passenger and goods traftic underneath was in no 
way to be interfered with or obstructed. The 
original intention was to erect skeleton centre ribs, 
with laggings under the arches, and upon these to 


* See ENGINEERING, vol, liii., page 401. 


method was adopted with all the bridges which 
had to be removed, and a detailed description, 
referring to one in Sonning Cutting, about three 
miles east of Reading Station, which was blown 
up on Sunday, September 13, 1891, will be of 
interest. 

This was a skew bridge of 30 ft. square span, 
carrying a public road, crossing the main line, at 
an angle of 65 deg. in a cutting 20 ft. deep, and 
was to be replaced by an iron girder bridge of 66 ft. 
square span, built exactly upon the centre line of 
the old bridge. 


Arrangements were made with the local 


authorities to close the road leading over the 
bridge during demolition and reconstruction, and 
to divert the traffic over another bridge situated 
a few hundred yards further west. ‘This was done 
on Monday morning, September 7, and by 
Saturday afternoon, September 12, the road 
metalling, parapets, and the brick and concrete 
backing to the arch on both sides were removed, 
the shot holes drilled, and the bridge stripped 
and reduced to the condition shown upon Fig. 1., 
page 32, all then remaining to be done on the 
Sunday being to blow up and clear away the arch 
and those portions of the abutments overhanging 
the main lines. Sunday was the day chosen for 
the work, as upon that day it is possible to obtain 
the greatest interval between trains, This interval 
was 1? hours, commencing at twelve midday and 
terminating at a quarter to two. No charging of 
holes before the last train had passed was allowed, 
so that in the above short time the explosives had 
to be put in place, the arch, &c., brought down and 
cleared away, and the line reopened for traffic. 
Fig. 1, page 32, shows to what extent the bridge was 
stripped before the Sunday. The arch itself (of five 
rings in thickness) was left intact, and the abut 
ments and backing cut away to a plane 6 ft. above 
the springing level, Five lines of holes, A, B B, CC, 
were drilled into the brickwork. There were 10 
holes in each line, 1 ft. 9 in. apart centre to centre, 
the outermost ones being 1 ft. 3 in. from the face of 
the arch. Those at A onthe crown of the arch were 
13} in. deep, passing through three rings of brick- 
work, and leaving two ringsuntouched. Those atB B 
were 3 ft. deep, and stopped just short of the lowest 
two arch rings, and to give a better effect to the dis- 
charge were drilled to a slope of about one to six. 
The explosions in A, BB (380 holes) were relied 
upon to destroy the arch and a sufficient amount of 
the abutment, but as a precautionary measure two 
more lines of holes at C C were drilled, which were 
to be charged and used in the event of the explo- 
sions in A, BB not being perfectly satisfactory, 
or in the event of any ‘‘ overhang” being left on 
the abutment. All the lines of holes were parallel 
to the direction of the main line. 

The explosive used was tonite (No. 1), manufac- 
tured by the Cotton Powder Company, 116, Queen 
Victoria-street, London. This possesses great 
shattering power, and is moreover unaffected by 
wet, this latter being an important point, as, when 
once the date for the work had been fixed and 
the preparations made, a postponement, or, 
worse still, a partial failure owing to damp ex- 
plosives, would have been most unfortunate. With 
the cartridges were used special tonite deto- 
nators, and to fire the detonators patent igniters 
and instantaneous fuzes, manufactured by Messrs. 
Bickford, Smith, and Co., of Tuckingmill, Corn- 
wall, Fig. 2 is a sketch showing the general 
arrangement of the fuzes, one set of which was 
provided for each line of holes; A is the time 
fuze ; Bis the ‘‘igniter ;” C are the instantaneous 
fuzes, lit simultaneously from the igniter, and 
burning at the rate of 150 ft. per second; D 
are the cartridges also exploded simultaneously 
by the instantaneous fuzes. This simultaneous 
explosion of all the charges in each line of holes 
was necessary, not only for the purpose of giving 
greater effect to the explosion, but also because, 
if one cartridge were to explode before the others, 
it might dislodge some of the unexploded ones, 
which might fall among the débris. There would 
be then the great danger afterwards, while the 
débris was being cleared away, of an accidental 
blow from a pick or a shovel exploding the de- 
tonator attached to the unexploded cartridge, and 
thus causing a disastrous after-explosion. Although 
the instantaneous fuzes could not be of precisely 
the same length, owing to the central holes in the 
line of charges being, of necessity, nearer to the 
igniter than those on the extremities, yet the 
difference of time between the explosion of the 
central charge and the outside charge being (owing 
to the great speed of the instantaneous fuze) only 
one-fifteenth part of a second, the explosion of all 
the cartridges in the line of holes took place 
practically at the same instant. All the fuses were 
of the quality known as ‘‘Sub-aqueous,” and not 
susceptible to damage by damp. 

In each of the holes marked A was placed a 6-oz. 
tonite cartridge; in the holes marked B 16-oz. 
cartridges, and for the supplementary holes, 
marked OC, 12-0z. cartridges were provided for use 
if necessary. 

The main line was protected from injury by the 
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falling mass of brickwork by timbers placed longi-| views on page 31 show (1) the state of the 


tudinally around and over the rails. 


Trusses of | bridge before the explosions, and (2) the explosions 


straw had been used upon a previous occasion for| at A in the crown of the arch. The effect of the 
this purpose, but had been found unsatisfactory, explosion was rather picturesque, the deep red 
as hindering, to a great extent, the use of shovels cloud of dust and smoke standing out rather prettily 


when clearing away the débris. A staff of men 


Leve/ o 


Abutment 


(260.4. 


was in readiness to repair any damage to the tele- 
graph or signal wires caused by falling bricks, and 
the inhabitants of a cottage about 50 yards away 
from the bridge were removed, and all the windows 
of the house left open. All these precautions and 
preparations being made, and the last train having 
passed the bridge, the fuzes were laid out, as shown 
upon Fig. 1, and attached to the cartridges, which 
were carefully lowered into the holes. Fine dried 
engine-sand was poured in as tamping, this being 
used as the best material for rapidly and efficiently 
tamping the holes. After the charges were in 
place and the holes tamped, the fuzes were weighted 
down by small pieces of brick. This was necessary 
with regard to the time fuze, which in burning 
might have coiled back upon the instantaneous 
fuzes and ignited them before their time. The 
igniter itself was also heavily weighted down, as 
it was found, upon a previous occasion, that when 
the time fuze burnt to the igniter the small explo- 
sion which followed jerked the instantaneous fuzes 
and pulled them away from their cartridges. 

Bushes were then placed over the charges, with 
the object of preventing as far as possible the 
scattering of the débris. 

The three sets of fuzes A, B B were lit at the 
same moment ; the time fuzes at B B being cut to 
burn four minutes, while that at A was cut to burn 
two minutes only, leaving therefore an interval of 
two minutes between explosions at A and B B. 
It was necessary to arrange it in this way, as in 
the event of an explosion occurring at B B before 
that at A, it was possible that the bridge might 
have fallen, carrying the unexploded cartridges in 
the crown of the arch at A. These, detached from 
their fuzes, would have been a source of great 
danger afterwards to the men engaged upon the 
removal of the débris. The first explosion, that 
at A, in the crown of the arch, is represented in 
the lower view on the preceding page, in which the 
whole of the central portion of the arch will be seen 
distinctly breaking away from the haunches, leaving 
an overhang, which the explosion at BB was to 
remove. These explosions followed shortly after, 
and almost simultaneously, and were most efficient 
in clearing away the overhang, in such a manner 
as to render it unnecessary to use the supplemen- 
tary holes at CC. The general result of the 
explosions was most satisfactory ; there were no 
misfires, or failure of any kind, either with the 
fuzes or the explosive, and beyond a slight damage 
to the roof of an adjoining cottage, no damage 
worth mentioning was done anywhere. 

Immediately after the fall of the bridge, the 
work of clearing the line was commenced. Four 
trollies were employed, two on each side of the 
bridge and one on each line. These, being con- 
tinuously run backwards and forwards to the heap 
of débris, were most useful as a means of quickly 
clearing it away. Barrow roads were also put in 
when possible. There were altogether about 50 
tons of débris to remove, and the down line was 
cleared in half an hour, both lines being cleared 
well within the time arranged for, The two 


| against a perfectly blue sky. 
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Altogether, where possible, a method such as is 
described above would appear to be the simplest, 
readiest, and least costly plan to be adopted in 
similar circumstances. 
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The Comparative Merits of Various Systems of Car Li. ht- 
ing: an Investigation of the Comparative Cost, Safety, 
Light-giving Powers, and General Advantayes of Oil 
Lamps, Gasoline Carbureters, Compressed Gas, Electric 
Lighting. By A. M. Wetuincton, B: 2D: 
Prnniman, andC, W. Baker. New York: Engineer- 
ing News Publishing Company. 

Tus little work is full of matter put forward in 

a concise and excellent manner. It comprises a 

republication of a series of articles which appeared 

lately in our New York contemporary Hngimeering 

News, of which paper two of the authors, Mr. 

Wellington and Mr. Baker, are respectively editor 

and associate editor. The third author, Mr. 

Penniman, is chemist to the Baltimore and Ohio 

Railroad. We are informed on the title-page that 

the matter contained is ‘‘based upon original 

investigations and tests made expressly for this 
work, and on the best available statistical records.” 

There are 77 illustrations, many of them folding 

plates. On the first page it is stated, ‘‘ there may 

be said to be only three (systems of car-lighting) of 

much present prominence for general use, viz.: 1. 

Oil lamps. 2. Compressed oil gas. 3. Air gas 

generated for gasoline. Hlectric lighting is yet 

too dear, and candles are both too dear and tou 
poor an illuminant. Compressed coal gas is used 
by only one company and not approved by it.” The 
subject is divided into five sub-heads, viz.: 1. The 
nature of the illuminant. 2. Comparative photo- 
metric efficiency. 3. The construction and cost of 
plant. 4. The cost of operation, maintenance, and 
renewal. 5. Comparative safety and convenience. 
The illuminants used for all three of the chief 
systems of car illumination are products of the 
distillation of crude petroleum, the Americans 
being happy in not possessing the dirty and in- 
effective oil lamp which was so long, in this country, 
the only means of train illumination, and which yet 
so largely survives, to the disgust of travellers and 
the discredit of railway management. With regard 
to oil gas, the Pintsch system is said to be the only 
one before the public in the United States. The 
oil lamps use the kerosene oils, which range from 

110 deg. to 150 deg. Fahr. fire test for the ordinary 

household oil to the ‘‘ mineral sperm” or 300 deg. 

fire-test oil. The last is the only oil ordinarily 
used, and the only one which the law of most 

States permits to be used for lighting passenger 

cars. The carbureter system uses a gas said to 

be formed by passing air through gasoline and 
charging it with the vapour of the latter. From 
the records contained in the work, however, the so- 
called ‘‘gas” appears to consist of the vapour of 
gasoline heated above its boiling point of 110 deg. 

Fahr. In the first chapter the chemistry of petro- 

leum products is given, in order that the reader 


may understand the photometric tests set forth. 
The Frost dry carbureter system is next dealt 
with. It is one of those which use air charged 
with the vapour of gasoline, and is in pretty general 
use in America for lighting isolated housés and 
hotels. We are informed that ‘‘a variety of dis- 
tressing accidents have from time to time occurred, 
and doubtless will continue to occur,” so that there 
is at least one virtue about our dingy oil lamps 
which some more brilliant processes do not share. 
It is but right to state, however, that the above 
quoted remark refers more especially to the fixed 
plants, and that ‘‘many of its more serious 
dangers” are eliminated when the system comes 
to be applied to car lighting. The verdict of 
the authors on the Frost system is that ‘‘the 
special success with which this system has met 
the peculiar requirements of the case, eliminating 
many of its more serious dangers, and so placing 
it ahead of any other system of gasoline car 
lighting which has ever yet been devised.” The 
authors do not, however, unreservedly approve 
even the Frost system. Later on they say: ‘* If 
the Frost system is not a suitable and expedient 
one for lighting cars, no such system using gasoline 
as an illuminant can ever be devised.” The whole 
apparatus is very fully illustrated and described. 
The Pintsch system is next taken in hand, and also 
receives very full notice, the fixed plant by which 
the gas is produced being described and illustrated. 
The Pintsch system is, of course, well known in 
this country, and the authors borrow something 
from English sources in the course of their descrip- 
tion. Illustrations are given of the lamps used, by 


which it would seem American practice is somewhat - 


ahead of us in regard to wsthetic matters, the 
standard lamp shown being of a handsome design. 
The Pintsch lighting system is said to be in use on 
over 38,000 cars in Europe, America, and Australia ; 
the latter continent, however, adding but 15 tothe 
quota, Germany comes first, with 21,300; England 
next, with 6100 ; France has 3300; and the United 
States fourth, with 2003. In connection with this 
system an interesting fact is quoted by Mr. Joseph 
Tomlinson in regard to the Metropolitan Rail- 
way, and, though by no means new, it is worth 
repeating: ‘‘The application of the Pintsch 
system began in 1871, but was not completed until 
1876. As the directors would not invest any 
capital in making change, he offered to make it out 
of revenue if they would give a suspense account 
while the change was taking place. This having 
been agreed to, he had paid off the whole cost of 
construction in about three years outof the sayings, 
the whole amount being about 90001.” 

The book next takes up oil-burning lamps. The 
chapter states: ‘‘ Notwithstanding the advances 
which have been made in lighting by gas and elec- 
tricity, kerosene, or some form of petroleum pro- 
duct, is still the illuminant used in the great 
majority of the households of the country. So in 
the railway service, out of over 30,000 cars now 
running on passenger trains in the United States, 
probably at least 27,000 are lit by oil lamps.” A 
graphic description is given of the European lamps 
burning vegetable oil. ‘‘ Itisirregular ; it hardens 
under extreme cold, European cars not being 
heated ; it oozes out into the globe and obstructs 
the light ; or drips to the floor and gives forth a 
nauseous odour. The light is poor, and in- 
sufficient air is furnished to the flame; the focus is 
too high in the lamp ; part of the oilis distilled into 
the globe. The wick (flat wick) is rapidly carbonised, 
and the lamp burns well only two or three hours.” 
Further on it is stated: ‘‘It frequently happens 
that a lamp will leak until the glass beneath the 
burner is covered with oil, and the flame will 
be smoking until the light of the car becomes 
so dim that the passengers can scarce distinguish 
each other.” No one—not the most patriotic 
Briton—could say these accounts (which are quota- 
tions made by the authors) are overdrawn ; and 
yet any day one may see these wretched oil lamps 
being pitched up to the roofs of carriages from some 
of the platforms of our principal London termini. 
The reasons are given in the book why we continue 
to use these oils ; they are ‘‘ partly the high price 
of kerosene and partly the prejudice against it on 
account of its supposed danger.” With regard to 
danger, it is the spilling of oil in case of accident, 
we are told, which is the point that has to be 
taken into consideration. ‘‘This danger is practi- 
cally the same,” we are told, ‘‘ with vegetable oils 
as with mineral oils ;’ a point upon which we en- 
tirely disagree with the authors if we take mineral 
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oil as ordinarily used in thiscountry. The oil used 
in America for this purpose, however, is a ‘‘ heavy 
oil called ‘mineral seal,’ and ranges from 36 deg. 
to 40 deg. in gravity, and has a fire test of 300 deg. 
Fahr., no inflammable vapour being given off below 
230 deg. Fahr.”” There is often much virtue in a 
name, and ‘‘mineral seal” is highly reassuring. 
Doubtless it is only necessary to consider the 
danger due to accident. To judge by the difficulty 
of burning some vegetable oils, as used in trams, 
even under circumstances supposed to be arranged 
with a view to combustion—in a railway carriage 
lamp, to wit—we should think a bath of such liquid 
would be more likely to quench a bonfire of train 
débris rather than to assist it. The following pages 
in the book are occupied by a dissertation on 
mineral oil ; methods of making fire tests, tests for 
colour and clearness, and other details being given. 
After that the lamps are dealt with, illustrations 
being given. 

Electric lighting next claims the authors’ atten- 
tion, the train installation of the London, Brighton, 
and South Coast Railway in 1881 being referred to 
as ‘‘the first instance of the electric lighting of a 
railway car” of which the authors had been able to 
find a record. The Pennsylvania Railroad took the 
lead in America by lighting a passenger coach for a 
few days by Faure accumulators brought from 
France. Somewhat earlier in the same year the 
Paris, Lyons, and Mediterranean Railway lita train 
with ten 20 candle-power incandescent lamps fur- 
nished with current by a Gramme machine driven 
from the car axle. On the Brighton line it will be 
remembered the batteries used were charged at 
night, but afterwards a dynamo was used driven 
from the car axle. Further details are given, and 
the authors sum up, so far as regards the storage 
battery system, by saying that it has ‘‘ more 
demerit than merit,” the excessive cost being the 
chief obstacle. The direct dynamo system is next 
noticed, reference being made to what has been 
done in Europe in supplying current without the 
intervention of storage batteries. On the London 
and North-Western in 1884 a train was lit by means 
of a dynamo placed on the tender and driven by a 
separate engine. The Chicago, Milwaukee, and St. 
Paul line in 1889 placed the engine and dynamo in 
the baggage car, orina separate car. The difficulty 
is, of course, in making up the train, and to over- 
come this oil lamps are used, so that the element 
of danger from fire is not removed, as the authors 
point out. The combined storage battery and 
dynamo system is said to be in more extensive use 
than all other systems combined, but we do not 
gather that much has been done in this line in 
America, A section of this part of the work is 
devoted to electric train-lighting in England, and 
a few words are given to the system of Messrs. 
Bumstead and Chandler, described by Mr. Stephen 
Terry, which is in use on the Government railways 
of Cape Colony. The two remaining chapters are 
devoted to ‘‘the comparative cost and the com- 
parative safety of car lighting plants.” 

The book is one that should prove of value to all 
interested in this important subject. We hope it 
will have a tendency to increase them in number 
and degree among the railway officials of this 
country, although the work is naturally written 
from an American point of view, and therefore is 
not always applicable to English practice. A word 
should be said as to the neat and tasteful binding 
of buff cloth, the only objection to it being that it 
is likely to soil quickly. The printing is of the 
American kind, the type not pleasing to our English 
eyes. The illustrations are not of the highest 
degree of excellence in regard to finish. These, 
however, are surface blemishes, and, on the whole, 
the work is worthy of praise, not one of its least 
merits being that it has a very fair index. 


YEAR-BOOKS AND ANNUALS. 
The Post Office London Directory for 1893. The Ninety- 
fourth Annual Publication. “London: Kelly and 
Co., Limited. [Price 32s. ] 


The new issue of this invaluable publication is 
fully equal to its predecessors, which it is practically 
impossible to surpass. The work contains upwards 
of 3000 pages, and is, as usual, divided into a number 
of convenient sections, viz., ‘‘Streets,” ‘‘Commer- 
cial,” ‘‘ Court,” &c. The contents are thoroughly up 
to date, alterations taking place as lately as Novem- 
ber 26 being incorporated in it. The general accuracy 
of the typographyspeaks volumes for the patience of 
the editor, whose somewhat thankless task has been 
remarkably well performed, The fine map, which 


forms a frontispiece, is also well up to date; it 
measures about 2 ft. 2in. by 3 ft. 3in., and extends 
from Hammersmith Station on the west to Canning 
Town Station on the east. In the other direction 
it extends from the High-street, Peckham, on the 
south, to Finsbury Park Station on the north. 
The map is remarkably well engraved and finely 
coloured. 


Hazell’s Annual for 1893. London: Hazell, Watson. 
and Viney, Limited, 1, Creed-lane, Ludgate-hill, 
[Price 3s. 6d. ] 

Two-thirds of this, the eighth, volume of an ad- 
mirable ‘‘cyclopzedic record of men and topics of the 
day,” is new—a fact which clearly demonstrates its 
claim to be a record of the history of the year. 
There are, for instance, short summaries on trade, 
finance, literature, art, the drama, music, and 
sports ; while such subjects as have bulked largely 
in public attention are clearly expounded. Notable 
amongst these is the article on State pensions, in 
which the principal points of various schemes— 
twelve British and four foreign—are enumerated, 
Metropolitan water supply, Chicago Exhibition, 
Uganda, labour questions, bimetallism, and other 
such topics, including, of course, political ques- 
tions. The editor, however, seems to have 
found Home Rule rather too difficult of definition. 
The result of the General Election, with biographi- 
cal notices of the M.P.s, should be interesting to 
many, while the narrative of the work of the Par- 
liamentary session is valuable for reference. The 
Annual! does not, by any means, confine attention 
to home affairs. It gives much information as to 
the constitution and government, Ministers and 
British representatives, military and naval strengths, 
and financial and other information regarding nearly 
all foreign countries. Science and medicine are 
largely represented. We note, for instance, an 
interesting article on the mercantile marine, which 
is comprehensive ; but it is difficult to understand 
why Messrs. Denny alone should be singled out 
as constructors of quadruple marine engines ; 
and why in mentioning the vessels under construc- 
tion the new 13}-knot Union Liner should come in 
importance before the Royal Mail and some other 
large liners under construction. The article, too, 
is incomplete without some reference to the great 
progress in paddle steamers and small twin-screw 
Channel steamers. Many will be surprised, too, 
at the statement that while in good times 60,000 
shipbuilders were employed on the Clyde, there 
are now only 20,000, more especially in view of the 
great production. The Channel Bridge and the 
Watkin Tunnel are described, but Sir E. J. Reed 
and his tubular tunnel are evidently not taken 
aw sériewx. Again, few would look for Sir John 
Coode’s name in the obituary of diplomatic and 
official persons when Sir James Brunlees is included 
in the scientific list. These, however, are small 
matters noticed in glancing over the volume, which 
is surprisingly accurate and complete, considering 
the large number of recent events dealt with. The 
book would be materially improved as a work of 
reference if the compilers would extend the prac- 
tice, adopted in a few cases, of giving the reader 
references to sources where subjects are exhaus- 
tively dealt with. As itis, however, the Annual 
is indispensable to all who wish to follow intelli- 
gently the progress of the world in economics, 
science, and the arts. 

The Colliery Manager's Pocket Book, Almanac, and Diary 
for the Year 1893. Edited by W. Farrtey, Ph. D., 
F.G.S., &c._ London: Hutchings, Hutton-street, 
Whitefriars, E.C. 

There is much in ‘‘ The Colliery Manager’s Pocket 

Book ” of importance to those placed in authority in 

the 3439 coal mines and in the 1189 metalliferous 

mines throughout the United Kingdom, in which 
over 700,000 men are employed, and the product of 
which in coal is over 8,200,000/. Appended to the 
diary are many notes not only of current but per- 
manent interest, notable amongst the Jatter being 
the practical remarks on mining subjects by Mr. 

Arnold Lupton. Many tables and formule are 

given. As tothe formule for the safe load on a 

hemp rope, the factor of safety seems remarkably 

small—a somewhat serious error. 


The Railway Diary and Officials’ Directory for 1893. 
London: McCorquodale and Co., Limited, 43, Carding- 
ton-street, Euston-square. [Price 1s. ] 

This is a serviceable desk companion, particularly 

for such as are associated with railways, for not 

only are the usual data which accompany diaries 


given, but there are included wage, interest, and 
other tables serviceable in making calculations, 
constitutional details of all railways, and traffic- 
earning results, which latter will commend the 
book to investors and speculators in railway 
stock. The firm also issue a large wall calendar, 
which includes a railway officers’ directory and a 
directory of railway requirements. 


The Stock Exchange Year Book for 1893. By THomas 
Skinner. London: 1, Royal Exchange Buildings, E.C. 
[Price 18s. ] 

This Year Book, which is now in its eighteenth 

year, gives a digest of information relating to the 

origin, history, and present position of each of 
about 5000 public securities and joint-stock com- 
panies known in the markets of the United King- 
dom. The volume continues to grow, due to the 
fulness with which the various settlements made 
by defaulting Governments and companies are now 
treated ; to the extension of the joint-stock prin- 
ciple, to the increasing number of foreign com- 
panies in which British investors, and perhaps also 
speculators, areinterested. Ina brief preface the 
author indicates that, though there have been fresh 
defaults, the year stands out most conspicuously for 
many arrangements concluded with holders of de- 
faulted securities. A more hopeful feeling now pre- 
vailsamongstinvestors, and, though new venturesare 
still few, existing securities are receiving increasing 
attention. The competition for high-class investment 
securities continues very keen, and a noticeable cir- 
cumstance is that consols no longer hold any pre- 
eminence, British Railway stocks of the first rank 
being just as high relatively, yielding in some cases 
so little as 2 per cent. perannum. But dividend 
stocks have been affected by the earning conditions, 
some being higher and some lower. The year, 

Mr. Skinner states, closed at its best, and 1893 

promises to witness a still further recovery in the 

long list of securities which were struck down by 
the South American crisis. 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


(By our New York CorrESPONDENT. ) 
(Continued from page 11.) 
Currine Cams. 

Passinc over the valuable paper of Mr. J. B. 
Stanwood on ‘Strains on Fly-wheels,” which we 
reprint in extenso on another page, we come to ‘‘ A 
New Process of Cutting Cams,” by Mr. W. A. 
Gabriel, of Elgin, Illinois. It was the result of the 
author’s work in designing machinery for making 
the parts of a watch. It is a description of the 
cam-cutting machines and the manner of laying 
out the forms used therein. 

To commence with, a chart of all the cam motions 
in a machine is Jaid out, similar to a sample diagram 
shown at Fig. 11, and a position line is drawn 
across it. From this chart the forms for the cam- 
cutting machines are made. Figs. 12 and 13 were 
laid out from the chart at Fig. 11. The position 
line is located on them in its proper place, so that 
when the form is inthe machine the line can be 
marked on the cams after being cut. The use of 
this line makes it possible to place all cams in a 
machine in their proper place at once. The line 
is marked on the cams from theform while in the 
machine, after the cam has been cut. A pointer is 
put in place of the cutter, and another pointer 
in the place of the roll acted on by the form. 
When the position line marked on the form 
is brought around to the pointer at that place, 
the pointer in place of the cutter is made to mark 
aline on the cam. When all the lines marked on 
the cams in a machine are in line parallel with the 
cam shaft, they are ready to be secured to it. It will 
be noticed by referring to the engravings of the 
machines that the levers transmitting motion from 
the form to the cutter are multiplying. And in this 
case it is five to one, and the form, of course, must 
have a rise or throw five times that of the cam being 
cut. Thisis done so that errors of workmanship in 
making the form will be reduced in the cam, and 
more perfect work produced. 

In some cases the form is laid out on a board 
covered with paper, and is then sawed out, taking 
care not to run over the line. It is then trued up 
with a file, and is ready to use in the cam-cutting 
machine. But in cases where great accuracy is 
necessary, the form is laid out on sheet brass about 
7 in. in thickness, and as metal will keep its form 
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unchanged for any length of time, a cam can be re- 
produced the same as the original at any time. 

An instrument to facilitate the laying out of 
forms on metal is shown by Figs. 16 and 17. It 
consists of an ordinary tubular beam compass with 
strong points to scratch a plain line on the metal, 
and an attachment at the adjusting end that will 
enable it to be set to zj55 of an inch of any re- 
quired distance. The large sectional view, Fig. 17, 
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The sheet metal on which the form is laid outis counter-shaft and universal couplings. This allows 
first prepared by drilling a hole near its centre, the for all necessary movements of lever and cutter. 
size of the centrepin inthespindleon which the form) Both cam and form spindles are turned by worm 
turns in the machine. The holeis then filled with gears with the same number of teeth in each, and 
a small brass plug, having a fine centre point in it. are turned in the same direction by worms which 
This insures the hole being in the right place when are made tapering, so that side shake can be taken 


on the brass plate it is sawed out with a band saw 


for metal, and is then placed upon a small table and 
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the form is finished. After the form is outlined | up. ; 
The worm shaft can be turned either by hand or 


The 


power, as is clearly shown by the engravings. 
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shows the construction of the adjusting nut. A 
steel scale with inches, tenths, and hundredths on 
it is used in connection with the compass. To 
operate it the point on the sliding head is run out 
to nearly the distance required, and the points are 
set in the divisions on the scale. A magnifying 
glass is used to see that the points rest in the 
centre of the lines, the adjusting nut being used 
to bring that about. The part of the nut carrying 
the divisions can be turned independently of it. It 
is then set to zero, and if the distance calls for 
several one-thousandths of an inch, more or less, 
it can be obtained by turning the nut to the right 
division. The compass is then set ready to mark a 
line on the form, 
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finished witha file. A fixture is attached to the 
table for holding the file perpendicular to the edge 
of the form. It is then ready to be putin the cam- 
cutting machine. 

The machine shown in Figs. 6 and7 cuts a groove 
inthe side or face of the cam. It consists of a 
strong bedplate, on which are placed two upright 
spindles, to carry the cam to be cut and the form. 
Over them, and pivoted at one end, is a strong 
lever, so placed as to make a proportion of five to 
one between the cam and form. ‘ 

At oneend isa roll toact onthe form. Over the 
cam spindle is the cutter spindle, with its driving 
gears. Adjustment is provided up and down. The 
cutter spindle is driven through bevel gearing by a 


form for this machine must be just the shape of the 
space inclosed by the groove in the cam, and must 
be five times actual size. This is necessary on 
account of the roll and cutter being mounted on 
the lever. The roll should be just five times the 
size of the finishing cutter. A small slide in the 
end of the lever, skown on plan Fig. 7, provides 
adjustment so that the sides of the groove can be 
finished with a fine chip, or trimmed up after being 
worn so badly as to require it. 

The lever carrying the cutter and roll is held up 
to the form by a weight suspended at the end of a 
cord, which passes over a pulley swivelling at the top 
of a column, and attached to the lever, as shown on 
plan Fig. 7. It can be seen that the machine just 
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described is quite simple and will do excellent the pin itself would move, on account of the fore- | rocker arm carrying a flatted pin i which slides in 


work. | 
The machine for cutting a groove in a cylinder 
cam, shown in Figs. 8 to 10, is more complex, but 
will do work as perfectly as the former. In this 
machine the cam, being cut, is moved endwise by 
the form as it turns, and whatever shape the form 
has is given to the cam, as perfectly as in the other 
machine. The roll acted on by the form is carried 


shortening of the lever. In order to simplify this 
problem, the pin should not work below the centre 
line of the cam. ‘To set this device the cam blank 
and form should be turned to exactly the centre of 
the throw, and then, with the rock-shaft a in the 
position shown, the adjustable arms bb, Figs. 14 
and 15, are moved up to contact with the blank, 
one on each side. The bar d, on which arms b / 


|a suitable slot in slide h. 


As the cam is being 
cut, its movement endwise causes motion to be im- 
parted to the mechanism just described ; and that 
in turn causes the vertical slide /, carrying the 
compound slides and cutter spindle, to move up 
anddown. In order thatthe amount of motion up 
and down shall equal the foreshortening of the 
lever and pin which is to work in the cam, it is 


by a bar, which moves parallel with the spindle slide, is supported at each end by yokes cc which first found by measurement of the drawings of the 
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carrying the cam to be cut. Motion is transmitted 
from the bar to the cam spindle by a lever, which 
is pivoted so as to give the same proportion of 
movement as in the former machine. The worm 
shaft can be turned by hand or power. Means are 
provided to take up any side shake between worm 
and gear. The cutter and its driving gears are 
mounted on a compound slide, so that it can be ad- 
justed to position with ease. A support is provided 
for the outer end of the arbor carrying the cam, to 
prevent chattering when taking heavy cuts. 

The spindle a is free to move endwise in the 
outer spindle, of which the worm gear is a part, 
and also in the back bearing. The driving pin 
ec is fast in the worm gear spindle, and passes 
freely through a dise d, which is keyed fast to the 
sliding spindle a. A ring e, which cannot turn, 
encircles the dise d, and in it are pins pivoted in 
small slides in the lever. Adjustment is provided 
to take up any shake in pins or slides. This 
arrangement is necessary on account of the fore- 
shortening of the lever. In this machine it is not 
necessary to have the form just five times the size 
of the space inclosed by the groove, as in the former 
machine ; but the rise or throw must be. The form 
ought to be as large as convenient in order to avoid 
having too steep arise for the roll to overcome. A 
number of holes are provided in the bar carrying 
the roll, to assist in adjusting it properly. A weight 
at the end of a cord, attached to the bar, keeps the 
roll up to the form while cutting the cam. Means 
are provided to enable the form to be turned inde- 
pendently of the spindle. This is useful in starting 
to cut the cam. A hole is first drilled in the cam 
blank, to start the cut. The hole is brought oppo- 
site to the cutter by turning the blank on its 
spindle, then the form is turned to adjust endwise. 
The machine is then set ready to cut the cam. The 
position line is marked on the cam after being cut, 
to avoid any chance of error from its slipping on 
the arbor. 

In many cases the pin working in the groove of a 
cam is secured in the end of a lever working on a 
fulcrum. If the radius of the lever be short, and 
the throw of the cam be great, a serious cramping 
of the pin may take place, on account of the fore- 
shortening of the lever. On Figs. 14 and 15 is 
shown a way whereby the cutter may be moved in 
cutting the groove in a cam, in the same way that 


in turn slide on round bars ec. 


of bar d is a stud f to which is pivoted a con- 
One end of this rod is adjustable in| the same slotted, and (6) a Page cotton leather belt. 


necting-rod q. 


a 5 to is 


\ ; 
Divisions ab a 


AULLLLAL LEO TUTSDELPEDIETSE 
ESS ASHSRES 


eZ, 


i HANNON 
POP SMe hi Nau 
| SE Nia 
FEXSSSSSY =D 


W ZZ Za ea 


HL 


Y 
Vie 
ar, 


machine in which the cam is to work. Then, by 
means of a micrometer screw at j, and the ad- 
justment of the connecting-rod in the slot in the 
curved lever, the machine is set to an equal 
amount, and then is ready to cut the cam. 

The writer of this paper does not think that, 
practically, this foreshortening of a pin working in 
a cam cuts much of a figure, as in most cases it can 
be corrected by rounding the pin a little. But 
some might think it ought to be provided for ina 
cam-cutting machine, and for this reason the writer 
thought best to describe a way by which this objec- 
tion might be overcome. 

After stating that two of the machines had been 
in successful use for three years, the author closed 
by showing the diagrams Figs. 18 to 20. 

‘* A Simple Difference Machine” was then de- 
scribed by Mr. Richmond, after which Mr. Thos. 
Rowland, of the Continental Tron Works, was 
introduced, and received an ovation, as he well 
deserved, for this Society has no member more 
liberal, nor more thoroughly identified with its 
interests from its commencement. As the builder 
of the Monitor, his fame is national, and is only 
equalled by his modesty. As vice-president of 
this Society, his claims to its recognition have 
been conceded, and it was gratifying to see the 
hearty welcome accorded to him. 


Tue Strains In Latue Bens. 


‘The Strains in Lathe Beds” were presented 
by Mr. G. W. Bissell, and the results appear in the 
Table which we give on the next page. 

The same author gave the results of experiments 
to measure tool pressure, which are also tabulated 
and appear overleaf. 

This gave rise to a discussion as to the weight of 
lathes, and the opinion was expressed that they 
should be like an anvil, a mass so as to take up the 
vibration. The next series of tests submitted was 
on ‘‘Driving Belts,” by Samuel Webber. These 
were also tabulated, and the results are as follows : 
The belts tested were (1) a 6-in. Schieren link, (2) 


At the outer end|a light Page link, (3) a Schieren perforated belt, 


(4) a light double leather Eureka dynamo belt, (5) 


a slot in a curved arm which is pinned fast tothe| The coefficient of friction with the first varied 


rock-shaft a. 


At the opposite end of the rock- 
shaft, and within the vertical slide h, is a short 


from 0.294 to 0.417, the load varying from 11.72 
to 24.31 horse-power, and the speed from 1713 ft. 
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Experiments on Lathe Beds. 
A a) Readings. 
os 
~ S 
ay Conditions. Wash: | Fitch- 
£4) Reed, | burn, | burg 
BS 16 in. TE ee? 
iA 16in. | 20in, 
| = (Sere 
Strains produced by External 
Causes. | 
1 | Wedge under front leg, tail-stock 
end.. ae ee 00 --| 0.0769 | 0.0818 | 0.0760 
2 | Wedge under back leg, tail-stock 
end .. =s ee 30 6 -1370 1280 -0099 
3 | Difference between 1 and 2 -0601 -04162 -6610 
4 | Mean of 1 and 2 Se --| .1069 -1049 | .0429 
5 | Normal position of lathe on floor} .1091 -1034 0256 
6 | Probable actual distortion in 
normal position, difference be 
tweendand5 .. -| 0022 -0015 | .0173 
7 | Minimum value of 6 af -0015 
8 | Maximum value of 6 56 a3 30 3 0173 
9 | Jack screw under middle of leg 
casting ae me 59 -»| 1056 -1061 -0456 
10 | Difference between 4 and 9 -0013 -0012 -0027 
Strains Produced by Torsion of | 
Piece between Centres. | 
11 | Normal condition, both feet of | 
leg casting on floor ae ..| 01895 | 0.1037 | 0.0244 
12 | Full belt power, both feet on the | 
floor .. on a oe ae 1968 1074 +0029 
13 | Jack screw under middle of leg 
casting, no strainfrom belt ..| .1916 1073 0598 
14 | Jack screw support, full bel! 
power ns “3 Te AF 1946 1150 .0710 
Errors of Chucked Work. 
15 | Front reading, wedge under back 
hep. a6 BA ne 55 2836 | .3169 1454 
16 | Back reading, wedge under back | | 
leg .. 34 ae Se «-| «2928 | 3146 -2038 
17 | Difference between 15 and16..] .0092  .0020 | .0584 
18 | Front reading, wedge under front | | 
leg .. So a Ee --| 2942 .3236 | .2005 
19 | Back reading, wedge under front | 
lesyen a 38 50 sil ee Oe -3056 1935 
20 | Difference between 18 and 19 -0160 .0180 | .0070 
21 | Average difference of front and | 
back reading E as --| .0126 | .0100 | .0327 
22 | Spindle aligned, difference re- | 
duced toee i mens lectin] 600045 |— 20005, 10002 
23 | Spindle aligned, reading with | | 
micromet:rand apparatus used | 
inltold.. AS ci One silat -12€9 | .0636 
24 | Difference between 9 and 23 -0105 | .0208 | .0180 
25 | Maximum variation in diameter | 
of chucked work per inch of | 
length is are 36 --| .0021 | .0024 | .0077 


Size of reference plane, 10 by 36 rectangular. 


ReMARKS —The observations (24) indicate, first, the degree of 
accuracy attained in the original aiignment of the lathe; or, 
second, the amount of wear to which the parts interested have 
been subjected ; or, third, and more probably, combined effect 
of wear and faulty alignment. 


Experiments to Measure Tool Pressure. 


i 
Weight ia 
feed Per Revo- Pounds, Metal BIR pee 
Depth of Cut. lution. | Removed Per Ta ipoitk ae 

| Cutting Fcot, es 

in. in, 
1s 0.0083 0.0065 466.8 
ay 0.0083 0.0059 413.9 
+ 0.0083 0.0055 378.7 
& 0.0083 0.0047 343 5 
qr 0.0083 | 0.0042 299.4 
8 0.0083 | 0.0037 255.4 
0.0083 | 0.0032 237.8 
0.0983 0.0025 184.9 
0.0083 0.0015 | 140.9 
0.0083 0.0010 61.6 
0.0128 0.0084 6129 
0.0128 0.0080 590.1 
0.0128 0.0076 537.2 
0.0128 0.0061 510.8 
0.0128 0.0003 440.4 
0.0128 0.0040 369.9 
0.0128 0.0030 229.0 
0.0128 0,0011 105.6 
0.0172 0.0113 731.0 
0.0172 0.0103 651.7 
0.0172 0.0092 607.7 
0.0172 0.0072 537.2 
0.0172 0.0056 413.9 
0.0172 0.0046 343.5 
0.0172 0.0031 255.4 
0.0172 0.0016 132.1 


to 2272 ft. per minute. In the second the co- 
efficient of friction was from 0.282 to 0.396, the 
load from 14.55 to 24.31 horse-power, and the 
speed from 1452 ft. to 2389 ft. In the third the 
coefticient of friction was'0.255 to 0.891, the load 
13.64 to 25.52 horse-power, and the speed 170d ft. 
to 2329 ft. In the fourth the coefticient was 0.330 
to 0.420, the load 12.9 to 26.96 horse-power, and 
the speed 1867 ft. to 2329 ft. In the fifth the co- 
efficient was 0.320 to 0.586, the load 12 to 33.75 
horse-power, and the speed 1885ft. to 2693 ft. Inthe 
sixth the coefficient was 0.428 to 0.570, the load 
17.20 to 35.7 horse-power, and the speed 1946 ft. 
to 2889 ft. The percentage of slip was 2 to 33, 7 
to 19, 2 to 11.03, 2 to 14, 2 to 9.5, and 1 to 14 re- 
spectively. 
(To be continued.) 
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Tur Royat Instirution—continued. 

Tur planes of cleavage of rocks, according to 
the most generally received theory, before Dr. 
Tyndall took up the subject, were determined by 
crystallisation. Miles and miles of the districts of 
North Wales and Cumberland, comprising huge 
mountain masses, were thought to be neither more 
nor less than the parts of a gigantic crystal. These 
masses of slate were originally fine mud. This 
mud is composed of the broken and abraded par- 
ticles of older rocks ; it contains silica, alumina, 
iron, potash, soda, and mica, mixed in sensible 
masses mechanically together. In the course of 
ages the mass became consolidated, and it was 
thought that afterwards a process of crystallisation 
rearranged the particles and developed in the mass 
a single plane of crystalline cleavage. 

Dr. Tyndall approached the question in his 
characteristic fashion. Taking nothing for granted, 
he examined all the facts anew, particularly those 
collected by Sharpe and Sorby, and perceived 
certain important physical phenomena, associated 
with slaty cleavage, which had not before been 
sufliciently considered. 

Fossil shells and trilobites are found in these 
rocks, occupying various positions with regard 
to the cleavage planes. Dr. Tyndall noted that 
these shells are squeezed, distorted, and crushed. 
In some cases a flattening of the convex shell 
occurs, in others the valves are pressed by a 
force which acted in the plane of their junction ; 
but in all cases the distortion is such as led him to 
the inference that the rock which contains these 
shells had been subjected to enormous pressure in 
a direction at right angles to the plane of cleavage, 
the shells and tribolites being all flattened and 
spread out upon these planes. 

A case of contortion adduced by Sorby is quoted 
by Dr. Tyndall as illustrating this point (Fig. 1). 
The bedding of the rock shown in the annexed 
figure was once horizontal. At A a deep layer of 
mud is shown, at m na layer of comparatively un- 
yielding gritty material ; below that, again, at B, 
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another layer of the fine mud of which slates are 
formed. This mass cleaves along the shading lines 
of the diagram. Looking at the intermediate bed 
mn, itis seen to be contorted into a serpentine 
form, showing evidently that the mass has been 
pressed together at right angles to the planes of 
cleavage. 

The amount of compression may be roughly esti- 
mated by comparing the length of the line e f, 
which represents the unyielding serpentine layer 
m wv stretched out, with the line showing the dis- 
tance from c to d. The yielding of the mass has 
been very considerable. 

Another proof of pressure Dr. Tyndall adduced 
from the shape of the whitish-green spots often 
seen in slate. These spots are composed of a very 
fine mud which has been rolled into nodular 
masses and deposited by the rivers from which the 
slate mud has subsided. On the cleavage planes 
these spots are broad patches, but on the edge of 
the slate slab the section of a nodule is a sharp 
ellipse, with its major axis parallel to the cleavage. 
This is precisely what might be expected from the 
mass having been compressed at right angles to the 
planes of cleavage. The nodules have been flat- 
tened. 

From these typical facts, each representative of 
a class—the crushed shells, the squeezed trilobites, 
the flattened nodules of green marl—Dr, Tyndall 
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argued that slate rocks must have been subjected 
to enormous pressure in a direction at right angles 
to the planes of cleavage.* 

The concurrence of the phenomena of cleavage 
and pressure—that they accompany one another— 
being established, the question remained, Is this 
pressure of itself suflicient to account for the 
cleavage? Sorby was the only geologist to answer 
in the aftirmative. The cleavage of the flags of 
Halifax and Over Darwen is caused by the interpo- 
sition of plates of mica between the layers. Sorby, 
finding that mica is a constituent of slate rock, 
argued that the effect of pressure upon a mass con- 
taining such plates confusedly mixed up with it 
would be to place the plates with their flat surfaces 
more or less perpendicular to the direction in which 
the pressure is exerted. 

Sorby took scales of oxide of iron, mixed them 
with a fine powder, and on squeezing the mass 
found that the tendency of the scales was to set 
themselves at right angles to the line of pressure, 
and contended that the planes in which these 
plates arrange themselves will be those along which 
the mass cleaves. 

Dr. Tyndall repeated and extended Sorby’s ex- 
periments, but whilst agreeing with his conclusion 
that the effect of pressure on elongated particles or 
plates is such as he describes it, nevertheless re- 
jected his explanation of slate cleavage. He proved 
that even if the plates of mica were wholly absent, 
the cleavage of slate rocks would be the same as at 
present, 

In the first place, the perfection of the cleavage 
bears no relation to the quantity of mica present ; 
this, however, is a minor fact. 

He took bodies having no scales of iron, plates of 
mica, or anything analogous mixed up with them, 
and subjected them to pressure in an hydraulic 

ress. 
f White wax thus treated exhibits a cleavage 
cleaner than that of any slate; it splits into laminz 
of surpassing tenuity, thus proving at a single 
stroke that pressure is sufficient to produce 
cleavage, and that this cleavage is independent 
of any intermixed plates. 

The finer the slate the more perfect is the resem- 
blance of its cleavage te that of the wax. Dr. 
Tyndall usually softened the wax by warming it, 
kneaded it with the fingers, and pressed it between 
plates of glass previously wetted, afterwards cool- 
ing the compressed specimens in a mixture of 
pounded ice and salt. 

Thus treated, the cleavage surfaces of the wax 
and slate have precisely the same features. The 
mode in which pressure produces this remarkable 
result is, in Dr. Tyndall’s view, as follows: ‘‘ Nature 
is everywhere imperfect! The eye is not perfectly 
achromatic, the colours of the rose and tulip are 
not pure colours, and the freshest air of our hills 
has a bit of poison init. In like manner there is 
no such thing in nature as a body of perfectly 
homogeneous structure. I break this clay, which 
seems so intimately mixed, and find that the frac- 
ture presents to my eyes innumerable surfaces 
along which it has given way, and it has yielded 
along these surfaces because in them the cohesion 
of the mass is less than elsewhere. 

‘“‘T break this marble, and even this wax, and 
observe the same result. Look at the mud at the 
bottom of a dried pond ; look to some of the un- 
gravelled walks in Kensington Gardens on drying 
after rain ; they are cracked and split, and, other 
circumstances being equal, they crack and split 
where the cohesion of the mass is least. 

‘¢ Take then a massof partially consolidated mud. 
Assuredly such a mass is divided and subdivided 
by surfaces along which the cohesion is compara- 
tively small. Penetrate the mass, and you will see 
it composed of numberless irregular nodules 
bounded by surfaces of weak cohesion. Figure to 
your mind’s eye such a mass subjected to pressure: 
the mass yields and spreads out in the direction of 
least resistance. It is scarcely necessary to say 
that if the mass were squeezed equally in all direc- 
tions no laminated structure could be produced ; it 
must have room to yield in a lateral direction. The 
little nodules thus become converted into laminze, 
separated from each other by surfaces of weak 
cohesion, and the infallible result will be that such 


* With reference to this, however, he says: ‘‘ While 
to my mind the evidence in proof of pressure seems per- 
fectly irresistible, I by no means assert that the manner 
in which I have stated it is incapable of modification. All 
that ica important is the fact that pressure has been 
exerted, 
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a mass will cleave at right angles to the line in 
which the pressure is exerted. 

‘‘ Further, a mass of dried mud is full of cavities 
and fissures. If you break dried fireclay you see 
them in great numbers, and there are multitudes 
of them so small that you cannot seethem. I have 
here a piece of glass in which a bubble was in- 
closed ; by the compression of the glass the bubble 
is flattened, and the sides of the bubble approach 
each other so closely as to exhibit the colours of 
thin plates. A similar flattening of the cavities 
must take place in squeezed mud, and this must 
materially facilitate the cleavage of the mass in the 
direction already indicated. 

‘* Although the time at my disposal has not per- 
mitted me to develop this thought as far as I could 
wish, yet for the last twelve months the subject 
has presented itself to me almost daily under one 
aspect or another. I have never eaten a biscuit 
during this period in which an intellectual joy has 
not been superadded to the more sensual pleasure, 
for I have remarked in all such cases cleavage 
developed in the mass. I have only to break 
these cakes, and to look at the fracture, to 
see the laminated structure. Nay, I have the 
means of pushing the analogy further. I have here 
some slate which was subjected to a high tempera- 
ture during the conflagration of Mr. Scott Russell’s 
premises. I invite you to compare this structure 
with that of a biscuit; air or vapour within the 
mass has caused it to swell, and the mechanical 
structure it reveals is precisely that of a biscuit. 

“Dr. Warren de la Rue once wished to obtain 
white lead in a fine granular state, and to accom- 
plish this he first compressed the mass ; the mould 
was conical, and permitted the white lead to spread 
a little laterally under the pressure. The lamina- 
tion was as perfect as that of slate, and quite 
defeated him in his effort to obtain a granular 
powder. 

‘Sir Benjamin Brodie discovered a kind of 
graphite, a powder of exquisite fineness. This 
powder has the peculiarity of clinging together in 
little confederacies, and when the mass is squeezed, 
these groups of particles flatten, and a_ perfect 
cleavage is produced perpendicular to the line in 
which the pressure was exerted. 

‘* Boghead cannel has good cleavage planes, and 
pressure had a great share in the production of 
this cleavage. 

‘*The principle which I have enunciated is so 
simple as to be almost trivial; nevertheless, it 
embraces not only the cases mentioned, but takes 
a much wider range. 

‘* When iron is taken from the puddling furnace it 
is a more or less spongy mass; it is at a welding 
heat, and at this temperature is submitted to 
the process of rolling, and bright smooth bars are 
the result. The iron was more or less spongy and 
nodular, and, notwithstanding the high heat, these 
nodules do not perfectly incorporate with their 
neighbours ; but the process of rolling drew out 
the nodules into fibres. Dr. Perey showed this 
fibrous structure by acting on rolled iron with 
sulphuric acid, without any reference to the ques- 
tion of cleavage. 

** In other cases of fibrous and laminated iron it 
can also be shown to be the effect of mechanical 
treatment. Break a mass of ordinary iron and 
you have a granular fracture; beat the mass, you 
elongate these granules and finally render the iron 
fibrous. Rails along which the wheels of locomo- 
tives have slided, as at the entrance to stations 
and such like places, become laminated; the 
granules have yielded and become plates. These 
exfoliate and come off in leaves. All these effects 
belong to the great class of phenomena of which 
slaty cleavage forms the most prominent example. 

** From evidence of the most independent and 
trustworthy character we come to the conclusion 
that these slate rocks have been subjected to 
enormous pressure, and by the same method of 
experiment we have shown that. pressure is sufli- 
cient to produce the cleavage. Expanding our 
view, we find the self-same law, whose footsteps we 
trace amid the crags of Wales and Cumberland, 
stretching its ubiquitous fingers into the domain of 
the ironfounder; nay, a wheel cannot roll over 
the half-dried mud of our streets without revealing 
to us more or less of this law. 

‘*The spirit in which this problem has been at- 
tacked by geologists, indicates the dawning of anew 
day for their science. The great intellects who have 
laboured at geology, and who have raised it to its 
present pitch of grandeur, were compelled to deal 


with the subject in mass ; they had no time to look 
after details. But the desire for more exact know- 
ledge is increasing ; facts are flowing in which, 
while they leave untouched the intrinsic wonders 
of geology, are gradually supplanting, by solid 
truths, the uncertain speculations which beset the 
subject in its infancy. 

“Geologists now aim to imitate, as far as possible, 
the conditions of nature, and to produce her results ; 
they are approaching more and more to the domain 
of physics; and I trust the day will soon come when 
we shall interlace our friendly arms across the 
common boundary of our sciences, and pursue our 
respective tasks in a spirit of mutual helpfulness, 
encouragement, and goodwill.” 

Professor Huxley was present when the Professor 
of Natural Philosophy demonstrated to the members 
of the Royal Institution the true explanation of slaty 
cleavage and lamination of iron, and suggested that 
the theory of slate cleavage might apply to the 
veined structure of glacial ice. On consulting the 
observations of Professor J. D. Forbes on the 
subject, Dr. Tyndall was struck with the probability 
of Professor Huxley’s surmise being correct, and an 
arrangement was made for a joint visit to the 
glaciers of Grindelwald, the Aar, and the Rhone. 

This arrangement was carried out, and the subject 
being a physical one, it fell to the lot of Dr. Tyndall 
to follow it up after his return to England. 

By reading, reflecting, and experiment in the 
laboratory of the Institution, the boundaries of the 
investigation were extended, until finally it 
embraced the main divisions of the problem of 
glacier structure and motion. 

The power of a glacier to accommodate itself to 
the sinuosities of its bed, the motion of the ice 
through a valley of variable width, and a number 
of similar facts had been adduced as evidence of the 
‘‘ductility” of glaciers by Render and others. 

To these evidences Professor J. D. Forbes 
added, in 1842, the important observation that the 
centre of a glacier moved more quickly than its 
sides, and he was led finally to a definite expres- 
sion of his views in the well-known ‘‘ Viscous 
Theory of Glacial Motion.” 

Numerous appearances, indeed, seemed to favour 
the idea of viscosity. The aspect of many glaciers 
as a whole, their power of closing up crevasses, and 
of reconstructing themselves after having been 
precipitated down glacial gorges ; the bending and 
contortion of the ice, the quicker movement of the 
centre, where the ice is uninfluenced by the retar- 
dation of the banks, were all circumstances which 
were urged with such constancy and ability as to 
leave the viscous theory without any formidable 
competitor, until attacked by Dr. Tyndall fresh 
from conquest of slaty cleavage. Moreover, the 
viscous theory derived support from its apparent 
competency to explain the laminar structure of the 
ice, a structure regarded by eminent authorities as 
a crucial test in favour of the viscous theory, and 
which was affirmed to be impossible of explanation 
on any other hypothesis. 

Nevertheless, the viscous theory is so opposite to 
ordinary experience of the nature of ice as to leave 
a lingering doubt in many minds. To remove this 
doubt it was urged that the true nature of ice is to 
be inferred from experiments upon large masses, 
and that such observations placed the viscosity of 
ice in the position of a fact rather than a theory. 

It was never imagined that the bendings 
and contortions and other evidences of apparent 
viscosity exhibited by glaciers, could be made 
manifest on hand specimens of ice. Dr. Tyndall, 
however, showed this was possible. 

In the lecture-room of the Royal Institution, at a 
Friday evening discourse on January 23, 1857, he 
moulded hard ice by pressure into such shapes as 
would only have been deemed possible with such a 
substance as wax. 

Moulds of various forms were hollowed out in 
boxwood, and pieces of ice were placed in these 
moulds and subjected to pressure. In this way 
spheres of ice were flattened into cakes, and cakes 
formed into transparent lenses. 

A straight bar of ice, 6 in. long, was passed 
through a series of moulds augmenting in curvature; 
and was finally bent into a semi-ring. 

A small block of ice was placed in a hemispherical 
cavity, and was pressed upon by a hemispherical 
protuberance not large enough to fill the cavity ; 
the ice yielded and filled the space between both, 
thus forming itself into a transparent cup. 

In short, it was shown that every observation 
made upon glaciers, and adduced by writers on 


the subject in proof of the viscosity of ice, is 
capable of perfect imitation with hand specimens 
of ice. These experiments demonstrated a capacity 
on the part of small masses of ice which had up to 
then been denied to them. They proved to all 
appearance that ice is even more plastic than it 
was ever imagined to be by the founders of the 
viscous theory. 

The real germ from which these results sprang 
was to be found in a lecture given at the Royal 
Institution seven years earlier, and reported in the 
Atheneum and Literary Gazette for 1850. Faraday 
then showed that when two pieces of ice, at a tem- 
perature of 32 deg. Fahr., are placed in contact 
with each other, they freeze together by the con- 
version of the film of moisture between them into 
ice. The case of a snowball is a familiar instance 
of the principle. When the snow is below 32 deg., 
and therefore dry, it will not cohere, whereas, 
when it is in a thawing condition, it can be 
squeezed into a hard mass. 

Duing the hottest days of July, when the ther- 
mometer is upwards of 100 deg. Fahr. in the sun, 
and more than 80 deg. Fahr. in the shade, blocks 
of ice which had been placed loosely in a heap 
were found to be frozen together at their places of 
contact. Following out these experiments, Dr. 
Tyndall caused pieces of ice to freeze together 
under water as hot as the hand could bear. 

Facts like these suggested the thought to him 
that if a piece of ice—a straight prism, for example 
—were placed in a bent mould and subjected to 
pressure it would break, but that the force would 
also bring its ruptured surfaces into contact, and 
thus the continuity of the mass might be re-estab- 
lished, 

Experiment confirmed this surmise; the ice 
passed from a continuous straight bar to a continu- 
ous bent one, the transition being effected, not 
by a viscous movement of the particles, but through 
fracture and what Faraday termed regelation. 

All the phenomena of motion on which the idea 
of viscosity has been based were brought by Dr. 
Tyndall’s experiments into harmony with the 
demonstrable properties of ice. In virtue of this 
property of ‘‘tracture and regelation” the glacier 
accommodates itself to its bed while preserving its 
general continuity, crevasses are closed up, and 
the broken ice of a cascade, such as that of the 
Taléfre, on the Rhone, is recompacted to a solid 
continuous mass. 

_ If the glacier accomplish its movement in virtue 
of the incessant fracture and regelation of its 
parts, such a process must be accompanied by a 
crackling noise, corresponding in intensity to the 
nature of the motion, and which noise would be 
absent if the motion were that of a viscous bedy. 
It is well known that such noises are heard, from 
the rudest crashing and quaking down to the lowest 
crepitation ; and by Dr. Tyndall’s experiments they 
thus receive a satisfactory explanation. 

It is manifest that the continuity of the frac- 
tured ice of a glacier cannot be completely and 
immediately restored after fracture. It is not the 
same surfaces that are regelated, and hence the 
coincidence of the surfaces cannot be perfect. They 
will inclose for a time capillary fissures, and here 
again Dr. Tyndall’s theory accounts satisfactorily 
for the known structure of glacier ice. Dr. Tyndall 
took a piece of ordinary ice, hollowed out a cavity 
in it and filled it with a strong infusion of cochineal; 
the ice was perfectly impervious to the liquid, 
which remained in it for half an hour without 
penetrating it in the slightest degree. A piece of 
the same ice was subjected to a gradually increas- 
ing pressure. Relieved from the pressure, the ice 
remained continuous; but a cavity being formed and 
the coloured infusion placed within it, the liquid im- 
mediately diffused itselfthrough the capillary fissures, 
producing an appearance accurately resembling 
the drawings illustrative of the infiltration experi- 
ments of Agassiz upon the glacier of the Aar. This 
fissured structure, which is inconsistent with the 
idea of viscosity, was thus shown by Dr. Tyndall 
to be the natural result of ‘‘ pressures” exerted 
upon the non-viscous and brittle mass of the 
glacier. 


Crrvusot.—The Crensot Collieries, Forges, Steelworke, 
and Mechanical Construction Workshops Company has 
just issued its report for 1891-2. The profits of the past 
financial year are returned at 334,420/. The dividend for 
the year has been fixed at 47. per share, payable half 
December 15, and half June 15. The ordinary and 
special reserves are returned at 578,516/, 
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THE YOSEMITE, ALASKA, AND 
THE YELLOWSTONE. 
(From our New York CoRRESPONDENT. ) 
(Concluded from page 7.) 

We returned next day to the Mammoth Hot 
Springs, whence the tourist may make a day’s 
excursion to the wonderful Petrified Forest. 
This is a very paradise for geologists, for the 
strata contain all sorts of animal and vegetable 
remains, and all over the slope of the hillside are 
the great trunks and branches of the trees petrified 
into clear agate or opalised, with the cavities full of 
quartz and calcite crystals. As you stand in this 
frozen forest it is easy to fancy that you are on the 


Fic. 104. Scene in MINNESOTA. 


Fic. 106. West Hover, MInnEAPotis. 


towering mountains of the ‘‘ Arabian Nights,” where 
the princely seekers for the wonderful bird were 
turned to stone. 

We reached Cinnabar the next day, just in time 
to escape a heavy storm. The thunder crashed 
about us as we hurried from the stages, and as we 
boarded our train the rain descended suddenly like 
a sheet of steel. 

Having said farewell to all the wonders of the 
Yellowstone in a terrific thunderstorm, seemingly 
an appropriate method of leave-taking, we were 
soon speeding along on our homeward journey. 
The continued rains had been productive of 
frequent ‘‘ washouts,” which delayed our progress 
somewhat, but the various places were so interest- 
ing, that delays produced no visible effect on the 
spirits of the party, and after two days’ continuous 
travel we reached Minneapolis in good order and 
in proper shape to celebrate the great National 
Holiday. 

It seems hardly fair to impose on a narrator the 
delicate task of weighing rival claims, and having, 
as he hoped, safely balanced Tacoma and Seattle, 
your correspondent believed he had steered safely 
between Scylla and Charybdis; but these self- 


congratulations were dispelled at this stage of the 
journey. Seatile and Tacoma are separated by 35 
miles, but Minneapolis and St. Paul are but six 
miles apart. Admiring, as all Americans must, 
these four great cities, the writer intends to 
endeavour to preserve the balance of power in this 
case as in the former, and should he seem to lean 
toward either city, it isonly by accident in circum- 
stances, and not by any intention. 

We reached the charming city of Minneapolis at 
11 a.m. and went at once to our hotel, where our 
baggage was delivered within an hour. Without 


making any invidious distinctions, the writer wants 
to say right here that he has never stayed ata 
nicer hotel in his life than at the West House, an 


to erect beautiful and substantial structures, 
finds, as usual, its response in the General 
Government, and the United States Post Office 
is an evidence of the appreciation:in which the 
National Government holds this city. Behind it 
is probably the finest building in the city, that of 
the Guaranty Loan. There is a fine restaurant in 
it, and the whole finish is superb, marble wains- 
coting being prevalent in every floor. The public 
are admitted to the roof for a fee of 10 cents, and 
no one ought to neglect this, for the view is simply 
delightful, and the vista opened to the spectator is 
well worth all the trouble. 

The building is but a short distance from the 
West House, some three minutes’ walk, and a 


excellent picture of which is given in Fig. 106. 
Coming as we did from a journey of several days, 
the quiet of this beautiful house seemed to soothe 
us and put us in a frame of mind to enjoy all the 
pleasures of this lovely city. At this time the 
Exposition Building had considerable interest to 
us, for the great National Republican Convention 
had just finished its sessions, and renominated as 
their candidate the present President of the United 
States. As Minneapolis takes into its city limits 
Nicollet Island, it is natural that the citizens should 
seek to construct a first-class bridge for the great 
amount of travel passing to and fro—and this is 
not only a fine structure, but is also quite a feature 
in the landscape. ‘lhe steel arch is an object of 
very great beauty. A short distance above the 
hotel is the building of the Young Men’s Christian 
Association. As education has always kept pace in 
the United States with the gradual settlement of 
our outlying districts, so in Minneapolis, although 
a thoroughly developed city, we find this trait has 
not been overlooked, and their Public Library 
is a structure that any city in the world might be 
proud of. 

The enterprise of the citizens, and their desire 


Fig. 107. Tar Boston Brock, MINNEAPOLIS. 


better idea of the city and its environs cannot be 
had than from this point. Being at the head of 
nayigation, the lumber interest is one of the most 
prominent in the city, shipping 343,000,000 ft. in 
1890, and, naturally, the building in which this 
centres would be worthy of it, as the reader may 
easily judge from the general style of architecture 
in the city. There are many other fine buildings 
in the city—in fact, so many that a selection is 
quite difficult, but the two shown in Figs. 107 
and 111 are a fair sample, and as such are offered 
to the reader, the Masonic Temple being offered 
to all craftsmen. Although this city and St. Paul 
are rivals in trade, yet they are connected by a 
trolley electric railway, and the cars passing in 
both directions were full to overflowing with the 
people in transit. 

By a little diplomacy and a detour of a few 
blocks, our party obtained seats, and were speeding 
off to the park, some two miles away, on the route 
shown in Fig. 110. 

This park is a charming place, with lovely walks, 
beautiful trees, and dells and cascades. If it 
contained nothing else but the sheet of water 
shown in Fig. 112, it would be famous indeed, for 
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these falls are the ones immortalised by the Poet 
Laureate of America in ‘‘ Hiawatha,” and we 
realised, as we stood face to face with them, that 
this was Minnehaha (Laughing Water). 

We commenced to feel extremely sentimental, 
and to reflect on the strain, ‘‘ As unto the bow the 
cord is, so unto the man is woman; though she 
leads him, she obeys him; though she draws 
him, yet she follows,” when our sentiments 
were rudely dispelled by the lozenge-boy’s 
‘‘Peppermints and winter greens, two for five,” 


preety tyre rt ty 
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him look at their book entitled ‘‘ The Resources of| lakes in the State of Minnesota, which contains 
St. Paul.’ The place was settled in 1838, and in|the head-waters of the great Mississippi River. 
1841 there was a Jesuit log chapel here. In 1849|Summit-avenue is the fashionable location for the 
it was surveyed, and in 1858 Minnesota was ad-| 400, and it overlooks the whole city, and is a most 
mitted to the Union, and St. Paul became its’ beautiful street, as the reader will readily believe 


capital. Following the usual custom of western 
cities, it commenced to annex the surrounding 
country, and from 90 acres in 1849 it grew to 
2561 acres in 1854, and thence to 35,482 acres. If 
Minneapolis had not started up and commenced to 
develop in the same line, St. Paul might have 


when he looks at Fig. 105, which shows a little of 
this favoured spot. The thermometer in winter 
will go to 40 deg. below zero in St. Paul, but the in- 


habitants always tell you the air is so dry they never 


notice it. Perhaps not, but your narrator doesn’t 


incline to that idea, as he has tried 20 deg. below 


Fie. 110. Nicottet AVENUE. 


and we rushed from our car to be landed 
at the Hotel Ryan, in St. Paul, in time for a good 
dinner and plenty of noise as a concomitant, for 
the city was after a Fourth of July celebration, and, 
when St. Paul starts for a thing, she usually gets 
there. Ordinary means failed to express the 
feelings of these enthusiasts, and chlorate of potash 
was placed in lines on the rails of the street cars. 
The noise was something stupendous, and although 
the writer served 100 lb. and 2001b. guns during 
our ‘‘late unpleasantness,’ he must own to some- 
thing in excess of the entire concussion of his 
whole battery. 

But St. Paul is a great city, full of enterprise, 
with many fine buildings, and producing a fine- 
ooking set of citizens. If anyone doubts this, let 


Fie. 111. Grose Brock. 


annexed the balance of the State by this time. The 
present population is upwards of 80,000. The 
State Capitol (shown in Fig. 109) is a fine building 
located in the centre of the city and of imposing 
appearance. The city, being largely settled from the 
east, has given much attention to education, and 
many fine schools have been established. The High 
School building seen in Fig. 108 is a structure any 
city might be proud of ; indeed, there are few cities 
which can show a finer structure for this pur- 
pose. 

After the ‘‘glorious Fourth” had passed away 
and the city assumed its normal condition, we took 
a drive around it and the suburbs, visiting Bear 
Lake and other watering-places with which St. 
Paul is liberally provided, for there are 10,000 


Fic. 112. Mixnnenana Farts. 


and doesn’t like it, dry or not. Theoretically it 
sounds well, but he remarked the universal use of 
furs, and thinks 20 deg. above preferable every 
time; still the St. Paulites look well and seem 
healthy. We enjoyed our short stay there, and 
can heartily recommend the Hotel Ryan to anyone 
who likes good rooms, good meals, and good 
service. The next night we were speeding to 
Niagara in the vain endeavour to escape the 
Christian Endeavour Society. But they were every- 
where—in trains and by the wayside ; at all points 
along the road, and at the stations. Still, our con- 
ductors managed to arrange our meals satisfactorily, 
for the name of Raymond and Whitcomb was a 
power, and, after a day at the Falls, in which the 
writer visited the tunnel under construction by his, 
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old friend Mr. Clement, we took the night train 
for New York, dodging two or three Christian 
Endeavour crowds, who were en route to their great 
meeting at Madison-square Garden. These people 
are to be commended for their work, and just so 
long as they stick to it, should be encouraged ; but 
when they take a sanctimonious attitude and talk 
about the iniquity of keeping the Columbian 
Exposition open on Sunday, and propose to stay 
away, W&e., they go too far, and their incon- 
sistency is shown by their patronage of railways 
which operate Sunday trains, and by their meeting 
in a garden which always has Sunday concerts on 
the very. spot they use. Still this is neither the 
time nor the place to discuss theology or morals. 
We ended at New York the most delightful trip 
possible, the interest of which lasted from the 
start till the end of the journey, and separated to 
our everyday occupations with mutual regrets. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 4, 1893. 

THE year opens with excellent prospects for a large 
amount of business in iron and steel at an early day. 
This anticipation is due to the possibility of stronger 
prices in both crude and finished material. Opinions 
are unanimous on this point, however, because of the 
large amount of idle pig-iron-making capacity in the 
country. The furnace managers are anxious to get to 
work, and a few furnaces will blow in shortly; the 
managers of 50 or 60 are anxiously awaiting an oppor- 
tunity to resume production, and are seeking business 
at the lowest market rates. The merchant iron and 
steel mills throughout the country are nearly all idle, 
but a general resumption will take place next Monday. 
Large orders have been placed at Chicago for struc- 
tural material, and very large orders will soon be placed 
in the eastern cities for elevated railroad work. This 
policy of placing large orders in advance will probably 
harden prices, but it is not likely that there will be 
any general advance, on account of the anxiety among 
manufacturers to secure orders, to keep their estab- 
lishments going, for three or four months in ad- 
vance. 


GILBERTIANA. 
To THE EpitTor OF ENGINEERING. 
Sir,—I take the liberty of sending you the following 
remarkable communication to the Electrician, and beg 
space for a few words in reply. 


Sirn,—My attention has been drawn to the paragraph in your 
«‘ American Notes” on page 135, in which there is a statement that 
a translation of Gilbert’s ‘‘De Magnete” is about to be brought out 
in the States, and which further refers to the Gilbert Club, of 
which I have the honour to be one of the secretaries. 

I think your American correspondent must be under some 
mistake in attributing the proposed translation to Mr. Mottelay, 
who is an honourable gentleman, He visited me at my labora- 
tory rather more than a year ago, when we talked of Gilbert and 
of the Gilbert Club, and its long-cherished work, He then begged 
me to enter his name in one of the then few remaining places in 
the list of the members, that in due time he might receive the 
copy of the English translation of ‘‘ De Magnete.” He isnot the 
man to lend his name in an underhand way to an attempt to 
depreciate the careful work that has been going on for three years 
by the editing committee of the club. 

As to this alleged American translation, it is quite enough for 
most persons to know that its publishers are to be Messrs. J. 
Wiley and Sons, of New York, who have earned for themselves 
evil notoriety by their pirated editions of Ruskin’s works. The 
Gilbert Club may well ignore anything emanating from so tainted 
a source. 

As to the last part of your correspondent’s pxragraph, which 
relates to the affairs of the Gilbert Club, I will only say that 
down to the present time the club has not asked for a single 
subscription from any of its members, ror will it doso until its 
translation of ‘‘De Magnete” is ready for distribution. All the 
preliminary expenses of its foundation have been met without 
yet calling on the treasurer. It is true that a very few of the 
members spontaneously remitted their guinea apiece ; and these 
subscriptions remain intact, awaiting the day of publication. The 
delay which has arisen since the first rough trauslation was com- 
pleted two years ago has been due solely to the labour of revision. 
But the Gilbert Tercentenary does not occur till 1900, and the 
work will be published within a few months from the present 
date. Yours, &c., 

Sinvanus P, Tompson. 

Morland, Chislett-road, West Hampstead, N.W. 


The study of Gilbert’s work, and the collection of infor- 
mation relating to Gilbert, has been a favourite pursuit of 
mine for many years ; possibly, I venture to believe, fully as 
long asithas been that of Professor Thompson. Long before 
the Gilbert Club was organised, I publicly advocated the 
publication of an English translation of ‘‘ De Magnete,” 
and after discussing the subject with leading publishers 
in this country—notably Messrs. D. Appleton and Co., 
D. Van Nostrand, and John Wiley and Sons—I under- 
took the work myself. I had made fair progress in it, 
when, over a year ago, I learned for the first time, from 
Mr. Paul F. Mottelay, that he also was engaged upon 
the same task. Believing that Mr. Mottelay was ina 
better position to prosecute the undertaking than any- 
one who, like myself, could devote to it only the spare 
hours snatched from engrossing professional work, I at 
once relinquished it and commended Mr. Mottelay’s en- 
deavour to Messrs. John Wiley and Sons, who thereupon 
entered into the usual agreement to publish with Mr. 
Mottelay. Since then the book has been in the printer’s 
hands, and although, as I learn, it has been somewhat 
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delayed by the translator’s absence abroad, it is now | list of weights, which we are not in a position to indicate, 


about to issue. 

What there is in this transaction, on the part of Mr. 
Mottelay or his publishers, to justify the intemperate, 
though thoroughly characteristic, onslaught made by 
Professor Thompson upon them is not clear. He does 
not venture to assert that Mr. Mottelay’s translation is, 
in the smallest item, taken from that which has been so 
long incubating in the Gilbert Club, and which he him- 
self says has not appeared, and will not appear for 
‘*several months.” He has never seen Mr. Mottelay’s 
book, knows nothing of its merits or demerits, and there- 
fore, to stigmatise it as ‘“‘an attempt to depreciate the 
careful work of the editing committee of the club,” is, 
of necessity, gratuitous. 

That it is distressing to Professor Thompson to find 
that Mr. Mottelay refrained from making him his con- 
fidant regarding a purely private business matter, is 
possible ; but then Professor Thompson admits that Mr. 
Mottelay enjoyed the honour of his acquaintance. As 
for the rest, if the Gilbert Club arrogates to itself the 
sole and exclusive right to publish an English translation 
of Gilbert, aud is prepared to condemn any one who 
devotes his time and ability independently to the same 
work, it has, at least, never yet advanced that claim to 
its American subscribers ; and in the opinion of these, it 
is needless to add, it isin any event quite incapable of 
doing so in the language of Whitechapel. 

His slur upon Messrs. Wiley and Sons regarding 
Ruskin, while mean, has no bearing on Gilbert ; still, 
as to that, it may be said the present house of John 
Wiley and Sons does not publish the works of Ruskin. 
Its predecessor simply followed the example set by 
many British publishers who printed editions of American 
standard works in the absence of international protec- 
tion—with the difference that it voluntarily offered to 
arrange with the gifted but eccentric author for his 
full copyright return again and again, only to meet with 
refusals of a nature which find their best explanation in 
the later sad clouding of that once great mind, and 
further, this one author is the only foreigner who does not 
receive copyright from this firm. 

To the gentleman whom he has publicly attacked (it is, 
in charity, hoped in his ignorance), Professor Thompson 
will no doubt see fit to make as public reparation. It 
remains for the Gilbert Club, of which he has ‘the 
honour to be one of its secretaries,” to determine whether, 
under the circumstances, the honour is mutual. 

I am, Sir, faithfully yours, 
Park BENJAMIN. 

32, Park-place, New York, December 29, 1892. 


THE BOILERS OF THE DANISH CRUISER 
‘*GAISER.” 
To THE EpiroR oF ENGINEERING. 

Srtr,—We have read with great interest Mr. Ziese’s letter 
on the trials of the Danish cruiser Gaiser, but we fear 
that in his eagerness to make a comparison, like the 
‘“euid man’’ in the song, he hasseen a comparison where 
no comparison should be. 

The Gaiser was built, as a cruiser, of more than three 
times the displacement of the type Kassarsky, and it 
was not by any means intended that she should develop 
the utmost power that could be got out of the Thorny- 
croft water-tube boiler. 

The machinery was originally designed to develop 3000 
indicated horse-power, and the fact that this was exceeded 
on the four hours’ trial with a coal consumption of only 
344 lb. per square foot of grate, shows that the Danes, 
who designed the boilers, had determined that they 
should obtain the power required by very easy steaming, 
which, of course, means larger and heavier boilers than 
would otherwise have been required. 

These conditions are very different from those which 
obtain in torpedo boats, where the utmost power is 
exacted from the smallest amount of weight. 

We may mention with regard to weights that the 
boiler-room contents of several of our boats fitted with 
water-tube boilers, averaged only some 15 kilogrammes 
per indicated horse-power, and that these boiler-room 
contents included piping, cocks and valves, donkeys and 
spare gear, which Mr. Ziese does not include in his group 
A, although he uses the total of that group in calculating 
the 19.2 kilogrammes which he gives as the boiler-room 
weights per indicated horse-power in the Kassarsky. 

We may say, further, that these results were obtained 
with only from 2 in. to 24 in. of wind pressure, and that 
so completely was the command of steam in the control 
of the engineer that, as in the case of the Gaiser, the 
steam pressure could be regulated by simply turning the 
valve on the steam pipe of fan engine, and all this with- 
out leakage or priming. 

We fancy these facts will tend to shake Mr. Ziese’s 
confidence in his old friend, the locomotive boiler, even 
of his latest and best type. 

To pass to another matter, we note that Mr. Ziese has 
made an error of 10,060 kilogrammes in the addition of 
group B, and that he has carried this error through to 
his grand total, so that the weight he gives ought to be 
122,702.94, instead of 112,702.94 kilogrammes as given, 
and that in the whole list of weights there is no mention 
of the piping or cocks and valves. 

Possibly these, and some other omissions, doubtless 
owing to Mr. Ziese’s being away from Elbing, may 
account for the weight given for this machinery of 3500 
indicated horse-power being less than that of the vessels 
delivered to one at least of the Governments named by 
Mr. Ziese, subsequently, as he says, to the delivery of the 
first of the ten ships of the class built by Mr. Schichau, 
and which, we understand, weighed over 130 tons, and 
only developed 3000 indicated horse-power. 

Certainly, unless there is some further omission in the 


Mr. Schichau is to be congratulated on getting 3500 in- 
dicated horse-power in every-day practice out of 67,318.30 
kilogrammes of boiler-room weights, seeing that, in the 
case of the Sharpshooter, 3500 indicated horse-power was 
barely obtained with a specified weight of 104 tons or 
106,200 kilogrammes of boiler-room weights, and that a 
considerable addition has been made to these weights in 
the case of the later torpedo gunboats, in which locomotive 
boilers are used to develop the same power. 

We are not m a position to give any information with 
regard to the space occupied by the eight water-tube 
boilers of the Gaiser, but, as we have shown above, that 
the Gaiser’s boilers were not worked to the uttermost, the 
matter is not of much importance as a basis for com- 
parison, but we may say that in the steam yacht Gitana, 
belonging to the Baroness Rothschild, a very hard- 
worked locomotive boiler was replaced by a water-tube 
boiler, with very great advantage in the matter of stoking 
room, while the original length of the boiler-room was 
reduced by two frame spaces, which were added to the 
cabin accommodation of the yacht. And in the case of 
a torpedo boat, two water-tube boilers were substituted 
for a single locomotive boiler which had given trouble, 
with no loss of stoking room, but with great advantage to 
the military efficiency of the vessel. 

In conclusion, we beg to thank Mr. Ziese for the ex- 
pression of the esteem in which he holds Mr. Thornycroft, 
an expression which Mr. Thornycroft thoroughly ap- 
preciates. 

Weare, Sir, your obedient servants, 
Joun I. THornyororr and Co. 

Church Wharf, Chiswick, W., January 11, 1893. 


WINDING DRUMS. 
To THE Epiror or ENGINEERING. 

Str,—In Encinerrine of the 6th inst. there is a 
description of ‘‘A Pair of Winding Drums,” by Messrs. 
Harvey and Co., Limited, Hayle, Cornwall, the main 
shaft of which they forged from scrap steel, which is the 
heaviest forging that I have ever heard of from scrap 
steel, so. think it would be of much interest in a good 
many ways to soft steel makers and to those using soft 
steel, and to engineers generally, if Messrs. Harvey and 
Co., were to give a few details about it—how the scrap 
was piled up, and the difficulties (if any) in heating and 
hammering, the sort of furnace used, and if the forge- 
man had previous experience in scrap steel forgings, and 
the flux he used, and also how it turned up in the lathe, 
if it showed signs of hollow ends or signs of scarfs, 
and what tests it stood. 

Trusting Messrs. Harvey will reply, should you be able 
to find room for this in your paper, 

Yours truly, 
A. RICHARDS. 

Great Western Hotel, Cardiff, January 11, 1893. 


A MULTIPLE PROJECTILE OR COMPOUND 
GUN. 
To THe Epitor or ENGINEERING, 

Sir,-—-There may be a hesitation to try any new 
suggestion unless of direct practical application. I have 
no pecuniary or other interest in what follows, but the 
interest of knowing the result, if the experiment were 
made. I will venture to communicate an idea which 
might be useful for ascertaining the law of increase of air 
resistance to projectiles, considerably beyond limits yet 
reached, and for attaining a range possibly unprecedented, 
although there is some increased complexity. The notion 
is simple enough. It is proposed to employ a rifle barrel 
as a projectile, and to discharge the contents of the 
barrel (¢.¢., its bullet) while the barrel is moving at its 
highest velocity. For steadiness of flight, the rifle barrel 
might be furnished with a soft metal covering over a 
part of its length, so that, when fired as a projectile, the 
twist of the rifling of the larger gun would cut itself into 
the plastic metal, and give the barrel the spin of a 
bullet. A somewhat long gun would be employed, so 
as to give the projected barrel an initial velocity of, say, 
not less than 3000 ft. per second. This velocity was 
actually attained by Professor Vernon Boys in the case 
of an aluminium bullet, with a magazine rifle. 

Then the proposition is that when the barrel is moving - 
at not less than the above speed, the bullet should be dis- 
charged from the barrel by asimple automatic mechanism, 
so that in this way the bullet not only acquires the velocity 
of the barrel, but in addition thereto the velocity imparted 
by the powder charge, which might communicate at least 
another 3000 ft. per second ; so that the total speed of the 
bullet would be of course 6000 ft. per second, or double 
that ever attained. This velocity, being, in fact, somewhat 
over a mile per second, becomes almost comparable to a 

lanetary one, or to the mean speed of a meteorite. 
hether the track of the bullet would, in the dark, show 
any incipient sign of luminosity by air friction, as a 
meteorite does, is of course problematical, But it might 
be interesting to ascertain the law of air resistance and 
range, say when fired at an angle of 30 deg. The range 
would obviously be four times that due to an initial 
velocity of 3000 ft. per second, if increased retardation 
attendant on air resistance be neglected. 

By horizontal fire, it may be easily reckoned that in 
the case of a barrel moving at a velocity of 3000 ft. per 
second, and a bullet preceding it at a velocity of 6000 ft. 
per second, the trajectory of the barrel will have dropped 
4in. below that of the bullet at a point 500 ft. distant 
from the muzzle of the primary discharging gun. So that 
by this separation of the trajectories, it becomes possible 
to experiment on the bullet separately, while the barrel 
flies harmlessly under the object hit by the bullet. 

The problem how to discharge the bullet at the right 
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instant seems solvable by taking advantage of the 
cessation of pressure behind the barrel at the moment 
when it quits the muzzle of the primary gun. A small 
piston fitting into a cylindrical depression at the rear end 
of the barrel is driven in by the explosion of the powder 
charge behind the barrel. When the barrel issues from 
the muzzle of the gun and the pressure on the piston 
ceases, the piston recoils by means of a spiral spring 
placed beneath it. This recoil fires, by the aid of a small 
lever arm and attached needle, the cartridge contained 
in the barrel itself, whereby the bullet acquires a total 
speed of 6000 ft. per second. It appears that the dis- 
charge of the bullet must take place reliably at the right 
moment by this device; for the difference of powder gas 
pressure when the barrel leaves the muzzle of the primary 
gun is far greater than necessary for the above object, 
and it occurs at the properinstant. Hence it appears that 
if such a system could be of utility, there would be no 
difficulty in discharging the bullet while the initial speed 
of the barrel is practically undiminished. The chief object 
may be, in the first place, the carrying out of experiments 
with unprecedented velocities. 

It might, perhaps, be thought that the recoil of the 
barrel would diminish notably the velocity imparted to 
the bullet. But it is seen that this would not be so, 
since a rifle, when slung up by a string, free, like a pen- 
dulum, will give practically as great a velocity to its 
bullet as if fired from the shoulder. Of course the weight 
of the barrel alone might be made equal to that of an 
ordinary rifle complete by thickening the barrel slightly. 

The idea of compounding such a system further by 
using a still larger gun to discharge the gun which dis- 
charges the barrel, may suggest itself, so as to get a total 
initial velocity of 3x 3000=9000 ft. per second (about) ; 
and it might be difficult to assign an exact limit here to 
the degree to which the speed might be multiplied, by 
compounding the system to a higher degree, For there 
is apparently nothing to prevent an actual cannon from 
being discharged as a projectile, this discharging auto- 
matically another of a lower dimensional order when at 
its highest speed of flight, &c. By vertical fire and 
delaying the discharges until the greater bulk of the 
atmosphere is left behind, so as so diminish air resistance, 
doubtless, for an experimental purpose, it might be 
possible to attain very high elevations in extremely 
rarefied air. 


Hamburg, December, 1892. 
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HOT-AIR JACKETS FOR STEAM 


CYLINDERS. 
To THE Epiror or ENGINEERING. 
Sir,—I have read the letter by ‘‘G.” in your last issue, 


and I understand his proposition to be that some of the 
waste heat from the steam boiler is to be recovered from the 
products of combustion by means of a regenerator con- 
sisting of an apparatus for heating air by the waste gases, 
the air so heated tobe led to the furnace through a jacket 
on the steam cylinder. 

The idea is an ingenious one, and opens up a question 
which, with your indulgence, I will oceupy a few lines in 
discussing. 

““G.” has not realised the large quantity of heat re- 
uired by the jacket, and the very large proportion it 
orms of the quantity represented by the total waste heat 

from the boiler. 

When we consider that the heat required by the jacket 
may be one-third the total waste heat, and that the tempe- 
rature of the heated air must be, at least, the temperature 
of the steam, and that the temperature of the gases leav- 
ing the boiler must be, say, double the temperature of 
the steam in order to import such a large proportion of 
the total heat contained in them to the air, I think we 
shall see that the scheme is not a very practicable one. 

The leading idea appears to be that of recovering some 
of the waste heat to the furnace, but the practical effect 
would be to increase the waste heat, because the tempe- 
rature of the waste gases would need to be increased to 
heat the air to the required temperature. 

The problem of recovering the waste heat may be thus 
ce : 

et 


= T = the final temperature of the waste gases 
an 


t = the temperature of the atmosphere, 


then, if the air supplied to the furnace is to take up heat 
from the waste gases, the maximum economical heat 
would be when 

T—ti=0 


and the only form of heater capable of reducing largely 
ets heat would be one which may be thus illus- 
rated ; 


In which the gases travelled from ato 6, losing heat, 
whilst the air to be heated travelled from d to a, gainin 
heat. The difference in temperature between the air an 
the Se would be that necessary for the transmission of 
the heat. No form of heater in which there is a uniform 
high temperature can take up any considerable propor- 
tion of the waste heat. 

_ On the general question of ‘‘superheating versus steam 
jacketing,” I would make the following observations : 

a. An efficient steam jacket on a compound or triple 
engine may require to be supplied with as much heat as 
Fahim y one-tenth the quantity taken up by the 

water. 
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b. That quantity may be as much as one-third the total 
quantity of heat contained in the furnace gases leaving 
the boiler, provided the boiler is an efficient one, giving, 
say, 75 per cent. efficiency. 

c. The temperature of the superheater must be con- 
siderably higher than the temperature of the boiler 
steam. 

d. That the superheater may practically be able to re- 
ceive one-third the total quantity of heat from the furnace 
gases, the temperature of the gases must be nearly double 
the heat of the boiler steam. 

e. If the boiler pressure be 120 lb. above the atmo- 
sphere, then the furnace gases must leave the boiler at a 
temperature approaching 700 deg. Fahr. 

f. The saving tobe effected by any practicable method of 
superheating, as compared with jacketing, could not ex- 
ceed, say, 5 to 10 per cent., minus the heat recoverable 
from the jacket water by returning the jacket water to 
the boiler in a closed circuit. Where the jacket only re- 
quires 5 per cent. of the steam for its maximumefliciency, 
the possible saving would be so much less. 

From the above considerations it is evident that there 
is only a narrow margin for increased economy by super- 
heating, unless it is proved that superheating in itself 
has a more economical effect than a steam jacket for a 
given quantity of heat applied. 

Yours truly, 
Henry Davey. 

8, Princes-street, Westminster, January 9, 1893, 

To THe Eprror or ENGINEERING, } 

Srr,—Re your correspondent who signs himself ‘‘G,” in 
your issue of the 6th inst. wishing to obtain from your 
readers opinions as to application of hot-air jackets instead 
of steam, &c., I beg tosay that 15 years ago I designed and 
manufactured several arrangements for putting into effect 
this valuable idea, believing it to be the only sensible 
and efficient way of getting at perfection in a jacketed 
steam cylinder, and after spending a large sum of money 
and three years’ experimenting, I secured my first patent 
in 1879 for hot-air jackets for steam and other vapour 
engines, and I am now in a position and able to produce 
engines of this type from one up to 13,000 horse-power, 
giving most efficient results in the simplest manner 
possible. Yours sincerely, 

FREDERICK Hurp. 
Atlas Foundry and Engine Works, 
near Westbourne Park Station, London, W. 


THE ‘‘UMBRIA” ACCIDENT. 
To THe Epiror oF ENGINEERING. 

Sir,—The accident which recently befell the s.s. 
Umbria, through the cracking of her propeller shaft, 
and the heroic efforts on the part of her engineers, points 
to the conclusion that our magnificent Atlantic liners are 
not sufficiently equipped with appliances which, in case 
of need, should prove a great boon to steam navigation. 

It is impossible to carry a well-equipped engineer’s 
shop on board such a vessel ; moreover, ordinary machine 
tools cannot be readily moved about and applied in con- 
fined spaces. However, since every large steamer is now 
supplied with electric light machinery, it would be easy 
to carry the current to a most out-of-the-way part of a 
ship and utilise it for actuating tools run by electric 
motors. A portable electric drill, for instance, could 
readily have been used for boring the holes in the shaft 
of the s.s. Umbria, and the task could have been accom- 
plished in one-fifth of the time with very little exertion 
on the part of the engineers. 

Such a drill can be used in confined spaces, where there 
is scarcely room for a man to stand in, Many of these 
appliances, of various power and dimensions, are in use 
in engineers’ shops, and they prove an immense saving. 
Instead of bringing a boiler, cylinder, shaft, or any other 
heavy piece of machinery into the vicinity of a fixed 
machine, our portable drills are carried to the spot of 
application, and no other connection but a pair of wires 
is necessary to convey the motive power from the gener- 
ator to the motor. These machines are efficient and 
cheap, and they ought to form part of every steamer’s 
tool stores. We have supplied a number of them to 
various engineering works, and feel convinced that 
marine engineers and shipowners will consider them an 
absolute necessity as soon as their attention is called to 
the fact that such useful labour-saving appliances are 
available. There are numerous mechanical operations 
being continually performed on board steamships which 
involve the most laborious hand labour, whereas we have 
the means, within the smallest compass, of doing the 
work of a dozen men, with accelerated speed, through the 
medium of electricity, at a nominal cost. 

Yours respectfully, 
Tue Execrrican Company, Limirep, 

122 and 124, Charing Cross-road, London. 

January 6, 1893, 


‘“AN INTERESTING BOILER EXPLOSION.” 
To THE Epitor or ENGINEERING. 

Srr,—In your last issue (page 6) I notice a paper read 
by Mr. F. H. Daniels, before the American Society of 
Mechanical Engineers, entitled ‘‘ An Interesting Boiler 
Explosion,” with sketch of an externally fired multi- 
tubular boiler showing one of the flame plates pocketed 
and holed directly over the fire. 

_ Anyone who has had charge of boilers of this descrip- 
tion will know that such pockets are anything but un- 
common, though they are generally detected before a 
rent is actually formed. 

For some years I had some 30 or 40 boilers of this class 
under my care, and had repeated instances of such 
pockets forming. Fire plates of various materials were 
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tried, but this seemed to affect the result very little. So 
soon as the boilers began to be driven at all hard a pocket 
was sure to be formed. 

My explanation was, that this part of the bottom of 
the boiler being hottest, the upper current there took 
place ; this induced a strong horizontal current along the 
bottom of the boiler. Any bit of deposit which might 
have dropped off one of the tubes was swept along the 
bottom of the boiler, but the current being unable to carry 
it vertically upwards, left it lying on the very hottest part 
of the plate. 

Steam bubbles then rapidly formed on the under side 
of this deposit, and being unable to get freely away, the 
particular spot on the plate got overheated, softened, and 
then sunk down under the pressure. The process then 
became very rapid, as this rudimentary pocket formed a 
cradle for any further sediment either formed, or swept 
along the bottom of the boiler to be deposited. 

A few hours of hard firing were often quite enough to 
form such a pocket. 

Various means of repairs were tried, but the only satis- 
factory thing to do was to replace the whole plate. In 
the end the difficulty was entirely overcome by building 
a firebrick arch about 6 in. below the flame plates. This 
was perforated with large holes so as to allow part only 
of the flame to impinge directly on the boiler bottom. 

I am, yours faithfully, 
WiL.IAM Cross, C.E. 
Forth Banks Works, Newcastle-upon-Tyne, 
January 9, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES, 
To THE Epiror or ENGINEERING. 

Sir,—In reply to the letter of Mr. John H. Raven- 
shaw, which appears in a recent issue, I beg to say 
that my list of locomotives agrees exactly with the 
Great Western Railway Company’s returns to the Board 
of Trade, but it now appears that in those returns the 
railway company did not include a number of old dupli- 
cate engines which are still running. This is an error 
which the railway company will no doubt correct in its 
next returns, 

Yours very truly, 
CLEMENT E. Stretton, C.E. 

Saxe-Coburg House, Leicester, January 9, 1893. 


THE INVENTOR OF GUTTA-PERCHA- 
COVERED WIRE. 
To THE EDITOR OF ENGINEERING. 

S1r,—In the last part of my letter on the above subject, 
in your last issue, there is a misprint, for the year in 
which such wire was used for the first time, on the 
Berlin- Frankfort line, was 1847, and not 1837. 

Your obedient servant, 

January 11, 1893. P 


ViennA.—Important public works are about to be com- 
menced at Vienna. These works include a circular rail- 
way. The Wien is also to be covered over at certain 
points. 


IMMIGRATION INTO THE UnitrED States. —— Radical 
changes in the immigration laws of the United States are 
earnestly advocated by Mr. C. Emory Smith, ex-United 
States Minister to Russia, and Senator Chandler, chair- 
man of the Senate Committee on Immigration. Mr. 
Smith, while condemning indiscriminate opposition to 
the immigration movement, points out that the changed 
condition of the United States no longer calls for foreign 
labour with the urgency of former years; that, indeed, 
the labour market is now over-crowded. More than this, 
the character of immigration into the United States has 
deteriorated. 


BompBay, BARODA, AND CENTRAL INDIAN RaILway.— 
The average length of broad gauge line in working upon 
the Bombay, Baroda, and Central India Railway in the 
first half of this year was 461 miles; of which 60 miles were 
double. The total length worked by the Bombay, Baroda, 
and Central India Railway during the last half-year was 
2313 miles, as the company works the Rajpootana and 
Malwa and the Cawnpore and Achnera State lines. The 
construction of the Godra and Rutlam line has been 
somewhat impeded by sickness among the workmen 
engaged, but the line is expected to be ready for traffic 
by April 1894. A metre gauge line from Pahlanpur on 
the Rajpootana and Malwa Railway to Deesa (174 miles), 
is now in course of construction at the joint cost of the 
Government of India and the Pahlanpur State. When 
built, the line will be worked by the Bombay, Baroda, 
and Central India. 


Daruinc Harsour.—The New South Wales Minister 
for Works has been giving consideration to a scheme for 
the improvement of Daring Harbour, in connection with 
a proposed reconstruction of Pyrmont Bridge. It is 
estimated that the cost of a new bridge would be about 
200,0007. It is proposed, however, to fill in the low-lying 
land, and thus do away with the necessity of another 
bridge. The filling up would commence on the inside of 
the bridge. Two projects are under consideration. One 
is to fill in the whole of the land toa given Jevel, and the 
other is to throw an embankment across and pump out 
the water on the city side, leaving the low-level land to 
be used for storage or other rooms in connection with 
railway and shipping purposes. The probable cost of the 
work would be 500,000/. The land recovered, however, 
would be about 40 acres, and the value of this would, to a 
large extent, cover the expenditure upon the work, 
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ROCK-CUTTING PLANT FOR THE DANUBE IMPROVEMENT WORKS. 


CONSTRUCTED BY MESSRS. LOBNITZ AND CO., ENGINEERS, RENFREW. 
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Some very good work has been done on the Suez 
Canal during the past few years by a floating rock 
cutter, invented and constructed by Messrs, Lobnitz 
and Co., of Renfrew. The machine, which we illu- 
strate above, has been built for use on the Danube, 
and is identical with another furnished to the Ad- 
miralty for work in Malta Harbour, As our illustra- 
tions show, the machine is a development of oil well 
sinking plant. The derrick carrying the sheaves for 
the lifting ropes (Figs. 1 and 2) stands over a rec- 
tangular opening in the hullof the vessel, and serves as 
a guide for three heavy square forgings of wrought iron 
weighing about 8 tons apiece, which are pointed with 
steel, and, being raised in turn, are dropped on the rock 
below from a height of about 6 to 10 ft. These forgings 
are 30 to 40 ft. long, and the derrick has to be of a 
corresponding height. The shape of the point varies 
with the hardness of the rock. It is originally 
shaped to 60 deg., as shown in Fig. 4, but in soft rock the 
angle wears more obtuse, and in hard rock acuter, as in- 
dicated in the figure. The points do not require 
to be sharpened by mechanical means, as they are hard 
inside and soft out ; thus the soft metal wears away 
quicker than the central core, and the tool maintains 
its point. The points are chisel-shaped, and are 
arranged as shown in Fig. 5, Engine power is of 
course used for lifting the rams. It is found, as would 
naturally be expected in working under water, that 
heavy rams with small falls are much more efficient than 
lighter rams with long falls. Blocks weighing as much 
as 15 tons have been cracked off by the rams, work- 
ing in the Suez Canal, but, of course, such large blocks 
have to be broken up smaller before they can be 
removed. The plan of the machine (Fig. 3) shows the 
arrangement of winches for hoisting therams. It will 
be seen that these are quite independent of each other. 
The boiler which supplies steam to the winches is fixed 
at one end of the hull, and the manceuvring winches 
at the other. The cost of moving hard rock by a 
similar machine at the Suez Canal is said to have been 
about 2s. 8d. per cubic yard, which, owing to the 
nature of the rock, was much less than would have 
been required if explosives had been used, The 
makers are, we may add, supplying a machine for use 
dn Limerick Harbour, 
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SOR ARRANGEMENT OF POINTS. 


HIGH PRESSURE ‘ GREENWICH” STEAM 
FIRE ENGINE. 

THE engine which we illustrate on the opposite page 
represents an improved double-cylinder vertical steam 
fire engine, constructed by Messrs. Merryweather and 
Sons, of London, to meet the requirements of a South 
American Fire Department, and specially designed to 
work atthe exceptional water pressure of 300 lb. per 
square inch. The leading features of the makers’ well- 
known horizontal ‘‘ Greenwich ” steam fire engine are 
retained in the new type, but the area of the steam 
cylinder, as compared with pump area, is materially 
increased, thereby securing double the pressure at the 
nozzle usual with steam fire engines in use in English 
fire brigades. These high-pressure jets are especially 
serviceable in the case of large conflagrations, penetrat- 
ing to the very heart of the fire, and practically 
“knocking out” the flames under circumstances in 
which streams discharged at ordinary pressures might 
be converted into steam. This high-pressure type of 
engine is also invaluable when the scene of outbreak 
is at a distance from the water supply, as in forcing 
water through long lines of hose piping a considerable 
absorption of the power of the engine, through the 
friction in the pipes, necessarily takes place. The 
engine is fitted with two steam cylinders and two 
direct and double acting pumps, arranged vertically in 
front of the boiler. The collective area of the valves 


is large, so that the barrels are filled at each stroke. 
The suction and delivery valves are contained in two 
chambers, the suction valves at back, and the delivery 
valves in front of pump, being so arranged as to be 
easy of access by the removal of either cover. The 
piston rods are cased with brass. The crosshead works 
in guides in front of the pump, and, owing to its special 
form, it admits of the use of long connecting rods, thus 
insuring easy running. The boiler is of the type 


adopted by the Metropolitan (London) Fire Brigade. _ 


It is constructed of Lowmoor iron, and is fitted with 
an annular water casing surrounding the firebox. 
The tubes are solid drawn, of two forms, viz., curved 
tubes arranged at opposite sides of the firebox, and 
inclined tubes arranged across the firebox, all open- 
ing at both ends to the waterspace. Good circulation 
is thus obtained, and the steam is freely disengaged 
over a large area of the water space, reducing the 
tendency to prime. Steam can be raised from cold 
water in three minutes, and to working pressure in six 
to eight minutes from time of lighting the fire. The 
frame consists of two parallel bars of Lowmoor iron, 
secured to the boiler by means of special horn plates, 
and arranged so that no strain is occasioned by run- 
ning over rough roads. Two iron brackets attach the 
pump to the frame, and the cylinders are stayed to the 
boiler by means of a double forked joint to allow for 
expansion. The sides of the frame are arched in the 
centre in a crane neck form to allow the fore-carriage 
(the wheels of which are of special large form) to lock 
round. The top of the arch is well stayed by an iron 
plate which carries the air vessel. A driver’s seat is 
fixed to the front of the frame by two scroll irons, and 
a tool-box is arranged directly over the fore-carriage, 
forming a footboard for driver. A powerful foot-lever 
brake is provided to be operated by the driver. 


Gas at Paris.—A_ hitch has occurred in negotiations 
pending between the Parisian Company for Lighting and 
Heating by Gas and the Parisian Municipal Council, 
with reference to an extension of the company’s monopoly, 
which expiresin 1905, The company claims an indemnity 
of 1,880,000/. for its underground property—that is, its 
canalisation, or underground system of pipes—and this 
has given offence, 
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HIGH-PRESSURE FIRE ENGINE. 


MESSRS. MERRYWEATHER AND ENGINEERS, LONDON. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the quarterly 
meeting of the North of England iron trade was held in 
the Royal Exchange here, and was largely attended, 
many people from other iron-producing centres being 
present, but only a small amount of business was done. 
As a rule one or two firms exhibit samples of their 
specialities at quarterly meetings, but yesterday there 
was not a single article shown. (Quotations were weak 
and buyers were backward, what business was trans- 
acted being only in small lots for immediate delivery. 
Prospects for the future were regarded as unsatisfac- 
tory. Few purchasers would give more than 36s. for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig 
iron, and they reported being able to obtain it at that 
figure, but several sellers would not mention less than 
36s. 3d. for the ruling quality, and pointed out that the 
cost of production would not allow makers to sell ata 
profit below that figure. The lower qualities were flat, 
No. 4 foundry being obtainable at 35s. 3d., and grey 
forge at 34s. 9d., but some sellers held out for 3d. per ton 
above these figures. Middlesbrough warrants opened 
85s. 9d. and closed 35s. 74d. cash buyers, with very little 
doing inthem. Hematite pig iron was rather flattish, in 
spite of the reduced output, and some buyers were not 
inclined to give more than 43s. 6d. for early delivery of 
makers’ mixed east coast brands. Most sellers, however, 
were firm in their quotation of 44s, Spanish ore was 
quiet at about 11s. 9d. ex-ship Tees for rubio. To-day 
there was very little change in the state of affairs. No. 3 
Cleveland pig was quoted 36s, to 36s. 3d., the latter being 
the seller’s price. Middlesbrough warrants returned to 
35s. 9d. cash buyers, with sellers at 35s. 11d., but next to 
no business was done in them, 


Cleveland Tronmasters’ Returns.—The Cleveland iron- 
masters’ returns for December, published a day or two 
ago, show the make of Cleveland pig iron for the whole 
district to have been 116,652 tons, against 110,147 tons for 
November, an increase of 6515 tons. Of hematite, spiegel, 
and basic pig iron the output reached 122,741 tons in 
December, against 123,427 in November, a decrease of 
686 tons. This shows an increase of 5337 tons of Cleve- 
land and 22,269 tons of other kinds in comparison with 
December, 1891, The stocks of pig iron show that there 
are within the port of Middlesbrough, in makers’ hands, 
74,222 tons, against 52,397 tons for November, an increase 
of 21,822 tons. Outside the port makers hold 11,423 tons, 
against 5695 tons for November, showing an increase of 
5728 tons. The quantity in the makers’ stores is set down 
at 1650 tons, against 550 for November 30, an increase of 


1100. Pig iron in public stocks reaches 27,037 tons, 
against 15,539 for November, an increase of 11,498 tons. 
The total stocks of pig iron on December 31 were 114,339, 
against 74,181 tons on November 30, an increase for the 
month of 40,158. The total makers’ stocks on December 
31, 1891, were 108,181, and in the public stores 
151,735 tons. The annual return shows the quantity of 
Cleveland iron made during 1892 to have been 987,047 tons 
and 980,422 tons of hematite, &c., a total of 1,967,469 
tons. The output during 1891 was 1,493,146 tons of 
Cleveland and 1,129,586 tons of hematite, &c., a total 
of 2,622,732 tons; thus there is on the yeara decrease of 
685,263 tons on the output in the Cleveland district. On 
December 31, 1892, the makers’ stocks reached 87,302, 
against 108,181 tons at the same date in 1891, and there 
were in the public stores 27,037 tons on December 31 last, 
against 151,735 tons at the end of 1891. The total stock 
for 1892 is thus 114,339, against 262,916 tons, a decrease 
of 148,577 tons. There were at the end of December 50 
furnaces making Cleveland iron and 41 hematite, &c., 
against 49 on Cleveland and 46 on hematite in November. 
On December 31 there were three more furnaces blowing 
than at the close of 1891. 


Manufactured Iron and Steel.—Very little indeed can 
be said of the manufactured iron and steel industries, 
which continue very flat, and itis no easy matter to say 
what prices some firms would accept for orders. Iron 
ship-plates might be bought at 4/. 15s., and iron ship- 
angles at 4/, 12s, 6d., both less 24 per cent. discount for 
cash, Steel ship-plates were said to be rather firmer, and 
sellers asked 5/, to 51. 5s., less the usual discount. Steel 
rails were also reported a shade stiffer, about 4/. 2s, 6d. 
net at works being the price mentioned for heavy sec- 
tions. 


Newcastle Steamship Freight Insurance Association.— 
The report of the directors to be submitted to the ordi- 
nary general meeting of members of the Newcastle Steam- 
ship Freight Insurance Association says: ‘‘ Your direc- 
tors beg to report that the calls of the association continue 
to be very moderate, the average for the past four years 
being 4l. 3s. 8d. per cent., inclusive of contributions to 
paid-up premium, policy duty, and entrance fee, while 
for the current policy the amount drawn is only 2J. 3s. 
per cent. The capital at date is 313,830/., distributed 
over 182 risks, or a gross increase of over 48,6501. during 
the year.—W. D. Stephens, Chairman; Ralph Carr, 
Secretary.” 


North of England Steamship Insurance Association.— 
The following is the report of directors to be submitted to 
the ordinary general meeting of members of the North of 
England Iron Steamship Insurance Association: ‘‘ Your 
directors are pleased to report that during the pre- 


sent policy the number of members has been increased 
by about 60, and that the capital has been consider- 
ably augmented, it having advanced from 1,303.835/. 
on February 20 last to 1,541,1907. at date. Your 
directors are glad to report that the cost of the associa- 
tion during the past year has been less than the previous 
one, although still above the average, which over a series 
of years has been for a vessel valued at 10/. per gross 
register ton about 8/. 6s. 10d. per cent. Your directors 
again draw attention to the staff of surveyors on the Tyne 
and at Cardiff, and respectfully suggest that all repairing 
bills should, before payment, be submitted for examina- 
tion, as in many cases this has acted beneficially alike to 
owners and the association. Your directors have received 
notices of alteration in the rules of the association, these 
being set out in the circular convening the meeting, at 
which they will be submitted to the members for their 
consideration and decision. W. D. Stephens, chairman ; 
Ralph Carr, Secretary.” 


The Fuel Trade.—On Newcastle Exchange the demand 
for coal is said to be quieter, and rather lower prices are 
mentioned. Best Northumbrian steam coal ranges from 
8s. 9d. to 9s. f.o.b. Gas coal varies considerably in 
price. Here good blast furnace coke is still put at 13s. 
per ton delivered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The New Railway Rates and Local Manufacturers.— 
Last year, manufacturers in this district were confronted 
by the difficulty arising from a shortening of coal sup- 
plies, occasioned by the refusal of colliers to work for a 
week, thus placing an artificial value on fuel. That 
passed, and coal afterwards found its market value. 
This year, no sooner has business been commenced, 
than manufacturers are met by a revised tariff for 
carriage on the part of the railway companies. With 
this also comes the announcement that in future col- 
liery proprietors will work on the basis of 20 cwt. to 
the ton, in place of 21 ewt. as heretofore. In the face of 
these two difficulties, there is no wonder that the 
heavy and light trades show no animation; neither 
will they until the coal proprietors, the representatives 
of the railway companies, and the manufacturers who find 
the sinews for both, can come to an understanding on a 
revision of the scale varying from that which, on the side 
of the hand-in-hand monopolists, is sought to be enforced. 
There are heavy inquiries in hand for railway material 
for Chili, also for South Africa, with Indian lines in the 
background, but prices are cut so keenly that if ruling 
rates are to be enforced by the railway companies, many 
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The Electric Light at Cheltenham.—A discussion on a 
report of the Electric Lighting Committee recommend- 
ing the adoption of the high-tension scheme for private 
supply, and deferring for the present the question of 
lighting the streets by electricity, was resumed on Mon- 
day by Mr. Waghorne, who moved an amendment 
referring the matter back to the committee, with a request 
that they should take further professional opinion upon 
the subject. Mr. Norman, chairman of the committee, 
eventually accepted the amendment, which was agreed to. 


44 


of the standard industries will have to follow the rail 
trade and pass from the midlands to the coast. 


The Increase of Sheffield Trade with the United States. — 
Considerable fuss has been made of the fact that the 
exports of steel and cutlery from the Sheffield district to 
the United States have, during the past year, increased 
some 30,000/. as compared with the previous year. The 
business is only confined to a few firms, and the total of 
the exports for the year, if all were placed in the hands 
of a single first-class firm, would not keep it going for 
three months. The soft goods trade is the one principally 
hit. The chief firms making complaint are those who 
for years made fortunes in the States on steel, quoted at 
long figures, and those who are defeating McKinleyism 
are those sending au equally acceptable article on more 
moderate terms. Those who are loudest in their com- 
plaints are those who are backward in facing the com- 
petition. 

The Heavy Branches.—There are no movements of any 
importance in either iron or steel. The pig-iron market 
is flat; there is no speculation. Armour-plate manufac- 
turers are in receipt of no fresh contracts, and if present 
indications are to be regarded, a genuine movement may 
not be looked for until at least the end of the month. 


Welsh Blast Furnaces.—Out of 95 blast furnaces in 
South Wales only 23 were in activity in December. The 
corresponding number in activity in June was 25. During 
the past quarter a furnace has been pulled down at the 
Pyle and Blaina Works, Limited, in Monmouthshire. 
On the other hand, a furnace has been blown in at the 
Dowlais Works, and another at the Ebbw Vale Works. 
Two furnaces have been blown out at the Pyle and Blaina 
Works. A furnace is now in course of erection at the 
Anthracite Iron and Steel Works, Carmarthenshire, and 
another at the Dowlais Works. 


Welsh Railways.—A Bill to authorise the construction 
of a proposed Pembroke, Pendine, and Carmarthen Rail- 
way will not be introduced into Parliament next session. 
The project has not, however, been abandoned, but will 
be probably brought forward again in a modified form 
next year. 


NOTES FROM THE SOUTH-WEST. 
Barry Dock.—Uast year’s shipments from Barry Dock 
amounted to 4,272,839 tons. In this total 4,191,075 tons 
consisted of coal alone. 


The ‘‘ Sharpshooter” and the ‘‘ Spanker.”—The Lords 
of the Admiralty have decided to subject the torpedo 
gunboats Sharpshooter and Spanker to exhaustive trials. 
it is understood that the gunboats will be steamed, if 
possible, for 24 hours at full speed, and will also undergo 
trials of considerable duration at lower speeds. It is 
further stated that the Lords of the Admiralty have 
determined to supply the two vessels with new and heavier 
boilers in view of the unsatisfactory results which have 
from time to time attended their steaming trials and 
passages. The Sharpshooter was launched at Devonport 
in 1888, and the Spanker in 1889. The cost of construc- 
tion was 107,527/. for hull, and 66,1627. for machinery and 
boilers. 

Welsh Water Supplies.—At a meeting of the Llanelly 
Rural Sanitary Authority on Thursday, the Pyddyn 
water scheme, which was submitted a few months since 
by the surveyor (Mr. W. R. Evans), was further con- 
sidered. By this scheme it is proposed to construct a 
storage reservoir having a capacity of 1,000,000 gallons, at 
an estimated cost of 3,000/. The reservoir would afford a 
supply for the Llwynhendy, Cwmfelin, Bynea, and sur- 
rounding districts, The surveyor was instructed to confer 
with Mr. J. A. B. Williams, Cardiff Corporation Water 
Works Engineer, and Mr. Wirral, of Swansea, witha 
view to a further report upon the question. 


Coal on the Taff Vale.—The quantity of coal, coke, and 
patent fuel carried over the Taff Vale Railway last year 
was 11,890,000 tons, as compared with 11,360,000 tons in 
1891. During 1891 and 1892 the coal traffic of the line 
increased to the extent of no less than 1,200,000 tons. 


The ‘‘ Minotaur.”—The Lords of the Admiralty have 
decided to appropriate the Minotaur for temporary service 
as a boys’ training ship, to be attached as a tender to the 
Boscawen at Portland. The Minotaur is now rated as a 
first-class armoured cruiser of 10,690 tons and 5000 
horse-power, her sea-going complement being 704 officers 
and men. It is intended to remove the greater portion 
of her sea stores, and she is to be prepared for the accom- 
modation of 800 boys. A school-room and bath-room are 
to be fitted on board. 


Rhondda Main Sewerage.—An inquiry was held at 
Pontypridd on Thursday, by Major-General Crozier, 
R.E., on an application made by the Ystrad and Ponty- 
pridd Union Sewerage Board for permission to borrow 
an additional sum of 6000/., in order to carry out main 
sewerage works. Mr. H. Chatterton gave evidence in 
support of the application, and said that the original loan 
was 120,000/., to which 30,0002. was subsequently added, 
and the present amount was required to cover additional 
expenses. The original contract was 101,189/., but the 
cost had been greatly increased, so that the sum paid to 
the contractor, including 3000/. reserve in hand, had 
amounted to 140,1477. Major-General Crozier said he be- 
lieved the local authorities had a fair prospect of pro- 
viding a revenue by allowing outside districts to join. 


Grievances at Pembroke.-—On Tuesday Sir U. Kay- 
Shuttleworth, Parliamentary and Financial Secretary to 
the Admiralty, and Mr. Vowles, his private secretary, 
attended at Pembroke Dock to receive deputations from 
various employés who wished redress for certain alleged 
grievances. Much time was occupied in discussing the 
question of classification, petitions against the system 
having been signed by no less than 3673 shipwrights in 
the five royal dockyards. Several trades asked for an 
increase of their present wages. 


Welsh Industries.—The Crown Copper Works, near 
Skewen, which have been idle for more than 20 years, are 
about to be restarted by a new company composed prin- 
cipally of local gentlemen. The works formerly be- 
longed to Messrs. Humby and Co. 


Cardif.i—The steam coal trade has not shown much 
change. The best qualities have made 9s. 6d. to 9s. 9d., 
while secondary descriptions have brought 9s. to 9s. 3d. 

er ton. Household coal has been in fair request. No. 3 
Rhondda large has made 11s. to 11s. 6d. per ton. Patent 
fuel has been quiet at late rates. Iron ore has exhibited 
a firm tone. The manufactured iron and steel trades are 
still, however, dull, 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig Iron Market.—There was a firm tone in 
the Glasgow pig iron warrant market last Thursday, and 
an amended return of the past year’s pig iron production, 
&c., including makers’ and Connal and Co.’s deliveries 
of iron for local consumption and export, was considered 
satisfactory. An impression prevailed that makers were 
anxious to keep the production under the consumption 
for some years. The reduction during the past year of 
136,031 tons, as against 33,760 tons reduction in 1891, 
was considered by holders of iron warrants as being 
favourable. Scotch warrant iron improved $d. per ton, 
and only a few thousand tons changed hands. No 
business in Cleveland iron was reported, and sellers 
came down 3d. per ton, but buyers did the same. 
There were buyers of hematite iron at 1$d. per ton 
lower, but sellers were firm at the previous day’s 
prices. The closing settlement prices were — Scotch 
iron, 41s. 9d. per ton; Cleveland, 36s.; hematite 
iron, 45s. 104d. per ton. TFriday’s market was charac- 
terised by a somewhat firm tone in the forenoon, though 
some disappointment was felt at the nature of the Cleve- 
land ironmasters’ returns, as shown by the price of Cleve- 
landiron falling to 35s. 114d. per ton sellers, with no buyers 
over 35s. 3d. per ton. Between 3000 and 4000 tons of Scotch 
iron were sold at various cash and one month prices. 
There was a moderate amount of business done in the 
afternoon in Scotch iron at 41s. 84d. to 41s. 10d. per ton 
cash, and at 42s. and 42s. 14d. three months fixed. Cleve- 
land was done at 35s. 10$d. one month. Near the close 
the market became very strong, 41s. 103d. cash on Mon- 
day being done for one lot of Scotch. Cleveland also 
became considerably firmer, leaving off with buyers at 
35s. 103d cash, against 35s. 3d.in the morning. Alto- 
gether, in the afternoon there were about 10,000 tons of 
Scotch warrants operated in, about 5000 tons being on 
cash account, the remainder being forward dealing, 
principally for three months fixed. Two lots of 
Cleveland were done for one month. At the close the 
settlement prices were: Scotch iron, 41s. 10}d. per ton; 
Cleveland, 35s, 103d. ; hematite iron, 45s. 104d. per ton. 
The market was quiet on Monday, only about 5000 tons 
of Scotch iron being sold, 2000 tons being done at 42s. 1d. 
per ton three months fixed. The cash price for Scotch 
was firm at 41s. 11d. at the last, a scarcity of warrants for 
delivery being reported. Hematite iron was marked up 
46s. 43d. per ton. In the afternoon the market was 
steady, but without a single transaction almost up to the 
close. Just shortly before the finish, however, one or two 
transactions took place, but only for about 4000 tons of 
Scotch iron—about 2000 tons at 41s. 1ld. and 41s. 10d. 
cash, and 2000 tons at 41s. 94d. and 41s. 9d. one month, 
with 1s. forfeit in sellers’ option. The cash quotation at 
the close was 1d. down from the forenoon’s finish, sellers 
wanting 41s. 10d. cash. The settlement prices at the close 
were—Scotchiron, 41s. 9d. per ton ; Cleveland, 35s. 104d.; 
hematite iron, 46s. per ton. The market was exercised on 
Tuesday over the steady advance in the price of Scotch 
warrants, in the face of disappointing trade reports, a 
movement which has been witnessed about the 10th of 
each month on at least three consecutive occasions. It 
would almost seem as if the holders of the stock were 
affecting cheap ‘‘carry-overs,” as the rate between cash 
and three months’ fixed has been reduced down to about 
13d. per ton. In the course of the forenoon market 
Scotch iron advanced in price to 41s. 114d. per ton cash. 
About 10,000 tons of Scotch iron and 500 tons of Cleve- 
land changed hands. The market was very firm in the 
afternoon, but without much business being done, sellers 
being reported rather scarce. For Scotch iron 42s, cash 
was done, also 41s. 11$d. cash, 42s, 04d. cash next Mon- 
day, 42s. 13d. one day with a call, 42s. 11d. one monthopen, 
and 42s. ld. one month open. Between’ 5000 and 6000 
tons changed hands in the afternoon. The closing settle- 
ment prices were—Scotch iron, 42s. per ton; Cleveland, 
35s. 103d. ; hematite iron, 46s. 14d. per ton. A very 
large business—20,000 or 30,000 tons—-was done in Scotch 
iron this forenoon, but with only a slight variation in 

rice. Business was somewhat quieter in the afternoon. 

cotch touched 42s. 3d. cash per ton. Much of it was in 
‘‘fixed” iron. The following are the current quotations 
for some No. 1 special brands of makers’ iron; Calder 
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and Gartsherrie, 51s. per ton; Summerlee, 5ls. 6d. ; 
Langloan, 54s. ; Coltness, 55s.—the foregoing all shipped 
at Glasgow; Glengarnock (shipped at Ardrossan), 50s. ; 
Shotts (shipped at Leith), 53s. 6d.; Carron (shipped at 
Grangemouth), 53s. per ton. There are still 65 blast fur- 
naces in actual operation, as compared with 75 at this 
time last year. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood yesterday afternoon 
at 338,062 tons, against, 340,288 tons yesterday week, 
thus showing for the week a reduction amounting to 
2226 tons. 


Glengarnock Blast Furnaces. — Messrs. R. and J. 
Dempster, engineers, Manchester, have commenced 
operations at Glengarnock blast furnaces in the way of 
putting down plant for the recovery of ammonia and tar 
from the effluent gases of the furnaces. There are upwards 
of 100 menon the job. Mr. A. J. Moore is the engineer, 


Malleable Iron and Steel Trades.—All the malleable 
iron and steel works in Lanarkshire have now resumed 
operations after the New Year holidays. Some of the 
works in the Coatbridge district have fair orders in hand 
for Mauritius markets, but generally trade is very dull. 
The sheet works at Pather, Milnwood, and Gartcash are 
well off for orders. It is reported that the Calderbank 
steel works will shortly be set a-going again. The 
Glasgow Iron and Steel Company are about to make 
extensive alterations at their basic steel works at Wishaw. 
It is reported that at one of the Lanarkshire steel works 
lately, one mill turned out upwards of 100 tons of plates 
in a shift of 12 hours. 


LAUNCHES AND TRIAL TRIPS. 

PREPARATIONS have been made at Portsmouth for a 
further trial of the battle-ship Hercules, the completion of 
whose refit has been retarded in consequence of an unex- 
pected difficulty with her propeller. She was last year 
provided with a set of triple-expansion engines, and, 
although her steam trials gave satisfactory results as 
regards horse-power and speed, the bumping produced 
by the single screw in consequence of deficient clearance 
was excessive. Six inches were cut from each of the four 
blades, and, as no improvement was noticed when under 
way, two of the blades were afterwards removed and the 
ship again tried. As there was on that occasion a reduc- 
tion in the vibration when going ahead, and an entire 
absence of vibration when going astern, the dockyard 
engineers were warranted in assuming that all that was 
required to remedy the defect was still further to increase 
the clearance between the propeller and the run of the 
vessel. In order to secure this object, the screw shaft 
has been carried about 10 in. to the rear, and the boss 
has been fitted with a screw of novel contour, the blades 
being increased in pitch and bent outwards so as to 
throw the wash away from the hull. 


The new second-class cruiser Brilliant was taken into 
the steam basin at Sheerness Dockyard on Saturday 
afternoon, the 9th inst., upon the completion of her steam 
and gunnery trials. The steam trial was specially ordered 
by the Admiralty to test her new gudgeon pins, and the 
results were considered satisfactory. The boilers primed 
alittle at the start, but afterwards worked well. The 
trial was made under natural draught, and as the result 
of a four hours’ run the engines, working 128.6 revolutions 
per minute, indicated a mean of 7028.1 horse-power, with 
a speed of 18.5 knots. The figures are not quite so good 
as at her former trial, when, on an eight hours’ run, the 
engines developed 7512.7 horse-power, with a speed of 
19.2 knots. The steering gear of the Brilliant broke down 
during the trial. The gun trials were carried out under 
the officers of the Sheerness School of Gunnery, and 
were of a very satisfactory character. The Brilliant car- 
ries an equipment of two 6-in., six 4.7-in., and nine 
3-pounder quick-firing guns. 


The official full-power trial of the new first-class gunboat 
Jason, recently built and engined by the Naval Construc- 
tion and Armaments Cumpany, took place at the mouth 
of the Thames on Saturday, the 9th inst. The engines 
and boilers were in charge of the contractors’ representa- 
tives, and the trial was watched by officials representing 
the Admiralty, the Steam Reserve, and Sheerness Dock- 
yard. The trial was attended with very successful re- 
sults. The engines developed 3540 horse-power, with an 
average speed of 20 knots. The trial was made under 
forced draught, 2 in. ofair pressure being used. The 
steam pressure in the boilers averaged 150 lb., the engines 
keeping up a mean of 243 revolutions per minute. The 
steering gear of the Jason gave some trouble at one 
period of the trial, and the vessel had to be brought to 
anchor whilst the defect was adjusted. The Jason re- 
turned to Sheerness Harbour on Saturday evening, and 
orders have been given for her to be immediately com- 
pleted for passing into the A Division of the Medway 
Fleet Reserve, 


A fine steel twin-screw steamer, built to the order of 
Messrs. James Little and Co., Barrow Steam Navigation 
Company, as an addition to their extensive fleet which 
conducts the mail and passenger service between Barrow 
and Belfast, &c., in connection with the Midland and 
Furness Railways, was launched from Messrs. Laird 
Brothers’ Works at Birkenhead, on Saturday. in the 
presence of a party of directors and friends. The cere- 
mony of christening the new steamer, which was named 
the City of Belfast, was performed by Mrs. Little, 
Mayoress of Barrow, and among the company present 
were Mr. James Little, Mayor of Barrow; Captain 
Stokes, marine superintendent for Messrs. Little and 
Co. ; Mr. Paton, superintending engineer; Mr. T. S. W. 
Stewart, Liverpool agent; and Mr. Wymer, resident 
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inspector. The s.s. City of Belfast is built entirely 
of steel, the scantlings being such as to insure a 
specially strong vessel, and great attention has been 
iven to the subdivision of spaces by watertight bulk- 

eads, of which there are seven, extending up to the 
main deck, which, with the addition of watertight flats, 
will insure a practically unsinkable ship. Ample water- 
trimming tanks are provided, with means of rapidly 
filling and emptying. Bilge keels are fitted to minimise 
rolling. She is designed to combine the qualifications 
of a first-class mail and passenger steamer with good 
cargo capacity and superior stowage for_a number 
of horses and cattle on the upper deck. The general 
appearance is that of a spar-decked ship. She has 
a straight stem and elliptic stern, and will be schooner- 
rigged with two wood-pole masts and one funnel. 
She has a length between perpendiculars of 280 ft. 
with 32 ft. beam, and 14 ft. 6 in. depth, and measures 
about 1420 tons B.M. The machinery, which has been 
designed and built by Messrs. Laird of their special 
type, consists of two separate sets of direct-acting 
triple-expansion engines, with two cylindrical boilers to 
be worked under forced draught at 160 1b. pressure, and 
to develop upwards of 2500 indicated horse-power collec- 
tively, the propellers being of manganese bronze. There 
is a long closed in midship house for first-class passengers, 
and on the upper deck a large deckhouse containing a 
luxurious lounging-room and smoke-room, also for the 
accommodation of first-class passengers, of which the 
vessel will carry about 120. The steerage passengers will 
be carried in cabins aft. The boat outfit and life-saving 
appliances will meet the stringent requirements of the 
Board of Trade, and generally the vessel will be fitted 
complete as a first-class passenger steamer and will be 
lighted throughout by electricity. 


re ee 


WESTERN UNION TELEGRAPH CompANy.—The revenue 
of this company for the quarter ending September 30, 1892, 
was estimated at 2,200,000 dols. The revenue actually 
collected for the three months was 2,220,777 dols., or 
20,777 dols. in excess of the estimate. 


GroLocicaL Survey or Iowa.—The last Iowa Legisla- 
ture passed an Act for a complete geological survey of the 
State, and appropriated 2000/, annually for the work. 
Mr. 8. Calvin has been appointed State Geologist at a 
salary of 5001. per annum. 


Brast FURNACES IN THE UNITED States.-—The number 
of blast furnaces in activity in the United States at the 
commencement of December, 1892, was 246, as compared 
with 244 at the commencement of the previous month. 
The total of 246, representing the number of American 
blast furnaces in activity at the commencement of De- 
cember, was made up as follows: Anthracite, 69; coke, 
136; charcoal, 41. The aggregate weekly productive 
capacity of the furnaces in activity at the commencement 
of December was 176,271 tons. Atthe commencement of 
December, 1891, there were 298 furnaces in blast, their 
aggregate weekly productive capacity being 188,135 tons. 
At the commencement of December, 1890, there were 
340 furnaces in blast, their aggregate weekly productive 
capacity being 183,846 tons. At the commencement of 
December, 1889, there were 328 furnaces in blast, their 
aggregate weekly productive capacity being 169,151 tons. 


Tur Junior ENGINEERING Socrery.—At last month’s 
meeting of this Society a paper was read by Mr. Harry 
Fraser on ‘‘ Water-Tube Steam Boilers.” The essential 
considerations in boiler design were first treated, the 
various methods of obtaining efficient circulation being 
described, including the forced, spasmodic, and natural. 
In order to secure a fairly constant pressure it was neces- 
sary that there should be a sufficient quantity of water 
per square foot of heating surface. In ordinary boilers 
this quantity varied from about 38 lb. in the Cornish type 
to about 18 lb. in the locomotive. So much trouble had 
arisen from the fluctuations of pressure in water-tube 
boilers that their adoption had been much retarded. To 
overcome the objection, the diameter of the water and 
steam receivers had been largely increased. It was 
necessary that ample means be provided for downward 
circulation. Straight tubes should be used in preference 
to bent, and they should be arranged in such a way that 
any one tube could be replaced without interference with 
the others. A water space should receive the first ver- 
tical heat from the fire, and should have an adequate 
supply of the coldest water of the boiler, and an efficient 
means of escape for the steam direct to the receiver. The 
good result of fitting a water-cased furnace was shown 
graphically by a diagram prepared from figures obtained 
from trials. The features in the design of water-tube 
boilers were then discussed, and comprised the water 
crown, top water drum or separator, water endways or 
headers, and tubes. The usual angle of inclination of 
the latter was 20 deg. with the horizontal. The rate of 
evaporation and ratio of disengaging surface to heating 
surface were next considered, and tables given showing 
the relative values for different types of boilers. The 
methods of fixing tube ends, adopted by the Naeyer, 
Yarrow, De Temple, Leune and Debarbe, Montorpet, 
and Fraser, were described and illustrated. Of water- 
tube boilers for land use particulars and results of work- 
ing were given of the Babcock and Wilcox, De Naeyer, 
Mills, and the author’s. Of those for torpedo boats the 
De Temple, Thornycroft, and Yarrow were described. 
Two water-tube boilers adapted for marine use had been 
designed by the writer for the s.s. Grappler, on which 
there was at present a boiler of the ordinary marine kind, 
so that comparisons of their performances would be 
readily drawn, and would doubtless prove of considerable 
interest and value, 


MISCELLANEA. 

Iv appears that electric traction is used on about 500 
different tram lines in the United States and Canada, the 
increase being 200 during the past two years. The dif- 
ferent lines own between them about 12,000 cars. 


From returns compiled for ‘‘Rylands’ Iron Trade 
Circular ” it appears of the 751 blast furnaces now exist- 
ing in the United Kingdom, only 359 were in blast on 
December 31 last, a decrease of 19 on the September 
returns, 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended January 1 
amounted, on 16,417} miles, to 1,260,888/., and for the 
corresponding period of 1892, on 16,322? miles, to 
1,241,9112., an increase of 944 miles, or 0.5 per cent., and 
an increase of 18,977/., or 1.5 per cent. 


Mr. G. Tucker, publisher of ‘‘ The Electrician Hlec- 
trical Trades’ Directory and Handbook,” requests us to 
state that the 1893 edition (11th year) of the book will 
shortly be published, and members of the electrical and 
kindred trades desirous of having their names included 
in the new edition should send in, not later than January 
17, to the publishing offices, 1, 2, and 3, Salisbury-court, 
Fleet-street, Londen. 


A cable, Lang’s lay, was recently removed from the 
Victoria-street Cable Tramway, Melbourne, after having 
run a total of 113,951 miles, having been in operation 101 
weeks and 4 days, and running at a speed of between 9 
and 10 miles an hour. This is, we believe, a record per- 
formance, and does great credit to the manufacturers 
of the cable, Messrs. George Craddock and Co., Wake- 
field. 


The Luhrig Coal and Ore Dressing Appliances, Limited, 
have concluded a contract for the erection of a coal- 
washing plant for the North Bitchburn Coal Company, 
Limited, to treat 600 tons perday. This company is also 
erecting washers for the Staveley Coal and Iron Com- 
pany, Limited, the Actton Hall Colliery Company, 
Limited, Messrs. J. and W. Wood, the Glengarnock 
Iron and Steel Company, Limited, Messrs. Addie and 
Sons, &c. 


A trial trip was made on Saturday last on the New 
Overhead Railway, Liverpool, which runs for a distance of 
62 miles along the Liverpool Docks, and is to be opened 
by Lord Salisbury on February 4 next. The trip passed 
off successfully, the plant working with the greatest 
smoothness. ‘The line has 13 stations, and the trains will 
run for 16 hours a day, during part of which there will 
be a five-minute service, whilst for the remainder of the 
day a ten-minute service will be supplied. 


It appears from this year’s list of members just issued 
by the Institution of Civil Engineers, which was estab 
lished exactly three-quarters of a century ago for the 
promotion of mechanical science, particularly in its appli- 
cation to civil engineering, that there are at present on the 
books of the Institution 5122 corporate members, of whom 
1795 are members, 3312 associate members, and 15 hono- 
rary members, besides two other attached classes, namely, 
389 associates, and 830 students, making a gross total of 
6341, against 6131 at the same date last year. 


Our contemporary the Builder celebrated its jubilee 
in its last number, having been founded in 1842. In 
recognition of the completion of its life of half-a-century, 
it came out last week in a new cover, printed in blue and 
gold, and issued with it were a series of ten large ink- 
photos, representing a number of important buildings, 
which are executed in its well-known artistic style. We 
beg to congratulate our contemporary on the completion 
of 50 years of useful work, and wish it even greater success 
in the future than it has experienced in the past. 


One of the large buildings in Chicago of the ‘‘skeleton” 
construction was recently severely tried bya fire, and passed 
the test, on the whole, very successfully. This type of 
building, which consists of a steel framework covered with 
fireproof material, and filled in with screen walls between 
the steel columns, is of such recent origin that it had 
hitherto not been subjected to the ordeal of a big fire. 
In the present instance, though the fire was a hot one, 
the metal girders and columns were found afterwards to 
be uninjured, save in some few spots, where the fire- 
proofing had peeled off, leaving the metal work exposed. 
With better means of securing the fireproofing in place 
there is reason to believe that the steelwork would have 
been entirely uninjured, and doubtless greater precau- 
tions will be taken in this regard in the future. 


To complete the fire protective arrangements at the 
County Asylum, Berrywood, Northampton, the County 
Council have commissioned Messrs. Shand, Mason, and 
Co., of London, to construct a powerful steam fire-engine 
of special design. The new engine will have a capacity 
of 450 gallons per minute, and will throw six powerful 
jets over the asylum buildings when desired. One of the 
principal features of the machine will be its adaptability 
to serve at a few minutes’ notice as an ordinary motive 
power engine, so that, in the event of the breakdown or 
stoppage for repairs of the stationary engine, the fire 
engine may be set to work to drive laundry, pumping, 
chaff-cutting, electric lighting, or other machinery. In 
this respect the engine in hand for the Northampton 
Asylum resembles those supplied by Shand, Mason, and 
Co. for like purposes to the Warwick and Lancaster 
County Asylums, and the Prescot Union Workhouse, but 
will be of a more powerful character. 


The following figures, compiled bya Polish statistician, 
show the standard number of working days per annum 
in various countries, The inhabitants of Central Russia, 


as might be expected, labour fewest days in the year, 
namely, 267. ‘Then comes Canada, with 270, followed by 
Scotland with 275; England, 275; Portugal, 283; 
Russian Poland, 288; Spain, 290; Austria and the 
Russian Baltic Provinces, 295; Italy, 298; Bavaria, Bel- 
gium, Brazil, and Luxemburg, 300; Saxony, France, Fin- 
land, Wiirtemburg, Switzerland, Denmark, and Norway, 
302; Sweden, 304; Prussia and Ireland, 305; United 
States, 306; Holland, 308; and Hungary, 312. It will 


| be observed from this that while the Canadian working 


man has only to toil, statutably, 270 days out of 365, he 
frequently crosses the boundary-line into the United 
States, where he is expected to labour for 306 days. The 
Trishman and the Prussian are in the same category with 
305 days, or 30 days more than the Englishman and the 
Scotsman. 


At the ordinary meeting of the Civil and Mechanical 
Engineers’ Society held on January 8, 1893, the president 
in the chair, Mr. Sidney A. Court, A.M.Inst.C.E., read 
a paper on ‘‘Gas versus Electricity for Illuminating Pur- 
poses,” in which he drew attention to the need for better 
lighting of the London streets. He further stated that 
the new high-power public gas lamps lately adopted in 
Westminster and at Hyde Park Corner gave only one- 
tenth the light of a1l0-ampére arc lamp, though costing 
practically the same to erect and maintain. As regards 
gas, he pointed out that unless governors are used by 
consumers, an increase in the pressure in the mains causes 
great waste of gas, whilst the burners at the same time 
give less light, and he stated that at Westminster the 
pressure in the mains has been known to vary 100 per 
cent. in the space of one hour. By the Board of Trade 
regulation, the electricity supply companies are, on the 
other hand, limited to a variation of not more than 2 per 
cent. either way. 


Plate girders are now commonly used in the United 
States for bridges of 100 ft. span and over. The girders 
are conveyed whole to the site over the ordinary railway 
lines without difficulty. Mr. G. H. Thomson, Bridge 
Engineer of the New York Central Railroad, sums up in 
the Railroad Gazette the advantages of long plate girders 
as follows: Railroad men like them—1l. Because of the 
economy, and this flows from the facts that plates of fair 
dimensions are now cheap, and shop facilities have been 
improved. Another element of economy is the rapidity 
and ease of erection. Furthermore, while long plate 
girders weigh more than truss bridges, the price per 
pound is cheaper. Modern railroad traffic requires for 
trusses of 90 ft. to 125 ft. span an indefinite amount of 
extra material to cover contingencies of collision, &e. 
2. Bridges of 100 ft. span and more have been erected at 
various points on the New York Central in very short 
times. In one instance it was done in an interval of four 
hours between trains passing over the old and the new 
structure. 38. Plate girders for through bridges are safer 
in collisions and derailments. 4. There is no expense for 
maintenance except paint. 5. They are not subject to 
the capricious adjustments of well-disposed, but not 
always well-informed, bridge repairers. 


The new regulations issued by the municipality of 
Paris, governing the laying of wires of private electric 
companies, entirely prohibit the placing of such wires in 
sewers or other underground conduits located between the 
kerbs, and demand the laying of such wires under the 
sidewalks. The materials used in the conduits must be 
approved by the proper municipal officers, who are also 
to specify the position, exterior diameter, and required 
depth of the conduits. The most favourable positions, 
near the surface of the streets, are reserved for the muni- 
cipal electric light conduits. In order to avoid crossing 
streets to make house connections, a conduit must be 
carried under the sidewalk on both sides of the street 
except in very narrow streets. Whenever a conduit 
crosses a street it is to be made accessible by a manhole 
on one side. In very important thoroughfares each side 
must be furnished with a manhole. If several companies 
are laying wires in the same street, a common conduit 
must be employed, the accruing costs to be shared equally 
between them. Electric wires of private companies are 
not to be carried closer than 3.28 ft. to the front walls of 
houses, which space is to be reserved for the laying of 
municipal wires. The connections are to be carried in 
conduits of smaller diameter to the limits of the house. 
Other branches from the conduits and transformers are 
to be placed outside the street. The application for a 
permit for laying electric wires must be accompanied by 
detailed plans, for the preparation of which the municipal 
records and plans of sewers, water conduits, &c., may be 
consulted. The general plan, drawn to ascale of 1-1000, 
must show the proposed conduits, with house connections 
and the number cf lamps. The amount of power to be 
supplied, the position and material of the cables and the 
size and material of the proposed conduits must be 
specified. 


Darton Water Works.—A Local Government Board 
Inquiry was held at Darton on the 4th inst. by Mr. 
Rienzi Walton, M.I.C.E., to consider an application 
from the local board for sanction to borrow the sum of 
70001. for water works purposes. The district of Darton 
is now supplied with water from the Barnsley water works 
at a cost of 1s. per thousand gallons. The present scheme 
is to discontinue this supply and purchase water from the 
Penistone Local Board, at a cost of 6d. per thousand 
gallons. A 7-in. supply main would be laid to convey 
the water five miles with service reservoir at Darton. It 
was considered that a financial saving would be the 
result, as the local board now pay Barnsley 12001. a year 
for water. The engineer to the schemeis Mr. W. H. 
Radford C. E., of Nottingham, 
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THE NEW RAILWAY RATES AND 
BRITISH TRADE. 

Durine the last few days there has been a con- 
siderable outcry on the part of a number of traders 
in consequence of the discovery that a certain 
amount of increase has been made by the railway 
companies on the rates that they were accustomed 
to charge for the traflic that has been the subject 
of such long and anxious discussion since the Rail- 
way and Canal Traftic Act of 1888 came into 
operation. The prevailing opinion appeared to be 
that that Act was likely to turn out to the great 
advantage of the traders, who stoutly contested 
every point, not only in the general provisions of 
the Act, but in the revised schedules of maximum 
rates, and the classification of merchandise traftic. 
Should it turn out that the traders have deceived 
themselves, and that Parliament, in professing to 
give them bread, has offered them a stone, there 
will assuredly be much reason for demur and 
recrimination, The railway companies had to act 
on the defensive. They were accused by the 
traders of charging excessive and arbitrary rates, 
which, in a considerable number of cases, were 
believed to be in excess of maximum powers, and 
therefore illegal. They were accused of showing a 
large amount of discrimination, more especially in 
favour of large, and therefore strong, traders, and 
thereby doing real hurt to the smaller and weaker 
traders. Rebates and reductions were arranged 
and conceded with an open hand, and no secret 
was made of the existence of a large and 
complicated system of group rates, which was 
alleged to withhold from certain traders the 
advantages due to their geographical position. The 
schedules of the several companies under their old 
Acts were, however, so hard to unravel that it 
seldom happened that a trader succeeded in 
running an offending company to earth. The nine 
principal companies whose schedules of maximum 
rates formed the subject of such a protracted in- 
quiry before the Board of Trade Commission, and 
afterwards before a Joint Committee of Lords and 
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Commons, had between them well on to 300 diffe- 
rent Acts, varying from about 30 up to about 100. 
Only a skilled lawyer or railway expert could hope 
to untie the Gordian knot that most of these Acts 
presented, and hence the companies had the ball 
at their feet and could do pretty much as they liked. 
It is doing them bare justice to say that they were 
generally reasonable in their charges within the 
limits of their vast powers. They carried certain 
important descriptions of traffic for considerably 
less than the maxima allowed by Parliament. They 
were especially prone to make concessions to all 
industries carried on upon a large scale, if they 
sometimes recouped themselves out of the small 
traders. But the system was so capricious and 
variable in its action—being founded on the prin- 
ciple of what the traftic would bear, as the cardinal 
element in every case—that it was felt to be unsatis- 
factory and often unfair, and it was with some- 
thing like a ‘‘ fearful joy” that the traders, after 
onerous and wearying labours, at last forsook the 
warpath and accepted the Act of 1888, with its 
subsequent and finishing rate schedules and classi- 
fication. 

To judge from the many and serious complaints 
that have been made since the new schedules came 
into operation on the first day of January, it might 
readily be supposed that the new schedules, in- 
stead of bringing relief to the trader, are likely to 
bring him nothing but trouble and anxiety. The 
allegation has been made again and again that rates 
have been largely and unaccountably raised, and 
the threat is held out that if the results so far dis- 
covered are to be largely duplicated, the Board of 
Trade will be called on to intervene, and the matter 
may once again become the subject of Parliamentary 
investigation. This is a poorand a lame conclusion 
to one of the most protracted and costly inquiries 
that was ever undertaken by any body of men, 
whether with or without the mediation of the 
State. There is good reason to believe that Par- 
liament did not intend to increase the powers of 
the companies. On the contrary, they had the 
distinct assurance of most of the principal railway 
managers that the new schedules would largely 
reduce their revenues, and they could only, of 
course, do that by giving a system of rates that 
would on balance prove advantageous to the 
trader. But there is also reason to suppose that 
both the Joint Committee and the Houses of 
Parliament overlooked the probable effects of 
two of the most important features of the whole 
case—the concession to the railway companies 
of the right to levy station and service terminals, 
and the alterations made in the new classifi- 
cation. The effect of the former has been to add 
from 2s. to 3s. per ton for the use of stations, &c., 
to all traffic carried in the higher classes, while the 
effect of the latter has been to transfer a number of 
articles from a lower to a higher classification, as 
well, of course, as vice versd. The sanction by 
Parliament of station terminals would not have 
been so appreciable on the raising of rates if the 
companies generally had made similar charges 
before. But some of them have, while others have 
not, and it is natural that, incases where no ter- 
minals for the use of stations have previously been 
charged, the effect of their imposition should be an 
increase of rates, or, rather, of the total charge 
made to the freighter. On any freight carried in 
classes C, 1, 2, 3, or 4, the .terminals will fully 
double the charge made in respect of mere trans- 
port for any distance under 20 miles. On long 
distance traffic the terminals will not be so much 
felt, being spread overa much longer mileage. With 
regard to classification, it appears that where 
articles have been raised to a higher class, there 
have been serious complaints, as is not unnatural 
but nothing is heard of the probably equally 
numerous class of cases where the rates have been 
reduced consequent upon articles being lowered in 
class. In so complicated and revolutionary a 
revision, it is only fair to strike a balance between 
the evil and the good, and when this has been done 
it is safe to expect that there will not be much 
alteration of the status quo. One thing the 
traders have certainly lost by the change. “Many 
of them had preferential rates, or, rather, as the 
railway managers would probably prefer to put it 
substantial reductions on the ruling rates, in con- 
sequence of the large traffic they supplied, or for 
other reasons. 

All such distinctions have now—for the time 
being, at any rate—been got rid of, so that the 
same rates may in the future be charged equally 
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to all men. This is certainly a drastic process of 
levelling compared with the old regime, but, if it 
errs at all, it errs on the safe side. 

It should also be noted that, in a recent letter to 
the Board of Trade, Sir Henry Oakley states that 
many of the increased charges complained against 
are only temporary, as in the necessity of complet- 
ing the revision of the rates within the time fixed 
by the Board of Trade, the work has been simpli- 
fied by cancelling a large number of special rates. 
It is, however, he states, the intention of the com- 
panies, after the class rates have been issued, to 
provide special rates wherever reasonably required, 
as quickly as they can be adjusted and put in force, 
and a large staff is now engaged on this work. 

Not afew attempts have been made to compare 
the new maxima with the old, but the task has 
been very difticult, for the reasons already referred 
to, and hence recourse has been had to a compari- 
son of the new rates with those levied under the 
Normanton scale, which is the scale by which the 
charges of the principal lines have been governed. 

For a distance of 277 miles, made up of long and 
short hauls, varying from a minimum of five miles 
toa maximum of 138 miles, the component parts of 
the haul being the same in each case, the maximum 
rates of the London and North-Western Railway 
Company will compare as follows with the rates 
under the Normanton scale for each class : 


Moudontand ee Set ee 
9 : nnder London an 
Class. | Normanton Scale. Neen? n Norshewester 
P Maxima, 

A 25.1 18.1 82 
B 28 5 26.9 6 
Cc 47.1 453 4 
ot: (ape 721 4 
2 89.6 89.2 0.4 
3 106.8 103.4 3.1 
4 129.6 123.9 44 
5 151.6 150.4 0.8 


The above statement shows, so far as it goes, 
that the new maxima will be somewhat under the 
Normanton scale rates, which bears out the con- 
tention of the companies as to expected loss of 
revenue. Itis only proper to add that in the lower 
classes there are considerable differences between 
the North-Western and some of the other schedules, 
and in looking at the above Table those differences 
should be kept in view. 

Selecting grain as a type of agricultural produce 
which is much complained of, we find that the 
old and the new rates compare as under,.the old 
rates being founded on information contained in a 
return made some years ago to the House of Lords, * 
and the new rates being abstracted from the 
analyses of the new railway rates and charges just 
issued by the Board of Trade :+ 


New Maxima per Ton per Mile. 
Old - 
ao Maxima ai 7 if) 
per Ton) First | Next | Next | Remain- 
jperMile.| 99 30 50 der of 
| Miles.) Miles. | Miles. | Distance. 
d. d. d. d. d. 
Great Eastern 3 2 1.80 1.50 1.20 0.70 
Great Northern .. 24 1.80 | 1.50 1.20 0.70 
Great Western Ao 2} 1.80) 1.50 1.20 0.70 
London and North- 
Western .. as 24 1.80 1.50 1,20 0.70 
London, Chatham, 
and Dover.. 50 3 1.80 1.50 1.20 0.70 
North-Eastern 30 2 2.00 1.75 1.50 1.25 
South-Eastern 2to3 | 1.80 1.50 1.20 0.75 
Taff Vale .. ae 24 1.80 | 1.50 1,20 0.70 
Lancashire and 
Yorkshire .. -| 2 1.80 | 1.50 1.20 0.70 


The old maxima given above are generally for 
distances under 50 miles, but as grain is seldom 
carried in this country so far as 50 miles to 
market, these would probably be the ruling rates. 
It is not so generally recognised as it should be 
that it is low railway rates, and not fair trade nor 
protection—not a mere virgin soil, nor unlimited 
areas of land, not superior methods of farming, nor 
the command of more efficient mechanical appli- 
ances, that has enabled the United States to send 
their breadstuffs to Europe in such unlimited quan- 
tities, and at so cheap a price as practically to 
swamp the British farmer and bring about the 


** Return of the maximum rates and charges which the 
railway companies of the United Kingdom are authorised 
to make for the conveyance of passengers, animals, 
goods, minerals, and other articles upon their own rail- 
ways and on other railways,” &c. 

+‘ Analysis of the Railway Rates and Charges Order 
Confirmation Acts, 1891 and 1892.” 


remarkable depression of agriculture and trade 
about which all classes of the community are now 
genuinely concerned. What low railway rates have 
done in the United States, they may, on a neces- 
sarily much smaller scale, succeed in accomplishing 
at home, and hence the great importance of this 
subject to the country at large. 


TRANSITION CURVES. 


THE extension of railroads into mountainous 
countries and the adoption of higher speeds on 
tram lines or street railroads has of late years drawn 
considerable attention to the question of transition 
curves. If an ordinary circular curve is used to 
connect lengths of track making an angle with each 
other, a train experiences a decided shock on enter- 
ing the curve, which is accentuated as the speed 
becomes higher or the curvature increases, and in 
many cases derailment is only prevented by guard 
rails. Moreover, the superelevation should, at least 
theoretically, be zero along the tangent, and then 
on entering the curve suddenly assume its full 
value. In practice, it is usually commenced before 
the curve is entered, which is not an entirely satis- 
factory solution. This very questicn of the distribu- 
tion of the superelevation led to the first applica- 
tion of transition curves. When a transition curve 
is used the curvature at the beginning of the curve 
is zero, and increases gradually up to its full value, 
from which point the curve is continued as an are 
of circle until the second tangent is approached, 
when its curvature is slowly diminished and becomes 
zero again at the end of the curve. 

One of the first transition curves proposed was 
the cubic parabola. The equation to this curve is 
y=a2«%, where x is measured along the tangent and 
y is the offset from the tangent as in Fig.1. At its 
initial point the radius of curvature of this curve is 
infinite. Proceeding along the curve this radius 
rapidly decreases and reaches a minimum, when 
the tangent to the curve makes an angle of about 
24 deg. 5min. 41.5 sec. with the base line, after 
which it increases again up to infinity. Hence this 
curve cannot well be used for a transition curve, 
having a greater angular value than 24 deg., but 
greater values than this are hardly required in 
practice. 

The problem to be solved may be divided into 
two parts, viz., first, to put in a transition curve for 
a new line of railway, and second, to ease off curves 
in existing lines. The former problem is the easier. 
Referring to Fig. 1, it will be seen that the para- 
bola touches the circular curve externally, and 
hence this circle is offset a distance 5 from each 
tangent. Suppose the transition curve meets the 
circular curve in the point C, where the tangent to 
the circular curve makes an angle @ with the base 
line A B. Then it is possible to choose 6 and @ in 
such a way that the transition curve will touch the 
circular curve at this point and have the same 
radius of curvature there as the circle.* The neces- 
sary and sufficient condition for this is 


Daa of cos 3 0 
—_=— cos 9 — -—1 
He oo Srey 
* The equation to the cubic parabola is 
y=a v3, 
Hence 
dy 
SS Se St : 
a a x?=tan > 
And thus 


The radius of curvature 


3 
dy\?\* 
(2+) _ (1 + tan? 9)! 


= ay 6 ae. 
dx 
And 
—tanp 
oi 3 a2 : 
Whence 
x = 2p sin >cos2 ¢, 
And 


y =p cos $ sin 29. 


Now at the point of osculation we have 
Y="; p= Rand ¢=98, 

Hence 
yy =? R (cos 0 — cos 36), 

But since 9) is also a point on the circle, we have 
¥i=9+R(1 — cos 8). 

Whence 


as given aboye. 


Thus if @ is taken as 10 deg. 6 will be equal to 
.0046 R. 

The value of y, the ordinate to the curves at the 
point of contact, can be measured on the field, or 
is easily obtained from the equation 

4,=5+R (1-cos A) ‘ 
Finally, if the point A be the origin of the transi- 
tion curve, the distance A H=x,=5 y, cot 0,= 
3DE. Having these values, it is very easy to run 
inthecurve. Thus divide A E intoa suitable num- 
ber of parts, and divide the final ordinate of the 
curve by the cube of this number. Then from the 
station (1) set off one of these parts, from station 
(2) set off 8 of these parts, from station (3), 27 of 
these parts, and soon. Thus, if the radius R was 
600 ft. and 6=10 deg., we should have 

4, =.0198 R=11.88 ft. 

%,=8 y, cot 6=202.11 ft. 

The value of @ has been chosen arbitrarily in the 
above instance. It should, however, be fixed by 
the length it is desired to give the transition curve. 
For angles of @ less than 25 deg., this length is 
given very nearly by the equation : 


Length=R sin 2 @. 


When 6@=10 deg., as in the above case, this makes 
the length of the curve equal to 202.5 ft. 

Many rough and ready methods have been 
devised with a view to simplifying the calculation 
of such curves, but most of them do not give good 
results, as the circular and transition curve cut one 
another instead of touching, and the radius of cur- 
vature at the point where they meet is not the 
same for both curves. The consequence is that 
the shock to the train at this point is equal to or 
greater than it would have experienced had no 
easement of the curve been attempted. The rules 
given above, whilst simple, and requiring only the 
ordinary trigonometrical tables found in every 
engineer’s pocket-book, are nevertheless exact, 
with the exception of the expression for the length 
of the curve, which is only an approximation, but 
within the limits given a very close one. 

A different problem arises when it is desired to 
ease the curves of existing lines. In such cases it 
is desirable to interfere with the existing track as 
little as possible. Thus, take the case shown in 
Fig. 2. Here AB is a circular curve meeting a 
tangent AC, The transition curve will then lie 
wholly inside the circular curve as shown by D EB. 
The curve should touch the tangent A Cat the point 
D, and the circular curve at the point E, and should 
also have the same radius of curvature there. To 
fulfil this condition it is necessary that the curya- 
ture of the transition curve, starting from the point 
EK, should first increase to a maximum at some 
point G, and thence diminish gradually to zero at 
D, where it meets the main tangent. As already 
mentioned the cubic parabola has this very pro- 
perty, and it would, therefore, appear at first sight 
to give avery satisfactory solution. Unfortunately, 
however, the point E, where the parabola, which 
fulfils the necessary conditions, touches the circular 
curve, is along way from the point A, the angle 
AOE being about 34 deg. 37 min. 38.3 sec., a 
value which would seldom be admissiblein practice. 
The least radius of curvature of the transition curve 
is in this case 86 per cent. of that of the circle. 

In such cases the best plan appears to be to 
choose some point on the circular curve, as E, 
Fig. 2. Starting from this point set out the arc 
EG of a smaller circle, touching the main circle 
at E. Then the transition curve may be run in to 
touch this second circle in the manner already 
described. 

For example, suppose the main circle is 600 ft. 
Then the auxiliary circle may be chosen with a 
radius of, say, 550 ft. The length of the parabolic 
curve is to be, say, about 200 ft. We have then 
200 


550 : 
Whence 6 = say, 10} deg. Then 6, the amount the 
auxiliary circle is offset from the tangent, 
= e cos 8 ee x 1) R = 2.7626 ft. 
To obtain the point where the auxiliary circle 
touches the primary one we have from Fig. 2 
6 
cos ¢ = 1— 
ia Ries 
As a transition curve the cubic parabola is open 
to the objection that it cannot be set out with the 
transit and chain in the same way in which circular 


sin 29= 


and thus g = 19 deg. 8 min. 
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curves are usually run. 


On old work this does not] Even when ¢ is as much as 25 deg. the error in- 


matter, as the transition curve is then most con- | volved is very small, and practically negligible in 
veniently put in by means of ordinates, but on new | the field. Having got this distance, the process of | for the second at an angle of 


work the use of the theodolite is advantageous. 
A curve which can easily be run by the theodo- 
lite has been proposed independently by many. It 


running in the curve issimple. Thus, suppose the 
head of a gulch is to be turned with a curve of 
500 ft. radius, and the transition curve is to be 


has the peculiarity that its radius of curvature | 200 ft. long, then 


varies inversely as the length of the curve from the 
starting point. From this property it is easy to 
deduce its intrinsic equation. 

Let ds be the length of an element of the curve 
and dé@the angle between two successive radii of 


curvature. Then 
ds=R.d8, 


ee 

2 x 500 

or, say, 11 deg. 27 min. 30 sec., as 3 sec. cannot be 
measured on an ordinary theodolite. 


DE=" x (})2= 3 ft. 4 in. 


=1= 11 deg. 27 min. 33 sec, 


where R is the radius of curvature, but by defini- | This distance is to be set off from the main tangents 
tion R varies inversely as s the length of the curve | towards the interior of the curve, and lines then 


from the starting point, or 


R=, 
§ 
where c = a constant. 
Whence 
aos 
dsc 
and 
(ye 
2c 


Referring to Fig. 3, A B is the transition curve 
and D B C the circle it has an osculating contact 
with at B. Hence at this point we have ¢= ¢ and 
R=R,, the radius of the circle. 

Whence we get c =R, s, where s, = the length of 
the curve A Band 

rai 
2H, 
Whence the length of the transition curve for a 
given deflection angle is twice that of the cor- 
responding arc of the circle it touches. 

The first important point to fix is the distance, 
DE=6, between the circular curve and the tangents, 
At the most this is only a few feet. The exact 
formula for it is complicated, but, as in practice, 
transition curves will not be run through a much 
greater angle than 20 deg. at the most, it appears 
that the higher terms of the expansion may be 
neglected, and D K may be taken as equal to 


R, ¢? * 
6" 
* The intrinsic equation to the transition curve being 
pS 
DSc 2 Ria 
we have 
eel. 
? 2R, 
and 
BOM oS ales ; AE — og 9 
ds ds 
Hence 
a fm dds 
and 
hee f cos ds. 
Whence 
: dé 
Suse 5 Bin Ge 
y id ie 04 
and 


z= R68 f'cos 9 ao. 
0% 


Expanding and integrating we get 


tet 8 veo se Oo 
= Ai ip eed DUNG ‘ De siO, 
A rasta (iad. | 
and 

20% 90% 

z=Rhi¢ [26 re ait 4 7 ke | 
Thus 

a) 29 29,29 

=R ee ae ee see a Ye 

‘ i( 8. 7.3! 9.5! te.) 


But since x; is on the circle we have 
¥ = & + Ry (Ll — cos 4). 


Hence 
Peete ot. atk 
0 va be ies’ ” + &e.) 
2 : 
= R, —, when ¢ is small as given above. 
Similarly 
ae ie 2 Lu 
x, = Ry| 2 > 5 “Pp - 
: if od a OLA ar ery had =| 
and A E = x, —Rsin 9, 
oa R Ase oe pr = 
[° 30 * 0890 ~ © 


the ene terms of which may be neglected when 9 is 
small, 


Saas Sa 


run parallel to them, which will then be the tangents 
to the circular curve, which is put in in the ordi- 
nary way. Let DBO, Fig. 3, be a part of this 
curve. Then chaining half the length of the tran- 
sition curve along it from the point D, we get the 
point B, which is the spot where the transition 
curve meets the circle. The straight line DB then 
cuts the main tangent at the commencement point 
A of the transition curve. As a check, the distance 


A E should be 
R( o- | = 99.86 ft. in the case chosen. 

To run the curve set up the transit at A and align 
the telescope along the main tangent. Suppose 
there are to be n stations in the transition curve. 
Then for the first station set the telescope at an 
angle with the main tangent of 


3 


¢ 


Qn’ 


Gx 2 
2n2’ 
for the third at an angle of 
Silat 
Qn?” 


and so on, 

Thus in the example chosen the transition curve 
being 200 ft. long and the final radius 500 ft., four 
stations of 50 ft. each might be taken. The amount 
deflected would be since 


@ = 4 x 4 = 9497-7 _ 343 8 min, 
2 10 
For station1 ... sie ve PE 21.5 min. 
as 2 80:00. 
rf 3 193.4 ,, 
KA 4 343.8 ,, 


the nearest figure to which the theodolite can be 
read being of course taken. 

It will be seen that this second transition curve 
can be put in accurately without the use of trigono- 
metrical tables, and the calculations required can 
be made with quite sufficient accuracy with a 55- 
centimetre Gravet slide rule, and in this respect 
the curve has an advantage over the cubic parabola, 
It cannot, however, be put in by means of ordinates 
unless tables are used, which is a disadvantage for 
street railway work, but it can nevertheless be put 
in by chain only, if desired, by a modification 
of the well-known process of running a circular 
curve by the chain only. The plan to be adopted 
isto calculate the tangential and deflection dis- 
tances for the mean curvature of the transition 
curve between two successive stations. Thus, let 
R, be the final radius of the transition curve, and 
suppose there are p stations. Then at any inter- 
mediate station n, the mean curvature between 
this station and the one before it will be 

2n-1 1 
2p Rey 
and the offsets must be calculated accordingly. 

Thus, in Fig. 4, the point S is the commence- 
ment of the transition curve. Then the offset a 
for station 1 will be the tangential distance for a 
curve having a radius of 2p R, where R, is the radius 
of the circular portion of the curve, and s;=px 
length of one station or chord. Hence 

chord? 

4 Pp Ry 
where p is the total number of stations. The offset 
b for the second station will be a deflection distance, 
and its value will be 

txtoN, tas § 
Tne hie op Re 

Similarly at station 3 the offset will be 


“a= 


This method is, however, open to the objection 
that all errors are cumulative, and several trials 
may be necessary before the transition curve can 
be made to touch the circular one at the proper 
point. 


THE WEATHER OF THE YEAR 1892. 

WHEN through the shadow of the globe we sweep 
into another year, occasion is afforded to ‘‘sum the 
experience of the year” justelapsed. It has become 
customary to take advantage of the opportunty in 
the interests of trade, commerce, navigation, agri- 
culture, mining, manufactures, political and social 
progress, arts, science, and literature, and also for 
the weather, an important factor in all human 
affairs. The weather of one year is very much like 
that of another, and also very different. The 
years resemble each in general features, they differ 
in their particular characteristics. Their general 
features are exhibited in the annual averages of 
the meteorological elements. Their particular 
characteristics are set forth in accounts of the 
variations from the regular order of seasonal 
changes. As regards the general features, meteoro- 
logy has accumulated such vast statistical results, 
almost, if not quite, 

Till old experience do attain 
To something like prophetic strain. 

This foreknowledge, however, is of little or no avail 
in the ordinary business and employments of every- 
day life. The variations, the extremes of weather, 
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spells of heat and cold, stormy winds and floods, 
frosts and droughts, sunshine and rain, their advent 
and duration—these are features of weather about 
which foreknowledge would be of immense import- 
ance. Meteorology is still impotent in this direc- 
tion, except for a few hours in advance, and the 
question still is— 
What power of mind 

Foreseeing or presaging from the depth 

Of knowledge, past or present, 

Can teach us further by what means to shun 

The inclement seasons, rain, ice, hail, and snow? 

The limits of these variations and the seasons in 
which they occur are known, but what will be their 
magnitude, when, where, and at what precise date 
they will occur, if at all, are quite uncertain. 
They follow no sequence, they show no signs sufli- 
cient to afford prescience. Then why chronicle 
them? Human affairs are rooted in the past, and 
the roots are a long while dying ; family no less 
than historical events are often related to weather. 
Moreover, the conditions of weather concurrent 
with particular circumstances, physical or social, 
are often a monitory guide for the immediate 
future. The past is prophet to the future, how- 
ever badly interpreted. 

What shall avail the knowledge thou hast sought ? 
I know not ; let me think my thought. 

A year of ordinary meteorological averages ; 
the mean temperature slightly deficient ; rain so 
scanty that it may be pronounced dry, especially in 
the south-west of England; early months very 
dry, harvest wet; such was 1892 in the British 
Islands. The winter was seasonable though vari- 
able ; intense cold, frost, and snow alternated with 
mild intervals. The spring was rather cold, though 
with much bright sunshine ; cold and warm periods 
alternated. A week cr more in April was warmer 
than has been experienced for many years, but the 
month had a preponderance of low temperatures, 
notwithstanding an unprecedented duration of sun- 
shine. The summer was cool, wanting more sun- 
shine, and had heavy rains and frequent thunder- 
storms. The autumn began cold and ended mild, 
and was remarkably quiet, not a single violent gale 
in any district, while in the southern moiety of the 
kingdom the winds did not attain the force of a 
fresh gale. The mean atmospherical pressure and 
temperature for the year, at extreme positions 
to which the Isle of Man is central, were as 
follows : 


3 Mean . 
aft, Mean Difference Difference 
Positions. Pressure. | from Normal. Foppere. from Normal. 
in. in. deg. deg. 
North 29.77 nil 45 below 1 
South 29.97 ae 51 * il 
West 29.90 above 0,03 50 nil 
East 29.90 As 01 47 below 2 
Central 29.90 i OL 48 A, 1 


The distribution of rain in frequency and quan- 
tity may be inferred from the following results: 


Difference 

Places. Rainy Days. Amount. TPOMNOT Ale 
in. in. 
Sumburgh 284 36.16 less 0.74 
Scilly .. 187 25.72 », 8.66 
Valentia 245 50.94 Bp eRe 
Yarmouth 200 30.49 more 2.91 


The resultant of the daily general directions of 
the winds over these islands was W., rather more 
northerly than usual. The duration of bright sun- 
shine, estimated in percentage of its possible 
amount for the year, was for the United Kingdom 
31.5, the Channel Isles 42, south-west_England 37, 
south England 36, east England 32, south Ireland, 
central and north-west England 31, west Scotland 
30, north-east England and east Scotland 29, north 
Treland, 28, north Scotland 23. Bright sunshine 
was rather above the average, temperature a trifle 
less, pressure normal, rainfall deficient, east 
England excepted. According to a statement in 
the Times of October 1, ‘‘for the past nine years 
there has been a failure of rainfall amounting to 
nearly 8 per cent. per annum in England, 7 per 
cent. in Scotland, and 3 per cent. in Ireland ;” 
and ‘‘from records kept at more than 150 selected 
stations it appears that since the close of 1883 the 
gross rainfall of the British Islands has been 
deficient by about 23 in. over England, by about 
81 in. in Scotland, and by about 9 in. in Ireland.” 

The weather of each month may be briefly de- 
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scribed as follows: January was changeable, mild, 
cold, with snow and gloom; floods in Elgin, Ross, 
and Sutherland. February was seasonable, but 
very cold and frosty, with much snow between the 
15th and 20th. March was cold, harsh, and bright ; 
then mild ; finally cold and bright ; altogether a 
cold month, though with much sunshine. April 
was cold, dry, fine, though at intervals warm and 
bright ; it had a larger percentage of sunshine than 
any of the other months. May was seasonable, 
fine, and bright. June was variable, cold, with 
many thunderstorms and much rain in east Eng- 
land. July was cold, wanting in sunshine ; dry in 
Great Britain ; wet in Ireland. August was the 
wettest month, but seasonable and pleasant, ex- 
cepting heavy rainfalls and several thunder- 
storms ; while we escaped from spells of heat 
such as prevailed at New York during the last 
three days of July, where the shade temperature 
rose to 107 deg. ; and in Europe, where, on the 
15th, 120 deg. was reported at Seville, and the spell 
of heat extended to France, Italy, Austria, and 
Germany ; on the 17th the temperature at Vienna 
rose to 107 deg. ; on the 26th, 84 deg. was reported 
at St. Petersburg. September was seasonable 
generally ; dry and fine in east England ; rainy, 
cool, and dull innorth Scotland. October was cold 
and unsettled, with excessive rain in east England, 
little rain in Ireland. November was quiet, foggy, 
with much rain in Ireland, and was the only mild 
month ; each of the other months had a mean tem- 
perature below the normal. December was cold, 
then mild, then frosty, had small rainfall, and the 
latter part was fogey in England. 

Notable events of the weather which remain to 
be mentioned are as follows: The greatest atmo- 
spherical pressure, 30.75 in., occurred on March 
22; the least—28.0 in.—on February 1. The 
highest temperature—86 deg.—was reported at 
Greenwich on June 10; the lowest, minus 9 deg., 
at Melton Mowbray on February 17. The metro- 
politan death-rate in January rose from 33 to 46, 
due to influenza and diseases of the respiratory 
organs, but decreased to 19in February. Between 
January 13 and 16 a cyclonic storm travelled from 
John o’ Groats to Cape Clear—an unusual track. 
On February 19 occurred a snowstorm over all the 
kingdom, very severe in Ireland; by this date 
London had 7 in. of snow on sheltered ground. 
_Between March 9 and 14 a cyclonic disturbance 
was traceable from the Shetlands to Dover, Ger- 
many, the North Sea, and Edinburgh. On April 
14 heavy snow fell in Yorkshire, and on the 16th 
in south-east England. An extensive thunder- 
storm with large hail and excessive lightning pre- 
vailed over south-east England on May 25, and on 
the 31st the temperature rose to 85 deg. at Green- 
wich. On June 28 an extensive and prolonged 
thunderstorm occurred over south-east England ; 
4.04 in. of rain fell at Penkridge, and heavy rain 
in England generally. On July 3 the temperature 
rose to 85 deg. at Cambridge, and a destructive 
cloud-burst occurred at Driffield; on the 13th an 
inch of rain fell in 75 min. at Sydenham. On 
August 23, 2.75in. of rain fell at Roche’s Point. 
On October 9 the anemograph at Greenwich regis- 
tered 11.8 lb. on the square foot; on the 28th 
2.57 in. of rain fell at Sturminster ; early in the 
month floods occurred in Flintshire, later on in 
Yorkshire, and towards the end in the Thames 
valley. On December 5 snow fell, causing drifts in 
Larne, Antrim, and north Scotland. Aurora was 
observed in the northern parts uncommonly fre- 
quently in winter, and occasionally in every month 
of the year. 


AMERICAN INDUSTRIES AND 
BRITISH COMMEROE.—No. II. 
Assumine that the prospects of the future may be 
measured with some degree of accuracy by the ex- 
perience of the past, we propose—as indicated in 
our last article—to attempt an examination of some 
leading features in the industrial development of 
America, The time is opportune: the aim of the 
Columbian Exposition is to prove to the world 
the progress of the United States ; to extend her 
markets; and to give a fresh impetus to her 
producing power. Carried far enough, such a 
development will involve severe commercial com- 
petition with Great Britain, and for this reason 
the subject becomes of vital importance to our 
manufacturers. 
It is evident that the whole problem of American 
industries and their future influence on British 
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commerce is affected by the influence of tariffs, 
and that, therefore, our attention should be first 
turned to that part of the subject. Some Americans 
have an idea that it is impossible for us in England 
to take a disinterested view of their industrial 
history, because if heavy tariffs assist America to 
the detriment of British trade, selfish interests 
must import prejudice. But the advantage of high 
duties either to American manufacturers or to the 
nation at large, is not admitted, even by a large 
section of the United States people, and the alle- 
gation of British prejudice upon the subject may 
be disregarded. We suppose most are agreed that 
vast industries in America have been created by 
protection, and through its aid developed into their 
present proportions; but whether to the real 
benefit of the consumers, is another matter. It 
has to be proved that labour is more in demand, or 
that wages have been increased, as a result of the 
McKinley tariff, which was regarded by its 
founders as the crowning blessing of the genius 
of Protection. It should not be forgotten that a 
very elaborate report was lately made showing a 
general advance in wages ; but when an examina- 
tion into the data on which the report was founded, 
was ordered, these data were not forthcoming. 
But even if wages had been slightly increased 
under the McKinley régime, the increase was 
purely fictitious, for the prices of commodities, 
and therefore the cost of living, are greater, so 
that the purchasing power of money has decreased, 
and the demand for products lessened. This was 
a Democratic argument that carried great weight 
during the recent Presidential campaign. So also 
was another argument that excessive tariff, by 
ruining some foreign industries, and thus throwing 
men out of employment, forced them to come to 
the United States to swell the ranks of labour, and, 
by competition, to reduce wages. Besides, there 
are occupations which cannot by their nature be 
protected, and cannot therefore profit by the 
tariff. These include agricultural pursuits, per- 
sonal servants, those engaged in the distributing, 
building, and other trades. Indeed, it is com- 
puted that only from 5 to 10 per cent. of the 
bread-winners of the United States benefit directly 
from the tariff,* and even this small propor- 
tion have to pay practically double taxation for 
protection to a favoured few and for revenue to 
the Government. It is pointed out by Schoenhof 
that the wages per hour of those engaged in the 
unprotected building trade are higher than are 
paid in this country or Germany ; while in the pro- 
tected cotton trades the earnings per hour are 
about the same at Lowell as at Manchester. Of 
course it will be recognised that these are not 
original arguments, but are drawn from American 
sources. 

The population of America has grown with un- 
paralleled rapidity, due more to immigration than 
to natural increase. This rapid development has 
its disadvantages, which have long been recognised 
in the United States, and to check which in the 
future, the indications of State action are not 
wanting. The foreign population is essentially 
heterogeneous ; the immigrants, who have consti- 
tuted during recent years seven-eighths of the 
increase in the adult population, are as a rule un- 
educated, for the skilled craftsman does not readily 
emigrate from an industrially successful country. 
Not being able, therefore, to contribute—as a 
body—to the skilled labour of the country, and 
thus to increase its producing capacity, there is no 
wonder that the artificial and rapid increase is 
looked upon with growing disfavour, while, as we 
have said above, any great influx of skilled labour, 
such as might follow on trade failures in Europe, is 
regarded with fear by the American artisan. 

The United States possesses probably more 
natural wealth than any other country in the world ; 
it is, of course, distributed unequally over her vast 
area, a circumstance that has forced forward, for more 
or less successful solution, the problem of. cheap 
transport. Of necessity the unequal distribution 


*Mr. Edward Atkinson, in his work on the ‘“ Distyri- 
bution of Products,” classifies the people engaged in 
gainful occupations, and of these it may be taken that 
the following cannot profit directly from tariffs: Purely 
mental and individual work (clergymen, lawyers, doctors, 
&c.), 4 per cent. ; distribution, 6 per cent ; mechanical 
pursuits, mainly individual, carpenters, masons, painters, 
&c., 10 to 11 per cent. ; personal servants, 13 per cent. ; 
labourers (farm, &c.). 30 per cent. ; agriculturists, 25 per 
cent.; leaving about 10 per cent. engaged in manufactur- 
ing or mechanical work of a collective order; but even 
all these are not engaged in protected trades, 
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of mineral wealth, chiefly of iron ore and coal, has 
a tendency to shift the centres of important metal- 
lurgical industries, and involves a curious condition 
of things relating to transit. The States of New 
England and that of New York can obtain iron 
ore from Bilbao at about half the rate charged for 
transport from Lake Superior, while pig iron can 
be taken from Glasgow to Boston for 6s. or 7s. a 
ton against 12s. from Pittsburg ; to would-be iron 
makers in New England such advantages are of 
course checked by the tariff. If raw material were 
to be admitted free of duty they could import ore 
or pig iron from Europe or Britain as cheaply as 
the Western Pennsylvania producers get their 
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economies at the coal and ore fields, would 
also necessitate further, and perhaps impossible, 
sacrifices in railway and canal transport. As to the 
producers of raw material in the United States, it 
has been truly said that their future is more de- 
pendent on healthy extension of manufacturing 
industries at home than on protection. At present 
iron merchants, like the linen, cotton, and fancy 
goods manufacturers, have to include in estimating 
the cost of goods for export, the increase in price 
consequent on the prolonged existence of a tariff ; 
and this fact alone is suflicient to prove that the 
opening of American ports to the free entry of raw 
material could not be beneficial to Great Britain. 
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Lake Superior ore, and by this means would be 
the better able to compete with finished products 
against Pittsburg firms in the internal markets, 
and probably against Great Britain in South 
American markets. The requirements in iron 
and steel and hardware generally, have in- 
creased with unparalleled rapidity, and yet we 
find that the iron and steel works and employés 
in New England are not now greater than 
they were ten years ago—if anything, there is 
retrogression.* Four blast furnace works have 
been abandoned since 1880, and of the ten works 
remaining, seven are in Connecticut. The value 
of the total product has in ten years decreased 
from over 1,000,000 dols. to 886,000 dols. Again, 
the product of steel rolling mills has only in- 
creased from 13.5 million dollars to 14.2 million 
dollars, but works have been abandoned which 
employed 2262 hands, and produced about 
4,000,000 dols. of steel, while two others erected 
during the decade have been abandoned. Again, 
forges have been closed. Of course this shifting 
of trade centres is inevitable, especially in a country 
where the movement is ever westward. It is largely 
the result of development in other parts of the 
United States, but this transfer is also in some 
measure due to the tariff barrier that prohibits New 
England from importing raw material from abroad. 
Other instances might be given, but that quoted may 
be taken as an indication that the tariffassists mono- 
poly, and that the interests of the great internal 
carrying association run parallel; for without it 
there would be great possibilities of opposition 


from sea-carriage, which, while it would stimulate 


* See Census Bulletin No, 156, 


These circumstances partly explain the recent 
general acceptance of the Democratic programme, 
the essential feature of which is briefly, although 
somewhat vaguely, defined as a ‘‘ tariff for revenue 
only.” It may be interesting to show the relation 
of the revenue to the expenditure of the United 
States, and the proportion of this revenue raised 
from customs duties, with a view of suggesting to 
the reader the possibilities of reductions in the 
tariff. These proportions are shown on Diagram 
No. 1,* in which the vertical lines divide the curves 
representing the figures into yearly periods, while 
the horizontal lines represent amounts. On Dia- 
gram 1 the full line shows the expenditure, to 
meet which the Government have to raise funds. 
But a much greater revenue has been collected, 
as shown by the upper curve in dotted lines. The 
excess of revenue over payments was in some years 
equal to 12s. per head of population. In recent 
years the excess has been from 7s. to 10s., and that 
notwithstanding the enormously increased expendi- 
ture. In 20 years the people have contributed to the 
Treasury 1,410 million dols. or nearly 300 millions 
sterling more than was required, so it is not sur- 
prising that since 1867 the public debt has de- 
creased from 735 million to 365 million dollars, while 
at the same time the balance in the Treasury has 
increased from 198 million to 726 million dols., 
or nearly 150 millions sterling of unremunerative 
wealth. We have shown on the diagram by a 
dotted line what customs contribute to the revenue, 
but if customs were to be reduced to comply with 


* The diagrams have been prepared from ‘‘ The 
Statistical Abstract of the United States,” a Govern- 
ment publication. 


the idea of a tariff for revenue only, then they 
would contribute the sums shown by the dash 
and dotted curve, the lowest on the diagram. In 
1890 there would have been a reduction of 55 per 
cent.; but last year there was a great increase in 
expenditure, probably a permanent increase, so 
that the difference was only 37 million dols. It 
would undoubtedly have been more, for if the 
tariff had not been increased the dutiable imports 
would have brought a greater revenue than has 
been the case with the increased tariff. 

The ordinary receipts in 1891, as shown on Dia- 
gram No. 1, totalled 392.6 million dollars, but to 
these may be added receipts from loans and 
Treasury notes, which make the gross receipts 
765.8 million dollars. This, it is interesting to 
note, is exactly 50 per cent. more than the gross 
receipts of the British Exchequer. Diagram No. 3 
shows the relation of the income of the two 
nations : 

Diagram No. 3.—Illustrating Relation of British and 

United States Gross Revenue and Customs. 


United States. 


Millions Millions 

Sterling. Sterling. 
Revenue ... 102.3 Revenue 153.2 
Excise — Excise 146.2 
Customs ... 21 Customs 44 


The dotted lines in the case of the United States 
indicate the gross expenditure, including premiums, 
interest paid, and public debt. The shaded portion 
represents the ratio of tariff returns to the total re- 
ceipts, which in the case of free-trade Britain is 
about 20 per cent., and in the case of the United 
States about 28 percent. That is to say, the in- 
habitants of America pay 219 million dollars customs, 
practically all in tariffs towards the revenue, while 
in Britain 105 million dollars are paid. It there- 
fore follows that the revenue required for the 
United States is less per capita of population than 
in Britain, the excess being largely due to our 
Army and Navy charges; but, as shown on Diagram 
No. 4, the difference is small—5s. 6d. 


Diagram No. 4.—Revenue and Customs Paid per Capita. 


i 


Britain. United States. 
Dols. Dols. 
Revenue... 13.44(54s.) Revenue... 12.14 (48s. 6d.) 
Customs... 2.75(11s.) Customs... 3,41 (14s.) 


Again the shaded portion indicates the ratio of 
customs to the total, and here each inhabitant of 
the United States pays more than each British resi- 
dent, the difference being about 3s. ; but the direct 
taxation is, of course, less, 

We have said that the increased expenditure may 
be permanent. Our reason will be appreciated 
from an examination of Diagram No. 2, which shows 
the relation of the principal items of expenditure. 
We have not included the period of the war, 
because the expenditure was then abnormal, and 
even for several years later the war expenditure was 
high. In recent years there has been an enormous 
increase in pension payments, and every inhabitant 
in America has now to contribute 8s. annually to the 
pension fund. 


NOTES. 
ELEectRIC Power IN SWEDEN. 

Tue largest transmission installation of power by 
electricity in Northern Europe will, during the 
present year, be built at the Grangesberg in 
Sweden. Sweden’s wealth of water power is now 
beginning to be more rationally employed, and the 
power station in this case will be at the Hiill Lake, 
where four turbines will be placed, each of 100 
horse-power. Of these two will be used for the 
power department, one for the electric light in- 
stallation, and the fourth will be used 1s a reserve 
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for the three others. The distance from the lake 
to the first place of consumption for both power 
and light is some six miles, and then there are a 
couple of miles to the next station, which is only a 
fraction of a mile distant from the third station ; 
this is again about a mile distant from the fourth 
and last station. The second and the third stations 
are the most important. The present steam fire 
engines will all be superseded by electric motors of 
the same power, and the light installation will com- 
prise 30 arc lamps and 150 incandescent lamps. 


PrRoJECTED SwEDISH-NORWEGIAN RaILway. 

In spite of the complete failure of the Swedish- 
Norwegian Railway Company, resulting in a loss 
of over 3,000,000/., principally English capital, 
another scheme is on foot for bringing about 
a connection between the vast iron ore deposits 
in Norrland and the Sea, through Norway. 
A concession for a railway from Luossavora, in 
Norrbotten, to the Norwegian frontier, has been 
applied for from the Swedish Government, and a 
subsequent application to the Norwegian Govern- 
ment for a concession for a railway from the 


frontier to Victoriahaven, at Ofoten, will be 
made in due course. For this latter part 
of the concern it is intended to form a 


Norwegian company. The cost of the railway 
from Luossayora to the Norwegian frontier is cal- 
culated at some 550,0001. The Swedish Roads 
and Waterway Department does not recommend 
the plan, the principal objection being that a 
railway of such strategical and political import- 
ance ought to belong to and be worked by the 
State. Although the local interests naturally 
favour a railway like this, weighty voices are being 
raised against it from other sides, and it is thought 
that both financially and from an engineering point 
of view the new plan may prove as faulty as its 
predecessor. 


A Novet Hieu-Spesp STeaMer. 

We note that Mr. Hiram Maxim, the well- 
known mechanician, has recently revived the old 
idea of constructing a boat to skim the surface 
of the water, instead of ploughing through it, as 
hitherto. Mr. Maxim’s idea is doubtless the out- 
come of his experiments with aeroplanes, which 
proved that a considerable weight could be sup- 
ported in the air by an inclined plane driven 
forward through it at a moderate velocity. The 
idea of constructing ships on this principle is not, 
however, new, and we should hardly have referred 
to it had it been revived by any one whose 
mechanical ability was of a lower order than Mr. 
Maxim’s. From his patentdrawings it appears that 
Mr. Maxim proposes to construct his boat with a 
punt bow, the under surface of which is inclined, 
and is intended to raise the forward portion of the 
boat out of the water as it is propelled forward. 
Near the stern is a horizontal rudder, the inclina- 
tion of which can be altered by suitable mechanism 
when desired, and which performs a like function 
for the stern of the boat to that which the punt 
bow does for the forward portion. To secure 
proper immersion for the screw under all conditions, 
the dead wood at the stern is carried to a consider- 
able depth below the hull of the boat, and forms a 
support for the propeller shaft. We should be 
inclined to think that such a boat would be liable 
to turn turtle whilst skimming the waters in the 
way intended, but possibly Mr. Maxim has tested 
this point experimentally. 


THe CLAPHAM JUNCTION AND PADDINGTON 
Execrric Raitway. 

Some rather amusing correspondence has ap- 
peared in the Times during the last fortnight, re the 
Clapham Junction and Paddington Electric Rail- 
way. The subway in question is to traverse Ken- 
sington Gardens, and will bring this beautiful park 
within the easy reach of Londoners living on the 
south side of the river. Certain of the inhabitants 
of the neighbourhood, headed by Mr. A. A. 
Bauman, view this prospect with anything but 
delight. Mr. Bauman appears to think that the 
nation maintains Kensington Gardens for the ex- 
clusive use and benefit of himself and others living 
in the immediate neighbourhood. He states that 
on account of his proximity to the Gardens he pays 
a higher rent than he otherwise would, and objects 
to having to share his enjoyment of the park with 
the rest of his fellow-citizens. Mr. Bauman may 
have a grievance against his landlord, but surely, 
when a park is maintained by the nation, every 
improvement in the means of communication is an 
advantage, as it permits the nation as a whole to 


have fuller enjoyment of its property. In short, 
Mr. Bauman wishes to get more than his fair share 
of a benefit provided by the nation at large. Such 
opposition as this to the new line ought to be, and 
no doubt will be, treated by Parliament with con- 
tempt ; but we note that it is proposed to lay the 
line underneath Exhibition-road, on each side of 
which are institutions in which thousands of pounds 
have been spent in laying down scientific instru- 
ments of the most delicate character, and the 
governing bodies of these institutions will be 
within their rights in requiring satisfactory assur- 
ances that the passage of the trains will not, by 
causing vibration, prevent these instruments being 
used. In view of this, it seems almost a pity that 
the promoters of the line did not arrange for it to 
pass along Queen’s Gate, or, still better, Sloane- 
street, as they would thus have disarmed the most 
formidable opposition they are likely to encounter. 


Tar Expansion or WaTER IN BOILERs. 

In a paper recently read before the Institute of 
Marine Engineers, Mr. G. W. Buckwell points out 
that under certain conditions the water gauge of a 
boiler may indicate a wrong water level, owing to 
the very considerable expansion of water at the 
temperatures now common in boilers for triple- 
expansion engines. Should the gauge glass be so 
fixed that its temperature may become much lower 
than that.of the boiler, it will obviously give an in- 
accurate indication, as the column of water in it, 
being denser, will balance a column of greater 
height in the boiler, thus showing the water level 
to be lower than it actually is. Mr. Buckwell re- 
lates two or three instances in which a wrong level 
was thus indicated, his most conclusive example 
being that of a steamer trading between Liverpool 
and New Orleans, which had two gauges fitted, 
one of the locomotive pattern, with direct con- 
nections through the boiler shell, and the other 
having pipe connections to the top and bottom 
of the boiler. The latter, he states, showed 
3 in. or 4in. less water than the other, though on 
blowing through it the water in the glass rose to 
the same height as in its companion, gradually 
sinking to its former level again as the glass cooled. 
Mr. Buckwell gives a Table showing the increase 
in volume of water at the temperatures corre- 
sponding to different gauge pressures, the volume 
at 39 deg. Fahr. being taken as unity, and from 
this Table we abstract the following : 


Temperature, 
Gauge Pres- 
bees Volume. 
Deg. Fahr, Above 39.2 deg. 
Ib. deg. 

0 | 212.0 172.8 1.04332 
10 239.4 200.2 1.05613 
20 258.7 219.5 1.06599 
30 273.9 234.7 1.07427 
40 286.6 247.4 1.08150 
50 297.5 258.3 1.08793 
60 307.2 268.0 1.09382 
70 315.8 276.6 1.09918 
80 323.8 284.6 1.10428 
90 331.0 291.8 1.10596 

100 337.7 298.5 1.11340 
110 343.9 304.7 1.11758 
120 349.8 310.6 1.12161 
130 355.4 316.2 1.12549 
140 360.6 821.4 1.12913 
150 365.6 326.4 1.13268 
160 370.4 331.2 1.13613 
170 3749 335.7 1.13939 
180 379.3 340.1 1.14262 
190 383.5 344.3 1.14571 
200 887 5 348 3 1.14871 
225 397.2 358.0 1.15605 
250 405 9 366.7 1.16276 
275 414.1 874.9 1.16919 
300 421.6 382.4 1.17517 


BRIDGING THE DELAWARE.—A new iron bridge carrying 
the New Jersey Central Railroad across the Delaware at 
Easton, is a double track structure 1020 ft. long. Four 
large Wooten engines, weighing about 80 tons each, were 
used in testing the bridge. 


CataLocuEs.—The Electric Construction Corporation, 
Limited, Wolverhampton, have just issued a finely 
illustrated catalogue containing descriptions of the various 
kinds of electric plant manufactured by them. Amongst 
these are included many types of continuous current 
dynamos and motors, as well as a number of special 
devices for accumulator working. The catalogue is finely 
printed on toned paper, and is neatly bound. We have 
also received a catalogue from Messrs, R. Waygood and 
Co., of the Newington Iron Works, Falmouth-road, 
London, S.E., containing illustrated descriptions of the 
many varieties of lifting and hoisting gear made by this 
firm. These range from large passenger lifts to small 
warehouse cranes and sack hoists. The various items 
are Hew priced, andthe get-up of the list is distinctly 
good. 


THE GUN TRIALS OF THE ARMOUR-CLAD 
RAM “LIBERTAD.” 

A DESCRIPTION of this remarkable vessel, designed 
and built for the Argentine Navy by Messrs. Laird 
Brothers, has already appeared in our columns. We 
now describe the armament and the trials which have 
just been concluded. In the Libertad the generally 
accepted principle of supplementing the main arma- 
ment by a secondary one has been fully carried out, 
The main armament consists of two 24-centimetre 
breechloading Krupp guns, mounted in two barbettes, 
andthe secondary one comprises four 4.7-in. Arm- 
strong breechloading quick-firing guns, mounted in 
sponsons amidships, two on each side, four 3-pounder 
Maxim-Nordenfelts, mounted onthe superstructure, two 
1.3-in. barrel Maxim-Nordenfelts also on the superstruc- 
tureamidships, oneoneach side, and twomachine guns in 
the top. On the armoured deck just abaft the forward 
barbette are two 18-in. Whitehead torpedo ejectors. 
Taking these weapons in order, the two Krupp guns 
have the well-known sliding wedge breech mechanism. 
But the shields, carriages, and working arrangements 
are of the Elswick pattern, and manufactured by Sir 
W.G, Armstrong, Mitchell, and Co., and represent 
the latest and most approved system, the principal 
advantages being extreme facility in handling and 
working, great elevation, whereby the maximum 
range of the gun can be utilised, and very substantial 
protection to the gun crew. Each gun is mounted 
upon a carriage fixed to a revolving baseplate, which 
also carries the shield. This baseplate is supported 
by a ring of live rollers, which run ina circular path 
upon the top of the annular structure inside the bar- 
bette. The gun, carriage, and shield are rotated by a 
hand gear situated within the barbette on the armoured 
deck, The recoil of the gun is taken up by the 
usual hydraulic buffers ; but as the slides are hori- 
zontal, the gun is returned to the firing position by 
means of two powerful helical springs which are com- 
pressed during recoil. In order to lessen the frictional 
resistance of the gun, the trunnions are fitted with the 
very ingenious Elswick knife-edge arrangement ; as: 
there is but little, if any, preponderance, the gun can 
be elevated or depressed with the least possible exer- 
tion, notwithstanding that the weight to be moved is 
nearly 22 tons. 

The gun is inclosed by an elliptic shield or turret, 
composed of steel armour 6 in. thick on the vertical 
portions and 4 in. thick on the slopes. The gun port 
is through the sloping portion, and this allows of very 
great elevation being given with the minimum of port 
area ; the trunnions for this purpose are just within 
the port. The adoption of horizontal slides not only 
renders a very small port possible for high angle fire, 
but also prevents a heavy blow being given to the 
ship’s structure. Within each shield, on the right- 
hand side of the gun, are the sighting and elevating 
mechanism, voice tubes, telegraphs, and pneumatic 
rammer, the air cylinders for the latter being con- 
veniently placed between the sides of the carriage. 
This pneumatic rammer is an alternative to hand 
ramming. On the left-hand side of the gun is the 
small hand winch for raising the projectiles into the 
breech.. In this connection the Elswick firm has in- 
troduced a novel and most convenient arrangement. 
Instead of stowing the projectiles in fixed racks, there 
is a circular revolving rack just below the floor of the 
turret. In this rack 32 projectiles are arranged with 
their axes tangentially. By lifting a hinged door and 
turning the rack a projectile is brought immediately to 
the breech of the gun, to which it is lifted by the winch. 

In the centre of the barbette is the powder tube, 
closed by a flap. In this new mounting all the opera- 
tions connected with the loading and working of the 
gun are performed entirely by manual labour. The 
full gun’s crew consists of six men only, but one man 
can work the gun with ease, if not with rapidity. This 
vessel is the first that has been equipped with mount- 
ings for heavy guns allowing for high angle fire. This 
isa most valuable feature, and one that, under not im- 
probable circumstances, might play a most important 
part in the bombardment of a naval port. 

Protected barbette mountings for high angle fire 
were brought forward by the Elswick Company in 
1889, and during the spring of 1890 a mounting for a 
9.2-in, gun was exhaustively experimented with at 
Portsmouth on board H.M.S. Hardy with very satis- 
factory results, the gun having been fired with its 
maximum charge of 160 lb. at an elevation of 304 deg., 
and with a reduced charge at 40 deg. In the Libertad 
each of the heavy guns trains through an are of 260 
deg., and has a vertical range of 45 deg., viz., 5 deg. 
depression and 40 deg. elevation. Below are the 
principal data connected with them : 


Calibre ... 4 a0 ae ... 9.4in. or 24cm, 
Weight of guns ae ane sa 21.6 tons 
full charge... 187 lb. 
“5 projectile ... we 352 .,, 
Muzzle velocity ... 2133 ft. per sec. 
» energy... Ras ... 11,105 foot-tons 
Perforation of wrought iron at 
muzzle... a 19.8 in. 


Number of rounds carried... 80 per gun 
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As regards the guns composing the secondary 
armament, little need be said about them, as they are 
too well known to need a lengthy description. The 
4.7-in. or 12-cm. breechloading quick-firing gun is 
perhaps the most favourite weapon in the navies of 
the world, and it, or a similar type, is found in nearly 
every warship of recent construction. The guns in 
the Libertad have the new Elswick electric and per- 
cussion firing arrangements. For convenient refer- 
ence the following Table will be useful : 


Calibre... ee 
Length in calibres 


. 4.7 in. or 12 cm. 
41 


Weight of guns ree see 2.1 tons 
i carriage and shield en 3.455 
4 charge ... 5.64 1b. (cordite) 
‘ig projectile ied 45 lb. 
Muzzle velocity . 2230 ft. per sec. 
a energy... eis “ 1572 foot-tons 
Perforation of wrought iron at 
muzzle... is §e6 ae % 10.65 in. 
Rounds per minute 10 


Bearing in mind the small displacement of the 
Libertad, it will be gathered that she is very heavily 
armed. ‘To enable her to carry such an armament and 
to use it effectively called forth no little skill on the 
part of her designers. It is perhapsthe first time that 
such a powerful armament has been placed in so small 
a vessel, accompanied as it is with such thorough protec- 
tion. The problem, however, of providing the necessary 
structural strength without an excess of weight has 
been well worked out. We may add that the armour 
of the Libertad was the subject of very exhaustive 
firing experiments in 1890. 

The gun trials were recently carried out in Liverpool 
Bay by Captain Barilari and the officers and crew of 
the ship, in the presence of the officers of the Argen- 
tine Naval Commission, including Admiral Howard, 
Chief of the Commission, Captain Loqui, Mr. Hughes, 
Engineer-in-Chief, Captain Lira, of the sister ship 
Independencia, Captain Dufaurg, Captain Penar, 
Lieutenant Pozzo and the principal officers of the 
battle-ship Almirante Brown, and Captain Sellstrém of 
the 9 de Julio. The builders were represented by Mr. 
Henry Laird and several of Messrs. Laird’s principal 
officers. The Elswick firm was represented by Captain 
Harvey, R.N., Commander Lloyd, R.N., and the well- 
known gunnery expert Mr. J. Vavaseur. Amon 
others present were the Naval Attachés of the French, 
Italian, and United States Legations, Professor Biles, 
of Glasgow University, Mr. G. H. Little, of Liver- 
pool, &c. 

The weather was very suitable for the purpose, there 
being a moderate breeze, a slight swell, and a good 
light. The programme provided for firing the for- 
ward 24 cm. gun was as follows: 


Starboard beam * 

43 deg. before the beam 

Port beam... as 

After 24 cm. gun: 

40 deg. before starboard beam 

45 deg. abaft ,, e oe ap 

Port beam ... eat so ... 25 deg. elevation 

The 4.7 or 12cm. guns were fired 
right fore and aft and on each 


Horizontal 
ab deg. elevation 


Horizontal 


beam ate Horizontal 
Ditto ... .. Atmaximum angle 
of depression 
Ditto ... At 15 deg. elevation 


The 47 mm. guns and the 25 mm. guns were fired at 
74 deg. elevation, horizontal, and at angles of maximum 
depression. Finally broadsides were to be fired simul- 
taneously and separately. Full service charges were 
used for all guns throughout the trials. For the 
24 centimetre guns this consisted of 86 kilogrammes of 
brown prismatic powder, and the projectiles, common 
shells, weighed 100 kilogrammes each. For the 12- 
centimetre guns Chilworth smokeless powder was em- 
ployed. 

The trials were well calculated to severely test the 
mountings and the structure of the ship, yet after the 
trials a very close survey failed to reveal any sign of 
strain or weakness anywhere. The only effect ot the 
heavy discharges was to smash the glass of the 
windows of the chart-house, and when the after 24 
centimetre gun was fired at 40 deg. before the port 
beam, an iron door, on the after part of the superstruc- 
ture, was neatly wrenched off and deposited on deck. 
Beyond this there was absolutely no sign of any 
damage ; this is the more remarkable considering that 
the axes of the heavy guns are only 5 ft. above the 
deck. At the conclusion of the trials the Naval Com- 
mission expressed their satisfaction with the vessel. 

The Libertad has since sailed for South America. 


GAS POWER FOR ELECTRIC LIGHTING. 

Av the ordinary meeting of the Institution of Civil 
Engineers, on Tuesday, January 10, Mr. Harrison 
Hayter, President, in the chair, a paper was read on 
“‘Gas Power for Electric Lighting,” by Mr. J. Emerson 
Dowson, M. Inst. C.E. 

The author stated that in Great Britain alone gas 
engines had been sold for electric lighting, exceeding in 
the aggregate 7000 horse-power, and that in Germany 
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engines were used for about 1100 are and 90,000 glow 
lamps. It was, however, only within the last few years 
that gas engines of large size had been before the world 
in a practical form. The varying load factor in central 
stations was a serious trouble, and the author hoped to 
show that much of the present loss, due to fuel, water, 
and wages, would be avoided if gas power were used 
instead of steam power. 

Special reference was made to the central station at 
Dessau, belonging to the German Continental Gas Com- 
pany. That station was opened in 1886 with two 60 
horse-power, one 30 horse-power, and one 8 horse-power 
(effective) engines, worked with town gas, and all the 
dynamos were driven by belting and countershafts. In 
1891 considerable alterations were made. One 60 horse- 
power engine, with its belting and countershaft, was 
retained, and one of 120 horse-power introduced, coupled 
direct to its dynamo. The speed of the engine and 
coupled dynamo was 145 revolutions per minute, and 
the consumption of town gas was equal to 39 cubic 
feet per kilowatt. Formerly, without accumulators, 
it was thought necessary to adjust the size of the 
engines to the supply, so that they should always be 
worked to their full extent. It had, however, been 
found that a limited supply could more advantageously 
be furnished entirely from accumulators. In spite of the 
loss of about 21 per cent. in the accumulators, large engines 
worked more profitably in parallel than smaller ones 
supplying direct without accumulators. Since February, 
1889, the municipality of Schwabing, a suburb of Munich, 
had used an Otto engine worked with Dowson gas for 
10 arc and 300 glow lamps. The load was variable, but 
with an average output of 22.5 kilowatts per hour the 
fuel consumption was 3.3 1b. per kilowatt. The town of 
Morecambe was lighted by nine arc lamps and glow 
lamps, equal to 1600 of 8-candle power each, the 
dynamos being driven by Stockport gas engines worked 
with Dowson gas. With an output of only 1155 kilo- 
watts per week the consumption of fuel was 2.58 lb., and 
the cost of the gas, including wages and fuel, was 4d. per 
kilowatt delivered. At the chateau of Mr. Say, at Long- 
pont, in the South of France, there were were 650 glow 
lamps and one arc lamp, supplied by a dynamo driven by 
a Crossley engine worked with Dowson gas. The con- 
sumption of fuel was 1.2 1b. per indicated horse-power, 
and 2.7 lb. per kilowatt per hour, 

It is believed that the late Sir William Siemens first 
drew attention to the fact, that when illuminating gas was 
burnt in a gas engine to drive a dynamo much more light 
was produced electrically than could be produced by 
burning the same quantity of gas in burners in the usual 
way. Latterly the consumption of gas per horse-power 
in gas engines had been reduced, and the ratio was at 
the present time about 20 to 1 in favour of converting the 
gas into an arc light by means of a gas engine. The 
author had collected data from various sources as to the 
consumption of ordinary town gas by engines supplying 
electric light, with and without accumulators. The 
average of all the returns, with engines under varying 
loads and without accumulators, was about 47 cubic feet 
per kilowatt-hour; when accumulators were used the 
consumption of gas was less, because the engines then 
worked under a full load. With 47 cubic feet per kilo- 
watt, and 55 watts per 16 candle-power, one light of 
that power required only 2.6 cubic feet per hour; whereas 
a standard Argand burner required 5 cubic feet per 
hour. In this comparison it was assumed that the glow 
lamps and gas-burners were in good order; but, under 
ordinary working conditions, they did not maintain so 
high a duty. 

The question of load factor was a serious one with any 
type of engine, but with gas engines the loss was much 
less than with steam engines. When a gas engine was 
stopped, its consumption of fuel stopped also, and there 
was no furnace to maintain ; nor was there any water to 
boil at starting. At the same time it was desirable that 
the gas engine should be worked as much as possible under 
a full load, and in this respect the experience at Dessau 
was generally confirmed. A central station was worked 
under trying conditions, and in the London district there 
was only a full output of current during from three to 
five hours in every 24; moreover, about 60 per cent. of 
the total output was required during that short period. 
In practice, this meant that in a station where the current 
was supplied without accumulators, the engines were run 
at a reduced speed during a portion of the time, and at 
other times some of them were stopped altogether ; but 
all had to be ready to work in the evening, and occa- 
cionally in the daytime, when there was fog. Generally, 
it might be assumed that the average consumption was 
more than 6 1b. per kilowatt where accumulators were 
used, and about 9 lb. to 12 lb. where they were not used. 
In any case, with the best possible arrangement of steam 
power, there must be a large amount of fuel consumed 
which did no useful work ; for, even if some of the fires 
were drawn, they had to be relighted, and the large 
quantity of water which had cooled during the time of 
standing must be reheated. 

The author believed that the solution of the difficulty 
was to be found in the use of gas plant instead of steam 
plant. With a large gas engine one brake horse-power 
per hour could be obtained with a consumption of about 
1 lb. of anthracite, or 14 lb. of coke; whereas the con- 
sumption of coal with the steam engines used for central 
stations must be taken at about 25 1b. per brake horse- 
power, when working under a full load. A saving of not 
less than 50 per cent. could therefore be effected in sta- 
tions where the engines were fully loaded; and, where 
there were great fluctuations in the output, the loss of 
fuel with boilers not used, or only partly used, could be 
almost entirely avoided. For a maximum of 400 kilo- 
watts, there would be three gas generators, each capable 
of supplying one-third of the maximum required. The 
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production of gas could be raised or lowered in several 
ways, and the working of each generator could be stopped 
immediately by shutting off its steam supply. Supposing, 
therefore, that all three generators were working at their 
maximum rate, and a gradual reduction was required, this 
could easily be effected ; and, when the production of one 
or two generators could be dispensed with their operation 
was at once stopped. The third generator could then be 
kept at work, and its production adjusted to suit the 
minimum consumption required. A gas generator had a 
small grate area compared with that of a boiler, and much 
less cooling surface ; it contained no water, and required 
no chimney draught. A generator of the size referred to 
lost only 6 lb. to 8lb. per hour while standing. If an 
average of only 40 per cent. of the maximum power were 
required for 21 hours, it was equivalent to letting two of 
the generators stand for that period; and at 8 lb. each 
per hour, that meant a total loss of only 3 cwt., compared 
with the much greater waste when steam power was used. 
As the use of large engines, driven with generator gas, 
was of recent date, the author proceeded to describe the 
gas plant used, and gave the resuJts of engines working 
regularly with Dowson gas, under the usual conditions 
obtaining in factories. He also gave the results of brake 
tests made with several engines of large size, and repro- 
duced indicator diagrams taken from engines of different 
makers. Although admirable results had undoubtedly 
been obtained from engines working with the Otto 
cycle, he was of opinion, that, with engines of large 
size, the results would be still better if the cycle were 
altered, especially when generator gas was used. His 
reasons for this were fully stated in the paper. 

The following was a summary of the points urged by 
the author : 

1. When town gas was used for driving the engines of 
an electrical station, the consumption was about 50 per 
cent. less than the volume of gas required to give the 
same amount of light by ordinary burners. 

2. When town gas was used, neither boiler nor firemen 
were required, and there were no ashes to remove; less 
space was needed ; no accumulators were required, except 
such as might be necessary to equalise the load of the 
engines and to provide for a small amount of storage. 
The engines could be worked in the most crowded dis- 
tricts, close to where the lights were required, and where 
boilers were not allowed. 

3. When generator gas was used, the consumption of 
fuel under a full load would be at least 50 per cent. less 
than with steam power, and the loss due to steam boilers 
not being fully worked could be almost entirely avoided. 


MARINE BOILER FURNACES.* 
By Mr. D. B. Morison, Member of Council. 


_ A BOILER furnace is one of the most important details 
in marine engineering, as it not only represents the most 
efficient heating surface in the boiler, but in the event of 
accidents its replacement or repair is highly expensive in 
itself, and involves the temporary disablement of the 
steamer. 

From the nature of the manufacture and the great 
expense of experimental tests, engineers generally have 
had less opportunity of becoming thoroughly conversant 
with modern furnaces than with any other detail of 
marine engineering, and the object of this paper is to lay 
before the Institution the results of some experiments 
which have been made, and also by advancing certain 
theories, resulting from actual experience, to arrive by 
discussion at the probable cause of the many commer- 
cially disastrous accidents of recent years. 

The chief points upon which this paper will treat are: 
Design, mode of manufacture, practical requirements, 
strength, and material. 

As soon as steam of a higher pressure than that of the 
atmosphere began to be used it was found desirable to 
replace the ordinary square section furnace, with its flat 
sides and top, by a design theoretically stronger and less 
liable to collapse under pressure; consequently the 
cylindrical form was chosen, and, with modifications, 
still remains in use. When steam pressure of 100 lb. per 
square inch and over became general, the thickness re- 
quired for a long plain furnace was excessive, and engi- 
neers considered how it was possible to obtain the 
necessary strength in a more scicatific manner than by 
increasing the thickness of the plate. 

Experiments made by Fairbairn had shown that the 
strength of a flue under collapsing pressure varied with 
the length, and that short flues were stronger than long 
ones, so the first step taken to increase the strength 
of plain flues was by adding strengthening rings circum- 
ferentially, thus practically making one long flue into 
several short ones. At first angle or T rings were riveted 
on, but as the rivets were directly exposed to the fire, a 
better arrangement, known as Adamson’s rings, was 
ultimately adopted. This design consists of short plain 
cylindrical tubes, flanged outwards at the ends, so that 
two rings or more may be conveniently riveted together, 
the rivets being completely covered by water, and so pro- 
tected from the fire. The method of manufacture of 
flues constructed with Adamson’s rings is so well known 
that further explanation is unnecessary, and although 
marine engineers prefer a furnace with no circumferen- 
tial joints, these furnaces are still fitted in high-pressure 
boilers, and various experimental results, which have been 
Tae at the disposal of the writer by Messrs. 
Hall, Russell, and Co., of Aberdeen, and Messrs. J. 
Howden and Co., of Glasgow, will be referred to sub- 
sequently. 

A great step forward was the introduction by Mr. 
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Samson Fox of his corrugated furnace flue, the strength 
of which is so much in excess of that of a plain flue that 
it came rapidly into use and was for a considerable time 
almost universally adopted for high-pressure boilers ; 
indeed, it is certain that the rapid adoption of the triple- 
expansion engine was due in a great measure to this 
invention. Corrugated furnaces were first introduced in 
1879, the method of manufacture being the crude one of 
hammering a plain flue on a corrugated anvil block. In 
1882 Mr. Samson Fox invented his rolling mill, which is 
still used by the Leeds Forge Company for the produc- 
tion of both Fox’s corrugated and Morison’s suspension 
furnaces, the latter being an improved design lately in- 
troduced. These furnaces are made from Siemens- 
Martin steel ingots rolled into plates of the required 
dimensions under ordinary plain rolls, Three sides of 
a plate are sheared, and on the fourth side the develop- 
ment of the saddle is marked and punched out. Test- 
pieces are taken from the scrap thus produced and tested 
for tension, elongation, and bending. The plate is then 
formed into a tube and lap-welded by water gas, the 
welding by this process being so efficient that in a series 
of tests lately made, the tensile strength across the weld 
was found to be but slightly less than in the original plate. 
This welded tube is next heated in a special furnace and 
is then placed in Fox’s patent mill, the rolls of which are 
corrugated, and in order to get the tube between the rolls 
the top roll is worked out and in longitudinally by hy- 
draulic power. Complete corrugations are formed by one 
revolution, but a few turns are given for finishing, and 
the furnace is withdrawn as a perfectly cylindrical cor- 
rugated tube. J langing is the next process, and 
although this has hitherto been done by hand, arrange- 
ments are being made for flanging by hydraulic pressure. 
This undoubtedly will be a great improvement, because 
of the fact that the greater amount of work put on the 
back ends of furnaces of any type, the greater is the 
liability to crack, especially if the steel is of very high 
tensile strength. The furnace is now complete, the final 
process being annealing. 

A modification of the ‘‘ Fox” is that known as the 
‘* Farnley ” flue, the corrugations of which are similar to 
those of the Fox, but instead of being at right angles to 
the axis they form a series of spirals, the advantage 
claimed being additional longitudinal rigidity. 

Another step in the direction of increased practical 
efficiency is a design by Mr. Holmes, of Hull, the feature 
in this furnace being that the outward corrugations are 
pitched about 16 in. from centre to centre, the distance 
between the corrugations being of plain cylindrical section. 
In the Holmes furnace the corrugations are 2 in. in depth, 
and are formed one at a time by pressing the metal 
between suitable dies, the furnace being revolved between 
each application of pressure. 

The furnace which has been the greatest rival to the 
Fox is that known as Purves’s patent, and is manufac- 
tured by Sir John Brown and Co., of Sheffield. This 
furnace was patented in 1880 by Mr. Purves, late of 
Lloyd’s Registry, and consists of a series of thickened 
ribs 9 in. between centres, the part between the strengthen- 
ing ribs being of plain cylindrical form. A novelty in 
this furnace is the method of manufacture, as it is the 
first furnace of unequal section, and the first furnace not 
made from an originally plain plate of equal thickness 
throughout. The ‘‘ Purves” flue is made from Siemens- 
Martin ingot. Rectangular section slabs sufficient for 
two flues are formed from these ingots under a 15-ton 
hammer, the slabs being about 74+ in. thick, and their 
length being equal approximately to the length of the 
flues required. Special roughing rolls convert the slab 
into a ribbed plate 1} in. thick, which is then cut in two 
by very powerful shears, and after reheating, each half 
is passed through finishing rolls until the final required 
thickness is obtained. At one side edge there is a piece 
of plain plate 15 in, wide to the centre of the first rib 
intended for the front end of the flue, and at the other 
side the plain part is 23 in. wide and intended for the 
back end of the flue, and the thickness in both these side 
edges is increased by one-eighth to allow for the thinning 
which takes place during flanging, &c. After being 
sheared at the edges and the end slotted to the shape 
required, the plate is bent inte a circular form by a 
special hydraulic press. The edges are then welded 
together by the insertion of glut pieces, the plain parts 
being welded first and the ribs afterwards. Annealing 
is the next process, and after being withdrawn from the 
furnace the flue is converted into a perfectly circular tube 
by a very ingenious hydraulic press. Itis then flanged, 
&c., in the ordinary way, the final process being an- 
nealing. 

The latest design introduced is that known as Morison’s 
suspension furnace, which is a modification of both the 
Fox and Purves types, and a combination of the good 
features of each. It is manufactured in exactly the same 
way as the I"ox, the same processes being employed 
throughout. 

An ingenious arrangement (see Fig. 15, to be given later 
on) for facilitating the removal and replacement of fur- 
naces (which are flanged to meet the combustion chamber 
tubeplate) has been devised by Mr. Ashlin, and consists in 
cutting away the lower half of the flanged end so that it 
terminates in a plane inclined at about 120 deg. to the 
horizontal, and consequently the furnace when being re- 
moved from the boiler can be raised and tilted at its 
front end, thus enabling the flanged portion to be with- 
drawn. 

Requirements of a Furivace.—The apparent practical re- 
quirements of a furnace suitable for high pressures in 
modern marine boilers are : 

a. The furnace should be such as to give it the 
greatest evaporative efficiency and the least mean 
temperature. 

b. The material should be so disposed as to give the 


greatest resistance to collapse without undue rigidity in 
a longitudinal direction. 

c. The strength of the flue should be uniform through- 
out its length, so as to prevent partial collapse or local 
sagging. 

d. The material should be of equal thickness, so that 
expansion may be uniform and not unequal and local. 

e. The formation should be such that the strains result- 
ing from extreme variations of temperature should be 
distributed throughout the length of the furnace, and not 
concentrated at any point so as to induce cracking. 

f. There should be no narrow cavities or recesses for 
undue and unequal accumulation of deposit, resulting in 
the burning of the material, and also in decreased evapo- 
rative efficiency. 

g. The strengthening projections should be outwards, 
or towards the water space, and so protected from the 
fire. 

h. The furnace should be of such formation as can be 
easily scaled, cleaned, repaired, or replaced. 

i. The material of which the furnace is made should 
be such as has been found by experience to be reliable in 
manufacture, and the most suitable for withstanding the 
extreme variations of temperature, rather than such as 
has the greatest tensile strength. In other words, the 
material should be of the best quality for standing the 
comparative rough treatment of the boilershop, and the 
alternate and repeated heating and cooling of the furnace 
when in use, and the necessary strength should be ob- 
tained by the efficient disposition of material, thus giving 
suitability of material the first consideration, rather than 
the strength of material. 

Before proceeding to consider how the furnaces under 
notice fulfil the requirements previously enumerated, it 
should be noted that the minimum steam pressure in a 
modern marine boiler is 160 lb. per square inch, and the 
tendency is to increase that pressure up to 180 lb., and 
even 200 lb., and also that a furnace of large diameter 
with a short grate is more efficient than a small diameter 
with a long grate—for two reasons, one being that the 
combustion is more perfect in the larger furnace, and the 
cther—the practical reason—that an average fireman is 
able to fire a short grate better than a long one, especially 
in these days of limitation of work and disinclination to 
exert a maximum amount of energy. These considera- 
tions alone seriously detract from the value of the ordi- 
nary plain furnace, as, all other conditions being similar, 
it is the weakest form of cylindrical furnace at present 
in use; and as the greatest thickness allowed by the 
Board of Trade is 3 in., the largest diameter obtainable 
for 180 lb. with a furnace 6 ft.6 in. long is 28.647 in. 

Lloyd’s, however, allow a greater thickness, and many 
engineers use plain furnaces up to ~ in., but the all- 
important commercial question is, Do these thick furnaces 
of small diameter result in the maximum obtainable 
efficiency in a modern steamship? and as the keen com- 
petition in shipping demands that for success attention 
should be given to every detail, it is necessary that a 
furnace should be not only the most economical for steam 
producing, but should be of such a formation as will last 
the greatest length of time and have the least prejudicial 
effect on the wear and tear of the boiler. The material of 
a furnace is subjected to greater variations of tempera- 
ture than any other part of the boiler, being greatest in 
amount above the grate bar and least below. Intensity 
of temperature above the grate bar depends on the condi- 
tion of the fire, the thickness of the plate, the amount of 
deposit on the plate, and the steam pressure. The varia- 
tions of temperature are incessant, and depend on condi- 
tion of fires, opening and shutting of doors, and cleaning 
of fires. These variations of temperature result in expan- 
sion and contraction, producing definite mechanical move- 
ment, and if the design of furnace is such that it cannot 
readily adapt itself to those movements (and no plain 
furnace can), either the material becomes distressed, or 
such strains are produced on the boiler that leakage 
results. It is for this reason that excessive corrosion is 
often found at the grate bar level of plain furnaces, and 
instances are not uncommon in which the corrosion has 
penetrated entirely through the plate. 

The Adamson design is a considerable advance upon 
the plain furnace, from the fact that it is less rigid in a 
longitudinal direction, and is stronger to resist collapse. 
It has, however, the objectionable feature of a series of 
circumferential riveted joints. This defect is removed in 
the Holmes’s furnace, which, although not introduced 
immediately after the Adamson, is the next step in ad- 
vance of it. 

The Fox furnace at the time of its introduction was the 
strongest form to resist collapse ever made, whilst the 
nature of its formation rendered it specially suitable for 
accommodating itself to the strains resulting from varia- 
tion of temperature, and the fact that it is of uniform 
thickness and of uniform design caused the strains to be 
distributed throughout the length of the furnace. This 
uniform distribution of strains is the most important 
feature, as, if these strains are localised, accidents will 
ultimately result. Theoretically the Fox furnace ap- 
proaches perfection ; practically, however, it has defects, 
the chief of which is the undue accumulation of deposit 
in the narrow cavity formed by the inward corrugations, 
and as these corrugations are nearest to the fire the 
material becomes unduly heated and frequently cracks, 
The scale in these narrow cavities is also difficult to 
remove and often but imperfectly removed, thus intensi- 
fying the danger of accident. These practical defects of 
the I*ox furnace being generally recognised by engineers 
was undoubtedly the chief cause of the rapid adoption of 
the Purves design, in which not only are the supportiug 
ribs in the water space (and so removed from the action 
of the fire), but there is no cavity for the undue accumula- 
tion of scale, and no greater expense incurred in scaling 
than with a plain furnace. 


These advantages are obtained, however, at the sacri- 
fice of others, as, all conditions being similar, the Purves 
flue is not so strong as the Fox to resist collapse, whilst 
its unequal section and longitudinal rigidity localise the 
strains resulting from variation of temperature, an evi- 
dence of which is the occasional developmen’ of cracks 
either by circumferential ripping at the base of the rib or 
in the vicinity of the flanges at the back end, and 
although this is an accident which is fortunately not 
common, it is sufficient to show the advantage of uniform 
distribution of strains. The section of the Purves flue 
being unequal, and the strength to resist collapse not 
being uniform, the first sign of collapse is the local 
sagging or pocketing of the flat parts between the ribs. 
The furnace, however, has been largely used, and it was 
the writer’s practical experience with it which suggested 
the design of the suspension furnace, the object of which 
was to combine those features in the Fox and Purves de- 
signs which experience had shown to be necessary for 
practical success, and to reject those features in each 
which practice had proved to be bad. The features re» 
tained from the Fox design are—the disposition of the 
material in a form which gives the greatest resistance to 
collapse, uniform thickness and uniform strength through- 
out, distribution of strains uniformly throughout the 
length of the furnace. The features retained from the 
Purves flue are—the strengthening formations are in the 
water space and are protected from the fire, there are no 
narrow cavities for the accumulation of scale, and there 
are equal facilities for scaling and cleaning. 

A feature often claimed for the Fox furnace is addi- 
tional evaporative efficiency, due to additional area of 
heating surface, but when it is remembered that the cur- 
rent of heated gases impinges on the inward corrugations, 
whilst the recesses formed by the outward corrugations 
are filled with gas comparatively stagnant, and also when 
it is remembered that the inward corrugations, by receiv- 
ing the greatest heat, produce the greatest thickness of 
deposit, the efficiency of this additional surface is, in the 
writer’s opinion, often over-estimated. In the Purves 
design the heated gas sweeps over nearly the whole sur- 
face, the only recesses being those formed by the ribs, and 
the same is practically the casein the Morison furnace. A. 
frequently suggested arrangement is the simple reversal 
of the latter design, thus making the long suspension 
curve into an arch, but a little consideration will show 
that not only would the material forming the inward pro- 
jections become overheated by the current of hot gas 
sweeping over the points, but the recesses formed by the 
arched surface would be filled with eddies of somewhat 
stagnant gas of a much lower temperature, and there can . 
be little doubt that the evaporative efficiency of such a 
furnace would be less than a plain furnace of equal thick- 
ness. 

A design which has been patented and re-patented is a 
furnace of barrel shape, either of equal thickness through- 
out or of varying thickness. The most successful furnace 
of this type at present being manufactured is that of 
Messrs. W. Arnold and Co., of Barnsley, and consists of 
a series of flanged barrel-shaped sections, This form is 
not suitable for marine work ; and another design which 
has been proposed, consisting of a single length of barrel- 
shaped tube, would be still less so, and would be a very 
weak form of furnace. 

There has been a host of other designs evidently patented 
with a view of evading recognised successful manufac- 
tures, and without any idea whatever of actual improve- 
ment, but naturally none of these have been adopted. 


(Zo be continued.) 


New Canat IN SwEDEN.—It has been decided to build 
a canal for the purpose of connecting the lakes of Hunn, 
Tisnaren, and Fjélaren. In connection with this canal 
there will be built a landing stage close to the main line, 
which, it is hoped, will have a station built there, 


PENISTONE WatER Works.—On 5th inst. a Local 
Government Board inquiry was held at Penistone by 
Mr, Rienzi Walton, M. Inst. C.E., to consider an applica- 
tion from the Local Board to borrow 3000l. for water 
works purposes. The Penistone Local Board have a very 
good well yielding a large supply of water, but their 
pumping machinery is insufficient and ineffective. It is 
proposed to put down an additional boiler with pumping- 
house and pump to raise 30,000 gallons an hour a lift of 
300 ft. The well had been tested and found to yield 
over 400,000 gallons aday. When the pumps were work- 
ing there was still17 ft. of water in the well. The pumps 
would provide for raising about 100 million gallons of 
water a year, including 40 million gallons which it is pro- 
posed to sell to Darton. The engineer to the scheme is 
Mr. W. H. Radford, C.E., of Nottingham. 


“La Touraine.”—Referring to a little paragraph we 
published last week concerning this vessel’s record pas- 
sage from Hayre to New York, a correspondent sends us 
an abstract from the official log from which it appears 
that La Touraine did not run 528 nautical miles in 24 
hours. This distance has only been run in the day by 
two vessels, the Teutonic and the City of Paris. The 
latter did 530. What La Touraine did was to run 528 
miles from 9.50 a.m. July 23 to noon July 24, as will be 
seen from the abstract. Her best day’s run on this trip 
was 486 miles, equivalent to a speed of 19.67 knots, nor 
dowe think she has ever done better. The details of this trip 
are 1892: Left Havre9.50a.m. July 23, arrived New York 
10.45 p.m. July 29, passage, 6 days 17 hours 51 minutes. 
Runs to noon 23rd, 44 miles; 24th, 484 miles; 25th, 485 
miles; 26th, 470 miles; 27th, 480 miles, 28th, 486 miles ; 
to 10.45 p.m., 29th, 671 miles; distance, 3120 miles; 
speed, 19.57 knots. 
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Our two-page plate this week illustrates a 15-ton 
electric travelling crane, constructed by Messrs. 
Thomas Broadbent and Sons, of the Central Iron 
Works, Huddersfield. Two of these cranes are already 
at work in the makers’ shops, where it is found that 
they are exceedingly handy in use, the capital view of 
the lift obtained by the man from his seat below the main 
girders, giving him great control of the operations. 
All the handles are arranged before him, and he can 
put any part of the gear into operation without taking 
his eyes off the object which he is raising or lowering. 
Great economy of time is realised by the provision 
of six different speeds of lift and lowering, the latter 
being in each case increased by 50 per cent. over the 
corresponding lifting speed. 

The traveller is driven by a ten-horse power electric 
motor, working at 105 volts, and maintaining a constant 
speed, under varying loads, of 750 revolutions per 
minute. The motor has been specially designed for 
work of this description by Messrs. Ernest Scott and 
Mountain, Limited, engineers, Newcastle-on-Tyne. 
The armature is of the Gramme type, of large diameter, 
so that the motor has considerable starting power. 
The commutator is of extra length, and runs absolutely 
without sparking, and with practically no wear. 
Carbon brushes are used, and are found to work far 
better than ordinary metal brushes. The brush- 
holders are of the makers’ improved type, with hold- 
off catch and tension regulator, and the brushes, when 
once set, will run for a long time without requiring 


any attention. The motor is self-contained, the 
magnets and bearings being mounted upon a sliding 
bedplate, with tightening screws, enabling the slack 
of the belt driving on to the main countershaft on the 
traveller, to be taken up when required. The motoris 
slightly compounded to give starting power, and at the 
same time it will run under varying loads at a practically 
constant speed. To start the motor a special switch 
has been supplied, which first of all magnetises the 
magnet, then puts the armature in circuit through a 
resistance, starting the motor slowly ; when the motor 
has got up to about half-speed, the switch is moved 
over a little further; the armature then runs up 
to full speed at its maximum power. This type of 
switch entirely prevents sparking when the motor is 
started, 

The motor is mounted on the top of the main girders 
(Fig. 1), and drives a countershaft by means of a 
belt, the sizes of the pulleys being so arranged as 
to give the shaft a speed of 250 revolutions per 
minute. Upon this shaft there are (Figs. 3 and 10) 
five pulleys, from which the various motions are 
driven through belts. The left-hand pulley of the 
central group (Fig. 10) drives by open and crossed 
straps the countershaft shown at the upper left- 
hand corner of Fig. 3, which is connected by a 
train of wheels to the pitched chain by which the 
monkey is drawn backwards and forwards along the 
girders. The three narrow pulleys (Fig. 10) are for 
the hoisting and lowering motion; they drive on to 


the three sets of fast and loose pulleys shown in Fig. 5, 
there being three sets of striking gear, by which any 
of the three pulleys can be set todrive. The right- 
hand pulley in Fig. 10 works the longitudinal travelling 
motion, through a countershaft (Fig. 3) placed below 
the girders, and engaging, through bevel gearing, a 
side shaft running from end to end (Fig. 4) of the 
girders. 

We will now follow each motion separately, be- 
ginning with the lifting gear, as the most important. 
Upon the shaft carrying the three pairs of fast and loose 
pulleys (Fig. 5) are mounted a pair of friction cones of 
compressed paper, and capable of gearing, one at a 
time, with a pair of cones (Fig. 6) on a short worm 
shaft (Figs. 4 and 5). The worm gears with a phosphor 
bronze wormwheel, 104 in. in diameter, with 22 teeth, 
on a cross-shaft, at the end of which isa pinion (Figs. 3 
and 5) engaging with a large toothed wheel at the end 
of the main drum shaft (ig. 4). The friction cones 
are put in and out of engagement by moving the shaft, 
on which they are keyed, endways. This is done by a 
screw close to the attendant’s seat (Fig. 1) engaging 
with a nut (Fig. 18, on this page) at the end of a lever 
(Fig. 16), the other extremity of which is linked to a 
collar on the friction wheel shaft. Thus the attendant 
is able to put either wheel into frictional contact, or 
to set both free to stop the crane. 

The main drum is 19 inches in diameter to the centre 
of the rope ; it is grooved to take the wire rope, which 
is 2% in. in circumference. Two ropes are used, and are 
wound and unwound simultaneously. Their other ex- 
tremities are fixed to the opposite end frame of the 
crane, and in the intermediate portion of their lengths 
they are carried through the monkey, and around the 
snatch-block which carries the hook (Figs. 2, 3,7, 8, 
and 9). The monkey runs on channel irons (Fig. 4) 
riveted to the insides of the girders, and being thus 
below the level of the top flanges, allows the crane to 
be placed close to the tie beams of the building. It 
is moved backwards and forwards by an endless steel 
pitched chain, the upper member of which is partly 
supported by the flat grooved wheel shown in Figs. 7 to 
9. At one end the chain passes round a toothed wheel 
(Fig. 3), driven, as already stated, by a train of 
wheels from an upper belt shaft (Figs. 3and 5). To 
keep the monkey steady endwise the belt shaft is pro- 
vided with a brake wheel (Fig. 5) and a weighted 
brake lever (Fig. 3), which is lifted in the usual way 
by inclines on the slide of the striking gear. 

The longitudinal travelling motion is very simple. 
The belt shaft (Fig. 4) drives, through bevel wheels 
(Fig. 3), a side shaft, which is geared at each end by 
pinion and spur-wheel to one of the travelling wheels. 
The direction of motion is varied by crossed and open 
belts, the first driving pulley (Fig. 10) being 16 in. 
wide. 

The employment of electric energy to drive the 
crane does away with the necessity for square shafts, 
flying ropes, engine and boiler, or other of the cumbrous 
means usually adopted for this purpose, and no doubt 
gives a higher efficiency than any of these devices. 


INDUSTRIAL NOTES. 

THE industrial outlook seems to be getting worse— 
not better—with the advent of the new year. It is, 
indeed, anticipated that we have not yet seen the 
worst. An uneasiness appears to be developing 
financially, which adversely affects all kinds of enter- 
prise and speculation, and especially where large 
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labour undertakings are concerned. It can scarcely 
be said to be serious so far, but there are indications 
of a possible serious turn. The condition of the 
labour market, or rather of the movements which 
influence it, is not quite such as to inspire con- 
fidence. But the very reasonable attitude of the 
great unions representing the engineering, shipbuild- 
ing, iron and steel, and cognate industries would 
tend t» restore confidence, were it not for osher move- 
ments outside these that may affect them incidentally 
or indirectly. But even in those branches of trade 
the depression which has been creeping along, and 
widening in its area, is beginning to show itself ina 
most unpleasant manner to all concerned, The whole- 
sale notices of reductions in the wages of the work- 
people, and also in the salaries of the officials and 
managers, suddenly given by the directors of the 
Patent Shaft and Axle-tree Company, Limited, at all 
their works in Staffordshire, came as a surprise, but 
those affected thereby at once considered the matter, 
and agreed to accept the terms suggested. Those 
works being the largest in Staffordshire, where 
immense quantities of heavy engineering work and 
iron and steel work generally are turned out, will 
necessarily affect other works in the district. Another 
significant fact is that the chief firms engaged 
in the marked bar trade in South Staffordshire have 
signified a reduction of 10s. per ton in bars, sheets, 
hoops, plates, and angles. This is the first reduction 
in two years, and it indicates a slackness of trade 
which the makers think can only be met by reductions 
in the hitherto ruling prices. Whether these reduc- 
tions will so stimulate trade as to revive it for a 
season, remains to be seen. The drop, at any rate, is 
considerable. 


The report of the Amalgamated Society of Engi- 
neers for January, 1893, shows that the total member- 
ship of the union, that is, of those in benefit, is 70,491, 
of whom 6806 were on donation benefit, 1786 on the 
sick list, and 2257 in receipt of superannuation allow- 
ance. Thus the total number on the funds for those 
three benefits the first week in the new year was 
10,849 members, the cost being 4665/. 18s. per month, 
or about ls. 74d. per member per week. The rates 
were as follows: Donation benefit, 1s. 0id. per week; 
sick benefit, 34d. per week; and superannuation, 
4d. per week. The latter is the highest point ever 
reached. The total paid from the contingent fund in 
December, 1892, wasonly 331/. 8s, 4d., so that strikes 
absorbed but a very small proportion of the total ex- 
penditure. ‘The increase of members out of work in 
the month was 1366, from 5440 last month to 6806 
this month, but, the report says, ‘‘this must not be 
taken as an indication of any great change in the 
state of trade, as at this time of the year suspensions 
for the holidays and for stock-taking are always pretty 
numerous.” The figures quoted may, therefore, be 
misleading without theexplanation given. This year 
the suspensions, for the reasons stated, are exceptionally 
severe, showing, no doubt, that depression is general, 
and consequently firms are easing off for the holidays, 
and taking stock has been resorted to more than is 
usually the case, especially when trade is good. Mem- 
bers are urged to hold firmly to their situations, and to 
find places for those out of work, whenever practicable. 
The levy for the benevolent fund has been voted by a 
majority of 9596, only 238 voting against it. This 
fund is for the relief of special cases of distress. The 
voting for the new councilmen, and for the organising 
district delegates, had not been completed, and, there- 
fore, no list is given in this report. On the whole, the 
report is fairly hopeful as regards the present year, 
though the outlook was not very encouraging at the 
date of the report. 


The condition of trade in the engineering branches, 
as represented by the Steam Engine Makers’ Society, 
corresponds generally with the report of the Amalga- 
mated Society of Engineers. The total number on 
donation was 353, on the sick list 123, and on super- 
annuation allowance 125. It is stated, however, that 
many members out of work are rather suspended 
by reason of stock-taking and other causes than 
absolutely discharged. Indeed, it was expected that 
many would have restarted work by the commence- 
ment of the present week. It is satisfactory to find 
that the impending dispute at Liverpool, where notices 
of reduction were given more than a month ago, has 
been averted. The contemplated reductions were 2s. 
per week, but, after some negotiations with the 
employers, a compromise was effected, the employers 
withdrawing the notices of 2s., and offering instead Is. 
per week, which the men accepted. The reduction 
dates from the first weekday in the present month. 
Negotiations are on foot for the concession of the eight 
hours by another large firm in the engineering trade. 
It was expected that the men would start under the 
new system with the new year, the firm having made 
an offer to them. The men, however, were not 
quite satisfied with the terms and conditions, and con- 
sequently the details have not been finally arranged 
between the firm and its employés. It is hoped that 


final arrangements will be completed, as the matter is 
still under consideration. The Steam Engine Makers 
have decided by ballot to levy themselves 3d. per 
week for 20 weeks for the superannuation fund, only 
401 voting against it. The majority was 1143. The 
object of this levy is to insure the payment of super- 
annuation to aged members, whatever else may happen, 
by setting apart and investing a substantial amount 
for that purpose only. Only 34 branches out of 97 
cast any votes against, and of those the total was under 
10 per branch. 


The condition of the engineering trades in the Lan. 
cashire districts shows no material change. There 
was a longer suspension of business during the holi- 
days than usual, and stock-taking caused further 
stoppages in many cases, most of the establishments 
being either wholly or partially closed. But the 
outlook is not encouraging, asin most instances the 
re-start commenced with but an indifferent supply of 
work, and with no orders of sufficient weight coming 
forward to take the place of the orders in hand. 
Turning to the local reports of the several districts, it 
appears that inthe whole of the 23 centres constitut- 
ing the Manchester District of the Amalgamated 
Society of Engineers, the description of the state of 
trade is ‘‘bad,” without exception. On the other 
hand, there is one very encouraging feature in this 
connection, namely, that only 591 were unemployed 
out of a total of 5166 members, and the total of 591 
included temporary suspensions where they lasted long 
enough to bring those out of work on to the funds. The 
report of the Steam Engine Makers is less discourag- 
ing in many instances than that of the Engineers, for 
in several of the chief centres the officers report the 
state of trade to be dull, quiet, slack, or moderate, 
and only in a few cases bad. In some there are signs 
of improvement, as new orders are booked for the 
present year. Singularly enough, the trade of Oldham 
is reported to be ‘‘ very good, considering the great 
cotton dispute, with almost all the mills at a stand- 
still.” The iron trade is presumably a little better, as 
makers of pig iron are looking for better prices, and 
are refusing to follow the downward course of war- 
rants. There are moderate inquiries upon the market, 
but these are at low prices which makers and sellers 
do not care to entertain. The finished iron trade is 
slow at recent quotations. There is no improvement 
in the steel trade, except that steel plates seem to be 
hardening in prices, good boilermaking plates being 
somewhat higher. Though the state of trade generally 
is quiet and business very slow, thereis nothing yet 
to indicate any severe depression in the engineering 
branches in so far as Lancashire is concerned, and there 
are hopeful, though slight, signs of some revival in some 
departments. 


In the Sheffield and Rotherham district the outlook 
does not appear to be very encouraging. The spurt 
in some branches of trade during the last weeks of the 
old year has ended, without any indication of increas- 
ing activity in others to partially make up for it. The 
engineering branches of trade are very depressed, the 
number of men out of work being large ; and it appears 
that there is no indication of improvement in the near 
future. Thereis much complaint about the raised rail- 
way rates, traders generally deprecating the increased 
charges ; in some cases they are alleged to be prohibi- 
tive. Some 70 stovegrate workers at Rotherham are 
under notice of a reduction of 10 per cent. The firm 
state that they gave the advance some time ago on 
the understanding that the excessive working prices 
should be adjusted; this, they say, has not been 
done. They further state that they cannot afford to 
pay higher prices for certain articles than other firms 
in the district pay, because of the severe competition, 
but they have no wish to stop the works if the matter 
can be arranged amicably. The men have remitted the 
question to the executive of the National Union of 
Stovegrate Workers. There for the present the 
matter rests. 

In the Birmingham district the engineering trade is 
bad generally, a large number of men being out of 
work. Nor does there appear to be any sign of 
immediate improvement. Nearly 60 members of the 
Amalgamated Society are out of work, besides others 
not in the union, and men working at cognate 
branches. A dispute, which has been pending for a 
long time, affecting between 4000 and 4500 men, and 
indirectly 10,000 to 11,000 women and children, has 
arisen in the iron bedstead trade, not over the question 
of wages, but as regards the transfer of men from one 
branch of work to another, which the men contend is 
a violation of their rules. Unless the men give way, 
it is probable that a lock-out will occur in the district, 
extending as far as Dudley and the surrounding dis- 
tricts. 

Things have been quiet in the Cleveland district, 
and disappointing. The stocks increased in a very 
much larger ratio than was expected, owing to the 
small shipments and the lessened use of material during 


the holidays. Prices have dropped, and little business 
has been done during the past fortnight. The engi- 
neering trades are bad at Middlesbrough and at 
Stockton, though not quite so bad at the latter as at 
the former place. There are some hopes of better 
trade in the manufacture of steel in consequence of 
some experiments in new processes for the desulphur- 
ising and dephosphorising of Cleveland iron, which, if 
successful, would enable the Cleveland firms to dis- 
pense with Spanish ore and use common iron ore. The 
great firm of Messrs. Bolckow, Vaughan, and Co. seem 
to have so far succeeded as to require over 6000 tons 
of native ore per week additional, in place of Spanish 
ore. The weather has been adverse to outdoor work 
generally, so that a re-start in the shipyards and other 
great yards has been retarded. 


In the Frodingham district the strike and lock-out 
continues, and feelings run high in consequence of the 
attitude of the employers. However, there seem to 
be no signs of giving way. It is now a question of 
union or non-union employment, and consequently the 
struggle is expected to be a fierce and prolonged one, 
unless some compromise can be effected. 


The iron and steel trades and all cognate industries 
in the South Wales districts are in a depressed con- 
dition. The makers have been obliged to follow the 
example of the Staffordshire makers as regards plates, 
and have reduced prices, and also of iron and steel 
bars. Northern manufacturers can still send bars to 
the Bristol Channel ports at a lower price than Welsh 
makers. The tin bar trade is dull, but some of the 
tin-plate works have recommenced work. The un- 
settled state of the labour market, as regards the 
sliding scale, both in the iron and steel trades, and in 
the coal trade, retards any forward movement for the 
revival of trade, even where the chances are the most 
promising. 


The iron and steel industries in Scotland have been 
very quiet, but the market was stronger in tone at 
the close of last week. Some of this was due to the 
fact that the reports on the year’s working showed a 
large excess over those of 1891. This is not to ke 
wondered at, however, inasmuch as there was a long 
strike of blast furnacemen in 1891, with a greatly 
lessened output. However, the consumption was 
greatly in excess of that of 1891. The settlement of 
the wages question with the iron and steel workers 
also helped to restore a tone of something like confi- 
dence in the near future, if no unforeseen circumstances 
occur to lessen the consumption and reduce prices to a 
lower level. 


The accountant’s report in connection with the selling 
price of Cleveland No. 3 iron shows a reduction of 
ls. 5d. per ton on the previous quarter ; this will re- 
duce the wages of blast furnacemen 2 per cent. for the 
current quarter. It is probable that this is a forecast 
of what will result in the northern iron trade. 


The dispute in the glass bottle trade of Yorkshire is 
extending over the entire district, It is thought that 
the strike will be prolonged, as each side seems deter- 
mined not to give in. Sometimes such determination 
is the loudest onthe very eve of surrender, but in this 
case compromise is not even suggested. Let us hope 
that it is not impossible. 


The London Chamber of Commerce Conciliation 
Board has been engaged in an arbitration between the 
masters and the workmen in the tailoring trade over 
the price log, but the result is not yet made known. If 
an agreement can beeffected, it will probably affect the 
decision of the London County Council on the trade 
union rate of wages in this trade. 


The prosecution of Mr. Ben Tillett, for alleged incite- 
ment to riot, appears to have been the act of the 
Bristol magistrates, and not of the Watch Committee 
of the corporation. The Bristol trades gave him a 
great reception on Saturday last, when he entered the 
city so as to be present at the court on Monday. 


The suggestions for arbitration in connection with 
the dispute in the cotton trade have not yet resulted 
in any definite action. The Operatives’ Committee, 
at their meeting in Manchester on Saturday last, de- 
clined the offer of Archdeacon Wilson, of Rochdale, as 
to mediation, but decided to address a letter to the 
secretary of the Masters’ Federation, informing that 
body that they had elected delegates to confer with 
the representatives of the federation ere the close of 
the present week, and to discuss the situation gener- 
ally. The dispute has now extended into the tenth 
week, and the distress in some districts is appalling, 
notwithstanding all the efforts of the unions, of the 
charitable local bodies, and of persons outside, to 
afford some relief. In Oldham, Burnley, Darwen, and 
some other towns the pressure of want is telling with 
the operatives. A plaintive letter has been published 
from one of the operatives, begging the association to 
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come to some ‘‘honourable terms of settlement,” 
the hunger of the women and children is ae: 
To add to the misery, the weather has been exception- 
ally severe, and some 40,000 of the operatives, who 
have hitherto been relieved to the extent of ‘half 
strike pay,” will in future have to depend upon out- 
side charity and help, as the non-unionists have been 
obliged to do. It is not only the spinners who are 
suffering, but she weavers also, for the latter have no 
longer a sufficient supply of yarn to keep the looms 
going. In Blackburn alone 22,000 looms were 
stopped, and 20,000 more were on short time, 
while only 23, 000 were fully employed. The loss 
in wages by this alone was 10,000. per week. 
The total losses in the weaving branches alone were 
estimated at 80,000/. per week in wages, and on the 

whole of the branches of the cotton trade 140,000/. 
per week. The extent of the decrease of yarn for the 
nine weeks is stated to be equal to 200,000,000 1b. 
weight of yarn, as the total spindles idle are equal to 
the supply of 220,000 looms, And after all the stop- 
page the real causes of the depressed state of the 
cotton industry remain untouched. Upon this point 
the masters and the operatives agree. 


For a long time past many of the leaders of what is 
called the new unionism have been demanding labour 
bureaux, or labour exchanges, as the best means of 
placing the unemployed in a position to know where 
workers are needed, and of fitting the worker to the 
work. Some of these have been tried in various 
localities with varying success, in other instances with 
non-success. It now appears that a project is on 
foot to establish a gigantic ‘‘ British Labour Exchange,” 
which is tobe run on the same lines as the Shipping 
Federation. It is stated that the adhesions to the 
scheme on the part of employers represent a capital 
of some 100,000,000/. One of the conditions is said to 
be that the men who take tickets issued by the ex- 
change shall guarantee not to molest other men in the 
employment to which they are sent, the exchange 
guaranteeing that those accepting employment shall 
be protected from molestation. Trade unionists are 
to be eligible for membership, but the ticket condi- 
tion is to be indispensable. Of course the advocates 
of labour exchanges will complain of the conditions 
said to be indispensable. But if the Labour Bureau 
is to be a real thing for all workmen, the unionist can 
have no more right to object to a non-unionist than 
the latter can have to object to the unionist. Hereis 
always the great difficulty. It has always been a 
difficulty. That is the reason why the older unions 
fought shy of the labour exchange established by Mr. 
Alsager Hill some years since. The unions, as a 
rule, act as a kind of labour exchange for their own 
members, but in a public body no preference could be 
rightfully shown, except the preference for skill, for 
sobriety, industry, and other essential qualifications 
and fitness for employment. Butif a labour exchange 
is to be of any use at all, it must not be a mere 
nursery for non-unionist labour. Even an official 
bureau will find it difficult to steer clear of the 
questions of unionist versus non-unionist ; with all the 
care of the officials, suspicions would be sure to arise. 


To a great extent the chief interest in the wages 
and other questions affecting miners is centred in 
the conference which has been meeting at Birming- 
ham during the present week. Comment on the pro- 
ceedings of the conference is deferred until the tinal 
results and decisions are at hand, in order that a com- 
plete view of the resolutions can be given. But the 
conference was a large one, and was decidedly repre- 
sentative. 

In South Wales the opinion is gaining ground that 
the sliding scale will be modified and continued. 
Appearances were much against that view a short time 
since, but the action of the agents of the federation 
has rather tended to strengthen the position of the 
South Wales leaders in some of the districts, How- 
ever, even this point must be left indefinite until after 
the Birmingham conference. The leaders do not hesi- 
tate to belabour each other in good style over the 
question. 

Some disputes of a local character have taken place 
in Yorkshire ; one has been settled, and at one pit the 
men are under notices pending the introduction of new 
rules and bye-laws. In this case negotiations are 
on foot with a view to an amicable arrangement. 

In Derbyshire a strike seems imminent over the price- 
list question. No definite arrangements for an inter- 
view having been made, the council of the Miners’ 
Association express determination to have fixed price 
or rate for work done, or to be done, while the men 
have resolved to bring out their tools on the expiry of 
the notices if no agreement is made. 

In Nottinghamshire also there are similar move- 
ments for fixed price lists at collieries where none are 
in operation. In Lancashire the question at issue is 
not a price list, but of pillars in the mine, some 
arrangement as to which is still being urged. In other 
districts labour questions are pretty quiet. No further 


33. From the foregoing doserigtion some idea will be 
gained of the internal appearance of this vast building. 
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action has been taken in the Forest of Dean, nor has 
there been any new development in Scotland. But 
the coal trade is not generally so good as it was some 
months ago, 


THE WORLD’S COLUMBIAN EXPOSITION 
OF 1893.* 


By James Drepar, Member of the Royal British 
Commission. 


(Concluded from page 832, voi. liv.) 


The side galleries that surround it, extensive though they 
are, are of necessity dwarfed into comparative insigniti- 
cance by the large dimensions of the Central Hall, and 
there is little doubt that the imposing appearance of the 
exhibits will also suffer from the same cause, And yet, 

as was the case with the machinery hall at the Paris 
Exhibition of 1889, it will be difficult for the visitor to 
estimate, by the sense of sight, the size of the building. It 
will be only by the experience of fatigue that he will 
understand its size, after he has devoted many hours or 
days to the examination of its contents. The main pas- 

sages for circulation will be a path 50 ft. wide, running 
from end to end down the centre of the building, and 
called Columbian-avenue, while another of similar width 
crosses it at right angles on the shorter axis. The inter- 
section of these avenues will form a central open space, 
upon which will front the four courts of the most impor- 

tans nations exhibiting—those of the United States, 
Great Britain, France, and Germany. It does not come 
within the scope of the present paper to attempt any 
description of the probable contents of this building. 

Nearly the whole of the ground floor will be devoted to 
manufactures, a comprehensive term that includes the 
product of innumerable industries, It will be in this 
building that English visitors interested in, or fearful of, 

the industrial progress of the United States will ba able 
to form a fairly accurate estimate of the capacity for pro- 
duction and the quantity of the output of the country we 
are beginning to regard as our chief competitor in the 
near future. No similar opportunity has been offered 
since 1876 at the Centennial Exhibition, and that is now 
almost a prehistoric period in the history of commerce. 

The displays that America has made at subsequent 
foreign exhibitions have afforded no measure of her power, 
and it is for this reason that the American section of the 
Manufactures Building will prove of the highest interest 
to ourselves, 

34, Another collection of the highestimportance, though 
not so directly bearing on financial interest, is that which 
gives its second name of Liberal Arts to the building. 
Judging from what Doctor Peabody, the chief of this 
department, has written at a very recent date, commer- 
cial interests have been too great for those of liberal arts, 
which have suffered accordingly from want of space. It was 
at first intended that a large part of the space should be 
devoted to the Jatter department, and when it was found 
thatthe demands of manufacturers were so great as to fill 
a building four times as large, there was an effort made to 
have a separate hall erected for the liberal arts. This 
was found, however, to be impracticable, and by patient 
and persistent compression, the liberal arts will be ac- 
commodated under the same roof as the manufactures. 
On this subject Dr. Peabody writes: ‘‘ The interests con- 
fided tothe Liberal Arts Department are those of educa- 
tion, science, literature, and the whole circle of the arts. 
For six months the decision wavered in the balance 
whether this department should have provision for its 
needs proportioned to that granted to the other depart- 
ments of the Exposition. Under great pressure three- 
eighths of the space once accorded to it have been assigned 
to others, and the persistent efforts which its friends have 
so earnestly made, have been not to add to its facilities, 
but to in some measure restore those which had been 
taken away.” It is yet hoped that this pressure may be 
reduced by the erection of an additional building for 
educational exhibits, but the prospects of this extra 
accommodation are very slender. A few figures furnished 
by Dr. Peabody will show how large and important a 
section that of Education will be if sufficient space can 
be provided. With regard to foreign countries, France 
and Germany ask for 60,000 square feet of space, and the 
British Liberal Arts section should occupy the same 
amount; the Roman Catholic Church applies for 60,000 
square feet for its educational exhibits; and in the United 
States more than ten times that area, or 650,000 square 
feet, are asked for by 1100 different applicants in 41 States 
and Territories. Most of these applicants are the leading 
universities, colleges, and schools of America, and many 
of them propose to send very elaborate.and complete 
exhibits illustrating their system of general and technical 
training. Collective exhibits are also being arranged by 
commercial colleges, manual training schools, art schools, 
educational establishments for the mentally and physically 
afflicted, schools for Indians, &c. It is intended, if the 
scheme is found practicable, toshow a number of different 
classes in active operation, so that the various systems 
of training may be properly illustrated. Altogether 
about 325,000 square feet of space will be required for 
the American group of educational exhibits, which will 
represent the training of 14,000,000 American children 
and students by 500,000 professors and teachers. The 
various coucee and schools are spending at least 100, 000/. 


= This paper (which was ed in abstract a the 
Society of Arts on December 7) was illustrated by a 
large number of lantern slides, most of which were pre- 
pared from photographs kindly supplied by Mr. C. D. 
Arnold, Official Photographer of the Exhibition. 
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in preparing for this exhibit. Of other a aeeeeeeetee eee as Fossil cl Dona, nor haa|in preparing for thie oxhibiL Of other branche ol of 
the liberal arts, the space demanded for hygiene 
and charitable institutions is 30,000 square feet; for 
medicine and surgery, 20,000; for books and litera- 
ture, 35,000; for physical apparatus, 25,000 ; for photo- 
graphy, 10, 000; for engineering and architecture, 
10,000; for social and religious organisations, 10,000 ; and 
for musical instruments, 100,000 square feet. "This Jast 
group, it is intended, will be of great interest and im- 
portance. It will include an historical loan collection, 
and is under the special charge of the Bureau of Music, 
which will control the entire musical arrangements for 
the Exposition. The group will be exhibited on the 
ground floor of the Manufactures Building, a location 
having been assigned to it near the Music and Concert 
Hall. The other objects of the Liberal Arts Department, 
except education, will be displayed in the spacious gal- 
leries on one side and part of each end of the building. 
Space for these groups will be thus provided ; it is only 
the educational exhibits which at present are in danger, 
and which appear certainly likely to suffer almost to 
extinction if the demand for a special building cannot 
be complied with. 

35. State Buildings.—The various States and Terri- 
tories have contributed collectively large sums for the 
erection of buildings and for the exhibits which will be 
placed within them. These buildings occupy a large 
area on the north side of Jackson Park ; the principal of 
them is appropriately the building of the State of Illinois, 
which will cost 60,0007., and which is 450 ft. long and 
160 ft. wide. In the centre of this building there will be 
a lofty rotunda covered by a dome which will be a con- 
spicuous object throughout the grounds. Around it will 
be distributed the offices and head- quarters of the 
Governor and other State officials, and in a fireproof 
annexe will be displayed the various relics and trophies 
belonging to the State. It will contain a large collection 
of objects illustrating the natural resources of Ilinois, 
and the various State departments will have special allot- 
ments. The more important of these will refer to the 
common and higher schools, charitable institutions, 
and agricultural products; the geology, botany, and 
zoology of the State; architectural drawings of every 
public building in Illinois, and a large “number of 
other objects. It would cccupy too much space to 
attempt a description of the numerous State - build- 
ings ; some few particulars may, however, be given, 
The California Building, with its exhibits, will cost 
15,0007. It will be in part the reproduction of one of the 
old Spanish missions, the remains of whichare plentiful 
in California, and which were founded 120 years ago by 
the Roman Catholic priest Junipero Serra, who for many 
years devoted his life to missionary work upon the Pacific 
coast. The building of Colorado, whichis nearly finished, 
isan elaboratestructure of native granite and marble. The 
State of Connecticut raised 10,000/. by private subscription 
for its building, which is nearly finished. The building of 
the State of Florida, extremely primitive in appearance, 
is of great historical interest. It is the reproduction of 
the original Fort of St. Augustin, which, with the town of 
that name, was founded by the Spanish i in 1665. Since 
then it has been the scene of many a bitter fight between 
the Colonial troops and the Spanish, prior to the cession 
of Florida to Great Britain in 1763, when it was exchanged 
for the island of Cuba, The State of Georgia raised 
20,0007. by private subscription, but its building has not 
yet been commenced. That of Indiana is constructed 
wholly of native material, but will cost only 50001. 
Towa is devoting 10,000/. to its building, which is well 
advanced. Kansas, although it obtained 20,000/. by 
private subscription, is spending only 4000/. upon its 
pavilion, which is nearly finished. TheState of Kentucky 
will have a building costing 20,000/.; and the almost com- 
pleted pavilion of Maryland, which is built of granite, 
will cost 70002. The State of Michigan is spending 
10,0007. upon its building, which will be constructed 
wholly of native material. That of Missouri, although one 
of the smallest of the series, is to cost 10,0007. Montana has 
a fund of 20,0001. for its building and exhibits. Nebraska 
only collected 10,000/,, and New Hampshire 50002. The 
Government of New "Jersey appropriated 14,0007., and 
will have a fine pavilion, which is well advanced. North 
Carolina and Dakota each subscribed 50007. The States 
of Ohio and Oregon have funds of 20,000/. at their dis- 
posal, and their pavilions will make a very much finer 
appearance than that of Rhode Island, whose pavilion 
will only cost 6002. South Dakota raised 16,0001. by 
public subscriptions, and its extensive building, which will 
be the reproduction of an old-fashioned French farmhouse, 
will be very striking and picturesque. Vermont only 
secured an appropriation of 5000/., so that its building 
will be asimple and modest one. The State of Virginia is 
spending twice that amount for its pavilion, and “"Wash- 
ington is devoting about the same amount to this purpose, 
The most original of all the State buildings will be that 
of Utah, which will be constructed of salt, and will 
cost 10, 0002. Wyoming will restrict itself to a club- house 
of very modest dimensions, costing 4000/. The building 
of New Mexico will cost 15,000. The pavilion of Louisiana 
will represent a typical southern house, and will cost with 
its exhibits 10,0007. The State of Maine will be repre- 
sented by a sufficiently spacious club-house, which, as it 
is constructed of native granite conveyed for nearly 
1,000 miles, appears cheap at 2000/. Massachusetts 
spends four times that amount in the reproduction of a 
famous old Boston house which was erected in 1737. The 
pavilion of New York State is also historical, as it is the 
reproduction of the famous building once occupied by 
Van Rensseler, who figured prominently in the Dutch 
period of New York’s history. New York State made an 
appropriation of 60,000/., and the appropriation of Penn- 
sylvania was for the same amount, The Pennsylvania 
building will, after that of Illinois, be probably the most 
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important in the grounds. It will occupy in all the 
space of 18,000 square feet, and will reproduce the general 
features of Independence Hall of Philadelphia, specially 
the historic clock tower, and the bell which tolled the 
knell of British rule in America, and rang in the birth of 
the new Republic.. This bell will be hung in the clock 
tower of the Pennsylvania Building at Chicago. 

From the foregoing summary it will be seen that these 
buildings, which will in all cost about 300,0007., will make 
a beautiful and varied show. So also, to a less extent, 
will the pavilions of foreign nations. That of this country, 
in which we are most interested, will doubtless be worthy 
of the beautiful site allotted to it on the shore of Lake 
Michigan, and, judging from the solid manner in which 
it is being constructed, and the durable nature of its 
materials, it is not unlikely that it will long remain in 
Jackson Park as a memento of the part Great Britain has 
played in the Columbian Exposition of 1893, 

35. Previous Exhibitions.—{t may be of interest to make 
a few general comparisons between the forthcoming 
Columbian Exposition and its principal predecessors. 
Beginning with the first great World’s Fair that was held 
in Hyde Park in 1851, and was the forerunner of the 
long series which at short intervals has delighted the 
public and harassed the manufacturer, we find that it was 
held in a building 1851 ft. in length and 450 ft. in width. 
One of the buildings in Jackson Park, thatof the Manu- 
factures and Liberal Arts, is 1687 ft, in length and 787 ft. 
wide; this building alone could have contained the Ex- 
hibition of 1851 within its walls. But this early exhibi- 
tion was not only the most marvellous, but also the most 
successful, that has ever been held, for it closed its doors 
with a profit of 150,000/., a result which has never been 
reached at any subsequent exhibition. It was remark- 
able also for the large number of exhibitors crowded 
within the narrow space, the number falling only just 
short of 14,000, of which, astonishing to relate of that far- 
off time, more than half came from our colonies. 

In 1853 the first World’s Fair held in the United States 
was opened in New York. It covered an area of 263,000 
square feet, and it contained 4100 exhibitors, more than 
half of whom were foreigners. The total expenses 
amounted to only 640,000 dols. and the receipts to 340,000 
dols., so that there was a loss upon the enterprise of 
60,0007, 

In 1855 the first International Exhibition was held 
in Paris under the auspices of the French Government. 
It was for this exhibition that the Palais de l’Industrie 
was erected, and which alone remains of the numerous 
additional buildings and annexes, which together covered 
an area, of 1,886,000 square feet. There were in all nearly 
24,000 exhibitors, of whom 144 were from the United 
States. The total number of visitors to this exhibition 
was 5,162,000, and the largest number of visitors on any 
one day was 123,000. Passing over the smaller exhibi- 
tions of 1854 in Melbourne, of 1858 in Brussels, and that 
at Lausanne in 1857, at Turin 1856, at Hanover in 1859, 
we come to the second Great Exhibition held in London 
in 1862. Its main buildings covered 17 acres, or less than 
the Machinery Hall at Chicago, The total cost of the 
buildings was 320,000/., and the entire outlay was about 
460,000/.; the loss on the undertaking amounted to 
140,000. The visitors to this exhibition were 6,250,000, 
and the largest attendance in any one day was almost 
exactly one-half of that at Paris in 1855, 

The second Great Exhibition in Paris was held in 1867, 
the principal building of which covered 11 acres; the 
Champ de Mars was, however, crowded with a large 
numb3;r of annexes and small structures. There were no 
less than 50,226 exhibitors, and a total of 10,200,000 
visitors was recorded. The gross receipts amounted to 
about 400,0007. The Great Exhibition of Vienna, held in 
1873, was rendered an unfortunate failure by the visita- 
tion of cholera in the city that year, and which was the 
cause of the small number of visitors which attended it. 
The municipal guarantee loan and the Government loan 
together produced the capital of 900,000/., and the build- 
ings were the most extensive and elaborate that had been 
built for such a purpose up to that time. The main 
building was no less than 2953 ft. in length; it was inter- 
sected by sixteen transepts, each 573 ft. long, and in the 
centre of the building was a gigantic dome 354 ft. long. 
Agricultural exhibits were held in a separate building 
covering 6 acres, and the Machinery Hall occupied an 
area of 10 acres; the Art Building, a very beautiful and 
elaborate structure, was 600 ft. long and 100 ft. wide. 
The Centennial Exhibition, held in Philadelphia in 1876, 
was intended originally to bs only a national exhibition ; 
at the almost unanimous desire of European countries it 
was converted into a World’s Fair and largely extended. 
The necessary funds were raised by public subscriptions 
all over the United States; by a loan from Congress of 
1,500,000 dols., a present by the City of Philadelphia of 
1,000,000 dols., and another gift by the State of Penn- 
sylvania of 1,500,000 dols. The exhibition was held in 
Fair Mount Park; it occupied 285 acres of ground; the 
buildings were numerous and some of them beautiful, 
especially the Art Gallery, which remains as one of the 
monuments of Philadelphia to-day. There were 30,864 
American exhibitors; Great Britain and the Colonies 
contributed 3584 exhibitors, and Spain was largely repre- 
sented with 3822. Altogether 32 foreign nations tools 
part in this exhibition, which was visited by 9,911,000 
people; the greatest number of visitors in any single day 
was 275,000. 

The Paris Exhibition of 1878 was held in the Champ 
de Mars and in the Trocadéro; the main buildings covered 
54 acres, but, of course, this was largely supplemented by 
a great number of annexes and special buildings. There 
were 52,835 exhibitors, of whom 25,872 were French, 3184 
British and Colonial, and 1203 American; the total 
number of visitors was over 16 millions, and the receipts 
were about 500,0002. As the exhibition cost was nearly 


21 millions, there was a loss on the undertaking of 
1,716,000/., but of course the city of Paris benefited 
largely by the immense crowds that flocked to the city 
during the year. 

The Great Paris Exhibition of 1889 appeared to every 
one to have reached the highest point of which exhibition 
development was capable. The amount expended on the 
buildings and grounds was considerably over one million 
sterling; the number of visitors exceeded vastly anything 
that had been obtained at any previous exhibition, and 
attained the stupendous figure of nearly thirty millions. 
This was only reached by the ingenious operation of 
issuing Government lottery bonds, to which entrance 
coupons were attached, to the public in such large numbers 
that the value of the coupons was reduced during some 
portion of the exhibition to one-fourth their value. 

The area of the Columbian Exhibition ground is 666 
acres; this is crowded with buildings to the extent of over 
200 acres, the cost of which considerably exceeds two 
millions sterling, while the totalexpense is estimated at 
between four and five millions. It is too early. to form 
any estimate of the number of exhibitors who will find 
space, and it would be waste of time to speculate as to 
the probable number of people who will visit the Exhibi- 
tion next year. It is hoped, of course, that this will 
exceed the total made in Paris in 1889, but it appears 
hardly likely thatsuch aresult will be achieved, considering 
the high price charged for admission, and the restricted 
privileges that will be accorded on Sunday, even if visitors 
are admitted at all on that day. In any case it is almost 
too much to hope that the Columbian Exposition will 
prove a direct financial success, but that is a matter of 
infinitely small importance compared with the enormous 
pre-eminence and indirect benefits that will acrue from it 
to the City of Chicago and to the United States. 

Conclusion.—This is not the occasion, nor am I suffi- 
ciently acquainted with the subject, to dwell on the great 
and unexpected political event which, on the 9th of last 
month, took the whole of America and Europe by sur- 
prise. I think the annals of United States history do 
not furnish a precedent for such an overwhelming ex- 
pression of opinion of the national will. As to the cause 
which brought a party into power whose popular motto 
is ‘‘ Protection for revenue only,” I know little or nothing. 
Weare told by the newspaper organs of the triumphant 
party, that it is a protest by the most intelligent voters in 
the world against an exaggerated system of Protection, 
which created monopolies, and benefited the capitalist 
at the expense of the working classes. On the other 
hand, Republicans attribute their defeat to one of those 
inexplicable attacks of mental alienation that occa- 
sionally sweep over a nation at critical periods, I 
suppose that the general feeling in Europe is one 
of satisfaction at the prospect of a modification in- 
volving great reductions in the present tariff, which has 
already borne hardly on many of our industries. And 
it is probable that if this Presidential election, with 
its strange result, had taken a place a year ago, the appli- 
cations for space at the Columbian Exposition, from our 
manufacturers and from those of the rest of Europe, 
would have been far more numerous. Asit is, those who 
were enterprising enough to devote time, money, and 
trouble to help swell the great display at Jackson Park, 
will feel more hopeful of the result of their venture, and 
at present there is a general belief that the time is not far 
distant when the United States shall again prove to be 
an almost open market. It is certain that the Demo- 
oratic triumph, generally construed as a popular protest 
against extreme Protection, has met with hearty, though 
perhaps not disinterested, sympathy in this country, and 
that much of the indifference, and even hostility, dis- 
played against the Chicago World’s Fair will be 
exchanged for active interest and sympathy. There can- 
not be more foreign exhibitors, for there is no more space 
to be allotted, but if all be well there will certainly be 
more visitors from Europs. 

I think it will be found, after the Exhibition is over, 
that their American hosts have treated British exhibitors 
with more than usual courtesy and generosity at Jackson 
Park. The free permission to attach labels bearing sale 
prices at the place of manufacture, is a proof of this. This 
was a privilege absolutely refused at the Centennial Ex- 
position of 1876, when tariff laws were less oppressive, 
and competition had scarcely begun. The value of this 
privilege is indeed very great, considering that the dis- 
play of prices free of duty will carry a striking lesson to 
the minds of the masses eager for proofs to justify their 
recent political action. It will also prove of the greatest 
benefit to British exhibitors, because it will vastly in- 
crease the chances of transacting business with foreign 
buyers over the heavily handicapped American manufac- 
turer. 

It must be borne in mind that a great International 
Exhibition is not planned and brought into existence at a 
vast outlay for sentimental purposes. Stilllessis it held 
in any country for the benefit of foreign manufacturers, 
An exhibition cannot be international without the co- 
operation of foreign nations, but, setting aside its good 
effects as a popular educator, and the incalculable benefit 
of healthy but severe competition, the main object of the 
country holding it is, as far as possible, to increase its 
foreign trade, necessarily at the expense of other countries, 
The ideal International Exhibition—no matter where it is 
held—would be one to which foreign nations would con- 
tribute in such a way as to add to its beauty, completeness, 
and value, without interfering with its anticipated com- 
mercialadvantages. But, on the other hand, exhibitors 
will not incur all the expense and trouble of participation 
without the hope of profit, and without a prospect of 
maintaining their existing business, and making new con- 
nections. On both sides these objects are wholly praise- 
worthy, and entirely antagonistic, and bearing in mind 
that one of the chief ambitions of the American nation is 


to extend their foreign trade, I think the grant of full 
privileges for pricing exhibits is a most generous conces- 
sion to our exhibitors, and indicates clearly the gvod feel- 
ing that exists towards us. ‘ 

I trust that the experience of a large number of 
Englishmen during the next year at Chicago will do 
much towards strengthening this good feeling, which can 
always.exist even in the face of the fiercest competition, 
and that a year hence I may once more have the pleasure 
of addressing you on the subject of the Exposition, and on 
some of the lessons which it has taught, after it has be- 
come a thing of the past. 


THE STRENGTH OF FLYWHEELS. 


By Jamzus B. Stanwoop, Cincinnati, O. 
Strains in the Rums of Fly-Band Wheels Produced by 
Centrifugal Force.* 


Tue strains developed in flywheels and pulleys are of 
an extremely complex nature, so that the numerous rules 
and formule employed for proportioning them are almost 
entirely empirical in character. Experience and judgment 
have dictated largely the thickness of the rim, while the 
eye has played an important part in determining the shape 
and taper of the arms. 

In text-books on machine design are found analyses of 
the strains in pulley arms due either to the pull of belt, 
the inertia of the rim, or the centrifugal pull on the arms 
due to weight of rim, &c. These text-books also state that 
the strength of the rim is not affected by its thickness as 
regards centrifugal force; for with an increase of thick- 
ness there goes an increase of weight with a correspond- 
ing increase of centrifugal force and area of cross-section 
to resist it. From this reasoning, wheels of good metal, 
perfectly true and in good running balance, are only 
limited in speed by a periphery velocity, roughly assumed 
at about a mile per minute, or 88 ft. per second; a speed 
giving a very low strain per square inch of rim—to wit, 
about 800 lb. per square inch of rim cross-section. 

Yet in view of these statements we find wheels bursting 
at low speed, others running safely at high speed. 

In saw mill practice, where belts travel at high speed, 
bursting pulleys have given so much trouble, that heavier 
rims and arms for this service have become common when 
cast-iron wheels are used. Sometimes even solid disc 
wheels are employed. 

In electric lighting plants many receiving and tighten- 
ing pulleys have failed, causing serious or casual disaster, 
according to circumstances. 

Within a few years very large fly-band wheels with 
wide thin rims have taken the place of flywheels with 
square rims, and have also been operated at very high 
speed. The writer knows of one case where the peri- 
phery velocity on a 17 ft. 9 in. wheel is over 7500 ft. per 
minute. 

In band saw mills the blade of the saw is now operated 
successfully over wheels 8 ft. and 9 ft. in diameter, at a 
periphery velocity of 9000 ft. to 10,000 ft. per minute. 
These wheels are of cast iron throughout, of heavy thick- 
ness, with a large number of arms, Who would dare to 
operate an ordinary 9-ft. pulley at that speed ? 

In shingle machines and chipping machines where cast- 
iron discs from 2 ft. to 5 ft. in diameter are employed, 
with knives inserted radially, the speed is frequently 
10,000 ft. to 11,000 ft. per minute at the periphery. 

In view of the disasters so common of late to large band 
flywheels running at slower speed than these, it seems 
probable that the strains set up in wheels by centrifugal 
force have not been fully considered. 

Last spring the writer was one of three experts, called 
in to decide upon the cause of a serious flywheel accident. 
From the testimony submitted by a well-known builder 
of large wheels, he was led to investigate a special strain 
developed by centrifugal force in bandwheel rims. This 
strain is due to the fact that all materials have elasticity, 
and stretch when under strain. The wheel in question 
was 22 ft. in diameter, 50 in. face, and had a periphery 
speed of 5000 ft. per minute, It was built in sections, as 
so many large wheels usually are (see Fig.1). The seg- 
ments were secured to arms in sucha manner that the 
segmental joints lay half-way between the arms. This 
construction was criticised by the aforesaid builder, who 
indicated by a sketch (see Fig. 2) a better method. This 
formed the starting point for the investigation, which the 
writer wishes to submit for discussion. 

A thin annular ring (Fig. 3), 1 in. wide and ¢ inches 
thick, revolving about a central axis A, is subjected to a 
simple tensile strain, similar in every respect to that 
found in a boiler shell, its amount per square inch T 


being ate when V equals velocity of rim in feet per 
second. This can be shown as follows : 
Let r = radius of ring in inches. 
Re » » feet= G 
V = velocity of ring in feet per second. 


The tensile strain T in pounds per square inch of rim 
section, due to bursting pressure per square inch p with a 
ring thickness ¢ in inches, is: 

Wi =i (1) 
Each pound weight of ring exerts a bursting pressure 
due to centrifugal force = 
v2 
SOD Roe Oe 
or for each inch in length of ring it will be 


(2) 


_.* Paper read before the American Society of Mecha- 
nical Engineers, 
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Rope 
32.2 47 
substituting in (1) we have 


x .261t=7. 
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- Under this strain the ring expands. If C be taken as 
the modulus of elasticity, this expansion will amount to 
314 V? d in the circumference of the ring. 


Tf arms are inserted in the ring, and are supposed at 
first to have no weight and tobe rigid, with noelasticity, 
their effect will be to pull the expanded ring into its 
original diameter at the arms. It will then have the 
form diagrammatically exaggerated, as shown by Tig. 4. 

Under these conditions what will be the strain upon 
thering? The ring between each arm resembles now a 
uniformly loaded rectangular beam fixed at both ends; it 


is also under a tensile strain of abt lb. 


The greatest strain in pounds per square inch F, to 
which any fibre is subjected, can be expressed generally 


thus: 
ab 


10 


where / represents in inches the distance from centre to 
centre of arms, p the uniform load in pounds per square 
inch on the length /, and t=thickness of rim in inches. 
The width is assumed to be unity. 

This formula can be expanded by substituting for p its 


value wo x a x .261 ¢ (from 3), where d = diameter of 
i ( 
ring in inches=2 7, and for / its value a (6), where N 
=number of arms. Then 
see Xa x x .261 ¢ y 
i ad [2 
F= — 2B + 10° (6) 
95 d V2 a , 
% ei ges 
APP gal 7) 
or 7 
F=V? ( od gk (8) 
24 6«10 
or 
t 95d 
N2 va) . . > (0) 
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But the ends of the arms do not remain rigid; the 
arms themselves expand longitudinally under the in- 
fluence of their own centrifugal force, and they are also 
elongated by the strain outward imposed upon them by 
the expanding ring. In fact, a compromise is effected ; 
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the arm stretches out to the ring, the ring yields in 
towards the arm, and the bending action in the ring 
depends upon this undeterminate amount. It appears, 
therefore, that the strain I’ cannot equal the value as 
derived by equation (8). By a careful comparison of rim 
thicknesses, as determined by equation (9), with good 


practice ¢ is found to be too large. On the contrary, ; 


gives consistent results, and reasonably so, for roughly 
the arms can be assumed to expand one-half of the 
amount that the ring expands diametrically. When the 
arms are few in number, and of large cross-section, the 
ring will be strained transversely to a greater degree 
than with a greater number of lighter arms. To illustrate 
the necessary rim-thicknesses for various rim velocities, 
pulley diameters, number of arms, &c., the following 
Table is submitted, based upon the formula 
475 d 


| = 
NF 1 
(eh) 


This is half the value given by (9), and the value of F is 
taken at 6000 lb. per square inch. 


(10) 
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Thickness of Rims in Solid Wheels. 


Diameter of Velocity of | Velocity of x 
Pulley in Rimin Feet Rim in Feet | pie of fonriae 
{nches. per Second. per Minute, wash ee: 
24 50 | 3,000 6 vs 
24 88 6,280 6 33 
48 88 5,280 6 Ye 
108 184 | 11,046 16 Dix 
108 184 11,040 | 36 +* 


* These are the calculated thicknesses for a band saw-wheel 
9 ft. in diameter with 390 revolutions per minute. The actual 
thicknesses as made were found to be 24 in, with 16 arms, and 
jin. with 36—1}-ln, steel arms, 


If the limit of rim velocity for all wheels be assumed to 
be 88 ft. per second, equal to 1 mile per minute, F 
= 6000 lb. ; the formula becomes 


475 d d 
=) eee es ; 11 
.67 N2 q N2 (11) 
When wheels are made in halves or in sections, the 
bending strain may be such as to make?¢ greater than 
that given above. ‘Thus, when the joint comes half-way 
between the arms, the bending action is similar to a beam 
supported simply at the ends, uniformly loaded, and ¢ is 
50 per cent. greater. Then the formula becomes 


= 712 ad a 


v2 10 


or for a fixed maximum rim velocity of 88 ft. per ‘second, 
and F=6000 lb., 


(12) 


1.05 


Ss (13) 


= 
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It isa fact that wheels do spring out at the joint when 
cast in halves or sections; for the writer has frequently 
tested them when they have shown this state of affairs. 
For this reason the construction for segmental wheels, 
shown by Fig. 2, is preferable to that shown by Fig. 1. 

Wheels in halves, if very thin rims are to be employed, 
should have double arms along the line of separation 
(Fig. 5). Compare the thickness of the rim of a wheel 
made in segments or in halves, the joint half-way between 
the arms (Fig. 1), with the thickness of the rim as con- 
structed in Fig. 2. For example, take a 20-ft. wheel at 
88 ft. rim velocity per second, with 10 arms. When con- 
structed according to Fig. 1, ¢ must be 24 in.; according 
to Fig. 2, 141 in. 

Attention should be given to the proportions of large 
receiving and tightening pulleys. The thickness of rim 
for a 48-in. wheel (shown in Table), with a rim velocity of 
88 ft. per second, is }j in. This should be carefully noted. 
Many wrecks have been caused by the failure of receiving 
or tightening pulleys whose rims have been too thin. 

A word of caution should be given to engine builders 
and engineers. Wheels may be specified to be made too 
light in weight ; for with a given diameter and weight 


Fig.é. 


there is a minimum safe weight dependent upon the 
principles already set forth. Flywheels calculated for 
a given coefficient of steadiness are frequently lighter 
than the mininium safe weight. This is true especially 
of large wheels. 

A rough guide to the minimum weight of wheels can 
be deduced from our formule. The arms, hub, lugs, 
&c., usually form one-quarter to one-third the entire 
weight of the wheel. If} represent the face of a wheel 
in inches, the weight of the rim (considered as a simple 
annular ring) will be 

w= .82d tb lb. (14) 


If the limit of speed is 88 ft, per second, then for solid 
wheels 


Vf 
Gen eee 11 
¥ a) 
For sectional wheels (joint between arms) 
1.05 ad 
Ai - . e 13 
N? ae) 


Substituting in (14) we have: weight of rim for solid 
wheels, 


in pounds . (15) 


Weight of rim in sectional wheels with joints between 


arms: 


86 db in pounds 


(16) 


TS) 


Total weight of wheel : for solid wheel, 
w= :76d*b 4, 860% 
N2 N2 
For segmental wheels with joint between arms : 
1.05d2b, 1.3d2b 
We to 
Ne Ne 

This investigation has not the advantage of extreme 
accuracy, but it tends to show a relation which ought to 
be observed. The constants used may be modified by 
further experience. 

The value of I° = 6000lb., is taken at one-sixth of 
Rankine’s ultimate breaking strength of cast iron when 
under transverse strain. The factor of safety is, there- 
fore, 6. It should be remembered that in wheels this 
factor can be rapidly diminished ; thus the strain varies 
nearly as the rim velocity squared, and if the velocity is 
doubled, the strain is quadrupled, and the factor of safety 
is reduced from 6 to less than 2. 


in pounds 


(17) 


in pounds. (18) 


Tuer Russtan Navy.—Russia has added to her navy a 
remarkable ironclad, the Rurik. She is the longest 
ironclad in the navies of Europe. She measures 435 ft. 
from stem to stern, with 67 ft. breadth of beam, 25ft. 
9 in. draught, and 10,933 tons displacement. The longest 
warship next to the Rurik is the Sardenga, of the Italian 
navy, which is 410 ft. in length. The Rurik’s estimated 
speed is 18 knots per hour, and it is claimed for her that 
she can steam 19,000 miles without re-coaling. 
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HEAT AND CHEMICAL ENERGY. 
By A. NAUMANN. 


On the Transformation of Heat into Permanent Chemical 
Energy inthe Production of Water Producer Gas and 
Carbonic Acid Producer Gas.* 


TurREE methods are chiefly available for the transforma- 
tion of coal into heating gas: the production of illumi- 
nating gas by destructive distillation of coal, that of water 
gas by the action of steam or the elements of water on 
heated fuel, and that of producer gas cr carbonic oxide 
from coal supplied with air. 

In the production of illuminating gas only a small 
fraction of the heat energy of the coal is transformed into 
gaseous fuel. The relatively high price of this gas pre- 
vents its application on a large scale as a heating gas; on 
a small seale it is employed for heating purposes and 
motive power in the absence of a cheaper gaseous fuel, and 
because it can be obtained in all large towns. 

The formation of water gas is endothermic; heat is 
absorbed according to the thermochemical equation : 


H, O (liquid) +C=H, +CO. 


The somewhat complicated apparatus required for the 
production of water gas only allows of its preparation with 
advantage on a large scale, but in that case the advantage 
is so considerable that in the towns of North America 
water gas has been substituted, to a great extent, and 
sometimes altogether, for illuminating gas for lighting 
purposes, its lighting power being obtained by so-called 
carburetting.t 

The production of producer gas is comparatively simple 
and easily carried out. The formation of producer gas is 
exothermic ; it liberates heat. 


. —388,770 calories. 


C+ 0 +53.6 parts by weight of nitrogen _ 
air 


The amount of heat here indicated causes the theoretical 
temperature of producer gas at the moment of its forma- 
tion to be 1446 deg. Cent., assuming that the specific 
heats of its constituents are the same at high as at ordi- 
nary temperatures. The heat of formation (29,690 calories) 
thus indicated is utilised if the gas be consumed on the 
spot as fast as it is produced, but is lost if the gas is con- 
veyed to any distance, or stored and allowed to cool to 
the ordinary temperature of the air, 15 deg. Cent., the 
amount of heat then available being only that evolved by 
the combustion of the carbonic oxide in the gas—that is, 
67,960 calories. Out of a total of 97,650 calories avail- 
able, only 67,960 calories would be utilised in the latter 
case, corresponding to a waste of 30.4 per cent. of the 

- theoretical quantity of heat available. 

Two methods are within our reach for converting into 
permanent chemical energy the quantity of heat appear- 
ing in the form of high temperature in the producer and 
incorporating it in the gas. 

Hither so much water may be introduced into the pro- 
ducer with the air as to absorb from the heat generated 
(+29,690 calories) by being decomposed in contact with the 
fuel, thereby producing hydrogen and carbonicoxide, which 
mix with the ordinary producer gas generated at the same 
time, enriching it and forming a heating gas, which may 
be called water producer gas; or carbonic acid may be 
similarly introduced into the gas producer to form car- 
bonie oxide, which mixes with the ordinary producer 
gas, generated at the same time, forming a heating gas 
which may be called carbonic acid producer gas. 

In the following Tables for each of these two heating 
gases the composition, heat of combustion, rise of tempe- 
rature of the flame, and heat given up by the products of 
combustion for a reduction of 1 deg. in temperature are 
compared with the corresponding amounts for producer 
gas. I may here mention that the method of procedure 
for determining these values is tedious and troublesome, 
and I therefore limit myself to tabulating the results. 

The composition of water producer gas from fluid water 
at 15 deg., and gaseous water at 15 deg. is calculated from 
the following thermochemical equations II. and ITI., and 
that of carbonic acid producer gas from equations I, and 
EVs 

is C4 0453.6 parts by weight of nitrogen _ 
air 
C0 +53.6 parts by weight of nitrogen | 99 ¢ 


producer gas 


90 calories. 


Tl.  -H, 0 (liquid) + 0= 22" © 228, 70 
water gas 
III, H,O (gaseous at 15 deg.) + g= Hat CO _ 7 979 
water gas 
Ve C 0,4+ C=2 C O-38,270 


In the following Tables are given separately, firstly, 
the volumes of the gases formed and mixed in the pro- 
ducer and of the water gas which together form water 
producer gas; and, secondly, the volumes of the chemical 
constituents of those gases; for carbonic acid producer 
gas the volumes of the producer gas and the carbonic 


* “ Berichte der Deutschen Chemischen Gesellschaft,” 
No. 25, 1892. 

+ Hence my opinion as regards water gas expressed 
more than ten years: ago in the last sentence of my 
paper, ‘‘ The Question of Heating with special reference to 
the Production of Water Gas and Heating by Water Gas” 
(Giessen, J. Ricker’s Library, 1881, page 96), has been 
proved to be correct: ‘‘and where the theory indicates 
such favourable prospects its practical application should 
follow,” ‘ 
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oxide formed by the reduction of the carbonic acid intro- 
duced into the producer are first given, and afterwards 
the volumes of the chemical constituents of those gases. 


I. Composition of producer gas from pure carbon : 


Carbonic oxide ... 34.3 per cent. by volume 
Nitrogen ... a2 OOM 5 S 


100.0 
II.—Composition of water producer gas: 
Fron liquid H2O From gaseous H? O 


at 15 deg. at 15 deg. 
Percentage by Volume. 
1 { Producer gas —- 65.55 57.9 
* \ Water gas 84.45 42.1 
100.00 100.00 
Equivalent to: 
Hydrogen WEY 21.1 
2. < Carbonic oxide 397 40.9 
Nitrogen 43.1 38.0 
100.0 100.0 
III.—Composition of carbonic acid producer gas : 
Percentage 
by Volume. 
Producer gas ... Sea er. 65.3 
1, < Carbonic oxide made from carbonic 
acid and carbon 34.7 
100.0 
Equivalent to: 
2 { Carbonic oxide 57.1 
* \ Nitrogen 42.9 
100.0 


A glance at the above volume percentage composition 
of the three heating gases shows at once the superiority 
of water producer gas and of carbonic acid producer gas 
over ordinary producer gas. This superiority is shown 
still more clearly by a comparison of the following values : 
1. The heat of combustion of a litre of each gas calculated 
from the above composition and the known heat of com- 
bustion of their constituents. 2. The rise of temperature 
of the flame calculated from the temperature of combus- 
tion and specific heat and quantity of gases existing after 
combustion. 3. The heat given off by the products of 
ae bustion of a litre of gas by reducing the temperature 
1 deg. 

For comparison these values are also calculated and 
given for water gas, it being assumed that combustion in 
all cases is effected with only the quantity of air theoreti- 
cally necessary. 


| 
Heat of Heat Units 
Combustion | given up by 
“gt ict ate 
Heating Gas. Water Pro- empera- | tion from 
duced being} ‘ure of 1 Litre of 
Assumed to| Plame. the Gas in 
be Gaseous | Cooling 
at 15 Deg. C.| 1 Deg. 
| 
calories degrees calories 
1. Producer gas _ .. “9 1044 1904 0.5487 
2. Carbonic acid produce | 
gas ee ai De 1739 2449 0.7101 
3. Water producer gas from 
liquid water at 15 deg. 1652 | 2356 0.7016 
4. Water producer gasfrom | 
gaseous water atl5deg. 1790 | 2431 0 7363 
5. Water gas : 2812 | 2830 0.9934 


The above changes of sensible heat into permanent 
chemical energy, which have been theoretically and 
experimentally determined, have also been applied in 
practice. 

The so-called Dowson gas* is technically water pro- 
ducer gas, where for its production air and steam are 
introduced together into the hot fuel. The values for the 
steam only vary slightly from those given above for water 
at 15 deg., as the difference between the heat of evapora- 
tion of water at 15 deg. and at higher temperatures is but 
slight. Such water producer gas had, according to 
Dowson’st own data, the following composition, LI. ; 
another, according to a paper of Schilling, has the com- 
position IT, 


* “Journal fiir Gasbeleuchtung,” 1881, page 674, Ger- 
man patent No. 27,165 ; see Wagner Fischer ‘* Jahresber. 
Chem. Tech.,” 1887, pages 189 to 193. In 1885 Duwson 
gas had already been frequently used in England for 
heating, melting, and motive power. But water gas can 
also be used, at least in those cases in which it can be 
burnt on leaving the producer. See T. A. Jahn’s sepa- 
rate print, ‘‘Two Furnaces Worked by Illuminating Gas, 
&e.,” Prag, October, 1881, published by the author. Later 
still, J. Quaglio referred in his paper, ‘‘ Water Gas as the 
Fuel of the Future,” Wiesbaden, 1880, page 23, to the 
use of water producer gas, but has more recently shown 
it to be impracticable on account of the amount of nitro- 
gen. In the Frankfort Electro-Technical Exhibition, 
1890, a water gas producer was set up to drive a gas motor 
of 60 horse-power in the machine hall, which was 
coupled with a dynamo used for charging the secondary 
battery in the theatre. % 
ia Wagner Fischer ‘‘ Annual Chem. Tech., 1887,” page 

7 


+ R. Biedermann, ‘‘Chem. Tech. Annual,” 1889-90, 
pages 12 and 205, 


[JAN. 13, 1893. 


: if Ls 
Constituents. In Volumes per Cent, 
Hydrogen... : 18.73 17 
Carbonic oxide ... 25.07 23 
Methane ... 0.31 2 
Ethylene ... 0.31 ae 
Carbonic acid 0.57 6 
Nitrogen ... 48.98 52 
Oxygen 0.03 = 

100.00 100.0 


The discrepancies in the composition of theoretical 
water gas and of that used in practice are explained b 
the consideration that the latter contains carbonic acid, 


which if completely reduced would give double its volume ~ 


of carbonic oxide, and that pure carbon is assumed to be 
used in the formation of theoretical water producer gas 
in the above calculations. 

In Dowson’s arrangement the excess heat of production 
of the producer gas is actually transformed into the 
chemical energy of water gas, produced by the simul- 
taneous introduction of air and steam into the producer, 
and their decomposition by the coal, which, being added 
to the producer gas, forms water producer gas. 

In the new-form Siemens furnace* the same modus 
operandi is partially carried out; steam is also blown 
into the producer, and besides this a portion of the pro- 
ducts of combustion is led into the producer at a high 
temperature. As these products of combustion contain 
steam as well as carbonic acid, both water gas and also 
carbonic acid producer gas are formed. Thesensible heat 
is here converted into chemical energy by the conversion 
of steam into water gas (H,0 + C = H» + CO), and the 
CO, into CO (CO, + C =2 CO), the result being an in- 
crease of the hydrogen and carbonic oxide in the gas 
made. To produce water gas from steam and hot carbon 
without any extraneous heat, the steam would have to be 
introduced at the temperature of 3230 deg. To produce 
carbonic oxide from carbonic acid and heated carbon 
without any extraneous heat, the carbenic acid would 
have to be introduced at a temperature of 4008 deg. How- 
ever, the nitrogen contained in the hot products of com- 
bustion carries with it a considerable amount of heat, 
which is available for the above-named processes of con- 
version. But the introduction of relatively large 
volumes of nitrogen contained in the products of 
combustion into the gus producer, and thus going 
into the heating gas produced, prevents the total 
utilisation of the products of combustion in this 
manner. Thereforein the new-form Siemens furnace not 
more than half the products of combustion are returned 
to the gas producer. The theoretical limit of this 
amount depends upon the temperature of the returned 
foueee of combustion, also on their composition, as per 

‘able below, assuming that only the theoretical amount 
of air required for perfect combustion is used and taken 
with reference to the calorific and other values given 
above for one litre of producer gas, water producer gas, 
carbonic acid producer gas, and, for comparison, also 
water gas. 

Weights of products of combustion in grammes in one 
litre of theoretical heating gas: 


Products of Combustion 
in Grammes. 
Heating Gas. 


H20. 


COb. a] N. 
1. Producergas .. *. .-| 0.6762 1.6474 | 
2. Water producer gas from | 
gaseous water at 15 deg. 0.8(6 1.965 0.171 
3. Carbonic acid producer gas ..| 1.125 | 1909 
4. Water gas = 56 --| 1.064 3.207 0.504 


According to scientific observation these are the highest 
results which can be attained theoretically for convert- 
ing sensible heat into chemical energy for water producer 
gas and carbonic acid producer gas. A comparison of 
these with the results already obtained in practice would 
be a guide as to how far the heat in various fuels can be 
utilised to the best advantage, and so avoid errors in 
treating fuel. 


WatTER Suppty or New Yorx.—The Cornell Dam, to be 
built on the Croton, to increase the water supply of New 
York, will cost about 800,0007. The work, which is now 
well started, will occupy seven years. 


Tux ‘“‘ Marini ENGINEER’S ANNUAL.” — Wehavereceived 
a copy of the ‘‘ Marine Engineer’s Annual and Almanac” for 
the present year, which, in addition to the usual informa- 
tion, contains a few articles on special subjects of interest. 
The first is a description of ‘‘ The British Battle-ship 
Ramillies.” The launch of the Resolution is described 
from the newspaper correspondent’s point of view, and the 
same thing may be said of ‘‘ The New Cunarder,” although 
the account is sub-headed ‘‘ Official Description of the 
Ship.” There are further accounts of launches and trial 
trips, and an abstract of the address of the President of 
the North-East Coast Institution of Engineers and Ship- 
builders follows, after which a paper by Mr. Little on 
‘Petroleum Steamers” is printed. There is also a brief 
description of Doxford’s new design of ship, known as 
the turret principle. There are obituary notices and a 
reprint of a paper—‘‘ Part II.”—on ‘‘ Stability and the 
Motion of Vessels among Waves.” We cannot unre- 
servedly congratulate the compiler on the discrimination 
with which he has used the editorial scissors, or on candour 
in acknowledging his sources of more than inspiration. 


* English patent No. 4644 of 1889, 


Jan. 13, 1893.] 
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Oomritzep By W. LLOYD WISH. 

S3LECTED ABSTRACTS OF BECENT PUBLISHED SPEQIVI0ATIONS 

UNDER THE ACTS 1888—1888. 

The number of views given in the Specification Drawings {8 stated 
im each case; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
ecification is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
iG advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant qf a 
Patent on any of the grounds mentioned in the Act, 


STEAM ENGINES AND BOILERS, &c. 


22,345. W.Hornsby and R, Edwards, Grantham. 
Governors for Engines, &c. [6 Figs.] December 22, 1891. 
—This invention relates to centrifugal governors for controlling 
the speed of engines, &c. The cross frame ec is secured to the 
spindle a by a key d, and at its outer ends the bell-crank levers ¢ 
are pivoted, each of the latter being provided with a ball f on one 
armanda roller on the other. The spring A surrounding the 
spindle a isinclosed by asleeve i having at its upper enda cap 


against which the spring bears at one end, and having its lower part 
extended downwards into proximity to the bearing ), slots being 
formed in the sleeve to allow it to pass over thearms of the cross- 
frame. A flangeis formed upon the sleeve, and has the rollers of the 
bell-crank levers resting on it. Located in the groove of a ring ™, 
secured to the lower ends of the downwardly extending parts k of 
the sleeve, is another ring having connected to ita levero, through 
which the movements of the sleeve are transmitted to the throttle 
valve. (Accepted December 7, 1892). 


2369. J. G. Moore, Monkwearmouth, Sunderland, 
Distributing the Motive Force and Reversing 
Fiuid Pressure Engines. [5 Figs.) February 8, 1892.— 
The fulcrum of the lever Bis at the point E, and the distance 
from the centre of the latter to that of the rod F!is such as to 
give the required travel to the valve V'; the fulcrum of the lever 
O being at,the point D and giving the necessary travel to the valve 
VY. When right-hand piston is at half stroke the valve V admits 


the working force into the piston P. By moving the handle H from 
1 to 3 the fulcrums of the levers B and OC, carried on the bracket 
A, are moved to the centres D' and KE‘, thus the travel of the valves 
V, V'is reversed, and the engine runs in an opposite direction 
to its first one. By moving the handleH to position 2, the ful- 
crums of the levers B and O coincide with the centres of the 
valve-rods F and F', and the valves V, V!' remain stationary. 
(Accepted December 7, 1892). 


15,542. Theodor Langer, Vienna, Austria. Con- 
suming Smoke in Furnaces, (8 Figs.) August 30, 1892. 
—This invention has reference to smoke-consuming apparatus, 
in which a number of jets of high-pressure steam are mingled 
with induced currents of air, the mixture being projected over 
the incandescent fuel. The cataract box 1 is fitted with a flexible 
diaphragm and plate, and is filled with mercury, a regulating 
valve for governing the motion of the diaphragin in its descent 
being provided. The piston-rod is fitted with a crosshead 3, which 
is prevented from sagging by a guide-rod and bracket guide. 
The bracket 3 carries a vertical rod 50, the upper end of which is 
pivoted to the bell-crank lever 8', Another crank 7, fast on the 
sleeve 7!, is connected with 81 by a rod 8, the sleeve 71 turning in 
and being suppcrted by the barrel hinge of the firedoor. The 
fulcrum of the bell-crank lever can be lowered to position of 
dotted lines (Fig. 1) for altering the extent of operation, the 
fulcrum being carried at the end of a lever 52 pivoted at 13, 
the position of which is regulated by a link 53 and screw 16. A 
connecting-rod 17 links the disc 5 with a crank 5' on the sleeve 
71. When the firedoor is opened the crosshead 3 is raised by the 
rotation of the sleeve 7' and its connections, the steam pipe 10 
receiving steam through a valve 44. On the door being again 
closed, the crosshead 3 begins to descend slowly, whereby the 
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disc 5 remains open, but gradually closing, admitting a regulated 
quantity of air, which mixes with the steam from the jets, and 
causes the complete consumption of smoke. A chain 2U is fitted 


to a crank 48, the end of this chain being fixed to a bolt 55, 
whereby the apparatus can be started by hand. (Accepted De- 
cember 7, 1892). 


15,657. A. Collmann, Vienna. Multiple Cylinder 
Engines. [4 Figs.) August 31, 1892.—This invention relates to 
steam engines having two or more cylinders, its object being to 
provide for balancing the reciprocating parts, so that a quiet 
motion is obtained with high running speeds. The cylinder N is 
placed behind H and to one side, so that the piston-rod of the 
former passes the side of the latter. The piston-rods of both 
cylinders are connected to opposite cranks K', K11, so that when 
the pistons, rods, crossheads, and connecting-rods of both cylin- 
ders are equal in weight, the masses, reciprocating in opposite 
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directions, balance each other completely in the direction of the 
axes of the cylinders and nearly in the transverse direction. The 
strains resulting from inertia and momentum of the two pistons 
and their connected moving parts are not transmitted to the 
foundation, but are taken up by and balance each other in the 
straight middle arm m of the double crank, The bedplate does 
not transmit much more than the difference of the work of the 
two cylinders, and the crankshaft bearings are charged with 
only this difference as alternating strains. (Accepted December 
7, 1892). 


GAS, &c., ENGINES. 


2728. C.D. Abel, London. (Die Gas Motoren Fabrik 
Deutz, Koln- Deutz, Germany.) Gas, &c., Engines, [10 Figs.) 
February 11, 1892.—This invention relates to means for regulating 
the speed of four-stroke cycle gas and oil motor engines, and con- 
sists in drawing back into the cylinder the hot combustion gases 
of the previous explosion by the suction outstroke of the piston, 
when explosive charges are omitted or reduced in volume in con- 
sequence of the engine running too fast, instead of drawing in 
cold air. On the way shaft S, which revolves at half the 
speed of the engine shaft, is fixed a sleeve carrying a cam wu, 
which acts upon the roller A of a double-ended lever G, the 
other end of which abuts upon the discharge valve C during the 
expelling stroke. This lever carries, in addition to the roller A, 
a second roller R, whioh is acted upon during a portion of the 
suction stroke by a cam v upon a sleeve H that can slide longi- 
tudinally upon, but revolves with, the way shaft, this sleeve also 


carrying another cam w, that actuates both the admission valve 
of the cylinder and the gas or oil inlet valve M. The cam v is 
formed with a straight face on its leading side, and with a sloping 
face on its following side, and its position on the sleeve is such 
that it begins to act on the roller R of lever G with its straight 
side at the moment when the roller A of this lever begins to leave 
the cam wu. The discharge valve Cis thus kept open as long as 
the roller R is acted upon by the cam v. As this cam begins to 
act upon the roller at the moment when the working piston com- 
mences its suction stroke, according as the cam acts witha 
longer or shorter dwell] upon the roller R due to the sloping form 
of its following side, the lever G is made to keep the dis- 
charge valve open for a longer or shorter time from the com- 
mencement of the suction stroke. The cam.w, on the other hand, 
has its leading side formed with an incline, while the following 
side is formed straight, and it is placed upon the sleeve H so that 
at the moment when the cam v ceases to act upon the ro.ler KR, 
so as to allow the discharge valve to close, the cam w begins to 
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act upon the roller E that operates both upon the inlet valve D of 
the engine cylinder and the inlet valve M for the gas supply, pass- 
ing in through the pipe O. (Accepted December 7, 1892.) 


ELECTRICAL APPARATUS. 


19,602. A. B. Blackburn, Manchester. Electric 
Switches. [4 Figs.] November 1, 1892.—This invention re- 
lates to electric switches in which purchase is obtained, for the 
fingers to operate it, by means of two handles brought closer to- 
gether on being pressed, and on being released separated by 
means of a spring acting between them, or by the force of gravity, 
L is rigidly attached to the case and L! is movable relatively 
thereto, and works in a slot formed in the case. A and 
Al (Fig. 2) are terminals to which the leading-in wires are 
attached, P and P' are spring pistons which convey current 
to the lamp. Bis a. body of material such as porcelain, the 
upper portion of which is reduced in diameter and forms a 
pillar, on to which loosely fits a crown wheel W. A! and 
P' are connected by a metallic stem, passing through the 
body, and P is similarly connected to a metallic block N. Eight 
teeth are cut on the upper rim of the crown wheel W, and to its 
lower side are attached four contact pieces, one of which rests on 
the block N. A helical ribbon spring S is held at one extremity 
under the terminal A, and the other extremityrests on a shoulder 
formed on the inner face of the crown wheel ; the piece is thus 
pressed against the block N, and the current is at the same time 
conveyed by the spring from the terminal A to the piece, and 
thence to the block N. To avoid metallic connection between the 
parts carrying the current and the crown wheel, the contact pieces 
and the shoulder on which the spring rests can be made in a sepa- 


rate piece of metal to thecrown wheel, with an insulated connec- 
tion between them. The movable handle L! is attached to a ring 
R, free to move in the case, thus forming a lever whose fulcrum 
is situated at the axis thereof. The ringhas attached to it a tooth. 
A helical spring is coiled round a wire bent and held at one ex- 
tremity in a lug on the upper side of the ring R; the other ex- 
tremity of this wire works in a guide I, against which also a 
spring abuts. When the handle L! is moved (Fig. 2) towards 
the fixed handle L, the spring is compressed and the tooth 
engages in one of the teeth of the crown wheel, carrying it round 
through the space of one of its teeth, and as there are only half 
as many contact pieces as there are ratchet teeth, the block N 
will now be in a position intermediate between two of the pieces 
Tand the circuit broken. On releasing L' the spring returnsit to 
its first position, the wheel and contacts remaining at rest. The 
next time Ll is moved towards L one of the pieces is brought 
up to the block N and contact is again made. The ring R fits 
loosely in the case and is free to tilt, so as to enable the tooth 
to ride over the points of the ratchet teeth during the return 
strokes. The upward set given to the spring and to the wire 
on which it is coiled, causes the ring to be depressed again as 
soon as the points of the teeth are clear of one another, so that 
engagement is made for the next forward stroke. (Accepted 
December 7, 1892). 


GUNS, &c. 


21,282. W. Griffiths, Bexley Heath, Kent, and H. F. 
Woodgate, Woolwich. Magazine Firearms. [12 
Figs.) December 5, 1891.— This invention relates to military 
rifles having magazines and to magazine guns, and it comprises 
means for utilising the force of the recoil for performing various 
operations in working the firearm, such as opening the breech, 
extracting and ejecting the empty cartridge-cases, cocking the 
hammer, and closing and locking the breech. A shoe is employed 
in which the barrel and the breech-piece are free to slide, the rear 
end of the shoe being closed by a cap. In the breech-piece 
works a bolt, which carries an extractor and is acted upon by a 
spring, one end thereof pressing against the cap on the shoe, the 
spring serving to close the breech. The bolt carries a locking nut, 
which fits in the shoe and has a stem provided with aknob at the 
end, the stem working in a slot running along the rear portion 
of the shoe and being adapted to enter camways at each erd of 
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the slot. The locking nut rotates freely on the bolt, and is 
actuated for locking by a helical spring carried in the nut and fixed 
at one end to the bolt. The locking nut is provided with projec- 
tions adapted to enter slots in the rear end of the breech-piece, so 
that the partial rotation of the nut enables it to be lock d against 
the breech-piece. The motion for unlocking the breech and ex- 
tracting the cartridge case is imparted by the recoil of the barrel, 
which drives the stem of the locking nut up the camway in the 
shoe until it reaches the slot in the top of the shoe, when the bolt, 
being free from the barrel, runs back, extracting the empty case 
and ejecting it through a hole in the side of the breech-piece. As 
the bolt is released from the breech-piece the barrel is stopped 
and returned by a spring to its former position, a new cartridge 
being pushed into position from a magazine and fed into the 
chamber by the return of the bolt. (Accepted December 7, 1892). 


MACHINE TOOLS, SHAFTING, &c. 


19,185. W. Mather and T. Thorp, Manchester. 
Friction Clutch Pulley. (2 figs.) October 25, 1892,— 
This invention relates to friction clutch pulleys. On the shaft S 
is fixed a boss E on which the pulley is fitted, so that when it is 
not clutched it can revolve as a loose pulley. This pulley is made 
in two halves, through the spokes of which a fulcrum bolt passes, 
the two faces of the spokes only fitting at this place, and being 


62 


ENGINEERING. 


slightly rounded to allow a little rocking on them. Two other 
bolts B pass through the spokes, not clamping them tightly, but 
allowing a little freedom of movement. On the shaft S isa sliding 
grooved sleeve H which can be moved along by a forked lever, and 
is connected by a link to an arm D on a spindle C having a right- 
hand screw-thread at one end and a left-hand one at the other, 
these screwed ends passing through nuts having toothed peri- 


a stub-shaft I2. The lever K, which locks the coupling-pin in a raised 
position when desired, is sleeved at a point near one of its ends 
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The two cords each have one end attached to the levers K by the 
triangular link N; the one O on the slip coach is passed round a 
grooved wheel P to the slip hook, and so arranged that one end is 
released when the train is slipped and passes clear of the lever 
K, the grooved wheel P being attached to the other cord O! on 
the adjacent coach. When a slip is made the flexible tube is 
extended and the universal coupling divided, admitting atmo- 
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upon the stub-shaft, and the curved short end of the lever is 
adapted, when turned inward, to enter an aperture in the cast- 


ing J. (Accepted December 7, 1892). 
13,897. J. W. Maycock, London. Train Signalling 
Apparatus. [6 Figs.] July 30, 1892.—This invention relates 


to railway signalling apparatus whereby direct communication 
may be established between a signalman and engine-driver, for 
the purpose of enabling a train to be restarted, or information 
as to the state of the line to be conveyed by communication from 
the signal cabin after a stopping signal has been given and 
obeyed at a distance therefrom. A semaphore A and an electric 
bell B are both mounted on the engine or tender, the signal 
being set to danger and the bell being sounded by the gravity of 
mechanical connections being permitted to come into operation 


pheries engaged by catches, so that by disengaging the latter the 
nuts can be turned to give the required adjustment. To make 
the pulley fast, the sleeve H is moved, causing the screwed spindle 
C to turn in its nuts K so as to draw the spokes of the halves 
forcibly together, thereby causing the central part of the pulley 
to become firmly clamped on the boss E, thus clutching it to the 


shaft S. (Accepted December 7, 1892). through the agency of double inclined treadles arranged one “ es ° ; < 
Saas : alongside each rail. The treadles are duplicated to provide for | Phere to an side ot ae foe eter) Miho insane 
14,471. J. S. Adams, New Orleans, Louisiana, | the engine running either end foremost, and are double inclined actuates th SEE rth et) eres ren CAN La vin ASD 
U.S.A. Clutch. [6 Figs.] August 10, 1892.—The object of| to provide for running in either direction along the line, each retaining the vacuum in the pipe, the byepass pipe maintaining 


this invention is to provide a clutch which is arranged so as to | being composed of two aligned bars cl,c2 pivoted at their extreme | 2 Vacuum in the chamber at the other side of the diaphragm. 


permit of gradually applying the friction lock, and when the speed 
of the driving and driven parts is nearly equal, the friction lock is 
broken and the positive lock is actuated to connect the two parts, 
so as to make a direct coupling. On the driving shaft is mounted 
to turn loosely the pulley B to be driven, the pulley being provided 
with a friction rim, formed at the inside, and either at its inner 
or outer edge with teeth. On the driving shaft is keyed a hub 
provided with series of radial arms, each having an aperture, 
through which extends a lever, pivoted in the arm and connected 
at its outer end by a link with an arm of the sleeve G, mounted to 
slide loosely on the shaft and connected with the shifting rod for 
moving the sleeve to connect or disconnect the driving and driven 
parts. The inner end of the lever carries a link, engaged by one 
end of a screw-rod, having a right and left-hand thread, of which 
one engages the link and the other engagesa short shaft, mounted 
to turn in bearings formed in the lugs, projecting from the rear end 
of a block K, fitted to slide radially in bearings formed in the re- 
spectivearm. On the outer end of the sliding-block K is formed a 
head, supporting a brake shoe L, adapted to engage that part of 
the inner surface of the rim having no clutch teeth. The front 
end of the lever isalso pivotally connected by a link with a second 
block O, mounted to slide radially in bearings, formed on the re- 
spective arm, on the front face thereof, directly opposite the other 


14,471. 


sliding-block K. Theouter end of the sliding block O is provided 
with a rib adapted ,to move close to the inner surface of the rim 
between the two succeeding teeth, so as to engage one of them, 
according to the direction in which the shaft is revolved. When 
the sleeve G abuts against the hub, the two sliding blocks K and 
O are in such a position that the shoes L of the sliding blocks K 
are disengaged from the rim, and the lugs of the blocks O are out 
of engagement and below theinner surface of the teeth. When it 
is desired to connect the driving part with the driven part, the 
shifting lever is moved so as to cause the sleeve G to slide into a 
position whereby the link is drawn into a vertical position and the 
rear end of the lever is caused to move outward, thus moving the 
sliding block K ina similar direction to engage the brake-shoe L 
with the inner surface of the rim, thus connecting the pulley B 
with the shaft. The other sliding block O is moved inward and 
is entirely out of engagement with the teeth. As soon as the 
pulley B attains about the same speed as the driving shaft, the 
sleeve G is shifted stillfarther tothe right. By this farther move- 
ment the link pulls on the levers, so that the front ends of the 
levers swing outward and the rear ends inward, thus simulta- 
neously shifting the blocks K and O in opposite directions, whereby 
the shoe L of the block K is moved out of frictional contact with 
the rim, and the other block O is moved outward to pass with its 
lugs between two succeeding teeth on the rim, Means are pro- 
vided for disengaging the driving from the driven parts. (Accepted 
December 7, 1892). 


RAILWAY APPLIANCES. 


19,346. R. S. Robertson, Castle Gate, Emery, 
Utah, U.S.A. CarCouplers. [3 Figs.] October 27, 1892.— 
This invention relates to car couplers, and has for its object to pro- 
vide means whereby the coupling-pin may be held in a raised 
position when notin use. Within a vertical recess, immediately 
to the rear of the opening C, is a casting F, the width of which 
corresponds with that of the link-opening B. This casting F sup- 
ports the coupling-pin when raised above the link entrance, and 
when the link is in place holds itin a horizontal position. This 
casting is pivoted in the drawhead by a transverse pivot F! passed 
through the side walls of the drawhead and through a vertically 
elongated opening, and is thus allowed a limited vertical move- 
ment. The coupling-pin is pivotally attached at its upper end 
to one end of the link G, and at a point near its upper end is pro- 
vided with transverse extensions G1, which prevent the pin from 
passing too farin entering the drawhead. The link G is pivoted 
to the outer end of the arm H, which is secured at its other end 
toashaftI. This shaft is journalled within bearings in the cast- 
ings J, which rise from the rear part of the drawhead. At one end 
of the shaft I is secured a casting, from one side of which projects 


ends and coupled at their adjacent ends by alink ¢ to a lever arm 


c’ on a cross-shaft common to both sets of treadles and worked 


by the lever and rod connections c?, é4 from the signal cabin 


whereby the treadles are raised and lowered. The roller a? at 
the lower end of the vertically-sliding rod a? runs upon one of 


the treadles when so raised, and thus raises the rod a2. The 


weight of this rod being thus taken off the lever, the signal 
is set by the weight of arod. The length of the slot by which rod 
a is coupled to the pin of the lever is sufficient to prevent the 
action of the signal mechanism being affected by the varying 
height of the engine due to the play of the engine carrying 
springs. 
spring contacts to close the circuit of a local battery. 


The bell B is sounded by a stud on lever a2 acting on 
The rod 
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a? is slotted at 7, and is engaged when in the raised position by 
a spring-actuated locking bolt N, whereby the rod is kept raised 
and the signal A kept set and the bell B kept ringing until elec- 
trical communication is established between the signal cabin and 
the engine. D are duplicate pairs of electrical contacts re- 
spectively mounted upon bars e mounted to slide transversely 
on the engine, in guides carried by a bracket E, the two slide 
bars e being moved simultaneously in opposite directions by a 
vertical shaft F and lever arms G coupled to the bars e by pin and 
slot connections el, and the shaft F being worked by a handing 
lever H through rod # and lever arm f, This lever arm engages 
by a pin with a slot in the end of the spring bolt N, so that when 
electrical communication is established the bolt N is retracted 
and disengaged from rod a2, which falls, and by its weight 
overcomes the rod, lowers the signal, and breaks the circuit of 
bell B. A slot allows the bolt N to remain in the retracted 
position in readiness to be projected by its spring so as to engage 
in the slot of rod a2 immediately the latter is raised. The con- 
tacts of each of the two pairs are connected by wires with the 
terminals of an electric beil mounted on the engine. In each 
pair the two contacts d',d? are at different heights, so as to be 
adapted, when moved outwards, to abut against and make elec- 
trical connection with two contact strips mounted one above the 
other on the side face of an insulating supporting bar K fixed 
within the track. These contact, strips are repeated at intervals 
for the distance beyond the treadle within which a train travelling 
at speed can be stopped, the length of each pair of contact strips 
being such that the engine may be stopped in position to enable 
contact to be made therewith. (Accepted December 7, 1892). 


22,543. H. F. Golding, London. Vacuum Brake for 
Railway Vehicles. [20 Figs.] December 24, 1891.—This 
invention relates to vacuum brake appayatus for railway vehicles. 
An air-tight casing A has two orifices one of which is in con- 
nection with the train pipe C, and the other with the flexible 
tube D, having universal coupling. Within this chamber A, 
dividing it into two separate parts, is a flexible diaphragm 
E capable of reciprocating motion limited by stops, and carry- 
ing on one side an arm controlling the position of a valve G 
mounted and adapted to hold open or closed the train pipe orifice 
B. Through the diaphragm E is a valved aperture H com- 
municating between the two chambers when required, and the 
upper chamber is in communication with the train pipe below its 
valve by a byepass pipe. The diaphragm E is made capable of 
external operation by means of a lever I engaging the valve arm, 
and connected through an air-tight stuffing-box J to a lever 
K outside the chamber A; to this arm K a spring is applied to 
hold it in one position or the other. The lever K outside the 
chamber A has a slot cut in it L,andashoulder on one side M. 
A triangular link N is put in the slot L, being just long enough 
to clear the shoulder M, the cords O, 0! having to be put at right 
angles to the link N to get the latter on to the lever K; when on, 
the cords O, O1 fall into position and prevent it from coming off 
the lever K until the cords are again put at right angles thereto. 


In case of accidental division of the train the same action takes 
place, but the flexible cords connecting the external levers K to 
the next vehicle and slip hook being pulled tight before rupture, 
mechanically actuates the diaphragm so as to open the train 
pipe valve which is so held by its applied spring, and the brakes 
are instantly applied to both portions of the train. (Accepted 
December 7, 1892.) 


MISCELLANEOUS, 


18,703. H. J. Allison, London. (Ff. W. Beardsley, 
Bayonne, Hudson, New Jersey, U.S.A.) Gasmaking Ma- 
chine. [5 Figs.) October 19, 1892.—The object of this inven- 
tion is to provide means for recharging the machine, drawing 
off the solution, preventing the escape of the hydrocarbon liquid 
from over-pressure, and freeing the service pipe from condensed 
liquid without permitting the escape of gas. The tank having 
been placed in position, and the service and discharge connec- 
tions made, a dilute sulphuric acid solution is poured into the 
chamber C until it is about two-thirds filled ; hydrocarbon is 
then fed into the gas chamber through pipes f and d, and floats 
upon the surface of the solution therein, and a little water 
is poured in to force out the hydrocarbon from the trap, to avoid 
odours. The handle H is then turned till the tray tis swung 
down under P, and up through the opening in the cover (Fig. 2), 


when it is filled with scrap iron and returned to position and 
there held by a stud bolt extending through and provided 
with a nut . The solution attacks the iron and generates 
hydrogen gas, which, rising through the hydrocarbon, becomes 
carburetted, and is held in chamber Cl. If sufficient solution 
remains in the pores of the iron to continue the generation of 
gas, it forces the solution down till the hydrocarbon escapes 
under P but for the escape valve; before that time, how- 
ever, the float has descended until the mercury is below the end 
of V and the gas escapes up through V v, H »!, thus relieving the 
over-pressure and preventing the escape of hydrocarbon. A 
syphon draws off all solution above the level of the lower end of 
the leg L, without there being any cock where the solution can 
reach and destroy it. (Accepted December 7, 1892), 


UNITED STATES PATENTS AND PATENT PRACTICE 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford. 
street, Strand. 


LrigHTon BuzzARD WATER WORKS AND SEWERAGE.— 
An inquiry was conducted at the Leighton Corn Ex- 
change on Thursday, the 5th inst., by Mr. F. H. Tulloch, 
A.M.I.C.E., one of the inspectors of the Local Govern- 
ment Board, with regard to the local board’s application 
to borrow 20,0007. for the purposes of sewerage, sewage 
disposal, and water supply. A comprehensive account of 
the scheme was furnished by the engineer, Mr. H. Ber- 
tram Nichols, C.E., of Birmingham, who gave evidence 
in support of the application. In the water supply scheme 
it is proposed to obtain pressure over the town from a 
water tower. A well and boring have been sunk into the 
lower greensand, and an adequate supply of water has 
been met with of excellent quality. The sewerage scheme 
is partly on the ‘“‘Shone system,” and the sewage purifi- 
cation is proposed to be on the international process, 
combined with land filtration. The estimate for the 
water works is 8000/., and for the sewerage and sewage 
disposal works 12,0007. On the termination of the inquiry 
the inspector, accompanied by the chairman and the 
engineer, visited the various sites for water supply and 
sewerage purposes, 


a 


JAN. 20, 1893.] 


ENGINEERING. 


63 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS, 
(By our New York CorresponveEnTt. ) 
(Concluded from page 36.) 

A record of a series of very exhaustive tests 
made by one of the most indefatigable and accu- 
rate investigators was presented, and as_ the 
writer knows something of the great care taken in 
this matter, he is glad to call special attention to 
it. The paper was by Professor D. 8. Jacobus, of 
Stevens Institute, and was called : 


EXPERIMENTAL DETERMINATION OF THE Heat 
GENERATED PER CANDLE-PowER BY OIL AND 
Gas Lamps. 

The general idea of the method employed to 
measure the total heat generated is as follows: 

The lamp is surrounded with an air-tight wooden 
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absolute velocities. ‘The only means of doing this 
is to calibrate the anemometer by moving it at 
uniform velocity through air, as, for instance, by 
attaching it to the end of a radius arm rotating at 
uniform speed. The condition of the anemometer 
when so calibrated differs so much from those sur- 
rounding it when located in the inlet pipe that in 
the present case the amount of air differed 20 per 
cent., when thus determined, from the true amount 
as deduced from the heat of the condensed steam, 
by means of the observed temperatures of the 
entering and exit air. 

The results reached were tabulated, and as the 
main object was to determine the heat with re- 
ference to car lighting, the conditions were made 
as nearly similar to those encountered in a train at 
various speeds as was possible. The author found 
that oil lamps produced about 191 British thermal 
units of heat per candle-power, and oil gas lamps 
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chamber about 4 ft. square, with a circular air- 
inlet pipe at the bottom and another near the top. 
When steady action is established, the tempera- 
tures of the air entering and leaving the chamber 
are determined by thermometers located at a 
sufficient number of points, in each of the air pipes, 
to establish a true average for the entering and 
exit currents An anemometer is uniformly 
moved about the cross-section of the inlet pipe, 
and the candle-power simultaneously determined 
by a photometer applied by the side of the chamber. 
The lamp is then removed from the chamber and a 
steam coil substituted. The condensation of steam 
in this coil is adjusted so that the anemometer and 
thermometers give practically the same readings as 
when the lamp was in the chamber. The total 
heat given by the lamp is then determined from 
the latent heat of the steam condensed, proper 
allowance for differences of radiation, effect, &c., 
being made. 

It is evident that by this method we avoid having 
to interpret the readings of the anemometer as 


(four-flame, Pintsch burners) about 127 British 
thermal units, showing that the oil gas is a con- 
siderably more efficient illuminant than the mineral 
seal oil. 


Bristow’s REcORDING PRESSURE GAUGE. 


Professor Bristol’s recording pressure gauge 
for extremely low pressures was described and 
shown, and, as it deserved, it met with a hearty 
reception by the members. The Professor stated 
it has been found impracticable to make gauges on 
the flattened sinuous tube principle which would 
be sufficiently sensitive to register extremely low 
ranges or variations of pressure. Such are the 
variations due to a difference of ;}; in. head of 
water, as in the case of illuminating gas in street 
mains, where the total range rarely exceeds 2 oz. per 
square inch, or its equivalent, 4 in. head of water. 
For such extremely low pressure, it was necessary 
to offer avery large area for it toact against. This 
has been accomplished by employing a series of 
corrugated diaphragms A, shown in cross-section 


in Fig. 23. The diaphragms are arranged in pairs 
and joined, as shown, with a continuous opening 
through the line of centres of the different pairs, 
thus permitting the pressure to exert itself simul- 
taneously on the interior of every pair, the effect 
of variations being to produce an elongation of the 
whole. 

This arrangement of diaphragms is employed in 
the construction of certain self-registering baro- 
meters, the small motion of the diaphragms being 
made available by a train of multiplying mechanism. 
In the gauge now exhibited the disadvantage of 
using multiplying devices is entirely obviated by 
simply securing a flexible strip B along the edges 
of the diaphragm tube, as it might be called. The 
effect of applying the flexible strip is twofold— 
(1) it stiffens the diaphragm tube as a whole ; and 
(2) it performs the most important function of 
resisting the tendency of the pressure to elongate 
it, which naturally results in producing a greatly 
multiplied lateral motion. 

As in the sinuous tube, the motion thus pro- 
duced by variations of pressure is ample for 
directly indicating or recording in connection with 
a moving chart. By the use of a large number of 
diaphragms, as shown, it is evident that the change 
of form of each individual member is very slight 
for complete range of pressure. It follows that 
none of the diaphragms will be strained to their 
elastic limit, and all danger of the gauge taking 
permanent sets will be avoided. In the applica- 
tion of the diaphragm tube to a recording gauge it 
is mounted on a back, as shown in Fig. 22. 

A recording pen is attached directly to the end 
of the diaphragm tube, and aclock is provided, as 
shown, timed to revolve a dial in the plane of move- 
ment of the pen once in 24 hours. 

In Fig. 21 the gauge is shown complete, with 
chart, ready for application. The small gradua- 
tions in the chart indicate tenths of inches of water. 
This form of tube is not limited to recording 
gauges for light pressures only, as it can be 
equally well adapted for all ranges if the dia- 
phragms are properly proportioned as to size and 
thickness of metal. There are other practical appli- 
cations of this form of tube, if constructed ona large 
scale, as considerable motion and power could be 
developed ; sufficient, it is believed, to operate 
directly, without intervening mechanism, 1egula- 
tors, dampers, valves, and that class of automatic 
devices in which pressure is the initial motive 
power. 

The next paper to be noted was entitled 


OVERHEAD TRAVELLING 
A Sincue ELectrIc 


PERFORMANCE OF AN 
CRANE, OPERATED BY 
Motor, 

by Mr. Anthony Victorin, West Troy, New York, 

member of the Society. The Table on page 66 

contains data relative to the performance of an 

overhead travelling crane at the army gun factory, 

Watervliet Arsenal, West Troy, New York. 

The crane is operated by a single (flat-field) 
electric motor. The electric current is generated 
by a Thomson-Houston 65 horse-power dynamo. 
Its voltage is 500, the speed 1020 revolutions per 
minute. The crane has a span of 60 ft., a 
clear hoist of 40 ft., and a lifting power of 120 
gross tons. The power of the auxiliary hoist is 
10 tons, hoist 56 ft. The total weight of the whole 
crane is about 150 tons. The bridge rests on eight 
double-flanged wheels (four on each side) of 36 in. 
in diameter, the trolley on 16 wheels of 24 in. in 
diameter. All wheels are arranged in pairs, with 
compensating beams to avoid inconvenient results 
from want of unifermity in the level of the track 
rails. All wheels have also anti-friction steel roller 
bearings. 

STEAM JACKETS. 

That much-abused and much-discussed subject, 
the influence of steam jackets, was the subject of a 
paper. The great advantage of these discussions is 
that each investigator proves his case from his data, 
so those who differ can only challenge the data. 
Another advantage is that at the end of these dis- 
cussions each man thinks exactly as he did before, 
and believes from the bottom of his heart that he 
has demolished his antagonist. They are splendid 
practice for debate, and no one must mind what is 
said to him or about his tests. The results of the 
present tests were presented by the author, Pro- 
fessor R. C. Carpenter, and showed the most care- 
ful and painstaking labour. 

The average results obtained for the compound 
engine with and without jackets were : 
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Fe both jackets 2313 high-pressure jacket alone seems to have produced | parts referred to, making a compact arrangement 


The second series of tests showed that, for most 
conditions, the engine with the cylinders steam 
jacketed consumed less than when not jacketed ; 
that this difference was greatest for the least loads, 
was probably about 2 per cent. at rated capacity, 
and the conditions were reversed for heavy loads, 
the unjacketed cylinder becoming the more econo- 
mical, 

Considering these results only for loads between 
60 and 120 horse-power, we have, as the average : 


Pounds of 
Dry Steam per 
LH 


ote 


per Hour. 
With steam in jackets 19.10 
», no steam in jackets 20.1 


no especial effect. 

The next topic of note was presented by Mr. 
H. 8. Spaulding, of Exeter, N.H. It described 
an invention of Mr. E. F. Gordon for 


TRANSMITTING VARIABLE SPEED, 


It consisted of a deeply-grooved pulley, split by 
a plane perpendicular to its axis, and dividing it 
symmetrically, with means for varying the distance 
of the two parts one from the other. 

Given a belt adapted for the purpose, it will, in 
running on such a pulley, lie nearer the centre as 
the two parts are more widely separated, and recede 
as they are brought nearer together. Such a 
pulley may be used on either the driving or driven 
shaft, or both, and it is evident that the shafts may 


for starting, stopping, and varying speed, in the 
space ordinarily occupied by a single pulley of the 
usual style. 

Fig. 24 shows such an adaptation of the device, 
with one of the many available arrangements for 
varying the working radius of the pulley. In the 
illustration A is the shaft, BC the two halves of 
the pulley, D the idler, E the belt, F G hand 
wheels, H a collar fast on the shaft. By the action 
of the belt, Band C tend to separate from each 
other, and since B is fast on the shaft, OC, which 
is splined on the shaft, and hence must turn with 
it, although free to move along it, is forced against 
F. The hand wheels F and G are free to turn on 
the shaft, but may be held at rest whenever desired. 
The hub of one carries a male screw, and the other 
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PERFORMANCE OF AN OVERHEAD TRAVELLING CRANE, OPERATED BY A SINGLE ELEcRIO Motor, AT THE ARMY 


Gun Factory, WATERVLIET ARSENAL, West Troy, New York. 


(Sce Page 63.) 


Voltage =500. 


Maximum ¢ 
Test of June 8, | Test of October | Amperage 2 
892. 8, 1892. observed in s 
Starting. 
Operation. | Load. aaa es j 
3 Sores 2 Sata | oy 3 4: > 
BP eect cy | MESP | cese rca <gal 3a ze 5 
7 ONS a OnE ov ) of 5 
# | eee | § | e2° B | s | gm e 
Sy || SSHSe | ap) isis 5 || So x a 
|——|— pas AON) ASL sae | bs ——— pote, 
per cent. 
Motor and clutch gears b- | (8.85 5 3.35 \ 
Square shaft for main hoist .. aie ae Ao 9 6.03 7 4.69 
. 5, bridge and trolley travel «sil; aL0, 6.70 7 4.69 
Both square shafts ch oni an xs oot aka) 10.72 13 8.81 s 
Bridge travel, 40ft.p.m,. .. an 36 ss 26 10.05 15 10.05 25 
= e SO:has el Boe Stee yaa eed 16.08 25 16.75 45 
Trolley ,, 50! 3 Me a Br 15 10.05 12 8.04 15 
a i MOD <5 i s. Te 23 15.41 22 14.74 | | . 
i 5 oist 1 1 
Main hoist, Va ac an ve { conae ap eas ss ie | 18 
i fhoist | 22 | 14.74 23 16.41 50 
8 \lower | 14 9.38 10 6.70 48 
. yhoist | 29 | 19.43 32 21.44 | | a || ae 
33033 t jones 12 8.04 V6 4.69 ;No load 35 45 
Auxiliary hoist, 20 ,, hee te eo 7; . e | = i 
40 J hoist 20 13.40 23 15 41 BO |} “Wen 
” ” 2 (lower | 16 10.72 17 4.69 | 30 + 
Bridge travel, 40 ,, Ap 9 
Trolley _,, 2 AO oe x ne a4 j 21 14,07 20 13.40 42 
Bridge Soy.) ite Ris a 
Trolley ;, 100 ,, Se gee Pa ape eC ME ZOcLC 30 20.10 Bp 
Bridge _,, 200s hoist | 27 18.09 28 18.76 40 
Trolley , 50 : 
Main hoists 3 a ee vs ice er; 21 14.07 20 13.40 .- 
Bridge travel, 80 ,, oa ee hoist | 54 | $6.18 60 40.20 | 80 
Trolley 100 a0 55 t é 
Main hoist, 8 : a lower | 30 20.10 30 20.10 |/ . 
Bridge travel, 40 ,, oe ae a sei 20 13.40 17 11.39 30 
“: 7 Somme ry oes ti boll 6 21.44 30 20.10 x 55 
Trolley ,, Ww 5 a o oh a6 10.05 15 10.05 BA 30 
ne Se e100 ae Ae Eee aoe 30 | 20.10 25 16.75 ES a f 
Main belats) 2 ne hich «Alowen|t a ieeagaiel o (eecty tene le ct) | ee la 
hoist 53 35.51 53 35.51 80 8.14 22.9 
of Aas; 28 =e lower 0 0 0 0 45 
hoist 70 46.90 "5 50 25 110 16.29 82.4 
” 8» a oe lower 0 0 0 0 45 
Bridge travel, 40 ,, oe ae ae eal 2 14.74 20 13.40 30 
ie fe ‘Somes Be eee teen et! San moO TO 30 20.10 65 
Trolley ,, 50) es O85 50 aol) a 11.39 15 10.05 23 
~ x 100m ST ak rk a 18.76 25 16.75 i, 65 
3 < ois 25.46 37 24.79 60 gross a 55 8.14 82.9 
Main hoist, 2» { lower| 0 0 0 tons ss 30 
4 J hoist 65 43.55 70 46,92 70 16.29 34.7 
» ” \lower|} 0 0 0 60 
8 Js hoist 56 120 80.46 Na 32.58 40.5 
” ” lower oe 0 0 
Bridge travel, 40 ,, oe ie SA sell 20 13.40 22 14.74 42 
Ke SD 4 ee oe oe Gel 40. ale 96 580 45 30.15 3 70 
Trolley ,, OG ss ate ais 5p : 20 13.40 22 14.74 120 gross} .. 35 
Pa has ta 100 Ser, Roh eres 45 | 30.15 40 26.80 tons se PG 
Main hoist, Suen = be { ieee a cape i ates a 16.29 32.4 
Auxiliary hoist, 20 ,, Ris do Ae; poi axe 24.79 35 23.45 |10 gross tons 13.58 57.9 
i$ vy =40. Ay Se wie AR Rone ay, 31.49 45 30.15 5 gross tons 13.48 45 


rotate with it, the working radius being determined 
by the adjustment of a hand screw. 

The belt may be either round or nearly square in 
section, though for the most of the experiments so 
far made a narrow double-ply leather belt has been 
used, with the edge bevelled to correspond with the 
angle of the pulley’s face. 

The construction shown in Fig. 2 hag recently 
been applied to the feeding rolls of a 48-in. band 
resawing machine in a way which illustrates its 
simplicity and adaptation to this class of work. 

The reader stated that there was nu tendency of 
the belt to bind in the groove, and that even using 
the thumb and finger would suffice to separate the 


two parts of the pulley or to bring them together 


while in motion. 


“Tests on the Triple-Expansion Engine at the 
Mass. Inst. of Technology ” was the title of a paper 
presented by Professor C. H. Peabody. These 
tests were detailed and tabulated, showing much 
patient investigation, and the author concluded by 
stating that they had not yet brought the matter 
to a point of definite conclusion, although he 
believed that it made little difference where steam 
jackets were used on an engine if jacketing was 


carried far enough and not too far. 


He concentrated at once double opposition to 
him, from those who do not believe in jacketing and 
from those who believe in particular places for the 
The triangular fight was brief and quite 
entertaining, but the session had been long, and 
it was lunch time, so the contest was not so spirited 
Professor Peabody held to his views, and 
so did his antagonists, so that all were satisfied, for 
each man proved his own theory and demolished 
all the other men’s—that is, he thought he did, 


jackets. 


as usual. 


which was just as well, perhaps better. 


Various other papers were read and various 


topics discussed, but time and space will not permit 
of their being further dealt with here. The meet- 
ing adjourned to meet at Chicago at a later date, 
where it is to be hoped the members will not have 
to struggle for lodgings or meals. 


THE FRENCH PROJECTS IN 
NORTHERN SYRIA. 

Ever since France was entrusted by Europe 
with the functions of guardianship towards the 
Maronites and other oriental Christians of Lebanon, 
she has considered Syria as her own especial happy 
hunting-ground, and has looked with extreme 
suspicion on, and has strenuously opposed the 
advance of every other nationality in that direc- 
tion. The result has been that up to within the 
last two or three years no other nation than 
France has attempted to undertake public works 
in Syria, and she, not having the stimulus of 
competition, has contented herself with marking 
time, and nothing more. The Lebanon expedition 
and the nine months’ occupation by 6000 French 
troops, made Beirut almost a French town, and it 
has developed since that time into the most im- 
portant commercial centre of the Syrian coast, 
and one of the best built and most flourishing 
towns in the Levant; and it remains still over- 
whelmingly French (see Fig. 5, page 76). The 
same expedition led, 30 years ago, to the build- 
ing of a fine military road from Beirut to Da- 
mascus ; this was, however, directly due to the 
enterprise of a private company, who charged 
tolls, and ran a diligence and a mail cart morning 
and evening daily both ways. The French seem 
to have been satisfied to rest on their oars for some 
27 years after the achievement of placing an excel- 


lent European carriage road on Syrian soil; no 


doubt they considered this was sufliciently ahead of 
the requirements of the country for the time being. 
But, between two and three years ago, having 
allowed a concession for a railway from the 
“* Haven of Carmel” to Damascus to slip through 
their fingers, in the dread of diminishing the im- 
portance of their foothold in Beirut, a change has 
come over the spirit of their dream, and a period 
of activity has succeeded to the 27 years of con- 
structive rest. The concession they dropped was 
obtained by an English syndicate, and it has become 
daily more evident that the hustling Britisher 
would elbow his way thereby into the heart of 
their preserves, unless the Franks rose to the 
emergency, and gallant have been their efforts in 
this direction. Concessions were obtained for 
steam tramways or light railways from Beirut to 
Damascus, and from the latter into the Haoran ; 
from Jaffa to Jerusalem, for a harbour at Beirut, 
&c. The steam tramway from Jaffa to Jerusalem 
has been completed, and opened for traffic in 
August this year, but is so far not a dangerous 
competitor for the passenger traftic with Messrs. 
Thomas Cook’s landaus, for it has never been 
properly finished, and its reputation has suffered 
through several more or less serious accidents ; 
as, however, the financial clouds gathered omin- 
ously over it during the whole period of con- 
struction, it is hardly fair to comment further 
upon it. Let us to Northern Syria instead, and 
glance at what French enterprise has done and is 
trying to do there. Before entering into details 
it will, however, be as well to observe that the con- 
cession taken up in England has advanced so far 
towards realisation that the first sod has been 
already cut, and the works commenced by a British 
contractor. The objects and prospects of this 
enterprise have been, however, so repeatedly and 
favourably brought before the public in a variety 
of different papers and ways that it would be super- 
fluous to give any details here. 

Beirut (spelled Beyrout on the map) is a city 
of 120,000 inhabitants, and is built on a rocky 
promontory which juts out from the foot-hills 
of Lebanon, and forms a natural bay of no 
great depth (9 kilometres = 54 miles), sheltered 
to the south and south-west, but exposed to the 
west, north-west, and north. Five lines of mail 
steamers (none British) touch regularly at Beirut, 
placing it in constant communication with all points 
along the coast to the north and south, and with 
other parts of the Mediterranean, &c. (see Fig. 3, 
page 68). Thetime by sea from London to Beirut 
is about 16 days, inclusive of stoppages and changes, 
and by overland (Brindisi) route eight days. 

Beirut itself is the seat of a number of small in- 
dustries, but none of them of considerable import- 
ance. It owes its exceptional commercial position en- 
tirely to thefact thatit hasbeen upto the present time 
the outlet and inlet for the trade of Lebanon, Ccelo- 
Syria, Anti-Lebanon, and the city of Damascus, and 
to a certain extent of the regions to the north of 
Damascus, in the heart of Syria. It is undoubtedly 
the nearest port to the great mart and central 
bazaar of Syria (Damascus), but unfortunately for 
the hope of its future prosperity, between it and 
the populous and wealthy ‘‘ hinterland,” where in- 
creased trade may be looked for, lie two of the 
loftiest mountain ranges of Syria, Lebanon rising 
to 11,000 ft. above sea-level, and Anti-Lebanon to 
10,000 ft. (at Mount Hermon), the highest point 
of the carriage road on Lebanon and the lowest 
pass being about 5000 ft. above the sea, and on 
Anti-Lebanon some 3000 ft. So long as a carriage 
road was in question, these unfavourable physical 
conditions have not proved seriously detrimental 
to the commerce of Beirut, except in so far as they 
have prevented any of the large corn traflic (71,000 
tons per annum) from the Haoran and Joolan, 
vast agricultural districts to the south of Damas- 
cus, availing itself of this outlet to the sea. 

The road from Beirut to Damascus—built by a 
private French company, as stated above-—is about 
120 kilometres (75 miles) in length, is laid out 
well, and equal to any of the first-class military 
roads in Europe. It is also well maintained, and 
the mail carts and diligences average a speed of 75 
miles an hour over it, or, inclusive of stoppages, 
12 hours from terminus to terminus; the worst 
summit gradients are about 1 in 12. This road 
has proved a very valuable property, and it is 
estimated that the company’s dividends have 
amounted to close on 15 per cent. Any scheme 
for improved communication had necessarily in the 
first place to conciliate the road interest and then 
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to buy it out. This was cleverly effected by firstly 
stimulating the fear of competition from a line 
further south (at that time about to pass into 
English hands, 1890), that would permanently 
divert the Haoran traffic from Beirut; and then, 
secondly, by obtaining a concession for a light rail- 
way or steam tramway running south from Da- 
mascus to Mezerib (90 to 100 kilometres, 56 to 62 
miles in length) into the heart of the corn-growing 
districts of the Haoran. This light railway was, 
by the terms of its concession, empowered to make 
use of the Pilgrim’s Road (Derb el Hadj) from 
Damascus to Mezerib, and lay the rails upon it. 
A company (the Damascus Tramways and Syria Kco- 
nomical Iron Roads Company) was formed in 1891, 
with a share capital of 8000 (each of 500 fr., about 
201.) shares, which were all taken up in Damascus 
and Beirut, and the works commenced towards the 
end of the same year. Thirdly, the promoters 
turned round and pointed out that the Road Com- 
pany must, in their own interests, follow suit, 
and, adapting themselves to circumstances, turn 
their road into a steam tramway, and thus pro- 
vide the required outlet for the Haoran tram- 
way, which otherwise would have no future before 
it. A concession was thereupon obtained by 
a Beirut merchant, with the connivance of the 
Road Company, for the construction and work- 
ing of a steam tramway, 125 kilometres (774 
miles) in length, to connect Beirut with Damascus, 
with right to construct and work extensions 
and branches; the concession included powers 
to buy up the road concessions and to lay down 
rails on the whole or a portion of the existing road, 
and take over the property and revenues of the 
company. The new concession was for 99 years, 
the share capital 10,000,000 fr. (400,000/.), with 
powers to issue debentures; the work was to be 
completed in four years, and short sections of from 
one to two kilometres in length to be opened to 
traffic as soon as completed. The shares were all 
to be preference, bearing 5 per cent. interest on 
amount actually paid up; 5 per cent. of the net 
earnings to constitute a reserve fund ; 15 percent. 
of the surplus to go to the directorate, and 85 per 
cent, to the shareholders as bonus; during construc- 
tion the amount paid on the shares was to receive 5 
per cent. interest from the earnings of theroad. This 
concession was promptly transferred to a company 
called the Ottoman Company for an Economical 
Tron Road from Beirut to Damascus. In the 
meantime the works on the Haoran tramway were 
let to a French Construction Company and com- 
mencéed. The next step wasto amalgamate the 
two steam tramway companies, which was effected 
in the beginning of January, 1892, under the title 
ofthe Ottoman Light Railway Company—Beirut, 
Damascus-Haoran, and to immediately absorb in 
the new company the old Road Company and the 
Beirut Harbour, Wharf, and Warehouse Company. 

The latter company had been formed about 
the same time as the Haoran tramway, and had 
commenced the works under its concession. Pre- 
vious to this time, Beirut possessed only an open 
roadstead, the shores of which were rocky and in 
places precipitous. This roadstead was exposed to 
severe weather from the westward, the north-west, 
and northward, and the landing at times was diffi- 
cult and dangerous. The harbour was consequently 
an indispensible adjunct to a railway, and without 
this the anticipated increased traftic could not be 
dealt with. The works (Fig. 4) were to consist of a 
quay wall 1200 metres (1312 yards) in length, com- 
mencing at Cape Anton Bey, close to the foreign 
post offices and consulates, and to the existing boat 
landing, and extending to El Mondaver-square, 
with two breakwaters inclosing an area of about 20 
hectares (494 acres) to afford a shelter to the ship- 
ping calling at the port, with a sufficient depth of 
water for the largest of that shipping, and powers 
to supplement the harbour by extending it to the 
eastward as far as Quarantine-square, when the 
business of the harbour had increased sufficiently 
to warrant doing so. The Government was to 
receive 10 per cent. of the gross receipts after 6 
per cent. interest and 1 per cent. sinking fund of 
the capital had been deducted, and the concession 
was for 99 years. 

The breakwater, which is about two-thirds built, 
is formed with a bottom layer of quarry stuff loosely 
tipped from platform lighters which are moored over 
the site and then tilted; this mass of ‘‘ lost stone” 
reaches to within a few feet (14 m. to 2m.) of the sur- 
face, then a top dressing of large quarry blocks is laid 
on to bring it up to water level, and finally a crown 


from 3 to 4 metres high, and 6 to 4 metres broad 
composed of blocks (2$ to 3 tons in weight) built 
up in hydraulic line, and after setting transported 
from the block yard, and laid and carefully banded 
so as to form a continuous wall. The stone is pro- 
cured from quarries at the head of the bay, where 
the block yard has been established. The quay 
wall and mole (where the large steamers are to be 
moored end on) are to be built above water level 
entirely in block, in courses. The limestone used 
is excellent material for this class of work. About 
half the quay wall from the west end is already 
built. 

The Syria-Ottoman Light Railways Company, 
Beirut, Damascus, Haoran, thus formed from the 
amalgamation of the two tramway companies—the 
road and the harbour companies—then proceeded, 
at the end of January, 1892, to issue debentures 
for the purpose of—l. Transforming the existing 
carriage road from Beirut to Damascus into a steam 
tramway, and, 2. Assisting to the extent of 
5,000, 000fr. (200,000/.) in the carrying out of the 
harbour works. This issue of debentures was made 
at a discount of 41.4 per cent., the 500fr. (= 201.) 
debentures bearing 3 per cent. interest and re- 
deemable in 90 years, being offered at 295fr., thus 
bringing up the rate of interest from a nominal 
3 to an actual 5.13 per cent. The 120,000 deben- 
tures, worth nominally 60,000,000fr. (2,400,0001.) 
were tobring in 34,400, 000fr. (1,376,000.). The com- 
pany also issued a prospectus stating that the whole 
of the share capital of the amalgamated companies 
had been fully taken up by the promoters, and that 
the following items of paying traflic were confidently 
anticipated : 


1. Produce of the Haoran for local 
consumption in Damascus, 23,000 
tons over 80 kilometres (49 miles) 
at 0.20 fr.(3}d.amile) .. me 

. Produce of the Haoran for export, 
hitherto taken to Acre (Haven of 
Carmel), officially returned at 
71,000 tons, to be diverted to 
Beirut over 215 kilometres (1334 
miles) 0,30 fr. = = Sie 

3. Average amount of imports and ex- 

ports now carried by Road Com- 
pany and muleteers between Bei- 
rut and Damascus, 32,000 tons 


Francs. £ sd. 


868,000 14,720 1 0 


bo 


2,053,000 


over 135 kilometres (83 miles), at 

0.20 fr. (3d. per mile) .. ae 

4. Goods, Damascus to Haoran (esti- 
mated) ci aa ne ae 

5. Passengers between Haoran and 

Damascus, and vice versd, at 
0.125 fr. (2d. a mile) per passen- 

ger per kilometre .. Se aa 

6. Actual passenger traffic between 
Beirut and Damascus, 22,100 at 
same rate .. do me . 

7. Passenger traffic (during summer 
months) between Beirut, Damas- 

cus, and Lebanon, estimated .. 

8. Harbour revenue from the actual 
tonnage now entering and clear- 

ing at Beirut 160,000 tons at 
8.50fr. (28. 99d.) .. re ae 

9. Wharf and warehouse dues, esti- 
mated “a we Mic) ae 

Mooring, towing, embarking, and 
disembarking dues Jd 


£64,000 
320,000 


34,560 0 0 


17,800 0 0 


93,234 


372,937 


31,829 


560,000 


150,000 
90,000 


22,400 0 0 
6,000 0 0 
3,100 1 0 


10. 


Total gross receipts .. . 6,903,000 236,120 0 0 


From this was first to be deducted the amount 
of interest due on the 120,000 debentures, viz., 
1,935, 336fr. (77,4131. 8s. 94d.) leaving 3,967, 664fr. 
(158,706/. 11s. 23d.) for working expenses and 
interest on shares, &c. 

The length of the line from Beirut to Damascus 
was further stated to be 135 kilometres (83? miles), 
being 10 kilometres (6} miles) increase on the first 
estimate, that from Damascus to Mézérib 90 kilo- 
metres (56 miles), and the cost, exclusive of rolling 
stock, 100,000 fr. (4000/.) a kilometre, rolling stock 
and preliminary expenses (Survey Floating Com- 
pany, &c.) at 74 million francs (300,000/.) The 
working expenses of the railway were estimated 
at 6000 fr. (2401.) per kilometre (3871. a mile), or 
1,350,000 fr. (54,000/.) for the whole line, but 
nothing was stated as to the working expenses of 
the harbour, wharves, and warehouses, or the 
amount to be reserved for the Road Company’s 
shareholders and the maintenance of their road, 
these being presumably included in the general 
amount. The objects of the undertaking were 
pointed out to be, in addition to providing improved 
means of intercommunication between Beirut and 
Damascus and the building of a harbour, &c., at 
Beirut, the joining of Damascus with Homs, Hama, 
and Aleppo, so as to bring the trade of those 
wealthy districts through Damascus to Beirut. 
There is no doubt that the scheme looked very well 
on paper, but, unfortunately, the attention of the 
Syrians was beginning to be seriously distracted 
to the rival scheme in English hands to which 


allusion has been made earlier, and which pre- 
sented very obvious advantages over the French 
proposals, especially for Damascus, which had 
already felt the ill-effects of playing second 
fiddle to Beirut, with the additional prospect 
of having to take a seat still farther in the 
background if the French schemes proved a 
final success. The consequence has been that the 
debentures were not too favourably received ; 
but this has not daunted the patriotic pro- 
moters of French influence in Syria, although 
the failure in placing the debentures has been 
accompanied by the discovery of very serious difti- 
culties in the construction of the tramway from 
Beirut to Damascus, which threaten to entirely 
alter the financial outlook by taking the line 
wholly out of the category of light railways, and 
placing it either in that of railways with special 
appliances, or in that of lines with works of the 
heaviest class. The promoters have, however, gone 
on, and the first sod of the railway was cut on 
December 8, 1892, just five days before the same 
ceremony was performed for its rival at Carmel. 

As the success or failure of the French scheme to 
keep the control of the public works and commerce 
of Northern Syria in their fellow-countrymen’s 
hands, depends chiefly on the engineering diffi- 
culties presented by the proposed line from Beirut 
to Damascus, it will be of interest to carefully 
consider them. In the first place, it is abundantly 
evident, even without reference to the map (see 
Fig. 1, page 68) of the tram route, that the 
powers taken to utilise the whole, or any portion 
of the existing road, for the purpose of a steam 
tramway, were intended to insure the co-opera- 
tion and disarm the opposition of the Road 
Company and its shareholders, as the maximum 
gradients of the road (1 in 12), not to speak of the 
curves, were almost unworkable for a railway ; 
and, in the second place, that a rise of 1524 m. 
(5000 ft.) in 385 kilometres (24 miles) from Beirut 
to the summit of the road on Lebanon, or a gradient 
of 1 in 25, would also be unworkable for an ordi- 
nary railway; and, thirdly, that the only alter- 
native would be either a funicular or rack railway, 
or long and costly tunnels. Accordingly for the first 
six months of this year a rack road for an unspecified 
portion of the incline and a more or less complete 
abandonment of the carriage road was persistently 
though vaguely talked of, so as to gradually wean 
the shareholders’ and investors’ minds from the 
idea of a light railway or steam tramway on the 
old road bed. Then the difficulty and expense of 
working a rack line for heavy traffic were pointed 
out, with the sole alternative of costly tunnelling, 
one tunnel being mentioned as at least 8 kilo- 
metres (5 miles) in length, and others of shorter 
though considerable proportions. This was all 
done semi-officially, the company stating that the 
surveys were only preliminary so far, and that 
until they were completed nothing could be de- 
finitely stated. But the debentures still failed to 
go off. A final effort to restore the confidence of 
the investing public was made about October 15 
last, against the advice of many of the company’s 
well-wishers, when notices were posted up and 
distributed in Damascus recapitulating the adyan- 
tages of the scheme and warning the Damascenes 
against the rival British scheme, which they said 
would reduce Damascus to a mere passing station 
and thus ruin her commerce for ever, while theirs 
would convert it into a warehouse for the trade of 
Northern and Central Syria. But this attempt 
had no result, nor has the recent cutting of the first 
sod improved the matter, as the problem of build- 
ing a light railway through Lebanon seems just as 
insoluble as ever. . 

The fall from the summit of the line (5000 ft. or 
1524 m. above sea level) at 24 miles across the 
high plateau of Coelo-Syria would be gradual (better 
than 1 in 100) up to the most northerly point of 
the line (46 m.), where it enters the vaHey of the 
Abana ; but down this valley to Damascus (2214 ft., 
or 675 m.), at 83? miles, it would be about 1 in 40. 
The most that could be done even by adopting long 
tunnels would be to improve the gradients to 1 in 
40 on the Beirut side of the summit, but this 
would give some 30 miles of that gradient on the 
sea-side, and some 18 miles on the Damascus side, 
or over half the whole line. On the engineering 
question, however, hangs the momentous financial 
one, and for this reason any plain statement of 
the engineering difficulties should be thoroughly 
dealt with by the promoters, and not treated in a 
graceful off-hand fashion which is so apt to lead to 
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financial disaster. The following is a forecast of 
actual cost from the point of view of the above 
remarks. 

1. Probable cost of the steam tramway, Beirut- 
Damascus ; guage, 1.00 m. (3 ft. 3} in.); length, 
135 kilometres (83? miles) ; portion close to summit 
about 19 kilometres (12 miles) being laid as a rack 
railway, the remainder as an ordinary light railway ; 
steel rails, 20 kilogrammes (403 1b.) to the yard, 
steel sleepers, &c. ; general characteristics, those 
of a mountain line: 


Cost of Construction, inclusive of Rolling Stock. 


£ 
72 miles at 60001. Ae ee = 432,000 
11% ~,, 80001. oe oF a3 = 94,000 
Floating company, &c. ae 50) = 174,000 
Total 700,000 


2. Probable cost of the above as a mountain line 
with, say, 12 kilometres (7? miles) of tunnels: 


Cost of Construction, inclusive of Rolling Stock. 


£ 
74 miles at 10,0002. = 740,000 
7% =~, + ~+26,0000. = 193,500 
Floating company, &. = 811,250 
Total a ie a 1,245,000 
3. Probable cost of steam tramway, Damascus- 


Haoran ; same as above in gauge, &c. ; length, 100 
kilometres (62 miles) ; characteristics, light surface 
line, easy gradients and curves : 


Cost of Construction, inclusive of Rolling Stock. 


2 £ 
62 miles at 40007. Se Ns ate a = 248,000 
Floating company, &c. as ae as = 82,000 
Total aa as ee 330,000 
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4, Cost of harbour, wharves, and warehouses at 
Beirut, French estimate, 400,0001. 

5. Cost of purchase of Road Company’s under- 
taking (yielding some 15 per cent.), 150,000I. ; pre- 
sent value at 5 per cent. and 66 years’ purchase, 
about 11,000,000 fr., or 440,0001. 

Taking the most favourable case in point of cost, 
i.e., the rack railroad, the contemplated French 
scheme would require a capital of at least 1,870,0001. ; 
if the more unfavourable then 2,416,000I., and the 
promoters have provided the following, which they 
declare to be largely sufficient : 


Francs. 
Share capital of amalgamated companies .. 19,000,000 
Cash value of debentures AD 34,400,000 


(2,136,0007.) 53,400,000 


It may, however, be noticed that in view of the 
heavy traffic anticipated for the line, the rack 
railroad would be comparatively unserviceable, 
and that the more expensive scheme, if any, will 
have to be adopted, and that, in this case, the 
proposed capital will clearly prove insufficient. 
But when we turn to the question of earnings and 
working expenses, then the defects of the French 
scheme become far more evident, for it is pro- 
pose to work a mixed rack and ordinary railway, 
or a heavy mountain line, with harbour, wharf, 
and warehouses, and road expenses thrown in, for 
a little over 26 per cent. of the gross receipts 
|(estimated gross receipts 5,103,000 fr., and esti- 
mated working expenditure 1,350,000 fr.). 

Contrast this anticipation with the comparative 
cost of working other foreign railways—42 per 


El Modaivar 
Square 
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cent. in India, 54 per cent. in the United States 
of America, and 72 per cent. in Australia—and little 
comment need be added. 

The cost of working a mixed railway, including 
a rack portion for heavy traftic, cannot be estimated 
at less than 63 per cent., nor a well laid out 
mountain line at less than 55 per cent. of the 
receipts. It would not be safe to estimate the 
working of harbour, wharves, and warehouses at 
less than 50 per cent. of the estimated income, and 
4001. per kilometre per annum to maintain the 
road is no extravagant estimate. Putting this 
into figures, the account runs as follows (the 
mixed rack line, being the worst possible case, 
is omitted) : 

Working Expenses for Heavy Mountain Line, cc. 


Francs. 

Railway, 55 per cent. of gross receipts, &c. 2,806,650 
Harbour, wharves, and warehouses, 50 per 

cent. ditto Hid 35 Ap ate BS 400,000 

Road ae 30 Ac 120,000 

Total working expenses .. 3,326,650 

Estimated gross receipts 5,903,000 

Less working expenses .. me 8,326,650 

2,576,350 

Less interest on debentures .. “= ts 1,935,336 

Balance aie ae aq 641,014 

This slender amount, 25,6401. 11s. 23d., is all 


that remains to pay interest on a capital of 19 mil- 
lions of francs, or 760,0001., being less than 3} per 
cent., and leaving nothing for reserve or sinking 
funds, besides failing to pay the guaranteed inte- 
rest on the preference shares. On the whole, there 
is no doubt that, even without any competition from 
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the rival British scheme, the French scheme has 
many very weak points, which, so far, do not ap- 
pear to have received the attention they deserve. 
For their own sake it is be hoped that the Syrians 
will not afford this undertaking the support which 
the promoters ask for, without subjecting the whole 
details—of both an engineering and financial 
character—to very careful criticism. 

In conclusion, a few words about Damascus 
(see Fig. 6, page 76) may interest our readers. 
This wonderful centre of old-world trade and 
civilisation possesses a history whose beginning 
is lost in the mists of time. It has apparently 
always been the meeting place and exchange 
for products of the far East against those of 
the West. It is situated in the midst of a well- 
watered oasis surrounded by orchards, gardens, 
and plantations. It possesses abundant manufac- 
tures of all kinds of woven and leather goods, 
pottery, glass, &c. It has a large and hard-work- 
ing intelligent population of about 200,000 souls, 
and is in close contact with districts which produce 
abundantly all the foodstuffs and raw material it 
requires for sustenance and manufacture. Damas- 
cus is as unique in history as it is in geographical 
position and in beauty of situation. 


THE STRENGTH OF TORPEDO BOATS. 


ON the present page we give an illustration, prepared 
from a photograph, of the bow of a first-class torpedo 
boat which had been in collision with a sailing barge. 
The matter is interesting as affording a record of the 
amount of rough usage these lightly-built craft will 
stand without absolute destruction. The vessel in 
question was built by Messrs. Yarrow and Co. for the 
Government of Victoria, and at the time of the acci- 
dent was on her trial trip. She is 130 ft. long by 
13 ft. 6 in. wide, and had a displacement, at the time 
of the trial, of about 80 tons. The hull is divided into 
ten water-tight compartments, the bulkheads forming 


the divisions being of steel and carefully fitted ; and 
as, in addition, they are pierced by neither doorways 
nor sluices, the compartments are in truth water-tight. 
It was this fact, coupled with the excellent workman- 
ship of the structure, which doubtless saved the boat 
from sinking when the accident occurred. The machi- 
nery of the boat consisted of three-stage compound 
engines capable of giving out about 1100 indicated 
horse-power. ‘There was one large locomotive boiler 
producing steam at about 170 lb. pressure. The ma- 
terial of which the hull is constructed is mild steel. 
It has a tensile strength of about 27 tons, combined 
with great ductility, The latter is a point to which 
Messrs. Yarrow have always paid great attention ; 
that it was so in the case of the boat in question a 
glance at the engraving will amply prove. 

We have been furnished with a description of the 
accident by one who was on board at the time, and we 
cannot do better than give the facts in the writer’s 
own words. 

‘“We left the builders’ yard at 11 a.m., and ran 
down to Gravesend at quite an easy speed for a tor- 
pedo boat, viz., about 17 knots. At full speed the 
swell made by torpedo boats is so great that the high- 
speed trials are not permitted to be made above 
Gravesend, and it was only after we had passed that 
place that we proceeded to raise steam to full speed. 
By 12.30 we were at full speed, and went up and down 
the measured sea-mile in the Lower Hope in fine style, 
the mean of about 12 runs giving us a speed through 
the water of rather above 23 knots, with between 
160 Ib, and 170 1b. steam, and rather over 400 revolu- 
tions. The vibration, even right aft, was nothing 
more than often experienced in passenger steamers, a 
fact due to the system of balancing the reciprocating 
parts of the. engines introduced by this firm, We 
had been at full speed for about two and a half hours, 
and had been to the Nore and back again to the Muck- 
ing Lighthouse, when turning round to go down Sea 
Reach something went wrong with the steering gear. A 
clutch had worked back without its being noticed, and 
the consequence was the steersman lost all control, and, 
before the engines could be got to go fairly astern, we 
ran, stem on, at about 18-knot speed, into a large 


wooden sailing barge, loaded with over 100 tons of 
wheat, at anchor just above the Lower Hope 
Point beacon. Our stem cut deep into the fore- 
part of the barge, just forward of the mast. The 
bargees got into their boat, and our engines were 
put full speed astern to disengage us, for the anchor of 
the barge held her so firmly that we could not push 
her on the shore, although this was only 80 yards dis- 
tant. The sinking barge was so firmly fixed to our 
stem that she was pulling our bow into the water and 
lifting our stern so much that our propeller was only 
skimming the water, and we were helplessly gripped 
by the nose like a bull by a bulldog. To make matters 
worse, the strong ebb tide acting on our side, twisted 
our stem completely round to port, at right angles, 
tearing our plates open as far as the second bulkhead. 
For a short time it seemed as if nothing could save us, 
when the barge heeled suddenly right over to port, 
tore herself clear of the wreckage of our bows, and 
sunk in some 20 ft. of water, still held by her anchor. 
As soon as we were released from the weight of the 
barge our bows came up, and our propeller gripped the 
water. We then steamed ahead to clear some vessels 
at anchor below us. We now found that the third 
bulkhead from forward was quite water-tight, and by 
trimming all our ballast right aft we got the wreckage 
of our stem sufficiently out of the water to enable us 
to secure it by means of chains, &c. ; for until we had 
done this, it would not have been safe to steam ahead; 
indeed, our cutwater, being all twisted over to port, 
acted like a bow rudder, and prevented us steering 
properly. An hour’s work in hauling up the torn 
plates of our bow enabled us once more to obtain 
steering control. Engines, boilers, and steam pipes 
were not at all injured, and we steamed home without 
aid at the rate of quite 10 or 12 knots per hour, 
arriving late, but all safe, at the works at Poplar.” 

It might have been expected that such a collision 
would have shifted the machinery and broken some of 
the steam joints, but such, it will be seen, was not the 
case. On account of the lightness of the scantling of 
the bow, no solid resistance was presented to cause the 
stoppage of the boat, the momentum being gradually 
taken up, as it were, by abuffer. Thescantling of the 
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hull was of the strength customary in Messrs. Yarrow’s 
boats, and although this may appear exceedingly light, 
it has been found, in this case, of sufficient strength to 
withstand the stress of a voyage to Australia, the vessel 
in question arriving there some months ago without a 
single rivet leaking. 


PITTLER’S UNIVERSAL TOOL. 

THE very interesting universal tool, which we illus- 
trate on pages 72 and 73, is the invention of Mr, 
W. von Pittler, of Leipzig-Gohlis, and is now being 
exhibited at 55, Farringdon-street, H.C. Essentially 
the tool is a lathe, and for the usual class of lathe work 
it is claimed to be even more efficient than the ordi- 
nary lathe, whilst owing to its special construction 
work can be done on it that the ordinary lathe cannot 
touch. The general appearance of the machine is 
shown in Fig. 1, whilst Figs. 2 to 5 show details. Its 
controlling feature is the shape of its bed and the form 
of saddle adopted, which is, perhaps, more clearly 
shown in Figs. 8 to 10. In section the bed is a trun- 
cated triangle, and the leading screw is placed 
underneath it, so as to be completely protected from 
turnings, &c., falling on to it. The saddle com- 
pletely surrounds the bed, and is circularinform. On 
it is a split ring, carrying the slide rest, which from 
the circular form of the saddle can be rotated quite 
round the bed if desired, but can be clamped firmly 
in any position required, by means of a clamping 
screw as shown in the engravings. The method 
in which the slide rest is fixed to the carrier ring 
should also be noticed. It is attached near its front 
end by means of a spindle passing through a hole in 
the carrier ring, and hence it can be rotated round the 
axis of this hole if desired, aclamping screw being used 
to fix itin placeat any required angle. Summing up, it 
will be seen that the tool has four possible movements, 
any or all of which can be made automatic: (1) The 
ordinary traverse along the bed effected by a lead- 
ing screw, (2) a revolving motion round the bed, (3) a 
revolving motion round an axis at right angles to the 
bed, and (4) the ordinary fed-in and fed-out motion 
of the tool. The full advantages of these various 
motions can only be appreciated by examining some 
specimens of the work done in the machine, as 
illustrated in the engravings. In Fig. 1 the machine 
is at work in turning up the circumference of 
a hand-wheel to a truly circular form, the action 
being entirely automatic. The wheel is driven by a 
dog as usual, and the slide rest is set in the posi- 
tion shown. A wormwheel is fitted to the bottom of 
the slide rest spindle, and causes the slide above it to 
perform motion (3), viz., rotation about an axis perpen- 
dicular to that of the bed. The tool is thus given the 
proper motion to make the rim of the wheel circular 
in section, The wormwheel is driven by means of a 
telescopic shaft having Hooke joints at each end as 
shown, the first motion being obtained from a worm 
on the end of the lathe spindle gearing into a second 
worm. A trigger is fitted to the worm motion in the 
slide rest spindle, which automatically stops the 
feed when the tool has worked round the rim, 
before it commences to cut into the arms of the 
wheel. In plain cylindrical turning, motion (2), viz., 
rotation round the bed, is used to avoid any necessity 
for packing up the tool ; by using this motion and 
feeding the tool in or out as required the tool can 
always be made to meet the work at a suitable angle, 
and thus time is saved. The automatic feed motions 
fitted are very complex. _ As already mentioned, the 
lathe spindle carries a worm at its back end, which 
worm can be changed for one of more or less threads 
as required. Moreover, as shown in Fig. 5, a second 
worm driven by the lathe spindle at twice its own 
speed is provided alongside the first, and the 
wormwheel which forms the connection to the auto- 
matic feeds can be swung round to gear with either 
of these as desired, thus giving instantaneously a 
reduction of the feed to one half, or vice versd, On 
the spindle carrying this wormwheel are, as shown in 
Fig. 3, two bevel-wheels, either of which may be made 
to gear with a bevel-wheel on the leading screw of the 
lathe. When it is desired to drive an automatic feed 
on the slide rest the lathe is arranged so that this bevel- 
wheel can be cut loose from the leading screw and 
made to drive a spurwheel, which, gearing into a 
second at the front of the lathe, drives the telescopic 
shaft, shown in Fig. 1, through the Hooke joint 
already mentioned. This arrangement is not, how- 
ever, shown in the sectional views. Screw-cutting is 
very easily performed in these lathes. Owing to the 
device of having two worms at the tail end of the 
lathe, as shown in Fig. 5, any wormwheel can be used 
to cut two pitches one twice as great as the other. 
Moreover, to cut any pitch one wheel only is required, 
and the entire stock of change wheels necessary for 
ordinary threads is shown under the lathe in Fig. 1. 
As showing an additional use of motion (2), viz., rota- 
tion round the axis of the lathe, we may refer to Figs. 
12 and 13. Fig. 13 represents the section of a tap as 
turned up in this lathe. It is completed, screw thread 
and all, to the section shown, the thread being cut full 


depth all the way round the three-cornered figure, and 
the grooves are then cut out in a separate machine as 
usual. This is done by causing the tool to swing in or 
out by rotating slightly backwards or forwards round 
the bed. The carrier ring is unclamped and the motion 
obtained by the use of a suitable cam or former. The 
milling cutter shown in Fig. 12 is also made this 
way. A flat tool cut to correspond with the shape of 
the cutter rim is used, and fed in and out as explained 
above. This class of work is said to be done remark- 
ably cheaply. 

Another interesting example of the work of the 
machine is shown in Fig. 14. This represents a 
sphere with ascrew thread cut on it, which screws into 
a hemisphere as shown. The whole of the work was 
done automatically, and though only a mechanical 
curiosity, well illustrates the capabilities of the 
machine. The process of turning up the sphere 
preliminary to screw cutting, is shown in Fig. 10. 
Where revolving cutters are used the machine can 
turn out an immense variety of work. Thus in 
Fig. 6 it is shown at work on a spiral reamer. In 
this case it will be noted that the worm and worm- 
wheel at the end of the lathe have been interchanged, 
the latter being placed on the lathe spindle, and the 
former being connected to the leading screw. In 
Fig. 7 the machine is engaged in cutting a wormwheel, 
the operation being entirely automatic, the wheel 
being fed round tooth by tooth, as each is completed 
by means of a ratchet and wheel below the bed as 
shown. In Figs. 8 and 9 more wheel cutting is shown, 
whilst Fig. 11 shows another mechanical curiosity 
turned out of the machine when using revolving 
cutters. It is impossible for us in the limited space at 
our disposal to describe one tithe of the ingenious 
automatic fittings Herr von Pittler has provided for 
his machine, but those interested in automatic tools will 
find a treat in store for them if they pay a visit to 55, 
Farringdon-street, where about 40 of the machines are 
now set up. The machines are built in all sizes up to 
the very heaviest by the Deutsche Werkzeug Maschinen- 
fabrik, Chemnitz, Germany, and are also being manu- 
factured in France and Belgium. 


COMPOUND EXPRESS LOCOMOTIVE FOR 
THE NORTHERN OF FRANCE RAILWAY. 

In our two-page plate we illustrate this week a new 
compound express locomotive which has been built for 
the heavy express traftic of the Northern Railway of 
France. The engine is a development of another com- 
pound express engine built in 1886, and which, in 
spite of some minor defects, has given, on the whole, 
very favourable results in the matter of economy of 
running expenses and maintenance. The new engine 
has been constructed by the Société Alsacienne de 
Constructions Mécaniques, Belfort, to the designs of M. 
Du Bosquet, locomotive superintendent of the line. The 
engine is four-coupled, and has four cylinders, viz., two 
high-pressure and two low-pressure cylinders, the 
former being 13.4 in. in diameter, and the latter 29 in., 
with a stroke in each case of 25.2in. As we shall 
shortly publish engravings showing further details of 
this engine, we defer our description till then. 


THE NEW CARDIFF MARKET. 

Tuis week we commence on pages 64 and 65 the 
publication of engravings illustrating the St. Mary- 
street Market, Cardiff, which has recently been 
erected in that thriving town to the designs of Mr. 
William Harpur, M. Inst. C.E., the borough engineer, 
As we intend publishing further details in future 
issues, we will reserve our description till then. 


THE LATE MR. JOHN INSHAW, 
BIRMINGHAM. 

By the death at Birmingham, on the morning of the 
13st inst., of Mr. John Inshaw, at the age of 85 years, 
there has passed away an engineer skilled in all 
branches of mechanics, and closely associated with the 
early efforts in the improvement of means of trans- 
port. larly in life he showed a preference for me- 
chanics, and so proficient had he become that when 
only 14 years of age, in 1821, he lighted his father’s 
house with gas. Henumbered among his intimatefriends 
George Stephenson, who on several occasions con- 
sulted him as to the construction of locomotive wheels. 
He was largely instrumental in the introduction of 
steamboats on the canals in the Midlands, building 
several steamers which acted as tugboats and super- 
seded horse haulage. He used them sometimes, too, 
for conveying passengers, a notable occasion being 
the transporting of passengers from Birmingham for 
the Wolverhampton races, the fare being but 1s. 6d. 
He carried on business as an engineer in Birmingham, 
and was amongst the first to introduce the steam pres- 
sure gauge, theinjector for use in boilers and the bilge 
of vessels, and the water gauge still used by the Bir- 
mingham Corporation. He gained a prize of 100 guineas 
in a competition for speed in steamers on the Regent’s 
Canal by introducing the twin-screw. His knowledge 
of mechanics was serviceable on several occasions 


while travelling. On one occasion he received a testi- 
monial from the passengers of the Channel steamer 
running between Ireland and Liverpool for services 
rendered when the engines broke down, the signatories 
including Charles Dickens. When a spectator of the 
unsuccessful efforts to launch the Great Hastern, he sug- 
gested the use of hydraulic presses, which, on being 
secured from Birmingham, overcame the difficulty. 
On still another occasion, when travelling by train to 
Derby as a technical witness in the same train with 
judges and counsel, he was requested to make ex- 
amination and ascertain the cause of a breakdown of 
the locomotive. By putting it right and thus prevent- 
ing the delay of justice, for those were pre-telegraph 
days, he earned the thanks of the Midland Company. 
In Birmingham he was recognised and consulted asan 
authority on all subjects associated with mechanics, 
and on several festive occasions, such as a royal visit, 
made special balloons for pyrotechnic displays. He 
has left, too, several relics of mechanical skill in the 
form of steam clocks, &c., the ingenuity of which 
had been admired by the Prince Consert, the Karl of 
Beaconsfield, and others. He took his part in the 
government of Birmingham, was a member of the 
Society of Mechanical Engineers from 1859, and of 
the Steam Enginemakers’ Society from 1836. For 14 
years he has, in conjunction with his sons, carried 
on the Aston Manor Paper Mills. 


BOILER TUBE FASTENINGS. 
To Tan Epiror oF ENGINEERING. 

Sir,—In the article on ‘‘ Boiler Tube Fastenings ” that 
appeared in your issue of the 6th instant, I observe the 
following statement: ‘‘ We may note that, curious as it 
may seem, the plate has been found by actual experiment 
to expand into the holes, under certain conditions, thus 
tending to crush the tube.” 

As some of your readers may, like myself, be unaware 
of the experiment referred to, I trust that you, or some of 
your more fortunate readers, will favour us with an 
account of it. 

Since this theory has been advanced as one of the 
many causes from which leaky tubes arise, I would sug- 
gest—on thesupposition that it is correct—the following 
points for the consideration of such of your readers as are 
interested in the solution of this important question. 

1. From what cause or causes do these ‘‘ certain condi- 
tions ” arise ? 

2. Are the tubes and tubeplates of all boilers alike 
affected by these conditions? and if not, why? 

3. Do they arise only when forced draught is used ? 
and if so, up to what limit can the furnaces be supplied 
with ey under pressure without causing the tubes to 
eak ? 

4. If the use of forced draught is to be continued, how 
can these conditions be avoided or controlled ? 

5. How can this supposed expansion of the tubeplate 
into the holes cause the tubes to leak while under steam ? 

6. Is the fact that the tubes in some boilers have been 
found loose in the tubeplate after steaming, considered 
to support this theory ? 

In connection with the important subject of leaky 
tubes, now under discussion in your valuable journal, I 
take this opportunity of drawing attention to the fact 
that H.M.S. Pheebe is fitted with a separate combustion 
chamber to each furnace; dampers in the uptakes to be 
closed when the furnace doors are opened, in order to 
check the cold air passing over the fires; and oil filters 
to extract the oil, used for internal lubrication, from the 
feed-water, before it is pumped into the boilers—all of 
which devices failed to prevent the serious accident that 
recently occurred on board this ship, by which an engineer 
officer and two stokers were seriously burnt, owing to the 
tubes in the two after boilers suddenly giving out while 
under steam. 

This accident, I understand, is attributed to the 
presence of oil in the boilers, and if such be the real 
cause, it is evident that none of our ships are free from 
the probability of a similar mishap occurring on board at 
any time when under steam with forced draught; and 
considering the number of accidents which have already 
arisen from leaky tubes, the outlook is by no means 
promising. 


I am, Sir, yours faithfully, 
H. Benzpow, R.N. 

17, Sussex-gardens, Eastbourne, January 16, 1893. 

[Unfortunately we are restrained from mentioning the 
sources of our information, but we know that the experi- 
ment has been made by competent observers, who found 
that under the conditions mentioned in our article the dia- 
meter of the hole in the experimental plate was actually de- 
creased as stated for reasons which we explained.— ED. E.] 


THE INVENTOR OF GUTTA-PERCHA 
COVERED WIRE. 
To THE Eprror oF ENGINEERING. 

Sir,—With regard to the letter signed ‘‘P. J.,” which 
appeared in your issue of the 6th instant on the above 
subject, I must protest against the statement which is 
contained in the letter of Mr. Danchell, where he says: 
“With the two commissioners came Iirnst Werner 
Siemens, then a young officer in the Prussian service, 
who seemed to be a special friend of theirs.” 

_Any of your readers would imagine from this insinua- 
tion against the Royal Commissioners that Ernst Werner 
Siemens accompanied them without any due authority 
and for purposes of his own, but at the time of which 
Mr. Danchell speaks, Ernst Werner Siemens had held 
the rank of lieutenant for 12 years. He was himself a 
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member of the Royal Commission in question, to which 
he had been appointed a year previously with the object 
cf developing his invention of covering wires with 
Sire carcba. ; : i 

It is particularly ungracious to raise the question of 
priority now that Dr. von Siemens is no longer with us 
to repel such attacks. Happily, however, the question 
was settled some years ago in a court of law, when it was 
argued in the case of Colgate v. Western Union Telegraph 
Company before the United States Circuit Court, southern 
district of New York. During the progress of the suita 
specially appointed Commission was sent to Germany to 
thoroughly investigate the matter. After an exhaustive 
sgarch of the official records, and after advertising in 
many papers inviting information from any person, the 
Cummission was able to report that the claim of the late 
De. Werner yon Siemens to be the inventor of gutta-percha 
covered wire was fully made out. 

I need only aad further, with reference to the conalud- 
ing sentence of your correspondent’s letter, that Lieu- 
tenant Siemens was not sent to Schleswig-Holstein by 
the Prussian Government until after war had been 
declared. ; 

I am, Sir, your obedient servant, 
ALEX, SIEMENS. 

12, Queen Anne’s-gate, Westminster, 

London, January 16, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE Eprror oF ENGINEERING. 

Srr,—Replying to Mr. Stretton’s letter in your issue of 
January 13, if he will refer to your notice of his list in 
** Miscellanea” for December 9, he will find that the last- 
named railway referred to by me is the North-Eastern, 
and not the Great Western. The number of locomotives 
there given is 1560, whereas in an article published in 
the English Illustrated Magazine for August, 1892, by Mr. 
Wilson Worsdell, locomotive superintendent, the number 
is 1742, a difference of 182, or nearly 12 per cent. 

I am yours faithfully, 
JOHN. H. RAVENSHAW. 
Ryton-on-Tyne, January 17, 1893. 


GILBERTIANA. 
To THE Eprror or ENGINEERING, 

Sir,—As the letter of Mr. Park Benjamin, which you 
print on page 40, is unfortunately based on two matters 
of rather obvious misapprehension, there is no need for 
me to reply to it further than to set right these two 

joints. 

Firstly, Ihave made no attack whatever on Mr. Motte- 
lay, as any one may see who will read my original letter, 
as quoted entire by Mr. Park Benjamin on the same 


page. 

Secondly, I have not stigmatised Mr. Mottelay’s trans- 
lation—of which I have not yet seen one word—as ‘‘an 
underhand attempt to depreciate the careful work” of the 
Gilbert Club. What I have applied this phrase to was 
not Mr. Mottelay’s translation. Whenever it appears it 
must be judged fairly on its ownmerits. As will be seen 
from the last paragraph of my letter, what I did allude 
to was the circulation of certain unfounded insinuations 
against the work of the Gilbert Club, these insinuations 
being contained in paragraphs issued as preliminary 
puffs to herald the publication of Mr. Mottelay’s work. 
The publication of these covert attacks was apparently 
to exalt the superior (?) merits of Mr. Mottelay’s forth- 
coming translation ; and, asI said before, so I say again, 
Ido not believe for one moment that Mr. Mottelay is 
responsible for their issue. I hold Mr. Mottelay to be an 
honourable man, who would not stoop to such means to 
puff his own work. If to say so in plain language is to 
attack Mr. Mottelay, then words cease to have any 
meaning. 

Tam, Sir, yours faithfully, 
Srzvanus P. THompson. 

Morland, Chislett-road, West Hampstead, N. W. 


To THE EpiToR oF ENGINEERING. 

Sir,—It appears to me that Professor Thompson’s 
apparently unreasonable attack on Messrs. John Wiley 
and Sons, in which he charges them with being pirates, 
and so forth, need not necessarily be assigned to ani- 
mosity, but quite possibly to friendship. I mean in this 
way: Given four friends—A, B, C, and D—the last- 
named a publisher about to produce a book of undoubted 
value, but of limited attraction. The object of D is to 
make money, but the prospect of doing so is slender on 
account of the probable small sale of the book. The pro- 
blem, therefore, is to extend this sale by means of a boom. 
Here A, B, and C come in; A writes to the papers, 
appreciates the book, abuses the publishers, charging 
them with robbery, and warns everybody against touching 
anything proceeding from such a tainted source, and so 
creates an interest, which is kept up by B and C, who 
are apparently very angry with A. Then D chips in, 
and half the remainder of the alphabet follows, defending 
Db; ate A, and always writing about the merits and 
valus of the book, which in a very short time is talked 
about everywhere, and purchased widely by people who 
otherwise would never have troubled to look at a presen- 
tat‘on copy. The trick is done in a very few weeks of 
apparently angry newspaper correspondence, Of course, 
this is wholly theoretical, but it is my theory. Theonly 
weak point about it is that A should be influenced to lay 
himself open to attack, but then his willingness to do so 
depends on his degree of friendship, and his readiness to 
receive all the kicks while D pockets the halfpence. The 
other letters of the alphabet are out of it, excepting as 


amused spectators. Again I say, I may be wholly wrong 
in my theory, and only give it for what it is worth. 
Yours truly, 
ENE, 


To THE Eprror Or ENGINEERING. 

Sir,—One difficulty in answering an attack like Pro- 
fessor Thompson’s is that it serves to magnify unduly 
an individual and an act which would otherwise be left 
to their proper obscurity. But since our friends have so 
quickly rallied to our defence, silence on our part might 
be misconstrued. ’ f 

The writer is not to be drawn aside from the question 
of ‘‘De Magnete” simply because mud is thrown from a 
different direction, and an issue raised on a matter 
wholly foreign to the subject involved. Suffice it to say, 
the firm who are about to publish ‘‘ De Magnete” do not 
publish Ruskin, and were not publishing it at the 
time they contracted to publish Mottelay’s translation. 
The reputation of a house a century old, who never 
had a lawsuit or any difference with its authors, re- 
quires no defence, and none will be attempted. 

As to this translation of Gilbert, its history with us is 
as follows: A year or two ago Park Benjamin showed 
the writer, who was visiting him, the original, and spoke 
of his wish to translate it, and read him certain passages 
of exceeding interest. He was assured at the time of our 
sympathy with his ideas. Later he sent Mr. Mottelay 
to us with the completed translation, and the work was 
started at once in July last. 

We had never heard of any other translation, and were 
even in ignorance of a Gilbert Society and of ‘‘one of its 
secretaries,” knowing Dr. S. P. Thompson merely as the 
author of some books of electricity. - 

Now, what are Dr. Thompson’s claims to Gilbert? As 
nearly as his letter states, that he has announced his in- 
tention of making a translation, which, he says, he has 
not yet completed, and that, with more or less question- 
able taste, he has accepted money for the translation in 
advance, 

We are glad to note that Dr. Thompson is familiar 
with the copyright law, for our edition contains many 
valuable additions of an explanatory character and much 
of carefully collected notes. The work will be copyrighted 
in England, and if, when Dr. Thompson’s edition ap- 
pears, if it ever does, it shall also appear that he has 
supplemented his work with our material, he will find 
that this law will afford us ample protection. We men- 
tion this because he has sought to throw discredit on our 
translation, which he has never seen, and to institute 
comparison with his own, which has never appeared. 

Why Dr. Thompson thinks he has any exclusive claim 
on Gilbert it is difficult to see. Does he in his pride 
think Gilbert’s mantle has fallen on ——? Butno! For 
Gilbert, though dead for over two centuries, has rights 
that those of the present day must respect, and we beg 
pardon of his shade for even the thought. 

Very respectfully, 
Wm. H. WItery, 
of John Wiley and Sons. 
New York, January 3, 1893. 


“PROFESSIONAL” WITNESSES AT 
INQUESTS. 
To THE EDITOR OF ENGINEERING. 

Str,—My experience as a witness on two occasions 
before a coroner will, perhaps, be of interest to some of 
your readers. And I shall be very glad if any of them 
can comfort the humble spirit of an engineer suffering 
from wounds to his professional pride. Some years ago I 
was a witness in a case of manslaughter, together with 
several sailors, a birdstuffer, andacook. A surgeon also 
attended as witness to the injuries to the victim. The 
doctor and I were both employed in the naval service at 
the time, and at the close of the case he was paid two 
guineas, and I and the birdstuffer (he called himself a 
naturalist) and the cook and the sailors 1s. each. Ido 
not despise a shilling, but I prefer guineas, and when I 
saw the surgeon take his guinea and found myself lumped 
in with the rest at a shilling a head, I confess that I felt 
depreciated. I asked the coroner for enlightenment, and 
he kindly explained that the surgeon’s evidence was pro- 
fessional and was paid for as such, while mine was evid- 
ence which anyone might give, and was, by Act of Par- 
liament, valued at a shilling. He added, formy comfort 
—he saw the surgeon smiling, superior—that if I were 
called to give evidence as an engineer, I also would re- 
ceive gold. I saw the distinction and the justice of 
that, and went away content. 

Last week I appeared once more as a witness, and once 
again with a naval surgeon and some sailors. But this 
time I was unmistakably a professional witness. A 
model of a particular ship’s cellular compartments was 
indispensable to the inquiry. I prepared it. Questions as 
to ship’s structure, possibilities of ventilation of parti- 
cular parts, diffusion of gases in them, the customs and 
necessities In connection with their examination and pre- 
servation, and other technical matters bearing upon the 
subject of the inquiry, were submitted to me as anengi- 
neer upon my experience of more than 30 years. Yet, 
after the inquiry, and, as before, the surgeon was paid a 
guinea and I was offered Is. 

Once more, good-humouredly, I hope, I put the case to 
the coroner. This time my evidence was admitted to be 
professional but not sufficiently so for recognition in 
gold. The Act of Parliament regulated the fees, he said, 
and provided guineas for the surgeon and shillings for 
‘‘nous autres.” The fact that in both cases the surgeon 
and I belonged to the Navy, and that our time and ex- 
perience are at the public service, does not affect the 
abstract question at all. As witnesses in these cases, we 
appeared as any of our brethren in civil life might have 


done, to perform a public duty. The application of the 
law would be the same to them as to us, and what I wish 
to make clear and protest at is the /aw, as told to me, by 
which the surgeon gets a guinea and an engineer a shilling 
for evidence based upon their experience in their respec- 
tive professions. I donot want to see the doctor lose his 
guinea, but I would like to see the engineer get one too, 
Tam, Sir, yours faithfully, 
W. H, Davis, Fleet Engineer, R.N. 


TRANSITION CURVES. 
To THE EprTor oF ENGINEERING. 
Srr,—Allow me to correct’ an error into which your 
article on this subject last week has slipped, unless it has 
already attracted your attention. 
The construction you give for setting out the curve 
(Me = or R= is incorrect in one respect. Taking 
c 8 
the lettering of your Fig. 3, D BC is the circular curve, 
A Eis the main tangent, and D E (=6) is the offset from 
the tangent to the circle. Bis the point of contact of the 
transition curve and the circle, and A the point of con- 
tact of transition curve and the main tangent. 
You say: ‘‘The straight line D B then cuts the main 
tangent at the commencement point A of the transition 


curve. 
Now if B M be drawn perpendicular to A E, its length 
(the y, of your article) is R, x 3 ¢ , Which is four times 


the value of D E. Therefore, if B D produced cuts A E 
inT, ET=4EM. But AE=EM. Therefore, having 
found T, we must set out A H=3 ET in crder to have the 
point A, 


Mee T yo 


Besides the reason you mention for preferring this 
curve, it has the further recommendation that it fulfils 
better than any other the purpose for which a transition 
curve is required. 

The only arrangement of the super-elevation of the 
outer rail on a transition curve which platelayers can be 
expected to maintain, is that in which the rail rises on a 
uniform grade till it reaches the full super-elevation on the 
circle. Now with this arrangement the effect of the 
super-elevation will be exactly the rame at every point of 
the transition curve as it is on the circle, if the curve be 


that in which R a i but not with any other curve— 


8 
i.e., the same proportion of the centrifugal force will be 
compensated by super-elevation at every point of the 
curve. C.F. W: 
[We regret that by an unfortunate oversight we have 
fallen into the error our correspordent has pointed out. 
It arose from taking for the moment the curve A B 
(Fig. 3 of our article) as an arc of a circle, in which case 
our statement would have keen accurate. The proper 
position of A is, however, given in our article a line, or 
» 
two below this error, where we state AH =R (° ~ 30 
To set out the curve the angle between the chord A B 
and the main tangent should be measured and substituted 


for 2 in the method described in our article.—ED. E. ] 


a 


LAUNCHES AND TRIAL TRIPS. 


THE new screw steamer, St. Giles, was taken on the 
11th inst. on her trial trip off Hartlepool Bay in some- 
what stormy weather. This isa vessel built by Messrs, 
Wm. Gray and Co., Limited, and owned by Messrs, 
Rankin, Gilmour, and Co., of Liverpool. She is 341 ft. 
in length. 43 ft. in breadth, and 24 ft. 44 in. in depth. 
The vessel will, when loaded, be driven at a speed of 
about 94 knots per hour by means of a set of triple-ex- 
pansion engines, which have been provided and fitted by 
the Central Marine Engine Works belonging to Messrs. 
Wm. Gray and Co. These engines have cylinders 24 in., 
38 in., and 64 in., all having a piston stroke of 42 in. 
Steam is supplied by two unusually large boilers. The 
vessel was manipulated to the wishes of the compass ad- 
justers for a couple of hours, and was then run out to sea 
with the engines going at 82 revolutions per minute, the 
log indicating over 10 knots against unfavourable weather 
conditions. 


Tue UniTepSrates Navy.—The following further addi- 
tions are about to be made to the United States Navy: 
Oregon, 10,200 tons displacement; Indiana, 10,200 tons 
displacement ; Massachusetts, 10,200 tons displacement ; 
Columbia, 7350 tons displacement; Minneapolis, 7350 
tons displacement; Maine, 6648 tons displacement ; 
Texas, 6300 tons displacement ; Puritan, 6060 tons dis- 
placement ; Olympia, 5500 tons displacement ; Amphi- 
trite, 8990 tons displacement ; Monadnock, 3990 tons dis- 
placement ; Terror, 5990 tons displacement ; Cincinnati, 
3183 tons displacement ; Raleigh, 3183 tons displacement ; 
Ram, 2183 tons displacement; Marblehead, 2000 tons 
displacement ; Castine, 1050 tons displacement; and tor- 
pedo boat No, 2, 120 tons displacement, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mippiesproucn, Wednesday. 
The Cleveland Iron Trade.—Y esterday’s weekly market 
here was well attended, but the tone was flat, and hardly 
anybody was disposed to do business. Complaints that 
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were numerous, and several makers intimated that unless | 
an alteration for the better occurred before long they 


would be obliged to blow out more furnaces. Consumers 
of pig iron would not buy more than they needed for 
immediate requirements, and exporters held aloof, opining 
that as stocks continue to increase rapidly they would 
haveno difficulty in satisfying their wants at a later period, 


the present quotations were unremunerative to producers | and that probably they would be able to buy at cheaper 


rates than now rule. Thegeneral figure for prompt f.o.b. 
delivery of No. 3 g.m.b. Cleveland pig iron was 36s., and 
there were some makers willing to sell at that price for 
delivery to the end of March. One or two parcels 
changed hands at the aforementioned quotation, but 
buyers generally endeavoured to purchase at rather 
less, and some reported that they could obtain the ruling 
quality at 35s. 9d. No, 4 foundry was put at 35s., and 
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grey forge at 34s. 6d. Middlesbrough warrants were 
35s. 9d. cash buyers, with sellers asking 36s., but very 
little was done in them. Hematite pig 1roa was rather 
easier, about 43s. 6d. being the pr:ce of Nos. 1, 2, and 3 
makers’ east coast brands. There was no new feature in 
the Spanish ore trade. Something like 11s. 9d. ex ship 
Tees was the price of rubio. To-day the market was 
quite unaltered. 


Manufaetured Iron and Stecl.—In these two important 
industries affairs are about as gloomy as it is possible for 
them to be. Messrs. Bolekow, Vaughan, and Co. were 
last week end obliged to close their extensive Eston Steel 
Works owing to lack of orders, but fortunately they were 
enabled after one day’s idleness to restart with work 
which will keep them fully employed for a fortnight, 
before the expiration of which time it is sincerely to be 
hoped that the firm will have secured an order or two. 
Quotations keep low, and, in fact, some firms will accept 
orders at almost any price, just to keep their establish- 
ments going. Common iron bars are 5/.; best bars, 
5l. 10s.; iron ship-plates, 4/. 17s. 6d.; iron ship angles, 
41. 153.; steel ship-plates, 5/. 53.; and steel ship angles, 
5l., all less 24 per cent. discount for cash. Steel rails are 
quiet, about 4/. net at works being the general quotation 
for heavy sections. 


Cleveland Institution of Engineers.—On Monday evening, 
at a meeting of the Cleveland Institution of Engineers, 
Mr. William Shaw, of Middlesbrough, read a paper on 
“The Early Struggles of Open-Hearth Steel-Making 
and of Steel-Casting Manufacture.” Referring to the 
late Charles Attwood, a well-known ironmaster in the 
north of England, and the founder of the Weardale 
Tron and Coal Company, Mr. Shaw mentioned what 
he described as arather peculiar and startling occur- 
rence in May, 1862. Mr. Attwood tried the Bessemer 
process, but, finding it unsuitable for Weardale pig 
iron, he invented a process of his own. His patent 
being fresh and new, a specification from the Royal 
Laboratory at Woolwich Arsenal was sent to him asking 
for a supply of cast steel shot of his patent steel to suit 
the Armstrong 123-lb. breechloading gun. This specifi- 
cation was placed in his (the lecturer’s) hands to do the 
best hecould with it, and not having had any experience 
upon such work, he could see no way of meeting the re- 
quirements except by making a cast-iron mould and 
boring it out to the size, allowing for contraction. Into 
these moulds the shot were cast, 12 in number, and 
sent to the Royal Arsenal to be finished. These shot 
were tried at Shoeburyness. To his dismay, however, 
all the manufacturers explained that they had forged 
their shot after casting, and turned them to shape and 
size in the lathe. His were the only shot simply cast to 
shapeand not tempered, and they, being considered use- 
less, were laid aside till last. To the astonishment of 
all, however, they went clean through the armour-plates. 
These were the first cast-steel shot cast to shape that 
passed the tests. This steel was made from 80 parts of 
Weardale puddled iron and 20 parts of Weardale pig 
iron fused together in a crucible, the pig iron contain- 
ing in itself 3 per cent. of carbon and 3 per cent. 
of manganese. This success was followed up by 110-Ib. 
shot with the same good results. After referring to the 
invention of the Siemens Martin process, Mr. Shaw 
sketched the history of bogie wheels, and the great objec: 
tion to steel cast wheels on trucks. Mr. Attwood’s 
patent proved a complete failure when applied to large 
furnaces, and that planned by Mr. Siemens on the open 
hearth also failed. After discussing the question in full, 
Mr. Siemens advised the top of the experimental furnace 
to be removed, and the hearth to be arranged for pots or 
crucibles. This was done, and, commencing with ten pots, 
having the gas passing through amongst them, and reversing 
the flame every 30 minutes, very good work was done 
in a small way, and steel suitable for boiler plates and 
for light rails, as well as steel shot and shell, were made. 
From 1863 to 1866 Mr. Attwood and Mr. Siemens were 
trying to come together in order to work the two patents 
as one, but they could not agree, and Mr. Siemens 
joined Mr. Martin in France, and in this way it became 
**Siemens-Martin ” process, although Mr. Martin’s patent 
was not taken out until two years after that of Mr. 
Attwood. Much yet remained to be done in improving 
the finish of steel casting and reducing the cost. 
What was required was a well - arranged foundry 
gas furnace to work at a high uniform heat, a heat 
to fuse wrought iron quickly with a non-oxidising flame, 
as free from oxygen as possible, concentrated into 
as short a focus as possible to act quickly upon the metal. 
With this at command, the proportions of metal right, 
and a mould made of a material that would resist the 
necessary great heat of the metal, and so give clean cast- 
ings, sound work that would do all that was required 
without annealing would be the result. The question of 
heat had been nearly solved, but with regard to the 
moulding material they had something yet to learn. 


The Fuel Trade.—Vhere is not much doing in the coal 
trade, and prices are tending downwards. On Newcastle 
Exchange best Northumbrian coal is obtainable at 8s. 9d. 
f.o.b., and small steam at 8s. to 3s. 6d. Gas coal is re- 
ported in full demand, but prices vary considerably. 
Bunker coal depressed. Here coke is rather easier, good 
blast furnace qualities being at 12s, 9d. delivered at 
Cleveland works. 


ue 


NOTES FROM THE SOUTH-WEST. 
Cardif.—There has been a steady demand for steam 
coal; the best qualities have made 93. 9d. to 10s. 3d., 
while secondary descriptions have brought 9s. 6d. per 
ton. Household coal has been in good request. No. 3 
Rhondda large has made 11s. to 11s. 6d. per ton. A good 
demand has been noted for patent fuel, but prices have 


shown no change. Coke has been in comparatively limited 
request at about late rates ; foundry qualities have made 
17s. to 18s., and furnace ditto 15s. 6d. to 16s. 6d. per ton. 
Tron ore has ruled firm. Rubio has been quoted at 
lls. 3d. to lls. 6d. perton. The manufactured iron and 
steel trades have shown a slight improvement, rails having 
been in better demand. 


The Sliding Scale.—A large delegate meeting of South 
Wales colliers was held at Cardiff on Saturday to con- 
sider whether the sliding scale principle should be con- 
tinued. A ballot showed 41,814 votes in favour of giving 
full power to the workmen’s delegates to make the best 
terms they could in framing a new scale, while 17,764 
votes were recorded against such a policy. 


South Wales Coal and Iron.—The shipments of coal, 
foreign and coastwise, from the four principal Welsh 
ports in December were: Cardiff—foreign, 914,011 tons ; 
coastwise, 116,874 tons. Newport—foreign, 155,601 tons ; 
coastwise, 104,038 tons. Swansea—foreign, 60,647 tons ; 
coastwise, 50,628 tons. Llanelly—foreign, 10,977 tons ; 
coastwise, 4098 tons. It follows that the aggregate ship- 
ments for the month from the four ports were: Foreiga, 
1,141,236 tons; coastwise, 275,638 tons. The shipments 
of iron and steel from the four ports in December were: 
Cardiff, 230 tons ; Newport, 977 tons ; Swansea, 400 tons; 
Llanelly, 1500 tons ; total, 3107 tons. The shipments of 
coke in December were: Cardiff, 3069 tons ; Newport, 
1012 tons; Swansea, 21 tons; Llanelly, nil; total, 4102 
tons. The shipments of patent fuel in December were : 
Cardiff, 15,739 tons; Newport, 4499 tons; Swansea, 
24,796 tons; Llanelly, nil; total, 45,054 tons. The 
aggregate shipments of coal from the four principal 
Welsh ports for the whole of last year were as follows: 
Carditf, 11,831,717 tons ; Newport, 2,970,493 tons ; Swan- 
sca, 1,633,380 tons; Llanelly, 187,929 tons; total, 16,623,519 
tons. The aggregate shipments of iron and steel from the 
four ports in 1892 were: Cardiff, 30,319 tons ; Newport, 
36,1602 tons ; Swansea, 2440 tons; Llanelly, 2420 tons; 
total, 71,3392 tons. The aggregate shipments of coke 
last year were: Cardiff, 129,860 tons; Newport, 2871 
tons; Swansea, 6476 tons; Llanelly, nz; total, 139,207 
tons. The aggregate shipments of patent fuel last year 
were: Cardiff, 330,282 tons; Newport, 59,694 tons; 
Swansea, 377,546 tons; Llanelly, nil; total, 767,522 tons. 


The ** Sharpshooter” and the ‘‘ Spanker.”—It has been 
ascertained on an examination of the engines and boilers 
of the Sharpshooter gunboat that that vessel is not in a 
fit condition to be subjected to certain experimental 
trials. The Spanker, a sister ship to the Sharpshooter, 
is, however, being prepared for similar trials. 


The Tin-Plate Trade.—The Barry Works, Llanelly, 
have been leased from the Barry Tin Works Company by 
Messrs. E. Morewood and Co. The lease does not embrace 
a longer period than twelve months. 


The ‘‘ Hercules.”—The Hercules line of battle-ship 
remains in dock at Portsmouth. The shaft is being 
lengthened so as to carry the screw further aft; and in 
addition to this the centre part of her stern above the 
propeller is being overlaid with a sheathing of timber. 


Welsh Coal Contracts.—The Powell-Duffryn Coal Com- 
pany has secured contracts for coal to be supplied to the 
White Star and the Cunard Lines. The Austrian Lloyd’s, 
the Inman Line, the International Line, the Pacific 
Steam Navigation Company, and the British India Steam 
Navigation Company have also all come to Cardiff for 
coal this year. A large coal order from the Egyptian 
Government has gone to Newport. The contracts con- 
cluded at Cardiff have been divided among Messrs. Cory 
Brothers, Messrs. Burnyéat, Brown, and Co., Messrs. 
Insole and Son, the Ocean and Ferndale Colliery Com- 
panies, &c. 


Gas and Water at Barry.—The Parliamentary Com- 
mittee of the Barry and Cadoxton Local Board has offered 
the Barry and Cadoxton Gas and Water Company 
130,000/. for the transfer of its gas and water under- 
takings, free from all debts and liabilities. The offer is 
made subject to the consent and approval of Parliament 
and the Local Government Board. 


Dredging at Newport.—The special dredger committee 
of the Newport Harbour Commissioners has adopted a 
resolution to the effect that a stationary dredger with two 
steam hopper barges would be preferable to a bucket 
ladder hopper dredger. 


Timber at Barry Dock.—The pitwood required for col- 
lieries belonging to gentlemen interested in Barry Dock 
will in future be discharged at Barry Dock instead of at 
Cardiff. This will rather considerably increase the trade 
of Barry. 


Dowlais.—Both the upper and lower works have been 
active for some time past. Steel rails are being turned 
out at the lower works. 


Taff Vale Railway.—A Bill which the Taff Vale Rail- 
way Company will introduce into Parliament next session 
proposes to grant the company an extension of time until 
June 24, 1895, for acquiring the lands needed for the 
construction of the lines authorised by the Company’s 
Act of 1890. It is also proposed to extend until July 25, 
1898, the time allowed for completing and opening the 
lines for traffic. The company further seek powers for 
the use (for the purposes of traffic of every description) 
of the Riverside branch of the Great Western Railway. 


Bristol Docks.—The amount received in dock dues on 
imports, foreign and coastwise, in 1892 showed a falling 
off of 275/. as compared with 1891. The city dues also 
declined last year to the extent of 675/. The grain im- 
ports of 1892 were 214,827 quarters below those of 1891. 


Pontypridd, Caerphilly, and Newport Railway.—This 
company will apply to Parliament next session for powers 


to construct two short junction lines between Bassaleg 
and Newport for the purpose of connecting that part of 
the Tredegar Park Mile Railway used by them with the 
part used by the Great Western Railway Company and 
vice versé. Power is also sought to widen, for a distance 
of two furlongs, the company’s line at Bassaleg. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasyow Pig Iron Market.—Last Thursday’s pig iron 
warrant market was excited. Operators for the rise in 
the price of Scotch iron called up warrants, and these 
being scarce, the ‘‘shorts”” had no alternative but to 
cover, which they did freely, at prices ranging from 
42s. 44d. to 43s. 5d. perton. At that point holders became 
accommodating, and prices sharply relapsed to 42s. 9d., 
at which cash buyers remained at the last. All tarough, 
however, there was plenty of iron on offer forward, 
three months fixed, and some business was done at 
42s. 1d.; lots subsequently tendered at 41s. 1ld. met 
with no takers. These quotations show that the require- 
ments of legitimate trade had nothing to do with the 
movement on the market. Scotch iron on the day made 
an advance of 7d. per ton. The closing settlement prices 
were—Scotch iron, 42s. 9d. perton; Cleveland, 35s. 103d., 
hematite iron, 46s. 14d. per ton. Proceedings were 
rather quieter on the market on Friday. It was esti- 
mated that nearly 20,000 tons of Scotch iron changed 
hands in the course of the day, the cash prices ranging 
from 42s. 74d. to 43s. 43d. per ton, while over three 
months fixed there were ready sellers at 42s. 1d. and 42s, 
per ton, with but few takers. Scotch iron rose in price 
during the day 34d. per ton, Cleveland 63d., and hematite 
iron 14d. At the close the settlement prices were, re- 
spectively, 43s., 36s. 3d., and 46s. 3d. per ton. There was 
still a squeeze in Scotch pig iron in the warrant market 
on Monday, and a fairly good business was done. Prices 
mn the forenoon went up to 43s.6d. perton, being 1d. above 
last Thursday’s highest quotations of business done, but the 
closing price with buyers. 43s. 3d., was an advance of 3d. 
over last week’s close. Hematite iron was strong, and 
closed 8d. higher. Cleveland iron was weak; sellers 
went 6d. per ton to buyers’ price of last Friday, but 
buyers went 3d. per ton lower in their bidding. The 
holders of Scotch pig iron warrants continued the squeeze 
yesterday on those dealers who were oversold, and were 
maintaining at the increased and disproportionate 
values to those of other irons. No business was done 
in the forenoon in Scotch iron, either at cash or 
for one month. Sellers were seeking 43s. 5d —ld. 
dearer than their previous day’s closing price. So con- 
fident were buyers that the advance was only temporary, 
that business at three months fixed was done at 42s. per 
ton, or 1s. 5d. under thecurrent cash price. In the after- 
noon business was done at 1d. to 3d. under sellers’ 
demands in the forenoon, and the market closed with 


buyers unchanged, and sellers $d. over their previous — 


day’s price. No business was done in Cleveland iron, 
buyers and sellers remaining at Monday’s reduction. 
Hematite iron was weak, and business was transacted at 
buyers’ prices, or 3d. under the price paid on Monday. 
Buyers at the close were at 13d. and sellersat 1d. per ton 
under Monday’s final quotations. It wasreported yesterday 
that during the two and a half weeks of the month then 
passed, since prices were rushed up for a squeeze, more 
business had been done in hematite warrants than during 
the preceding two and a half months. Trading was very 
light this forenoon, and the price of Scotch warrants 
underwent very little change. The market at the present 
isin a very peculiar position. As high as 2} per cent. 
has been paid on Scotch warrants, one day’s notice; yet 
43s. 5d. one week fixed, and 42s. ld. three months 
“fixed” combined, have been done. Towards the close 
of the afternoon market a somewhat excited business 
was done in Scotch warrants up to 43s. 9d. per ton cash. 
Trading was tolerably active, and was largely for account 
of ‘‘ bears,” who appeared to take fright at the anomalous 
position of affairs. There was more disposition to buy 
*‘ fixed” iron ahead, a large part of the business in the 
afternoon being that class of buying. The ‘“‘ bear” 
account has been heavier than has hitherto been calcu- 
lated. The following are some of the quotations for No. 1 
special brands of makers’ iron: Calder and Gartsherrie, 
51s. per ton ; Summerlee, 52s.; Langloan, 54s. 6d.; Colt- 
ness, 55s.—the foregoing all shipped at Glasgow ; Glen- 
garnock (shipped at Ardrossan), 50s.; Shotts (shipped 
at Leith), 53s.; Carron (shipped at Grangemouth), 53s. 
per ton. Last week’s shipments of pig iron from all 
Scotch ports amounted to 7481 tons, against 4096 tons 
in the corresponding week of last year. They included 
265 tons for the United States, 240 tons for India, 445 
tons for Australia, 510 tons for France, 268 tons for Italy, 
340 tons for Germany, 203 tons for Spain and Portugal, 160 
tons China and Japan, smaller quantities for other coun- 
tries, and 4850 tons coastwise. The total shipments from 
January 1 up to the close of last week were 12,177, as com- 
pared with 9522 tons in the corresponding portion of last 
year. Four furnaces are again blowing at Carnbrae Iron 
Works, and in all there are 69 furnaces in blast throughout 
Scotland, as compared with 76 at this time last year. The 
stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores yesterday afternoon stood at 337,140 tons, 
against 338,062 tons yesterday week, thus showing for the 
week a reduction amounting to 922 tons. 


Nickel Ore Imports at Clyde.—The nickel and ore 
imports into the Clyde, which had shown a remarkable 
expansion during the five years ending 1891, have during 
1892 maintained and slightly exceeded the previous year’s 
heavy imports. The total landings last year amounted 
to 32,110 tons, an increase of 548 tons over those for 1891, 
14,254 tons over 1890, and 21,471 tons, or three times the 
landings, in 1889. The nickel works at Kirkintilloch 
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began about eight years ago in a small way, but they last 
year imported ten times the quantity of ore used up in 
the third year of their existence. The returns are: 


Month. Year. 

Vessels, Tons. Vessels. Tons. 
1886 ... a aes 1 700 
1887 ... Sas Bee 2 3,348 
1888... ay: 2 7 2,561 
1889 ... Bee a 10 10,639 
1890 ... 3 5676 11 17,856 
BOO 0 wee 2 3674 16 31,562 
1892 1 2000 13 32,110 


Coatbridge Technical School: Str William Arrol on 
Technical Education.—The Coatbridge Technical School, 
which was the first to be constituted in Scotland under 
the Technical Schools Act, is now generally recognised as 
being one of the best institutions of the kind in the 
kingdom. A meeting in connection with it was held 
last riday night, and one of the speakers at it was Sir 
William Arrol. In addressing the students, he mentioned 
that he had been born at atime when there were no tech- 
nical schools in Scotland, and explained how he had 
worked his way up by attending evening schools. There 
was no doubt, he said, that they had been a long way 
behind other nations in Europe in technical education, 
but they were now getting ahead. In Germany and other 
countries they had good theoretical education, but they 
had to come to this country in some cases to obtain tech- 
nical knowledge as to how to put it into practice. <A 
German professor had come over and spent a whole week 
on the Forth Bridge, studying and copying every tool 
they used, and afterwards published it all in a big 
pamphlet which he (Sir William) had sent to the centres of 
technical education in this country, with the advice to the 
students to follow the German’s example. He counselled 
the Coatbridge students to get educated technically up 
to the very highest point possible, but to understand, at 
the same time, that no education would be of any use 
unless they were able and ready to work and put it to 
practical use. It may be mentioned that during last ses- 
sion of this Coatbridge institution there was an average 
attendance of 510 students, and that the number who 
presented themselves for examination was 542, of whom 
408 passed, thus giving a percentage of 75.3 passes, as 
compared with a percentage of 65.8 over the whole 
kingdom. 


West of Scotland Iron and Steel Institute.—An ordinary 
monthly meeting of this new Institute was held last 
Friday night, Mr. James Riley, president, in the chair, 
at which a very interesting paper was read by Mr. James 
L. Biggart, whose subject was ‘‘The Adaptation of 
Hydraulic Power in the Manufacture of Iron and Steel.” 
One special feature of the paper was a description of a 
new and powerful shearing machine which works in con- 
junction with a pressure multiplier, 


Physical Society of Glasgow University.—At the ordi- 
nary meeting of this Society last Friday night in the 
Natural Philosophy class-room, Mr. J. H. Grey in the 
chair, Mr. Magnus Maclean, M.A., F.R.S.E., gave notes 
on some of the experiments performed in the physical 
laboratory by the students this session. He referred to 
a great number of experiments on the elastic properties 
of metals, and especially (1) to a static method of finding 
the rigidity modulus not usually employed ; (2) to a new 
method of finding the flexural rigidity of their rectangular 
pieces, like the main spring of a watch; (3) to resiliences 
of spiral springs made of various materials; and (4) 
showed how flexural rigidities can be obtained from spiral 
springs, either by a static or a kinetic method. He 
described a new piece of apparatus, designed by Mr. 
Thomas Gray, for determining the horizontal component 
of the earth’s magnetism. The sine method is used, and 
a telescope instead of the usual lamp and scale. Results 
of recent determinations by means of this apparatus were 
given, and they showed remarkable agreement to values 
previously obtained by a long series of elaborate experi- 
ments according to the Gaussian method. Various other 
experiments were briefly referred to, one of the objects of 
the communication being to enable members and students 
to know not only what experiments they themselves were 
engaged at, but also the experiments that the others were 
performing and the results they obtained. 


Colour Blindness.—This subject was dealt with by Dr. 
William Pole, F.R.S., on Monday night at a meeting of 
the Royal Society of Edinburgh. At the close of the 
aa some interesting remarks were made on the subject 

y Sir George Stokes, who is for the time resident in 
Edinburgh delivering the Gifford Lectures on Natural 
Religion. 


MISCELLANEA. 
THE usual monthly meeting of the University College 
Engineering Society was held on Tuesday, January 17, 
Professor T’. H. Beare in the chair, when a paper was 
read by Mr, F. R. Durhamon the “ Disposal of Sewage.” 


The annual general meeting of the London Association 
of Foremen Engineers and Draughtsmen was held on 
Saturday, the 7th inst., when the president, Mr. James 
ik on retiring from the chair, delivered his annual 
address. 


On the Transandine Railway passengers can now com- 
pe the journey from Mendoza to Santa Rosa in 48 

ours, and on the completion of the Argentine section to 
Purita dela Vacas, which is now very far advanced, the 
journey will be easily done in 36 hours. 


M. Krivoschein, the new Russian Minister of the Com- 
munications Department, has issued a decree annulling 
the prohibition hitherto existing against State and private 
railways ordering various railway material from foreign 


manufacturers. Such orders may now be placed abroad, 
in case the foreign prices are lower than the Russian. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended January 8 
amounted, on 16,4444 miles, to 1,143,917/., and for the 
corresponding period of 1892, on 16,378% miles, to 
1,192,734/., an increase of 654 miles, or 0.4 per cent., and 
a decrease of 48,817/., or 4.2 per cent. 


The Sphincter Grip Armoured Hose Company, Limited, 
of 9, Moorfields, London, E.C., having added to their 
business a fire and general engineering department, have 
decided to change the title of their firm to ‘‘ The Sphinc- 
ter Grip Armoured Hose and Engineering Company, 
Limited.” 


The Krupp firm keeps extending ata considerable rate, 
Their negotiations with Li Hang shang have now 
ended in an agreement, according to which the firm shall 
erect a large foundry and rolling mill at Kaiphing. 
These works will supply the railway material for the line 
from Tientsin to Shanghai Kuan, and the contemplated 
extension to Nirin. 


The ordinary monthly meeting of the Birmingham 
Association of Mechanical Engineers was held on Satur- 
day, January 7, at the Grand Hotel, Colmore-row, Bir- 
mingham. ‘The president, Mr. A. Driver, occupied the 
chair. The ordinary business having been transacted, 
the balance-sheet was presented by the auditors, and 
duly passed, after which the president delivered his 
inaugural address. 


The Windsor and Eton Scientific Society are about to 
hold an electrical exhibition as a special feature of their 
annual meetings on Feb. 1 and 2. Power for driving 
dynamos and ordinary machinery will be provided. 
Many offers of the loan of machinery and other electric 
appliances have already been received, and the committee 
will be glad of further offers of a like nature from elec- 
trical engineers, manufacturers, and other persons who 
may feel interested in the proposal. 


On Monday, the 9th inst., the usual monthly meet- 
ing of the Hull and District Institution of Engineers and 
Naval Architects was held at the Institution rooms, 
Bond-street. At the conclusion of the usual business a 
paper on ‘‘ The Necessity of, and Means for, Maintaining 
the Purity of the Water in Marine Boilers,” was read by 
Mr. J. B. Edmiston, M.I.M.E., M.I.N.A., &c., of Liver- 
pool. The paper was well illustrated by drawings and 
models, and also by samples of deposits and filter cloths 
taken out of the filters after use. 


During the year 1892 altogether 175,000 tons of iron 
ore have been broken at the Gellivora iron ore deposits 
and transported to Lulea. This quantity has, however, 
not all been shipped, but a considerable portion is lying 
at Lulea waiting for first open water. Putting the value 
at the low figure of 7 kr., or rather more than 7s. 9d. per 
ton, last year’s output represents a value of 1,225,000 kr., 
or something like 68,000/., which sum means the gross re- 
ceipts of the iron ore company. The bulk of this sum 
goes, however, to pay the railway carriage, 4 kr. per ton, 
or altogether close upon 39,000/. The breaking and other 
expenses amount to 2 kr. 50 Gre, being equal to a total of 
23,0002. 


A scheme is well advanced for providing Brussels with 
an underground electric railway similar to the South 
London line. The railway will have no fixed terminus, 
but will be arranged similar to the Inner Circle line, 
having eleven stations at the most important points of 
the city. No locomotives will be employed, but each 
train will consist of only one first and second class com- 
posite bogie carriage, to carry 40 passengers, with a com- 
partment in front in which the electric traction gear will 
be arranged. It is proposed to run 11 such cars in each 
direction, and to work the traffic by the automatic 
electric block system, as adopted on the Liverpool Electric 
Railway. The lifts at each station will be operated by 
electric power. Messrs. Alexander Penney and Co. are 
the agents for the syndicate, and Mr. J. H. Greathead 
has been appointed engineer. 


A second experimental armour-plate, manufactured 
according to the Harvey system of hardening, was tested 
on Wednesday on board the Nettle, at Portsmouth. The 
plate wasof the usual standard superficial dimensions, 
but was only 6 in. in thickness, or 4 in. thinner than the 
one previously fired at. The ordeal to which it was sub- 
jected was substantially the same that is ordinarily en- 
forced, the 6-in. breechloader, with Holtzer projectiles, 
weighing 100 lb., being used at a range of 10 yards. In 
view, however, of the comparative lightness of the target, 
it was deemed advisable to reach the maximum powder 
charge by graduated rounds. The trial was private, but 
it is understood that the results were as follows: A 30-lb. 
charge inflicted no damage; a projectile fired with a 42-lb. 
charge also failed to penetrate, but a, Holtzer discharged 
with 48 lb. of powder, the highest amount allotted to the 
gun, penetrated the face and part of the backing, but 
without disintegrating the armour, which was again fired 
at with a maximum charge. 


The following are the details of the fast train run made 
on November 18, 1892, between Philadelphia and New 
York. Between Tabor and Jenkintown, with an uphill 
grade of 78 ft. to the mile, the high speed was begun, 
tive miles of the distance being covered in four minutes. 
Between Jenkintown and Langhorne the 13 miles were 
covered in 14 minutes. The 5 miles between Somerton 
and Parkland were made in 205 seconds. After passing 
Neshaminy the engine broke her own record by 
making a mile in 39 seconds, and between Langhorne 
and Yardley, a distance of nearly seven miles, half of it 
on a grade of 40 ft. to the mile, the run was made in 


eight minutes. After leaving Plainfield the engine 
began its spurt; the two miles between Plainfield 
and Fanwood were covered in less than two minutes. 
The next mile was done in 37 seconds, and the following 
mile in 38 seconds, the best record for a two-mile run. 
The engine was an eight-wheel compound of Vauclain 
four-cylinder type, built by the Baldwin Locomotive 
Works for the Central Railway of New Jersey. The 
record attained by it, viz., 97.3 and 94.73 miles per hour, 
is the highest yet recorded. The above facts were laid 
before the Engineers’ Club of Philadelphia by the secre- 
tary, on December 17, 1892. 


At a recent meeting of the Leeds Association of 
Engineers, Mr. Francis Rixson, of the Chantrey Steel 
and Crank Works, read a paper on ‘‘The Selection and 
Treatment of Steel for Forgings,” in which he remarked 
that though, for certain purposes, good iron still held the 
field, it was being largely replaced by steel, which had 
the advantage of a uniform texture, good wearing 
qualities, and cheapness, as good iron costs more to buy. 
The steel best adapted for forgings such as piston rods, 
main shafting, and cranks, should, he considered, have a 
tensile strength of 27 to 30 tons per square inch., with a 
high percentage of elongation, and a reduction of area of 
from 45 to 55 per cent. A bar of 1 square inch section, 
16 in. long, should bear bending over a bar 1} in. in 
diameter through 180 deg. He thought that the steel 
for such forgings should contain .3 per cent. of carbon, 
though many engineers limited it to .15 per cent. 
Siemens steel was now made up to 1.5 per cent. of 
carbon, this high temper being used for fine files, whilst 
lower tempers were used for saws and springs, in which 
it replaced common crucible steel. The heating the steel 
preparatory to forging should always be done slowly, so 
as to give the steel a thorough soaking, or wasters were a 
certainty. In designing steel forged work all re- 
entrant angles should be well filleted. He did not 
recommend the process of forging articles from steel scrap, 
but considered it better to use new ingots, remelting the 
scrap in the Siemens furnace. Another branch of steel 
forging was the preparation of bent cranks, which had 
long been made of the round section only, but his own 
firm had since 1884 applied the process to turning out 
slab cranks of usual type, saving much time and labour. 


A paper on ‘‘Geological, Manufacturing, and other 
Notes on Iron” was read before the Liverpool Engineer- 
ing Society on Wednesday evening, January 11, 1893, by 
Mr. Thomas Morris, F.G.S., in which the lecturer gave 
an interesting account of the formation of ironstone, and 
described the enormous changes that have been brought 
about by the disintegration of the old rocks through 
the agency of time and the physical forces of nature. 
Samples were exhibited, and diagrams shown, accom- 
panied by analyses, illustrating the decomposition of 
the rocks by the action of the water and carbonic 
acid. A sample, believed to be one of the earliest 
formed ironstones (and which Mr. Morris exhibited), 
would cut glass, and the only apparent difference be- 
tween the true granite and the specimen of iron ore was 
one of altered quantities. Passing from the formation of 
ironstone, the author gave an account of the calcining 
and smelting of the ores and the preparation of castings, 
for which he advocated a uniform standard of tests. 
Turning to wrought iron, he described the puddling 
process, exhibiting specimens showing the various 
chemical changes taking place during the _ process. 
Fibrous iron, he remarked, would not give satisfaction 
when used for sledge hammers or pile shoe tips. Iron 
might be as good as need be for some purposes and the 
same iron quite useless for others. The ironmaker was at 
fault if he sent to a first-class shoeing smith red-short 
iron, or cold-short iron to achainmaker. And the black- 
smith was at fault if he attempted to work a piece of 
iron on an anvil before it is thoroughly hot in the middle ; 
or if, after he had forged the iron into shape, he bent it 
into form at a low red heat. He had long held the 
opinion that a smith who could spoil at will any iron that 
is given to him is not fit to stand in front of a smithy fire, 
and that he ought not to be allowed to stand in front of 
one if he did. 


CaTALOGUE. — We have received from Messrs. R. 
Crompton and Co., Limited, a copy of their new cata- 
logue of dynamo machinery for lighting, power trans- 
mission, and electro-metallurgy. The catalogue con- 
tains full illustrated descriptions of the various machines, 
including steam dynamos. Very complete tables of 
prices are also given, and a telegraphic code contained 
in the volume will enable foreign buyers to send their 
orders by telegraph. 


Macuinery Ratine Av CHESTERFIELD.—Some year or 
two ago the rating authorities of the Chesterfield Union 
were induced to attempt to enforce the new theories as to 
the rating of machinery, and as a result the Staveley, 
Claycross, and the Sheepbridge Coal and Iron Com- 
panies and many other large iron works and factories in 
the district had their assessments increased, in some cases 
more than 100 per cent. Nearly the whole of the firms 
affected being members of the National Society for the 
Exemption of Machinery from Rating, that association 
undertook the protection of their interests, and on Thurs- 
day last Mr. Humphreys-Davies, of London, the valuer 
to the association, appeared before the Assessment Com- 
mittee in support of the objections made by the Staveley 
and Claycross Companies. After a long discussion, 
compromises were arranged by which the new valuation 
was reduced by upwards of 2000/. in the former case and 
to the amount of the old assessment in the latter, The 
other appeals still remain to be decided. 
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Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse. 

Cargz Town: Gordon and Gotch. 

EpinsurGu : John Menzies and Co., 12, Hanover-street. 

FRANCE, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue dela Banque; M. Em. Terquem, 31is Boulevard Haussmann, 
Also for Advertisements, Agenve Havas, 8, Place de la Bourse. 
(See below.) 
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at 8 p.m, Ordinary meeting. Paper to be further discussed : 
“Gas Power for Electric Lighting,” by Mr. J. Emerson Dowson, 
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F.R.S. 
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Institution of Civil Engineers, 25, Great George-street, West- 
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8 p.m. Inaugural address of the President, Mr. W. H. Preece, 
F.R.S., M. Inst. C.E. 
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metallism as affecting British Interests ;” and by Mr. A. Goddard 
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o’clock, 
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25th inst., at 7.15 o’clock precisely, in the Arbitration Room, first 
floor, 63 and 64, Chancery-lane, to discuss Mr. Ellis’s paper on 
‘*Lapsed Patents.” 

Socirty or Arts.—John-street, Adelphi, London, W.C. Arrange- 
ments forthe week ending January 28st, 1893.— Tuesday, January 
24th, at 8p.m. Applied Art Section. ‘‘The Theory of ‘Storia- 
tion’ in Art,” by Mr. Hugh Stannus, F.R.I.B.A. W. H. James 
Weale will preside.—Wednesday, January 25th, at 8 p.m. Ordinary 
meeting. ‘‘The Fine Arts in Relation to the Sanitary Condition 
of our Great Cities,’ by Mr. Wyke Bayliss, F.S.A., P.R.S. Brit. 
Artists. Benjamin Ward Richardson, M.D., F.K.S., will preside. 
—Friday, January 27th, at 8 p.m. Howard lectures. ‘‘ The 
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by Professor W. Cawthorne Unwin, F.R.8. (Lecture III.).— 
Methods of Distributing Energy—Distribution by Shafting— 
Telodynamic Transmission—Installation at Schaffhausen, Belle- 
garde, and Gokak. Practical Defects of the System. 

Tue INSTITUTION OF C1yiL ENGINEERS—NEWCASTLE-ON-TYNE Agsso- 
CIATION OF STuDENTS.—Wednesday, January 25th, at 8 p.m., in 
the Durham College of Science, Newcastle. A paper on the 
‘ Foreshore Protection Works at Hastings,” by by Albert Have- 
lock Case, A.M., Inst. C.E. Wh. Sc., will be read and discussed. 

INSTITUTE OF MARINE ENGINEERS.—Monday, January 23rd, at 
7.30 p.m., when the subject for discussion will be ‘‘The Educa- 
tional and Training of Engineers,” to be introduced in a paper by 
Mr. S. C. Sage, postponed from the previous meeting. 
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REORGANISATION OF THE LABOUR 
DEPARTMENT. 

THE paper read before the Royal Statistical 
Society on Tuesday last by Mr. David F. Schloss 
was well-timed. For some time past there has 
been a demand for a Labour Bureau on a scale 
proportionate to the industrial requirements of this 
country, though the advocates of such a Bureau 
differ widely as to the work to be undertaken, and 
to some extent as to the mode of doing it. The 
popular notion seems to be that the Labour Bureau 
ought to be a kind of Labour Exchange, which is 
a very different thing. Whether or not there 
might arise a necessity for local labour exchanges 
in all the chief industrial centres, all being in 
touch with the Labour Bureau by means of corre- 
spondence, visitations, and centralised direction, 
is a matter of debate, and upon which great diver- 
sity of opinion will of necessity arise. At present 
the idea of a Labour Bureau is based mainly upon 
the State departments of labour in several American 
States, such as Massachusetts, Washington, and 
more recently expanded into a Labour Department 
under the Federal Government. More recently 
still the French Government have established a 
permanent Labour Commission (Conseil Supérieur 
du Travail), whose duty it is to advise the Cabinet 
with respect to matters pertaining to labour. 
Latterly this body has been carrying out a wider 
scheme, not only of investigation, but of initial 
work, by making recommendations as a basis of 
legislative measures to be brought in by the Govern- 
ment. The latter function would be rather difti- 
cult in this country, with our mode of government 
by parties, as a conflict might arise between a 
department and the executive. However, we have 
our Royal Commissions and Select Committees to 
undertake this work, so that we are provided with 
adequate machinery for special investigation and 
for recommending legislation as popular needs 
arise. Indeed, we have now a series of recommen- 
dations from Royal Commissions that have never 
been even attempted to be formulated into mea- 
sures, so that there is no lack in this respect in 
this country. 

Mr. Schloss, in his paper, recalls attention to 
the resolution passed by the House of Commons 
on March 2, 1886, ‘‘That in the opinion of this 
House immediate steps should be taken to insure 
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in this country the full and accurate collection and 
publication of labour statistics.” He then gives 
the terms and conditions under which Mr. A. J. 
Mundella, then, as now, the President of the 
Board of Trade, instituted the Labour Department 
of the Board of Trade. The work of that depart- 
ment has grown until there are now 13 clerks in 
addition to the labour correspondent, the work 
being under the supervision of Mr. Giffen, the 
head of the Commercial Department. Mr. Schloss 
then refers to the series of reports prepared by the 
Labour Department, and of others issued probably 
in consequence of its establishment. Work of 
another kind has also been undertaken by the 
labour correspondent, such as special inquiries, 
evidence before committees and commissions, and 
secretarial work in connection with the Royal Com- 
mission on Labour, The department has been 
open about 63 years, during whicn time much has 
undoubtedly been done that was required to be 
done, and which had never before been attempted 
in thiscountry. There have been many complaints 
about the inadequacy of the information collected 
and given, and, above all, about the delays in the 
publication of reports. For example, in one year 
there was no report on trade unions. The report 
for 1891 is not yet out, though we are nearing the 
end of the first month in 1893. It cannot be too 
strongly urged that information of this kind loses 
its value by unnecessary delay. There is no earthly 
reason why the volume of statistics on trade 
unions should not be out by the end of June in 
each year, for after the preparation of the two first 
volumes the work of continuation was inconsider- 
able. Often the reports of the great societies have 
been summarised in ENGINEERING about the middle 
of the year, by which time all the reports are in 
the hands of the labour correspondent. 

Mr. Schloss very generously makes excuses for 
the delays by referring to the inadequate resources 
of the department. That it was a ‘‘starved 
department ”’ is quite true. Mr. Burnett was first 
put there asa kind of supernumerary clerk, in a 
wretchedly small back room with no sort of help. 
Then he had one clerk. It has been only by in- 
cessant progging from the outside that the depart- 
ment has attained its present dimensions, and even 
then the labour correspondent had other duties 
thrust upon him outside his office. The inadequacy 
of circularising for the purposes of the department 
is shown by the fact that of 730 inquiry forms sent 
out on the subject of workmen’s budgets—wages 
and expenditure—only 36 were returned, two of 
which were so imperfectly filled up as to be worth- 
less. Again, as regards a census of wages, 79,041 
schedules were sent out, while the replies were 
only 10,681, or 14 per cent. of the total. Of those 
sent in many were valueless. Looking at these 
returns in detail, the case is even worse, for in one 
large branch of industry only 50 replies were 
received froma total of 1478 schedules ; in another 
case only one reply came to hand out of 28 
schedules. In one other case 110 replies were 
received out of 1533 schedules sent out, and ina 
further case 116 out of 1114 schedules. The 
returns in three most important branches of indus- 
try were so inadequate, that 88, 84, and 83 per 
cent. respectively remained unanswered. Even 
those sent in were mostly imperfect, ‘‘ nearly every 
return having to be written about on two or more 
points.” It is admitted that the reports as to 
strikes and lock-outs are mainly derived from the 
newspapers, for very little information is usually 
given in the monthly reports of the unions upon 
this most important point. Latterly the replies 
upon these subjects have been 56.4 to 64.8 per cent. 
For a Labour Bureau to depend upon the in- 
adequate information obtained in this way is an 
evidence of the wholly fugitive nature of the 
material on which to found a judgment upon the 
most important social and industrial movements of 
the age in which we live, and of the forces which 
are in operation bearing upon wages and living 
in this the greatest industrial country in the 
world, 

Mr. Schloss urges the necessity of investigation 
on the spot. The value of such investigation is 
shown by two instances, not specifically mentioned 
by him in his paper, except as reports, namely, the 
investigation into the condition of the chain and 
nail makers, and into the system of sweating in the 
Hast End of London. Mr. Burnett showed how 
valuable information could be thus collected and 
be made available, and that, too, within a short 
time. An hour’s interview once a year with the 
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secretaries of the trade unions would furnish a large 
amount of additional information upon all labour 
questions, the number and cost of disputes, and 
often upon the wages paid, the hours of labour, 
overtime worked, piecework, and other interesting 
matters. One whole month so spent in each year, 
calling upon half a dozen secretaries ina day, would 
glean information from 144 of the chief unions; 
sometimes several of whom are to be found either 
in one building, as in Manchester, or close together 
in London and many other large towns. But these 
interviews could be arranged at different times, to 
suit the officials of the department and of the 
unions. They need not be all in one month, or in 
three months. The work of Mr. Charles Booth is 
alluded to, Mr. Schloss himself having been a 
co-worker with Mr. Booth in his investigations. 
Mr. Henry Mayhew, many years ago, in his 
**London Labour and London Poor,” and Mr. 
Charles Booth during the last five or six years, 
have shown what may be done by individual 
effort on an organised plan, by intelligent 
workers. How much better that work could be 
done under Government authority is obvious, 
for many would give information to a State official 
who would or might refuse it to a private individual. 
Mr. Schloss insists upon the necessity for careful 
inquiry upon the specific points about which in- 
formation is sought—not rambling and nebulous 
observations or statements. The use of schedules 
helps to keep the inquirer and the witness close to 
the subject in hand. A little practice would enable 
an expert to extract all the requisite information 
desired in a very brief interview, and could render 
that interview a pleasant one. 

Mr. Schloss strongly insists upon the necessity for 
prompt publication. To be of any real use or value, 
the information is needed at once. At present it is 
historical only, often only ancient history. - The 
case suggested in the paper is a crucial one, namely, 
in case of a dispute. Often the real points at 
issue are not understood by the public, and yet 
judgment is pronounced offhand, sometimes in 
favour of the employer, sometimes in favour of the 
men. The investigation and report in such cases 
would require delicate handling, because for an 
official to prejudge the case may lead to very serious 
consequences. Nevertheless, in some instances, 
the bare statement of the case in plain language, 
free from bias, would tend to prevent a strike, or 
stay the hand of the employer. To use the lan- 
guage of the paper, it would not inconsiderably 
facilitate the equitable and pacific adjustment of 
the dispute. It would not be difficult to point to a 
dozen big disputes that might have been prevented 
from developing into strikes if the true facts of the 
case were laid bare before the final stage was 
entered upon. 

Mr. Schloss proposes to appoint local labour 
correspondents in each industrial district. He 
proposes nine to commence with. The places 
selected are Birmingham, Cardiff, Hull, Manches- 
ter, Newcastle, Plymouth, Glasgow, and Dublin, 
and one in London. ‘he work of these local 
correspondents would be to supply the London 
office, at the Board of Trade, with prompt and 
accurate information upon labour and wages, dis- 
putes, cost of living, and other matters. It is 
suggested that the monthly Memorandum on the 
state of the skilled labour market should be -ex- 
tended, so as to give information generally as re- 
gards the unemployed. But the paper deprecates 
turning these local offices or the Bureau into labour 
exchanges or registry offices. In this Mr. Schloss 
is right. But he would render the information of 
the registry offices available for the Bureau, and 
vice versa. He proposes further to publish the 
Labour Journal weekly, with an analysis of all the 
returns. He also proposes that the Post Office 
should be a centre of information, with the free use 
of the telegraph for all purposes connected with 
the Labour Bureau and registry offices. 

It is also suggested that a National Labour 
Council be established, similar to the Conseil 
Supérieur du Travail, and also local labour councils. 
The former would be ofticial, the latter recognised 
only. It is further suggested that the boards of 
conciliation may be constituted as the local 
labour councils, with power to advise the National 
Council, the latter to have power to settle dis- 
putes as the Supreme Court of Appeal for Labour. 
The four chief points of Mr. Schloss’s scheme are: 
1. The strengthening of the staff of the Labour 
Department. 2. Appointment of labour corre- 
spondents. 3. The creation of a National Labour 


Council in connection with the Labour Depart- | 
ment. 4. The affiliation to» the department of 
local labour councils. He admits the cost, and 
would be prepared to vote the necessary funds for 
the purpose. The United States spend 35,000. a 
year, exclusive of printing. The French Commis- 
sion costs about 7000l., with every prospect of in- 
creasing. The utmost Mr. Schloss estimates our 
expenditure at would be 8000/., exclusive of 
stationery, printing — say, on the _ average 
10,000/. a year. This amount after all is but 
trifling, with a total foreign and colonial trade of 
715,352,822/. last year, notwithstanding all our bad 
trade. An efficient Labour Bureau, with a plentiful 
supply of full and accurate information, readily 
and easily available, would be cheap at even double 
that sum. If, however, it is to becomea stagnant 
department, doling out historical information long 
after date, then it is dear at any price. If we can 
get the Trade and Navigation Returns early in each 
month reporting the voluminous trade of the past 
month all over the world, as we do, then it cannot 
be difficult to furnish a weekly journal, full of 
reliable and always fresh information, which shall 
be useful alike to employers and employed, and 
interesting to the general reading public. Without, 
therefore, passing an opinion upon all the proposals 
of Mr. Schloss, there can be no doubt as to the 
value of his scheme generally, provided always that 
it shall become a living department, alive to all 
the phases and necessities of industrial life. 


THE THREE-WIRE SYSTEM OF 
ELECTRIC DISTRIBUTION. 

On Saturday last Mr. Justice Romer delivered 
judgment in the case of Hopkinson versus the St. 
James’s and Pall Mall Electric Lighting Company, 
Limited. The action was brought by Dr. John 
Hopkinson for the infringement of his patent, 
No. 3576 of 1882, as amended in June, 1891, for 
an invention of ‘‘ improvements in distributing 
electricity, and in apparatus to be employed for 
that purpose.”” The use by the defendants of the 
system was not denied, the defence being mainly 
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confined to the two pleas of anticipation by prior 
user, and want of invention. The general fea- 
tures of the three-wire system of electric distri- 
bution are so well known that a few words of de- 
scription will suffice. Referring to Fig. 1, which 
is reproduced exactly from Fig. 5 in Dr. Hopkin- 
son’s patent specification, it will be seen that 
two dynamos are used coupled in series, with 
the positive terminal of the one connected to the 
negative terminal of the other. From each of the 
two outer. terminals D and F a main is led into the 


network, while a third main proceeds from the 
joined terminals H, also into the network. Now, 
if each dynamo is designed to give a pressure of 
100 volts, it will be seen that there will be a differ- 
ence of potential between D and H, and between 
H and ¥, of 100 volts, and between D and F of 
200 volts. As the mains C, G, and E are coupled to 
D, H, and F, there will likewise bea difference of 
potential of 100 volts between C and G, and 
between G and E, and of 200 volts between C 
and EK. If the mains are kept at these differences 
of potential, incandescence lamps requiring a 
pressure of 100 volts can be employed between 
either set of mains C G or GE. If there be 
the same number of lamps (in the figure four) 
on each system, there will be no current from the 
main G to the terminal H, for it is evident that 
the current that flows along O, and through the 
two groups K and M, finds its way back to the 
dynamos through the groups J and Land the main 
EK, and that there is none available to return by the 
main G. But if one group be extinguished (say 


Glass Blowers 


fi lashing 
Finished 
Lamps 


Kitchen 
Furnace 


Pumps 


Instrument 


Department 


L), then the group J will only furnish a passage 
for half the current from the groups K and M, 
and the other half must return by the main 
G. Similarly, if it be the group K that is ex- 
tinguished, then the necessary current for J 
must come by the conductor G, which always 
carries an amount of current corresponding to 
the difference of load on the two parts of the 
system. In an extended network in a town there 
should not be any great difference in the two 
sides of the system, and hence the current in the 
third or centre wire should always be small. The 
advantages of the three-wire system over the two- 
wire are that the electric current can be delivered at 
double the pressure and with half the quantity. If 
the area of conduction be determined according to 
Lord Kelvin’s law, the two outer mains need be 
only half the weight, while the centre main may be 
much less than half the weight, of each main in a 
two-wire system. Practically this saving is often 
exceeded, owing to the size of conductors being in- 
creased from that given by this law in order to 
limit the variation of pressure permissible. The 
Edison Company claim that the saving in copper 
is about 60 per cent. 

At the date of Dr. Hopkinson’s patent the ordi- 
nary parallel two-wire system of electric distribu- 
tion was, of course, well known, and in addition 
there was a series parallel system, in which each 
parallel contained two or more lamps, as shown in 
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Fig. 2. Here the difference of potential between 
the mains C and E is suflicient to feed two lamps in 
series, while the main G serves to equalise the 
pressure of each group. But if some of the lamps 
in one group should be turned out, then evidently 
the remainder would burn more brightly, since 
they must afford a passage for the current for the 
entire group opposite. Hence there would be a 
constant fluctuation, lamps going up and down 
in brilliancy as adjacent householders altered 
their lighting. In extreme cases the lamps in 
one group might be so few, as compared with 
the lamps in the other group, as to be burned 
down with excess of current. In that case 
the entire network would be put into dark- 
ness. Further, it was known that groups of arc 
lamps in series could be furnished with a return 
wire wh‘ch took the diffzrence of current required by 
the two groups. Messrs. Siemens Brothers had 
supplied several alternate-current machines con- 
structed to admit of this, according to the method 
shown in Fig. 3. All the bobbins in the machine 
were arranged in series between the + and — 
terminals at the top. But a connection was also 
brought out to a terminal at H. When the full 
number of lamps were burning the conductor G 
only served to protect the one group from the 
effect of fluctuations in the other group, and it 
was often dispensed with. Its use was to allow 
the whole of one group to be extinguished without 
greatly interfering with the other group. 

It was one of the aims of the defendants to show 
that the invention included this arrangement, in 
which case, of course, the patent would have been 
invalid. The specification did not refer specifically 
to parallel distribution, and 1t was argued that it 
therefore included series distribution. On the 
other side it was pointed out that the form of dis- 
tribution was stated again and again to be one at 
constant potential, and that neither in 1882, nor 
now, would any one dream of using an extended 
are lighting plant otherwise than in series. We 
have not the space to follow the evidence on this 
point, but will quote a part of the summing up to 
show the effect it had on the mind of the judge: 

““Now, it is true that throughout the patentee does not 
use the term parallel to define the system he is dealing 
with. I believe this to be because he preferred to use the 
appropriate scientific terms to describe the system rather 
than the popular terms. But, in my opinion, when the 
specification is read with care and fairness, and well 
understood, it is clear that the patentee is thereby con- 
fining his claim to the parallel system. He shows 
throughout that he is dealing only with a system in which 
the potential is to be kept constant at the places where 
the electricity is to be supplied, and in which the current 
varies as more electricity is required to be used on the 
different wires that tap the main conductor—that is to 
say, that he is dealing only with the parallel system, for, 
on the balance of evidence, it is clear that the character- 
istics I have named denote the parallel system, and only 
that system. Atthe commencement of the specification 
(page 3 of the print, lines 7 to 10), where he refers in 
general terms to his invention, he shows that the 
system he is dealing with is one where the electro-motive 
force is supplied at a fixed potential. Now, that is a 
phrase well known to electricians. Moreover, I think 
that the words ‘such conductors,’ at line 9, mean ‘con- 
ductors for an electric supply at a fixed potential.’ It 
is possible, however, that the words may mean merely 
‘conductors for an electric supply,’ and I therefore pass 
on, only observing that the sentences immediately follow- 
ing (and in particular the phrases on lines 12 to 17 and 24 
to 25) appear to me to support the view I have taken as 
to the meaning of the words ‘such conductors,’ in line 
9. Then, at lines 9 and 10 and 31 to 38, the patentee 
describes what his invention is and its special ad vantages, 
substantially as previously pointed out by me in this 
judgment. At lines 9 and 31 he shows that one of the 
advantages is economising the cost of the main con- 
ductors, and I may add that the very expression ‘ main 
conductors’ implies branch conductors, which do not 
really exist except on the parallel system.” 


After the trial commenced, however, the defend- 
ants obtained evidence of the existence in Glasgow, 
prior to the date of the patent, of a parallel distribu- 
tionsystem arranged on the three-wire system. They 
obtained leave to bring this forward, and put into 
the box Mr. J. D. F. Andrews, who deposed to 
using a Siemens alternate-current machine of the 
kind already referred to, according to the method 
set forth in a sketch (Fig. 4) which he had pre- 
pared. It will be seen that three mains proceeded 
from the alternator, and were distributed through 
the workshop, lamps for lighting being arranged 
on both sides of the system, as well as lamps that 
were being run on the pumps, and lamps under- 
going the flashing test. This was such a very 
serious piece of evidence that the plaintiff-obtained 
an extended adjournment for consultation and 


inquiry. When the court reassembled, Mr. 
Andrews was severely cross-examined, and ad- 
mitted that he had applied to De. Hopkinson for 
a licence under the very patent under trial. Other 
evidence was brought to show that the machine 
was altered after it left the makers to put the 
halves in parallel instead of in series, and grave 
doubt was cast on the accuracy of the sketch. On 
this point the judge said : 

“Now, if the defendants’ case as to Sauchiehall (Glasgow) 
had not broken down, an anticipation would have been 
established. But on the whole evidence as to this l am 
satisfied there was no anticipation, and that the installation 
at Sauchiehall was not the plaintiff’s three-wire system 
at all, but at most merely a case of the erdinary multiple 
parallel, where the middle wire is not connected with the 
dynamos. There were two witnesses for the defendants 
(Andrews and Town), whose testimony, if it could have 
been accepted, would have established that the third 
wire was connected with the dynamos. Sir Horace Davey 
in his summing up referred also to a witness, M‘Killop, 
but in justice to that witness I am bound to say that, 
taking his evidence as a whole, he did not purport to say 
from his own knowledge that the third wire was connected 
with the dynamos. Now as to Andrews and Town I am 
sorry to be obliged to say that I cannot give credit to 
their testimony on the point. This Sauchiehall case 
broke down, and may be dismissed from further considera- 
tion.’ 

The evidence on this point was a conflict of recol- 
lections, and naturally the judge gave the plain- 
tiff the benefit of the doubt. To invalidate a most 
useful and valuable patent on the strength of a 
half-forgotten arrangement, put up in an unsuccess- 
ful experimental workshop in Glasgow more than 
ten years ago, would have been a serious matter, 
even if there had been no rebutting evidence ; but 
when the principal witness was flatly contradicted 
by others, the course of justice was clear. It is 
probable that Mr. Andrews failed to distinguish 
between what he had done at acertain date and 
what he would do now in the light of his present 
knowledge. 

There were two other alleged anticipations—at 
the Alexandra Palace and at Inchicore. The judge 
ruled that the Alexandra Palace installation was 
not a case of the parallel system at all. Two 
dynamos were coupled ; a conductor was led from 
each to an arc lamp, and a single conductor served 
as a common return from both lamps to the joined 
poles of both dynamos. When both lamps were 
burning they were burnt in series on one main con- 
ductor, and the whole electric current went along 
the main conductor through the two lamps, and for 
all practical purposes no electricity passed down 
the return or central wire. When one lamp only 
was burned, the central wire operated as part of the 
main conductor, and the electric current went 
along this one conductor only, through the lamp 
back to the dynamos. Instead of there being four 
main conductors to burn two lamps, there were 
three only. For all substantial purposes the 
central wire took part of the whole current or none. 
In regard to this the judge said : 

‘*The practical advantages of the plaintiff’s invention 
were not, or were certainly not all, obtained in this in- 
stallation. And I think it is nota fair objection to the 
novelty of a process, which is intended to be and which 
is of great use when applied to a system comprising many 
things, to say that the case of one has not been ex- 
pressly excluded by the inventor, and that as the appli- 
cation of the process to the case of the one, so far as it 
could be applied to the one, was known, therefore the 
process had been anticipated, though the utility of the 
invention practically disappears when the case of the 
one is considered. If such an objection were allowed 
there could never be a valid patent for many important 
discoveries, as, for instance, for many discoveries in con- 
nection with multiple telegraphy. Then as to the In- 
chicore case, that in principle is not distinguishable from 
and does not go beyond the Alexandra Palace case. The 
only difference is that instead of one lamp on each side 
of the central wire there were several lamps. But the 
lamps were in series—the same number on each side— 
and, as before, either all the lamps were burnt in series 
on a main conductor, in which case substantially no cur- 
rent passed down the central wire, or one set of lamps 
was burnt in series, in which case the central wire be- 
came part of the main conductor, and substantially all 
the current flowed down it. In this case, as in the Alex- 
andra Palace case, one of the essentials of the plaintiff’s 
system was absent—namely, the joining of the middle 
points of the bridges or parallels to one another. All the 
remarks I have made with regard to the Alexandra 
Palace case in fact apply to this, and I need not repeat 
them. It follows that the alleged anticipations fail.” 

The case of anticipation having been disposed of, 
there remained the plea of want of invention. It 
was argued that the arrangement having been 
carried out at the Alexandra Palace for one lamp 
on each side of the system, it did not require any 
skill or inventive power to put several lamps on 


each side. With all the facts before one there secms 
a great deal of force in this objection, and yet ex- 
perience tells us that people of ability will have a 
ready way out of a difticulty staring them in the 
face, burning them, as the children say in ‘‘ Hunt- 
the-thimble.” and yet for weeks and months they 
will fail to recognise it. All the facts may be’ 
known, and yet their significance is not recognised 
until it is specifically pointed out. The plaintiffs 
were able to point out that Edison had invented 
the same system in America immediately after Dr. 
Hopkinson did so here, and that Professor Silvanus 
Thompson, one of the defendants’ witnesses, had 
prepared, about the date of the patent, a diagram 
showing all the principal and newest systems of 
lighting which were known or occurred to him, and 
yet it never occurred to him to suggest a system 
like the plaintiff's. The judge took the common- 
sense view that it requires thought and experiment 
to find what many men have looked for unsuc- 
cessfully, even if eventually it proves to be full 
open to the public gaze. 

The patent was also attacked on one or two 
minor points, but we need not do more than note 
them. It was said that a voltmeter, which was 
described in the specification, would not work, and 
that there was insufficient description to enable a 
workman to employ two alternate-current dynamos 
with the three-wire system. Both these points 
were overruled, 

Although the action was brought in the name of 
the inventor, Dr. John Hopkinson, the patent is 
now the property of the Westinghouse Electric Com- 
pany, who were the real plaintiffs. At the close of 
the case they agreed to the suspension of the in- 
junction for six months as a concession and out of 
regard to the great publicinconvenience that would 
have been caused by a summary stop being put on 
the electric lighting of the St. James’s district. The 
St. James’s Company have, however, to continue 
the account of profits which the judgment has 
awarded the plaintiff during the suspensory period. 

1t will be interesting to know in what position 
the supply companies stand who use the modified 
three-wire system shown in our Fig. 5. This 
does not appear to come within the clearly-re- 
stricted provisions of Dr. Hopkinson’s second 
claim, which reads: ‘‘Second. In a system of 
electrical distribution or supply, the employment 
of three (or more) conductors in combination 
with two (or more) dynamo machines in series 
substantially as hereinbefore described with refer- 
ence to Fig. 5 [our Fig. 1] of the accompany- 
ing drawings, whether the middle conductor be 
continuous or be replaced by an earth return, as 
set forth.” Whether it will be possible to apply 
the doctrine of mechanical equivalents to embrace 
the system shown in the sketch is a question for 
legal determination, but if not, the Westinghouse 
victory is likely to be shorn of agood deal of its value. 


THE CONDITION OF TRADE. 


In our review of the shipbuilding and marine 
engineering trades during the past year, we indi- 
cated that the prospects were not at all promising. 
The returns issued this week from Lloyd’s Registry 
enable some estimate to be formed of the exact 
condition of the industries, and confirm the im- 
pression then stated. The fact that the merchant 
tonnage in hand is 28 per cent. less than it was at 
the beginning of last year, and 32 per cent. less 
than in March last, indicates a material reduction 
in the staff of workmen in the shipbuilding yards 
throughout the kingdom. This state of matters is 
the more unsatisfactory when we take into con- 
sideration the great decrease in Government work 
in these establishments. Last year practically all 
the vessels built under the Naval Defence Act were 
launched ; only the four battle-ships are to com- 
plete, and they are mostly in an advanced state. 
The Government work on hand includes a gun- 
boat, nearly ready for launching, in Messrs. 
Thornycroft’s establishment, and a number of 
torpedo boats launched last year. Instead, there- 
fore, of the tonnage being 28 per cent. less, 
as indicated in Lloyd’s, it is really 35 per cent. 
It may thus be taken generally that where three 
men were formerly employed, there is work now 
for only two. The Royal yards, too, are less 
actively employed than was the case a year ago, 
and it is therefore very evident that steel works 
and the other industries cognate to shipbuilding 
are in a much more depressed condition than 
they were a year ago, more especially when we 
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take into consideration the general trade con- 
dition throughout the country as reflected in 
the Board of Trade returns. The exports of all 
Gescriptions of iron and steel totalled 3} million 
tons in 1891, and in 1892 only aggregated 2? mil- 
lion tons, a decrease of half a million tons, equal 
to 153 per cent. The most marked decrease has 
been on railroad iron, of which only 467,986 tons 
were exported, 33 per cent. of a decrease. There 
has, indeed, been a decrease in all departments, 
less marked, perhaps, in the case of raw or un- 
wrought material. Wire shows a decrease of a 
third, from 67,519 tons to 47,461 tons; bar, 
angle, bolt, and rod iron and steel from 216,947 
tons to 172,850 tons. There can, indeed, be 
little surprise that many of the works are re- 
ducing their staffs, and that 10 per cent. of 
the skilled members of the great trades unions, 
probably the most readily employed men, are out 
of work. In this connection it is interesting to 
note that Germany has been importing into the 
Midlands of England—almost into the heart of the 
Black Country—wire and steel plates for the con- 
struction of gasholders and other purposes, at 
prices against which British makers cannot com- 
pete. The fact is significant. 

Considering the shipbuilding returns in their 
relation to engineering, they do not reveal such a 
depressed state of trade as in shipbuilding and 
steel works. As the Table appended indicates, the 
number of merchant steamers building shows a 
decrease of 15 per cent., although when warships 
are considered the steam tonnage is very much less; 
but the engines for these warships were completed 
before the beginning of 1892, so that relatively 
speaking, the figures do not affect marine engineers 
to the same extent as the shipbuilders. This is 


Aggregates of Work under Construction. 


—— 1893. 1892. 1891. 1890. 
tons tons tons tons 
Steamers ae .| 506,782 | 595,508 | 620,424 784,530 
Sailing ships .. 63,959 | 198,405 | 113,586 88,427 
Total.. So -.| 570,741 | 793,913 | 734,010 872,957 
Navy ships, private yards...) 2,210) 89,675 | 125,885 269,810 
Royal yards .. ee -+| 64,780 | 78,200 | 117,094 x 
_ Total.. .. — ..| 637,731 | 961,788 | 976,989 | 1,142,767 
Foreign owned merchant 
tonnage 46 88,579 | 126,520 | 158,677 160,000 
Per cent. tototal .. «:| 15.5 15.9 21.6 18.33 
Per cent. of sailing to total 
merchant .. As File 03 BI 75 84.5 90 


due in large measure to the great falling off in 
ships, the measurement of those now building 
being but one-third of the tonnage on the stocks a 
year ago—64,000 tons against 198,000 tons. The 
sailing tonnage then reached its maximum, although 
in September, 1891, there was a higher ratio to the 
total work on hand, 26 per cent. Now it is only 
11 percent. This is a characteristic of all periods 
of extreme depression in freights. In the early 
months there is a rush of orders for ships, 
owners being anxious to take advantage of 
low rates of construction, with the result of a 
further drop in freights, followed by a depression 
in shipbuilding. That freights are now low will be 
appreciated when we state that from San Francisco 
business can scarcely be done at 20s. a ton; and 
other rates are correspondingly low. One satisfac- 
tory feature of the returns is that a larger propor- 
tion of the work is in the initial stages of 
construction than in the immediately preceding 
quarters, indicating the possibilities of employ- 
ment for more men, but here also the condition is 
much less favourable than at the beginning of last 
year, for whereas now there are 154,869 tons of 
shipping ordered but not commenced, there were 
at January, 1892, 299,516 tons in a similar state, 
and at March last 223,276 tons. The greater ratio 
of steam tonnage to the total, as compared with 
the early periods of last year, considerably affects 
this comparison. But withal there is no question of 
the trade being in a worse condition than it has been 
for two or three years. Foreign nations are increas- 
ing their building capacities, and also their merchant 
fleets, thus reducing the work required alike from 
British builders and British ships. Experts are 
therefore satisfied that there has been a tendency to 
overbuild in this country, and freight rates are even 
unremunerative for the most modern and econo- 
mically equipped vessel, so that we find several 
of these among the great fleets lying idle in nearly 
all British harbours which afford cheap accommo- 
dation for such craft. 


As to the foreign orders, the ratio to the total 
is the same as at the same period last year, but it 
has a gradually decreasing tendency. Germany, 
for instance, has been represented in the work on 
hand at the beginning of the past five years by the 
following tonnage: 54,213, 53,288, 35,176, 16,012, 
and 8244 at the present time—a gradual decline 
which is significant. Russia and Norway are 
taking 10,000 tons each, and Norway 14,000 tons; 
Greece, 7750 tons; but the other nations are 
represented by only one or two vessels of 1000 or 
2000 tons. 


Merchant Vessels Building at Principal Ports. 
+ = 


1893. 1892, 1801. | 1890. 
pa | eS 
=> | | 
!No.| Tons. | No.| Tons. | No! Tons. | Tons 
Clyde .. _..| 75 | 156,929 | 138| 229,632 | 114] 180,447 | 274,232 


Tyne ..  ..| 84 | 80,561) 73| 145,472 | 66) 130,772 | 157,183 
Wear |. ..| 26 | 69,215) 44| 100,327 | 47, 101,485, 142,789 
Tees...  ..| 42 | 111,409 | 56 129,858 50 124,592 | 110,621 
Mersey | 11 | 10,675| 14] 12,108, 22| 18,845| 19,440 
Ireland 1! 95 | 80,095 | 25| 


81,918 | 27 


70,657 | 70,177 
| 


As to the division of the work in the ports in the 
kingdom, all show a lesser tonnage than a year ago, 
although the decrease in Ireland is scarcely worth 
recording, more particularly as the total is greater 
than in any year prior to 1892. On the Mersey the 
tonnage is but 10,675 tons, only a half of what it 
was in years of activity. Of the principal ports the 
decrease is most marked on the Tyne, where only 
80,561 tons of shipping is being constructed, about 
43 per cent. less than in the three preceding years. 
On the Wear the decrease is about 31 per cent. on 
the two previous years, and the total now—69,215 
tons—is but half what it wasin 1890. The yards on 
the Tees are in a slightly better position, the 
total tonnage there being 111,409, which, it 
will be noticed, is considerably greater than on 
the other two north-east coast rivers. This, how- 
ever, is 18,000 tons, or 14 per cent., less than in 
1892, and 13,000 tons, or 10% per cent., less than 
in 1891. The state of trade on the Clyde is worse 
than it has been for several years, the total tonnage 
building being 156,929 tons, or 31 per cent. less 
than a year ago, and 43 per cent. less than in 1890. 


THE REPAIRING OF THE “ UMBRIA’S ” 
SHAFT. 

WE are able this week to place on record an 
authentic narrative of the fracture and the subse- 
quent repairing of the shaft of the Cunard liner 
Umbria during the protracted voyage which occu- 


mendable and timely, for it was discovered on lift- 
ing the thrust rings that the shaft was broken. 

Figs. 1 to3 show the thrust shaft of the Umbria as 
repaired, the fractures being marked on Fig. 1 by 
thick lines. The fracture extended along the neck 
close to a collar more than half-way round the cir- 
cumference, then diagonally fore and aft to the 
next collar, and then back round the circum- 
ference for a short distance in the opposite 
direction. Adjoining each collar, the cracks were 
very much opened. 

Those who know the chief engineer of the 
Umbria, however, and the splendid resource which 
he has displayed under similarly trying difficulties, 
are not at all surprised that he at once deter- 
mined to execute repairs and drive the steamer to 
New York, from which they were distant about a 
day’s ordinary steaming. Coupling bolts being 
available, it was determined to proceed with the 
boring of three holes in each of the collars next the 
fracture, as shown on Figs. land3. This arrange- 
ment helped to bind the shaft together endways, and 
put the torsional strain on the cross section of the 
bolts. The engineering staff in the ship worked hard 
and with great goodwill. They were divided into 
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two watches of six hours, and for 72 hours the 
drills and chisels never stopped working. There 
is an old saying which has a wonderfully soothing 
influence even to such as are not always philosophic 
—‘‘*There was never a bad but there might have been 
a worse,” and in this case it was brought home while 
operations were proceeding. Had the shaft broken 
in either of the adjoining spaces it would have 
been impossible to have repaired it in the way 
adopted, owing to the ribs which are cast on the 
base of the thrust block, and project upwards, as 
shown on Fig. 1. Even as it was, the adjacent ribs 
gave clearance only for nuts 2in. thick. A band 
was placed round the body of the shaft between 
the collars, and the bolts were then put into the 
holes. Around the neck and collars two straps 
were passed to secure the whole (Higs. 2 and 3). 
To insure that the shaft should not fall if anything 
went wrong with the clamp, the end of the shaft 
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pied the last two weeks of the past year. The facts 
of the case could not be deduced from the narra- 
tives cabled to the daily newspapers, these being 
vague and contradictory. The vessel, as is well 
known, encountered very bad weather, strong gales 
and high seas, but all went well until the morning 
of December 23, five days out from Queenstown, 
when the thrust block rings began to move about 
a little. The engines were then slowed down, 
and a careful watch kept. The steamer ran 
under these conditions for several hours, but 
about half-past five in the evening the chief 
engineer resolved to stop the machinery in order 
to have a thorough examination. This was com- 
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was hung to the deck beams by a chain sling and 
stretching screws, the shaft revolving in the bight 

of the sling (Fig. 1). : 
On the morning of the 27th ult. the work was 
finished, although the ordinary difticulties of work- 
ing at tough steel in a close confined space had not 
been lightened by the heavy sea which was running. 
A start was made with the engines working slowly; 
but two hours later a bolt broke. The weather 
was still rough, and it was considered prudent to 
stop the machinery again and replace the bolt. This 
took 16 hours to accomplish, and when a start was 
again made, the weather began to improve. The 
speed was gradually increased from 84 knots to 
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104 knots ; the vessel steamed into New York in 
very fine weather. 

To enable the ship to steam home, Mr. Tomlinson 
has designed the arrangement shown by Fig. 4, a 
piece of the shaft being cut out and a short length 
having a flange at each end being inserted and 
bolted to the collars of the thrust bearing as shown. 
The chief engineer—Mr. L. Tomlinson—is to be 
congratulated on the successful completion of a 
heavy piece of work under trying conditions, and 
credit will readily be given by the profession for 
the watchfulness, pluck, and resource shown on the 
occasion. The staff, it is acknowledged, displayed 
an esprit de corps which does great credit alike to 
the officer responsible for their organisation and 
management, Mr. Bain, the superintending 
engineer of the company, and to the chief 
engineer of the vessel. Indeed, this spirit has 
ever been a characteristic of the staff of Cunard 
steamers, and might be traced to Sir John Burns, 
Bart., the chairman of the company. 


THE DEVELOPMENT AND TRANSMIS- 
SION OF POWER FROM CENTRAL 
STATIONS. 


Last Friday evening Professor W. Cawthorne 
Unwin, F.R.S., M.Inst. C.E., commenced a series of 
lectures on the above subject at the rooms of the 
Society of Arts, Adelphi, the lectures constituting 
the Howard course. 

In beginning his lecture Professor Unwin re- 
marked that in a previous set of Howard lectures 
Dr. Anderson had dealt with the conversion of heat 
into work, and reviewed the dynamical principles 
involved therein. He proposed to follow Dr. 
Anderson’s lead in selecting the kind of lectures he 
should deliver, in that whilst he would describe in 
some detail the more important methods of dis- 
tributing power, and also particular installations, 
he should more especially try to explain the me- 
chanical principles involved, the reasons for adopt- 
ing particular methods, and the economical advan- 
tages obtained. This line of inquiry was so wide 
that no one could be equally conversant with the 
details of every method used for distributing energy 
from a central station, and the fact that he was not 
an electrician placed him at some disadvantage in 
reference to the newer methods of supply, but 
these had quite recently been very fully discussed 
before the Society by Professor Forbes and Mr. 
Kapp, and it was, therefore, less necessary for him 
to traverse the same ground. There might, on the 
other hand, be some advantage in the fact that he 
approached the subject with the bias of an engineer 
rather than of an electrician, as there was, perhaps, 
at present a popular tendency to overrate the part 
played by electricity. Ordinary people, seeing the 
electric light, were a little apt to forget that the 
steam engine and boiler were usually just as neces- 
sary as the dynamo for the production of the light. 
As yet electricity, in the absence of a satisfactory 
primary battery, had made available no new source 
of energy, but had simply provided a new method 
of distribution, which, in certain cases, was cheaper 
and more effective than the older methods. In the 
striking success, from an electrical point of view, of 
the Frankfort experiment, in which 300 horse- 
power was transmitted a distance of 108 miles with 
a loss of only 25 per cent., the fact that commer- 
cially the experiment was a failure was often over- 
looked, but the fact was that the power thus trans- 
mitted cost in Frankfort five times as much as it 
could be generated for on the spot by an ordinary 
steam engine and boiler. 

Before treating of methods of transmission it was 
necessary to consider the question of the genera- 
tion of the energy at the central station, and the 
conditions under which this station usually worked, 
and to ascertain to what extent power thus gene- 
rated would be able to compete with isolated 
plants. The reasons why this could, in certain 
cases, be economically done, were briefly as fol- 
lows: 1. In the case of steam power there was 
economy in the first cost of machinery, and in the 
cost of fuel and superintendence, in generating the 
por in large quantities at one place, instead of 

y numerous smaller and scattered engines. 2. 
In the case of water power, in many cases the power 
could only be utilised by a number of consumers, 
combining together to construct the necessary per- 
manent works. 3. The locality for generating 
power might be fixed by one set of conditions, and 
the point where it could be best used by another 


set. In many cases it was, therefore, a question 
between using a cheaper source of power ata dis- 
tance, instead of a dearer source near athand. 4. 


In the case of steam power, though coal could be | 
carried nearly everywhere, and at a comparatively | 


cheap rate, nearness to a point where coal could be 


easily delivered or where condensing water could the London streets. 


by a public supply, so it would probably be 
found advisable to provide a system of power 
| distribution in most important towns. For the 
single purpose of working lifting machinery, it had 
proved economical and remunerative to lay down 
/many miles of high-pressure water mains through 
In July, 1884, the London 


be easily obtained, might make it desirable to erect Hydraulic Power Company supplied 96 consumers. 
a steam station at a distance from the point where In 1888 this number had increased to 720, and in 
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the power was to be used. It had thus been pro- 


posed to generate power at coalfields and to convey | 
the power electrically to manufacturing towns, but | 


the question was purely a financial one, viz., 
whether the cost of transmission would counter- 
balance the saving in the cost of fuel. 5. Popula- 
tion at present was gathered into industrial centres, 
with a constantly increasing need for mechanical 
power, which had been at first met by the erection 
of scattered motors, a very uneconomical plan. The 
first cost of the motor was high, and the efficiency 
of small motors was low. Moreover, they often 
worked intermittently, still further reducing their 
efficiency. By generating energy in an easily 
transportable form, huge waste could be pre- 
vented, and just as in great towns private 
means of water supply had been superseded 
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1892 to 1676. The quantity supplied was 317,000 
gallons in 1884, and nearly 6,000,000 in 1892. Per- 
haps a more striking instance of a similar kind might 
be found in the small town of Geneva. This town 
had a population of 50,000 only, yet the largest 
development of power at a central station and its 
sale as a merchantable commodity was to be found 
there. In 1871 Colonel Turrettini applied to the 
municipality for leave to connect a small pressure 
engine to the then existing low-pressure mains for 
driving the factory of the Genevan Society for the 
Manufacture of Scientific Instruments. In case of 
this plan proving a success, he asked leave to instal 
similar motors in other parts of the town. The 
plan proved so convenient that in 1880 110 water 
motors were supplied from these mains, using 
nearly 30,000,000 gallons of water, and paying 
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20001. a year to the municipality. The cost per 
horse-power was not low—viz., about 361. to 46l. per 
year of 3000 working hours. But this high price 
did not prevent its use, so convenient was it in 
other respects. Since then a high-pressure service 
had been established, the water being pumped by 
turbines in the Rhone, and the cost to the con- 
sumers had been reduced to about 8/. per horse- 
power per annum. The Geneva installation was 
really a very large one, and was being steadily 
augmented, so that in 1895 4200 horse-power 
would be available, and a second pumping station 
was then to be installed about 6 kilometres from 
the town, to which the power would be conveyed 
electrically. 

As regarded the sources of mechanical power, 
wind power was intermittent, and could therefore 
only be used conveniently for work which was 
also intermittent. An enormous amount of power 
might be provided by the tides, were not the 
works required to utilise it so expensive. The 
direct action of the sun’s heat might also be used, 
but here, again, the cost of utilisation was prohibi- 
tive. Practically and commercially the only sources 
of power which could permanently be relied on 
were: (1) The muscular energy of animals. (2) 
This action of gravity on water falling from a height 
to which it had been raised by the sun’s heat. (3) 
The conversion of heat into work, the heat being 
derived by the combustion of fuel. Solid fuel was 
by far the most important source of energy, but as 
it had to be burnt in an open furnace, one-fifth of 
its total heat escaped with the products of combus- 
tion. Next, in transforming the heat into work by 
a steam engine, at most three-eighths of the heat in 
the steam, or three-tenths of the total heat of com- 
bustion of the fuel, could in any case be utilised, 
the remainder being necessarily rejected in the 
condensers. This fraction was still further re- 
duced by all imperfections and losses in the engine 
itself. Finally, the attendance required by an 
open furnace, and the difficulty of preventing 
smoke, were further disadvantages. 

Many of these disadvantages could be avoided by 
the use of gaseous or liquid fuel used in internal 
combustion engines. The transport of gas was 
very convenient, and the engines themselves 
required little attention, and worked with a much 
greater temperature range than steam engines. 
Their thermal efficiency in practice was double that 
of steam engines of large size. On the other hand, 
ordinary lighting gas was much more expensive for 
a given calorific value than coal, its cost being 
greatly increased by the excessively large plant re- 
quired. to meet the enormous fluctuations in the 
demand, and also the large charges involved in 
distributing to a number of small consumers. Ii 
gas were made specially for power purposes, it 
could probably be sold at half the present London 
price, at which price gas engines could compete on 
nearly equalterms with steam. M. Aimé Witz had 
shown by direct experiment that a gas engine 
worked with Dowson gas would give an effective 
horse-power at a total cost not greater than that at 
which an effective horse-power is produced from 
coal by a good compound steam engine. Gas 
engines were, however, more restrained in size 
than steam engines, and they worked very uneconc- 
mically at light loads. 

Professor Forbes had pointed out that a consider- 
able quantity of power could be obtained from 
ashbin refuse. The most effectual and economical 
method of disposing of such refuse was to burn it. 
To do this properly a high temperature and a large 
supply of air were required. A large quantity of 
products of combustion passed away at a high tem- 
perature and could be used to heat a boiler. A 
Horsfall destructor burnt 6 tons of refuse in 
24 hours ; the furnace gases, according to experi- 
ments by Mr. Watson, passed offat 2000 deg. Fahr. 
From the figures given by Mr. Watson, he (Pro- 
fessor Unwin) calculated that the refuse had about 
24 per cent. of the evaporative power of coal, and 
on this basis each cell of the destructor should 
be capable of supplying the equivalent of 50 horse- 
power, or, deducting steam used as blast, 43 horse- 
power. No results nearly as good had been 
obtained in practice. In two experiments on a 
six-cell destructor working a multitubular boiler, 
Mr. Watson found that about .8 lb. of steam were 
generated per pound of refuse, and hence, after 
providing steam for the blast, there would remain 
enough for 15 horse-power per hour per cell. 
With a better boiler probably 22 horse-power per 
cell would haye been obtained. In Leeds 200 


tons of refuse were burnt daily, which at 22 horse- 
power per cell would beequivalent to 700 horse-power 
daily. The principal difficulty in using this source 
of power was the fact that destructors had to be 
worked continuously day and night, whilst in 
general the demand for power was a fluctuating 
one. 

With the range of temperature available the 
steam engine might, on thermo-dynamic principles, 
turn into work three-eighths, and the gas engine 
half, of the heat energy supplied. No actual 
engines reached these figures, even approximately, 
the principal cause of waste in both cases being the 
action of the cylinder walls, which abstracted heat 
from the working fluid before the end of the stroke. 
This loss increased with the ratio of admission sur- 
face to the weight of the working agent, and hence 
in the same engine it increased with light loads. 
In the case of steam this loss could be partially 
diminished by jacketing, but it always tended to 
make engines lightly loaded or too large for their 
work, uneconomical. In gas engines the action of 
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the walls affected the efficiency at light loads still 
more unfavourably. The value of compression in 
gas engines was that it reduced the ratio of the sur- 
face at ignition to the weight of the gas used. 

Omitting from consideration small engines, the 
general result of numerous trials was that with a 
constant load an indicated horse-power should be 
obtained with a consumption of 14 lb. of coal per 
indicated horse-power for a condensing engine, and 
1? 1b. for a non-condensing engine, figures which 
corresponded to about 1? |b. to 23 1b. of coal per 
effective power. It was much more difficult to 
ascertain the consumption of coal in ordinary 
every-day work, but such facts as were known 
showed it was more than on trial. Thus a large 
London pumping engine, working with a fairly 
constant load day and night for a period of many 
weeks, during which it had been run for 90 per 
cent. of the whole time, used 2.7 lb. of coal per 
effective horse-power hour, whilst on special trial the 
engines had worked with 2.7 lb. per effective horse- 
power hour. Mr. Ellington’s large pumping engines 
worked under more unfavourable conditions. They 
had a fairly steady day load, but a small night one. 
On trial they used 2.131b. per indicated horse-power 
hour, but on ordinary working this was increased 
by one-third to 2.93 lb. Lastly, in electric lighting 
stations the engines worked under a very fluctuating 
load, and the results were far more unfavourable. 
The Kensington Court station had an excellent 
Willans non-condensing engine, which on full load 
trials worked with under 2 lb. per effective horse- 

ower hour, but in the ordinary daily working 
of the station these engines used 74 lb. per 
effective horse-power hour in 1886, which was 
reduced to 4.3 lb. in 1890 and 3.8 lb. in 1891. Pro- 
bably in very few cases were the engines at elec- 
tric light stations working under a consumption of 
44 lb. per effective horse-power hour. In the case 
of small isolated motors working with a fluctuating 
load, still more extravagant results were obtained. 
At Birmingham a number of experiments on small 
engines gave the following results ; 


Coal Consump- 
Probable paren Sa tion per Indl 
Nominal |Indicated Horse-| 4, n ap. eg | cated Horse- 
Horse-Power. | Power at Full ane er | Power Hour 
Load. Opeernaiion during Observed 
ss Values. 
Ib. 
4 12 2.96 36 
15 45 7.37 21.25 
20 60 8.2 22.61 
15 45 8.6 18.13 
25 75 23.64 11.68 
20 60 19.08 9.53 
20 60 20.08 8.50 


It was largely to replace such engines as the 
above that power would be distributed from central 
stations. 

At electric lighting stations the load factor, viz., 
the ratio of the average load to the maximum, was 
extremely small, and the engines worked under 
very unfavourable conditions, which largely ac- 
counted for the excessive fuel consumption at these 
stations, which was so great that some engineers 
were inclined to discredit the figures obtained. Mr. 
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Crompton was the first to draw attention to the load 
curve of such stations as affording a partial explana- 
tion of their anomalous results. 

In steam engines the fuel consumption had 
generally been reckoned on the indicated horse- 
power. At full power trials this was satisfactory 
enough, as the internal friction was then usually 
a small fraction of the total. Experiment had, 
however, shown that the internal friction was 
nearly constant, and hence, when the engine was 
lightly loaded, its mechanical efficiency was greatly 
reduced. At full load small engines had a mecha- 
nical efficiency of .8 to .85, and large engines 
might reach at least .9, but if the internal friction 
remained constant this efficiency would be much 
reduced at low powers. Thus, if an engine work- 
ing at 100 indicated horse-power had an efficiency 
of .85, then when the indicated horse-power fell to 
50 the effective horse-power would be 35 horse- 
power, and the efficiency only .7. Similarly at 
25 horse-power the effective horse-power would be 
10 and the efficiency .4. 

Experiments on a Corliss engine at Creuzot gave 
the following results : 


Effective Power. Mechanical Efficiency. 

effective power at condensing | non-condensing. 
full load 

1.0 82 86 

75 79 .83 

-50 74 .78 

.25 -63 .67 

125 .48 | 52 


Another cause tending to reduce the efficiency at 
low loads was the work done against back pressure, 
which was more important in the case of non-con- 
densing than in that of condensing engines. At 
full loads the additional work done by the non- 
condensing engine against back pressure was 
partly balanced by the greater cylinder con- 
densation due to the greater temperature range 
in the condensing engine, and hence at full 
loads the fuel consumption of the former was 
not much the greater of the two; but with light 
loads the condensing engine was the more econo- 
mical, as shown by Fig. 1. If, however, the power 
of the engine was altered by varying the speed 
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instead of the effective mean pressure, the work 
done against back pressure would be a constant 
fraction of the total at all powers. 

At light loads the economy of gas and liquid 
fuel engines fell off even more rapidly than in 
steam engines. The engine friction was large and 
nearly constant, and in some cases the combustion 
was also less perfect at light loads. At the Dresden 
Central Station the gas engines were kept working 
at nearly their full power by the use of storage 


batteries. The results of some experiments are 
given below : 
Gas Engine, | Petroleum | Petroleum 
Rey Apr Cubic Feet of Engine, Pounds Engine, Pounds 
all eo he Gas per Brake of Oil per Brake of Oil per Brake 
us Se Horse-Power. | Horse-Power. Horse-Power. 
100 22.2 .96 | .88 
76 23.8 1.11 | .99 
59 28.0 1,44 1.20 
20 40.8 2.38 1.82 
12} 66.3 4.25 3.07 


A third cause affecting the consumption of steam 
under varying loads was the initial condensation. 
In some experiments on a special type of engine 
regulated by throttling, Mr. Willams had shown 
that the consumption of steam could be written 
in the form w=a+b H.-P., where a was a 
constant depending on the size as well as on 
the type of engine. Professor Cotterill had 
shown how to calculate the cylinder condensa- 
tion for an unjacketed simple engine, and the 
rest of the steam used could be calculated in 
known ways. The curves shown in Figs. 2 
and 3 had thus been calculated for a great 
variety of conditions. Taking the case of a con- 
densing engine (Fig. 2) the curves had been calcu- 
lated for a fast running, a moderate speed engine, 
anda slow one, the power being varied by throt- 
ling, by varying the speed, and by varying the 
expansion. The curves fora non-condensing engine 
(Fig. 3) had been drawn for a similar variety of 
conditions, and it would be seen that the steam 
consumption for light loads increased more rapidly 
in this case. In Diagram 4 all the trustworthy 
experimental results on this point that he could find 
had been plotted. With the exception of the Leila 
the power was varied in every case by altering the 
expansion, butin that case both speed and ratio of ex- 
pansion had been altered. It would be seen that the 
general run of the curves was the same for this 
diagram and for the calculated one (Fig. 2). In 
Fig. 4 a number of Mr. Willans’ results on a non- 
condensing engine had been plotted, and here 
again the general character of the curves was the 
same as in the calculated diagram. 

Taking all causes of loss of efficiency into account, 
they did not completely explain the enormously 
large fuel consumption at central stations. Another 
most important cause of loss was the waste in 
heating up and cooling down boilers. This waste 
was unavoidable, unless the Joad line could be im- 
proved. At Cologne it was attempted to do this 
by using the engines for pumping during the day 
and for lighting during the night. This fluc- 
tuation of load line had led to attempts at stor- 
age. In gas works the gasholder was usually 
designed to hold 24 hours’ supply, and the cost of 
large holders. as erected, did not exceed 5s. 6d. per 
horse-power hour stored, taking 25 cubic feet of 
gas to the horse-power, and for very large holders 
it was even less. The cost reckoned on the rate of 
supply was thus about 6/. per horse-power. Allow- 
ing 8 per cent. for interest and depreciation, this 
made the charge per horse-power delivered continu- 
ously throughout the year about 10s. 

It was at first thought that in the secondary 
battery the electrical engineer had found an 
equivalent to the gasholder. The rate of dis- 
charge of such batteries was, however, limited, and 
they, moreover, gave back only about four-fifths of 
the energy put intothem. Nevertheless, the battery 
would probably have given a balance of advantage 
to continuous low-tension current systems, in 
districts not too large and not too widespread, 
had it not been for its excessive cost. The con- 
ditions of electric lighting required ability to 
supply energy at four times the mean rate, and 
about half the total supply had to be furnished 
during periods in which the demand exceeded the 
mean supply. For these conditions the secondary 
battery should be capable of storing half the total 
energy generated, and must be able to discharge at 
four times the mean rate. This latter condition 
usually determined the size required, The cost 


absolutely prohibited this, and, at most, the 
batteries supplied were capable of storing one-fifth 
the daily supply. Uséd in this way, they seemed 
to be useful and to diminish working expenses. 
At Kensington their use allowed the station to be 
shut up for 13 hours daily, but they did not prevent 
the waste due to starting and stopping of the boilers 
and engines, but did improve the conditions of 
working for the latter. This shutting down of the 
station for half its time was not, however, con- 
sistent with economical working, and the worst 
evils of the varying demand remained. From 
data kindly supplied by Professor Ayrton, it 
appeared that eight Epstein cells, of the latest 
construction, would work at the rate of one 
horse-power, and would store a charge enabling 
them to work at that rate for 24 hours. These 
cells, exclusive of erection, buildings, and insu- 
lation, cost 20/., or 8/. for one horse-power hour 
stored. At Frankfort, Herr Askar von Miiller 
and Mr. Lindley had provided large secondary 
battery stations with a capacity of 11,700 ampere 
hours, the current being supplied at 100 volts. 
Their maximum rate of discharge was 3500 
ampéres, and the cost as erected, including 11,600l. 
for buildings, was 36,7001., or 23/. per horse-power 
hour stored, or 78]. per horse-power of discharging 
capacity. The annual cost, at 20 per cent. for 
depreciation and interest, might therefore be put 
at 15/, 6s. per horse-power of discharging capacity. 

Mr. Druitt Halpin had suggested thermal storage, 
which in his (Professor Unwin’s) opinion met the 
difficulty, both mechanically and financially. At 
steam stations the energy was first produced in the 
form of heat which might be stored directly. In 
New York steam was transmitted without much 
loss from radiation and conduction through many 
miles of pipe, and with proper precautions there 
was no doubt the loss could be made very small. 
In half-a-dozen American towns water heated to 
400 deg. Fahr., or 250 1b. per square inch, was 
circulated through mains and delivered to houses. 
On Mr. Druitt Halpin’s scheme the heat would 
be stored by raising water to a high tempera- 
ture. By reducing the pressure this heated water 
would give off steam at any rate of discharge 
required. He proposed to store this water in 
reservoirs, at a temperature, when they were fully 
charged, of 406 deg. Fahr., corresponding to a 
steam pressure of 165 1b. absolute. The engines 
would work at 130 lb. absolute, or 347 deg. Fahr. 
Hence the range of temperature available would be 
59 deg. Allowing for the change in the specific 
heat of water at these temperatures, each pound of 
water, whilst its temperature fell through this 
59 deg., would give off 61 thermal units. The 
total heat of steam at 130 1b. pressure absolute 
was 868.8 heat units. Therefore, 14.4 1b. of water 
would, under the above conditions, suflice to gene- 
rate 1 lb. of steam at this pressure, or, say, 16 lb. 
to allow for losses. Hence a cylindrical reservoir 
8 ft. in diameter and 30 ft. long would hold 
84,000 lb. of heated water, equivalent to 5250 lb. 
of steam at 130 1b. absolute pressure. The steam 
required might be estimated at 18 lb. and 25 lb. 
for condensing and non-condensing engines respec- 
tively, when these were not run too lightly loaded, 
corresponding to 244 lb. and 34 lb. per kilowatt 
hour. Hence such a boiler would supply 286 
effective horse-power hours, or 216 kilowatt hours, 
with a condensing engine, and 210 horse-power 
hours, or 154 kilowatt hours, with a non-condensing 
engine. As regards the cost, reliable estimates 
showed that such a reservoir could be installed 
complete with the necessary buildings for 4701., a 
figure which corresponded to 1.64l. per horse- 
power hour stored for the condensing engine, and 
2.241. for the non-condensing one. As the gas- 
holder cost 5s. 6d. per horse-power hour stored, 
and the storage battery 23/., it appeared that the 
proposed system, though dearer than the gas- 
holder, was very much cheaper than secondary 
battery storage. 


NOTES. 
Tue Lavan Stream TurRBINE. 

A sMALL, but unique, central electric station 
has been completed at the mining town of Faler, in 
Sweden. The installation has, in more respects 
than one, been simplified by the adoption of the 
De Laval high-speed steam turbines coupled to 
dynamos. There are two of these steam turbine 
duplex dynamos, each of 50 horse-power, which 
require no other foundation than a wooden stand, 


and occupy very little room. The _ requisite 
water for condensing purposes is supplied by two 
small five-horse-power steam turbine pumps. The 
dynamos can work separately or together; they 
give 115 volts and 290 ampéres. The three-wire 
system has been adopted, and the number of lamps 
amount at present to about 800. There are two 
tubular boilers. An interesting feature is an auto- 
matic potential regulator for the separate railway 
station cable ; this simple and ingenious apparatus 
also hails from De Laval’s establishment, and is 
being worked by a tiny one-fifth horse-power steam 
turbine, which has its place on the switch-board, 


Toe PoncereT Prize or THE ACADEMIE DES 
SCIENCES. 

Year by year the Académie des Sciences offers a 
large number of prizes in recognition of work done 
in geometry, mechanics, astronomy, statistics, 
chemistry, mineralogy and geology, botany, anatomy 
and zoology, medicine and surgery, physiology, 
physical geography, and other subjects. For the 
year 1892, the Poncelet Prize, one of those 
classed under the heading of geometry, has been 
awarded to Sir John Fowler and Sir Benjamin 
Baker, in recognition of their work as designers 
of the Forth Bridge. The committee of selection 
comprised MM. J. Bertrand, Poincaré, Darboux, 
and Picard, with M. Maurice Levy as reporter. 
In giving their award the committee dwelt upon 
the fact that the bridge was the largest in the 
world, adding a general account of its leading fea- 
tures and its dimensions. In conclusion, they said: 
‘* With the tower of 300 metres, of the Exhibition 
of 1889, it (the bridge) will have strikingly con- 
tributed to enlarge the domain of the art of 
metallic construction. The one shows that we can 
cross valleys of any depth, the other that we can cross 
valleys, or arms of the sea, of any width; and, if 
the Channel Bridge should be constructed, as is 
proposed, the Forth Bridge will serve as a preface 
and example for it. The Académie cannot fail to 
be interested in a work in which so many sciences 
have found theirapplication. It will be unanimous 
in offering the testimony of its admiration to the two 
illustrious authors.” The prize carries with it the 
title of ‘‘ Lauréat de l Académie.” 


Labour IN BELGIUM. 

That periods of frugality and of prosperity 
should alternate in the history of civilised nations 
is in itself logical, but often forgotten. England 
has had its era of prosperity for some time past, 
during which frugality has not been a national 
characteristic. For long certain Continental 
nations of necessity exercised the austere virtue, 
but recently—that is, within the last 25 years or so 
—have been gradually asserting their claims to 
greater luxury or comfort. Conspicuous among 
these is Belgium; a once rich country that be- 
came poor, the era of poverty having taught 
her people to put forth much effort in hope of 
small return—the beginning of business success. 
The small effort for much return, the despisal of 
the world of small things, and the bitter but neces- 
sary reaction, complete the economic cycle. To 
judge by the report of a committee recently 
appointed by the Belgian Government to inquire 
into the influence of the M‘Kinley tariff upon the 
home industry of the country, the Belgian working 
man is rapidly increasing in prosperity, whereat his 
British confrére has reason to be glad. Comparing 
the year 1891 with 1846, there is a fairly universal 
rise in wages. Inthe latter year there were few 
workmen —some special trades excepted-— who 
earned more than 2 fr. 50c. (2s.) per diem, the 
average wages being hardly more than 2 fr. (1s. 7d.) 
aday. At the time of the inquiry there were few 
who did not earn 4 fr. (3s. 2d.) a day, the average 
rate being close upon 4 fr. 50 c. (3s. 7d.). The 
committee, however, did not content itself with 
determining simply the figure of remuneration, 
but also made a fairly exhaustive inquiry into the 
spending value of the money ; manifestly a neces- 
sary part of the investigation in order to arrive at 
a satisfactory conclusion. It was assumed that 
483 kilogrammes (1065 lb.) of bread was accepted 
as the standard of a year’s consumption, and in 
1846 that quantity would have cost 178 fr. 78 c. 
(71. 3s.). In 1891 the corresponding figures would 
have been 164 fr. 24 c. (6. 11s. 4d.). Reducing 
this to a time standard, a workman would, on an 
average, have had to labour from 85 to 95 days in 
1846 to obtain a year’s supply of bread, whilst 
in 1891 45 days’ work would have sufticed for 
the purpose as a maximum, and 40 days would 
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have been the average. Other things of course 
are required besides bread, and a typical case of 
a miner is quoted as an illustration. The dietary 
consists of 100 kilogrammes (220.4 lb.) of wheat- 
bread, 50 kilogrammes (110.2 lb.) of potatoes, 
10 kilogrammes (22 1b.) of beef, 30 kilogrammes 
(66.1 lb.) of milk, 7 kilogrammes (15.4 lb.) of 
butter, and 2 kilogrammes (4.4 lb.) of coffee. In 
1891, with wages at 4 fr. 37 c. per diem, 
about nineteen and a third days’ work would 
have to be put in to produce the money 
needed to purchase the quantities of provisions 
enumerated. With the rate of pay current in 1853, 
which was 2 fr. 40 c. (1s. 1ld.), the workman 
would have to labour 33.67 days. Further con- 
sideration shows that if the purchasing power of 
wages be taken as the standard of 100 in 1853, in 
1886 it had risen to 125.12, and in 1891 to 142.56. 
The salient facts elicited by the inquiry have been 
set forth in Réform Sociale in a series of articles 
contributed by M. Armand Julin, from which—as 
recently stated in the Zimes—‘‘ the .very impor- 
tant conclusion is to be derived that the assertions 
of the Socialists as to the increasing misery of the 
working classes are unfounded. In Belgium cer- 
tainly * the evidence is conclusive that the poor are 
growing richer and not poorer.’” Before the latter 
assumption could be accepted as actually definite 
it would be required to know whether the constancy 
of work has not diminished. Probably there has 
been, at any rate, no marked falling off in this 
respect, but as we have not the original report before 
us, we do not know whether the point received 
due attention. It should be stated that the returns 
of wages were verified by the scrutiny of both work- 
men and employers, and were only accepted when 
declared correct by both. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Samuel Fox and Co., Limited.—The directors of this 
company have declared an interim dividend of 10 per 
cent. for the half-year ending December last. 


Proposed Strike and Lock-Out Fund.—A scheme is being 
drawn up for forming a fund in connection with the Shef- 
field Trades Council, for the purpose of assisting workers 
in cases of strikes or lock-outs. It is suggested that a 
number of the societies in the federation shall each con- 
tribute 1d. or 2d. a week per member, and the different 
trades are now considering the proposal. The Sheffield 
branch of the Steel Smelters’ Society has now joined the 
federation. 


Serious Position of the Glass Industry.— A very important 
department of trade in this district is that dependent on 
the manufacture of glass. The whole of the men are on 
strike resisting concessions of wages, and at Rotherham, 
Swinton, and Pontefract considerable distress prevails. 
At Castleford about 1000 men are idle, and 6000 persons 
are affected more or less. 


The New Coal Rates.—Much confusion appears to pre- 
vail in connection with the working of the new coal 
regulation of 20 cwt. to the ton in place of 21 cwt. as 
heretofore, for almost every colliery appears to be put on 
a different footing, so far as its rates are concerned. 
The railway companies have not interfered much 
with the rates to London, but in almost every other 
direction the charges appear to have been altered. Some 
are increased and some are reduced. The South York- 
shire colliery proprietors have had one meeting on the 
subject, but found it impossible to decide on any com- 
bined action in regard to the alterations. They all agree 
that these new rates should have been before them for six 
months, and not sprung on them after they have entered 
into contracts without any preparation for the changes. 


Electric Light Installation at Hull.—The ceremony of 
turning on the current of the new installation for electric 
lighting in Hull was performed on Monday by the Mayor, 
Alderman G. Hall, the new building and plant being 
thus accepted by the town. The station contains three 
boilers of the return tube pattern, made by Messrs. Davy, 
Paxman, and Co., of Colchester. In the engine-room 
there are two 200 and two 80 horse-power engines, each 
attached to a dynamo from which a pressure of 110 volts 
will be obtained ; when necessary, 115 or 120 volts will be 
got. The electric machines have been supplied by Messrs. 
Siemens Brothers, London. The batteries in the store 
room are capable of supplying 900 lamps for an hour. 


The Heavy Trades.—So far this year there has been 
little to indicate a reaction for the better in connection 
with either the iron or steel trades. Pig iron remains at 
the closing low figures of December last, but on this 
ground north-east coast makers of hematite are under- 

lling west coast producers by about 4s. per ton, the 
former having the benefit of low freights. At Sheffield, 
or equal, the former ask 51s. per ton, the latter 55s. to 56s. 
Bar irons are being inquired for on Australian and home 
account, but the sheet trade is very dull. No fresh con- 
tracts have been received by the armour plate or ordnance 
manufacturers, and these branches are very slack. The 
heavy steel trade is depressed, but American and home 
orders continue to come in for best qualities of crucible, 


INDUSTRIAL NOTES. 


THE unrest and friction in the labour world is by 
no means lessened with the advent of the new year. 
Some of the disputes which have come over from last 
year remain unsettled, and some fresh ones are crop- 
ping up, while others are threatened. Singularly 
enough—and yet, perhaps, not singularly—the trades 
that are the best organised really are the freest from 
serious disputes. ‘The one exception is the cotton 
operatives’ dispute. This, however, has underlying 
causes that take it out of the category of ordinary 
strikes. The recent conference of the master cotton 
spinners and the representatives of the operatives 
ended without any practical results, but it is stated 
that the interview was of a very friendly character, 
and that its tendency was towards some conciliatory 
mode of settlement. But every week that the struggle 
continues adds to the distress existing in the several 
districts, inasmuch as yarn is becoming more and 
more scarce, and consequently looms are being stopped, 
or short time is resorted to. But another discordant 
note has been heard within the last few days which 
may increase the difficulties of the struggle. One of 
the federation district committees instructed its dele- 
gates on the federation to bring before the general 
body a proposal to reduce the wages of the minders 
10 per cent. instead of 5 per cent., as at present in 
question. The subject was discussed and adjourned ; 
but the mere fact of its having been discussed and 
adjourned indicates danger. The dispute is now in 
its tenth week, and the condition of trade in a finan- 
cial point of view is not much the better from the 
long stoppage. The one gleam of light in connection 
with the dispute is the rumour that in formulating a 
scheme of settlement efforts will be made to effect such 
an arrangement as will prevent any similar struggle 
ona large scale for some time to come. If this be 
accomplished the fight will have taught its lessons, 
even though they have been learned at great expense 
and by considerable suffering. 

The report of the Ironfounders’ Society on the state 
of trade is sententious and discouraging. It says: 
“Trade is bad, work is scarce, labour is plentiful, and 
the outlook is not good.” No such report has been 
issued for some years. It is, indeed, no wonder that 
complaint is made, for the total number on the funds 
of all kinds has reached 3092, or 20.35 per cent. of the 
total membership. Hereis, however, an object lesson 
for the Poor Law Commission, for the Local Govern- 
ment Board, and for all boards of guardians. One 
section of our workers, and that section by no means 
the best paid, is able to, and does, maintain its own 
poor, sick, and aged members, by mutual help, with- 
out outside assistance. The report is not very san- 
guine as to the near future, for it states that in all 
probability it will be worse before it is better. The 
members are, therefore, urged to husband well their 
little resources, and to fall into line so that they may 
be the better able to maintain their position. An 
examination of the detailed statement as to the state 
of trade discloses the fact that the number of places 
where trade was from ‘‘not so good” to ‘‘slack and 
dull” fell from 45 to 39, the number employed falling 
from 5216 to 4735 at such places, whereas the number 
of places where trade was from very slack to very 
bad increased from 72 to 78, and the numbers employed 
from 10,006 to 10,355. The actual increase in the 
number of unemployed—that is, of men on donation 
benefit—was 184, from 1662 to 1846 ; the sick increased 
by 43, superannuated members by five, and 11 on the 
other funds, the total increase being 243 over last 
month. The decrease in funds was over 2023/. on the 
month, but as compared with 1891 the decrease was 
8608/7. In consequence of this decrease in funds the 
society has had to impose a levy of 3d. per week, 
making the total payments by men in work Is. 6d. per 
week, until such times as the funds increase to the pro- 
portion per member stated in the rules, namely, 31. 
per member. The levy does not, however, fall due 
till the first full week in next month, so that the worst 
of the winter may then have passed over. 


A note of encouragement comes from Lancashire. 
The outlook in the several branches of the engineer- 
ing trades has improved, and generally the condition 
of trade is not worse, but rather better. Boilermakers 
report increased inquiries and a fairly satisfactory 
weight of business in prospect. Machine toolmakers 
are better off for work in many cases, and stationary 
engine builders throughout the district are generally 
well supplied with orders to keep them going. There 
are, however, complaints of slackness still, while the 
new work coming forward is rather in driblets than in 
any considerable weight, and in all cases the work 
comes in very slowly. In the iron market business is 
very slow, very little doing of any importance. Matters 
have not mended after the quarterly meetings, as was 
expected, or at least hoped. Some inquiries are stirring, 
but in most instances the prices offered are so low that 
makers will not entertain the figures. Consequently 
little or no business of any weight has been put 


through. Merchants, it seems, sell at lower prices 
than the makers, the latter not being inclined to budge 
from their present quotations. Manufactured iron 
remains practically unchanged, very little business 
being done, and that little slowly. The steel trade 
remains in the same depressed condition, except as to 
boiler plates, in which branch fair inquiries are stirring. 
prices being firm at recent rates. On the whole, it 
rather looks as if trade was in an expectant state ; a 
very little turn would make it much better or worse. 


In the Sheffield and Rotherham district business is 
very dull, especially in the heavy trades. Manufac- 
turers generally complain of fewness of orders, and 
therefore they were somewhat slow in resuming work 
after the holidays. There isa better demand, however, 
for railway material, and even a brisk demand with 
general activity is shortly anticipated. The armour- 
plate works are engaged upon the last batch of armour 
plates, and consequently there will soon be very little 
work in hand in this important branch of trade. 
Cutlery is in moderate demand, but the file trade is 
depressed, Americans are sending into the market a 
quantity of very cheap files of good appearance, which 
are competing with the better class of English-made 
articles. Generally labour movements are very quiet, 
very little disposition being shown to disturb the 
existing relations between capital and labour on 
either side. The disputes in progress elsewhere cause 
a shyness to further complicate matters at this junc- 
ture. Nevertheless, the outlook is so far discouraging 
that there is a kind of unexpressed fear lest notices of 
reductions should be given in some branches of the 
local trades, 


The threatened dispute in the bedstead trade of « 


Birmingham and the adjoining districts, which was 
expected to involve some 5000 workers, was rather 
unexpectedly settled in an amicable manner at an 
interview held towards the end of last week. The 
operatives claimed the right to interfere in the 
arrangement of work in the factories, a right which 
the employers resented and refused to entertain so 
long as wages were maintained at the present level. 
At the conference the matter was discussed, when the 
representatives of the operatives withdrew the claim 
put forward by the men, and signed an agreement to 
that effect. The dispute has, therefore, terminated, 
the wages question not being interfered with at the 
present time. 


In the Cleveland district trade is dull, even to de- 
pression, and the anticipations are that the business 
done will be comparatively small during the current 
quarter. The tendency in prices is downward to a 
lower level all round. The only chance of a check to 
a greater fall in prices is the high price of fuel, for ag 
long as coke remains at the present figure iron- 
makers say they cannot largely reduce present rates 
without involving them in a loss. Large stocks are 
being accumulated, but, as arule, makers do not seem 
inclined to reduce the output. The output of hema- 
tite and of basic iron is, however, being reduced, for five 
furnaces have been put out within a month. Manu- 
factured iron and steel show no kind of animation, 
the business done being slow and on a small scale, 
except in steel plates. But prices maintain recent rates 
fairly well. There is a brisker trade in rails, makers 
being better employed. It is satisfactory to find that 
the engineering, forge, and bridge works are not in a 
worse condition than they were, and that the prospects 
in these branches are brightening. The men com- 
plain of over-production of pig iron just now, and 
allege that this is the cause of low prices. But if the 
output is decreased more men will be out of employ- 
ment. Is this a desirable thing to advocate? They 
say that wages will come down with lower prices ; that 
isa misfortune, but even that is better than no wages 
at all at this juncture, with depression all around us, 
and facing us in the near future. If the users 
of iron and steel will not buy at the present low 
prices, will they buy if prices are kept up by restrict- 
ing the output? This is a question which the men’s 
representatives must ask themselves, and be prepared 
to answer. Employers will reduce the output quite 
soon enough for the workers. 


There appears to be a marked improvement in the 
staple trades of South Wales. Iron ore is in good re- 
quest. The iron and steel works in the district are 
steadily engaged on iron bars, tin bars, and steel 
plates. The latter trade is: more active in nearly all 
the steel plate centres, both in England and Wales. 
Though the prices of coal have been very low, the best 
steam coal advanced in price 6d. per ton, in conse- 
quence of the increased demand. The wages questions 
at the iron and steel works have quieted down, leaving 
only the one question of the miners open at the presen! 
time. 


The strike at Frodingham seems likely to end in 
disaster. The dispute in the first instance was a 
trifling one, affecting only one section of the workers, 
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The evident determination of the shipowners to 
reduce the rates of seamen’s and firemen’s wages has 
called forth a manifesto from the Sailors and Fire- 
men’s Union. In this document the Shipping Federa- 
tion is accused of being the chief offender, by reason 
of the fact that the federation owners are among the 
first to enforce a reduction, and to give notices of 
other reductions. At Hull the men accepted the re- 
duction of 2s. per week, from 30s. to 28s. per week, 
The manifesto says that this was temporarily accepted 
because the dockers were not ready to fight side by 
side with the seamen. This is not a wise thing to 
publish at the present time, for it shows a weakness 
in the Sailors and Firemen’s Union. Now it seems 
that reductions are being enforced, or are about to be 
enforced, at Glasgow, in London, and at other ports. 
At Glasgow it appears that reductions are to be 3s. 
per week, 30s. to 27s. per week. In some places 
it is rumoured that the reductions will be equal 
to 4s. per week, 30s. to 263. per week. In face 
of these notices the union is holding a series of 
outdoor meetings, with the view of organising resist- 
ance to the reductions in wages, and the men are 
urged to sign a paper expressing their determination 
to resist reductions, and to aid others to do so where 
they are being attempted. But how is it that these 
revival services are so often rendered necessary? A 
union which is so often in need of reorganising must 
be defective somewhere. We never hear of the Engi- 
neers, the Boilermakers, the Ironmoulders, the Masons, 
Carpenters, Bricklayers, &c., ‘‘reorganising.” A con- 
stant vigilance is necessary, but the organisation ought 
to be at all times complete and effective. There is 
doubtless great difficulty in the case of seamen, but 
some other bodies which are in the same plight, ex- 
perience no such difficulties. Sailors are at best 
not an overpaid body of men, and reductions in their 
rates are to be regretted. 


The two great miners’ conferences have ended, and 
we have the records of their results and decisions. 
Both were held in Birmingham during the past week. 
At the first, which was general, other bodies not in 
the federation being allowed tosend delegates, Durham 
and South Wales were represented; the only body not 
represented was the Northumberland Association, At 
that conference the eight-hours question was the chief 
matter discussed, the whole body of the delegates 
voting for the resolution, except Mr. John Wilson, 
M.P., and his co-delegate, Mr. Johnson, from Durham. 
South Wales, which is fighting the federation over the 
sliding scale, voted with the majority in so far as the 
eight hours are concerned. There were some lively 
scenes and passages of arms between Mr. John Wilson 
and the Yorkshire and Midland miners’ delegates, but 
the voting wasasone man. The federation will have 
no half measures—they demand the Hight Hours Act, 
and no local or trade option, not even for Durham and 
Northumberland 

On the wages question it was expected that the dele- 
gates would not be quite so well agreed. But, singularly 
enough, the only two dissentients were the two dele- 
gates from South Wales, Mr. W. Abrahams, M.P., 
and his colleague. The resolution as passed did not 
mention the sliding scale, but simply affirmed ‘ that 
the federation methods are the best to maintain wages,” 
Mr. Wilson spoke in favour of the sliding scale as a 
principle, but he does not seem to have voted on the 
question when the vote was taken. Thus, on the two 
great test questions, the conference was practically 
unanimous. If unanimity is to be the rule, the miners 
hold a strong position, but there still remains a wide 
divergence as between three large sections, two on the 
eight hours, and one at least on the question of a 
sliding scale. The feeling against the latter was as 
strong as it was in favour of the eight-hours day. 

At the federation conference the sharp lines of differ- 
ence were less marked. The delegates were at one 
on most points. But the most momentous issue de- 
cided was to prohibit all workers in connection with 
mines who had not been so employed before they were 
eight years of age. This question has two aspects. 
If the resolution was designed to insure practical 
knowledge on the part of the workers—the exclusion, 
in fact, of unskilled workers—much can be said in its 
favour. But the main object doubtless was to restrict 
workers at or in mines toa more or less corporate body 
—namely, the federation. In effect the miners say : 
“* Yes, you have a right to live, in some way, but not 
by mining, unless you have been brought up to it from 
boyhood, so you can go elsewhere.” 

The fight in South Wales on the sliding scale seems 
to be going in favour of the scale. At various pits the 
votes have been in favour of giving plenary powers to 
the committee to deal with the scale, which means its 
continuance. The fight has been a most stubborn one, 
and it is not yet quite concluded, but the men gene- 
rally have been true to their leaders, and the danger of 
the abolition of the scale appears to be over. Certainly 
only a short time ago the scale looked as though it 
was doomed. Friendly concessions may now secure 
its readoption. 

In Lancashire there have been various disputes about 


deductions for inferior coal, or bass ; in some cases the 
men ceased work. In South Derbyshire also there has 
been a strike of about 600 men. In some of the Not- 
tinghamshire collieries also there have been disputes 
of late ; but in nearly all cases the disputes are local, 
as regards price lists, deductions, and the like. Asa 
rule, efforts are made to effect a settlement by the 
men’s representatives or agents, but not always with 
success. So far as matters appear at present, the coal 
tradeis likely to be a disturbing element in the labour 
market during the present year, as it has been for over 
two years previously. 


MARINE BOILER FURNACES.* 
By Mr. D. B. Morison, Member of Council. 
(Continued from page 54.) 

Strength to Resist Collapse.—The first experiments upon 
the collapsing strength of plain cylindrical tubes were 
those by Fairbairn, but as the greater number of these 
were made upon cylinders of small diameter, it is very 
doubtful whether the results obtained apply to flues of 
the dimensions in modern practice. Fairbairn’s experi- 
ments have, however, been accepted by the majority of 
engineers as reliable, and the formula deduced therefrom 
has formed the basis of all rules for the strength of plain 
cylindrical flues. Fairbairn’s formula was :— 

p—806,300 x Kk? 
1b) Soa) 
where 

P =the collapsing pressure in pounds per square inch. 

K = thickness of the plate in inches. 

L = length of the flue in feet. 

D = diameter of the flue in inches. 


This implies that the strength of a flue to resist collapse 
varies inversely as its length, and directly as the square 
of the thickness ; but the latter may be questioned when 
the flue is of the proportions necessary for marine boilers. 
Both the Board of Trade and Lloyd’s have adopted this 
formula with an alteration of the constants. 

Board of Trade (steel furnaces) :— 

Working pressure per square inch 
ae 99,000 x K2 


(length in feet +1) x D © 
Lloyd’s Register :— 


Working pressure in pounds per square inch 
89,600 x K2 


eee 
Although there is a limitation in both cases that the 
pressure must not exceed 


8300 x T fo, the Board of Trade, 


or 


000 for Lloyd’s, 


which shows its empirical nature. 

Valuable experiments on Adamson’s rings were con- 
ducted by Messrs. Hall, Russell, and Co., of Aberdeen, 
in 1882, and by Messrs. J. Howden and Co., of Glasgow, 
in 1887. 

In Messrs. Hall, Russell, and Co.’s experiment (see Fig. 
1, page 88) only one of the rings was collapsed, and after it 
had been temporarily strengthened the experiment was 
again proceeded with. Unfortunately, when the pressure 
was raised about 40 lb. above that at which the ring had 
collapsed, the outer cylinder burst and the experiment 
was abandoned, The coefficient given by the collapsed 


ring was :— 
PG) 5 
ap = 64,218, 


the diameter being taken over the plain part, and on 
careful measurement the collapsed ring was found to be 
of less thickness than any of the others. 

Messrs. J. Howden and Co. experimented upon a 
furnace formed with four rings, each 23 in. long, and 
after each ring collapsed it was strengthened and the 
pressure still further increased until all the rings had 
been collapsed. Detailed particulars are given in Table 
I., the collapsing coefficient being 64,240, which agrees 
remarkably well with the results obtained by Messrs. 
Hall, Russell, and Co., although it should be noted that 
the length of the rings in Messrs. Howden’s experiment 
was 23 in., and that of Messrs. Hall, Russell, and Co. 
only. 19 Ne A section of the flanges of the rings is shown 
in Fig. 2. 

There is no actual record available of the mechanical 
tests of the steel from which these furnaces were made, 
but they are understood to have been of the ordinary 
boiler quality manufactured at that time, and from 26 to 
30 tons tensile. 

The rule adopted by Lloyd’s for furnaces made with 
Adamson’s rings, with steel from 26 to 30 tons tensile, 
is: 

Working pressure in pounds per square inch 


= 1,000 x (T—2) 


’ 
where 


T = thickness of plate in sixteenths of an inch. 
D = diameter of furnace in inches outside the flats ; 


and by the Board of Trade for steel from 26 to 30 tons: 


* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, 


8800 x Tf,  L+12\_ 

MM yo, 3 xX D ( 67.6) n) 

working pressure in pounds per square inch, 
where 


T = thickness of plate in inches. 

L =length of distance between centres of flanges in 
inches. 

D = diameter of furnace in inches outside the flats. 


ae IT. gives the tests of the Fox furnace in 1882 and 


_In November, 1882, the first test was made upon a 
single tube of very mild steel. having a tensile strength 
of 22.7 tons per square inch. Until 1890, all the furnaces 
were made of this low tensile steel, and the results 
obtained, as compared with the furnaces made of the 
higher tensile, show, in the writer’s opinion, that the step, 
however necessary from a commercial and competitive 
point of view, has not been successful in practice. 

This test furnace was 6 ft. 9 in. in length by 3 ft. 1J in. 
outside diameter, and had thirteen corrugations 2 in. deep 
from outside to inside, pitched 6 in. from centre to centre, 
The furnace was inclosed in a steel cylinder, specially 
made for the purpose, and connected to it by rivets, as 
shown in Fig 3. Two Dewrance’s gauges were used to 
determine the pressure in the space between the furnace 
tube and the testing cylinder ; the space being filled with 
water, and the requisite pressure applied by means of a 
force pump. Before any pressure was applied the furnace 
was carefully gauged, and is reported to have been truly 
cylindrical throughout its whole length. 

In considering the results of this test, however, it should 
be remembered that the manufacture was practically in 
its infancy, and not nearly the same care was then 
exercised either in the manufacture or the method of 
recording the tests; consequently it may be safely 
assumed that if a Fox furnace made of the same steel 
were tested now, the results would be better. For ex- 
ample, measurements were only taken at three points 


‘throughout the length of the flue, and it is recorded to 


have been absolutely cylindrical, although no other 
furnace experimented upon since has been so accurate. At 
each increment of 1001b. per square inch the furnace was 
gauged so that under various pressures the limit of elas- 
ticity and the ultimate strength to resist collapse should 
be ascertained. Up to 500 lb. per square inch no altera- 
tion in the cylindrical form of the furnace was percep- 
tible; at 800 lb. it had altered its form to the extent 
of snd of an inch, but on the pressure being released it 
entirely recovered its original shape ; permament seb 
could be distinctly measured at 850 lb., and at a pressure 
of 900 1b. it slowly collapsed, altering its form more readily 
than could be followed up by the pump. After collapse 
12 holes were drilled in the furnace, and the thickness 
was found to vary from .51 to .53 of an inch. 

It should be noted that until recently the Board of 
Trade took the mean diameter, viz., the mean between 
the least internal and greatest external. Lloyd’s, however, 
take the greatest external, but for comparison of results 
given in this paper the diameter taken for the strength 
coefficient will be the mean diameter for furnaces of the 
Fox, Morison, and Farnley types, and the least ex- 
ternal diameter for the Adamson, Holmes, and Purves 
designs. 

The collapsing coefficient given by the test is :— 


900 xX 35.875 _ go 991 
52 oy J 


and the formula adopted by the Board of Trade for 
steel under 26 tons tensile, as aresult of the experiment, 
was: 

12,500 x thickness in inches _ 


mean diameter in inches . 


working pressure in pounds per square inch, and by 
Lloyd’s for the same limit : 


1000 (T — 2) 
D 
working pressure in lbs. per square inch, 


where T is the thickness of the plate in sixteenths of an 
inch, and D the greatest diameter of the furnace in 
inches. 

The Board of Trade formula gives a working pressure of 
181.2for the above furnace, and Lloyd’s a working pres- 
sure of 166.8, so that on a basis of 22.7 tensile the factor 
of safety by Board of Trade rules was 4.97, and by Lloyd’s 
5.39. ‘These factors are important as they were the first 
granted for a modern furnace, and the experiment forms 
the basis of all subsequent tests, although now six fur- 
naces are demanded for testing to destruction instead of 
one, and the severity of the requirements and the exact- 
ness of the tests are apparently increasing with each series., 
A higher value was granted by the Board of Trade than 
by Lloyd’s for this furnace, but that the former was a per- 
fectly safe allowance has been fully proved by experience, 
and will be referred to subsequently. From November, 
1882, until 1890, the Fox furnace was made of steel 
between 21 and 25 tons tensile, but in the latter year it 
became necessary for commercial reasons to adopt a 
harder steel, with a view of obtaining a higher coefficient 
than that which had been in successful use during the 
previous eight years, Accordingly six furnaces were pre- 
pared and tested between November 4, 1890, and Febru- 
ary 11, 1891. 

Full particulars of these furnaces are given in Table II. 
The pitch and depth of the corrugations were the same 
as in the first test, the radical difference being that the 
steel employed had a mean tensile strength of 29.07 tons 
as against 22.7 for the first test. The second furnace of 
this series is said to have collapsed at the 6 in. plain part 
where the thickness was only .331 of an inch, the mean 
thickness being .376. For this reason it has been proposed 
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as the tensile strength of the steel from which they are 
made. 

Five tests of the Farnley flue were made under the 
Board of Trade in May, 1888, the results of which are 
given in Table III. ; the record of these tests is not quite 
so complete as many of the others, the steel, being, it is 
understood, of ordinary boiler quality, is assumed to have 
had a tensile strength of 28 tons per square inch, and the 
mean collapsing coefficient, when reduced to 27 tons, has 
a value of 55,122, which is lower than that obtained with 
Adamson’s rings. It should, however, be noted that the 
Farnley Iron Company have now improved their method 
of manufacture, and can make furnaces much more truly 


VII. These furnaces were made of steel having a mean 
tensile strength of 27.17 tons per square inch, and, as will be 
seen from the T'able, the results obtained were remarkably 
uniform, and may be considered absolutely reliable, as 
the severity of the Board of Trade requirements, the 
strict supervision of the entire process of manufacture, 
including the annealing of the furnaces prior to being 
riveted in the test tubes, were all carried out with a 
degree of exactness never exceeded. Of the six furnaces 
tested, two collapsed on the end flats, and the remaining 
four on the corrugations; the mean length of flat was 
4? in., and as it is not necessary that the corrugations 
should be alternated in a boiler, no longer flat than this 


round, and therefore much stronger than when these ex- | need ever be used in practice. 


periments were made. A perspective view of the Farnley 
furnace is given in Fig. 5. 

Table IV. gives the test results of the Holmes design 
(see Figs. 6 and 7). Two of these flues collapsed at the 
plain part between two corrugations, and in the other 
case a corrugation and the adjacent plain collapsed. The 
mean collapsing coefficient given by the three tests is 
60,995, and the mean tensile of the steel was 27.2 tons per 
square inch, 

Messrs. John Brown and Co., of Sheffield, made the 
first test with the Purves flue in March, 1887. Two 
flues were tested, each nominally ,°; in. thick and 6 ft. 
62 in. long between the centres of the inner row of rivets 
by which it was secured to the angle iron bars. There 
were seven ribs with a pitch of 9in., and the two end 
ribs were 8} in. and 15{41n. respectively from the centres 
of the inner row of rivets. The end flats were unusually 
long, and were in fact the weakest part of the flue. Each 
rib projected 1 in. above the level of the plate on the out- 
side; the plate was grooved on the inside to a depth 
nearly equal to the thickness of the plate. The greatest 
deviation of the first tube from the circular form was 
sz in., and of the second tube 3} in. Collapse took place 
with the first tube at 7401b. on the 1533 in. plain part 
about 18 in. from the weld, the second tube collapsing at 
760 lb., also at the long flat in the front end, and about 
24in. from the weld. Measurements were taken at 12 test 
holes in each case, and the thickness was found to be 
.568 in the first and .546 in the second. 

Taking the external diameter of the flats as being the 
diameter acted upon by the water, the collapsing coeffi- 


cients are: Hy ccra ty 
740 x 38.61 _ 
aT peat 50,302 ; 
760 x 38.685 _ oe 
$57 53,847 ; 


or a mean of 52,074. The mean tensile strength of the 
material was unannealed 26.9 tons, and as this result was 
much inferior to that obtained by Messrs. Hall, Russell, 
and Oo., and James Howden and Oo., with Adamson 
rings, and as these flues were somewhat roughly made, 
Messrs. John Brown and Co. arranged another series of 
tests. 

Of this second series two furnaces were nominally 
3°; in., two 7 in., and two 3% in. thick. Hach of the 
;7; in. and -°; in. flues were made from a plate which had 
been rolled to the form and thickness required, but the 
+; in. tubes were made from plates rolled similar to the 
;; in. and afterwards planed on the ribbed side to the 
required thickness. Hach tube was 6 ft. 7$in. in length 
between the centres of the inner rows of rivets, and there 
were eight stiffening ribs pitched 9 in. apart. The centres 
of the two outer ribs were 67 in. and 9% in. respectively 
from the centres of the inner rows of rivets in the end 
rings; the ribs projected about 1°, in. above the outer 
surface of the tubes, and were grooved to a depth of about 
3 in., as shown in Figs. 9, 10, 11, 12, the various results of 
the tests being given in Table V. A section of the fur- 
nace in position in the test tube is also given in Fig. 8. 

A point to be noted in this second series of tests of the 
Purves flue is the rapid reduction of the collapsing co- 
efficients asthe thickness of the flue increases ; thus, the 
mean collapsing coefficients for 7% in., 3% in., and ;%j in. 
were respectively 81,980, 58,327, and 55,435. The chief 
cause of this reduction in strength is that the amount of 
metal in the strengthening ribs is practically a constant 
quantity, and therefore bears a less proportion to the 
total in thick flues than in thin. - 

Comparing the results obtained from the ;%-in. furnace 
in the second series of tests with the results obtained 
from the same thickness in the first set, the collapsing 
coefficients are respectively 55,435 and 52,074. The 
slight gain, amounting to about 63 per cent., may be due 
to the increased tensile strength of the steel (27.9 against 
26.9), to the shorter flats at the ends, or to the increased 
depth of the strengthening ribs. These causes are suffi- 
cient to account for greater increase of strength than was 
actually{obtained, and it is probable that had the y-in. and 
yy-in. furnaces been more satisfactory in form, a higher 
collapsing coefficient would have been obtained. 

As it is very seldom that %-in. furnace flues are used 
in practice, the results of this thickness being so much in 
excess of the others should be neglected, and the mean of 
the yz and 3; taken as representing the strength of flues in 
actual use for marine boilers. The mean of these four tests 
is 56,881, which is still considerably under the coefficient 
obtained with Adamson’s rings. 

Messrs. John Brown and Co., being still dissatisfied, 
prepared another set of furnaces, which were tested in the 
same manner in 1889 by the Board of Trade only, and 
one furnace which was tested by Lloyd’s in December, 
1890. The results of these tests were much better, and 
are given in Table VI. ‘The mean tensile of the steel used 
in the manufacture of these furnaces is given at 28.2 tons 
per square inch, ‘ ; 

In September and November, 1891, experiments were 
made by the Leeds Forge Company upon six of Morison’s 
suspension furnaces, the results of which are given in Table 


The average collapsing coefficient given by the six fur- 
naces is 82,185, which is slightly higher than that given 
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The diameter D being the mean diameter in the cases of 
the Fox, Farnley, and Morison furnaces, and the least 
external diameter for the Purves, Holmes, and Adamson. 
The coefficients so found have been brought to the common 
basis of steel of 27 tons tensile strength, so that they may 
be directly compared. As two furnaces of each thickness 
were tested in most cases, the mean has been taken, and 
the points in the diagram show the position of these 
means. 

The abscisse show the thickness of the test furnaces, and 
the normals represent the collapsing coefficients. The 
furnaces in practical use being generally of greater thick- 
ness than ;'; in., the furnaces under this thickness are 
shown in the diagram by a dotted line. 

The tests of the suspension furnace are remarkably 
uniform, being represented by an almost horizontal line, 


TABLE VII.—Mortson’s SUSPENSION FURNACE. 
Official Tests made at the Lecds Forge, Leeds, in 1891. 
The collapsing coefficients are calculated on the mean diameter of the furnaces. 


= Thickness of Plate in Ss fs os aoe 
Le awe Inches. lefl o | & &y 
few hes is gp| § | 3 d\és 
3 = a g Sie D e Lo € o 
= 18 | & gq |§s| 2 | 8a; | #2 | 82s Position of 
Date of Test. ‘See aati ; s Be | Oxia) soa oa sl 
oe re) H = oS faa) A 5 be ohn | Sle Shes g Collapse. 
aq iSc\ eo 1 4 eld g |Bo| a |e 8%) 48a 
® \g2l4a| 8 |e la | € | ge [eo] e |e 183) eee 
= |jes( 23) £ | So) ga Sei ga eas | Seco 
H |A~|sS ee tI a) a a -) SS) =) ‘) 
ft. in. | 
Sept. 25 and 26,) 6 53] 9| 4% 340 310 340 | .825 | 34.156 43 795 | 83,550 | 27.64 81,615 |Flat at front end. 
1891 
5 6 74) 9 42 .341 | .891 | .868 | .873 | 34.265 es 900 | 82,677 | 27.34 | 81,648 |2nd corrugation 
‘| from front. 
aa 6 54] 9 43 .445 | .492 | .451 | .470 | 34.444 4% | 1100 | 80,618 | 26.92 | 80,852 |Uniformly on weld 
es 6 62 | 9] 4% | .452 | .458 | .441 | .452 | 34.687 | 4% | 1050 | 80,578 | 26.56 | 81,913 |7th, 8th, & 9th cor- 
rugation at weld. 
” 6 7% 9 44 535 516 | .554 | .580 | 34.719 yx | 1800 | 85,159 | 27.52 | 83,550 /1st, 2nd, and 8rd 
corrugation. 
” Gand 9 5 556 573 | .565 | .567 | 34.078 xz | 1340 | 80,537 | 27.09 | 80,269 |Flat at front and 
1st corrugation 


Nors.—All these furnaces were annealed in the presence of the Board of Trade officer. 


by the Fox flues, which were made of 29.07 ton steel. 
Reducing both to a basis of 27 tons we have : 

Morison’s collapsing coefficient 81,641 
Fox’s 59 75,153 
showing Morison’s tests to have given aresult 84 per cent. 
better than Fox’s. The depth of the corrugations for 
these test furnaces was 2 in., but as it was considered 
necessary that the body of a furnace should be the 
strongest part, the rolls were cut $in. deeper, so the 
furnaces as since made are stronger than those tested. 
Fig. 13 shows Morison’s furnace and test tube in section, 

and Fig. 14 gives a section of the corrugations. 

Fig. 16 shows the collapsing coefficients of the furnaces 
mentioned in this paper, the coefficients being calculated 
by the formula : 


Px D_ collapsing coefficient. 


ay 


thus indicating that the strength of each thickness of 
furnace is exactly proportional to the thickness of the 
plate. The low position of the ;5; in. Fox furnace may 
be ascribed to the fact that it was thin at one end, while 
the drooping line of the Purves tests shows the influence 
of the strengthening rib, which is greater in thin furnaces 
than in thicker ones. 

It would seem that the Farnley and Holmes tests had 
not been so accurately carried out as the others both as 
regards the manufacture of the furnaces or the method of 
testing, or the tests would probably have been more 
uniform, 

(To be continued.) 


BRIDGING THE Mississrpp1.—A contemplated railroad 
bridge across the Mississippi, above New Orleans, will 
have three spans, one of them 1000 ft. 
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‘“* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
JomprneD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specijication is 
not illustrated. s 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. , 

Copies of Specifications may be obtained at the Patent Ofice 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 3 

The date of the advertisement of the acceptance of « complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


1991. J. Wright, Stockton-on-Tees, Surface Heat- 
ing Apparatus for Water, &c. [3 Figs.) February 2, 
1892.—This invention relates to surface-heating apparatus for 
water, &c., for ammoniacal liquors obtained from gas works, 
&e., previous to their entry into or after their exit from a recep- 
tacle such as steam boiler or sill. The heating agent is admitted 
into the top heating chamber 2, at one of the side ‘‘inlet” 
branches into a central division port in the heating chamber cast- 
ing; itis then conveyed by the U-shaped tubes 3 over the divi- 
sions 4, on both sides right and left, to the adjoining spaces in the 
heating chamber casting ; from these it again travels up the next 
series of UJ pipes 3, over the other divisions until it reaches the 
two outlets, one on the right-hand side (Fig. A) and the other on 
the left. At this point the heating agent is passing in two streams 
through the upper part of the heater, and is conveyed to the heat- 
ing chamber next in series below by double bent pipes 5, where 
it is received in divisions on the opposite outer sides of the heat- 


ing chamber casting, whenceit is again conveyed over the series of 
pipes 3, from both sides to the next divisions nearer the centre, 
then over the next set of bent tubes until it reaches the centre of 
the middle heating chamber, where the heating agents again 
combine and are carried in one stream to the lowest heating 
chamber by another double bent pipe 5, and passed similarly 
through the tubes and over divisions until they finally reach the 
‘‘ outlet” branch on the bottom chamber (Fig. 2). The fluid to 
be heated is made to traverse the heater in the contrary direction 
tothat of the heating agent, and enters the apparatus by a pipe 
7, into the bottom of the lowest fluid chamber I, where it sur- 
rounds the bent circulating tubes 3, and taking up heat from 
them, as well as from the tops and bottoms of the heating 
chambers above and below, passes out on the opposite side by 
double bend pipes 6, and ascends to the middle fluid chamber, 
from which it is again conveyed by a similar pipe 6 to the top 
chamber, when it is finally conducted to the required place by 
the pipe 8. (Accepted December 14, 1892). 


1517. W. and T. Slater, Bolton, Lancs. Rotary 
Engine. [8 Figs.] January 26, 1892.—This invention relates 
to a rotary engine capable of being driven by steam or water, &c. 
The casing A is provided internally with a number of compart- 
ments, and has mounted in it the disc D fitted with vanes. 
This disc is mounted on the centre shaft F, which passes through 
the stuffing-boxes G on the end covers H of the casing. The 
driving medium is admitted by the pipe L and operates on the 
vanes, which are disposed to cause as little resistance to the 
driving medium as possible. As the disc D is rotated, the driving 
medium passes through the under passage and operates on 
the vanes on the opposite side in the second compartment, 


from whence it passes through the upper passage, acts on the 
vanes on the opposite side in the third compartment, and 
then passing by the under passage O, operates on those within 
the fourth compartment, from whence it passes away through the 
exhaust pipe P. The divisions are increased in width from the 
steam inlet to the exhaust outlet to allow of equal power being 
exerted by each separate set of vanes as expansion takes place 
and pressure decreases. Each compartment is provided with the 
Outlet Q to allow condensed water, in case steam is the driving 
medium, to flow into the chamber R, from whence it passes away 


ws the pipe S to a steam trap. (Accepted December 14, 


2284, G. J. J. Legrand and L. E. Chagniat, London. 
Consuming Smoke in Furnaces, &c. [12 Figs.) Feb- 
ruary 5, 1892.—In this invention, in order to admit air to the 
furnace of a boiler, &c., a door is employed, which is formed of 
two bent plates hinged and counterweighted, one of these plates 
being adapted to open inwards, and remain fixed in any position, 
while the other is partly closed, so that air is admitted first into 
the hollow space between the two plates from the bottom and 
sides, and then passes in low down on to the fire. Both plates 
are capable of being turned out of the way to leave the usual 
Opening free. In addition to the fire bridge, a supplemental 
arch is used, with a space between it and the fire bridge, air 
being conducted to this arch through tubes, or the firebars made 
hollow for the purpose, and discharged through the arch into the 


89 


furnace. A damper is provided to regulate the passage of air, 
and a jet is arranged near it to allow a spray of air or steam to 
be turned on to the furnace automatically by the opening of the 
door. Behind the fire bridge a series of perforated walls or 
arches of refractory material are arranged, which become highly 
heated, and through which the products of combustion are caused 
to take a tortuous course. The upper parts of these arches are 


N 
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closed, so that the gases pass down and through the openings, 
the solid walls checking the rush of the gases, and forming a com- 
bustion chamber. The gases, after passing off from the furnace, 
are caused to flow through a chamber in which they meet, and 
pass through a spray of water by which steam will be washed. 
(Accepted Deemer 14, 1892). 


19,861. O. Lindemann, London. Injectors. [1 Fi.) 
November 4, 1892.—This invention has reference to steam jet 
injectors having concentric steam cones, and one water inlet, and 
consists in making a slit in the combining cone near the point 
where the second steam nozzle ends, and surrounding this open- 
ing by a chamber having a connection with the outside atmo- 
sphere by the medium of a back pressure valve, which opens out- 
wardly from the chamber. When the valve on the steam supply 
is opened, and steam issues from the two nozzles, the ring-shaped 


7a 


jet from the first outside nozzle produces a partial vacuum in the 
combining nozzle d. This vacuum is not affected by the jet of 
steam which is issuing simultaneously from the central nozzle «, 
as the steam from both nozzles has free escape through the over- 
flow 7, and opening m. When, by the vacuum, the water is drawn 
into the combining nozzle, the steam condenses, and at the open- 
ing m a partial vacuum is produced which causes the valve 7 to 
close automatically, the injector then working as though there 
were no opening in the combining nozzle. (Accepted December 
14, 1892). 


18,257. H. Davey, London. Triple-Expansion 
Steam Engine. [6 Hiys.] October 12, 1892.—This invention 
relates to triple-expansion steam engines. The piston valves 
0, 0', p, p! for effecting the distribution of the steam are actuated 
from eccentrics. Steam enters at S, 81, and flows into the high- 
pressure cylinder, and at the same time the steam, which had 
entered the cylinder during the previous downstroke of the 


high-pressure piston d, is passed from the cylinder to another 
cylinder, whilst the steam which entered j from the previous 
upstroke of the piston f is expanded from the annular space j 
into the low-pressure cylinder L below the piston h. At the 
same time the steam which entered the low-pressure cylinder m 
during the previous upstroke of the piston / from the annular 
space j is exhausting into the exhaust pipe E. (Accepted De- 
cember 14, 1892). 


GAS, &c., ENGINES. 


2492. J. Atkinson, London. Internal Combus- 
tion Engines. [6 Figs.) February 9, 1892.—This inven- 
tion relates to internal combustion engines for high speeds. 
Each time the piston moves inwards and the governor en- 
gages with a lever, a small pump delivers a measured quantity 
of oil through the delivery pipe into a heater, and on the out- 
ward stroke of the piston a valve being open air is drawn into 
the heater, where it mixes with the oil, which is now broken up 
into vapour. This vapour passes through a pipe, valve, suction 
valve, into the mixture pump, and on the next inward stroke of 
the piston, the oil by this time being vaporised through the 
heated surfaces, it is forced into the working cylinder 2. When 
the engine exceeds the required speed the inertia of a weight 
causes the knife edge on a lever to miss engaging with another 
lever, 80 that no oil is pumped into the heater, the little valve is 
not opened, no vapour drawn through the heater into the pump 
on the outward stroke of the piston, and no charge being deli- 
vered into the working end of the cylinder, no stroke or exhaust is 
made and passed through the jacket, To enable the engine to be 
started a small quantity of volatile oil, such as gasoline, is used, 


the light oil forming an explosive mixture with air, without 
being previously heated, the engine being worked with this until 


the pump and heater are sufficiently hot for it to operate with 
oil of a heavier specific gravity. (Accepted December 14, 1892), 


ELECTRICAL APPARATUS, 


18,516. E.N. A. Picard, Seine, and J. A. Taniere, 
Paris. Electro-Deposition of Metals, [3 Figs.] Octo- 
ber 15, 1892.—This invention relates to the electro-deposition of 
metals, and consists in subjecting the metal being deposited toa 
beating operation. A carriage m rests on a frame and receives 
a longitudinal movement parallel to the tank, this movement 
alternating, and of an extent equal to that of the metal to be 
obtained. The carriage rolls upon the frame by means of roller 
guides, which allow it to be easily moved, and is provided with an 
electro-magnet @ and a vibrating arrangement similar to that 


employed in electric bells. The electro-magnet successively and 
alternately attracts the soft iron armature b, and thus produces a 
quick succession of strokes. This movement is transmitted to the 
hammers ¢ through rods ¢ jointed at one end to an extension 
from the armature ), and at the other to a bent lever forming 
part of the hammer levers, and the hammers e¢, which are 
fixed to the levers, are put inoperation by means of the electro- 
magnet and of a spring f which causes the hammers to strike 
sharply upon the cathode c’immediately the current ceases to 
pass into the electro-magnet. (Accepted December 14, 1892). 


MACHINE TOOLS, SHAFTING, &c. 


3005. E. Shaw and G. J. Harcourt, Bristol. 
Clutches, &c, [5 Figs.) February 16, 1892.—This invention 
relates to cone clutches, &c. Both cones A, B are divided so 
as to form coils. The inner cone B, with its boss made in one 
piece with it, is loose upon the shaft S. The cone A, by means of 
the feather, rotates with the shaft 8, and is extended to form a 
neck Al into a groove in which a hand lever b projects. The 
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cones A, B are divided spirally in reverse directions. The cone B 
is prevented from moving in one direction along the shaft S by a 
collar E clamped on the shaft, and in the opposite direction by a 
collar a kept in place by the feather. When the cone A is moved 
into engagement with the cone B the free end of the epiral on the 
former is retarded, and that of the latter carried forward, the cone 
A thus contracting and B expanding. (Accepted December 14, 
1892). 
MINING AND METALLURGY. 

4231. E. Jones, London. Ore Concentrators. 

(5 Figs.] March 3, 1892.—In this invention the band used for 


separating the heavier particles of the ore from the gangue, is 
formed with recesses, whereby, as it travels under the distributor, 
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these heavier particles settle in the recesses, the lighter parts 
being washed away in an opposite direction to that in which the 
belt travels, and as the band turns over the roller at the end of 
the apparatus, the heavier particles are discharged into a receiver 
placed beneath. The lower band propcr is wider than the per- 
forated band so asto leave the plain edges, which, when the band 
is ;laced on its carrying rollers, turns up and bears against the 
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inner sides of the flanges of the rollers, so as to form a kind of 
trough. h isa tightening roller, j the depositing box, and & adjust- 
ing screws for altering the pitch ofthetable. (Accepted December 
14, 1892). 


2993. A. W. and Z. W. Daw, Laurvig, Norway. 
Stands of Rock Drills. [7 Figs.) February 16, 1892.—In 
this invention the legs of the tripod are connected to the head so 
as to permit of their being turned in any direction, and thus 
enable the drill carried by the stand to be fixed in any position. 
Each leg A is pivoted toa pin B carried by a part C, which is 
pivoted to the head E of the stand, the two pivots being situated 
so as to permit of the leg being turned in any direction. These 
pivots have screw-threaded ends, and a clamping nut binds on the 
part which turns thereon, so as to fix it rigidly after it has been 
turned to the required position. The part a of the leg which is 
mounted on the pivot B is conical and enters a corresponding seat 
in the part C, which is pivoted to the heed BK, this part C having 
a corresponding conical portion ¢ entering a similar seat in the 
headE. The tightening of the clamping nuts F causes the conical 
parts to be forced well home in their seats, and binds them 
rigidly therein. The cradle of the drill is attached to and re- 
volves freely on the head E of the tripod, this head being forked, 
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and the two arms ¢ of the fork being connected by a round bar, 
which a bearing formed on the under side of the cradle, embraces, 
so that the latter and the drill can turn on the bar to any 
position in which the drill is fixed by tightening up the bear- 
ing, so that it clampsthe bar. Means are provided for permitting 
the adjustment of the drill in any direction on the head E. The 
drill cylinder is placed in its guides, and bolts, holding a liner in 
position, are loosened, when springs cause the liner to take up 
any play between the projections on the drill cylinder and the 
guides of the cradle, and also all wear caused by the movement of 
the drill cylinder in the guides. The springs are given sufficient 
tension to cause the liner to force the projections on the drill 
cylinder between it and the top guides of the cradle just strongly 
enough to give friction to prevent the too free movement of the 
drill cylinder in the cradle guides, and thus to overcome the recoil 
of the drill when running, whilst allowing its cylinder to be fed 
forward by the feed screw, thereby relieving the latter and nut 
from the shock of the recoil. (Accepted December 14, 1892). 


18,125. J. N. Lauth, St. Louis, Missouri, U.S.A. 
Metallurgical Furnaces. [1 Fig.] October 11, 1892.—This 
invention consists in constructing a furnace for metallurgical 
operations, with a fire chamber, hearth, and interposed bridge 


wall, and a rear deflecting wall, and exit of the stack below the 
latter, and a roof inclined upward from the front wall of the fire 
chamber to the rear deflecting wall, whereby the gases of combus- 
tion and partially commingled air are carried freely over the 
bridge, and through a combustion chamber, of constantly increas- 
ing area, to the rear of the furnace, and by contact with the de- 


flecting wallare returned and thoroughly commingled, and the | when the latter blocks the passage, and thereby prevents com- 
inflammable gases consumed before passing to thestack. The air | munication between the suction and delivery ports as the eccen- 


blast K located under the grate of the fire chamber ejects air into 
the burning fuel to make the combustion as rapid as possible. By 
the gradually increasing size of the melting chamber the flame is 
allowed to increase its volume, and at the same time is carried 
along to the stack end of the furnace near the roof, where it is 
deflected back by the wall H. The carbonic acid gas which is 
generated is carried off first, on account of its density, thus 
leaving the flame and gases which are deflected hack on the 
articles to be melted of a non-oxidising nature. (Accepted De- 
cember 7, 1892). 


RAILWAY APPLIANCES. 


2620. W. N. Colam, London. Car Couplings. 
[6:Figs.] February 10, 1892.—This invention relates to a coup- 
ling for connecting tramcars, &c., and consists of two rods, 
the former mounted on one of the axles of the tramcar, and the 
latter on one of the axles of the motorcar. On the axle X is 
mounted a bearing block provided with an adjustable cap and 
piece. On the top and bottom of the bearing block are pins B1, 
with which eyes formed in the end of afork D on the rod engage, 
thus completing the universal joint. The fork is made in two 
pieces to adapt it to be clamped to the rod by bolts which engage 
with slots in the sides of the rod, and so prevent the fork turning 
axially in relation to the latter. The rod A is made telescopic, 
one part being tubular and the other part solid to slide therein. 
Between the end of the tubular part and the fork D is a helical 
spring E encircling the solid part, another spring being placed 
between the same end of the tubular and the free end of the solid 
part, and being mounted outside the former, and aeting between 
a collar on the free end of, and one loose on, the tubular part, but 
beariog against a cotter fixed to the free end of the solid part and 
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passing through slots. In tke end of the tubular part is a solid 
tongue rounded on the underside of its end, chamfered off on 
the top side and haying a notch formed in its upper side. The 
rod carries at its free end a socket having a bell-shaped mouth, 
and adapted to receive the tongue on the end of the other rod A. 
On the top of this socket is mounted a spring finger, adapted 
to engage with the notch in the tongue, and so keep the two 
rods firmly Jocked together. The spring encircling the finger 
and acting between the top of the case and a collar on the 
finger insure the firm interlocking of the tongue with the socket. 
In the base of this socket is a disc pressed forward by a spring, 
and, bearing against the forward end of the tongue, keeps the 
engaging end of the notch up against the engaging edge of the 
spring finger. The spring finger is raised to release the tongue 
and uncouple the cars by means of a lever fulcrated on the case, 
one end engaging with the top of the finger and the other operated 
by acord passing over guide pulleys to the platform of the motor. 
(Accepted December 14, 1892), 


19,744. H.E. Newton, London. (A. Gross, Sydney, New 
South Wales.) Preventing the “Creeping” of Rails 
on Railway Tracks. [9 Figs.] November 2, 1892,—This 
invention consists in providing an adjustable block and securing 
it to the underside of the rail, at the joint, so that the block 
abuts against the sleeper, and prevents the longitudinal move- 
ment or “‘ creeping” of the rail. The block is provided with two 
slots, and is secured to the underside of the rail, being bolted 
to two cheeks B fastened to the rail outside the fishplates C by 
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means of two fish-boltsc. The block A has one end Al turned to 
form a flange, which abuts against the sleeper D, in the direction 
in which the rail ‘‘creeps,” and thus prevents any longitudinal 
movements of the rail in that direction. The broadened end Al 
is intended to present a large bearing surface, and thereby the 
stop A is prevented from burying itself in the sleeper D, By 
means of the slots and securing bolts the block A is rendered 
adjustable in position between the rail and the sleeper, so as to 
permit of its being attached to a rail that has already ‘‘crept.” 
(Accepted December 7, 1892). 
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MISCELLANEOUS, 
2337. E. Barnes, Handsworth, Staffs. Rotary 
Pumps, &c. [6 Figs.) February 6, 1892.—This invention 
relates to rotary pumps, blowers, and exhausters. The shaft 


carrying the eccentric rotates in a cylindrical chamber. On the 
eccentric is a strap with connecting-rod, to the lower end of which 
a crosshead is jointed, the connecting-rod having its sides counter- 
sunk, where it is jointed to the crosshead, to receive the jaws of 
the latter. The ends of the cylindrical chamber are flat, and 
bored to receive the shaft carrying the eccentric sheave. The 
eccentric sheave is secured circumferentially to the shaft by a 
feather and radially by springs; the eye in the sheave through 
which the shaft passes being oblong to permit of inward radial 
movement against the resistance of the springs in case of obstruc- 
tion. Leading from the circumference outwards, and having its 
centre line at right angles to the axis of the cylinder, is a parallel 
reetangular opening in which the crosshead slides, and constitut- 
ing the suction pipe of the pump, extending the whole length of 
the cylinder, and sufficiently wide to allow of the vibrations of the 
eccentric rod. From one side of this opening, in the plane of 
rotation, and situated between the crosshead and circumference 
of the cylinder, so as not to become obstructed by the motion of 
the crosshead, is a branch pipe leading at right angles to the suc- 
tion, and on the opposite side, in the same plane, is asemicircular 
port by which communication is made through the rectangular 
opening past the crosshead to the interior of the cylinder, except- 
ing when the crosshead is out to the fullest extent of its stroke, 
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tric rod vibrates across the rectangular opening. (Accepted 
December 14, 1892). 


16,262. C. A. Faure, Paris. Electrolytical Decompo- 
sition of Alkaline-Chlorides. [1 /%g.] September 10, 
1892.—This invention relates to the electrolytical decomposition 
of alkaline-chlorides for the production of chlorine and alkali, 
and has for its object to avoid the production of a large quantity 
of hypochloric acid instead of chlorine. The electrolytical vessel 
at the commencement of the process is charged with an alkaline 
sulphate, and a small proportion of this salt is mixed with the 
solution of alkaline-chloride subsequently used. The gases 
evolved at the positive electrode are passed through a mass of 
incandescent carbonaceous fuel in order to convert the oxygen 
present in them into neutral carbon monoxide before utilising 
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the chlorine for the manufacture of chloride of lime. The appa- 
ratus for the electrolytical decomposition of alkaline-chlorides 
comprises vessels formed of walls A of porous material surmounted 
by cap pieces of non-porous material, diaphragms B of porous 
material, electrcdes D formed of agglomerated carbon, the spaces 
formed between the electrodes and the walls and diapbragms 
being charged with coke ¢, c? and gutters g arranged to receive the 
gases evolved at the positive side of the electrodes. Supply pipes 
D, K are provided for introducing fresh solution of alkaline chlo- 
ride and water respectively, for maintaining the density of the 
liquids in the compartments of the apparatus constant. (Ac- 
cepted December 7, 1892). 


20,207. W. Horsfall, Leeds. Destroying the Refuse 
of Towns. [4 Figs.] November 9, 1892.—This invention relates 
to furnaces for burning the refuse of towns. The furnace A is 
constructed of brickwork with a main flue running under it, 
having perforated arch tops putting it into communication with 
side flues connected wifh the main flue, and with a block apparatus. 
In the furnace is placed a saddle-shaped boiler forming the top 
and sides. This boiler has a series of tubes passing through its 
crown, forming openings for the products of combustion to 
pass through. At the rear of the furnace A is a hopper C into 
which the refuse is shot, and at the bottom of the hopper are a 
series of sliding plates, adapted to force the refuse forward on to 
the moving grate bars. The pushers extend the whole length 


of the furnace, and are operated by eccentrics d through straps 
and rods, the shaft on which the eccentrics are mounted being 
rotated slowly. On the same shaft are also mounted cams 
adapted to operate levers actuating the moving grate bars through 
links. By the use of these pushers and grate bars the refuse 
and clinker are gradually moved forward, so that they are depo- 
sited on the front dead plate, from which they are removed at in- 
tervals through the door. The products of combustion, after 
passing through the tubes in the crown of the boiler, pass through 
perforations formed in the walls on each side of the openings of 
the tubes into the chambers above the boiler, from whence they 
He to the main flue by the side flues. (Accepted December 14, 


UNITEDISTATES PATENTS AND PATENT PRACTICE. 


Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and ° 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 
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MEASURING STELLAR 
PHOTOGRAPHS. 


Tux measuring of the photographic plates of the 
International Stellar Survey now in progress* aims 
at the production of a catalogue of high precision 
giving the positions of, say, one and a half or two 
millions of stars by their right ascensions and de- 
clinations—that is, by co-ordinates analogous to 
those which on earth are called longitude and 
latitude. Two essentially different methods of 
attaining this result are advocated, namely : 

1. The method of measuring rectangular co- 
ordinates, which afterwards are to be transformed 
by computation into the desired spherical co-ordi- 
nates. 

2. The parallactic method, by which the latter 
are measured at once. 

This latter method has been recommended by Pro- 


that by which in the sky we measure differences 
of right ascension and of declination. It must be 
evident that with such an instrument these co-ordi- 
nates must be as well measurable on the plate as 
they are in the sky itself, but the instrument will 
have to fulfil a certain condition dependent upon 
the fact that the distance from the plate under obser- 
vation is not (like that of the stars) practically 
infinite. Neglecting for a moment the considera- 
tion of this condition, we see that the measuring 
apparatus must have, in the main, the arrangement 
of the ordinary equatorial telescope. 

This latter instrument, as is well known, consists 
of a telescope movable about two axes, on each of 
which is mounted a finely-divided circle, on which 
the extent of the rotation of the corresponding 
axis may be accurately read off. The first of 
these axes, the polar or hour axis, is (in a per- 
fectly adjusted instrument) invariably directed to- 


fessor Kapteyv, of Groningen, who has alieady had 
a very extensive experience in its practical use. It 
has the evident advantage of economy of labour, but 
some astronomers fear that the results may prove 
somewhat inferior in point of accuracy. Direct com- 
parative experiments, however, are still wanting, 
but as the necessary means for making these ‘ex- 
periments will be soon supplied, there is every 
hope that the question will be definitively settled 
before long. We intend to give here a brief 
account of the interesting arrangements which 
Professor Kapteyn has devised for carrying out his 
system of measurement. 

The possibility of direct measurement of spherical 
co-ordinates on the photographic plates may be 
made evident by a very simple consideration, which 
will at once suggest the form of the instrument to 
be used for the purpose. It may be explained as 
follows : 

Consider the photographic telescope at the mo- 
ment that it is pointed to any determined portion 
of the sky. If we imagine straight lines drawn 
from the stars of this region, and intersecting in 
the optical centre of the photographic objective, 
then these lines prolonged will meet the plate 
exactly at the points where the pictures of the stars 
under observation will be formed. If now we could 
place the eye exactly at the optical centre of the 
objective, and if from that point we could see the 
images of the stars on the plate, then it must be 
evident from what has been said that we should see 
these star images at exactly the same angular dis- 
tances from each other at which we see the stars 
themselves in the sky. Therefore we see that by 
placing a photographic plate at a distance from the 
eye equal to the focal distance of the photographic 
telescope with which it was obtained, it must be 
always possible to cover the stars in the sky by 
their corresponding images on the plate. 

Now replace the eye by an instrument such as 


* For an account of this survey, dnd of some of thesia: 
struments employed on it, see ENGINEERING, vol. xlv., 
page 402 ; vol. xlvi., page 343; and vol. 1., page 721. 


wards the pole of the heavens, so that by rotating 
the instrument about this axis only, the telescope 
points successively to different points of the sky 
lying in a circle parallel to the celestial equator. 
Rectangularly attached to the polar axis is the 
mounting of the declination axis, to which finally 
the telescope is firmly and rectangularly attached. 
A rotation about the declination axis only will 
make the telescope describe a declination circle, 
that is, a great circle passing through the pole. 

By rotations about the two axes, the telescope 
may be pointed to any point in the heavens, and 
the extent of the rotations necessary to pass from 
one star to another (read off on the circles) will 
measure the difference of their right ascension and 
declination. 

So much as to the ordinary equatorial in use in 
the observatories. Now the one fundamental con- 
dition, which must be fulfilled by such an equa- 
torial in order that it may render the same services 
in measuring star-photos as it does in measuring in 
the sky itself, is this: The three axes of the 
instrument—viz., the polar axis, the declination 
axis, and the optical axis of the telescope—must 
intersect in one and the same point. Moreover, 
the distance of the objective from this point must 
be small (not over a few inches). 

The annexed illustraticn is a view of the so- 
called ‘‘ parallactic machine ” that served Professor 
Kapteyn for the measuring of the plates of the 
photographic survey of the southern sky, made at 
the Cape Observatory, under the direction of Her 
Majesty’s Astronomer, Dr. Gill.* With this instru- 
ment 1,200,000 observations have been made, by 
which the positions of some 400,000 stars have been 
determined. In this work, however, no extreme 
precision was aimed at, and the instrument claims 


* The survey here referred to is one which was carried 
out by Dr. Gill quite independently of the International 
Survey now in progress, the instrument used being a 
Dallmeyer rectilinear lens of 6 in. aperture. The measure- 
ment of the plates so obtained was kindly undertaken by 
Professor Kapteyn, who has thus rendered a most im- 
portant service to astronomy. 


no higher degree of perfection than that needed 
for its task. A more powerful apparatus is now 
being constructed by M. Gautier, of Paris, for 
which the well-known Mr. Bischoffsheim gener- 
ously placed a considerable sum at the disposal of 
the comité permanent. Until, however, the new 
apparatus is completed, the instrument we illustrate 
remains the only one of its kind, and it will perfectly 
serve to give an idea of the principles involved. 

In the illustration A A is the polar or hour axis, 
bearing the finely-divided circle C C, which is read 
off by one of the microscopes EE. On this axis is 
fixed a wormwheel F, into which gears a worm 
movable by the key G, and by which consequently 
a slow motion in right ascension may be given. 

B Bis the declination axis, and D D the declina- 
tion circle. The arrangement for slow motion in 
declination is concealed by the parts by which the 
telescope HJ is attached to the axis. The tele- 
scope is ‘* broken’’—that is, behind the objective is 
placed a mirror at an angle of 45 deg., by which 
the rays entering through the objective at H are 
reflected into the ocular tube, which is at right 
angles to the objective end. In this arrangement 
lies the most essential difference from an ordinary 
equatorial, which has a straight telescope. This 
alteration is clearly necessitated by the condition 
mentioned above—that the optical axis (if need be 
prolonged) must pass through the point of inter- 
section of the hour axis and the axis of declina- 
tion. 

The whole apparatus rests on the iron stand K. 
This stand is centrally perforated, and is traversed 
by a vertical axis on which the whole instrument 
can be rotated. For the convenience of the obser- 
vations it is better to let the prolongation of this 
axis also pass through the intersection of the other 
axes. This condition will be fulfilled in the new 
instrument, but secondary considerations made it 
very difficult to comply with in the smaller instru- 
ment. The amount of the rotation is read off ona 
distant scale by means of the small telescope shown 
at L. The new instrument will have another circle 
for this purpose. 

A few words may be said in conclusion as to the 
mode of adjusting and using the instrument. It is 
hoped that in the course of some few years the 
whole of the firmament will be photographed by 
means of telescopes of the uniform focal length of 
343 centimetres=135 in. Now imagine a complete 
set of the plates produced to be put together so 
as to form a polyhedric surface very nearly coin- 
ciding with the surface of a sphere of 343 centi- 
metres radius. The stars pictured on this globe 
have to be measured for right ascension and de- 
clination, For that purpose imagine the parallactic 
apparatus above described to be placed with the 
intersection of its axes in the centre of this globe. 
As soon as the axis A A has been accurately directed 
towards the pole of the heavens, as pictured on the 
plates, the instrument will be perfectly adjusted, 
and, as was said before, it will serve for the 
measures in question exactly as well as a well- 
adjusted equatorial will serve for measures in the 
sky. In this case, therefore, we must find for the 
differences of right ascension and declination of any 
two stars, the same result as by direct observations 
in the sky. 

It is easily seen that the reverse, too, holds 
good—i.e., that as soon as the apparatus gives the 
correct result for the differences in right ascension 
and in declination of two stars, whose position is 
accurately known beforehand, the apparatus will be 
perfectly oriented. 

From this it will be seen at once what has to be 
done before beginning the measurement of an in- 
dividual plate. First of all, this plate has to be 
mounted on a stand placed at a distance of 343 
centimetres from the intersection of the axes of 
the instrument, which stand is placed once and for 
all in such a position that the plate is perpendicular 
to the line joining the point of intersection alluded 
to with the centre of the plate. (This supposes the 
axis at K intersecting the other axes.) After this 
the axis of declination has to be rotated until the 
reading of the declination circle corresponds to 
the declination of the centre of the plate, and the 
whole instrument must then be turned about the 
vertical axis, till the telescope can be pointed to 
the centre of the plate. 

Now, on every plate there will be always found 
several stars whose positions are already known with 
considerable accuracy. On the circles of the instru- 
ment the differences of right ascension and declina- 
tion of two of these stars should be next read off. If 
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these prove to be in accordance with the known dif- 
ferences, then the plate and the instrument are per- 
fectly oriented. If not, then from the outstanding 
errors we may compute at once the amount of rota- 
tion to be given to the instrument about the vertical 
axis and to the photograph about its centre, in order 
to make the adjustment perfect. Experience has 
shown that a couple of minutes suffice for this ad- 
justment. As soon as it has been made, we not 
only get for all the differences of right ascension and 
declination the correct values; but if the zero of 
the declination circle has been corrected once and 
for all, then a simple displacement of the micro- 
scope of the hour ¢ircle (for which displacement 
provision is made) will suffice to make all the 
readings correspond at once with the actual right 
ascensions and declinations. 

A last observation will complete the description. 
Tn the figure it will be seen that a microscope for 
the reading off of the declination circle is wanting 
(only an index for rough settings is provided). The 
cxuse of this is that much time is saved in the 
observations if we do not point successively a cross 
web in the ocular of the telescope to every indi- 
vidual star and then read off both the circles, but 
if, instead of this, we cbserve a whole zone of con- 
stant breadth and constant declination. In the 
instrument at Groningen the extent of the field is 
somewhat over a degree, and in the ocular is in- 
serted a glass scale divided into 60 parts, every one 
of which corresponds exactly to one minute of arc 
on the plate. As every plate of the Southern Survey 
has an extent of 5 deg. in declination, say, for in- 
stance, from 19 deg. to 24 deg., five zones of a 
degree in breadth had to be measured. For the 
first of these the telescope was pointed to a star of 
known declination, say of 19 deg. 13.7 min. By 
the slow motions of the telescope this star was 
brought exactly on 0.7 of the interval between 
the thirteenth and fourteenth line of the scale ; 
after that, leaving the declination axis firmly 
clamped, all the stars visible in the field of the tele- 
scope when sweeping over the plate by a motion 
about the hour axis, were measured in order of 
right ascension. The right ascensions were read off 
by an assistant at the microscope of the corre- 
sponding circle ; the declination was determined by 
means of the scale by the observer at the ocular. 
The zone being finished, the telescope was rotated 
about the declination axis by an amount equal to 
1 deg., i.e., equal to 60 parts of the scale, and so 
on. 

If itis considered that the catalogue, as it will be 
published, will be arranged in zones of 1 deg. in 
breadth, the advantage of such an arrangement will 
be evident at once. In fact, the star positions are 
measured perfectly in the order in which they are 
to be published. 


AMERICAN INDUSTRIES AND 
BRITISH COMMERCE.—No. III. 


In a previous article we indicated the differ- 
ences between the revenue and expenditure of 
America, with the view of suggesting what a 
‘“tariff for revenue only”? might mean. The dia- 
grams we gave* prove that the Democrats have a 
considerable margin within which American tariffs 
may be revised without interfering prejudicially 
with other kinds of taxation, and it will be in- 
teresting now to consider the probable directions 
which revision will take. There is little reason 
to doubt that the new party will follow, at all 
events, the spirit of the programme advocated 
at the elections, and defined by the following 
principles : 

1. The abolition of all duties on raw materials, such 
as wool, iron and other ores, coal, jute, hemp, flax, dye- 
stuffs, &c., in order that we may compete in home and 
foreign markets wi'h other manufacturing nations, not 
one of which taxes raw materials. 

2. The adjustment of the tariff so that manufactures 
approaching nearest to the crude state will pay a lower 
rate, and the manufactures that are further advanced, 
ea more skill and Jabour, will pay a higher rate of 

utiles. 


The abolition of duties on raw materials suggests 
the aim to be attained; the adjustment of the 
tariff, the appreciation of possibilities. It is said 
that this revision will involve hardships on existing 
manufacturers. To some extent this will doubtless 
be so, but facts do not seem to justify the state- 


* In the Table appended to Diagram No. 3 on page 51 
ante, the word excise was misprinted for expenditure. 


ment as an argument. The cry is raised that 
Great Britain and other European countries will 
be able to swamp the American home markets. 
Whether this may be possible or not depends upon 
the relative prices, qualities, and designs of Ameri- 
can and foreign products. In considering industrial 
progress in the United States, attention must be 
especially directed to the various items making up 
the cost of production. One of the most important 
of these items is wages. In Americaa high standard 
has generally prevailed, higher in the past than at 
present ; but thishas not been without itsadvantage. 
Scarcity and dearness of labour in the United 
States stimulated invention in that particular direc- 
tion which led towards substitution of mechanical 
for human labour. And this has been so stead- 
fastly and ardently followed that the United States 
to-day is pre-eminently the country for the inven- 
tion and_ utilisation of labour-saving machinery. 
On the other hand, low wages in other countries, 
largely due to excess of labour, induced contentment 
with existing methods and machinery. In manual, 
purely physical, labour, higher wages mean, as a 
rule, better food, and therefore better physique, 
while in the professions requiring mental or artistic 
excellence, the pleasant surroundings, which higher 
remuneration makes possible, mean higher class 
and therefore better work. Of course these latter 
conditions have not been so fully enjoyed in 
America as they may possibly be in the future 
with reduced cost of living consequent on tariff 
reductions. We say possibly—because the indus- 
trial history of Great Britain justifies the assump- 
tion. Giffen has proved that the increase in wages 
in this country has been 70 per cent. in 50 years— 
the comparison being with a Protection period— 
while, at the same, time, working hours have been 
reduced 20 per cent., and yet the cost of living is 
much less, 

Tne high wages earned in America, exercise—as 
a result of the extensive use of labour-saving ma- 
chines, perhaps also of longer hours and of more 
intelligent labour—a less effect on the cost of pro- 
duction than is often assumed. Official reports 
enable some estimate to be formed of the relative 
cost of producing various commodities in the United 
States and the leading European countries. The 
Labour Bureau of Washington gives exact data in 
this connection fora number of works ; while Mr. J. 
Schoenhof, late U.S. Consul, who made investi- 
gations not long since in Staffordshire, gives in 
one of his books the figures for separate works 
here and in America ; these differ somewhat from 
the returns of the Labour Bureau. In coal mining 
there is not much disparity between the two 
records. Mining bituminous coal involves an 
average labour charge, in 47 mines in the United 
States, of 2s. 8d. per ton out of a total cost of 3s., 
and in Great Britain the mean in the case of 13 
mines is 3s. 3d. out of 4s. 2d. per ton of 2000 lb., 
so that in the price of coal generally, the American 
manufacturers have the advantage, due largely to 
the introduction of cheap foreign labour, and of 
greater natural advantages. The census for 1890 
shows a variation of from 2s. 5d. for labour in 
Pennsylvania to 3s. 1ld. in Alabama, the price of 
coal at the mine ranging from 3s. 3d. to 4s. 7d., 
although in Tennessee, where labour only gets 
33. 5d., the price is 5s. The census returns also 
indicate that in the cases where wages have ad- 
vanced during the past 10 years, the cost of pro- 
duction is generally less.* 

In considering the wages cost of making pig iron, 
we have included the labour employed in all suc- 
cessive stages, from the mining of the raw ma- 
terial to the blast furnace, and we find that the 
Labour Bureau gives the collective amount for 
British-made Bessemer iron as 13s. 10d., while 
the consular officer quoted above returns it 


* The following figures relative to the chief coal-pro- 
ducing States show that while wages have increased, the 
labour cost per ton and the prices at which coals can be 
sold at the mine have decreased considerably. 


Yearly Wage | Labour Cost per Selling Price 
Earnings, Ton. per Ton. 
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1889, | 1890. 1880. | 1890. | 1880. | 1890. 
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at 22s. for a Middlesbrough work. A Pitts- 
burg return given by the same authority puts 
the cost of labour at 20s. 2d., and in the Labour 
Bureau the lowest labour charge for making 
Bessemer iron in America is 18s. 4d.; the 
highest being over 28s. The average is probably 
about 193. in America, and 16s. or 17s. in Great 
Britain, inthe best equipped works in both countries, 
It is interesting to point out that the selling 
price in America is 58s. to 59s. against 40s. to 
48s. here, and it is clear that the higher price ig 
not required to remunerate the working classes, 
or to protect them against the ‘‘ pauperising 
European labour.”” Much of the excess is, of 
course, due to higher transport charges, owing tothe 
greater distances between the ore and coal fields. But 
British makers take much of their ore from Bilbao. 
Under free trade, even in America, this difference 
in selling price would probably be swallowed up 
by freight charges from the works in Britain to 
the manufacturer in the interior of America, while 
the New England makers would profit by the 
liberty to import pig iron, free of duty, as. we 
indicated in a previous article. The result of the 
competition from without should be beneficial to 
America’s chances in foreign markets. At pre- 
sent it would seem as if Protection were intended 
to maintain internal freight rates or profits. Any 
reduction in the price of pig iron must make a 
material decrease in the cost of the finished pro- 
ducts. We propose to consider several products, 
and will give the results in subsequent articles. It 
may be sufficient for the moment to instance steel 
rails. In the Labour Bureau returns the labour cost 
of the various processes, from mining to rolling the 
steel, is in America 48s.; in this country 32s. 6d., 
while on the Continent it is about 34s., but the 
ratio. to total cost of production does not differ much 
in the three cases, being 47, 42, and 41 per cent. 
respectively. It will be seen, therefore, that the 
difference in labour in England and America is 
15s. 6d. Mr. Schoenhof’s investigation gives a 
similar result ; he finds that the difference in the 
total cost is 16s. The Labour Bureau, however, 
gave it as 24s. in favour of Great Britain. Laborr 
is therefore evidently dearer in America ; transport 
charges for one ton of steel rails are not very 
different from those in this country, including the 
freightage on Bilbao ore, but the profits taken by 
American makers seem to be multiplied fourfold, 
The selling price of steel rails is 125s., against 85s. 
in Britain. As the difference in total cost of pro- 
duction is only 24s , it is difficult to show why the 
American selling price need be 40s. greater than 
that charged in this country. In other words, 
if British makers get 10s. profit per ton, why 
should protection tariff give 20s. to 25s. to the 
American manufacturer? This difference in profit 
in the total annual production of some of the large 
works is equal to nearly 200,000/. sterling. If the 
tariff on raw material were abolished, New England 
would probably compete satisfacfactorily with the 
great Western Pennsylvania works; while if the 
tariff on rails were reduced, the imports could be 
laid down in New York at such a price as to 
sharpen that competition which is so beneficial to 
all nations; would weaken monopolies ; and might 
at the same time enable American steel makers 
to so readjust their charges and reduce their 
profits, as to compete with us in neutral markets. 
With the adoption of a Democratic policy and the 
admission of raw material free of duty, America’s 
chances of competing with Britain would therefore 
seem to be improved, especially when her producers 
will—by means of the Nicaraguan Canal—be 
brought closer to the South American republics, 
our Australian colonies, and the markets in the 
far Kast. 

With textile industries a similar comparison is not 
quite so reliable. The manufacture of a ton of pig 
iron does not offer to the workmen engaged, the 
same opportunities for superiority, as the making 
of woollen, silk, and linen goods. In the Jatter 
case, indeed, it is the excellence of the workman- 
ship, combined with a suitable choice of materials, 
that makes the value. Hence the difficulty of 
determining the value of wages. Mr. Schoenhof 
has made a careful investigation (conscious, no 
doubt, of the difficulties), but the results cannot 
be said to be conclusive. They, however, may be 
taken as showing that—assisted with superior 
raw materials—better results may be got in the 
future than in the past, since, after all, the 
difference in the labour cost of production in 
America, as compared with England, is not so 
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great as is generally supposed.* The labour cost 
of production is probably slightly higher in 
America, and the product is of less value as a 
rule, so that the ratio of labour to value is higher 
than in Europe. The assumption, however, is 
that although raw material for textile goods may 
be admitted free, and finished products required 
to pay a duty, America’s demand must still in 
part be supplied from foreign sources. Even 
when they can import duty free Egyptian cotton to 
mix with their own product of shorter fibre ; and 
Russian flax ; and better qualities of wool; they 
will have to acquire that skill, experience, and 
industrial art training which have been learned 
by English and some Continental workers from the 
cradle, and which may almost be termed gifts of 
heredity. That the importance of technical and 
industrial art training is thoroughly appreciated 
and understood in the United States, will be shown 
when we come to consider the progress of educa- 
tion. The eye requires a training which cannot 
be easily acquired, even in the United States, 
where power of adaptability is a general charac- 
teristic, and it willonly be by long and careful training 
that the equivalents to these gifts of heredity can 
be got. It takes also a long time to accumulate 
plant as well as experience; we know of English firms 
which have collected 10,000 to 12,000 engraved 
cotton printing rollers. Real or fancied advantages 
may tempt English skilled and highly paid textile 
workmen to the United States, but their abilities 
could not be fully utilised unless they could com- 
mand the same wealth of appliances. Moreover, it 
is a well-known fact that many European art work- 
men deteriorate—often permanently—during the 
trying transitional period following a change of 
country. On the whole there is no reason for 
surprise than many British and Continental fabrics 
are specially valued by American buyers, nor that 
imports continue, notwithstanding the high tariffs. 
Even American writers admit this superior value. 
‘«The English,” says one writer, ‘‘give a sightlier 


fabric. In colour and finishing they are ahead 
of us. Our colourings show a certain crudeness 


against the English which makes them somewhat 
harsh to the eye. Theirs have more of a soft- 
ness and pleasing depth. Skill in colour-mixing 
there is more or less a matter of rule of thumb. 
Art schools and technical schools have not had 
much to do with the forming of the staff of 
English factories, but if the secure possession 
of the world’s trade is a proof of the superior 
character of the goods, then no one can deny that 
skill is inherent there which we do not possess, and 
moreover neglect to acquire by proper training.” 
And so all along the line of fabrics. As to Crefeld 
and Lyons silk and satins, it is stated that they have 
a brilliancy, softness, and richness in colour tints far 
ahead of those of American goods, while the finish 
of the latter usually gives a hard sizing which 
leaves creases when handled. As to the demand 
for home-made fabrics, it is sufficient to state that 
while looms in the United States produce 
135,000,000 Ib. of clean woollen goods, they pro- 
duce 112,000,000 lb. of substitutes —shoddy, hair, 
and cotton. 

Other aspects of this subject might be considered; 
we have said enough for the present to show how 
important it is to take a complete view of the 
situation. A tariff for revenue only means, 
among other things, the removal of the handicap 


- Mr. Schoenhof’s figures may be given thus :— 
England. America, 


Cents. Cents. 
or 4d. or 4d, 
Cotton yarn No. 20, per 100 1b.... 50 45 
a M Poa NG 98 
Weaving print cloths, 100 yds. ... 48 to 51 40 
4-4 sheeting, 100 yards... ee 60 45 
Worsted yarns, 2-40, 100 Ib. 950 1153 
6-4 worsted cloth : 
Weaving, per yard... zene LOS 24.4 
Dyeing and finishing, per yard 47 4.1 
6-4 woollen dress goods : 
Warn. Ib... 4 4.8 
Weaving, lb. 7.4 9.6 
Finishing, lb... 4 2.6 
6-4 Cheviot yarn, lb. 4 3.9 
Weaving, lb... 4.4 7 
Carpets, yard... a =. 45 405.25 
Silk throwing, yard... ee AO 32 to 374 
Weaving wages, yard .. reece ih 
Total, yard aS os 13.9 18 


We may add that in evidence before the Royal Com- 
mission on the Depression in Trade, it was shown that 
the labour cost of the aggregate value of cotton goods 
pn in England in 1881 was 42d. per Ib. or about 

cents, 


which the American legislation has given us in the 
recent past. We may have to supply more raw 
material ; for a time, indeed, we may manage to 
import finished products ; but the evidences go to 
show that in many trades America will be able 
to hold its own in the home market, and may, 
by a judicious regard to economical production, 
become a dangerous competitor in those markets in 
South America and Australia, which are so valuable 
to us. 


LITERATURE. 


The Steam Navy of England ; Past, Present, and Future. 
By Harry Wi.ttams, Chief Inspector of Machinery, 
Royal Navy. London: W. H. Allen and Co., Limited. 

Mr. Wiciiams has set a praiseworthy example in 

writing this book. It is surprising how little we 

know about the Royal Navy—the Navy for which 
we all pay, and upon which our safety and _ pro- 
sperity chiefly depend. Perhaps the majority of 
the evils to which the Navy has been subjected, 
from the Mutiny at the Nore downwards, publicity 
would have cured. In past times there was no 
machinery by which ready appeal could be made 
to the public, so that of old high- placed distri- 
butors of patronage and the humbler occupants 
of official positions could pursue their courses 
without check. Happily an extended press has 
lessened these evils, but there are many both 
of ‘‘the high placed” and of ‘‘ the humbler occu- 
pants ” who strive to conserve the old order, and 
make the administration of the Navy like a remnant 
of f2udalism surviving into these modern times. 
The work before us is divided into four parts: 

‘*Our Seamen,” “ Ships and Machinery,” ‘‘ Naval 

Engineering, ’and ‘‘ Miscellaneous.” Besides these 

there is a ‘‘Summary,” a ‘‘Conclusion,” anda 

‘Synopsis of Contents,” the latter being repeated 

at the heads of the various chapters. We will 

turn first to the second division, as being more 
within the author’s and our province. A descrip- 
tion is given of forced draught, to which the failure 
of modern boilers is due. ‘‘In former days... 
it may be remarked,” says Mr. Williams, ‘‘ that 
there is scarcely any, if there be any, instances on 
record of well-made new boilers ever giving way 
under the use of a purely natural draught, i.c., 
without the passage of air through the fires being 
accelerated by artificial means. Since that time 
great improvement has been made in the strength 
of material and excellence of workmanship. Also 
the officials who have control and management 
of the machinery of the Fleet are superior to those 
of former days, who had not so many calls upon 
their carefulness and skill ; and yet the cases of 
failure of the boilers in those days were few, while 
in these they are many.” The question is asked, 

‘‘ Why is this?” to which the author says, ‘‘ There 

is but one answer. It is because of the use of 

forced draught.” That is true, but only leads to 
the question, ‘‘Can we do without forced draught?” 

Later on Mr. Williams says: ‘‘In view of the 

serious risk of injuring the boilers, it may be 

asked, what is the advantage gained? and it will 
be found that the real practical gain is very small.” 

Here we think the naval tactician will join issue 

withthe author. For peace purposes an extra two 

knots an hour may be small gain, but in war it 
would be difficult to over-estimate its importance. 

With modern armaments time has become a far 

more determining factor than of old, and speed, of 

course, means time. Let any one who doubts 
read the account of the capture of the Huascar, our 
one great object-lesson in this matter. For the 
highest speed we want the lightest machinery, and 
that cannot be got without forced draught. There 
have been many failures lately in the boilers of our 
war vessels. That is but an incident in our 
naval career. It is the fashion to talk as if 
nothing should ever go wrong with the Navy; as 
if its history should be an unbroken record 
of successes. So it might be if we ventured 
nothing ; if we were content to jog along in the 
old safe and known lines. That would minimise 
disaster in peace time, but where might we be in 
time of war? Say in the matter of forced draught. 
A more enterprising enemy had perfected the 
application, and had secured ships a knot anda 
half or two knots faster than our own. In past 
times we suffered bitterly from this very defect ; 
it would tell with ten times greater force in the 
present day. Ifit be impossible to design boilers 
that will not work with 2 in. air pressure in the 


stokehold, then we must abandon forced draught 
(we speak, of ccurse, approximately within present 
dimensions, for forced draught is merely a means 
to burn more fuel within a given time) ; but are 
we certain of this? Too many speak as if the 
matter were settled, as if we had exhausted all our 
resources ; as if we had tried all reasonable sugges- 
tions for a remedy for leaky tube ends. That is a 
position which we think cannot be held. We 
have had other boiler troubles before, and have 
overcome them. The task our naval engineers 
have now before them is to overcome this one also, 
and not, because there have been failures, to throw 
up the cards, and say the thing is impossible. 

It is in this matter we are most disappointed 
with Mr. Williams’s book. We had hoped, from 
one of his long and valuable experience, for fresh 
suggestions and guidance to a better state of things, 
rather than generalisations—not to say common- 
places -— often repeated. In place of this we 
get too often condemnation of what has been 
done, and an attempt to throw the burden of the 
difficulty on the naval architect (vide page 76). 
We agree, however, with the author that the 
assistance of forced draught has been over hastily 
adopted in the Navy. Thesuccess of Dr. Kirk was 
over freely accepted as a standard of performance, 
and his principles pushed even further on too 
wholesale a scale. We are not inclined to be hard 
on those who were responsible for this. The great 
thing the country has to fear in naval engineering 
practice is stagnation, and too many people seem 
bent on forcing this upon the authorities at the pre- 
sent time. 

We are glad to see that the author does not sup- 
port the new ferrules. His remarks on this subject 
are of the same nature as the opinions previously 
expressed in ENGINEERING in regard to durability. 

On page 105 Mr. Williams sums up his remarks 
on the boiler question by giving ‘* three special 
points that must be kept steadily in view,” which 
are briefly as follows: 1. Perfect contact between 
water and the boiler surface when the generation of 
steam is most rapid. 2. Provision whereby the great 
expansion and contraction, due to the variation of 
temperature, might take place without injury to 
the boilers. 38, Provision to be made whereby heat 
might be evenly distributed over all parts of the 
heating surface. Mr. Williams says that these three 
special points have not been sufficiently considered. 
But has he sufficiently considered them? If so, 
and he will give us the benefit of the solutions to 
the three points, then we shall have indeed some- 
thing to be thankful for. 

The chapter on ‘‘The Modern Marine Engine” 
does not call for much comment from an engineer- 
ing point of view. Here, however, is a passage 
OTE OCU Ota Oats aerate. the absolute folly of 
adopting any invention, scheme, or system that has 
not been sufficiently tested by actual experiment, 
which alone can prove whether its adoption would 
be for the benefit of the naval service. The cflicials 
representing the purely naval element, the sea- 
going naval element, in the trials of new inventions, 
should most jealously and minutely watch these 
trials, and especially with a view to ascertaining 
whether the new invention will add to the con- 
tinuous efficiency of the Navy ; the kind of efliciency 
that will be good for days, weeks, months, and even 
years; and not the spurious kind that will just enable 
the new thing to scrape through a four hours’ trial.” 
The warning is well expressed, but we must say 
that as a rule the Navy engineering authorities are 
fairly cautious in adopting new inventions ; some 
persons go so far as to hint they are actually ob- 
structive, not to say blindly and obstinately con- 
seryative in this regard; but these are mostly 
people whose inventions have not been adopted. 
In order to save waste of coal when warships are 
cruising under steam at low powers, the author 
proposes disconnecting the high-pressure cylinder, 
and running with intermediate and low. He would 
fit a valve and box in the steam pipe jointed on the 
high-pressure cylinder, so as to shut it off from the 
boiler and carry the steam direct to the inter- 
mediate cylinder. The initial pressure would of 
course be reduced, and the reduction of boiler 
pressure would be of very great advantage in pre- 
serving the efficiency of the boilers. It is proposed 
that the high-pressure connecting rod should be 
disconnected, so that the whole crankshaft would 
be kept running, with a view to make the wear of 
bearings equal. 

We have dealt with the least satisfactory part of 
Mr. Williams’s book first, and we now come to a 
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subject in connection with which his name is 
better known. In the part devoted to ‘ Naval 
Engineering in Warships” he treats of questions of 
engineering personnel. ‘‘Many naval men and 
others,” he says, ‘‘have a very hazy idea of 
engineering science, and especially of naval en- 
gineering. The large majority may be said to 
know very little about it, and it is this want that 
makes it difficult—indeed, almost impossible—to 
appraise at their proper value naval engineer 
officers and their services to the State.” We 
cordially agree with the author, not only in regard 
to naval engineers, but all other engineers ; it will, 
however, require a very radical change in our 
system of education to put this matter on a more 
satisfactory footing. With regard to naval officers 
this change will have to be made, but how far it is 
from being accomplished, or even begun, may be 
judged by the position now so generally taken by 
executive officers that naval engineers are nothing 
more than engine-drivers. It is not necessary we 
should follow Mr. Williams in his remarks on this 
subject, as they would be patent to our readers. The 
distinction between an engineer and an artisan is 
broad and well defined, though every mechanical 
engineer should bea fair mechanic. Many naval 
engineer officers were little more in the early days 
of steam, when the demand for engineers was not 
equal to thesupply. Then, however, steam was but 
an auxiliary, and the engineering department com- 
paratively a simple matter. Now a warship is one 
vast michine built up of diverse and complex parts. 
In the wooden-sailing era the executive officer 
knew all about his ship and her propelling me- 
chanism ; now his knowledge reaches that ‘‘ dan- 
gerous thing,” of which the proverb tells, in the 
worst cases ; in the best cases it is just nothing. 
We speak a‘ large; there are captains, commanders, 
and others who take trouble to learn something of 
the engineering problem and use their knowledge 
with discretion. The late Captain Arthur, of whom 
Mr. Williamsspeaks, was a notable example. Mr. 
Williams lays considerable stress on the economy «f 
coal due to good engineering, and he speaks with 
authority. The value of coal on board ship is by no 
means confined to the money cost even in time of 
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peace. Another matter with which he dealsis the exe- 
cution of repairs. He says: ‘‘As to engineer officers: 
I do not see why, with time and opportunity given 
for examination and necessary repairs, the engine- 
room staff in every ship should not keep every- 
thing in connection with their department in a 
state of efficiency during a commission without 
assistance from the dockyards.”” The author does 
not, of course, include heavy damage such as a 
broken crankshaft. His expression of opinion is 
valuable as coming from ‘‘one who has done it,” 
although, it is true, not on avery large scale. It 
is certain, if this principle is to be followed up, it 
will be necessary to reconsider the regulations 
recently put in force, by which the engine-room 
staff has been weakened, more especially in regard 
to artificers. Mr. Williams has been fortunate in 
his captains. He says, ‘‘ Captains under whom I 
have served have always been as much interested 
as myself in the vessels being self-supporting, 
maintaining efficiency without extraneous help.” 
In this chapter Mr. Williams proposes a means 
‘*by which the engine-room artificer and stoker 
mechanic ratings could be improved, and, without a 
shilling’s additional expense, be made more fit to 
carry out the important work of maintaining the 
efficiency of the machinery.” He would effect this 
‘by making more use than at present of the Steam 
Reserves, by employing the Fleet mechanic ratings 
much more than they are in supplementing the 
work of the dockyards in making good machinery 
defects,”’ Between commissions these menare chiefly 
employed in the Steam Reserves at Chatham, Ports- 
mouth, and Plymouth, anditissuggested they should 
be given, to a fuller extent, the work of ‘‘ making 
good the defects of commissioned ships, and like- 
wise of small ships being refitted for commission.” 
The author anticipates that this extension of Steam 
Reserve work would not be viewed with much 
favour by dockyard officials, for reasons he 
shrewdly suggests. In this anticipation he is right, 
but that is on account of the vicious system of 
management which exists in our dockyards. New 
patches are worse than useless in old garments. 
Mr. Williams’s remarks on this subject are, however, 
well worthy of consideration against the time when 
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the management of dockyards will be placed on a 
more reasonable basis—say after our next naval 
war, when the military experiences of the Crimean 
War will have been paralleled. 

In the following chapter a readjustment of the 
engine-room staff of a warship is formulated, the 
duties to be undertaken being portioned out, and 
in the succeeding chapter the plan of using the 
Steam Reserves as schools of instruction is further 
developed. 

The early chapters of the book, which we skipped 
to come to the engineering section, deal with such 
subjects as increasing the fighting power in ships of 
war, by training non-combatants in combatant 
duties, and the general training of seamen. In the 
miscellaneous section the coal endurance of war- 
ships is dealt with. The reasons the present esti- 
mates are over-favourable to the ship are pointed 
out. Among the factors to which due allowance 
has not been given are unfavourable weather and 
the requirements for auxiliary purposes. The 
author asks whether the coal endurance of all 
vessels of the same class could not be made approxi- 
mately equal. He also proposes having in attend- 
ance on every large fleet or squadron one or two 
very fast and lightly-armed coal ships capable of 
stowing several thousands of tons. He further 
suggests auxiliary sail power sufficient for two to 
four knots, according to the strength of wind. 
Another plan is to attach to the fleet one or two 
very powerful tugs to assist ships to the nearest 
coaling station. A further discussion of engine- 
room complements refers to the reductions an- 
nounced last spring ; and the necessity of having a 
proper number of artificers on board—not simply 
promoted stokers—is very properly insisted upon. 
A chapter containing ‘‘Remarks on Electric 
Lighting ” points out the danger of trusting too 
exclusively to that means of illumination, and 
the same moral is enforced in regard to other 
auxiliary engines. The subject is open to much 
discussion and diversity of opinion. A few words 
are said as to the policy of making engineer officers 
executive, a proposal which the author by no 
means supports. In his own career he has been 
well content with the existing state of affairs, 
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which is apt to weary the reader. This is doubtless 
due to a part of the matter first appearing in the 
form of newspaper articles, probably written at 
dates some distance apart. The book is a good 
example of high-class printing and binding, and is 
produced generally in a manner reflecting credit on 
those responsible for the publication. 


The ‘‘ Shipping World ’ Year-Book. Edited by Evan 
Rowand Jones, M.P. London: ‘‘ Shipping Worla” 
Office, Effingham House, Arundel - street, Strand, 
W.C., 1893. 

This year-book is indispensable to merchants 

engaged in export trade, and to navigators gener- 

ally,. The former have within short compass the 
tariff rates of all foreign nations, and port and 
other regulations, and general information which 
will assist in determining contracts; while the 
latter have details of the legislation affecting ship- 
ping, all information regarding tides, dues, towage, 
pilotage, and dock accommodation of all British 
and the principal foreign ports. Regarding legis- 
lative information one would have expected to find, 
along with the Load Line Committee’s report, 
some information as to the results of the Bulkhead 

Committee’s labours. It is true the latter have 

not been embodied in legislation ; but we doubt 

not many builders, if not shipowners, consider the 
general points in determining the design of new 
vessels. There is much general information given 
regarding commerce, notably the production of 
metals and minerals in the United Kingdom, which 

In conclusion, we may congratulate Mr. Williams a future edition the author may have an oppor- | are interesting, being carried back for many years, 
on his work, which cannot fail to be of benefit to tunity of rendering it somewhat more compact. | although the 1892 figures are not included. The 
the Navy and to the country at large. Wetrustin There is a marked tendency towards repetition, | elaborate tables of imports. and exports, however, 
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being for 1891, are not so interesting as they would 
have been had the 1892 figures also been given, 
and as these were published on the 8th inst., it is 
difficult to understand why they could not have 
been included. The tables giving the English 
equivalents of foreign moneys, weights, and mea- 
sure; will be serviceable, while in addition there 
are many tables of information which will save the 
mariner much calculation. In fact, the book makes 
the working of a ship, whether in port or at sea, a 
fairly easy matter. 
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THE FUTURE OF BRITISH 
ENGINEERING. 
By Cuariss 8. Du Riche Pretiur, M.A., 
Ph.D., Assoc. M.I.C.H. 

Tue presidential address delivered at the In- 
stitution of Civil Engineers at the commencement 
of the current session by Mr. Harrison Hayter 
will long be remembered by many of those pre- 
sent as a gloomy record of the present condition, 
not indeed of the Institution, whose prestige and 
prosperity are ever increasing, but of British en- 
gineering generally. ‘‘Supplanted by the Germans 
in Asia Minor; anticipated by the French and 
Germans in Central Africa ; shut out from foreign 
and Transatlantic markets, depression  every- 
where’’—such was, in substance, the keynote of 
that able and exhaustive address. The President, 
disclaiming all doleful vaticinations, did indeed 
point hopefully to the wide field which is still open 


to the different branches of engineering science in 
various parts of the globe, and Sir Charles Hutton 
Gregory, in his vigorous and spirited remarks, also 
dwelt with confidence on the future; but it will be 
readily conceded that these bright prospects depend 
essentially on the ability and efforts of the British 
engineer, the British manufacturer, and of British 
enterprise generally, to compete successfully with 
their Continental and American rivals. 

It is in this connection that the address 
constitutes a solemn warning to the profession, 
and it therefore naturally invites inquiry into 
the causes which have led to the present de- 
cline in many branches of British engineer- 
ing. These causes suggest themselves with pecu- 
liar force to those who, in the course of their ex- 


perience abroad, have had special opportunities of 


comparing British with Continental, as well as with 
American, practice ; and it may, therefore, not be 
inopportune to briefly review those causes by the 
light of that experience. 

1. One of the primary and most obvious causes is 
undoubtedly the long run of that ‘‘ leap and bound” 
prosperity which, after an enormous accumulation of 
national wealth, led, in logical sequence, first to over- 
speculation and over-production, then to reverses, 
and finally to the present depression and want of 
enterprise, due either to the fear of losing more, or to 
thatindolence or apathy which is often engendered by 
phenomenal success. Other countries are suffering, 
in common with England, from severe depression ; 
yet in France, Germany, and the United States 
there is greater elasticity, vigour, and adaptability, 
as compared with the present more or less crystal- 
lised condition of British enterprise, which is being 
outstripped by other nations, because it is content 
to rest on its laurels. 

2. Another cause, so far as it relates to private 
enterprise in public works, is the predominating, 
one might almost say pernicious, influence of the 
Stock Exchange. No one would be bold enough 
to dispute that the Stock Exchange, as the con- 
trolling agent of capital, is a potent and indis- 
pensable factor in every private enterprise ; but 
such is now its supremacy, that Westminster, as 
representing the engineering interest, may be said 
to have become more or less subservient to the 
financial methods and practices of the City. It is 
no longer a question whether a proposed under- 
taking of a public nature is intrinsically good or 
bad ; the determining factors are whether there is a 
market for ‘‘that particular class of scheme ;” 
whether it will stand a large, frequently absolutely 
extravagant, capital; and, above all, whether it 
offers the elements of that Stock Exchange specula- 
tion which is only another form of gambling, and 
failing which any proposed undertaking, however 
sound and promising per se, is promptly shelved 
or consigned to oblivion. For the purpose of 
a new undertaking of a public nature to be 
carried out by a company, a formidable ap- 
paratus has to be set in motion ; high-sounding 
names of directors, lawyers, and engineers have 
to make the prospectus attractive ; correspond- 
ingly high fees, enormous financial commissions, 
and preliminary expenses have to be paid *‘on 
allotment” before one single shilling can be 
devoted to the real object of the company, viz., 
the construction of works. Thus it is that many 
an undertaking is crippled and crushed at the out- 
set, and brings consequent discredit, not necessarily 
on the financiers, whose names, moreover, rarely 
appear, and who, in the majority of cases, have 
already secured their pound of flesh, but on those 
who are left to face the situation. 

In this connection, it may be averred that nothing 
has soiled the fair name and fame of British enter- 
prise in public works on the Continent more 
than the spectre of the ‘‘ English Limited Com- 
pany.” When first the Limited Liability Act came 
into operation, the Société Anglaise in France and 
Belgium, the Sucieta Inglese in Italy, the Englische 
Gesellschaft in Germany and Austria, was a name 
to conjure with; for, in principle, it was justly 
hailed and admired as a proof of the superior spirit 
of association of British capitalists, great and small ; 
but the vevers de la médaille became painfully 
evident and the spell vanished, when it was dis- 
covered that, in many cases, the imposing nominal 
capital of registered companies only represented, 
either a minimum and totally inadequate propor- 
tion of available cash, or no cash at all save the five 
pounds subscribed by the first five directors. 

And even in cases where English companies or 
their contractors started work on the Continent with 


an apparent show of financial strength by making 
the stipulated cautionary deposit, it frequently hap- 
pened that, when financial embarrassments super- 
vened, such companies or contractors fell into dis- 
repute, collapsed, or sacrificed the deposits with an 
equanimity only equalled by the lamentable want of 
elementary foresight in contracting engagements 
without adequate funds to carry them out: It is 
this purely speculative way of embarking in public 
works, no less than the prevailing regime of the 
Stock Exchange, that have incalculably injured 
British enterprise in many parts of the world. In 
France, Italy, Germany, Austria, Belgium, and 
Switzerland, capitalists provide funds for public 
works generally on more moderate terms; the Com- 
panies Acts in those countries require an adequate 
portion of the share capital to be fully paid up at 
the outset, and thus constitute an effectual safe- 
guard against bogus companies, as well as a check 
on the nominal capital ; and the whole financial, 
engineering, and administrative apparatus is kept 
within reasonable bounds with a view to econo- 
mical working. 

3. The third cause must be sought in the crystal- 
lised condition—hoii scit qui mal y pense—of West- 
minster itself. The time-honoured adage ‘‘ practice 
before theory,” and the minimum of absolutely 
necessary formulze which a civil engineer inwardly 
digested under the old system, answered wellenough 
in those palmy days, never to return, when civil engi- 
neering was essentially an experimental and empiri- 
cal science ; when elastic and lavish estimates, liberal 
prices, and large margins were the rule; when 
funds were always readily forthcoming to make up 
for any miscalculation of the engineer, or repair 
any elementary blunder of the contractor; and 
when works of great magnitude and importance 
were often carried out with a stupendous waste 
of material and expenditure. Many of the distin- 
guished engineers whose portraits adorn the walls 
of the Institution were the pioneers of practical 
science ; their vast and varied experience, and, in 
many cases, their genius, compensated any de- 
ficiency in strictly theoretical training, the more so 
as they enjoyed virtually a monopoly in carrying 
out those great works with which their names are 
associated, both at home and in the colonies. But 
the younger generation enjoys no such monopoly ; 
for the quicker pulsation and higher pressure of 
life, and the keen competition, both at home and 
abroad, of the present day, have changed all that. 
The fruits of the thorough scientific training of 
Continental and American engineers have slowly 
but surely asserted themselves, and it is owing to the 
wholesome effect of that competition that colleges 
and laboratories for higher technical education on 
the Continental model have only too tardily sprung 
up all over the country, and that a curriculum of 
engineering science has now been instituted even 
in the classical University of Cambridge. 

At a recent meeting of the Institution of Civil 
Engineers, a member of the Council took occasion 
to warn young engineers not to allow the high 
technical training now in vogue to betray them 
into fallacious theoretical deductions, nor to 
imagine that a college degree of engineering con- 
stitutes them practical engineers. ‘‘The degree 
only gives you,” he said, with singular force, 
‘‘the tools for becoming an engineer.” That 
is no doubt strictly true, for to push theory 
to its logical consequences is a mistake in every 
branch of science ; practice and theory must com- 
plement each other; and an engineer with a 
diploma but without practice is very much in the 
position of a briefless barrister, or of an inventor 
whose invention has never been applied. But may 
it not also be fairly argued that the higher and the 
more thorough is the scientific training, the better 
are the tools, the better, therefore, is the work- 
manship in practice? Is not the acknowledged 
superiority of Continental engineers in light, as 
well as in steep-grade railways, or again in struc- 
tural zesthetics, more especially in iron bridges 
and kindred works, which combine elegance with 
economy, solidity, and boldness of design, the 
outcome of that higher scientific training? Has 
not the hydraulic engineer who has also a scientific 
knowledge of geology and chemistry, or the railway 
engineer who has also studied mechanical and elec- 
trical science, an obvious and, in the long run, 
enormous advantage over the ordinary engineer of 
the so-called old school, who has to consult and fee 


a specialist for every trifle which is beyond his 
own narrow groove ? 


Nor is this all. The modern engineer, in 
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order to be able to compete successfully with 
his foreign rivals in the race, must not only 
have scientific training ; he must also be versa- 
tile, because the sphere of his profession is 
not local, but pre-eminently universal. The 
initiation of works abroad, the negotiations inci- 
dental thereto, and the superintendence of such 
works, require at the present day not only profes- 
sional proficiency, but culture, diplomatic skill, and 
linguistic attainments. It is not too much to say 
that in that higher intellectual training, which also 
confers a higher social status, the ordinary engineer 
at home is deplorably deficient, trained as he was 
purely aad simply on the old principle of ‘‘ bread- 
winning,” which sufliced for the ordinary routine of 
his practice and for giving evidence before Parlia- 
mentary Committees. But when the British 
engineer of this latter type is sent abroad to report 
on, or negotiate in relation to public works, it not 
unfrequently happens that he is completely non- 
plussed, and attributes the failure or the barren 
results of his mission to every cause except the 
true one— his own inaptitude. 

Another feature which acts as a serious drag 
upon British engineering is the so-called etiquette 
—yiz., the artificial barrier between the profession 
of the engineer and the business of the contractor. 
In former days, this etiquette had its raison d’étre, 
and is, of course, still essential in the case of engi- 
neers who act in an official capacity. But in 
private practice, profession and business are in 
reality very much blended in these days, when 
everything pivots on finance. At all events, the 
cumbrous and costly machinery which that etiquette 
invulves has in the present day been a fruitful 
source of British énterprise being in many cases 
supplanted by foreign competition, So far as Con- 
tinental practice is concerned, the time-honoured 
British contractor may, indeed, be said to have 
become obsolete, because altogether unnecessary, 
the more so as he generally ignores the great 
esonomic law that profits tend to a minimum. 
In the majority of cases, the leading contractors 
on the Continent are either themselves highly- 
trained engineers, or are associated with engineers ; 
hence the artificial barrier which still survives 
in Westminster is a thing unknown; and the 
greater simplicity, economy, and efficiency of pro- 
cedu e and management enable those contractors 
to ec mtent themselves with a smaller margin of 
profit, and, in many cases, to take contracts on 
terms with which the British contractor, with his 
unwieldy and expensive establishment, his want of 
local knowledge, and, consequently, his antiquated 
notions of enormous margins for contingencies, 
has no chance of competing. 

4, The fourth cause, which is closely connected 
with the one just mentioned, is the unwilling- 
ness of British manufacturers generally to adapt 
themselves to modern cosmopolitan requirements. 
Here the obstinacy with which many manu- 
facturers still cling to the beaten track, to the 
worn-out old groove, and to British measures 
and dimensions, is positively fatal. For example, 
one of the countries most favourably situated for 
British imports, as far as they relate to railways 
and mechanical engineering, is undoubtedly Italy, 
for the freight from England is considerably lower 
than the cost of carriage from France, Germany, 
and Austria vid the Mont Cenis, the St. Gothard, 
and the Brenner Railways. And yet English 
locomotives, English girders, English rails are now 
conspicuous by their almost total absence, and 
England has been almost entirely supplanted 
by France, Belgium, Germany, Austria, Switzer- 
land, the United States, and Italy itself. 

Nor can this fact bea explained simply by the 
higher cost of English labour, for in all the other 
countries named, skilled labour is dear, and any 
advantage of lower wages and longer hours is 
counterbalanced by more frequent public holidays, 
by regulations of labour, by higher direct taxation, 
and, in the case of Italy and Switzerland, moreover, 
by the absence of coal and iron. The principal 
reasons of England being practically shut out from 
the markets of so many countries having, like 
Italy, a seaboard, must be sought, not only in the 
frequently prohibitive prices due to high cost of 
manigement and excessive margins of profit, but 
notably in the perverse onesidedness and the want 
of technical elasticity of the British manufacturer 
of the old school. 

He rolls his own sections of rails, and asks 15s. 
per ton more for a special section, whereas Conti- 
nental makers readily supply it without extra 


charge. Again, he will supply highly finished loco- 
motive engines and other railway material accord- 
ing to his stereotype pattern suitable for English 
railways, whereas Continental and American makers 
vary and modify their rolling stock to suit local 
requirements of climate and trafic. In supplying 
iron bridges, he is dependent on the designs fur- 
nished him by the engineer in Westminster, whereas 
Continental and American makers, having their own 
scientific staff, supply the special designs them- 
selves, thus insuring not only rapidity of execution, 
but concentration of responsibility.* He will supply 
only his customary type of agricultural machinery, 
whereas American makers flood the market with 
every variety of ingenious, light, and suitable tools ; 
he sits at home, and expects the mountain to come 
to Mahomet, whereas Continental and American 
makers send their travellers to every country and 
have their agents in every town; he will not 
budge from British measures and dimensions, 
whereas the exigencies of trade, commerce, and 
international intercourse have long welded Con- 
tinental and many American makers into a vast 
unwritten Metric Union. 

There is no doubt that for this fatal unwilling- 
ness of the British manufacturer to adopt the 
international metric standard, at least in his in- 
ternational dealings, the engineering profession 
is, in no small degree, reponsible. Instead of 
leading the way, it is to this day, at the end of the 
nineteenth century, as a body averse to even the 
optional adoption of the metric system. ‘‘ For God’s 
sake let us have British measures !” is reported to 
have been a favourite exclamation of the late Mr. 
Vignoles, one of the distinguished pioneers of British 
engineering at home and abroad. This clinging to 
a standard with which his own successes and those 
of others of his time were intimately connected, 
was but natural in those early days when 
England was the workshop, and London the 
financial market, of the world ; when the British 
engineer was looked upon as the harbinger of 
anew era; when he traveNed abroad with ambas- 
sadorial splendour ; could dictate his own terms, 
and could afford proudly to ignore any standard 
different from his own. But all this is no longer 
the case, and when it is considered that the metric 
system has been readily adopted in England by 
all .branches of physical, including electrical, 
science, and that it is freely used also in the 
technical press, it is almost inconceivable that so 
many members of the profession should still shut 
their eyes to the fatal isolation to which British 
engineering is doomed if it persists in its ante- 
diluvian prejudices against a cosmopolitan and 
scientific standard, 

Such are some among the more conspicuous 
causes which in a great measure account for the 
present discomfiture and decline of British engineer- 
ing as portrayed in the recent presidential address 
at the Institution. Some of the causes enumerated 
are no doubt a well-known and oft-repeated tale ; 
but the principal cause which underlies and 
governs all the others is this, that the so-called 
old school of civil engineers and manufacturers 
lives to a great extent on the tradition of its 
past glories, apparently oblivious of, or in- 
different to, the sad but indisputable fact that 
all the time it is being beaten in the race by 
the Continent and by the United States. 
And if proof of this were wanted, it is assuredly 
afforded by the valuable and voluminous reports of 
British Consuls ; by the foreign abstracts in the 
volumes of the Institution of Civil Engineers 
edited with such conspicuous ability by Mr. James 
Forrest ; and by the leading London technical 
periodicals, unrivalled alike for wealth and for 
variety of scientific and practical information 
from all parts of the world. The old school of 
engineers and manufacturers is stationary, and 
to be stationary in these days of febrile intel- 
lectual activity is tantamount to being retrograde. 
The new school of scientific training, on the other 
hand, which in England is now fast, though tardily, 
coming to the front, more especially in electrical 
engineering, is, by instinct as well as by necessity, 
vigorous and progressive. Nor does it need a 
prophet to foretell that, of the two schools, the 
future belongs to the latter: and in support of 
this confident prediction, suffice it to quote one 


* A striking instance of this is the case recently quoted 
in a notice on ‘‘ Bridges on the Transandine Railway” 
(ENGINEERING, vol. liv., page 685), where a British firm 
required eight months for supplying certain bridges, 
whereas an American firm supplied them in eight weeks. 


of the most distinguished ornaments of the IJn- 
stitution of Civil Engineers, the late Sir William 
Siemens, who, ever an indefatigable advocate ot 
‘scientific principles” as indispensable to success 
in practice, emphasised his conviction in his lumi- 
nous presidential address to the British Association 
(1882) when he said, ‘‘it is not to the ‘ rule-of- 
thumb’ practitioner that we must look for the 
progress of practical science.” 


THE PROPOSED BRUGES SHIP 
CANAL. 

Some time ago the Belgian Government appointed 
a commission to draw up a scheme under which 
tenders should be invited for a concession permit- 
ting the constiuction of a ship canal between the 
ancient city of Bruges and the North Sea. This 
committee laid down a number of conditions for the 
guidance of intending concessionaires, who were in 
the first place to contract to construct docks at 
Bruges capable of accommodating at least a million 
tons per annum, with arrangements for future ex- 
tensions. These docks were to be thoroughly 
equipped with modern plant for the rapid loading 
and unloading of cargo, and, in short, were to ke 
thoroughly up to date in every particular. They 
were to be connected with the North Sea by a canal 
8 metres (26.245 ft.) deep, the water level in which 
was to be maintained at 3.5 metres (11.48 ft.) above 
the Ostend zero, and this canal was io be provided 
with tidal locks at its sea end, these locks to have 
a depth of 9 metres (29.53 ft.) over the sills. ‘lhe 
entrance to the canal was to be near the town of 
Heyst, and an outer harbour completely equipped 
for the loading and unloading of vessels was also 
to be formed there. It was further required that 
the drainage channels, and other canals crossed 
over by the new works, should not be injuriously 
affected by them. All proposals for the con- 
cession were to be accompanied by a sum of 
100,000 francs as caution money, which sum was 
to be increased to 500,000 fr. on the approval of 
the concession by Government, but this caution 
money was to be returned to the owners when they 
had spent 1,000,000 fr. en the works. Full details 
of the proposed scale of tolls and other information 
of a similar character was also required. 

In response to the above. Messrs. L. Coiseau 
and Jean Cousin, of Brussels, prepared the plans 
which we illustrate on pages 98 and 99. Referring 
to Fig. 1, it will be seen that the proposed canal 
runs in a straight line from Bruges to the sea coast, 
its direction being nearly N.N.W. At the point 
where it debouches on the coast, the sea bottom 
deepens pretty rapidly, so that a depth of from 
7 to 7.5 metres (22 96 ft. to 24.€0 ft.) is found ata 
distance of from 690 to 750 yards from the low- 
water mark. A comparison of old charts showed, 
moreover, that the depths of water on the ccast had 
remained constant for many years, and thus the 
work to be done was greatly simplified. The pre- 
vailing winds are shown in Fig. 2, where the 
smaller diagram shows the direction from which 
the strongest winds blow, and the larger one the 
most frequent direction. Most of the ports on the 
coast suffer from the deposit of a very fine silt, 
which, ordinarily borne in suspension by the water, 
is deposited in places where the usual agitation of 
the sea is quieted. 

To meet these conditions the canal entrance has 
been designed as in Fig. 2. It will be seen that a 
curved breakwater 1570 metres (5151 ft.) long 
protects the wharves and canal lock from waves 
raised by the prevailing winds. The radius of the 
curve is 1000 metres (5280.9 ft.). The distance 
between the end of the jetty and high-water mark 
is 800 metres (2625 ft.), and at low water the dis- 
tance between the end of the jetty and the 6-metre 
(19.685 ft.) contour line is 300 metres (984.3 ft.). 
For the first 2 metres (6.56 ft.) up to low-water mark 
this jetty consists of a masonry pier 3 metres 
(9.8 ft.), broad at the top, and founded on a mat- 
tress } metre (1.64 ft.) thick. This pier is intended 
to serve as a retaining wall for the embankment on 
which the railway lines and goods sheds will ke 
placed. 

From the low-water mark to up to the 3-metre 
(9.8 ft.) contour line, the jetty is to be built of open 
work, and will consist of iron dise piles 5 metres 
(16.4 ft.) apart, and sunk to a depth of from 7 to 8 
metres (23 ft. to 25 ft.) in the shingle. The heads 
of these piles will support a platform carrying two 
lines of rail, and serving to connect the shore with 
the outer quay. The object of this opening is 
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to prevent the water inside the jetty becoming 
perfectly calm, and thus depositing silt. The 
remainder of the jetty is to be constructed as 
shown in Fig. 6. On its sea side it consists of 
arubble mound, the outer face of which is to be 
built of selected rubble, no piece of which is to 
weigh less than 1500 kilogrammes (14 tons), whilst 
the main body of the mound will consist of smaller 
blocks, the weight, however, being limited to not 
less than 20 kilogrammes (45 lb.). The face of the 
mound is to be further protected by 20-ton con- 
crete blocks, whilst on its crest, which is to be 
12 metres (39.7 ft.) broad, will be placed 50-ton 
blocks, the inner ones of these serving as foun- 
dation for other blocks of the same size sup- 
porting the parapet, the top of which is 13 
metres above low-water mark. About 54 metres 
(177 ft.) from the interior edge of this rubble 
mound is to be placed the quay wall, which up to 
low-water mark consists of concrete 7.35 metres 
(24.1 ft.) wide at the bottom and 8.50 metres 
(27.9 ft.) high. The remainder of the wall will 
consist of brickwork faced with cut stone. The wall 
will be further protected by wooden fenders as 
shown. The whole of the space between this wall 
and the outer one will be filled with sand, on which 
will be built the various goods sheds, as shown in 
the figure. It will be noted thata subway has been 
constructed in the quay wall. This is intended for 
electric light and power mains, water pipes, &c. 
Thus the water area provided in the outer har- 
bour is 42 hectares (103.8 acres) measured on the 
6-metre (19.7 ft.) contour line, and the quay walls 
have an area of 31 hectares (76.6 acres). A light- 
house will be placed at the outer end of the jetty. 
Large sheds will be erected on the jetty for the 
accommodation of goods and passengers, and, as 
shown in Fig. 6, arrangements have been made for 
five lines of rails. 

Electricity is to be employed throughout for the 
working of all cranes, capstans, &c., and will, of 
course, be also used for lighting. To this end 
engines and boilers of a collective power of 500 
indicated horse-power will be provided to work 
dynamos of a similar capacity for power purposes, 
whilst the lighting will be done by a separate 
plant, and a storage battery is also to be laid down. 

The dotted lines on the figure indicate the manner 
in which further wharf accommodation can be pro- 
vided in the future. 

The approach from this outer harbour to the 
tidal lock is 750 metres (820 yards) long, and its 
cross-section is shown in Fig. 4. The slopes are 2 
to 1, and from low-water mark upwards they will 
be protected by stone pitching, and at the crest of 
the slope this pitching will be capped by a stone 
coping. Details of the lock itself are shown in 
Figs. 8,9, and 10. Fig. 8 shows a longitudinal 
section, Fig. 9 a transverse one of the entrances, 
and Fig. 10 details of the entrances. The total 
length is to be 316.60 metres (346 yards); but as 
each entrance is 70.80 metres (77.5 yards) long, the 
net length is 175 metres (575 ft.). The entrance 
is to be 21 metres (68.8 ft.) wide, and the sills will 
be 5.50 metres (18 ft.) below low water. Swing 
bridges will be provided across each entrance, large 
enough to permit of the passage of railway trains 
and road traffic. Above these locks the canal has 
the section shown in Fig. 5. Its total length will 
be 10,520 metres (6.5 miles), and it will be 20 
metres (65.6 ft.) wide at the bottom, which will 
be increased to 68 metres (223 ft.) at the water 
level. The area of the cross-section up to the 
water level will therefore be 352 square metres 
(3789 square feet), or about five or six times 
as great as the cross-section up to load line of 
the largest boat which is likely to pass through 
it. The side slopes are 3to 1, and from a depth of 
.66 metres (2.18 ft.) below low-water line upto1 metre 
(3.28 ft.) above it, they will be protected by stone 
pitching. At the bottom of this pitching, as a 
further protection, sheet piling is to be driven. It 
is thought that the protection thus afforded will be 
enough to allow of boats passing through the canal 
at the rate of 7 kilometres (4.35 miles) per hour. 
On each side of the canal tow-paths are to be 
provided, which will to a certain extent replace the 
roads stopped in making the canal. Swing bridges 
will be placed on the canal near Lisseweghe and 
Dudzeele. 

At the Bruges end of the canal three basins will 
be constructed, as shown in Fig. 3, the third of 
which connects the other two; and arrangements 
have also been made for future extensions, as indi- 
cated in the plan, The eastern and western basin 
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will be separated by a mole, 80 metres (262 ft.) 
broad, with a semicircular end, on which will be 
placed various goods sheds. The western basin 
will be 475 metres (1560 ft.) long and 65 metres 
(213 ft.) broad, whilst the eastern one, though of 
the same breadth, will be only 305 metres (1000 ft.) 
long, though this smaller size is very common. The 
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northern basin is intended to facilitate the ma- 
noeuvring of the vessels, and will be 210 metres 
(689 ft.) long and 210 metres (689 ft.) broad. The 
depth of water in all will be 8 metres (26.24 ft.). 
All these basins will be inclosed with quay walls of 
brickwork faced with cut stone, and the coping — 
level of which will be 6 metres (19.7 ft.) above the 
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Bollards of pitch pine will be provided at every 15 
metres (49,1 ft.) along the quays. The total length 
of quay wall provided will be 1700 metres (5580 ft.). 
A lock permitting communication between the 
western basin and the existing Bruges-Ostend Canal 
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See eg = meni ad dock is also to be provided, being entered from the 
ee a eae ii eastern basin, and space will be reserved for the 
construction of a second one later on. This dock 
will be capable of accommodating boats 130 to 140 
metres long (426 ft. to 459 ft.). Its entrance will 
be 15 metres (49.1 ft.) wide, and will be closed by 
acaisson. The depth over the sill will be 5 metres 
(16.4 ft.). A powerful centrifugal pump, driven 
by an electromotor, and capable of emptying the 
dock in three hours, will be provided, and a second 
smaller pump, also driven electrically, will be used 
to keep the dock clear from leakage when empty. 

A space 60 metres (197 ft.) wide will be reserved 
on each side of the basins for the erection of sheds 
and the laying of railway lines, and to the south astill 
wider space will be available. The buildings to be 
erected will comprise a two-storeyed shed for the 
customs, to cover a space of 600 square metres 
(6458 square feet), and a similar building for the 
offices of the dock company. The motive power 
machinery will be accommodated in a shed of 
1000 square metres (10,764 square feet) floor area ; 
workshops for the dry dock, locks, machinery, 
&c., will also be provided. For the storage of 
goods, sheds 150 metres (492 ft.) long and 30 metres 
(98.5 ft.) broad will be built at other parts of the 
quay as indicated in Fig. 7. In all, some 36,000 
square metres (387,510 square feet) of storage room 
will be provided for the estimated minimum trafic 
of 1,000,000 tons per annum. 

As in the case of the outer port, the whole of the 
dock appliances requiring power will be worked by 
electricity. The reasons given for adopting this 
course are a8 follows: The first cost of the electric 
plant is said to .be less than that of a similar 
hydraulic plant, and the former is much more effi- 
cient in working, as the energy absorbed is nearly 
proportional to the useful work done. Moreover, 
hydraulic power is not suited to travelling cranes, 
whilst they can easily be driven electrically. 
Further, at a pinch, electric motors can be worked 
at double their nominal power, which is at times 
an advantage. Electricity is also unaffected by 
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100 
Heyst, Outer Harbour. francs. 
Land purchase si ae or 536,000 
Buildings eG eee 25,000 
Earthwork and dredging 1,750,000 
Shore end of jetty 210,000 
Open-work part of jetty 450,000 
Sea portion of jetty ... 6,600,000 
Quay walls ae ase 4,954,450 
Breakwater, &c., on west ... 900,000 
Groins, &c., on east ... 250,000 
Goods sheds, &c. : soe a 1,260,000 
Electric central station and dock 
equipment ... 1,000,000 
Railways, &c. ae ae 475,000 
Tidal dock and swing bridges 2,100,000 
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DUPLEX WHEEL AND TYRE-BORING 
LATHE. 

Tue illustration on page 94 represents a duplex 
wheel and tyre-boring lathe constructed by Messrs. 
G. and A. Harvey, Albion Works, Woodville-street, 
Govan, and used in several of the leading locomotive 
engineering works throughout the country. The 
lathe has a large double headstock fitted with two 
spindles, revolving in adjustable bushes. Hach spindle 
carries a chuck or face-plate 7 ft. in diameter securely 
bolted to it, and is fitted with independent driving 
gear. ach face-plate is furnished with four strong 
adjustable dogs, which can be easily removed when 
desired. There is also a front and back pillar or com- 
pound slide rest and boring headstock with one boring 
bar. All the dogs are self-acting, by means of ratchet 
motion. ‘There are two sets of top driving gear, each 
consisting of two hangers and two sets of fast and 
loose pulleys, cone and shaft. 


30 HORSE-POWER ‘‘ FIELDING” GAS 
ENGINE. 

WE illustrate on page 95 a gas engine of 30 nominal 
horse-power, recently built by Messrs, Fielding and 
Platt, of Gloucester, and capable of indicating 
100 horse-power at a speed of 160 revolutions per 
The engine works upon the ‘‘ Otto” or 
‘*Beau de Rochas” cycle, the arrangement of the 
valve gear being, however, different to other engines 
of this type. A general view of the engine is 
shown in Fig. 1, whilst Figs. 2 and 3 show it 
in elevation and plan respectively. The working 
charge is admitted and the waste products exhausted 
by means of a simple mitre-seated valve, through 
inlet and outlet ports controlled by the movements of 
a piston valve which receives independent motion 
from an eccentric, which also operates the timed igni- 
tion valve. This valve was illustrated diagrammati- 
sally in our issue of July 31, 1891. The valves are 
placed horizontally by the side of the cylinder, an 
arrangement which permits of very straight and 
direct pipe connections for gas and exhaust, the air 
being drawn through the cylinder base, which acts as 
a mufile. The main mitre-valve is worked froma cam 
by a rod leading direct to the valve. 

The governor is of the high speed ball type acting 
upon a hit-and-miss gear interposed between the gas 
valve and itscam. The engine is fitted with a new 
starting gear recently patented by Mr. Fielding. 

The new gear consists of a small reservoir of about 
the size of the cylinder jacket, which, after the engine 
has onee been started, is charged with compressed air at 
a pressure of about 50 1b. per square inch by the engine 
itself when being stopped, thus utilising the power 
stored up in the flywheels for use when re-starting the 
engine, The action of starting is as follows: The 
engine crank being placed slightly in advance of the 
dead centre nearest to the cylinder, gas is admitted by 
a small cock to the combustion chamber, from which 
the air is allowed to escape at a small pipe provided 
with a stopcock and terminating ina jet near to the 
top of ignition tube of Bunsen chimney. 

When the air has been driven out and the gas 
begins to escape at the jet, it becomes ignited, and as 
soon as it burns with asteady flame, showing that an 
ample supply of gas is present in the cylinder, the 
outlet and inlet cocks are closed. Compressed air is 
then turned into the cylinder, and the igniting valve 
being open, as soon as an explosive mixture is formed 
and sufficient pressure attained, the charge is ignited 
by the igniting tube, and the piston is driven forward 
with a very powerful impulse, the ordinary cycle at 
once coming into operation. This method of starting 
is so powerful that an engine can be started with 
partial load on, and practically dispenses with the use 
of fastand loose pulleys or friction clutch. 

The diagrams Figs. 4 and 5 show how powerful an 
impulse is given at starting. 


THE FRENCH NAVY.—No. XIX. 
THE fine vessel which we illustrate on page 106 is 
the second-class unarmoured cruiser Milan, of the 
French Navy, and is one of sixteen boats of the same 
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class. She was launched in 1884, and is built wholly 
of steel. She measures 302 ft. in length by 32 ft. 9 in. 
in breadth by 15 ft. 7 in. draught of water, and has a 
displacement of 1530 tons, so that she is, compara- 
tively speaking, a small boat. She is fitted with 
engines of 3986 indicated horse-power, driving twin 
screws, and capable of maintaining the ship at a speed 
of 18.1 knots. The Milan has no armoured deck or side 
armour, and carries only a light battery, consisting 
five 10-centimetre (3.94 in.) breechloading guns, 
and eight machine guns, which are supplemented by 
two torpedo-launching tubes. Probably the 10-centi- 
metre guns will be shortly replaced with quick-firing 
guns, even if this has not already been done. Her 
full crew are 186 in number. 


THE NEW CARDIFF MARKET. 

ON our two-page plate we continue the publication 
of engravings of the St. Mary-street Market, Cardiff. 
This subject was commenced on pages 64 and 65 in our 
last issue, and will be continued in future issues. We 
withhold the description until more of the engravings 
are before our readers, The engineer and architect 
for the market was Mr. William Harpur, M. Inst. C.E., 
borough engineer. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 12, 1893. 

Wirnin the past week Pennsylvania steelmakers 
have received inquiries for 60,000 tons of rails, half of 
them for western roads, a fourth for southern, and the 
balance for near by roads. The intimation has been 
made within a few days that the 29 dols. rate will be 
shaded, and the possibility of such a result has some- 
thing to do with the hesitancy of buyers. The iron 
trade opens. well, but orders are not yet abundant. 
Consumers do not see any reason for departing from 
their old-time policy of buying only what they need 
for immediate use. The steel rail capacity is double 
the amount of demand ; the general ironmaking capa- 
city is fully 20 per cent. above demand, and, while 
this excess of capacity exists, it is not to be expected 
that buyers will anticipate requirements, Competition 
is active and prices tending downward, although there 
is scarcely any room between present selling prices 
and actual cost for concessions. Mill irons are quoted 
at 13 dols. to 138.50 dols at tide water. Southern fur- 
naces are getting rid of large quantities of iron, pre- 
sumably at concessions from these rates. The railroad 
companies are reducing between certain points to 
encourage demand. The bridge works throughout the 
country are busy with orders for spring delivery. 
Structural material is strong, but at low prices. No 
further concessions will probably be made, except 
where orders reach 5000 to 10,000 tons. 


Sourn ArricAN Gorp Mrinine.—The yield of gold in 
the Witwatersrandt district last year exhibited a great 
advance, the production of the 12 months having been 
1,255,864 oz, as compared with 729,238 oz. in 1891, 
444,817 oz. in 1890, 369,557 oz. in 1889, 208,121 oz. in 
1888, and 23,155 oz. in 1887. It will be seen that the 
aggregate production of the six years was 3,040,752 oz., 
equal in value at 3/. 12s. per ounce to 10,946,7071, 


Pusitc Works or New York.—The new works in con- 
templation at New York comprise two tunnels under the 
East River ; a tunnel under the Hudson; two bridges, 
one a suspension, and the other a combination of pier and 
cantilever, over the Hudson; two bridges over the 
Harlem ; a great union station in the heart of the city ; 
an aqueduct dam, to cost 1,000,000/. or 1,200,0002. ; and 
an underground railway, extending as far north as 
Yonkers. 


SHIPBUILDING IN THE UNITED 
KINGDOM. 

THE accompanying diagram, prepared by Mr. Wil- 
liam Cooper, steamship surveyor, Newcastle-on-Tyne, 
shows the gross tonnage of all vessels built in private 
yards in the United Kingdom, including warships and 
foreign-owned craft, from 1855 to 1892 inclusive. The 
alternations between times of severe depress’on and 
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(443) 
of great activity, to which we referred in our annual 
review of the trade, are well illustrated. Two years 
ago (ENGINEERING, vol. li., p. 113) we published 
a similar diagram, which we specially prepared, 
showing how the fluctuations affected all the leading 
ports, and also showing that in later years the north- 
eastern ports were approximating more closely to the 
total of the Clyde. 


Brazit.—The Brazilian seat of government is to be 
transferred from Rio de Janeiro to Goyaz, in the province 
of the same name, far in the interior of the great South 
American republic. The new Brazilian Constitution — 
provides for the change. Goyaz is a town with 10,000 or 
12,000 inhabitants, situated on the Vermelho, an affluent 
of the Araguay, one of the tributaries of the Amazon. 


THE CLAPHAM JUNCTION AND PappineTon Ratway. 
—Our note on this proposed new line in our issue of 
January 13 last has caused the promoters to give us the 
following reasons for preferring the line underneath Exhi- 
bition road tothe plan of taking it along Queen Anne’s 
Gate or Sloane-street, which we suggested with a view to 
avoiding the opposition of the governing bodies of the 
various science institutions there. As regards the Queen’s 
Gate route, it is remarked that in such a position the line 
would fail to touch the district railway at a point where 
there was a station, and that it would be too far from 
Kensington Museum, and also too far west. With 
respect to Sloane-street it is said that the line would be 
too far east, and too near the proposed Victoria and Edg- 
ware-road line. It would also, the promoters state, be 
too far from the various great institutions which have 
been placed on the estate of the Commissioners of the 
Exhibition of 1852. Finally, with respect to the question 
of vibration and of electrical disturbances, it is claimed 
that these will be insignificant. Should the promoters 
succeed in proving this to the satisfaction of the autho- 
rities of the institutions affected, the opposition to the 
Bill is not likely to be very powerful, as there is little 
doubt that a line somewhere about this neighbourhood is ~ 
badly wanted. 
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THE BEGINNING OF STEAM NAVIGATION. 
To THe Eprror or ENGINEERING. 

Srr,—It is stated in the leading article of a daily 
journal to-day apropos of the Watt anniversary that 
‘steam navigation . . . railways, the electric telegraph, 
and all the allied arts and sciences,” are results ‘‘ that 
have flowed from . the great discovery of the 
Greenock engineer,” viz, I presume, the application of 
the separate condenser to the steam engine of Newcomen. 
The ‘‘ genius of Watt ” took a very wide range, but as 
regards the steam engine it was limited to the Newcomen 
improved, and not only did not help forward but actually 
retarded, as remarked recently by Professor Vivian 
Lewes in his Cantor lecture, the adoption of the locomo- 
tive when it was being pressed forward in the last quarter 
of the last century by William Murdoch, who of all men of 
genius then living was the most capable of bringing it to a 
measure of perfection. Itisfurtherstated in thearticle that 
Watt ‘‘laid down the lines on which others have worked 
to so much purpose that now we have steamers crossing 
the Atlantic,” &c. It should be noted that when Watt 
in 1800 ceased to take any active interest in the projects 
of the firm with which he had been identified, the ques- 
tion of steam navigation had scarcely begun to receive 
attention, and certainly had owed nothing to Watt. Pos- 
sibly we have the key to the situation, so far as the firm 
of Boulton, Watt, and Co. is concerned, in a letter (1807) 
from Mr. John Kennedy, a well-known Manchester 
cotton spinner, to William Murdoch, in which occurs the 
following : 

‘*T am sorry to hear that your health has been so bad, 
but I need not give you advice. I know when one has a 
scheme on hand it must be got through with in spite of 
every consideration, but now as you have got the boat 
engine completed you must rest a while from schemes, 
and you will soon get stout again.” 

The boat engine here referred to was for Fulton’s 
steamer Clermont, launched on the Hudson in 1807. a 

A.M. 


Pollokshields, January 20, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE Epiror or ENGINEERING. 

Srr,—My list of locomotives is in accordance with the 
returns made by the various railway companies to the 
Board of Trade. If, as Mr. Ravenshaw states, the North- 
Eastern Company possess 1742 engines, it is evident that 
there is an error in the returns made to the Board of 
Trade. 

Yours faithfully, 
: CirMent E. Stretron, C.E. 
Saxe-Coburg House, Leicester, January 21, 1893. 


THE BEIRUT AND DAMASCUS LIGHT 
RAILWAY. 
To THE Epitor or ENGINEERING. 

Srr,—I venture to point out that the statement, in the 
interesting article in your issue of last week, to the effect 
that the above proposed mixed adhesion and rack railway 
would be ‘*comparatively unserviceable” (page 68) for the 
estimated traflic, is somewhat misleading. Assuming the 
steepest gradient on the rack section to be 10 per cent., 
an Abt engine of, say, 29 tons, such as is used on the 
Visp and Zermatt rack line, develops a tractive force 
of 9.6 tons, and could, on the 10 per cent. grade, 
haul a load of 90 tons, including its own weight, or 
of 60 tons train load, at about eight miles per hour. 
Taking the tare of the truck at 4 tons, the net load 
of six trucks would be 36 tons per train, or for six trains 
in one direction 216 tons per day x 300=65,000 tons per 
annum, the estimated goods traffic from Damascus to 
Beirut being 55,000 tons, which is probably an exag- 
gerated estimate. The 29-ton engine presupposes, of 
course, a permanent way of light—viz., about 44 lb.—rails; 
with a heavier rail the engine weight, and consequently 
the tractive force, would be proportionately increased. 

I have, indeed, reason to believe that the rack and 
rolling stock for this line, with 20 miles of rack (total 
length, 90 miles), has already been ordered on Abt’s 
system. 

Tam, Sir, your obedient servant, 
C.8. Du Ricuz PRetiER. 
18, Margaret-street, Cavendish-square, 
January 23, 1893. 


THE ENERGY OF VIBRATING MATTER. 
To THE Epitor oF ENGINEERING. 

Srr,—When a tuning-fork weighing some four to six 
pounds is thrown into forcible vibration by a blow, it 
can (as the present writer has experimentally shown) 
“attract” or lift up a strip of cardboard, say about 4 in. 
long, 3-in. wide, and 7, in. thick. The cardboard may 
be seen to float in the air below the vibrating prong. 

In relation to the idea of deriving work from the ether, 
the following conceivable experiment appears interesting 
asan analogy. It will be easy to insert a thin plate of 
some substance between the cardboard and the vibrating 
Bone of the fork, when the cardboard is “attracted ” 

say) when situated vertically* at a visible distance from 
the fork, The inserted thin plate or “screen” will 
evidently neutralise the attraction of the fork for the 
cardboard (which we will for brevity call a plane), and 
so the cardboard or plane may be removed quite away 
from the vibrating prong without expending work in 
doing so. On drawing away the “screen ” sideways, the 


_* The cardboard might be suspended in a vertical 
direction by two threads, whose deviation from the 
vertical will show the ‘‘ attraction.” 


plane (if not removed to too great a distance) will be 
attracted again, and so may approach the fork a second 
time, ad infinitum. The preponderating (normal) pres- 
sure of the air at the back of the plane here directly does 
the work of effecting the approach of it, as is evident; 
the air being rarefied in front of the plane owing to the 
vibrations of the fork. Now the air behind the plane 
must be cooled in thus effecting the approach of the plane. 
The question becomes, therefore, How can the air be made 
to do work in effecting the indefinitely frequent approach 
of a plane, and be cooled in the rear of the plane, with- 
out violating the second law of thermo-dynamics, which 
asserts that it is impossible to derive work in a self-acting 
manner from matter at normal temperature by a process 
that is reversible? The answer to this question appears 
to be (as will probably be seen) that the air, although 
cooled behind the plane, is heated in front of it, and the 
heating may exceed the cooling, so that, on the whole, 
there is no cooling of the air, but the work is ultimately 
done by the fork, and not by the air, as the fork supplies 
the heat through its vibrations. 

But then it may be asked, Since the vibrations of 
molecules are sustained by the sun*, is there any theoretic 
objection against their vibrations being utilised in an 
analogous manner for deriving work, if we conceive merely 
a very thin plate (or ‘‘screen”) to be inserted between 
two vibrating molecules, in a similar way, and supposing 
the vibrationst of the molecules to be the cause of their 
mutual attractions. 

If the molecular attractions be due to vibration (it being 
remarked that the heat vibrations are almost explosive in 
their energy, when estimated in mechanical units), the 
above imaginary experiment would much resemble the 
late Professor Clerk Maxwell’s ‘‘demons”—very minute 
beings of the fancy, who should open and shut doors of 
molecular size in a partition between two portions of gas, 
so that the quick-moving molecules should all pass through 
one way, and the slow-moving the other way, and so a 
difference of temperature be produced between the por- 
tions of gas on each side of the partition (and so violate 
the second law of thermo-dynamics)—which proves that 
this law is not, as was supposed at first, a theoretically 
necessary truth. 

If a ‘*demon,” or small being could insert a very thin 
plate or impermeable ‘‘ screen” between two vibrating 
molecules, he could separate them without performing 
work (admitting, as stated, vibration to be the cause of 
the attraction), and so the molecule could approach a 
second time, attended by the performance of external 
work through the heat generated at the concussion of 
approach, called ‘f combination” of the molecules. This 
could occur any number of times with the same molecules, 
and so an indefinite quantity of work be performed by 
the ether, which of course is the body which forces the 
molecules into proximity, if vibration be the cause of 
their attractions. 

But although we have not ‘‘demons” at our disposal, 
it does not seem to follow that no other procedure is dis- 
coverable for producing the same result—viz., for getting 
work out of the ether, or for utilising its inexhaustible 
stores of energy. For, if molecular attraction be due to 
vibration, at the absolute zero} there would be obviously 
no attraction. Supposing by suitable machinery we could 
cool down attracting molecules (say the products of com- 
bustion of coal) to a point sufficiently near the absolute 
zero, it does not seem to follow necessarily, at the first 
view at least, that the work spent in the act of cooling 
down, when added to the reduced work expended in 
separating the feebly vibrating molecules (say by some 
imagined chemical process, query), should not leave a 
marginal gain of work to be derived at the subsequent 
approach of the molecules, after they had been allowed 
first to recover the full energy of_their vibrations, repre- 
sented by normal temperature. If there werein such an 
imagined procedure a notable gain of work on the whole, 
coal could of course be burnt twice§ or any number of 
times, t.¢e., the carbon could be profitably separated out 
from the products of combustion and reburnt, and so the 
machine coal be used constantly over and over again like 
any other normal machine for deriving power from a 
source of motion. The source is, of course, in this case, 
the ether. Is it clear (it may be asked) that this pro- 
cedure, if practicable, would be opposed to the second|| 
law of thermo-dynamics ; or were ether actions or possible 


* It will be observed that the vibrations of molecules 
are not without a sustaining power (viz., the sun); just 
as, for example, the vibrations of our tuning-fork might 
be sustained by an electro-magnetic machine. 

+ The heat vibrations of molecules are electric in their 
nature, according to the latest deductions from experi- 
ment. So that molecules are comparable, in some sense, 
to electrically charged bodies on diminished scale. 

{ The publication of this letter has been delayed for 
about two years. Curiously enough, I have observed 
recently in Nature that the above surmise as to the cessa- 
tion of mclecular ‘‘ attraction” near the absolute zero, is 
confirmed. In experiments with liquid oxygen in a refri- 
gerator, it was found that even sulphuric acid and soda, if 
placed in contiguity at this low temperature, will not 
unite. 

§ This idea may, of course, seem quite chimerical at 
first sight. By existing theories of work, it is not gener- 
ally contemplated, however, that the energy of molecular 
attraction could be reduced by any means. See also foot- 
note at end, in relation to unquestionable theoretic con- 
beincae At of deriving work under a dynamical theory of 

avity. 

| It should be remembered also, as before remarked, 
that the second law of thermo-dynamics is not a truth of 
absolute rigidity, in so far at least as it is known to be 
self-violated on molecular scale in gases (according to the 
modern kinetic theory). 


reduction of force of molecular attractions contemplated 
when this law was arrived at? 

With electrically-charged and magnetic masses (which 
are something like molecules on a large scale, since these 
masses, like molecules, throw the ether into vibration, as 
we know), we do not want the aid of ‘‘demons” to insert 
screens, but can do it ourselyes on account of the con- 
siderable dimensions. Can something* eventually be 
achieved, perhaps with electrically charged and mag- 
netic masses (in analogy with what is possible when 
a screen is introduced between a vibrating tuning fork 
and an attracted plane), with the object of getting some 
work out of that ever-present store in the ether ? 

Hamburg. S. Totver PRESTON. 


BRUNEL’S POCKET LINE TO RESCUE THE 
DROWNING. 
To THE Epiror or ENGINEERING. 

Sm,—In 1874, Lieutenant Brunel, of Dieppe, intro- 
duced his pocket life-saving line, of which already 
upwards of 3340 are being used in France, where they 
now rescue annually some 285 lives. Nevertheless these 
admirable inventions are almost unknown in our empire. 

Brunel’s small pocket line consists of a wooden float 
round which some 90 ft. of stout cord is wound. The 
other end of the cord terminates in an efficient grapnel 
armed with four small hooks. The whole apparatus com- 
plete weighs only 5 oz., and is the most convenient of all 
life-saving lines. 

Hence I urge its adoption everywhere, especially for 
officials and others engaged about our coasts and inland 
waters. These appliances could be profitably retailed for 
about 1s. 6d. each, and any one can make them. 

Iam, Sir, yours, &c., 
J. LAWRENCE-HAmMILTON, M.R.C.S, 

30, Sussex-square, Brighton, January, 1893. 


LEAKY TUBES. 
To Tae Eprror or ENGINEERING. 

Sir,—Our attention has been called to a letter in your 
issue of December 16 last on the subject of ‘‘ Leaky Tubes,” 
by Mr. Hiram 8. Maxim. Mr. Maxim has clearly de- 
scribed therein a part of our Patent No. 362 of 1890, 
which we took out for the purpose of preventing the 
leakage of tubes under forced draught. We are glad to 
find that Mr. Maxim’s experiments have confirmed our 
own in this matter, and we still trust that in the course 
of time this rational mode of meeting the difficulties of 
forced draught may receive better attention than has been 
given to it up to the present date. 

Yours truly, 
G. HE. BeLuiss AND Co. 

Ledsam-street Works, Birmingham, 

January 23, 1893. 


SCREW PROPELLERS. 
To THE Epritor oF ENGINEERING. 

Str,—In your issue of yesterday you again refer to the 
means that are being tried to prevent our ‘‘ Hercules ” 
continuing to thump his dissatisfaction with his lately 
fitted single-screw propeller. As I understand the matter, 
the following represents the cycle of operations: 1. Reno- 
vation ; revolutions slightly increased, and two-bladed 
propeller changed to four-bladed. 2. Docked; blades 


* Since the effect produced on the ether by electrically 
charged masses is known to be due to vibration of some 
kind, if an obstructing screen of some sort could be dis- 
covered and interposed between an electrically charged 
mass and the object it attracts, the removal of the object 
without expending work (or with reduced expenditure of 
work) would resemble much in analogy the removal, 
without expending work, of a piece of cardboard or plane 
from a vibrating fork, by introducing a screen; and this 
latter result is practicable, whatever be the theory of it. 
Sir William Thomson appears to have been the first (as 
far as my knowledge goes, at least) to suggest the idea of 
the practicability of deriving work from theether. When 
engaged investigating the subject of gravity in 1877, I 
became acquainted with Sir William Thomson’s paper 
‘On the Ultramundane Corpuscules of Le Sage,” pub- 
lished in the Philosophical Magazine for May, 1873. In 
this paper there is the suggestion that if crystals had 
soniewhat different weights according to which axis is 
vertical (as might conceivably be the fact on the dyna- 
mical explanation of gravity), it would be possible to 
employ a crystal for deriving work from the gravitation 
ether, by letting the crystal fall when in a position of 
maximum weight, and lifting it up when in a position of 
minimum weight. This suggestion is interesting, as it 
admits the principle of (the possibility of) deriving work 
from an ether, or concedes that such an idea is not opposed 
to theory. It will be seen, of course, that if a crystal 
were more easily penetrable by streams of gravitation 
particles in the direction of one of its axes than in the 
direction of another axis, the crystal would be somewhat 
heavier according to whether the one or the other axis 
was vertical. Sucha crystal (bi-refracting, for instance), 
is, as a fact, penetrable by ether waves of light with 
greater rapidity in the direction of one axis than in the 
direction of another. Le Sage’s theory of gravity has 
been enormously simplified by the present writer, so that 
some may be disposed to regard the result as a new theory. 
In fact, in accord therewith, gravity may be viewed as 
one of the ‘‘ dimensional properties” of a gas. (Philoso- 
phical Magazine, September and November, 1877, and 
February, 1878), Also the idea as to molecular ‘‘ attrac- 
tion” ceasing near the absolute zero, was published in 
1875 (‘‘Physics of the Ether,” E. and F. N. Spon, 
London), by the present writer, as may be observed. 
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“cut.” 3. Again docked; two blades removed (and it 
must be remembered that four were considered to repre- 
sent the proper area). 4. Again docked ; ‘‘screw shaft 
carried about 10 in. to the rear, and boss fitted with a 
serew of novel contour, the blades being increased in 
pitch and bent outwards so as to throw the wash away 
from the hull.” 

With the two blades removed, you mention that there 
was a reduction in the vibration when going ahead, and 
an entire absence of it when going astern. I have re- 
peatedly mentioned that it is essentially necessary that 
screws should receive a free and solid supply of water. 
The screw of the Hercules could evidently receive suffi- 
cient solid water to prevent vibration when going astern, 
but not when going ahead. So the dockyard engineers 
are right in placing the screw farther away from the hull 
of the ship; but whether the distance will be sufficient 
remains to be seen. Blocking—or obstructing by full 
sterns, bad lines, or any other means—the entry of the 
requisite amount of solid water within the radius of action 
of a screw is the most detrimental thing possible. How 
would Mr. Thornycroft’s and other (inclosed) turbine pro- 
pellers operate under such conditions? It is very clear 
that no screw can ‘‘throw out” (with a good screw it 
should, I consider, read ‘‘ leave behind”) more water than 
it receives. So the ability to receive a free and solid 
supply of water, suitable to the effective area and the 
revolutions, is what the engineers must first look to. 

As to the intended shape of blades, abnormal conditions 
may require abnormal design ; but I prefer not to waste 
your space upon arguments relative to how much ‘‘ wash ” 
should be ‘‘thrown away” and pitch detrimentally in- 
creased, while such can (una properly designed vessel pro- 
pelled by screws capable of being suited to the vessel and 
its conditions at any time) be avoided altogether. 

As to revolutions, one of the chief benefits attained by 
my system of running the engines at practically one speed 
as well as in one direction, with only the necessary ex- 
penditure of steam (or other power) at whatever pitch- 
angle the blades may be placed, is that I gain ‘‘circum- 
ferential velocity,” and consequently developed ‘‘ propul- 
sive area,” at every desired reduction of speed of ship 
below the maximum for which the screws and revolutions 
are designed, or under equivalent conditions. And this 
has the further beneficial effect of allowing a lesser speed 
(though more than equally effective by reason of its con- 
tinued revolution at the normal pitch) to be used, and so 
bringing the angular impulse more in the plane of motion 
of the vessel. 

Again, as to normal rate of revolution. This should 
be increased with advantage in many cases, especially in 
old-time vessels. We have even, I believe, a troopship 
that ‘‘ stirs up the water” at about 50 revolutions a minute 
only. Some screws cost (roughly) 5000/., and weigh in 
proportion. Shafting and engines have to be equally 
heavy. This, also, means unnecessary danger, cost, 
and waste of energy. Quicker revolutions (within reason) 
will—in combination with my system—do all sorts of 
good and no harm whatever, and permit the use of 
narrower blades (more “‘leading third”), lighter and yet 
stronger, and fewer of them; insure less weight of ex- 
pensive metal and strain on the hull; less cylinder con- 
densation ; no reversed torsional strains ; the reduction 
of the diameter of the ‘‘ harmful space,” or of the boss 
necessary to ‘‘mask ” it; enable the necessary impulse to 
be more effectively applied, also as considered in relation 
to the inertia of the water, as what will merely ‘‘ stir up” 
at low speeds of revolution will prope/ at an increased one; 
and the screws to be better suited for quick or slow pro- 
pulsion and for handy manipulation ; in short, the screws 
will then be capable of being suited to the vessel on the 
vessel, and the power of being swited to the screws whilst 
working. 

For high speeds we must have high screw velocities, so 
as to keep up with our travel through the water. The 
thrust depends upon area, pitch, and revolutions. I 
have driven a comparatively, and unduly, large screw on 
a model boat by a constant power on the boat, viz., clock- 
work, Ihave cut and trimmed that screw until it was, 
comparatively speaking, hardly to be seen; and yet, by 
letting the clockwork and the screw freely run, I have 
attained, practically, the same speed of boat within any- 
thing like a reasonable range of size (surface area) of screw. 

I should feel honoured if the Admiralty would con- 
descend to apply my system for experimental purposes, 
say, in the new and exhaustive trials at all speeds through 
which (I see by your last issue) it is intended to put the 
Sharpshooter and Spanker when new-boilered. I am sure 
they would do better justice to their names, and also have 
less vibration, if it were applied. 

With regard to some of the long, old-time, single- 
screwed ships, it would be better to deal with them as I 
see by your issue of yesterday the Admiralty is about to 
do with the Minotaur. Unless they are so fitted as to be 
thoroughly efficient for modern warfare, they had far 
better be employed for training 800 boys than in risking 
the lives of 800 men. 

I have the honour to be your obedient servant, 
Rosert McGuasson. 

Selhurst, 8.E., January 14, 1893. 

P.S.—I now see (vide the last issue of your esteemed 
journal) that the Sharpshooter is not in a fit condition to 
be subjected to the experimental trials above referred to. 
Even the Spanker, however, would be greatly improved 
by the application I suggest. Also, that the centre part 
of the stern of the Hercules—above the propeller—is 
being ‘‘ overlaid with a sheathing of timber.” If this by 
itself (and no special alteration of the structure of the 
ship is noted) is expected to improve the action of the 
screw, I trust I shall not be considered presumptuous in 
requesting information as to the theory upon which the 
experiment is based.—R. McG, 

January 28, 1893. 
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WE illustrate on the present and opposite pages the 
new machinery of the paddle steamer Albert, owned by 
the Cork, Blackstock, and Passage Railway Company, 
and” engaged in the service between Passage, Queens- 
town, and Crosshaven. The vessel, which is 132 ft. long 
between perpendiculars, by 15 ft. 6 in. beam, and7 ft. 
9 in. deep moulded, was originally supplied with oscil- 
lating jet condensing engines by Messrs. Penn, of Lon- 
don. ‘here were two cylinders, 29 in. in diameter by 
33 in. stroke, and steam was supplied by a rectangular 
return-tube boiler, working under a pressure of 151b. on 
the squareinch. The paddle-wheels were 13 ft. 3 in. in 
diameter, and the best speed of the steamer was 
104 knots, with the engine making 364 revolutions per 
minute, 

The new machinery consists of compound surface 
condensing, diagonal, oscillating, single-crank engines, 
arranged as shown on the engravings Figs. 1 and 2. 
The cylinders are 16 in, and 32 in. in diameter 
respectively, by 30 in. stroke. The entablature 
and framing, and the pistons, valve gear, quad- 
rants, levers, eccentric straps, &c., are all Siemens 
steel castings. The diagonal and cross stays are of 
steel, and have been made tubular to keep down 
weight. The condenser is cylindrical, and is con- 
structed entirely of brass. The circulating pump is a 
centrifugal pump, driven direct by independent 
engines. The air, feed, and bilge pumps are vertical 
and single-acting, and are worked direct from an 
eccentric on the paddle shaft. 

The valve gear of the engines was patented some 
months ago by Mr. Matthew Paul, Jun., and the 
arrangement is shown on Figs. 3, 4, and 5. A single 
eccentric on the same centre line as the crank has a 
throw equal to the lap plus the lead of the valve, and 
communicates motion to the curved link slotted to the 
proper radius for its distance from the trunnion centre, 
and slung in the jaw of the eccentric rod. The centre 
of the link is suitably guided, and the link is 
canted over to an angular position to either side of the 
centre line by a lever and drag link in the usual way. 
This reverses the relative motion of the valve and 
piston, intermediate positions producing the ordinary 
linking-up effects. One end of the ordinary vibrating 
lever, fulerumed on the cylinder, slides in this curved 
link, the other end sliding in the slotted head of the 
valve spindle ; and the combination of the movement 
of the link due to the eccentric throw and the swing 
of the cylinder, gives the proper motion to the valve. 
The diagrams given (Figs. 6 and 7) show the distribu- 
tion of steam. The gear gives a very good motion to 
the valves, there being a long pausé at the ends of the 
travel and a rapid intermediate motion. It is also 
considerably simpler and has fewer moving parts than 
the ordinary double eccentric and link motion as fitted 
to oscillating engines. In this engine, as the two 
eccentric centres are coincident, one would have suf- 
ficed for both cylinders but for the very long ports on 
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the high-pressure cylinder required to bring the valves 
into the same line. 

Steam is supplied by a steel cylindrical return-tube 
boiler, 9 ft. in diameter by 8 ft. 9in. long, with two 
furnaces 2 ft. 6 in. in diameter, having a grate area of 
20 square feet. The working pressure is 100 1b. to the 
square inch, Forced draught is applied on the closed 
ashpit system, the air being supplied by a fan driven 
direct by an independent engine, and discharging into 
a casing on the front of the boiler, embracing the 
furnace fronts. 

The paddle-wheels are 9 ft. 3 in. in diameter to the 
float centres, with six feathering floats. The speed 
guaranteed was 114 knots. On the trial with the 
vessel in load trim the mean speed on six runs on the 
measured mile was 11.6 knots, the engines working at 
58 to 59 revolutions per minute. The weight of the 
old machinery was 29 tons 17 cwt., and of the new 
machinery 354 tons. The indicated horse-power of 
the new machinery is 220 horse-power, while the old 
machinery gave from 135 to 140 indicated horse-power. 
The steamer has been on her station for a complete 
season, and the new machinery has worked admirably. 


NOTES FROM THE NORTH. 
GLASGow, Wednesday. 

Glasgow Pig Iron Market.—A considerable amount of 
interest continued to be shown in the condition of the 
pig iron market last Thursday, and prices of Scotch iron 
went up 3d. per ton further, to 44s., being a quotation 
not touched since January of last year, during the ‘‘cor- 
ner” that was then on through the operations of the 
London syndicate. As only one lot of iron, however, 
changed hands at the price named, sellers gave way 34d., 
at which reduction more business was done. The closing 
price was $d. per ton under that for the previous day. 
Cleveland and hematite iron warrants were idle and 
unchanged in price. During the forenoon about 8000 
tons of Scotch iron were disposed of, and some 
3500 tons in the afternoon. The settlement prices 
at the close were--Scotch iron, 43s. 74d. per ton; 
Cleveland, 35s. 10$d.; hematite iron, 46s. 14d. per 
ton. The squeeze in Scotch pig iron seemed to be some- 
what easier at the forenoon market on Friday, and prices 
went 23d. per ton below Thursday’s lowest transactions. 
Some 4000 tons were sold for cash at 43s. 8d. and down 
to 43s. 6d., and 1000 tons were sold for March 1 at 
42s. 6d. Cleveland and hematite iron warrants were 
again idle, but makers of the former were reported to be 
sellers at 36s. 73d. per ton. In the afternoon about 5000 
tons of Scotch iron were doneat from 48s. 6d. to 43s. 9d. 
cash, closing with buyers at that. For this week 2500 tons 
changed hands at 43s. 6d., and 500 tons were also done for 
this week at 43s. 74d. perton. There were still sellers for- 
ward at 42s. 6d. per ton March fixed, but no buyers. An 
impression seemed to prevailin the market that there 
must be a tolerably big ‘“‘bear” account still open well 
into February. The closing settlement prices were— 
Scotch iron, 43s. 9d. per ton; Cleveland, 35s. 9d. ; hema- 
tite iron, 45s. 13d. per ton. There was another squeeze 
in Scotch pig iron on Monday forenoon, and, although 


JAN. 27, 1893. ] ) ENGINEERING, 103 


COMPOUND OSCILLATING SINGLE CRANK ENGINES: PADDLE STEAMER “ALBERT.” 
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the amount of business done in warrants was small, prices 
were very stiff, and rose 2d. per ton to 43s. 11d, per ton 
cash. Although that was 1d. under the highest price 
paid during the excitement last Thursday forenoon, 
it was the highest closing price by 2d. per ton, and 
the settlement price was 3d. above last week’s best. 
Notwithstanding that advance in the price of Scotch 
iron, that of Cleveland fell 3d. per ton further, to 35s. 3d., 
or to 8s. 8d. below the price of Scotch iron. Hematite 
iron was 14d. per ton lower with buyers, and only 1s. 114d. 
dearer than Scotch. The settlement prices at the close 
were—Scotch iron, 44s, per ton; Cleveland, 35s. 6d.; 
hematite iron, 46s. 14d. per ton. On the pig iron market 
on Tuesday forenoon there were 10,000 tons of Scotch 
iron sold—5000 tons at 44s. and 44s. 4d. cash, and the 
rest at one month fixed up to 44s. 6d. per ton. There 
were offers to sell forward at 42s. 6d., but without any 
buyers. The market opened very firm in the after- 
noon, 44s. 4d. cash having been done for 1000 tons 
of Scotch iron, and a few thousand tons were also 
done at 44s. 3d. cash. At the finish, however, sellers 
offered at 44s. 14d. cash, a drop from the forenoon’s 
price of 24d. On forward account 1500 tons were 
done at 42s. 3d. three months fixed, and 1000 tons 
at 42s, 4d. on March 1, with sellers over at that. 
Cleveland iron was very weak, being offered at 
age 35s. 44d. cash without takers—3d. down from the morn- 
we / < ing. The closing settlement prices were—Scotch iron, 
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44s. per ton; Cleveland, 35s. 44d.; hematite iron, 46s. 

er ton. The market was easier in tone this forenoon. 

cotch iron alone was dealt in, and again a keen desire 
was shown to sell forward, but buyers would only accept 
reduced terms. One lot of 500 tons was done at 41s. 9d. 
for April17. The top cash price was 43s. 114d. per ton. 
The market was quiet, but steady in the afternoon. 
The following are the prices of No. 1 special brands 
of makers’ iron: Gartsherrie, 50s. 6d. per ton; Calder, 
5ls.; Summerlee, 523.; Langloan, 54s. 6d.; Coltness, 
55s.—all foregoing shipped at Glasgow; Glengarnock 
(shipped at Ardrossan), 503.; Shotts (shipped at 
Leith), 53s ; Carron (shipped at Grangemouth), 53s. 
per ton, There are now 69 blast furnaces in actual 
operation, as compared with 77 a year ago. ‘Two 
others are making basic iron, 27 are working on hematite 
ore, and 40 are making ordinary iron. Last week’s ship- 
ments of pig iron from all Scotch ports amounted to 
2644 tons, as against 6063 tons in the corresponding week 
of last year. They included 185 tons for India. 300 tons 
for Australia, 170 tons for Italy, 175 tons for China and 
Japan, small quantities for other countries, and 1572 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores yesterday afternoon stood at 
336,672 tons, as compared with 337,140 tons yesterday 
week, thus showing for the week a reduction amounting 
to 468 tons, 


Blast Furnaces and Ammonia Recovery.—For the re- 
covery of ammonia, tar, &c., from the effluent gases of 
blast furnaces, plant is now erected at the following iron 
works in Scotland: Gartsherrie, Coltness, Langloan, 
Shotts, Calder, Summerlee, Clyde, Carnbrae, Govan, 
Lugar, Muirkirk, and Dalmellington ; and the erection 
of such plant is now in progress at Glengarnock Iron 
Works. It is said that in England the operation of 
recovering ammonia, &c., is only carried out at one blast 
furnace establishment. 


Malleable Iron and Steel Trades.—The trade in malle- 
able iron is very quiet, but steady. A fair degree 
of firmness is showing itself in the steel trade. Some 
new orders that have recently been booked for ships 
to be built on the Clyde have had a tendency to keep the 
prices and prospects in a favourable position. Many 
good orders for steel have been booked for immediate 
delivery. Prices have improved within the last month 
or two, plates having advanced 7s. 6d. per ton during 
that period. Ship-plates have been booked at 5/. 15s. to 
5. 18s. 9d. per ton; angle bars at 4/. 15s. to 5/. 1s. 3d. ; 
tees, channels, and structural sections are quoted at 
5l. 17s. 6d, to 6/. per ton ; and sheets range in price from 
71. 53. to7/. 108. per ton. Boiler plates are being ordered 
at 6/. per ton. 


German Stecl in Scotland.—It is stated on reliable 
authority that Germany is now appearing as a competitor 
in Scotland for the supply of steel for structural purposes. 
Such steel has been offered at 5/. 11s. 6d. per ton de- 
livered at Leith, a price at which Scotch makers are 
not inclined to do business, 


Arrol’s Bridge and Roof Company.—The business of 
bridge building, constructing roofs, &c., that was carried 
on at the Germiston Iron Works, Glasgow, by Messrs. 
Arrol Brothers, has passed into the hands of a limited 
liability company, and the works, after lying idle for 
nearly a year, have been resumed this week, with Mr. 
T. A. Arrol as managing director. 


The Rebuilding of Bonar Bridge.—Great activity is now 
manifested at this undertaking. Hagineers, riveters, 
masons, and other workmen are busy, while the staff of 
labourers has been greatly increased. The caissons for 
the piers are made at Sir William Arrol and Co.’s Dal- 
marnock Iron Works, Bridgeton, Glasgow, and sent 
north in sections, which are being riveted together on the 
spot. The first of these was finished on Thursday night, 
and submerged on Friday, to form the foundation of one 
of the columns composing the southern pier. These 
cylinders are about 11 ft. in diameter, and composed of 
steel $ in. thick. They are to be filled with concrete and 
sunk considerably deeper than the foundations of the old 
bridge. The two columns forming each pier will be 
joined at the top by an arch, across which the roadway 
will be carried. Krom high-water mark they will be 
built of granite, and will be surmounted by castellated 
pilasters of the same material. Although the progress of 
the work has been greatly retarded by the severity of the 
weather and other unexpected causes, the contractors are 
sanguine that the structure will be open for traffic by 
June 15, 


James Watt Anniversary Dinner.—The annual dinner 
so long held in Glasgow to commemorate the life and 
work of James Watt, took place last Thursday evening, 
The chair was occupied by the President of the Philo- 
sophical Society of Glasgow, who is the professor of 
chemistry in the University of Glasgow. He was sup- 
ported by a considerable number of eminent engineers 
and shipbuilders, and there wasa large general company. 
Professor A. B. W. Kennedy, F.R.S., of London, was 
the principal guest on the occasion. The vice - chairs 
were occupied by Professor Barr and Mr. J. D. Dunlop, 
shipbuilder and engineer, Port Glasgow. Professor 
Kennedy proposed the toast of ‘‘The Engineering and 
Shipbuilding Interests,” and Sir William Arrol and Mr. 
Saxton White, of Fairfield Shipyard, delivered interest- 
ing replies. Sir Frederick J. Bramwell, Bart., F.R.S., 
had gladly accepted an invitation to be present as one of 
the guests, but owing to illness he was compelled to 
forego the pleasure of being present, and for the same 
reason he was unable to deliver the James Watt Anni- 
versary Lecture at Greenock on the following night. 


Institution of Civil Engineers ; Glasgow Association of 
Students.—An ordinary meeting of this association was 


held on Monday evening, Mr. Robert Robertson, vice- 
president, in the chair. Mr. W. B. Venters, Stud. Inst. 
C.E., read an exceedingly interesting paper on ‘‘ Build- 
ing Stones; their Chemistry and Geology,” in the course 
of which he went very fully into the chemical composi- 
tion of the sandstones used in the Glasgow district, and 
enlarged also on their power of resisting atmospheric 
influences. He likewise treated of granites and other 
building stones worked and used in Scotland. A well- 
sustained discussion followed. 


Institution of Engineers and Shipbuilders in Scotland.— 
The fourth general meeting of the thirty-sixth session of 
this institution was held last night, Mr. Robert Dundas, 
C.E., president, in the chair. The discussion on Mr. 
Carey’s paper on ‘‘ Tho Bridges of the Manchester Ship 
Canal” was resumed, and terminated. Mr. Carey made 
a short preliminary statement, which was followed by 
interesting remarks by Mr. A. S. Biggart, Professor 
Barr, Mr. A. Findlay, Mr. W. R. Bell, Mr. R. T. 
Napier, Mr. Barr (Kilmarnock), and the president ; and 
Mr. Carey replied on the discussion. Subsequently a 
paper was read by Mr. Sinclair Couper on “The Return 
Tubular Marine Boiler for High Pressures.” The dis- 
cussion, which was postponed till next meeting, is likely 
to be one of very considerable importance. As there 
were many marine engineers present, it almost seemed as 
if they had come to hear the discussion. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Frodingham Dispute.—The Appleton Iron Com- 
pany have now got their full complement of furnaces at 
work, and there is only one furnace at the North Lincoln 
Works and one at the Lindsey Works still damped 
down. When these two are set going there will be the 
same number of furnaces at work as there was before the 
strike occurred, with the exception of one that the Frod- 
ingham Iron Company blew out. 


The New Shaft of the ‘‘Umbria.”’—Messrs. Vickers, 
Sons, and Co. have been intrusted by the Cunard Steam- 
ship Company with an order for a new thrust shaft to re- 
place that recently broken in mid-Atlantic on board the 
Umbria. The ingot, forged under the press, weighed 55 
tons. The shaft has adiameter of 25 in., exclusive of the 
collars, which have a diameter of over 3 ft. It is 20 ft. in 
length. The old shaft was manufactured by this firm in 
1884, so that it had been in use for eight years. 


Armour-Plates and Ordnance.—Existing contracts for 
armour-plates are on the verge of completion, and the 
authorities are as yet giving no indications of their 
intention to issue new orders. It is thought some dif- 
ference of opinion exists at head-quarters as to the 
merits of the different classes of plates. It is under- 
stood that a further trial is to be made shortly of a 
Vickers armour-plate of the same thickness as that 
tested at Woolwich recently, but it is not to be ‘‘ Har- 
veyed.” It is expected that the untreated plate will be 
easily perforated, even by shots fired at the lowest velo- 
city of the last trial. There is no pressure in the ord- 
nance branches of trade, and some departments are 
short of work. Three 68-ton guns, part of an order for 
five received from Government, are being manufactured 
by Messrs. Vickers and Co. The engineering trades of 
the district are very depressed, and many thousands of 
mechanics are out of work or on short time. Little 
improvement is looked for until orders for spring export 
are placed. In the meantime the artisans are appealing 
to the various trade societies and the public for relief. 


Coal Winning at Cadeby.—The Denaby Main Colliery 
Company has for four years past been sinking at Cadeby 
for the famed Barnsley bed, and it has now reached it at 
a depth of 750 yards from the surface. The seam is 10 ft. 
in thickness and of first-class quality. Sinking had to be 
continued 200 yards deeper than was anticipated. The 
air shaft is only 640 yards down, and it will be 10 weeks 
before it is completed. The head stocks are of steel, and 
have been made in the extensive workshops erected by 
the company on the ground. In the machine-room is a 
pair of 42-in. engines, with 7-ft. stroke, and a conical drum 
from 18 ft. to 33 ft. indiameter. It is calculated 4 tons of 
coal will be drawn at a time in 45 seconds. The company 
is laying down a 2000-lamp electric plant. When deve- 
loped, the pit will be double the size of Denaby Main, 
and give employment to 2000 men. The plant provides 
for an output of 5000 tons per day. Great difficulties 
were encountered in the course of the sinking. Down to 
120 yards heavy feeders of water poured out from 
fissured sandstone, and each shaft had to be tubbed down 
to a depth of 135 yards. During one portion of the 
operations water poured in at the rate of 8000 gallons per 
minute, and to lift this volume eight pumping engines 
were in constant operation, four in each shaft. 


The Heavy Trades.—The iron market is flat, and very 
little new business doing, bar selling the most freely, but 
manufacturers are complaining of the paucity of orders 
and reduced prices. For railway material the demand is 
weaker than for months past, but renewed orders are 
looked for from the home companies, India, and South 
America. (Quotations for tyres and axles, as given last 
week, are maintained. Agents of Bessemer and Siemens 
billets and slabs report trade dull, but material is moving 
off at 51. 15s. to 61. for Bessemer and 6/. to 61. 7s. 6d. 
Siemens. Crucible steel converters have fair orders in 
from the United States, India, and Chili. 


NOTES FROM THE SOUTH-WEST. 
Torpedo Gunboats.—Two torpedo gunboats, the Haleyon 
and the Harrier, have been commenced at Devonport. 
Their length will be 250 ft. between perpendiculars, and 


their extreme breadth 30 ft. 6 in. They are to be engined 
by Messrs. Hawthorne, Leslie, and Co. A third torpedo 
gunboat, the Hussar, is about to be laid down at Devon- 
port. 

Water Supply of Bodmin.—The Bodmin Water Works 
Company is seeking for powers to raise additional capital 
for the construction of new works. The company pro- 
poses to extend its limits of supply, so as to include St, 
Creward, Blisland, Helland, St. Mabyn, and Lanivet. 


The ‘‘ Alarm.”—The Alarm has received her arma- 
ment. It consists of two 4.7-in. and four 3-pounder 
quick-firing guns. The Alarm is being prepared by 
Messrs. Penn and Sons for her machinery trials, 


The Severn.—A conference of representatives of the 
Severn Navigation Mortgagees and of the Cardiff and 
Worcester town councils has been held at Cardiff for the 
purpose of considering a proposal to raise 20,000/. for an 
alteration of the Westgate bridge at Gloucester to a swing 
bridge, in order to facilitate navigation to the Midlands, 
Resolutions in support of the project were agreed to, 


Barry Railway.—The Barry Railway Company pro- 
poses to open a general office at Cardiff. The Tart Vale 
and Rhymney Companies have profited from offices at 
the docks, and the new company is about to follow suit, 


Another Reservoir for Cardiff.i—A meeting of the Water 
Works Committee of the Cardiff Town Council was held 
on Friday at the Town Hall, Cardiff. The water works 
engineer (Mr. Williams) reported that trial shafts had 
been sunk at the proposed No. 1 reservoir at Taff Vawr 
as follows: No. 1, 47 ft. 6in. deep; No. 6, 46 ft. deep; 
No. 7, 15 ft. 6 in. deep; and No. 8, 23 ft. deep.. Insink- 
ing the shafts, the discovery was made that at some 
remote time the Taff flowed 230 ft. further west from the 
present bed, and 31 ft. lower than its present course. The 
new reservoir proposed would hold about 335,000,000 
gallons. Mr. Williams explained plans which he had 
prepared, and which he suggested should be deposited 
with the Board of Trade. It was resolved that the plans 
should be deposited as proposed. 


The Sliding Scale.—A meeting of the Sliding Scale 
Committee formed by South Welsh colliery proprietors 
and miners was held at Cardiff on Friday, Sir W. T. 
Lewis presiding. The whole day was occupied in dis- 
cussing various points raised by the chairman on behalf of 
the owners’ side in support of the owners’ contention for 
reverting to the basis of 74 per cent. per shilling under 
the 1882 scale. The arguments on the workmen’s side 
were given full effect to by the replies of the workmen’s 
representatives, who contended for the revision of the 
scale of 1890 of 10 per cent per shilling. The committee 
frequently adjourned during the day in order to give each 
side an opportunity of consulting separately ; but, not- 
withstanding the fullest efforts to arrive at an agree- 
ment, the proceedings terminated without any arrange- 
ment having been matured. 


Cardif.—Steam coal has been in good demand at fully 
late rates. The best qualities have made 9s. 9d. to 10s., 
while secondary descriptions have brought 9s. 3d. to 
9s. 6d. per ton. Household coal has shown little change ; 
No. 3 Rhondda large has made 11s. to 11s. 6d. per ton. 
Patent fuel has been in slightly better request. The 
demand for coke has been pretty well maintained, some 
fair orders having come to hand; foundry qualities have 
made 17s. 6d. to 18s., and furnace ditto, 15s. to 16s. 6d. 
per ton. Iron ore has been in pretty good demand. 


Bristol and South Wales Railway Wagon Company, 
Limited.—The directors recommend the payment of a 
dividend for the half-year ending December 31 at the 
rate of 10 per cent. per annum, with a bonus at the rate 
of 5 per cent. per annum, free of income-tax. For the 
first half of 1892 the dividend was at the rate of 15 per 
cent. per annum, so that the distribution for the whole 
year is 174 per cent. 


Ebbw Vale Steel, Coal, and Iron Company, Limited.— 
This company has become a thoroughly Welsh affair. 
Mr. Hilton, who acquired experience at the Rhymney 
Works, and afterwards held an engagement with Messrs. 
Bolckow, Vaughan, and Co., Limited, has succeeded Mr, 
C. B. Holland as general manager, 


Portsmouth.—Portsmouth Harbour is to be re-surveyed 
in the spring by the officers of the Research. The har- 
bour channel has been dredged for several months past, 
and the average depth has been increased by about 1 ft. 


The ‘* Astrea.” —Great progress has been made with 
the Astrea at Devonport. According to present arrange- 
ments, she will be launched on March 17. 


The Bath and West of England.—It is proposed to 
invite the old-established Bath and West of England 
Agricultural Society to hold its summer exhibition for 
1895 at Taunton. 


Clifton Suspension Bridge.—The directors of the Clifton 
Suspension Bridge Company recommend a dividend of 
42 per cent. for the past year. A balance of 69J. is car- 
ried forward to the credit of 1893. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ~— 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Y esterday’s weekly market 
here was largely attended, but the tone was most de- 
spondent, and hardly any business was transacted. Quo- 
tations all round had a downward tendency, and there 
were numerous complaints by producers that they could 
not make iron and sell it at a profit at such rates as were 
mentioned. There was a good deal of talk of blowing out 
more furnaces, and certainly, unless an unexpected im- 
provement takes place, we may expect to see the output 
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further reduced before long. The general quotation for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland 
pig iron was 35s. 6d., but buyers, as a rule, were 
not dispozed to give so much. On the other hand, several 
producers would not listen to any such figure as 
353. 6d., and stated that they much preferred stocking it 
to selling it at solow and unremunerative a price. It 
was reported that a special lot of No. 3 had been disposed 
of at as high a figure as 87s. The lower qualities were 
very weak, No. 4 foundry being obtainable at 34s. 9d., 
and grey forge at 34s. Middlesbrough warrants were 
$53. 3d. cash buyers. Hematite pig iron was exceedingly 
quiet, and could be bought at 43s. for Nos. 1, 2, and 3 of 
makers’ east coast brands. There was a slight reduction 
in the price of Spanish ore, rubio being about 11s. 7$d. ex 
ship Tees. To-day there was next to nothing doing on 
*Change, and almost everybody opined that the condition 
of affairs could hardly become more gloomy. There was 
no change at all in quotations. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades continue as dull as ever, and prospects 
for the future as just about as unsatisfactory as it is 
possible to imagine. Inquiries are exceedingly few, and 
such a thing as an order is almost unheard of. Common 
iron bars are quoted 5/. 2s. 6d.; iron ship-plates, 4/. 17s. 6d.; 
iron ship angles, 47. 15s.; steel ship-plates, 5/. 5s.; and 
steel ship angles, 5/., all less 24 per cent. discount for 
cash, and it would probably not be a difficult matter to 

et work executed at less than the foregoing quotations. 
The steel rail trade is very quiet, and about 3J. 17s. 6d. 
net at works is the figure for heavy sections. 


The Fuel Trade.—The coal trade is quiet, and prices are 
weakish. Bunker coal is abundant, and quotations are 
low. On Newcastle Exchange best Northumbrian steam 
coal is about 8s. 9d. f.o.b., and gas coal varies from some- 
thing like 6s. 3d. to 7s. 6d. Here the price of coke is 
maintained, good blast furnace qualities still being diffi- 
cult to secure under 12s, 9d. delivered. 


Strike at a Middlesbrough Shipyard.—An unfortunate 
dispute has occurred at No. 1 shipyard of Sir Raylton 
Dixon and Co., Middlesbrough, resulting in 300 platers, 
helpers, and others, striking. The dispute is between 
the platers and helpers, the latter demanding that for a 
certain class of special work five men be employed instead 
of four, but as the special work is now finished, it is hoped 
that affairs will quickly be amicably arranged. Unless 
a settlement is speedily come to, there is every probability 
of the yard being closed altogether. The firm are taking 
no action in the matter, leaving it entirely to the platers 
and helpers to arrange amongst themselves, but at the 
same time Sir Raylton Dixon and Co. are suffering no 
small amount of inconvenience by the dispute. 


MISCELLANEA. 
Tr is proposed by M. J. Belin, vice-consul at St. Peters- 
burg, to open a French commercial museum in that city. 


Mr. Justice Kekewich has appointed Mr. Bradshaw 
Brown, of 59, Fenchurch-street, E.C., receiver and 
manager for the debenture-holders of the Greenwich 
Ferry Company, Limited. 


Manganin is composed of copper 83 per cent., nickel 
4 per cent., and manganese 13 per cent. It has a high 
specific electric resistance, and a small negative tempe- 
rature coefficient. 


The large Kopparsberg Company, close to Falun, has 
during 1892 sold, to the Swedish National Bank, gold 
—which is only an auxiliary produce—for rather more 
than 2000. 


The inauguration of the Corinth Canal has been fixed 
for April 23. As soon as the canal is opened to the 
public La Compagnie des Messageries Maritimes will 
establish a line for Patras and other ports of Greece. 


Mr. E. Placet obtains metallic chromium in the follow- 
ing way: To an aqueous solution of chrome alum he 
adds an alkaline sulphate and a little sulphuric or other 
acid. In electrolysing this solution beautiful brilliant 
doposits of pure chromium are formed on the negative 
electrode, 


Aluminium in alloys can be had in America at 3s. 13d. 
per pound, and Cowles pure ingot aluminium can be had 
f.o.b. New York at 3s. 9d. per pound, purity guaranteed, 
or by the ton at 2s. 74d. per pound. Other and local pro- 
ducers quote aluminium at 2s. 11d. per pound, and alumi- 
nium bronze at 74d. per pound. 


At the Phenix Engineering Works, Stoke-on-Trent, 
there are two 20-ton furnaces at work on a new process 
of making tool steel. Mild steel is embedded in a car- 
bonacous material of peculiar character, and raised to a 
high temperature. A cementation effect is produced, 
and the resulting steel is said to be of high character. 


The Bofors Bruk has recently delivered to the Swedish 
Government, for the new ironclad Thule, four 15-centi- 
metre guns, with gun-carriages ; also to the Norwegian 
Government 20 8-centimetre guns for the Norwegian artil- 
lery; and to the Danish Government a considerable 
quantity of steel projectiles for the Danish artillery, for 
the Droébaksund fortifications in Norway. 


The course of four winter lectures in connection with 
the London Geological Field Class will this year be de- 
livered by Professor H. G. Seeley, F.R.S., on Tuesday 
evenings at the Memorial Hall, Farringdon-street, the 
subject being ‘The Fossil Reptiles of the Thames 
Basin.” All particulars may be had of the hon. sec., Mr. 
J. H. Hodd, 30 and 31, Hatton-garden, E.C. 


The twelfth annual publication of ‘*The Universal 
Electrical Directory” (J. A. Berly’s) will shortly issue | 


from the press. The editor earnestly requests that all 
persons and firms who have not as yet sent in their par- 
ticulars for the 1893 book will do so at once, addressed to 
the Editor, care of H. Alabaster, Gatehouse, and Co., 
22, Paternoster-row, London, E.C. 


A French chemist—M. de Mare—has devised a method 
of preparing camphor artificially. _Camphene (Cj) Hs) is 
prepared by distilling very dry hydrochlorate of terebin- 
thene ; the product is collected in a large globeand heated, 
ozonised air being then introduced to mingle with the 
vapourformed. The result isa cloud of camphor (Cj) H,,0), 
which becomes deposited on the internal surface of the 
globe. 


We are informed that the Western and the Northern of 
France, and also the Paris Lyons and Mediterranean 
Railway Companies, are making extensive preparations 
for the Chicago Exhibition. Mr. Visinet, delegate of 
the French Committee of Means of Transport. will 
represent the Western Railway of France. Mr. P. W. 
Dubruel, on the other hand, has been appointed to 
represent the Paris Lyons and Mediterranean and the 
Northern of France Railway Companies. 


The output of iron ore from the large Grangesberg 
deposits is likely to increase considerably during 1893, 
and to materially exceed the figures of 1892. This is 
owing to quite recent sales, for whilst a few weeks ago 
only 75,000 tons were sold for export, the quantity now 
sold for export during 1893 already amounts to 200,000 
tons, which, with 15,000 tons, exceeds the quantity for 
1892. The last sales have, however, been effected at 
reduced prices, and a reduction in wages has been neces- 
sary in most of the mines, varying from 4 to 10 per cent. 


Mr. H. O. Vaughan, of the Crown Chambers, Side, 
Newcastle-on-Tyne, has recently patented a new form of 
marine governor, in which the pitching of the ship is 
made to operate the throttle valve. A frame of metal 
is arranged with its length fore and aft, and contains a 
heavy ball, which can roll in the chamber according as 
the latter is inclined by the motion of the vessel. As the 
stern rises the ball rolls forward, and on reaching the 
front end of its run its weight comes on a valve lever, 
thus opening a valve and admitting steam to a cylinder, 
the piston of which is connected to the throttle valve. 


In Germany, from 1885 to 1890 inclusive, there were 
-28 tyre fractures out of every 100 wheels, or more than 
one fracture for every 200 axles. In locomotive wheels 
the fractures were .5 per cent., in tender wheels .65 per 
cent., and in passenger carriage wheels .38 per cent. 
Thirty trains left the rails in Germany in 1890 through 
the fracture of wheel tyres. The thinner the tyres the 
more frequent are the failures. For every 100 tyres over 
2.36 in. thick .025 fracture occurred; while for every 
100 between .78 in, and .98 in. thick 1.85 fracture oc- 
curred, 


The improvement of the navigable channels of the 
great American lakes, now authorised by Congress, in- 
volves the expenditure of 670,0007. Work must com- 
mence by May 15, 1893, and be finished in three working 
seasons. The various projects include the cutting of 
channels 21 ft. deep and 300 ft. to 650 ft. wide at bottom 
through the various shoals of the St. Mary’s River, 
Michigan, through small shoals at the foot of Lake Huron, 
and the improvement of the St. Clair Flats, Michigan. 
ee estimated excavation is ahout 2,400,000 cubic 
yards. 


In La Génie Civil there has appeared an account of an 
apparatus for cooling the condensing water for a 70 horse- 
power engine, A tank was made 6 ft. 3 in. by 3 ft. 6 in. 
by 2 ft. 4in. This was divided up by wooden partitions 
4 in. apart. The warm water was delivered on the top 
edges of these partitions, and trickled down them, while 
a strong current of air was driven upwards between the 
partitions from a fan 3 ft. 11 in. in diameter. A vacuum 
of 274 in. to 28 in. of mercury was obtained. The air 
pressure was .2 in. of water, and its velocity 21 ft. per 
second. The evaporation was about equal to the amount 
of feed water. 


The contract for the construction of an armoured 
cruiser and battle-ship for the United States Navy to the 
Philadelphia firm of William Cramp and Sons has 
attracted some attention in that country on account of 
the reduced price at which the work was let. The new 
cruiser, the Brooklyn, is of 9186 tons displacement, and 
is to be built for 2,986,000 dols., or 624,686/. The New 
York, a vessel of the same type, but of 8150 tons displace- 
ment, a difference of 13 per cent., cost nearly as much, 
2,985,000 dols., or 624,477. The cost of the battle-ship is 
also less by 11,0887. than the price at which a coast de- 
fence hattle-ship 10 per cent. smaller was let. 


A novel system of fire protection is in use in Cleveland, 
Ohio, which has proved quite successful. Four 6-in. mains 
are laid frcm the Cuyahoga River to the business streets 
of the city, the distance being from 700 ft. to 1000 ft. 
The mains are provided at intervals with ordinary fire 
hydrants, but are normally quite empty, as they are 
laid with a slope towards the river, into which they empty 
themselves. In case of a fire, the city fire boat is run to 
the river end of the mains, with which one of its nozzles 
is connected. The pumping engines in the boat are 
capable of putting on a pressure of 200 lb. to 250 lb. per 
square inch, so that a good pressure is available at the 
hydrants. 


We learn with pleasure that Mr. Du Bousquet, chief 
mechanical engineer of the Northern of France Railway 
Company, has recently been made a Chevalier of the 
Legion of Honour. We have had occasion to mention 
the name of Mr. Du Bousquet in connection with the 
considerable improvements he has introdu:zed in the con- 
struction of the locomotives used upon the Northern 


express passenger trains, which has ) 
Northern of France to greatly increase the speed of their 
trains between Calais and Paris, notwithstanding the 
heavy gradients on some parts of the line. We may 
mention that Mr. Du Bousquet’s system now being 
illustrated by us has now been adopted by several French 
and foreign railway companies. 


The distances for which railway communication is now 
complete towards Siberia are: 


Miles. 
St Petersburg to Samara ... 888 
Samara to T’schelabinsk 626 

1514 


“The further lengths of the Siberian line proper are: 
West Siberian Line; Tschelabinsk to 


Tomsk Rs see ae ar sss 1204 
Middle Siberian Line; Tomsk to Irkutsk 1053 
Baikal loop line; Irkutsk to Verchne- 

Jdinsk saa “ip vs ne ae 194 
Trans-Baikal Line; Verchne-Udinsk to 

Svetensk = ee = ae 667 
Kast Siberian; Svetensk to Grafskaja ... 1586 
Ussuri Line; Grafskaja to Vladivostock 260 

4964 


The following shows the efficiency of various parts of 
the electric transmission plant at Frankfort : 
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A ram of unusual design has been recently advocated 
by Commodore Folger, chief of the Ordnance Depart- 
ment of the United States Navy. Its novel features are 
submerged armour, and an armament of Ericsson sub- 
marine guns, and above-water mortars firing shells filled 
with emmensite, or a similar high explosive. The ram is 
to have two of these submerged guns, which it is intended 
to discharge preliminary to ramming an enemy’s ship, the 
idea being to disable the vessel sufficiently to prevent its 
being manceuvred out of the way of the ram. The dis- 
placement proposed is 2700 tons, with a length of 262 ft. 
on the water-line and 275 ft. over all. The draught is to 
be 17 ft., and the beam 40 ft. over the water-line. The 
engines as designed for a speed of 18 knots would have an 
aggregate of 6225 horse-power. The coal supply of 190 
tons would give a steaming radius of 821 knots at maxi- 
mum speed. The armour is3in. thick on the curved 
deck, 5 in. thick 3 ft. above the water-line, 4 in. thick 
3 ft. below the water-line, 3 in. thick 53 ft. below the 
water-line, while the lower edge is to be submerged 9 ft. 


Electric traction on the overhead system is to be 
adopted in Brisbane, and the following regulations have 
been laid down to regulate the construction of the line: 
1. The poles shall be not less than 25 ft. in height, and 
must be placed so as not to interfere with the telegraph 
poles and wires. 2. The poles shall be not more than 
130 ft. apart. 3. The supporting wires shall be not less 
than 23 ft. above the street. 4. The conducting and 
trolley wires shall be insulated, so as to prevent the cur- 
rent being conveyed to other wires. 5. Proper precau- 
tions shall be taken to prevent the falling of wires, and 
also for protecting the trolley wires by steel guard 
wires not less than 6 in. away as a precaution against 
accident from the falling of telegraph, telephone, 
and other wires. 6. Special arrangements shall 
be made at crossings. 7. A return wire must be used. 
8. The conducting must be carried on the opposite side of 
the road to that on which the telegraph and telephone 
wires are placed. 9. Each section must be provided 
with automatic devices for switching off from the power 
stations. From the above it would appear that the 
town of Brisbane, if it does not wish to spoil the appear- 
ance of its streets, should inquire into the arrangements 
on the new line of the South Staffordshire Tramways 
Company, on which great improvements on the ordinary 
American system have been made. 


Sour Arrican Rarnways.—A train now leaves Cape 
Town for Johannesburg daily at 8.20 a.m. A journey 
can now bemade from Cape Town and Pretoria in 574 
hours. 


— 


Society or Arrs.—Professor Fleming, F.R.S., will 
deliver on Monday evening, 30th inst., the first of a 
course of Cantor Lectures on the ‘“‘ Practical Measure- 
ment of Alternating Electric Currents,” and the lectures 
will be continued on the following three Monday even- 
ings. The lecturer will deal with the ‘‘ Measurement of 
Alternating Current Strength” on January 30; with 
** Alternating Current Potential” on February 6; with 
“‘ Alternating Current Power” on February 13; and with 
“Alternating Current Energy ” on February 20, 
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MR. MATHER’S HOURS OF LABOUR 
BILL. 

THE question of Hight Hours by Act of Parlia- 
ment may or may not be within measurable dis- 
tance of being dealt with practically by the House 
of Commons, but that the subject will be discussed, 
and that seriously, is beyond a doubt. The crude 
proposals now before the country, in what might 
be called their literary form, as matters of debate, 
are—(1) the Universal Eight Hours, to apply to all 
workers upon sea or land; (2) a General Hight 
Hours Bill, with provisions for trade or local 
option ; (3) the Mines Eight Hours Bill, with no 
loophole of escape by local option ; (4) the Hours 
of Labour Bill of Mr. William Mather. Mr. 
Mather is well known as a leading partner in a 
great and flourishing engineering firm in Lanca- 
shire, as well as a liberal-minded politician and a 
somewhat advanced social reformer. He repre- 
sents in Parliament South Salford, the extensive 
engineering works in which he is a partner being in 
the borough of Salford. Mr. Mather is, therefore, 
no carpet-bag politician, nor is he a mere social 
dreamer or innovator. He is a business man of 
wide experience, and has for many years taken a 
deep interest in education and the advancement of 
culture. He can scarcely be said to have been 
pressed into the forefront on the Hight Hours 
question, for the votes of the Engineers have been 
adverse to legislation, and the feeling in favour of 
it is by no means keen, either in Salford or in the 
city of Manchester. The firm of which he is the 
head has not taken the initiative in introducing the 
eight hours, like Mr. William Allan of Newcastle, 
the Thames Iron Works Company, or Messrs. Ran- 
somes and Rapier, of Ipswich, and some others. 
This, however, is no evidence that he is not per- 
sonally favourable to such a change ; itis rather an 
indication of his conviction that the Eight Hours 
system can only be made general by legislative 
action. His desire would seem to be that all em- 
ployersshould in this matter be placed upon the same 
footing, as competitors in the same branch of trade. 

The proposals of Mr. Mather are that the trade 
union of any trade, in any district, desiring to put 


the Act in force shall pass two resolutions, by a 
majority of its members, to the following effect : 
That it is desirable to put the provisions of the Act 
in force in that particular trade in the district, and 
then to define the manner in which it is desired to 
regulate the hours of labour in that trade. These 
resolutions having been passed, the secretary of the 
union must transmit a notice of the same to every 
employer in that trade in the district, in the form 
provided in the schedule. The said notice must 
set forth the manner in which it is proposed to 
regulate the hours in the trade ; call a conference 
of employers and persons working at the trade in 
the district not earlier than fourteen days after the 
resolutions are passed, define the district, and de- 
fine the trade or trades represented by the trade 
union. In addition to the formal notices, the said 
notice is to be published in one or more of the local 
newspapers, in each case stating the date, the hour, 
and the place of meeting, which notices shall be 
deemed to be due notice to the employers of the 
district. At the conference the trade union initiat- 
ing the action may be represented by its officers or 
other persons delegated for that purpose. At the 
conference the regulation of hours proposed by the 
resolution are to be discussed, adopted, rejected, 
or modified, as the case may be; or some other 
proposals may be submitted in lieu thereof. If an 
agreement is arrived at between the employers and 
representatives, there is no need to proceed further 
in the proposed action, inasmuch as the agreement 
arrived at by common consent may become the rule 
of the trade in that district; provided, however, 
that such rule is not to have the force of law until 
after it has been indorsed by the votes of the 
workers in the district, in the manner provided in 
subsequent sections of the Act. 

Provision is made for the adjournment of the 
conference from time to time during a period not 
exceeding three months from the date of the first 
meeting, and it may be further adjourned if the 
representatives of the trade union consent thereto 
in writing, but not otherwise. If the conference 
cannot come to a decision or resolution by mutual 
consent, and the trade union desire to put the Act 
in force, then the said trade union may take a vote 
of the members within 21 days after the final 
meeting of the conference, and, by a majority of 
its members, pass a resolution stating the number 
of hours to be worked in the said trade union, define 
the district, name the trade or trades represented 
and declare that a vote of all the adult workers in 
that trade will be taken on the subject. The reso- 
lution so passed must be officially sent to the local 
authority of the district, stating that the votes will 
be taken on a given date, and the manner of voting, 
and it shall be lawful for the said authority to 
appoint an officer or other person to be present at 
the taking and counting of the votes. The trade 
union is to define and determine the mode of 
voting, which may extend over seven days, so as to 
take the votes at outside places where the workers 
are employed. The hours of polling are to be not 
less than from 8 A.M. till10 p.m. Votes are to be 
taken by ballot, but voting papers may be sent by 
post if the trade union so determine. No person 
can vote unless he or she has a labour certificate 
certifying that the holder is entitled to vote. 
Notices of the voting and the form are to be pub- 
lished in a local newspaper, in a form givenin the 
schedule. After the voting the union must ofli- 
cially notify to the local authority the numbers 
voting for and against the resolution. If the votes 
are in favour, the local authority must issue a cer- 
tificate to that effect within seven days of the final 
decision. The resolution will then take effect at 
the expiration of three months. If the voting is 
against the resolution, no fresh action can be taken 
until the expiration of one year after the counting. 

Public notice of the adoption of the Act, if carried 
by the votes of the workers, is to be given by the 
local authority, stating the matter of the resolution 
and certificate, whereupon it begins to operate at 
the end of three months. During the year of its 
operation the resolution cannot be repealed, or 
altered, or modified. All subsequent changes must 
proceed in the same way and manner as in the case of 
the first action and resolution. Then comes a very 
important clause. No resolution or regulation of 
the hours of labour under the Act shall reduce the 
working hours below a minimum of 48 hours per 
week, or for season trades below an average of 48 
hours per week. For any breach of the provisions 
of the Act when put in force, the person, whether 
workman or employer, is liable, on summary con- 
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viction, to a fine not exceeding 40s. for every such 
offence. Provision is made for husband and wife 
to give evidence in favour of the defendant in the 
action. If the local authority wilfully neglects or 
refuses to issue a certificate, or publish notices, the 
trade union may proceed against such authority, 
and the court may order the local authority to issue 
notice or certificate and pay the costs, The provi- 
sions of the Municipal Elections, Corrupt and Illegal 
Practices Act, 1884, are to apply under this Act in 
all that pertains to the voting upon the resolution 
so carried, or sought to be carried, both as to per- 
sonation, undue influence, and the like, the penalties 
being a fine not exceeding 10I/., or imprisonment 
not exceeding three months. From and after the 
passing of the Act every employer must, on demand, 
furnish each worker with a labour certificate, free 
of charge, according to the form in the schedule. If 
the certificate be lost, a charge of 1d. may be made, 
in addition to the stamp duty thereon, which is fixed 
at 1d. as by the Stamp Act, 1891. The penalty for 
refusing a certificate is 40s. The labour certificates 
are to be supplied to employers by the Inland 
Revenue Department in books with counterfoils, 
containing not less than 24. 

The Inland Revenue office issuing such certifi- 
cates must keep an account of the number of such 
certificates issued, and to whom, the list so kept to 
be open to inspection free of charge to any factory 
and workshops inspector, or other inspector under 
the Act, and to the prosecutor and defendant in 
every case of proceedings. No labour certificates 
are to be issued to an employer except at the Inland 
Revenue office nearest to the place of business of 
the said employer. And it is to be unlawful on the 
part of the employer to require the holder of a 
certificate to produce it otherwise than for the pur- 
pose of voting under the Act, the penalty for such 
offence to be a fine of 10s. The employer issuing 
a certificate must fill in the counterfoil and sign it ; 
which counterfoil is to be similarly open to inspec- 
tion. For voting purposes the certiticate is to ke 
stamped to prevent personation. Inspectors of fac- 
tories are to have powers under this Act, as under 
certain sections of the Act of 1878, but the local 
authority may appoint inspectors under the Act. 
Summary proceedings are to be taken under the 
Trade Union Act, 1871. The remaining clauses 
deal with definitions of adult worker, local autho- 
rity, trade union, &e. Under the last clause any 
branch of a trade union is to be a trade union 
under the Act. 

The foregoing is a brief and concise, but careful 
synopsis of the sections and clauses of this Hours of 
Labour Bill, by an eminently practical man, of wide 
experience, broad sympathies, and of no inconsider- 
able influence in the House of Commons. The 
mere fact of the preparation of such a Bill is signi- 
ficant, and no man is perhaps better fitted to intco- 
duce it than Mr. William Mather. The elaborate 
safeguards in the Bill show that its author recog- 
nises the existence of great difficulties ; some will 
be disposed to think that there are grave dangers 
also. In the first place, many will think that it is 
dangerous to throw the whole power into the hands 
of trade unions, as this Bill proposes. All trade 
unions are not of the same weight, calibre, and 
stability as the Amalgamated Society of Engineers, 
the Boilermakers and Iron Shipbuilders, the 
Moulders, the Steam Engine Makers, the Amalga- 
mated Carpenters, and some other trades. The 
proposal to give to non-union men as well as to 
unionists the right to vote will have a steadying 
effect, no doubt. Butif the majority can be got 
to sanction the putting of the Act in force, they 
could really effect their purpose in a less cumbrous 
way. The machinery of the Billis not cumbrous 
of itself, except in so far as the difficulties of the 
case have to be met if legislation is desired. But 
compare the machinery of the Bill, with its reso- 
lutions, notices, certificates, the voting, the appli- 
cation of the Corrupt Practices Act, the Ballot Act, 
the Summary Jurisdiction Act, the Trade Union 
Act, and the Factory and Workshops Act, with the 
very simple process adopted at the Scotia Engine 
Works, at the Thames Iron Works, and at Messrs. 
Ransome and Rapier’s, and the difficulties in the 
former case compared with the latter will be 
obvious. The firm and its workpeople meet, dis- 
cuss, and decide—there is an end of it, and the 
arrangement can be put in force forthwith. If 
found to be unworkable, the scheme can be altered, 
modified, or withdrawn, as the case may be. In 
the building trades this has been done on a wide 
scale, with just a little friction here and there, ex- 


tending to five or six great branches of industry. 
Of course, the greatest of all difficulties is to bind 
the minority. ‘Trade unions have been blamed and 
abused for attempting it by fines and by boycotting. 
The Bill proposes to do it by prosecutions and 
fines. If minorities are to be bound, under com- 
pulsion, to do or abstain from doing what they 
think they have a perfect right to, perhaps it is 
better to do it by law than by the rules of a trade 
union. But if 3000 voted for a resolution; and 
2900 against it, it would be rather severe to make 
the latter conform to the former, in a matter in 
which the comfort of the families were concerned. 
However, whatever its faults, the Bill is the best 
of its kind that has yet been formulated, and will, 
no doubt, have the most careful attention of all 
concerned, whether it be employers, or workmen, 
or the general public. 


THE MOUNTING OF NAVY GUNS. 

THE position of guns is one of the most import- 
ant features in the design of war vessels, and, like 
nearly every other subject of a similar nature, 
is hedged about with limitations and difficulties. 
A modern man-of-war has been described as a 
floating gun-carriage, and, if this description were 
wholly true, the limitations would disappear and 
the difficulties be solved. The restricted perception 
evidenced by the above definition from a gunmaker 
is characteristic of that narrowing of mind conse- 
quent upon over-specialisation ; but the same defect 
may arise from a directly opposite cause. The 
dabbler who skims a subject for a day (and assumes 
to correct those who have made it the study of a 
lifetime), has as distorted a view as he whose per- 
spective is warped by the undue proximity of a 
single detail. One should be neither too far nor 
too near to see truly. 

On Friday last Mr. Arnold-Forster read a paper 
at the Royal United Service Institution on the 
subject we have adopted for our title, and its 
perusal is suggestive. As we are sure we shall 
not be accused of attributing over-specialisation 
to Mr. Arnold-Forster, neither would we suggest 
he is a mere dabbler in sciences which he can- 
not plumb; but we do think that he is apt to lay 
down the law in a manner emphatic, out of all 
proportion to his knowledge of a subject. Mr. 
Arnold-Forster, as is his custom, begins with an 
expression of humility, and then proceeds to an 
enumeration of the special reasons which single 
him out as an authority on the subject. His quali- 
fications appear to consist chiefly of going on board 
warships and witnessing experimental trials ; very 
slender materials out of which to construct a theory 
of the proper mounting of guns. We have some 
hesitation in criticising Mr. Arnold-Forster’s work 
unfavourably, as he has already done good service 
for the Navy, a fact which we have not been slow 
to recognise on former occasions. Moreover, it is 
desirable that the invigorating tonic of unbiassed 
criticism should be applied to all public depart- 
ments, but unless such criticism be well grounded 
upon fact, it only defeats its object. 

If Mr. Arnold-Forster stood alone we should not 
think it necessary to take him quite seriously, but 
there is evidence that he represents a certain sec- 
tion of naval opinion. Now these questions in- 
volve important matters of fact, which can only be 
ascertained by close study based upon a knowledge 
of those principles of science essential to their solu- 
tion, and they can never be solved by casual 


conversation with naval officers, however pro- 
nounced may be the views of the latter. 
““T am not cencerned to go into a_ regular 


constructors’ battle over the precise merits,” says 
the lecturer, naming certain ships. But the whole 
matter is based on ‘‘ precise merits ”—the different 
factors which are embodied in the constructor’s 
design. There are certain elements essential, and 
they must be determined by the naval architect. 
The chief of these is displacement, which has been 
well described as the capital upon which the ship 
designer has to work. There are some who ask for 
more guns, others heavier armour or greater speed, 
whilst another contingent demands higher free- 
board, better accommodation, larger stores of 
ammunition, or increased scantling. Now it is 
evident that the ship designer cannot give all these 
in excess unless the displacement be increased, and 
this, again, is governed by the great ruling factor, 
the tax-paying endurance of the British public. 
Mr. Arnold-Forster puts his case as follows : 
“My proposition, broadly stated, is that, taken 


as a whole, the existing arrangements for mount- 
ing and placing heavy guns in the Royal Navy are 
faulty, and require amendment.” Coming down 
to details, we find that it is the placing of guns in 
pairs in a turret or barbette, and the want of greater 
height above water, which the lecturer holds to 
be the main defects. Taking the former objec- 
tion first, the author acknowledges that ‘‘the 
weight of two single turrets is greatly in excess of 
one double one.” That is a self-evident fact, and 
this is the way in which itistreated. ‘‘ If it could 
be shown that a battleship could not be built to 
carry four protected guns in four different posi- 
tions, or that the loss of power in one shape or 
another, involved in the adoption of such an 
arrangement, was so great as to compel the con- 
structor to produce a very inferior ship, then I 
admit the argument of weight would be very for- 
cible. I will shortly consider what is its real value. 
Before doing so, however, I will pass on to another 
claim which is made on behalf of the double- 
barrelled system. It is said that by its adoption 
the greatest obtainable amount of security is given 
to the ammunition lifts and loading gear, and that 
the distribution of guns means exposure of these 
important parts. It is obvious, however, that such 
an argument as this depends, not on the question 
of whether the guns are coupled or not, but on the 
position and mounting of the guns, whether double 
or single.’ We do not quite follow the reasoning in 
the last sentence. If the guns are mounted each in 
separate positions some distance apart, as Mr. 
Arnold-Forster advocates, it is evident they each 
want separate ammunition hoists, and these must 
be protected in some way. This would entail a 
considerable addition to the total weight of the ship, 
especially with guns at the height advocated by the 
author of the paper, unless existing armour of 
sufficient strength be available. It will be seen 
Mr. Arnold-Forster promises to consider what is 
the real value of the argument as to weight, but 
though we have read his paper carefully through 
more than once, we cannot find that the matter is 
discussed in anything like detail. Later on he 
compares certain French ships with others of the 
Royal Navy, the Jauréguiberry and the Formid- 
able for France against our own Victoria and 
Rodney, but the comparison is partial and one- 
sided. What Mr. Arnold-Fosrster must do to 
prove his case is to show that with equal weights 
there is an advantage distinctly probable with 
the French system, or that with a given increase 
of weight the probable advantages are, distinctly 
of a more than counterbalancing nature. This he 
does not attempt to do, as no details are given of 
the respective weights accorded to protection in the 
two systems. Perhaps the worth of Mr. Arnold- 
Forster’s arguments is best summed up in his own 
words: ‘‘The secondary battery of the Formidable 
is badly protected, but that is not an essentiay 
feature in the distribution of the guns.” It would 
be more reasonable—although, of course, we do not 
pretend to fathom the intention of the French 
designers—to say, ‘‘ The disposition of the main 
armament of the Formidable entails so much 
extra weight that the secondary battery has to be 
badly protected.” ~~ 

With regard to the height of the heavy guns 
above water not much is said in the paper, and 
little comment is necessary. A commanding position 
in this respect is now a recognised virtue, and the 
author himself refers to it as forcing an open door. 

‘‘ Compromise” must always be the watchword 
of the naval designer. If there are too many guns 
there must be less armour, or less speed, or more 
displacement. Some prefer one compromise, some 
another, but to pay Peter you mustrob Paul. We 
are far from saying that the English ships selected 
by the author have an ideal disposition of armament 
—in fact, we now know such not to be the case; but 
to compare a vessel of the Admiral class, the 
general designs for which were got out about 10 
years ago, with the Lazare Carnot, not yet com- 
pleted, serves to darken counsel, especially when 
one vessel—the latter—is about 1700 tons larger 
than the former. 

There are other points in the paper upon which 
we might comment, but we have probably said 
enough to show its faults. Whether heavy guns 
should be mounted singly or in pairs is an open 
question, which might profitably be discussed were 
there facts available. We have not such data, and 
Mr. Arnold-Forster is apparently no better equipped 
with information, in the absence of which his per- 
sonal opinion does not carry much weight. 
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THE MINERAL RESOURCES OF SOUTH 
AFRICA. 

A very interesting paper, entitled, ‘‘ The Mining 
Industries of South Africa, as shown at the Kim- 
berley Exhibition,” was read before the Society of 
Arts on Wednesday, January 18, by Mr. Bennett 
H. Brough, Assoc. R.S.M. In his lecture Mr. 
Brough drew attention to the enormous output of 
precious minerals which the mines of South Africa 
have afforded during the past 20 years. Of diamonds 
alone 70,000,000/. worth have been mined during 
this period. Gold was first mined in the Transvaal 
about five years ago, and already the output has 
been 8,500,000/., and is expected shortly to reach 
4,500,000/. per annum, exclusive of the products of 
Mashonaland and Zoutpansberg. But it is not in 
these precious minerals alone that South Africa’s 
mineral wealth consists. Mr. Brough informs us 
that the coalfields are of vast extent, though the 
coal industry is still in its infancy. Of copper 
20,000 tons are produced yearly, and many other 
metals occur in great abundance. Amongst the 
most interesting objects shown at the Exhibition 
were the relics from Zimbabye, amongst which, Mr. 
Brough says, was a mould for a gold ingot exactly 
of the shape of the tin ingot dredged up from Fal- 
mouth Harbour in 1811, and which corresponded 
with the form of ingot described 1900 years ago by 
Diodorus Siculus, There is thus good reason to 
oelieve that the Phoenicians, who pushed their 
adventurous barks through the Pillars of Hercules 
to the distant Cassiterides and dropped the ingot in 
Falmouth Harbour, were also responsible for the 
remarkable ruins at Zimbabye. 

As regards diamond mining, it is interesting to 
note that the early diamond mines worked only 
the yellow ground, which results from the dis- 
integration of the true diamond matrix, the blue 
ground. On reaching the latter, many of the 
miners thought they had reached bed rock, and 
abandoned their claims. The truth was soon dis- 
covered, however, and now, Mr. Brough says, there 
are several square miles of weathering floors, on 
which the blue ground is spread to a depth of 9 in. 
and is left exposed to the atmosphere for the space 
ofa year, after which itis ready for washing. This 
is done by transferring the stuff to a hopper, 
whence it passes through a cylindrical screen of 
lin. mesh, which separates out the lumps for 
further weathering. That which passes through 
the sieve is transferred to an annular pan 14 ft. in 
diameter, provided with revolving arms and teeth, 
and to which water is supplied by perforated pipes. 
In this pan the heavy material passes to the outer 
circumference and the lighter to the inner one, 
whence it is discharged into the tailings pit. The 
diamonds, garnets, and other heavy minerals sink 
to the bottom of the pan, and are drawn off from 
time to time to a pulsator or jig. This is pro- 
vided with sieves of various meshes, and with a 
bed of leaden bullets intended to prevent the 
deposit from passing too rapidly through the sieves. 
The heavy deposit containing the diamonds passes 
through screens into pointed boxes, whence it is 
taken to sorting tables. Last year the average 
amount realised per load of blue ground washed 
was 23s. 5d., and the expenses were 7s. 4.3d. per 
load. 1f the whole of the diamonds exported from 
South Africa during the last 20 years were collected 
together, they would, Mr. Brough tells us, weigh 
over 10 tons, and form a pyramid 6 ft. high with a 
base 9 ft. square. 

As concerns gold-mining, it was shown that the 
output of the Randt had increased from 370,408 oz. 
in 1889 to 1,210,807 oz. in 1892. The average 
return per ton of ore stamped has been 9.24 dwt., 
valued at 33s. 4d. The geological structure of the 
Randt was made clear at the Exhibition by a well- 
executed geological map, drawn by Mr. H. E. 
Simpson. The gold occurs in conglomerate beds, 
the thickest and least coherent of which is known 
as the Main Reef. The pebbles in this conglome- 
rate are from 4in. to 2 in. in diameter, and are 
cemented together with micaceous matter, which 
contains most of the gold. In the Barberton dis- 
trict, which is mountainous, it appears that the 
miners had to contend with great difficulties, in- 
cluding alack of water and timber. The difficul- 
ties of transport have, however, been overcome 
by the erection of an aérial Otto ropeway, 22 miles 
long, with a capacity of 150 tons per day of 10 
hours, over inclines as great as one in six, and 
having spans of as much as 1480 ft. 

As regards coal, we are told by Mr. Brough that the 


industry is assuming large proportions, and many 
samples of excellent coal were exhibited at the 
Exhibition. In Cape Colony the output in 1890 
was 32,821 tons according to the official returns, 
and in the Transvaal coal occurs in lenticular beds, 
varying from a few inches up to 30 ft. in thick- 
ness, whilst in the Orange Free State the coal strata 
are probably still more important. The most im- 
portant colliery in the Transvaal is 20 miles from 
Johannesburg, with which it is connected by a 
narrow gauge line. The seam is 21 ft. thick, and 
the coal is mined in the most systematic manner. 
The shafts are 98 ft. and 130 ft. in depth respec- 
tively, and the coal is worked on the pillar and 
stall system. In 1891 this colliery produced 
70,241 tons at a cost of 6s. per ton, but transport 
to Johannesburg cost 8s. The output of the Natal 
coalfields is about 54,000 tons per annum. Mr. 
Brough gives the following Tables as showing the 
value of the coal produced: 


Pounds of 
Water Eva- Percentage 


porated per Telos; 


Kind of Coal. Pound of mee 
Coal from Ooaliat 
212 Deg 
4 100 
Fahr. 
Vaal Drift, Transvaal 5.28 49.12 
Newcastle, Natal sor 9.24 85.96 
Indwe, Cape Colony ... oe 7.09 65.95 
Lewis and Marks, Transvaal 6.73 62.64 
Newcastle, Natal (2) ... 8.52 79.26 
Kroonstad, Free State 7.08 65.89 
Welsh Colliery, Natal 8.26 76.87 


The British coal taken as standard was Nixon’s 
steam navigation coal, which gave 10.75 lb. of 
water evaporated. The tests were made from time 
to time at the Beely boilers at the De Beers 
Diamond Mine. 

Other tests, details of which have been published 
(South African Mining Journal, vol. i., p. 96), 
gave the following results : 


Water 
Percentage 
Coal. Eva- Value: 8 

porated, 
Good average British... 0 100 
Oliphant’s River Al 81 
Steenkool Spruit 6.9 79 
Anglo- African ... 6.7 77 
Newcastle, Natal 6.7 77 
Brakpan... is 6.1 71 
Black Diamond 5.0 60 
Holdfast... 4,2 52 
Vogelfontein se 3.3 43 


Amongst the other 
berley were samples of galena from Port Elizabeth, 
assaying 67 per cent. of lead and 184 oz. of silver to 
the ton. Specimens of salt, copper ore, raw sienna, 
crocidolite, and ochre were also exhibited. Unfortu- 
nately, however, in spite of its most interesting 
collection of minerals, the Exhibition was a finan- 
cial failure, there being a deficit of 14,159/., but 
the attempt does credit to the enterprise of the 
colony. In conclusion, one word of caution to 
such of our readers as may be tempted to try 
South Africa. In spite of its enormous mineral 
resources, Mr. Brough says that the supply of 
white labour at Johannesburg is already in excess 
of the demand. 


THE WEATHER IN SOUTH-EAST 
ENGLAND IN 1892. 

THE meteorological data derived from the obser- 
vations made at the Royal Observatory, Greenwich, 
apply more particularly to the metropolitan district, 
and generally to the south-east of England. The 
following monthly results have been computed 
from data published in the Registrar-General’s 
‘* Weekly Returns of Births and Deaths ”’ for the 
year 1892 ; 


| 
Months. Mean Amount of | Duration of 
Temperature. Rain. | Sunshine. 

deg. in. hours. 

January 36.4 0.39 11.8 
February 38 8 1.68 36.8 
March BYES} 1.10 91.4 
April 46.9 1.42 196.3 
ay 55.2 1.66 169.3 
June 58.1 2.29 212.0 
July ... 59.6 1.55 149.1 
August 61.7 3.08 167.9 
September 56.3 2.02 129.9 
October 45.4 3.88 68.9 
November 44.9 221 | 22.9 
December 36.7 1.14 | 10.8 
Year... 48.1 22.37 | 1267.1 


The data representing a typical or normal year 
have been given in ENGINEERING for January 18, 
1889. 

January, 1892, was very dry, though rain fell on 
11 days. The driest January, 1880, had only 0.26 
of aninch. The temperature ranged between 22.3 
deg. on the 12th and 51.6 deg. on the 30th, and 
was 2.5 deg. below the normal value. The 
minimum temperature was below freezing from the 
2nd to the 17th inclusive. The 9th, 10th, 12th, 
and 15th were from 9 to 10 deg. below the averages 
due to these days; the 29th, 9.3 deg. and the 30th 
8.2 deg. above. The coldest January on record, 
1796, was 23.9 deg. Sunshine was the least on 
record. The winds were chiefly westerly from Ist 
to 8th, northerly till the 15th, easterly till 21st, 
west-south-westerly to 31st. Influenza prevailed, 
and the death rate ranged between 33 and 46. 

February, 1892, was seasonable. The tempera- 
ture ranged between 18.8 deg. on the 17th and 53.5 
on the 25th, though the 7th only was much above 
the average, 8.8 deg.; days much below were the 
16th, 11.2deg. ; 17th, 12.2deg. ; 18th, 10.9deg. ; 19th, 
10.3 deg. Rain or snow fell on 19 days. The 23rd 
had 6.3 hours of sunshine. Winds were from S.W. 
Ist to 7th, N.W. 8th to 14th, N.E. 15th to 20th, 
8.H. 21st to 26th, N.E. 27th to 29th. The death 
rate of the metropolis varied between 31 and 21. 

March, 1892, was cold and rather dry. The 
temperature was 4deg. below normal, ranging 
between 22.3 deg. on the 9th and 60.5 deg. on the 
26th. Days below average were, 2nd, 11.2 deg.; 
3rd, 11.4 deg.; 4th, 9.5 deg.; 13th, 8.7 deg.; 14th, 
9.4 deg.; 28th, 8.4 deg.; above, 17th, 10.2 deg. 
Rain or snow fell on 12 days. The least rainfall, 
0.14, was in 1852. Sunshine was deficient, though 
much more than the least, 45.9 hours in 1888; the 
7th had 7.1 hours; 18th, 9.2; 19th, 9.9; 20th, 10.4; 
30th, 11, also the 31st. Winds were from N.BE. Ist 
to 8th, W. 9th to 16th, E. 17th to 25th, N.E. 27th 
to 31st. The death rate rose from 19 to 24. 

April, 1892, was bright and fine, with normal 
temperature varying between 75.3 deg. on the 4th 
and 26.7 on the 17th. Days above average: 4th, 
9.8 deg.; 5th, 11.8 deg.; 6th, 8.4 deg.; 22nd, 9.4 
deg ; below, 13th, 11.1 deg.; 14th, 9.7 deg.; 15th, 
9.4 deg.; 16th, 11.5 deg.; 17th, 10.1 deg. Rain or 
snow fell on 10 days only, the 1st to 12th had none. 
The driest month, 1817, had only .06in. Only 
three days were without any sunshine, and the 
amount was the most on record. Winds were 
chiefly from N.E. The death rate ranged between 
22 and 19. 

May, 1892, was mild, rather dry, and fair. The 
temperature ranged between 28.7 deg. on the 7th 
and 85.1 deg. on the 31st. The 25th, 27th, 28th, 
and 31st were each about 10 deg. warmer than 
usual. The warmest month, 59.7 deg., was 1848, 
Rain fell on eleven days, 0.97 in. on the 26th. 
The least rainfall, 0.15 in., occurred in 1844. The 
duration of sunshine was normal. The 2nd, 3rd, 
and 4th had no sunshine. Days of long sunshine 
were, 6th, 11.3; 7th, 12.9; 10th, 12.8; 11th, 
13.2; 12th, 13.5; 28th, 10.8; 30th, 10.6 hours. 
Winds were from N.E. 1st to 6th, 9th to 13th, 
and 26th; S.W. 7th, 8th, 14th to 25th, 27th to 
31st. The death rate varied little from 19. 

June, 1892, was rather cooler, more rainy, and 
brighter than usual. The temperature ranged 
between 85.9 deg. on the 10th and 37.2 deg. on the 
15th. ‘The 10th was 10 deg. above the normal ; 
12th and 14th, 10 deg. below; 23rd, 9 deg., and 
19th, 8 deg. below. Rain fell on 14 days. The 
wettest month, 5.39 in., was in 1860. The 12th 
and 16th had no sunshine ; the Ist, 3rd, 9th, 10th, 
and 24th had more than 12 hours each. The 
month of most sunshine, 267.1 hours, was 1877. 
Winds were chiefly from 8. W. Ist to 5th, and 16th 
to 3lst; N.E. 6th to 15th. The death rate was 
about 17. 

July, 1892, was cold, rather dry, and dull. 
Temperature ranged between 82.4 deg. on the 3rd 
and 47 deg. onthe 19th. Thel4th, 17th, 18th, and 
19th were from 9 deg. to 11 deg. colder than usual. 
The coldest month, 54.5 deg., was 1816. Rain 
fell on 12 days, and was much less than the normal 
amount. The 21st to 30th had no rain. The 
month of least rain, 0.10 in., was 1825. Sunshine 
was deficient ; three days were without any ; the 
21st had 9.7, the 8th and 29th 12.9 each, the 2nd, 
3rd, and 4th over 10 hours each. The month of 
least sunshine, 95.7 hours, was 1888. Winds were 
from 8. W. 1st to 9th, chiefly N.E. the rest of the 
month. The death rate varied from 17 to 19. 

August, 1892, had seasonable temperature, more 
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rain and more sunshine than usual. Tempera- 
ture ranged between 43.8 deg. on the 11th and 
84.3 deg. on the 17th. Rain fell on 16 days, 
0.91 in. on the 28th. The wettest month, 5.38 in., 
was in 1878. The 19th was the only day without 
any sunshine; the 5th had 12.1, 11th 10.3, 12th 12, 
15th 10.8, 17th 11, 20th 10.6, and 21st 12.4 hours. 
The month of most sunshine, 216.9 hours, was in 
1876. Winds were between N.N.W. and S.E. on 
10 days, south-westerly chiefly other days. The 
death rate was 17. 

September, 1892, was rather cool, with average 
rainfall and more than usual sunshine. Tempera- 
ture ranged between 37.2 deg. on the 18th and 
74.6 on the 19th, these extremes occurring in an 
interval of 12 hours. The 5th was 9 deg. and the 
30th 7.4 deg. below their averages. Rain fell on 
14 days. The second and 22nd were the only days 
without sunshine ; the 15th had 9.4 and the 18th 
10 hours. The greatest duration of sunshine, 153.2 
hours, occurred in 1890. Winds were chiefly from 
S.W., 20th and 21st E.; force 10.1 lb. on the 
square foot occurred on the 29th. The death rate 
varied from 17 to 15. 

October, 1892, was very cold and rainy, with a 
mean duration of gunshine. Temperature ranged 
between 27.4 deg. on the 26th and 61.9 deg. on the 
29th ; the 4th attained 61.4 deg. ; the 16th to the 
26th averaged 10 deg. below the normal. The 
coldest month, 43.9 deg., wasin 1784. Rain fell on 
22 days; 0.78 in. fell on the 3lst. The wettest 
month, 7.65in., wasin 1880. The 23rd had 7.6 hours 
of sunshine ; the 6th, 16th, 25th, and 27th none. 
Winds were from §8.W. Ist to 10th, and 27th to 
29th ; N. to N. W. 11th to 18th, and 16th to 22nd ; 
S.E. 14th, 15th, and 26th; N.E. 25th ; N.N.E. 
30th and 31st; pressure 11.8 lb. occurred on the 
9th. The death rate varied from 16 to 19. 

November, 1892, was mild, with mean rainfall, 
and the least sunshine on record. Temperature 
ranged between 31.2 deg. on the 8th and 60,9 deg. 
on the 14th ; was 8 deg. above the normal on the 
5th, 9.4 deg. on the 18th, 12.2 deg. on the 14th, 
10.4 deg. on the 15th. The warmest month, 49.2, 
was in 1818. Rain fell on 18 days ; 0.73 in. on the 
16th. The 3rd and 14th had 5.1 hours of sunshine 
each ; 18 days were without any. Winds were 
chiefly from 8.W. 2nd to 6th; 8.E. 8th to 14th, 
and 18th to 25th; W.S.W. 26th to 30th. The 
death rate was from 19 to 18. 

December, 1892, was cold, rather dry, gloomy 
and foggy. Temperature ranged between 54.7 deg. 
on the 15th and 17.6 deg. on the 27th. The 4th 
to 10th averaged 8.6 deg. below the normal daily 
value, the last eight days 10.5 deg. below, the 27th 
14.4 deg. below ; the 15th was 10 deg. and the 17th 
7.6 deg. warmer than usual. The coldest month, 
29 deg., was in 1788. Rain fell on 11 days, none 
from. the 16th to the 3lst. The driest month, 
0.08 in., was in 1829. The duration of sunshine was 
very small; 23 days had none. The month of least 
sunshine, 2.4 hours, was in 1890. Winds were light 
and variable, from the eastward on 10 days. 
Diseases of the respiratory organs and phthisis 
increasing, the death rate rose from 18 to 22. 

Compared with the data for a typical year, the 
winter of 1891-2 was 1 deg. colder, had 0.8 in. less 
rain, and 3.3 hours less sunshine ; the spring was 
0.6 deg. colder, had 1.1 in. less rain, and 56.5hours 
more sunshine ; the summer was 1.6 deg. colder, 
had the same rainfall, and 25 hours more sunshine; 
the autumn was 1.5 deg. colder, had 0.9 in. more 
rain, and 8.4 hours less sunshine; and the year 
1892 was 1.6 deg. colder, had 2in. less rain, and 
57 hours more sunshine. 

Maximum temperatures exceeding 80 deg. oc- 
curred as follows in 1892: May 25th, 84 deg., 
28th, 81.8 deg., 31st, 85.1 deg.; June 10th, 
85.9 deg., 26th, 81.4 deg., 27th, 82.3deg., 28th, 
82.1 deg. ; July 2nd, 80.8deg., 3rd, 82.4deg., 4th, 
80.5 deg. ; August 8th, 81.2 deg., 17th, 84.3 deg., 
23rd, 82 deg. 


THE DEVELOPMENT AND TRANSMIS- 
SION OF POWER FROM CENTRAL 
STATIONS. 

In beginning his second Howard lecture on the 

above subject in the rooms of the Society of 

Arts, Adelphi, last Friday evening, Professor W. 

Cawthorne Unwin, F.R.S., said that in his last 

lecture he had pointed out that in a steam sta- 

tion it was essential to arrange the plant to meet 

a fluctuating demand for energy, whether this 

were required for lighting or for power. He 


had also shown that this fluctuation in the demand 
involved a loss so great that in the best arranged 
stations the fuel consumption per effective horse- 
power was double that required to do the same 
amount of work with the engines running at full 
load, and in many cases much more than double 
was required. Besides this fuel cost, there was the 
interest and depreciation on the plant, which, on 
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were not exposed to fire, and hence the deteriora- 
tion should be small. 

As regards the working of a steam power station 
on this system, of course the loss of efficiency due 
to the engines working at light loads would not be 
touched, but this could be dealt with by subdivi- 
sion. What Mr. Halpin directly attacked was the 
boiler waste, and the difficulties of managing the 
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the average, was worked only one-third of the 24 
hours. As regards the fuel waste, he had tried to 
show that that part which was due to the inefficiency 
of the engines at light loads could be accounted for, 
and this waste could be avoided more or less by 
subdivision of the plant into small units and other 
methods. But a part only of the total loss could 
thus be explained, the larger portion being attri- 
butable to the irregular working of the boilers. 

The storage of energy would overcome this diffi- 
culty, but secondary batteries having been shown 
to be too expensive, he had proceeded to explain a 
method of thermal storage proposed by Mr. Druitt 
Halpin. The figures he had brought forward in 
his last lecture showed that 16 lb. of water heated 
to 406 deg., and stored in a suitable reservoir, would 
furnish a pound of steam at 130 lb. pressure 
absolute. At the end of the operation the water 
would be at a temperature of 347 deg., and ready 
to be heated to 406 deg. again. He would now 
explain the details of Mr. Halpin’s plans so far 
as they had been worked out. The reservoirs 
(Fig. 6), measuring 8 ft. in diameter by 30 ft. 
long, were placed on end, and the boilers were 
placed on the same ground level. The boilers 
were intended to be worked completely filled with 
water, and were connected with the reservoirs, in 
which the water level was maintained constant by 
two pipes. Connected with one of these pipes was 
a circulating pump, which drew water from the tank 
and forced it into the boiler, from which an equal 
quantity of heated water was thereby forced out 
into the reservoir. During the slack part of the 
day the boilers were worked regularly, and gradu- 
ally heated up the water in the reservoir to 406 deg., 
corresponding to 265 lb. absolute, and when the 
heavy demand came at night there was thus a store 
of heated water to fall back upon, the engines being 
supplied from the top of the reservoirs through 
a reducing valve, with steam at a pressure of 
130 lb. absolute, It would be noted that the tanks 
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boilers when the demand varied every 24 hours 
from ;\th to four times the mean. With thermal 
storage the boilers could be worked continuously, 
and at a uniform rate throughout the 24 hours. 

He had explained this scheme at length, because 
it appeared both promising and important, but it 
would not be fair to his audience if he did not say 
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that practical difficulties incarrying it into successful 
operation might arise, which would have to be met 
by modification of the details of the plan. 

As an example of the kind of plant that would 
be required, he would take the case of the Ken- 
sington station. Here the load curve through an 
average winter's day showed a total output of 15,600 
horse-power hours, which could be provided by 
engines and boilers of 650 horse-power working 
throughout the whole day. Actually 2000 effective 
horse-power were required to meet the maximum 
demand, so that on the average the plant worked for 
less than one-third of the 24 hours. Instead of boilers 
of 2000 horse-power working only one-third of 
their time, and having to be heated up and cooled 
down, Mr. Halpin would use boilers of 650 effective 
horse-power only, and thus save all the waste due 
to the intermittent working. On the other hand, 


he would have to provide thermal storage tanks | 
capable of supplying all the steam required when 
the demand exceeded the mean. An examination 
of the load curve showed that a store correspond- 
ing to 5600 horse-power hours would meet the 
whole requirement when the demand exceeded 
that which the 650 horse-power could supply. 
Hence, if 16 lb. of heated water were required per 
pound of steam, the storage tanks would have to 
be large enough to hold 900 tons of heated water. 
Without the thermal storage tanks the station 
required eight boilers and two spare ones. With 
the tanks, two boilers working and one in reserve 
would be sufticient. The cost of the 10 boilers 
would be 10,300/., whilst that of the three boilers 
and the 24 storage tanks would be 15,000]. The 
cost of the plant was therefore greater, but if the 
arrangement saved only $1b. of coal per effective 
horse-power per hour, the annual saving would be 
1270 tons of coal. 

Mr. Halpin had proposed to use his plan in con- 
nection with refuse destructors, which must be 
worked continuously and at a nearly uniform rate 
throughout the year. Without storage it would 
hardly pay to attempt to use the waste heat of 
these destructors, but Mr. Halpin’s plan might 
make it practicable. Another case Mr. Halpin had 
thought of was that of a gas works. Some 312 Ib. 
of coke were burnt per ton of coal carbonised, pro- 
ducing 6240 lb. of furnace gases at 1200 deg. If 
the gases were taken through the flues of a steam 
boiler of adequate heating surface, they might be 
reduced practically to 600 deg., and hence some 
893,000 thermal units were available in the fur- 
hace gases produced in carbonising 1 ton of coal, 
which might be taken as in practice equivalent to 25 


horse-power hours. At present some 11,000,000 
tons of coal were carbonised annually in the United 
Kingdom, which, if the waste gases were utilised 
in the way suggested by Mr. Halpin, could furnish 
30,000 effective horse-power day and night through- 
out the year, which could be distributed in various 
ways. 

Where water power could be utilised in large 
quantities, it was generally cheaper than steam. 
The water cost little or nothing, and the cost of 
maintenance and attendance was also very low. 
The power was extremely regular, controllable, and 
convenient, and its annual cost consisted mainly of 
interest onthe capital expenditure. Inthis country, 
with little water power and abundant coal, water 
power was unduly despised. It was most abundant 
just where hitherto it had been least convenient to 
use it. In other countries, however, water power 
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was still hardly less important than steam, and 
the discovery of means of transmitting power to 
a distance made it possible to utilise water powers 
which would otherwise be unavailable, and this had 
caused great interest in the subject to arise. Up 
till quite recently the only means of transmission 
adopted had been the conveyance of the water itself, 
as in the flumes for hydraulic mining in America ; 
but any more convenient and cheaper means would 
greatly increase the availability of water power. 
In Switzerland, for instance, Mr. Weisenbach re- 
ported that, in 1876, 70,000 horse-power was deli- 
vered from waterfalls in that country, and probably 
now the amount was over 80,000 effective horse- 
power. The total amount available, however, was 
estimated at 582,000 horse-power, and putting the 
value of a horse-power at 6l. per annum, this 
represented an annual value of 3,500,000/., and, 
if used to replace steam power, it would save 1} 
million tons of coal annually. At this moment 
there was hardly an important factory in Switzer- 
land which was not either using water power 


Fig .19. 
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or making preparations or surveys to do so. 
The utilisation of water power very often in- 
volved the construction of large permanent works, 
which could best be done by an association acting 
in the interest of many consumers. The result of 
this was a central water-power station. Installa- 
tions of this kind of quite respectable antiquity 
were those erected at Schaffhausen, Freiberg, 
Zurich, and Bellegarde. The means of transmis- 
sion, however, had hitherto restricted the extension 
of these stations, but with new methods the old 
stations at Schaffhausen and Zurich were being 
greatly enlarged, and a new one was being erected 
on the Rhone at Geneva. 

At Biberist, near Soleure, Messrs. Cuenod, 
Sautter, and Co. had utilised 360 horse-power and 
transmitted it electrically a distance of 28 kilo- 
metres. The same firm had also constructed three 
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stations near Genoa, using the excessive fall on the 
mains of the Genoa water supply. At one of these 
stations 140 horse-power were utilised, at the 
second 560, and a third station was now nearly 
completed. Kven larger stations were being dis- 
cussed, viz., a plan for utilising 10,000 horse-power 
on the Dranze at Martigny, and one for utilising 
20,000 horse-power on the Rhone, at a point 17 kilo- 
metres from Lyons, to which the power was to be 
transmitted electrically ; and two projects had been 
talked of in Sweden. 

It was in the United States, however, that water 
power came into most direct competition with 
steam. From a paper read before the American 
Statistical Association it appeared that in 1880 
there were 55,000 water-wheels and turbines, 
utilising 1} millions horse-power, at work in the 
States. ‘Taking the value at 5/. per horse-power 
per annum, the water power utilised was worth 
6,000,000/. a year. Taking the United States as a 
whole, 36 per cent. of the power used in manufac- 
turing was provided by water. In the manufacture 
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of cotton and woollen goods, of paper, and of flour, 
760,000 water horse-power aud 515,000 steam 
horse-power were used. In the North Atlantic 
States the water power utilised was 4.81 horse- 
power per square mile. The following Table 
showed the relative situation of water to steam 
power in various divisions of the United States : 


Division. Water Power Steam Power 


; Per Cent. Per Cent. 
United States ny 35.9 64.1 
North Atlantic 43.1 56.9 
South Atlantic 49.5 50.5 

“North Central 22.2 77.8 
South Central 2225 Meo 
Western 35.3 64.7 


The average cost of steam power in the States 
was, according to Mr. Swain, 20 dols. per horse- 
power per annum, but that of water power 
varied greatly; but it appeared to cost from 
11 dols. to 12 dols. in the north-west per effective 
horse-power per year, and from 60 dols. to 80 dols. 
in New Jersey ; in which State, however, it was 
often used even when its cost equalled or exceeded 
that of steam, a fact which proved water power to 
have advantages of its own. 

In New England there were five water power 
stations, where the power utilised exceeded 
10,000 effective horse-power, and 13 where it 
exceeded 2000 effective horse-power. The system 
usually adopted for distribution was to lead 
the water away, from behind a dam, in a canal. 
The mills were placed along the bank of this 
canal, and discharged into a tail race lower 
down. At Holyoke (Fig. 7) the tail races were 
connected by another canal, level 2, along which 
another set of mills was located, which dis- 
charged into a third canal, level 3, on the 
banks of which was a third set of mills dis- 
charging into the river. The first dam was built at 
Holyoke in 1847, but was carried away. A second 
dam of cribwork was built in 1849, and an apron 
was added in 1868. The whole structure was now 
130 ft. wide, 30 ft. high, and 1019 ft. in length. 
The power utilised was about 15,000 horse-power 
by day and 8000 horse-power by night. A mill 
power there was defined as 38 cubic feet of water 
per second on a fall of 20 ft. during 16 hoursa 
day. This gave 63 effective horse-power on the 
turbine shaft. When Mr. Herschel became engi- 
neer to tne water company the use of the water 
was very extravagant, but by introducing a system 
of testing the turbines and establishing gauges, 
showing at any moment the quantity of water 
passing through the sluices, the amount used was 
economised and the balance sold as surplus power. 
From a careful estimate by Mr. Manning of the 
average cost of establishing a water power, it 
appeared that the initial cost was on the average 
13.71. per effective horse-power, and the annual 
charge, including 3/. for the cost of the water 
and 54 per cent. for interest and repairs, about 
4l. 15s. At Geneva the average cost of the 
turbines recently installed had been 191. per effec- 
tive horse-power, but the first groups erected cost 
601. per horse-power. hs 

The energy of a stream of water could be divided 
up into its elevation head, its pressure head, and 
its velocity head. Its elevation head was utilised 
in the old waterwheels, now antiquated, in which 
the wheel was driven round by the weight of the 
water, which flowed into buckets on one side of the 
wheel. The pressure head could be utilised by 
motors having a piston, and finally, the velocity 
head could be used by turbines. In most cases 
pressure engines were cumbrous and expensive 
machines, unless either a very slow motion was re- 
quired, or a very high pressure was available. This 
system could, however, be advantageously used for 
cranes and lifts where a slow motion was required, 
and also for small rotative motors in connection 
with a system of hydraulic power distribution, where 
only an intermittent or small supply of water was 
required, and a high pressure was available. In 
ordinary water pressure engines the volume of 
water used was constant at all loads, and hence, 
though, under full load, the motors had often an 
efficiency of 80 per cent., this figure was greatly 
reduced at light loads. To avoid this three cylin- 
ders were sometimes fitted to hoisting machinery, 
which could be worked either all three together, or 
two at a time, or singly, according to the load. In 
Switzerland small oscillating motors were used largely 
for small powers. They were made by Schmidt, of 
Zurich, and had an:efliciency of 80 per cent. at 
fullload. The power used was measured by fitting 
a counter to the engine, as the quantity of water 


used per revolution was constant. Mr. Rigg had 
introduced a small revolving motor, with a variable 
stroke, which allowed the quantity of water used 
to be adjusted to the load. This was done auto- 
matically by an hydraulic relay, and hence this 
engine might have a constant efticiency at all loads. 
It was perfectly balanced, and could be run at high 
speeds, though as the fluid resistances would vary 
with the square of the speed, its efficiency would 
then be lowered. One of these motors, having four 
cylinders 64 in. in diameter by 9 in. stroke, had 
been working a tramway incline in Wales for two 
years. The engine made 90 revolutions per 
minute at full load, 110 at half load, and 180 when 
drawing empty wagons. Another of these engines, 
having pistons 2} in. in diameter, had been work- 
ing a capstan at Millwall for the past five years, 
using water at 700 1b. pressure supplied from the 
London Hydraulic Power Company’s mains. This 
engine could be easily reversed by the same appa- 
ratus that varied the stroke. 

Except in special conditions, the turbine was the 
best hydraulic motor. The water reached the tur- 
bine under pressure through a supply pipe, from 
the bottom of which it issued through a set of 
fixed vanes into a revolving wheel, which it thus 
entered with a definite velocity and direction of 
flow. According to the general direction in which 
the water passed through the wheel, turbines were 
divided into inward flow, outward flow, axial flow, 
and composite flow turbines, but there was no 
essential difference between these various types, 
the choice between them depending entirely on 
secondary considerations. 

A more fundamental difference was that between 
wheels in which the clearance space between the 
guide blades and the wheel was under pressure, and 
those wheels in which it was not. In the older 
turbines the water left the guide vanes with 
only part of its pressure head converted into 
velocity head, and there was thus a pressure 
in the clearance space equal sometimes to half the 
total head. These were known as pressure turbines, 
and in them the wheel passages are entirely filled 
with water, as indicated in Fig. 8. In these tur- 
bines the velocity of the water through the wheel was 
obviously determined by the size of the passages. 

In the other class of turbines the water issued 
from the guide vanes with the full velocity due to 
the head, and there was, therefore, no pressure in 
the clearance space. It was then a condition of 
perfect working that the water should be deviated 
without changing its relative motion. The wheel 
passages were not filled (see Fig. 9), and the pas- 
sages were often ventilated to prevent them being 
so. Pressure turbines acted best drowned, whilst 
impulse turbines would not work drowned. Where 
the tail was variable, pressure wheels were there- 
fore best, unless the fall was so great that the wheel 
could be placed above the tail water without 
sacrificing too large a fraction of the total head. 
The wheel passages of a turbine might, however, 
be constructed of exactly the section of a freely 
deviated stream ; such a turbine would have its pas- 
sages filled without pressure due to choking at any 
point. Such turbines were sometimes called limit 
turbines, because whilst acting normally as impulse 
turbines, they would work with nearly equalefliciency 
as pressure turbines, having a small pressure in the 
clearance space. The impulse turbine being more 
easily regulated than the pressure turbine, was 
gaining ground and displacing the latter. As re- 
garded regulation he might mention a minor point, 
viz., that the fluctuations of speed were less with an 
inward flow than with an outward flow turbine. 
Owing to the action of the centrifugal force, the 
fluctuations of speed in the former case increased 
less rapidly than the fluctuations of load, whilst the 
reverse was the case with the outward flow wheel. 

Pressure turbines were usually regulated in one 
of three ways, viz.: By a sluice in the supply 
pipe, which destroyed part of the head and was 
otherwise wasteful. By closing some of the guide- 
blade passages, which, though mechanically simple, 
was also uneconomical, as the wheel chambers 
were then emptied and filled every revolution, 
causing loss of energy by eddying. By altering 
simultaneously the area of all the guide-blade 
passages. This was difficult to do without altering 
the direction in which the water entered the wheel. 
These difficulties had been best overcome in Pro- 
fessor James Thomson’s wheel, and his method 
had been copied more or less in America in the 
wheels which had done best at the Holyoke testing 
station. 


In impulse turbines the water flowed through 
the wheel passages ina free stream, each particle of 
water being practically unaffected by its neigh- 
bours. Hence closing some of the guide-blade 
passages did not affect the efficiency, and this plan 
was usually adopted. In fact, in certain cases the 
water was only admitted over a small fraction of 
the circumference of the wheel. Such turbines 
were known as partial admission turbines. In all 
turbines the circumferential velocity was a fixed 
function of the head, and hence in pressure tur- 
bines, where the water was supplied over the whole 
circumference of the wheel, the speed of revolu- 
tion was fixed within narrow limits, as, if the 
diameter of the wheel was much increased, the 
losses by dise friction became important. With 
partial admission turbines, however, the diameter 
of the wheel was arbitrary, and hence the wheel 
could be designed to give any desired number of 
revolutions per minute. 

The question of regulating turbines was now 
assuming great importance. For ordinary pur- 
poses hand regulation was good enough with large 
low-pressure turbines, but for high falls, and for 
driving dynamos, automatic regulation was re- 
quired. It was much more difficult to govern a 
turbine than a steam engine. The sluices were 
heavy, and required considerable power to move 
them. All regulation had, moreover, to be gradual 
to avoid hydraulic shock, which might destroy the 
supply pipe. For these reasons the governor could 
not act directly on the sluices, but had to work 
through a relay. In the earliest attempt to do 
this the governor worked a clutch and gear wheels. 
When the balls rose they put one set of wheels 
into gear with the turbine shaft, and closed the 
sluice, and when they fell another set engaged to 
open the sluice. The working of this arrangement 
was, however, very imperfect. It operated so 
slowly that it over-governed the turbine, and the 
fluctuations of speed were therefore great, oscil- 
lating about the mean as shown in Fig. 13. 
Messrs. Ritter had tried to overcome this difficulty 
by fitting the turbine with an hydraulic brake, 
which absorbed the surplus power, till the governor 
had time to act. This brake consisted simply of a 
small pump with a throttle valve in the supply 
pipe controlled by the governor. 

For partial admission impulse wheels the sluice 
was not very heavy, and for such cases a very good 
hydraulic relay governor (Fig. 14) had been used 
by M. Piccard at Geneva, and gave admirable 
regularity. The device consisted of two pistons 
of unequal area connected together by a trunk. 
This trunk was hollow, and in it was a valve con- 
trolled by the governor, by means of which the 
space above the larger piston could either be opened 
to the air or placed in communication with the 
space below the smaller piston, which was filled 
with water under pressure. Under these conditions 
the two pistons followed the motion of the valve, 
but as the latter was of the equilibrium type, the 
load on the governor was very small. The methods 
of connecting this relay to the sluice were shown 
in Figs. 15 and 16, and Figs. 18 and 19; whilst 
Hig. 17 showed a simple method of regulating an 
impulse wheel, where the whole of the water flowed 
through a single guide passage, the area through 
which could be contracted by raising the tail of 
the movable lever shown. 

A peculiar form of impulse turbine had become 
very common in the United States of America, 
and was known as the Pelton wheel, Fig. 11. The 
buckets were of the shape shown in Fig. 10, 
and the water flowed into the wheel through a 
nozzle. With high heads such wheels had proved 
very efficient. A simple method of regulating such 
a wheel was shown in Fig. 12. The nozzle was 
pivoted, and its position was controlled by the 
governor, which, as the speed rose, lowered it, 
so that the jet cleared the buckets of the wheel. 
This method was, of course, wasteful, but where it 
was used this probably did not matter. 

There was a popular delusion that some lucky 
trick of design might make one turbine better than 
any other, and also that a turbine proved better 
than another under one set of conditions would be 
better in all. This was not true; there were no 
tricks in turbine designing, but a good deal of in- 
sight and scientific knowledge was required to meet 
satisfactorily different local conditions. 


A Street LicgHtHousr.—A lighthouse about to be built 
near Keyport, New Jersey, will be of steel plates, and 
will be 100 ft. high. 
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Tue LAWRENCE EXPERIMENTS ON SEWAGE 
FILTRATION. 


Durine the past year further experiments on 
sewage filtration were made at Lawrence by the 
Massachusetts State Board of Health. The special 
object in view was to determine the efficiency of 
filtration in removing bacteria. To this end the 
filters were supplied with water containing large 
quantities of typhoid bacteria, as well as in some 
cases other easily recognisable forms, and the 
quantity of the same kind appearing in the effluent 
ascertained. By comparing the numbers in the 
applied water and in the filtrate the efficiency of 
the filter could be ascertained. In all 14 filters 
were used, and typhoid bacilli were applied to 10 
of these on 20 different occasions. All the typhoid 
bacilli were removed in 10 cases, 99 per cent. of 
them in seven cases, and over 98 per cent. in two 
cases, and 97.22 per cent. in the case of the remain- 
ing filter. It should be noted that in many of the 
above experiments the applied water contained 
millions of the typhoid bacilli to the cubic centi- 
metre, a number enormously greater than could be 
expected in any natural sewage, and which enabled 
a larger percentage of them to pass the filter than 
they otherwise would have been able todo. As 
regards the filters, the experiments showed that 
deep filters were more effective in this respect 
than shallow ones, and that low rates of flow from 
the filter are safer than high rates, whilst at the 
same average rates as many bacilli will be removed 
from the effluent by continuous filtration as by 
intermittent, though, as previous experiments have 
shown, the organic matter of the sewage is best 
destroyed by intermittent filtration. The forma- 
tion of film on the surface of the filter did not 
seem to affect the results. From the data obtained 
it further appeared that with due care in the selec- 
tion of the filtering material, filters could be 
worked up to the rate of 14 to 2 million gallons 
per acre per diem, with the removal of practically 
all the bacteria. 


Tne New Tecunicat ScHoots at NotrrincHamM. 


The new technical schools at Nottingham were 
opened on January 12 by the Master and Wardens 
of the Drapers’ Company, which company has con- 
tributed very largely towards the funds of the 
institution. The new schools, which are under 
the direction of Professor W. Robinson, form an 
addition to the existing buildings of the Notting- 
ham University College. The main building con- 
sists of three floors and a basement, and in addition 
there are two annexes for plumbing, foundry, and 
smith’s work. In the basement is an accumulator 
which, in addition to supplying water to a lift, 
affords a constant supply for experimental purposes 
to the engineering laboratory and lecture theatre 
on the second floor of the building. On this base- 
ment is also the pattern shop, which, with its 
store-room, is separated from the rooms above by 
a fireproof floor. The boiler-house is also on the 
basement, and contains two 50 horse-power boilers, 
one of which is of the locomotive and the other of 
the water-tube type. The fitting and turning shop 
is on the ground floor, and at one end of it is the 
experimental engine, which has been built by 
Messrs. Manlove, Alliott, and Co. In the testing- 
room, adjoining the fitting shop, arrangements have 
been made for a 50-ton testing machine which it 
is hoped some one will present to the college. The 
dynamo-room, next doortothe testing-room, contains 
a 30 horse-power steam engine coupled direct to a 
dynamo, which is used for the lighting of the build- 
ing. This plant was supplied to the college by the 
Brush Electrical Engineering Company at a large 
discount under ordinary rates. The petroleum 
engine in the same room was supplied in a similar 
way by Messrs. Priestman, of Hull. The remain- 
ing rooms on this floor are devoted to the lace 
industry. On the first floor are the lecture 
theatre and engineering laboratory, and also a 
research laboratory for special work. The drawing 
office is also on this floor. The cost of the new 
buildings has been 13,0001., exclusive of the fittings, 
and most of this sum was raised by private sub- 
scription. 


Fires 1n Lonpon. 


It is gratifying to note from the official report 
of the chief of the London Fire Brigade that 
although the number of fires is largely on the in- 
crease—the number last year was 3146 against 


2291, the average of ten years—the number of 
serious outbreaks is less than 20 and 30 years 
ago, when they formed 10 to 15 per cent. of the 
total against 5.6 per cent. now. This is due to 
the splendid equipment of the brigade, which in- 
cludes 48 steam fire engines, and to the promptitude 
with which the men turn out. The men were called 
out last year 34,350 times, nearly 100 per day, 
and during that time the distance travelled by fire 
engines was 68,712 miles, equal to nearly three trips 
round the world. The quantity of water used was 
about 31 million gallons, or about 137,200 tons. 
Half of this was taken from the riverorcanals. So 
well do the firemen supervise the hydrants, &c., 
that in only eight cases were the arrangements un- 
satisfactory. It is remarkable that of the total 
number of calls to fires—22,938—two-thirds came 
by the telephone. Ninety-five firemen were un- 
fortunately injured on duty, three fatally, while 28 
have been commended for special merit in saving 
life, one of them earning a silver medal for extra- 
ordinary bravery. The number of lives saved at 
peril total 45, but in 100 cases in all life was 
seriously endangered. It has always been believed 
that carelessness was responsible for many fires ; 
and the report bears this out. We find, for in- 
stance, that out of the total of 3146 fires during 
the year, only a small proportion could not hy 
ordinary means have been avoided. The careless 
throwing away of lights accounts for 299 fires, the 
upsetting of mineral oil lamps for 233, carelessness 
with candles 171, with hot ashes 108, in airing 
linen and bedding 74, allowing liquids to boil over 
45. Children playing with fireinvolved 51 outbreaks, 
and playing with lucifers 78. In 22 cases fire was 
raised by searching for an escape of gas with a 
light, and contact of curtains, &c., with gas lights 
and stoves is responsible for many fires. It is re- 
markable, too, to notice the number of fires due to 
careless workmanship—defective flues, &c.—and 
further that 206 fires were raised by sparks from 
fires. It is indeed surprising, in view of the con- 
sequences connected with an outbreak, that greater 
care is not taken. Of course 94 per cent. of the fires 
were ‘‘slight;” but this is due either to accident, or 
mostly to the promptitude with which the brigade 
take action towards extinguishing an outbreak. 


Tue First Casting MaprE IN AMERICA. 


The first iron casting made in America was a 
kettle or three-legged pot, weighing 2 lb. 4 oz., 
and holding nearly one quart. It was produced in 
1642 at the Saugus Iron Works, and was claimed, 
as part of the purchase consideration, by the land- 
owner who furnished the site for the undertaking. 
He appears to have valued it, and for several 
generations it descended from father to son as an 
heirloom ; then it passed for two generations 
through the female line, and lastly into a collateral 
branch of the family. It has recently been pur- 
chased by Mr. John E. Hudson, a lineal descendant 
of the first owner, and presented by him to the 
town of Lynn, Massachusetts, which is in part 
built upon the ground originally occupied by the 
works. Several other of the citizens combined to 
add a case containing a tablet, which should be an 
example of the state of iron-founding in America 
in the year 1892, and thus show the progress which 
has been made in 250 years. The face of the 
tablet carries a pattern of woven bamboo, and the 
back is an impression of plaited straw, the whole 
being untouched by tools. When the presentation 
was made, Mr. C. J. H. Woodbury, who had been 
instrumental in obtaining the kettle, gave an 
account of the rise of the iron industry in America. 
In 1622 the Jamestown Colony built iron works at 
Falling Creek, a tributary of the James River, for 
the purpose of reducing bog iron ore. The works 
had approached completion when the Indians 
attacked the settlement, killing 350 persons, 
and burning the buildings (March 22, 1622), 
The bog iron deposits in the Upper Saugus 
meadows were discovered by Thomas Dexter, and 
he informed his fellow-townsman, Captain Robert 
Bridges, who went to London and formed a com- 
pany to work them. It is said of Bridges that he 
had ‘‘suavity and winning social manners,” which 
probably accounts for his success asa company pro- 
moter. The works were built, and were voted free 
by the General Court of all rates and taxes for 21 
years. They contained a blast furnace, in which 
bog iron ore was reduced by means of charcoal and 
lime obtained from oyster shells. The iron was 
run into long triangular bars called ‘‘ sowe iron,” 
and converted into wrought iron and steel. Cast- 


ings were made direct from the furnace. The 
wrought iron and steel were made in a bloomery, 
which may be described as a charcoal fire 4 ft. 
thick, in a blacksmith’s forge. The end of a bar of 
sow iron was plunged into the fire, and in time a 
pasty mass of wrought iron would settle to the 
bottom. Other portions of the bar would be con- 
verted into steel when the process stopped at an 
intermediary stage. In 1648 the furnace was pro- 
ducing 7 to 8 tons a week. The principal pro- 
duct was bar iron ‘‘as good as Spanish,” costing 
201. per ton. The works are not known to have 
been in operation after 1688, when the tract had 
diminished to 600 acres, and passed into individual 
ownership. 


Gas v. STEAM. 


On Tuesday evening the discussion on Mr. Emer- 
son Dowson’s paper on ‘‘Gas Power for the 
Electric Lighting” was brought to a close, after 
having extended over three sittings. The case be- 
tween steam and gas for motive power is one of the 
hour, and it is fortunate that the matter has been 
brought forward at the Institution of Civil 
Engineers, for there only would it get the 
adequate consideration that is to be obtained 
by a three-nights discussion. Now that the Otto 
patent has expired, we hear on all sides of 
engineers taking up the making of gas engines, 
but it is often only as a matter of precaution, 
because there is no telling what the new motor 
may have in it. Mr. Dowson’s paper is extremely 
opportune on this account, and the author was 
certainly the fittest man to write it. Although his 
interests are largely bound up with the gas engine 
—and to that extent he may be said to hold a brief 
for the plaintiff—yet he has naturally that scientific 
and cautious temperament which always gives accu- 
racy its proper value, and would prevent him in- 
juring his cause by statements not capable of 
proof. That he has the courage of his opinions 
is at any rate manifest from the challenge he threw 
down in the theatre of the Institution on Tuesday 
evening. Broadly stated, his case is as follows: 
A fuel consumption of 1 lb. of anthracite per indi- 
cated horse-power per hour is guaranteed with 
large gas engines worked with Dowson gas under 
full load, whereas the fuel consumption of a non- 
condensing steam engine, such as is generally used 
in an electric light station, requires not less than 
2 lb. per indicated horse-power per hour. Under 
full load, therefore, the saving should be 50 per cent. 
with gas, and he contends that under light loads the 
saving should be in the same proportion. Further 
than this, the stand-by loss of a generator is trivial 
compared with that of a boiler of equal power. In 
order to prove his case, Mr. Dowson proposes 
there should be a competitive: trial of gas against 
steam, on the scale of about 100 indicated horse- 
power, made under all the varying conditions of 
an electric light station. He promised that if 
Professor Kennedy would conduct the trials and 
publish the results, he would provide the gas plant, 
and had no doubt he could get the necessary gas 
engines and dynamos. It would, of course, then 
be necessary to find a suitable boiler and steam 
engine, but Mr. Dowson was sanguine that among the 
many advocates of steam power there would be 
some who would provide what was wanted. That 
is what might be called a good sporting offer, and 
we should be very pleased to sce the match come 
off. Probably the difficulty would be with the 
engine and boiler, as steam has everything to lose 
and nothing to gain by the competition. That, 
however, can only be said when taking a narrow 
view of the situation. If gas is really better than 
steam for a certain class of electric light stations, 
the sooner the makers of steam engines know 
it the better for them. Of course we do not 
hint that the steam engine is beaten in a general 
sense, and that gas is going to win all along the 
line. Before that can come about a revolution in 
gas engines as radical as that brought about in 
steam by the separate condenser of Watt will 
be required. The steam engine has so long held 
undisputed sway, that we can hardly yet quite 
realise its position to be seriously menaced. The 
splendid row of Otto engines at the first Crystal 
Palace Electric Exhibition of ten years back 
should have opened our eyes, but it was looked 
upon as a towr de force, as indeed it was. 
The Crossley factory, driven without a steam 
engine, was naturally considered a tribute to the 
excellence of leather ; but there have been some 
very striking instances of late ; the running of the 
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ST AVES Oe HeR EH Pe een els 
Resutts or Experiment No. XVI. 
PARTICULARS AND DIMENSIONS OF BOILER. PRINCIPAL OBSERVATIONS—continued. 

Date: Ratio of total pure and dry coal to coal, including ash, &c. 0.970 

January 6, 1888. Total coal used, including ash and clinker per hour _... ae 197.6 lb. 
_ | » weight of ash and clinker es : . 14 1b. ash, 10 lb. clinker 

ace: | 


Messrs. Merryweather and Sons’ Works, Greenwich. 


Type: 


Vertical multitubular boiler, of Merryweather’s patent fire engine. 


Heating Surface: 
Heating surface of boiler 


Firegrate : 


Dimensions of firegrate... 
Area of grate... ae okt are 
Ratio of boiler surface to grate surface 


Flues: 


Kind of flues and direction of gases 


: 


PRINCIPAL OBSERVATIONS. 


Time: 
Duration 


Steam Pressure: 
Mean steam pressure above atmosphere 

», absolute steam pressure... 
Temperature Fahr. corresponding to 


Feed Water: 


Temperature of feed a. 
Total feed water evaporated a 
per hour 


this pressure 


” ” 


Coal and Ashes: 
Total coal put on grate... 
drawn from fire ci oe 
3 used including ashes and clinker 
Per cent. of ash and clinker in total coal used 
3 moisture in fuel ... 4 
Total weight of pure and dry coal us 


” 


ed per hour ... 


| Temperature of Air: 


Temperature of air outside house 


45.2 deg. Fahr. 


1 


| Draught: 
Chimney draught in inches of water... 1.0 in, 
120 square feet FURNACE GASES (not analysed in this Experiment). 
... 2 ft. 84in. diameter | PRINCIPAL RESULTS. 
5.76 square feet Combustion: 
48.0 Pounds of coal burnt per square foot of grate surface per hour... 34.3 Ib. 
- 9 “ heating ,, mi 1.65 ,,. 
Straight through boiler to | Transmission of Heat: 
chimney. No brickwork. | Thermal units per square foot of heating surface per hour 12,650 T. U. 
\\ Evaporation: 
| Pounds of water evaporated per pound of coal from feed tem- 
Brouhoure } perature) sete aes a5 cs Ch te wea 6.6 Ib. 
1] ON pe evaporation per pound of coal from and at 212 deg. a 
|| Halbrcatin. iss ee a Bey, ans ne aN ae tie 
100.4 lb. Equivalent evaporation per pound of coal pure and dry... 8.20 % 
115.1 | + 3 », square foot of sieht: per hour nt seat! 
0 , eating surface 3. 
338 deg. Fahr. | Factor of evaporation (: : 1.205" 
52 deg. Fahr. Percentage Balance-Sheet of Heat. 
7861 lb. i Wiens igo 2!) ee F " . ee 
1310 ,, Heat Evolved. ‘Per Cent. Heat Absorbed. Per Cent. 
: Heat from pure and dry coal | 100 | ‘Heating and evaporating water 51.0 
1249 lb. Unaccounted for (Radiation, 
63.5, | Gases, &c.) by difference 49.0 
ie 1186 ,, | | 
.. 1.2 ash, 0.8 clinker ee |——_——- 
about 1.0 Total | - 100 Total LOO 
192 lb. | | 


‘new Armstrong machine shops at Elswick, with 
their heavy tools, may be cited as a good example. 
It will be interesting to see whether Mr. Dowson’s 
challenge be taken up. It is difficult to arrange 
such matters by private initiative, and doubtless 
the proper way to settle the business would be by 
a joint research committee of the Institution of 
Mechanical Engineers and Institution of Electrical 
Engineers. 


STEAM BOILER EXPERIMENTS. 
No. XI. 
By Mr. Bryan Donxiy, Jun., and Professor 
A. B. W. Kennepy, F.R.S. 

Experiment No. XVI., Janvary 6, 1888.— 
This experiment was made by kind permission of 
Messrs. Merryweather and Sons, the well-known 
fire engine makers, at their works at Greenwich, 
and in the winter time. 

Like most fire engine experiments, it was carried 
out in the open air. The boiler was one patented 
by Messrs. Merryweather and Jakemans. The 
steam produced worked fire engine pumps in the 
usual way, pumping water from an adjoining canal. 
It need hardly be said that the boiler was a very 
small one, being only about 2 ft. 6 in. in dia- 
meter in the cylindrical part and the total height 
about 4 ft. 8in. There were a large number of 
nearly horizontal tubes immediately over the fire, 
as well as two other groups extending from the fire- 
box sides to the crown. The construction of the 
boiler—which is of a type especially designed for 
raising steam with great rapidity—is shown by the 
illustration annexed. The boiler has 120 square 
feet of heating surface. 

The authors considered that a trial made with 
standard coal upon so small a boiler might be 
of interest to compare with larger types. To 
give the requisite draught, the exhaust from the 
two steam cylinders was allowed to escape up 
the chimney in the usual way. The amount of 
draught in the chimney was considerable, namely, 
about 1 in. of water, and with such a very short 
chimney it would have been very difficult under 
such conditions to take samples of the gases, and 
this was not done., Considering the size of the 
boiler, the trial was a long one, namely, 6 hours, 
but it is probable that with such a small water 
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surface a certain amount of priming took place. 
The hot chimney passing through the steam space 
tends to dry the steam, however. The boiler 
was stoked by a man quite accustomed to such 


work. As the grate was also very small, and the 
draught considerable, stoking was very frequent, 
and the firedoor. was open from half to three- 
quarters of the whole time of the trial; a good deal 
of dirt and cinders also came out at the top of the 
chimney. 

The feed water was carefully measured in a tank, 
and no difficulty of any kind occurred during the 
test, which was witnessed by one of the authors. 

The hot gases passed from the grate round the 
numerous small tubes, straight through the boiler, 
up the chimney. The steam pressure was kept at 
100 1b. The pounds of coal burnt per square foot 
were a little over 34, or nearly the maximum burnt 
in any of the boiler experiments. 

It is interesting to note that the transmission of 
heat in thermal units per square foot of heating 
surface per hour was very high, and about double 
that in the locomotive trials lately published. 

For such a small boiler the evaporation of water 
per pound of coal from cold feed was good, namely, 
64 lb. ; from a temperature of 212 deg. it was 8 lb. 
The detailed results of the experiment are given in 
the Table annexed. 


CaTaLoGuE.—We have received from Messrs. Ernest 
Scott and Mountain, Limited, of Newcastle-on-Tyne, an 
exceptionally good specimen of the modern trade cata- 
logue and price list. In addition to the information 
usually contained in such publications, such as the prices, 
sizes, and weights of the various manufactures of the 
firm, we find that quite a large space has been devoted 
to useful notes on the erection and management of 
dynamos, and other information of asimilar kind. There 
are also approximate estimates given of the cost of com- 
plete lighting installations of from 15 lamps up to 1000. 


Lonpon ImprovemMEnts.—Mr. Edward Stanford, of 
26 and 27 Cockspur-street, Charing Cross, London, has 
published a new map of London and environs, showing 
metropolitan railways, tramways, and miscellaneous im- 
provements, plans of which were deposited at the Private 
Bill Office November 30, 1892, for Session 1893. The map 
shows, in addition to the usual topography, the railways 
and tramways in operation, sanctioned and proposed, and 
the boundary of the Administrative County of London. 
The proposed improvement schemes are given in red. 
The size is 40 in. by 27 in., the scale 2 in. to one mile. 
The map is very clear and full of detail, extending from 
Kew Bridge on the west to Bexley Heath on the east, 
and from Crouch End on the north to Norwood Junction 
on the south. 
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TRIPLE-EXPANSION 


CONSTRUCTED BY MESSRS. 


pe 


al 


Tue illustration above is reproduced from a 
photograph of a set of triple-expansion engines con- 
structed by Messrs. Alexander Shanks and Son, 
Arbroath, for Messrs. Whitehead and Co., the tor- 
pedo constructors, and is intended for driving the 
machinery in their new works at Weymouth. The 
engine is of the ordinary vertical surface-condens- 
ing type, the cylinders being 83 in., 134 in., and 
22 in. in diameter respectively, and the stroke of 
pistons 18 in. Automatic expansion gear is fitted, the 
main and expansion valves for the high-pressure 
cylinders being of the piston type. One of the back 
columns acts as an air vessel for the air-pumps, and 
the circulating pump has an air vessel on both suction 
and discharge. The cylinders are lagged with plan- 
ished steel. The engine is very complete. It is fitted 
with improved sight-feed lubricutors, steam starting 
gear, ladders, handrails, &c., for easy access to the 
various parts, as well as relief valves, indicator gear, 
&e, The flywheel is 6 ft. in diameter and 16 in. wide, 
and is crowned for belt driving. Working with steam 
at 150 lb, pressure, the engine is capable of indicating 
100 indicated horse-power. 


INDUSTRIAL NOTES. 

THE memorandum on the state of the skilled labour 
market by the Labour Correspondent to the Board of 
Trade, notes the various causes which tend to make 
the returns of the number of unemployed, for the 
past month, the worst in the whole year. Short 
days, holidays, stock-taking, and other causes lead 
employers to cut down all labour to a minimum 
when work is by no means pressing, as is the case 
at the present time. The total number of new strikes 
notified in the month is stated to be only 24, as against 
44 in the month previous, But some of the strikes of 
the previous month were not settled, as, for example, 
the cotton dispute in Lancashire. Were it not for 
that dispute, the number involved in disputes would 
have been exceptionally low. The total number of 
societies sending in reports was 25, having an aggre- 
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reports regularly. In these there are 279,361 mem- 
bers, of whom no fewer than 28,453 were unemployed. 
This shows an increase in the 23 unions alone of 5847 
as compared with the month previous. The proportion 
stands at 10.2 per cent. as compared with 8.27 a month 
ago. But eliminating those on strike, the propor- 
tion is about 83 per cent. of the total, in the skilled 
trades making returns. In the two miners’ unions of 
Durham and Northumberland only 2.6 per cent, are 
unemployed out of 60,000 members. In this case short 
time is resorted to rather than an increase in the 
number out of work. The trades apparently suffer- 
ing the most at the present time are the engineering 
and shipbuilding industries ; the clothing trades stand 
next ; then, mainly in consequence of the weather, the 
building trades. The trades reporting give five as 
good, seven as moderate, twelve as bad, and one as 
very bad. The proportion out of work is rather 
larger than in the winter of 1886, when the proportion 
was 10 per cent, 


it was last month. 


to the hearts and minds of the workers.” 


tion and suffering endured. 


realised by the levy. 


The report of the Boilermakers and Iron Ship- | enterprise. 
builders for the present month is far less buoyant than | pansion. 


perienced might have been averted and avoided if the 
improvident members had saved the money they spent 
in public-houses during good trade. In many instances, 
itis said, assistance was rendered because of the wives 
and families, not because the husband deserved any. 
The report then alludes at some length to the proposed 
Labour Exchange, and indicates that if the scheme be 
pressed there will be a terrible struggle between 
capital and labour, for the two millions of trade 
unionists, the picked men of their trade, will not con- 
sent to be annihilated without a desperate struggle. 
The total number on the funds was 8608, as against 
7848 last month. Of the total no fewer than 6973 
were unemployed for reasons other than sickness and 
superannuation. The proportion is 18 per cent. of the 
total, as against 16.6 per cent. last month, Theaverage 
number out of work all through 1892 was 10 per cent. 
For the first time for a long period the numerical 
strength of the society has decreased, but it has oc- 
curred mainly by inability of members to pay up. 


The monthly report of the Ironmoulders of Scotland 
islate this month, in consequence of the incorporation 
of the report for the year. It states that at the 
date of the report trade had so far been better that 
109 more members were in work than at the date 
of the previous report. This is so far satisfactory, 
but still trade is regarded as being in a languishing 
condition ; hopes, however, are expressed that an 
improvement may be manifest before the issue of the 
next report. The total number relieved as out of 
work was 887; idle, but not on benefit, 310; total, 1197. 
This is a very large percentage of the total number of 
members, the slackness being general in all the 18 
districts, except Dumbarton and Kirkcaldy. The 
communications in the report from members on an 
eight-hours day by legislation favour generally trade 
union effort; in preference to legislative enactment. 
The report of the Labour Bureau on trade unions for 
1891 is not yet out, and here we have the first of the 
annual reports for 1892 in our hands. The society 
was absolutely free from disputes with the employers 
throughout the year 1892, as it was also in 1891—that 
is to say, of disputes eventuating in strikes, all dis- 
putes being settled by mutual arrangement in both 
years. The net income for 1892 was 19,671/.; the 
total expenditure was 19,368/., showing a small balance 
of 272/. 15s. on the year. The balance in hand on 
January 1 of this year was 31,274/. 17s. 2d. The 
total cost of unemployed in 1892 was 11,553/. 13s. 2d.; 
of superannuation, 3633/.; of funerals and accidents, 
2060/7. 10s.; salaries, 219/.; rent, fuel, light, printing, 
stationery, and postages, 699/.; miscellaneous, 6331. 10s. 
The aggregate spent by the society on out of work 
members has been 263,941 ; on superannuation, 
48,924/.; on funerals and accidents, 50,674/.; and lent 
to members, 5494/., besides which the society granted 
7001. to other trades in the year 1891. Nevertheless 
the society starts with 5/. per member to the good in 


of the number usually reporting, and therefore the| 1893, and with some property purchased in the year 
comparison is restricted to the 23 that send in their | 1865, and still held by the union. 


The condition of the engineering trades in Lanca- 
shire isno worse than it has been, but there are very 
few signs of its being better. Indeed, there are no 
real indications of improvement, for the new work 
coming forward is by no means sufficient in weight to 
replace the orders which, in most cases, are being 
rapidly worked off. With few exceptions, the work 
on hand is not sufficient to keep the establishments, 
with their full complement of hands, going full time 
in any of the chief centres. Boilermakers, who have 
hitherto been fortunate enough to be kept fairly busy, 
are slackening off, andit is only at very low prices that 
new orders can be secured. Stationary engine builders 
seem to be the only class of manufacturers that have 
still a fair amount of work on hand, the locomotive 
builders being in a depressed condition, and the 
machine toolmakers, with very few exceptions, are 
only moderately supplied with work. Unremunera- 
tive prices are said to be the rule in nearly all 
cases, a fact that deadens every kind of speculative 

The iron trade shows no elasticity or ex- 
Users only buy from hand to mouth, and 


y It says: ‘‘The newyear opened] there appears to be a good deal of low cutting in 
with lowering skies, reflecting the gloom and dulness | prices, though makers still quote at the rates recently 
pervading all classes of society, and the depression | ruling. 
has extended from the barometer to trade, and thence|as of late continues, and the prices have a weaken 
It goes on} ing tendency, if anything. The inquiry for steel 
to say that sickness has also been prevalent, and] plates has fallen off, an indication that consumers 
hundreds of hungry faces have told the tale of priva-| have covered present requirements; the slight ad- 
It further states that| vances recently obtainable have not been main- 
more poverty and wretchedness has been experienced | tained. 
by the society during the past month, especially inthe | means in a flourishing condition, nor are there any 
closing days of the year 1892, than had been known for | satisfactory signs of immediate improvement. 
years, and the requests for assistance fromthe benevolent | nately the wages question is quiet in all the branches 
fund were never so great, even in the worst of years. | of the iron, steel, engineering, and cognate branches 
Those in work paid a levy of 2s. to that fund, but the| of industry, otherwise the depression would soon 
demands upon it took more than the full amount] become acute. Throughout the depression so far there 
With a pluck which is com-| have been no serious reductions in wages in any dis- 


In manufactured iron the same depression 


Generally the iron and steel trades are by no 


Fortu- 


1 k uving al mendable, however painful the statement, the execu-| trict, except at Barrow-in-Furness, and in that case 
gate membership of 336,361 members, This is in excess | tive say in the report that most of the distress ex-| the men agreed to the small reduction rather than 
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risk a prolonged strike. The day rates have been well 
maintained up to the present time. 


The Frodingham stiike is practically over, for the 
men, driven by necessity, have returned to work 
wherever they could. The strike was hasty and ill- 
advised. The original dispute was trifling, but it was 
fanned into importance by what is called a sympathy 
strike of men not really touched by the dispute. Now 
all classes have had to submit, under dire pressure 
and privation. The leaders threaten retaliation at a 
future day, and possibly ill-feeling will breed disputes 
in the future; but it will take a long time to re- 
establish unionism where the men have been so badly 
beaten. 

In the Birmingham district there is little change. 
Trade is dull in the extreme in the iron, steel, and 
engineering industries. There have been no fresh 
developments in connection with labour. The settle- 
ment of the dispute in the bedstead trade has removed 
a great difficulty, and has, perhaps, tended to prevent 
others taking place. There is nearly always close 
sympathy in industrial matters, just as there is in 
trade, one movement often originating another. 


Another forward step has been taken in the 
adoption of something approximating to the eight 
hours system in the engineering trade—namely, by 
Messrs. Ransomes and Rapier, at Ipswich. The 
working time has been reduced from 54 hours per 
week to 50 hours per week. The men start work 
under the new system at 8 a.m., instead of six o’clock, 
as formerly ; they have breakfast before they start; 
an hour for dinner—12.30 till 1.830— and then work on 
till six in the evening. On Saturdays they leave work 
at midday. The workmen thankfully accepted the 
scheme, It involves no loss in wages; it is hoped by 
the employers that there will be no real loss in the 
work done by the men. 


The cotton dispute in Lancashire does not appear 
to be nearing the end. In point of fact, there are 
signs of its extension in so far as short time is con- 
cerned, and by some other employers engaging in the 
struggle. The employers allege that the stoppage has 
not materially reduced stocks. Chis shows a diminished 
demand, which is hardly likely to tell in favour of a 
concession to the workpeople. Indeed, the condition 
of the cotton industries is not such as to warrant 
expectations of an early change for the better. 


The strike of the German miners has collapsed in 
nearly every district, after much suffering and priva- 
tion, some hard blows, and some arrests. The utter 
want of organisation places the men in such a position 
that they have no staying power. It is at best but a 
rush, often with violence, and then a miserable defeat. 
The condition of the Continental minersis much worse 
than even the worst of those in Great Britain as to 
wages, hours of labour, and conditions of employment. 


It is nowofficially announced that the Labour Depart- 
ment of the Board of Trade is to be reorganised, and 
that the Government have sanctioned the requisite ex- 
penditure. The early publication of the facts in connec- 
tion with it was1egarded as a breach of confidence on the 
part of some one who was consulted, as was also the 
fact that certain persons have been approached on the 
subject of the various appointments. However, Mr. 
Mundella has now announced: The new Labour De- 
partment will be under the Board of Trade, but it 
will be as distinct as that of the railways from the 
mercantile marine. There will be a Commissioner 
for Labour, with four labour correspondents, each of 
the latter having his own special work. There will 
also be, it appears, a number of labour correspon- 
dents in the chief centres of industry, whose duty 
it will be to furnish information from time to time 
or regularly, as the case may be. The latter will 
not be “‘ officials,” but will have a small yearly hono- 
rarium for the special work performed. It will be 
their duty to supply reports on the state of trade, 
on matters of dispute, and other subjects. In the 
event of special inquiries being required, the Labour 
Department will send down an ‘‘ official” or other 
person specially qualified. A Labour Gazette will 
be established for the purpose of publishing and 
disseminating the information collected, but quite 
distinct from the Board of Trade Journal. Morever, 
it is intended that the invaluable mass of information 
hidden away in Blue Books, consular and other re- 
ports, shall be popularised and presented in an avail- 
able and readable form. In this way it is hoped that 
the Labour Department will fulfil its mission asa de- 
piztment for the collection, tabulation, and publica- 
tion of information on all subjects of industrial interest, 
not merely historically, as in the United States, but 
periodically, throughout the year. The department 
will not be executive in any way, but its advice 
will be sought by the, responsible Minister upon all 
matters pertaining to labour. There will, however, 
still be the diyided duties and responsibilities as regards 


factories and workshops and mines under the Home 
Office, and as to registration by the Registrar of 
Friendly Societies. 


There was no note of warning more definite and 
pronounced at the recent miners’ conference at Bir- 
mingham than the determination of the National 
Federation of Miners to resist any and every reduc- 
tion in wages all along the line. Mr. Ben Pickard, 
M.P., said, referring to the rumours of reductions, 
‘the battle may as well come first as last, and if 
there is to be a fight let it come before, and not after, 
wages have been given away.” Presumably the 
latter part of the sentence had reference to an implied 
though half-hearted willingness, in some sorely tried 
districts, to submit to a reduction in consequence of 
the state of trade, and the competition of other dis- 
tricts where the rates of wages have gone down, as in 
the two northern districts of Northumberland and 
Durham, and in South Wales. All speculations, 
therefore, upon the basis of a fall in the price of fuel, 
and all estimates for works in connection with manu- 
facturing industries of all kinds on the same basis, 
will apparently be futile, because the stoutest resist- 
ance will be offered to any lessening of the cost of 
output in so far as wages are concerned There may 
be, or there may not be, a fight over the question, 
but, if there is, it will be a big fight and a stubborn 
one. Itis to be hoped that it will be averted by a 
revival in the state of trade in our staple industries. 

The Welsh miners have given plenary powers to 
their representatives to negotiate with the employers 
on the sliding scale, the latter having made some con- 
cessions in respect thereto. The votes were—for giving 
plenary powers, 41,814 ; against, 17,764 ; majority for, 
24,050. Takiug the totalnumber of the men at 85,000, 
it woull appear that some 25,422 did not take the 
trouble to vote. The representatives of the National 
Federation in Wales look upon these abstenticns 
as being adverse to the scale, but they may have 
been just the other way. It is not fair to assume 
that they were either favourable or the reverse. 
The men had to consider the state of trade in the dis- 
trict, and they appear to prefer some reasonable re- 
adjustment of the scale to a big strike. At any rate, 
for the present a dispu’e on a large scale has been 
averted, if only temporarily. 

The strike that was imminent at the Clivigee 
Colliery, in Lancashire, with reference to wide pillars 
in the pit, has been postponed until a careful examina- 
tion cf the pit, and all the circumstances have been 
inquired into by the representatives of the men and 
the masters. The men alleged that the proposed 
changes would entail 25 per cent. reduction; the 
manager and the owners contended that the effect 
would be beneficial, both as regards safety and also the 
earning of more wages, The men had given in notices, 
which expired on the 18th inst., but at the inter- 
view these were allowed to stand over for a fortnight 
for the investigation. It is expected that a mutual 
arrangement will be effected. 

The Bamfurlong accident is likely to be the subject 
of legal inquiry, as the Lancashire Federation of 
Miners have instructed a solicitor of Bolton upon the 
question as to whether boys varying from 12 to 15 
years of age can contract themselves out of an Act of 
Parliament ; and, secondly, whether a man can con- 
tract away the rights of others under what they deem 
to be compulsion. These new points under the 
Employers’ Liability Act will be of importance. 

There is a dispute at the Silver Hill Colliery, Notts, 
and the men have sent in their notices. The dispute is 
over tonnage rates, all the other points having been 
arranged. There are also one or two other disputes 
in Nottinghamshire, one over the discharge of an 
engineman, the other upon the question of watering 
the travelling roads in the pits. 

In Northumberland and Durham trade is becoming 
slack, At several pits there have been discharges of 
men owing to slackness of trade. At other pits only 
three or four days per weekare being worked. There 
are, however, no trade disputes of any consequence, 

The strike at the Granville Colliery in Derbyshire 
has been settled after prolonged interviews with the 
manager. The menspeak in the highest terms of the 
way in which he met them in every respect. Nothing 
can be more gratifying than to find that in the heat cf 
a dispute courtesy and kindliness are reciprocated, 


THE PHYSICAL SOCIETY. 

PuysicAL Sooty, January 13, 1893, Professor G. F. 
Fitzgerald, M.A., F.R.S., president, in the chair. 

Mr. Hazelfoot was elected a member of the Society. 

Mr. F, W. Sanderson, M.A., read a paper on ‘‘ Science 
Teaching.” In this communication the author considers 
the methods of teaching physical science, and remarks 
that other sciences may best be treated in some different 
manrer, 

The method recommended is one found suitable in 
public schools where boys may remain till about the age 
of 19. In elementary and secondary schools modification 
would be necessary with a view to making it more imme- 


diately useful, whilst in university and technical colleges | 


other methods might be preferable. The object of his 
public school method was to make physical science a deti- 
nite means of education, rather than to produce skilled 
physicists. Certain mathematical subjects, suchas arith- 
metic, geometry, and algebra, should be taught before 
physics is begun, and taught in such a way as to aid sub- 
sequent physical work. : 

In teaching arithmetic it is deemed desirable to distin- 
guish between the science and the art of it, and to have 
separate hours for instruction in each, The subjects in- 
cluded in each part are described in some detail in the 
paper. No existing arithmetic satisfies the author’s re- 
quirements. 

Geometry is considered of the first importance ; prac- 
tical geometry and the use of instruments forming tke 
best introduction to the subject. It is recommended that 
the elementary part be taught by the mathematical 
master with a view to formal geometry, e.g., Euclid. As 
most practical geometries consist of isolated constructions, 
they are useless for teaching the subject in a scientific 
manner. A number of problems suitable for a graduated 
introductory course are given. 

After elementary geometry, mensuration may be taken 
up with advantage, the facts being verified by drawing 
to scale, measuring, or by weighing, but no rules being 
given. 

Trigonometry of one angle may then be commenced. 
Here also free use should be made of the drawing board, 
each pupil finding the sines, cosines, and tangents of 
angles by drawing and measurement, and making tables, 

Quite independent of the mathematical class, the author 
has been in the habit of carrying boys, on the engineer- 
ing side, through a course of graphical analytical geo- 
metry, in which they draw straight lines and the 
quadratic curves, &c., from their equations, solve simul- 
taneous linear equations, quadratics, cubics, &c. Other 
geometrical constructions follow. 

The subject as to what branches of science should Le 
taught in the different departments of a school is then 
considered, and schemes are given for the classical, 
modern and commercial, science, and engineering sides. 

Some general principles which have been kept in view 
in arranging the yhysical teaching are next described. 
In the first place, the fundamental experiments and 
observations on which each scientific law is based are 
explained to the pupils, and when possible the experi- 
ments are performed by the boys in the laboratory. 
Secondly, from the experiments the laws are stated as 
precisely as possible, the form of statement depending en 
the knowledge possessed by the class. The problem of 
expressing a law mathematically from its most funda- 
mental statement is then fully considered. Thirdly, 
mathematical deductions from the laws are followed out, 
and the pupiJs perform experiments to verify the results 
and thus confirm the laws. Fourthly; a course of exact 
physical measurements is given, which includes mensu- 
ration, hydrostatics, mechanics, scund, heat, electricity, 
and light. 

A first and second year course is arranged in each sub- 
ject, and in both years all the boys work the same experi- 
ment at the same time. This necessitates multiplication 
of apparatus, but being of a simple character in the lower 
forms, where the pupils are numerous, itis not prohibitive. 
It is also stated that boys get better results with com- 
paratively rough apparatus, if large, than with delicate 
and expensive instruments. About half the time devoted 
to physics is spent in the lakoratory. 

Mathematics is introduced as far as can be done with- 
out straining the pupils too much, and with young 
classes appeal is made to experiment where the strictly 
logical argument would be difficult to follow. 

Instead of teaching the applications of science, as dcne 
in some technical schools, the author’s methcd is to teach 
pure science, and let the applications ccme in as illustra- 
tions. ; 

At the end of the paper detailed lists of experiments 
for practical courses in electricity and optics are given. 
Samples of the apparatus used were exhibited at the 
meeting, those for optics being particularly simple ard 
ingenious, 

Professor A. M. Worthington said his experience kd 
him toa very hearty agreement with Mr. Sanderson on 
all essential points, and he thought there was now a close 
agreement amongst teachers as to the best methcds. 
He, therefore, wished toask : Had not the time now ccme 
at which the Physical Society might usefully endeavour 
to exert direct influence on science teaching? As the 
scientific instruction of a person who intends following a 
scientific calling is generally divided into stages, and 
conducted in different places under different teachers, he 
thought it was desirable that those in charge of his train- 
ing at each stage should say up to what point his instruc- 
tion should be carried before he reaches them. 

Other matters in which the Society might do useful 


work were: 1. Reporting on text-books and condemning 
the bad ones, 2. Furthering the adoption of the decimal 
system. 


At present, he said, an enormous extension in the teach- 
ing of physical science was taking place, and it seemed 
within the power of the Physical Society to place itself at 
the head of the movement. Another point which required 
to be settled was the reJative importance of physics and 
chemistry at different stages of a student’s education. 

Mr. L. Cummingagreed with the general principles laid 
down by Mr. Sanderson. In attempting to carry out 
such schemes numerous difficulties presented themselves, 
especially where the science master had not control over the 
subdivision of the boy’s time. He had tried teaching the 
science of arithmetic to boys in the lower forms, but the 
results were not encouraging, for he found very few who 
could do much in it. They seemed to devote themselves 
much more readily to concrete problems and the art of 
manipulation of rules. Graphical statics was very valu- 
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able. As regards experimental lectures, he believed them 
to be very important, especially in junior classes. For 
scholarship boys a different method had been tried with 
success. Instead of performing lengthy experiments com- 
pletely before the class, the essential parts were gone 
over, and for the minor points the results obtained in ex- 
periments made before or after the lecture were given, so 
that all the data for reducing the results were to hind. 
This saved considerable time. Hehad hoped Mr. Sinder- 
son would say something about the slide rnle, and wished 
to learn his opinions on its use. . 

Dr. Stonely said he was very much struck with the 
methods of teaching brought forward by Mr. Sanderson, 
and remarked that his own work would have been con- 
siderably lightened if such a scheme had been developed 
many years ago. Experimental methods were very 
valuable, provided the inaccuracies of measurement be 
kept in view. Plotting curves was also very instructive, 
and might be made a means of furnishing the funda- 
mental notions in the differential and integral calculus. 
As to the introduction of chemistry, his experience went 
to show that that this should be done at an early age. 
Dynamics should also be begun early. f 

Mr. W. B. Croft thought that if the Society did make 
rules to regulate the teaching of physical science, these 
rules should not be too strict, for the ages and aims of 
boys might differ widely. At Winchester the science 
teaching was carried out on the lines recommended by a 
committee of the Royal Society appointed to consider the 
subject. (Leaflets showing the scheme adopted were 
here distributed to members.) The object of the scheme 
was not merely to make science a means of education, but 
an integral part of the education of the pup‘ls. He also 
made a point of keeping the lecture experiments up to 
date. 

Mr. Rentoul said dynamics should not be taught as a 
mathematical subject, but experimentally, He thought 
it of the first importance that boys should learn how to find 
out facts for themselves, and for this practical work was 
essential. 

Professor Ayrton remarked that the conditions under 
which science was taught differed in different places. He 
himself taught with the object of enabling the persons 
under instruction to improve the industry. Jor this pur- 
pose he believed the analytical method more suitable 
than the synthetical one advocated by Mr. Sanderson. It 
also had the advantage of being more scientific, for it was 
more natural, being, in fact, that used by children from 
birth, for they had no other means of learning the nature 
and properties of their surroundings. In his first year’s 
technical course the work was synthetical, whilst in the 
third year the students, having analysed existing appa- 
ratus, were taught to devise new or improved forms, 
and hence the work became more synthetical. 

Mr. F. J. Smith said it was important that students 
be taught to measure by the balance, micrometer, sphero- 
meter, &c., as soon as possible. He also inquired how 
far Mr. Sanderson’s pupils could help themselves in 
making the apparatus required for the simple experi- 
ments, ; 

Dr. Gladstone agreed with many points in the paper. 
Lately he had had to do with schemes for improving the 
teaching in elementary schools. Children were naturally 
philosophers, but at present their curiosity was considered 
objectionable and sternly repressed. Efforts were now 
being made to alter this state of things. Kindergarten 
classes in infant schools were a step in the right direction. 
It was very difficult to introduce analogous methods in 
the higher standards, but natural science had now ob- 
tained a footing. Although the methods of teaching 
adopted might be those suitable for pure science, care 
should be taken to put in practical illustrations, for, when 
suitably chosen, they are sources of great interest to 
children. 

Mr. Sanderson, in reply, said the slide rule was used 
throughout the course. Mechanics was taught by actual 
machines, such as pulley blocks, screw jacks, &c. The 
boys made some apparatus, but to make all would re- 
quire too much time. 

The President, when proposing a vote of thanks to the 
author of the paper, said that in Ire'and the opinion that 
boys and girls cannot be taught science greatly pre- 
dominated. They found considerably difficulty in get- 
ting any continuation of the kindergarten teaching 
sanctioned. Possibly drawing might be allowed, but this 
seemed all they could hope for at present. 

He wished to emphasise the fact that in such schools 
the object was education, and practical applications of 
science were not important except in so far as they 
created an interest in the subjects. At present scientific 
teaching was in an experimental stage, and, as in other 
things, progress is made by trial and error. Many dif- 
ferent methods were being tried, and it was important to 
know which were successful and which failures. He 
thought the Physical Society might be useful in collect- 
ing information on the subject by issuing a circular of 
questions to science teachers, and subsequently drawing 
up a report on the subject. 


MASON COLLEGE ENGINEERING 
SOCIETY. 

THE annual meeting of the above society was held on 
Wednesday evening, January 18, in Mason College, Mr. 
R. J. Richardson in the chair, a paper on ‘‘Gas-Making 
Plant ” being read by Mr. Charles Hunt, M. Inst. C. E. 

The author said the object of gas-making was to sepa- 
rate the gaseous from the solid constituents of coal, and 
nrepare them, by purification, for use as an illuminant 
This separation was effected by means of destructive distil- 
lation in retorts heated to from 1500 deg. to 2000 deg. 
Fahr. The various shapes, composition of retorts, and 
details as to their construction were given. Some inte- 
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resting data as to the comparative life of reterts were also 
given, the author stating that, while ordinary-sized 
retorts, 20 in. to 22 in. by 15 in. or 16 in., usually lasted 
about 24 months in constant use, in a trial setting of 
retorts 32 in. by 17 in. they became worn out in a little 
over nine months. : 

The methods of setting retorts were next described, and 
an explanat'on given as to the methods of heating retorts, 
the amount of fuel used in ordinary furnaces being from 
18 lb. to 23 lb. of coke per 100 lb. of coal carburised, much, 
however, depending on the regulation of draught, &c., 
while if the more modern regenerative system were used, 
the fuel expenditure was reduced to from 10 lb. to 12 lb. 
per 100 lb. carburised. Various methods of machine 
stoking and drawing were described. In comparing hand 
and machine stoking, the author said that for time alone 
machine stoking cost about one-third as much as hand 
stoking. : 

The system of inclined retorts was also fully explained. 
The author then followed the progress of the gaseous 
products after leaving the retorts, tracing them through 
the ascension pipe, dip-pipe, and hydraulics main, until 
the products were drawn off through the foul main to 
undergo the necessary cooling and purifying processes. 
Various forms of condensers were next described, the 
points in their design necessary to be avoided being 
emphasised. During the process of cooling, most of the 
condensible constituents of the gas were stated to be 
withdrawn, but some impurities still remained. The 
next step was through the washers and scrubber washers, 
various designs being explained, among which was a new 
washer designed by the author, ; 

Reciprocating and rotary exhausters and the various 
methods of driving them were explained. ; 

Purifiers, purifier valves, and station meters were in 
turn noticed, while much valuable information regarding 
the construction of gasholders was given. 

In conclusion the author gave some interesting facts 
concerning the gas industry. The oldest gasholder, 
erected by the South Metropolitan Gas Company in 1845, 
and having a capacity of 166,000 cubic feet, cost 24. 5s. 3d. 
per 1000 ft. storage capacity, while the most recent gas- 
holder built by the company has six lifts, a capacity of 
12,000,000 cubic feet, and cost 5/. per 1000 ft. storage 
capacity. The annual consumption of coal for gas- 
making in Great Britain alone was about 12,000,000 tons. 

The paper was profusely illustrated by models, draw- 
ings, and photographs, and was followed by a short dis- 
cussion, in which Messrs. Watkins, Knight, Richardson, 
Harman, and Tyndall took part, the proceedings termi- 
nating in a vote of thanks to Mr. Hunt for his paper. 


BOILER EXPLOSION NEAR WORKINGTON. 

A FORMAL investigation has been held by the Board of 
Trade at Workington, relative to a boiler explosion 
which occurred on Saturday, November 19, at Calva 
Hall Farm, in the occupation of Mr. Howe, and owned 
by Mr. H. F. Curwen, of Workington Hall. The Com- 
missioners were Mr. Howard Smith, barrister-at-law, 
London, and Mr. H. McIntyre, consulting engineer, 
London. 

Mr. K. E. K. Gough, who conducted the case on 
behalf of the Board of 'T'rade, in opening the proceedings, 
said that the boiler was of the ordinary vertical cylindrical 
type, 7 ft. 105 in. high, 3 ft. 6 in. in diameter, and fitted 
with three cross-water pipes in the firebox. The shell 
was formed of three rings of plate # in. thick, lap-jointed 
and single-riveted. The firebox was 6 ft. 3 in. high and 
3 ft. 3 in. in diameter, made of plates $in. thick. The 
crown plates both of the shell and the firebox were ;% in. 
thick, secured by single rows of rivets. The mountings 
consisted of a safety valve with lever and weight; a 
feed check valve, a glass water gauge, a steam pressure 
gauge, anda fusible plug. The boiler, which cost 136/., 
was supplied by Messrs. Bryden and Davidson, engi- 
neers, Whitehaven, in January, 1875, to Mr. John Gib- 
son, the then tenant of the farm. ‘The boiler in the first 
instance worked at about 35 lb. pressure, and was used 
for supplying steam to an engine which drove a thresher 
and other agricultural machinery. No examination was 
made of it while in Mr. Gibson’s possession, and in 
February, 1876, his brother, Mr. William Gibson, took 
over the farm and purchased the boiler, which he con- 
tinued to work for the same purpose and at about the 
same pressure. It was cleaned out occasionally while 
in his possession, but appeared to have undergone 
no examination. . In 1885 Mr. William Gibson gave up 
the farm, and at that time there was a small hole in the 
safety valve chest, and a new valve was supplied by 
Messrs. Robinson, of Fairfield Works, Cockermouth. 
The boiler was then taken over by Mr. Potts, the agent 
for the landlord, Mr. Curwen, and he had it valued by 
Messrs. Robinson, who gave a certificate to the effect 
that it was in proper working order and safe, and that its 
value was 110/. This sum was, therefore, paid for it to Mr. 
William Gibson. The farm, along with the boiler, was 
then rented by Mr. Harry Howe, and though Mr. Potts 
appeared to have been aware that the new tenant had 
no knowledge of the keeping and management of boilers, 
no suggestion was made by him either as tothe pressure 
at which the boiler should be worked, or as to the neces- 
sity for periodical examination by a competent person. 
The boiler, therefore, was worked on as before, and at 
the same pressure. Mr. Howe found that the safety 
valve blew off at 401b. by the gauge, and as this was 
insufficient for his work he put an additional 14 lb. weight 
on the lever, and the gauge then registered a pressure of 
about 50 1b. Mr. Joseph William Robinson, son of Mr. 
William Robinson, and a member of the firm of Messrs. 
Robinson previously mentioned, was subsequently called 
in to make some slight repairs to some of the fittings, but 
he did not suggest that the boiler should be examined. 


It was only used at intervals, and was stated to be occa- 
sionally cleaned out. About a fortnight before the ex- 
plosion it was used for three hours, the gauge then record- 
ing a pressure of 50 1b. About 8 o'clock on the morning 
of Saturday, November 19, the water was about half-way 
up in the gauge-glass when the fire was lit, and at 9 o’clock 
the pressure was said to be 87 lb. Shortly afterwards the 
boiler exploded, and was shot up through the roof of the 
boiler-house, and fell into a field some distance away. 
Fortunately, however, no one was injured. The firebox, 
it was found, had collapsed and rent, and on examination 
proved to be very seriously reduced by corrosion, In 
fact, the boiler when it burst, and for some time pre- 
viously, was in a very dangerous condition. The safety 
valve, with the additional weight which had been put on 
by Mr. Howe, was stated to blow off at a pressure of 
about 60 lb. The steam gauge was examined after the 
explosion, and the tube by which it was attached to the 
boiler was found to be nearly choked up, and to be thus 
rendered practically inoperative. 

Messrs. John and William Gibson gave evidence as to 
their use of the boiler while they were tenants of the 
farm, and generally corroborated the statements made by 
Mr. Gough. 

Mr. Potts deposed to having taken over the boiler on 
behalf of Mr. Curwen when the farm was let to Mr. 
Howe. He employed Mr. Robinson to examine it, 
having been recommended to him as an engineer, and he 
gave a certificate tothe effect that the boiler was in good 
working order and worth 110/._ There was a clause in the 
agreement that the tenant should keep the engine and 
threshing machine in good repair and in working order, 
to the satisfaction of any practical engineer the landloid 
might appoint to inspect the same. That referred also 
to the boiler, though it was not mentioned in the agree- 
ment or in any other document. 

Mr. William Robinson, of Fairfield Works, Cocker- 
mouth, stated that when he valued the boiler he had it . 
cleaned, but did not examine it ; in fact, he could not do 
so. His firm put in a new safety valve to blow off at 
40 lb. to 45 1b., and because the boiler did its work at that 
pressure he thought it was safe. 

Mr. Joseph William Robinson said that his firm were 
agricultural imp!ement makers, and not engineers. He 
never saw the additional weight on the lever which had 
been referred to, though he was told it had been used. 

Mr. Harry Howe deposed to his working the boiler at 
a pressure of 40 lb. to 50 1b. He wanted higher pressure 
when the new valve was applied, and put a weight of 14 lb. 
upon the lever. He told Mr. J. W. Robinson afterwards 
that he had done this, and Mr. Robinson suggested that 
‘if the lever was lengthened it would keep the safery 
valve down.” He never had the boiler examined or 
cleaned out. He had only been out of the boiler-house a 
minute or two when the explosion occurred, and on 
returning he found that the boiler had gone through the 
roof and dropped in a field 60 yards away. 

Mr. J. B. James, Engineer-Surveyor to the Board 
of Trade, stated he had examined the boiler after 
the explosion. It had been in a dangerous condition 
for some time past. The corrosion of the firebox was 
general, and this could have been detected had an 
examination by a competent person been made within 
the last two or three years. The pipe connecting the 
pressure gauge with the boiler was choked, so that he 
could not get a fine knitting-needle into it. 

This concluded the evidence, after which Mr. Gough 
submitted a number of questions to the Commissioners 
for their decision. 

Mr. Howard Smith, in giving judgment, reviewed the 
evidence given, and the general facts connected with the 
explosion. There was, he said, no obligation on the part 
of the agent, Mr. Potts, to advise Mr. Howe, and by the 
agreement which had been put in, it was the duty of the 
tenant to keep the machinery in good condition. As 
Messrs. Robinson—who were recommended to Mr. Potts 
as competent engineers—had furnished a certificate to the 
effect that the boiler was in good working order and safe, 
the Court considered that Mr. Potts wasjustified in leaving 
the boiler on the premises for the use of the incoming 
tenant. Mr. Howe had the boiler in his possession for 
about seven years, and during that time he did not 
have it examined or cleaned out ; and, further, he took 
upon himself to place an extra weight on the end of the 
lever, thereby increasing the pressure. This conduct 
showed how careless some people were in the management 
of steam boilers. Mr. Howe’s fault, however, arose from 
ignorance, but at the same time the Court had no hesita- 
tion in finding him to blame. Though they had grave 
doubts as to whether Mr. W. Robinson was to blame, 
they were clearly of opinion that Mr. J. W. Robinson 
was to blame, for this reason, that they thought that the 
additional weight, they would not say caused, but con- 
tributed to the explosion. The boiler had been worked 
for seven years at a greater pressure than it ought to have 
borne even when quite new, according to the evidence of 
the Engineer-Surveyor to the Board of Trade, who con- 
sidered that 50 lb. should have been the maximum, 
whereas by the additional weight that pressure had been 
exceeded. Mr. J. W. Robinson, it was true, did not put 
that additional weight on, but he came as an engineer to 
examine the boiler, he saw that the extra weight had 
been applied, and suggested that the lever should be 
lengthened. He did not, however, tell Mr. Howe that it 
was wrong to have put on that extra weight. It wasa 
reckless thing to do, and if Mr. Robinson had been an 
engineer it would have been wickedly careless of him to 
have had a person put a speculative weight on the lever. 
But even with the experience that Mr. Robinson did 
possess, the Commissioners considered that it was a reck 
less thing for him to do, and they had therefore come to 
the conclusion that he was to blame as well as Mr. Howe. 

On this finding of the Court Mr. Gough applied that a 
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portion of the costs of the inquiry should be paid by Mr.| the greatest external diameter, and for the Purves, 


J. W. Robinson and Mr. Howe. 

Mr. Howard Smith, in reply, said that the Court 
thought that justice would be done by ordering Mr. 
J. W. Robinson to pay 5/. and Mr. Howe 10/. towards 
the costs, and he would therefore make the necessary 
order for the same. 


MARINE BOILER FURNACES.* 
By Mr. D. B. Morison, Member of Council. 
(Concluded from page 88.) 


Flits on Furnace Ends.—The test value of modern 
marine furnaces depends to an extent on the length of the 
flat parts at the ends. Hig. 23 gives the results of those 
test furnaces which collapsed at the end flats, the collaps- 
ing coefficients having been calculated by taking the ex- 
ternal diameter. 


Where 
Ee x? = collapsing coefticient. 
P= pressure per square inch at which collapse took 
place. 


external diameter of the flat. 
thickness of flat in inches. 


Il Il 


oF 
In each case the collapsing coefficient has been reduced to 
a basis of steel having a tensile strength per square inch 
of 27 tons. The diagram includes all the Fox, Purves, 
and Morison test furnaces which collapsed on the flat, the 
diagonal line representing the mean result. 

In the Morison furnace no flat need exceed 4 in., and 
the Board of Trade have fixed the limit at 5 in., or Lin. 
less than in the Fox, the explanation of this difference 
being that the design of the former is more suitable for 
short flats than the latter. By the aid of the diagram the 
collapsing coefficient of any length of flat can be found 
with any furnace of the modern types. Neglecting the 
irregularities of the tests, which may be due to one furnace 
being more nearly circular than another, it is seen that the 
strenzth of an end flat bears an inverse ratio to its length. 
The weakest flat is at the top back end over the bridge, 
but this in practice can be reduced toa minimum. Flats 
at the front end and the bottom back end are not exposed 
to such a high temperature, consequently the end plates 
in a furnace when in use are probably stronger than that 
part of the body of a furnace exposed to the greatest 
heat. 

It has lately been the custom when the flat at the back 
bottom end exceeds the regulation limits to roll in a 
corrugation half-way round ina Fox furnace, and hammer 
out a rib half-way round in a Purves design, but unless 
the flat is very long this appears unnecessary, as deforma- 
tion or collapse does not generally take place in the ash- 
pit, except when the furnace is too rigidly stayed. 

Factors of Safety.—The furnace manufacture for the 
mercantile marine of this country is under the absolute 
control of the Board of Trade and Lloyd’s Registry, as 
not only do these authorities determine the limits of the 
tensile strength of the steel to be used, but by formulat- 
ing rules for the strength of furnaces they also control 
the weight and consequently the commercial value of 
every type of furnace used in marine boilers. 

The importance of the furnace manufacture may be 
estimated from the fact that the Leeds Forge Company 
have made over 30,000 corrugated furnaces, while Messrs. 
John Brown and Co., of Sheffield, have made 10,000 of 
the Purves design. Until recent years, or since the 
general adoption of triple-expansion engines, the types of 
special furnaces were but few; the demand for improve- 
ment, however, has resulted in other designs, and the in- 
creasing severity and accuracy of the Board of Trade 
tests may be explained by the desire to give each design 
proportionate value. A tabulated report of the tests of 
the suspension furnace is appended (page 88 ante), which 
illustrates the highly expensive and thorough nature of 
the experiments. Table VIII. (page 120) gives the ap- 
parent factors of safety allowed by the Board of Trade 
and Lloyd’s for the various furnaces mentioned in this 
paper ; it also gives the factors reduced toa common basis 
of steel of 27 tons tensile per square inch. The factors of 
safety have been formed by dividing the actual collapsing 
pressures under cold water test by the working pressures 
allowed by the Board of Trade and Lloyd’s rules, 


Factor of safety = 


The fluctuations of the factors of safety required at dif- 
ferent times for the same furnace, and at the same time for 
different furnaces, are shown by Fig. 19. In 1891 the 
Board of Trade required a factor for the Fox furnace of 
5,58, and in 1892 it was 5.44. For the Purves furnace the 
factor in 1888 was 4.87, and in 1890 it was 5.05, whilst the 
Morison furnace has a provisional factor of 5.91. 

Lloyd’s factors also vary considerably. In 1891 the Fox 
factor was 5.35, and in 1892 it was 5.24.. The factor of 
the Purves furnace in 1888 was only 4.21; in 1889, 4.21; 
and in 1890, 4.85. The Holmes furnace requires 5.34, 
the Farnley 5.39, and the Suspension 5.58. 

These furnaces being all of high tensile steel, cannot be 
directly compared with the first of the Fox furnaces in 
1882. The larger factors now demanded seem to indicate 
a decrease of confidence in steel of the high tensile 
strength such as has lately been used. The Board of 
Trade have now adopted the standard dimension of the 
least external diameter as a basis for their formula for 
all furnaces, and as the least internal diameter is a 
measure of the effective width of grate, this dimension 
seems very suitable and convenient. Lloyd’s formulas 
require in the case of Fox, Farnley, and Morison furnaces 


* Paper read before the North-Hast Coast Institution 
of Engineers and Shipbuilders, 


Holmes, and Adamson the least external diameter. This 
difference causes a difficulty in directly comparing the 
constants allowed for different furnaces, and a standard 
dimension of the least external diameter would be a great 
improvement. ; 

Material. —It is impossible to over-estimate the value 
of determining the quality of steel most suitable for the 
manufacture of boiler furnace tubes of modern high- 
pressure boilers, as suitability of material is the first, 
essential to practical success. On the introduction of the 
corrugated furnace in 1882, the manufacturers considered 
that a steel of low tensile and high elongation was the 
best for the general requirements of a furnace, and the 
fact that at the Leeds Forge alone 28,000 furnaces have 
been made of steel under 26 tons tensile, and that in’ 


Board of Trade regulations for furnace steel are that it 
should not be less than 26 tons tensile strength, and 
should not exceed 30 tons, and recognise 28 tons per 
square inch with an elongation of not less than 20 per 
cent. in 10 in. as a good tensile strength such as is suit- 
able for furnaces. Liloyd’s also recognise steel of from 
26 to 30 tons as suitable for furnaces. The English Ad- 
miralty, whose experience with corrugated furnaces of 
low tensile has been remarkably successful, now specify 
that the tensile strength of steel for furnaces must not 
exceed 25 tons, with an elongation of not less than 27 per 
cent.in 8 in. All Continental Governments also use steel 
under 26 tons for furnaces, and the United States Govern- 
ment requires the tensile strength to be from 50,000 lb, to 
60,000 lb. or 22.3 to 26.8 tons per square inch. The ten- 
sile of the Purves flue has always been from 26 to 30 tons 
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FORMS OF FURNACES, ON THE BASIS OF COLD WATER TESTS. 
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1888 the Engineer-in-Chief of the Board of Trade should 
have written the following in his work on ‘Boiler Con- 
struction,” is a sufficient proof that their views were 
correct. Mr. Trail says: “Up to this time, 1888, itis 
not known that any serious casualty has resulted from 
the collapse of a corrugated furnace, although some have 
come down, but when this has been the case, the plates, 
it is believed, have been over-heated, due to dirt or 
other easily-assigned cause not attributable to defects in 
the furnace, and such deformations as have taken place 
would have been of a much more serious nature had the 
furnace been plain instead of corrugated.” Mr. Trail 
also foreshadows a modification of the Fox design, such 
as the suspension furnace, as he says, ‘‘there is still a 
good deal of vitality in the corrugated furnace, and 
possibly its special advantages may yet be improved 
upon, and s0 give it new life to compete successfully with 
any that may come into the market against it.” The 


for the mercantile marine ; consequently, from a commer- 
cial point of view, the Leeds Forge Company were com- 
pelled to raise their standard tensile, and since 1890 prac- 
tically all furnaces for the mercantile marine have been 
made of steel having an average tensile of 28 tons, or 
4 tons higher than the standard adopted by the Leeds 
Forge Company prior to that date, and 4 tons higher 
than the requirements of the English and foreign Govern- 
ments. The all-important question is, therefore, Have 
furnaces made from steel of from 26 to 30 tons tensile 
been as successful as those made from 23 to 26 tons? The 
writer has lately consulted with many eminent engineers 
on this important subject, and the general opinion un- 
doubtedly is that we may pay too dearly for the lighter 
furnaces of the harder material, and the fact that the 
percentage of failures is now greater than ever before has 
caused a feeling in favour of softer material, or, in other 
words, that steel having a tensile strength not exceeding 
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26 tons, with an elongation of 25 per cent. in 8 in., is 
more suitable for furnaces than steel having a tensile 
strength not exceeding 30 tons. The advantages for the 
lower standard are, in the writer’s opinion : 

It is better able to stand the rough usage of an ordinary 
boiler shop. 

It is less liable to develop small cracks in manufacture 
which may pass unnoticed and afterwards extend. 

It is more ductile, and will stand the continued expan- 
sion and contraction incidental to a steam boiler better 
than high tensile. 

Tt will remain longer ductile than the harder steel. 

Tt will also be less liable to crack at the back ends. 

In fact, the only point which is apparently in favour of 
the high tensile is that the first cost of the furnace is 
slightly less, although the result is uncertainty of mate- 
rial and the probable shortened life of the furnace. 

Temperature.—The influence of temperature upon the 
strength and ductility of mild steel does not seem to have 
had the attention that the subject merits. There is con- 
siderable uncertainty as to the exact temperature of the ma- 
terial of « furnace under actual working conditions; but 
the experiments made by the late Dr. A. C. Kirk have 
determined it with approximate accuracy. (See ENatr- 
NEERING, July 15 and September 9, 1892 ) 

Dr. Kirk aimed at finding the temperature of the fire 
side of tubeplates of various thickness, the upper sides of 
which were covered with water, which was allowed to 
boil at atmospheric pressure. The results of the experi- 
ments are shown graphically in Fig. 24, the abscissze 


steel having an elastic limit of 35,000 lb. per square inch 
at zero has its elastic limit reduced to 20,0001b. per square 
inch at 600 deg. Fahr. 

It is also found that between zero and 550 deg. Fahr. 
all steels show decided yielding at loads below the elastic 
limit, and that after this yielding takes place it may go 
on even with slightly reduced loads. This is especially 
the case with mild steels, such as are used for the manu- 
facture of furnaces. 

Another point is, that the higher carbon steels reach 
the temperature of maximum strength more abruptly, 
and retain their highest strength over a less range of 
temperature than steels having a low percentage of 
carbon. 

The ductility of steel also varies with the temperature ; 
this is shown by Fig. 22, which represents the contraction 
of area at the point of fracture for various temperatures 
There is a tendency to fracture with less contraction of 
area up to a temperature of 400 deg. to 600 deg. Kahr. 
In the vicinity of this range of temperature a number of 
the bars fractured obliquely across their stems instead of 
at right angles, as at higher and lower temperatures. This 
behaviour is significant, and appears to connect the tensile 
tests with the brittleness which is also observed in bending 
tests at these temperatures. 

The influence of temperature upon steel may be sum- 
marised as follows: 

With a thick furnace the temperature of the plate will 
be higher than with a thin one, and consequently the 
elastic limit will be lower, and there will be a liability to 
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representing thickness of tubeplate, and the normals the 
temperature of the fire side of the plate above 212 deg. 
Fahr. A fair curve is drawn through the mean of the 
results. 

With a clean plate lin. thick the temperature of the 
fire side was found to exceed that of the water side by 
294 deg. Fahr., while with a4-in. plate the difference 
under the same conditions was only 88 deg. Fahr. 

With a temperature on the water side of 380 deg. Fahr., 
corresponding to a steam pressure of 180 lb. per square 
inch, the temperature on the fire side of an inch plate 
would be 670 deg., and with a 4-in. plate 468 deg. Fahr. 

The diagram shows that the difference in temperature 
increases from 88 deg. Fahr. with a }-in. plate to 588 deg. 
Fahr. with a 2?-in. plate. 

It may be noted that the results are not so reliable for 
very thick plates, but within the limits of thickness used 
in practice they are sufficiently accurate. 

The thickness of the plate of which a furnace is formed 
has a most material influence upon the temperature of 
the furnace, and as in practice the thickness varies 
between the limits of 4 in. andlin., it may be assumed 
that the temperature (when the furnaces are clean and 
have no scale) is between 468 deg. and 670 deg. Fahr. 

The influence of temperature upon the behaviour of 
mild steel under tension is shown by a splendid set of 
experiments made with the United States testing ma- 
chine in 1888, from which the diagrams, Figs. 20, 21, and 
22, have been copied. 

Briefly, the results shown by these experiments are— 
that the tensile strength of all steel decreases from zero 
Fahr. toa temperature of 200 deg. to 300 deg. Fahr. ; 
this is followed by an increase, and the maximum tensile 
strength is reached at about 400deg. to 600 deg. Fahr. ; 
perond this latter temperature the strength decreases 
rapidly. 

Although the ultimate tensile strength of the steel in- 
creases between 200 deg. and 600 deg. Fahr., the elastic 
limit steadily decreases from zero Fahr, upwards, and 


, 


sag unless the factor of safety is very high in the first 
instance, 

With thin furnaces, say about 4 in. to 2in. thick and 
180 lb. pressure of steam, the temperature of the inner 
surface of furnace plate, which is clean on the water side, 
is 470 deg., and consequently about the brittle tempera- 
ture ; it is therefore necessary to guard against this 
brittleness by employing steel of low tensile strength, as 
the lower carbon steels retain their maximum strength 
and ductility over a greater range of temperature than the 
higher carbon steels. 

Longitudinal Elasticity of Furnaces.—The following 
particulars are extracted from a paper recently read in 
Germany by Herr Von Knaudt, of the firm of Schulz, 


Knaudt, and Co., of Essen, on ‘‘ Experiments made to 
Determine the Longitudinal Elasticity of various Designs 
of Furnaces.” These experiments were evidently made 
at great cost, and their completeness and reliability form 
a most valuable addition to furnace literature. The ex- 
perimental apparatus consisted of an hydraulic press 
(shown in Fig. 17), in which the furnace to be tested was 
placed horizontally between the body of the press and 
the hydraulic ram, these two representing the ends of a 
boiler. The load was applied longitudinally in incre- 
ments of 151b., each increment on the pump representing 
20.28 tons on the ram. On the completion of each incre- 
ment the shortening of the furnace was measured, the 
pressure was taken off, and the length again measured in 
order to ascertain the permanent set, if any. At intervals 
the pressure was allowed to remain on for a time, then 
released, and again applied, but there was practically no 
difference in the results if no permanent set had taken 
place. The results of these experiments are shown on 
Fig. 18, the horizontal scale representing the load in tons 
applied to the ends of the furnace, and the vertical scale 
represents, in decimals of an inch, the compression of the 
furnace in a length of 36in. In the curves the full lines 
denote the results under pressure, and the dotted lines 
the results after the pressure was released. The furnaces 


experimented on were five of the corrugated type, one 
Adamson, and one Purves ribbed. All these were made 
by Messrs. Schulz, Knaudt, and Co., of Essen, with the 
exception of the Purves flue, which was manufactured by 
Sir John Brown and Co., Sheffield. The tensile strength 
of the steel for four of the corrugated furnaces, Nos. 1, 3, 
4, and 5 on the diagram, and also the Adamson No. 6, was 
between 21 and 25.4 tons per square inch, with an elonga- 
tion of 25 to 30 per cent., and the fifth corrugated or 
No. 2 was 29.2 tons tensile and 28 percent. elongation. 
The tensile strength of the plate from which the Purves 
flue was made was not ascertained, but was probably 
between 26 and 30 tons. Full particulars of the dimen- 
sions of each furnace are given on Fig. 17. For the com- 
parison of the results take a uniform pressure of 100 tons 
applied at the end of the furnace. In the corrugated 
furnaces the compressions were .134 in., .112 in., .093 in., 
.075 in. per 36 in. in length, in the Adamson .021 in., and 
in the Purves .0071in. Further, the pressures required 
to shorten these furnaces ;'; in. (or .03125 in.) per 36 in. 
in length would be for Nos. 1, 2, 3, and 4, 19.27, 24.74, 
30,73, and 41.84 tons respectively ; No, 5, 92.18; No. 6., 
145.22; whilst to compress No. 7 would take 300 tons. 
Accidents to furnaces generally result from collapse, 
the development of small cracks along the line of fire, 
circumferential ripping in the body of the furnace, and 
the ripping at the back ends, usually starting from the 
flanged corners. Neglecting shortness of water, collapse 
of furnaces is generally due to accumulation, either of 
scale or of oily deposit, and may be prevented by the use 
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of evaporators and feed-water filters. The development 
of small cracks along the line of fire is caused by local 
overheating of the materials due to undue accumulation 
of deposit. The inward projections of the Fox furnace, 
for example, are towards the fire, and by receiving the 
greatest heat cause an undue accumulation of scale in the 
narrow pocket or cavity formed by the inward corruga- 
tion, with the result that the crowns of the corrugations 
get overheated and sometimes crack. ‘These cracks also 
occur in the Purves, but generally on or near to the 
thickened ribs. The most serious form of cracking, how- 
ever, is the sudden and unexpected ripping of a furnace, 
either circumferentially in the body or at the back end, 
these cracks sometimes extending for 18 in., and com- 
pletely destroying the furnace. This form of accident can, 
in the writer’s opinion, be avoided by the design and 
manufacture of the furnace, the disposition of the stays, 
and the suitability of material. It should never be lost 
sight of when designing the flanged end of a furnace that, 
the greater work put upon the material during its manu- 
facture, the greater is the danger of ultimate failure by 
cracking. It is also known that certain movements of 
the furnace result from expansion and contraction, conse- 
quently if these movements are concentrated at points 
and not distributed uniformly over the length of the fur- 
nace, then if the furnace cracks it will be at the weakest 
point of concentration. Accidents of this nature have 
also been caused by the leakage of feed-circulating devices 
fixed in the boiler bottom. The disposition of stays also 
appears of importance, as a furnace must and will move; 
consequently, if the tubes are kept too low, the saddle 
short, or the furnace stayed in all directions, with stays 
arranged very near to the surface of the furnace, the 
very feature of the utmost value, viz., longitudinal 
elasticity, is entirely neutralised. If it is desired to sur- 
round a furnace with stays, they should, in the writer’s 
opinion, be a slack fit longitudinally. Regarding material, 
it has been seen that high tensile steel does not remain 
ductile so long as low tensile; also that the tensile strength 
when under working conditions is greater than when cold; 
further, at the temperature of working condition the 
steel is at the point of uncertainty, or the point of the 
greatest brittleness, consequently the writer would again 
say that steel not exceeding 26 tons tensile strength is 
more suitable for furnaces than steel not exceeding 30 
tons, 

It is also certain that the highest quality of steel of any 
tensile cannot be obtained without the use of the best 
materials, and excess of phosphorus and sulphur should 
never be present in steel which has to be subjected to 
such severe treatment as in a furnace. The design of 
flanged corners of the saddle and also the radius between 
the saddle and the furnace would also seem to affect the 
desired result. If uniform elasticity of design is essential 
to ultimate success, then these curves should be easy, and 
not sharp and abrupt. These are all practical questions, 
however, upon which a broad discussion will be of the ut- 
most value, 

In conclusion, the writer desires to thank the various 
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TABLE VIII.—FACTORS OF SAFETY. 


Collapsing Coefficients, taking the | 
| Mean Diameter for Fox, Farnley, | 4 
and Morison Furnaces, and least Backes 
External Diameter for Purvi s’s Ultimate 
ae Mean ard Holmes’s Furnace. cee . F Factor : Safety 
. } Desc:iption|} Board of Trade or 4 c 4 Collapsing |Coefficient; Working Tensile ed 
Dace of Test. of Tenia! Lloyd’s. Diamprer of Purnace. UTS Pressure. | Allowed. | Pressure of Strength t noe 
S ness Safety of Steel os ae 
Reduced to | Ton 
| Actual. Steel of 27 Tons) i 
Tensile, 
November, 1882... Fox Board of Trade Mean .. = ae 35.875 | .62 62,091 73,852 900 12,500 181.2 4.97 22.7 
| ” Lloyd’s Over corrugations .. 37.875 52 62,091 73,852 900 1,000 166.8 5 39 227 
November 4, 1890, and FA Board of Trade | Mean .. apie) 636937) se674 81,934 77,485 1400 14,000 230.2 5 85 
February 11, 1891 dn Ditto Ay 34.937 .575 85,671 78,650 1410 14,000 230.4 6.12 
| Mean ..| 5.98 28.98 5.58 
45 Lloyd’s Over corrugations .. 35.593 .574 81,934 77,485 1400 1,234 249.1 5.62 
” | Ditto | 25 bi 86.937 | .575 85,671 78,650 1410 1,234 240 5 5.86 
Mean 5.74 28 98 5.35 
Same test as above, but) or Board of Trade | Least externa es 82.741 574 | 81,93t | 77,485 | 1400. 14,000. | 245.4..| 5.70 
taking the Board of ss Ditto s Neo L,087 O70 85,671 78,650 1410 14,000 236.1 5.97 
Trade and _ Lloyd’s| | — —_—_ 
rules for 1892 .. oa | Mean ..| 5.84 28.98 5 44 
” | Lloyd’s Over corrugations .. 35.593 | .574 | 81,9384 77,485 1400 1,259 254.1 5.51 
iS Ditto * 36.937 | .575 | $5,671 78,650 1410 1,259 | 245.4 5.74 
| | Mean ..| 5.63 28.98 5.24 
| | | [eae yee aa was 
March 12, 1887 .. ..| Purves Ditto | Leastexternalordia-\ 38.61 568 50 302 49,932 740 1,000 183.6 4.03 
| ne | Ditto meter over flats .. f 38.685 546 53,847 54,656 760 1,0.0 174.1 4.36 
| | | Mean ..| 4.20 26.9 4.21 
| —-—__——_ ——. 
1887.. 30 2° ag Py Board of Trade | 2) 38.847 611 | 55,632 | 54,422 875 | 11,000 173.0 5.06 
9 Ditto | a5 38.783 | .613 55,239 | 52,701 873 11,000 173.8 6.02 
| | Mean 5.04 27.95 4.87 
| | aa a 
An | Lloyd’s a 38.847 | .611 55,632 54,422 875 1,900 200.2 4.37 
YN) | Ditto Fy) 38.788 | .613 65,239 52,701 873 1,000 201.3 4.34 
| Mean 4.35 27.95 4.91 
1889.. on 60 eal a0 Board of Trade 38.63 -585 70,326 66,160 1065 14,000 | 212.0 5,02 
” | Ditto ” 88.65 | .578 76,564 75,446 1145 14,000 209.4 5.47 
| | Mean ..) 5.24 28.05 5.05 
| oe ee | 
2p Lloyd’s | 1 38.63 585 70,326 | 66,160 1065 1160 221.0 4.82 
| ” | Ditto ” 38.65 .578 76,564 | 75,446 1145 1160 217.5 5.27 
| =. aie —— | a 
| | | Mean 5.04 28.05 4.85 
| | 
| | S|) SSS a ee 
1€91.. 56 26 -»| Holmes Ditto { Least external or) 35.37 515 65,245 64,528 “950 945 | 166.7 Du 
a | Ditto |( diameter over flats f 35.5 557 58,635 59,072 920. 945 | 184.0 5.00 
| _——_ eee | 
| | | | Mean 5.85 27.05 5.34 
May, 1888.. Farnley | Ditto | Over corrugations .. 41.54 559 58,601 56,508 835 912 152.5 5.48 
o | Ditto 3 41.43 | .548 60,697 58,529 850 912 149.0 5.70 
| Mean ..| 5.59 | Assumed 28 | 5.39 
| | — —— | ee 
September 25 and 26, | Morison | Board of Trade | Least external ie 33.779 | .530 | 85,159 | 83,550 1300 13,500 211.7 6.14 
1891, with 1892 co- 59 | Ditto as » 83.212 | .567 | 80,537 80,269 1340 13,500 | . 280.5 5.81 
efficients | | | Pete : = 
| Mean . 5.98 27.305 5,91 
” | Lloyd’s | Over corrugations .. 26.719 550 85,159 | 83,550 1300 1,259 222.2 5.85 
ae | Ditto “F) 0 36.078 .567 80,537 £0,269 1340 1,259 246.8 5.43 
| | Mean ..| 5.64 27.305 5.58 
! 


firms who have placed data at his disposal, viz., Messrs. 
T. Richardson and Sons, of Hartlepool ; the Leeds Forge 
Company, of Leeds; Sir John Brown and Co., of 
Sheffield ; the Farnley Iron Company, of Leeds ; Messrs. 
Howden and Co., of Glasgow; Messrs. Charles D. 
Holmes and Co., of Hull ; and Messrs. Hall, Russell, and 
Co., of Aberdeen. The paper by Herr Von Knaudt, of 
ssen, has also supplied the valuable experiment in the 
longitudinal elasticity ; and the temperature tests by the 
United States Government are certainly the most accu- 
rate and most valuable ever compiled, and reflect the 
greatest possible credit on the officials by whom they 
were made, 


ROYAL METEOROLOGICAL SOCIETY. 


THE annual meeting of this Society was held on Wed- 
nesday evening, the 18th inst., at the Institution of Civil 
Engineers, 25, Great George-street, Westminster, Dr. C. 
Theodore Williams, President, in the chair. After the 
report had been read, and the officers and council for the 
ensuing year had been elected, the President delivered an 
address on ‘‘ The High Altitudes of Colorado and their 
aes which was illustrated by a number of lantern 
slides. 

Dr. Williams first noticed the geography of the plateaux 
of these regions, culminating step by step in the heights 
of the Rocky Mountains, and described the lofty peaks, 
the great parks, the rugged and grand cajions, and the 
rolling prairie, dividing them into four classes of eleva- 
tions between 5000 ft. and 14,500 ft. above sea-level. He 
then dwelt on the meteorology of each of these divisions, 
giving the rainfall and relative humidity, and accounting 
for its very small percentage by the moisture being con- 
densed on the mountain ranges of the Sierras lying to the 
west of the Rockies, also noticing the amount of sunshine 
and of cloudless weather, the maxima and minima tem- 
peratures, the wind force, and the barometric pressure, 


Dr. Williams quoted some striking examples of electrical 
phenomena witnessed on Pike’s Peak (14,147 ft.) by the 
observer of the United States Weather Bureau, when, 
during a violent thunderstorm, flashes of fire and loud 
reports, with heavy showers of sleet, surrounded the 
summit in all directions, and brilliant jets of flame of a 
rose-white colour jumped from point to point on the 
electric wire, while the cups of the anemometer, which 
were revolving rapidly, appeared as one solid ring of 
fire, from which issued a loud rushing and hissing sound. 
During another storm the observer was lifted off his feet 
by the electzic fluid, while the wristband of his woollen 
shirt, as soon as it became damp, formed a fiery ring 
around his arm. The climate of the parks is, however, 
Dr. Williams considered, of more practical interest, and 
in these magnificent basins of park-like country inter- 
spersed with pines, and backed by gigantic moun- 
tains, are resorts replete with interest for the artist, 
the sportsman, the man of science, and the seeker for 
health. Most of them le at heights of from 7000 ft. to 
9000 ft., and so good is the shelter that usually snow does 
not long remain on the ground; while Herefordshire 
cattle in excellent condition are able to fatten on the 
good herbage, and to lie out all the winter without shed 
or stable. Dr. Williams predicted for these parks a 
great future as high altitude sanitaria for the American 
continent, especially as several of them have been brought 
within easy distance of Denver, the Queen City of the 
Plains, by various lines of railway. The resorts on the 
foothills and on the prairie plains, at elevations of 5000 ft. 
to 7000 ft., include, besides Denver, Colorado Springs, 
Manitou, Boulder, Golden, and other health stations, 
which can be inhabited all the year round, and where 
most of the comforts and luxuries of American civilisation 
are attainable in a climate where not more than half a 
day a week in winter is clouded over, where the rainfall 


is only about 14 in. annually, most of which falls during 
summer thunderstorms, where the sun shines brightly 


for 330 days each year, and where the air is so trans- 
parent that objects 20 miles off appear close at hand, and 
high peaks are calculated to be visible at a distance of 120 
miles, Dr. Williams summed up thus: The chief features 
of the climate of Colorado appear to be: 1. Diminished 
barometric pressure, owing to altitude, which throughout 
the greater part of the State does not fall below 5000 ft. 
2. Great atmospheric dryness, especially in winter and 
autumn, as shown by the small rainfall and low percen- 
tage of relative humidity. 3. Clearness of atmosphere 
and absence of fog or cloud. 4. Abundant sunshine all 
the year round, but especially in winter and autumn. 
5. Marked diathermancy of atmosphere, producing an 
increase in the difference of sun and shade temperatures 
varying with the elevation in the proportion of 1 deg. for 
every rise of 235 ft. 6. Considerable air movement, even 
in the middle of summer, which promotes evaporation 
and tempers the solar heat. 7. The presence of a large 
amount of atmospheric electricity. Thus the climate of 
this State is dry and sunny, with bracing and energising 
qualities, permitting outdoor exercise all the year round, 
the favourable results of which may be seen in the large 
number of former consumptives whom it has rescued 
from the life of invalidism and converted into healthy 
active workers, and its stimulating and exhilarating in- 
fluence may also be traced in the wonderful enterprise 
and unceasing labour which the Colorado people have 
shown in developing the riches, agricultural and mineral 

of their country. 


TUNNELLING THE SimPpLon.—Worly on the new Simplon 
tunnel has been commenced. When completed it will 
be the longest tunnel in the world. It will extend from 
Brieg, in Switzerland, to Isella, in Italy, and its total 
length will be 124 miles. It is expected that from eight 
ie zine years will be occupied in the construction of the 

unnel. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDE THE ACLS 1883—1£88. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. ; 
Copies of Specifications may be obtained at the Patent Ofice 
Sale Branch, 88, Cursitor-street, Chancery-lane, E.C., at the 

uniform price of Sd. 

The uate of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
sive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


22,659. A. Blechynden, Barrow-in-Furness, Lancs. 
Distribution Valves of Steam Engines. [8 igs.) 
December 29, 1891.—The obj.ct of this invention is to fill the 
ports and clearance space of the cylinder, as well as a part of the 
working cylinder at the one sde of the piston, with steam 
released from the other side of the piston, while securing an 
early effective release of steam. A are the steam ports and b the 
exhaust cavity in the cylinder face, C the pass-over port for stcam 
from the opposite end to supplement the steam supply. By 
means of a pass-over port over an exhaust cavity in the valve, 


com ined with the clearance F on the exhaust side, the cylinder 
port and clearance space, together with a portion of the cylinder 
at one side of the piston, are filled with steam released from the 
other side of the piston, of a pressure and temperature slightly 
different from that of the released steam, which may be com- 
pressed to a still higher pressure before the period of admission 
of steam from the boiler, the clearance F through the port giving 
an early effective release of steam on the exhaust side in conjunc- 
tion with the exhaust cavity in the valve. (Accepted December 21, 
1892). 


141. H. J. Coles, London, Steam Engines, [2 Figs.) 
January 4, 1892,—This invention has reference to high-speed single- 
acting engines, and is adapted for compound engines in which 
the cylinders are in double pa‘rs. '§ is the steam inlet, V the 
steam valve for all four cylinders, and P the steam passage from 
valve-chest for high-pressure steam ; p, p'are the passages through 
the low-pressure piston into the high pressure cylinder, D is one 
low-pressure cylinder, Ca high-pressure cylinder, A a high-pres- 
sure piston, Ba low-pressure piston, F the port for steam admis- 
sion and emission to and from the low-pressure cylinder D, M the 
low-pressure steam and exhaust port from the left-hand high- 
pressure steam cylinder into the right-hand low-pressure cylinder ; 
K are the auxiliary exhaust ports, G the passages in the cylinder 
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cover for the auxiliary exhaust, R the equilibrium recess in the 
low-pressure piston to balance the passage p. The steam passes 
from the inlet through P, p, and p'into the left-hand high-pressure 
cylinder C, and when it has done its work in that cylinder through 
p', p, and P into the valve-chest, and thence by the port M into 
the right-hand low-pressure cylinder. After it has performed its 
work in this cylinder, part of it passes through auxiliary exhaust 
ports and a passage G through the centre cf the valve V and out 
at E, the remainder passing through the passage M into the 
cylinder cover through N, when it followsthe same course as the 
auxiliary exhaust steam. The course of the steam working in the 
right-hand high, and the left-hand low pressure cylinder is similar 
but opposite in direction. (Accepted December 21, 1892). 


858. E. Bagge, Loerrach, Baden, Germany. Fur- 
naces for Steam Boilers. [6 Figs.] January 15, 1892.— 
This invention relates to furnaces for steam boilers. Behind the 
fire-br'dge F are channels K constructed of a material such as 
brickwors, and chambers C; the channels being situated below 
the level % of the fire-bridge. A valve-box having valves for the 
admission of the secondary current of air is situated below 
the fire-bridge. The smoke gases are mixed in the chamber 
C with the secondary current of air entering through the 
valve-box, and are heated and consumed in passing through the 
red-hot channels K. The valve box is provided with heating 


flanges, and is carried so far uvwards that the currents of hot air 
escaping from the channels between the flanges are guided into 
contact with the gases of the smoke, and intersect the latter 
exactly at the fire-bridge at about a right angle, In o der to clear 
the ashes out of the chamber Ua second flap of the valve-box is 
provided. The valve p is automatically closed some little time 
after eavh fresh charge of fuel, and this is effected by means of a 
cataract pump, the valve-box being automatically closed by the 
action of the litter on the valve p. Immediately the furnace is 
charged the valve is opened and the piston of the pump is in its 
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highest position, and it is only a short time after the furnace has 
been charged that the piston arrives at its lowest position and 
closes the valve p. To the firedoor is fixed a chain connected to a 
lever of the cataract. On the door being closed the chain pulls 
up the lever, which is provided with a hook, This hook in rising 
carries with it a lever, connected to which is a wire for operating 
another lever on the fireplate, this lever actuating the valve p 
by means of arod. On the firedoor being closed the air valve p 
is opened, and is automatically caused to gradually close by the 
cataract pump. (Accepted December 21, 1892). 


1999. W. H. Fowler, Failsworth, Lancs. Compound 
Valve. (4 Fivs.] February 2, 1892. This invention relates to 
a compound valve for high steam and low water. The valve his 
two seats, one of which is formed ou its exterior surface, and is 
ball-shaped. In the interior of the hollow shell is another se ting 
which bears upon a valve seat formed on a fixed part projecting 
within the hollow shell. The hollow shell is made in two parts, 
united by bolting, and is placed within a casing attached to the 
steam discharge branch on a steam boiler. The spherical valve is 
mounted upon a valve seat closing the end of the safety valve 
discharge branch, and weights are suspended within the boiler 
from a bridge piece within the hollow valve. Within the valve a 
second rigid seat is arranged in the form of a valve plate, with an 
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upward projecting stem, which is screwed and fitted within a 
gun-metal sleeve in a bridge piece made central to the lower 
valve seat. An adjusting nut is fi ted on the upper end of the 
projecting stem, and thus the inner rigid seat can be caused to 
bear upon the seat within the hollow shell valve. Both internal 
and external valve seats are struck from the same centre, and 
form part of the same spherical surfaces. The difference in area 
between the internal and external valve surfaces determines the 
load to be put on the spherical valve by the weights within the 
boiler to hold it on its seat. When the hollow valve rises, dis- 
charge takes place outside the valve and also throughit. Means 
are providid for loading the valve from within the boiler, and 
providing for blowing off either with high steam or low water. 
(Accepted December 21, 1892). 


2890. W. H. Allen, R. Wright, and R.W. Allen, 
London. Triple-Expansion Engines. [5 Figs.] Feb- 
ruary 13, 1892.— This inveution relates to triple expansion engin«s 
described in Patent No. 18,629 of 1888, in which there are two 
pistons on the same rod, having a form admitting the use of the 
piston for triple-expansion, the smaller above, and the larger 
below ; these pistons working in corresponding cylinders, with a 
trunk in the interval between them. ‘The distribution of the 
steam is effected by a series of piston valves all on one rod and 
actuated by one eccentric, The space between the uppermost and 
the second valve is in communication with a port by which steam 
from the boiler entere. This second valve passes over a port 
leading to and from the top of the high-pressure cyiinder, and in 
its descent uncovers the port for the entrance of steam, and in 
rising first closes and then uncovers it for the return of steam 
from the high-pressure cylinder into the first receiver. The third 
piston valve in its descent uncovers a port, by which steam passes 
from the receiver to the second cylinder; in rising it closes 
this port, and then uncovers it for the return of steam from the 
second cylinder into the second receiver. The entrance to the latter 
is by ports in the sides of the valve case beneath the third valve, 
and by a passage through the fourth and fifth piston valves ; this 


passage being disposed concentrically around the valve-rod. The 
fifth valve in rising uncovers a port by which steam passes from 
the second receiver to the underside of the large piston; in 
descending the valve first closes this port and then uncovers it 


to permit the return of the steam from the cylinder into the 
space between the fourth and fifth piston valves, with which 
space the exhaust port to the condenser constantly communi- 
cates, (Accepted December 21, 1892). 


2229. W.G. Checketts, Pershore, Worcestershire, 
Marine Evaporators and Condensers. [1 Fig.) Feb- 
ruary 5, 1892.—The object of this invention is to obtain fresh 
water at sea by evaporation for the purpose of replacing the loss 
through use in boilers, &c. The steam under 150 lb. pressure is 
€xpanded to about 15 lb., and is thus caused to contain less than 
half the weight than when generated to the same pressure. To 
thisexpanded steam a jet of water from the boiler is admitted in 
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the form of spray, which is instantly evaporated. The hot salt 
water is admitted to steam as it leaves the cylinder, and then falls 
vertically down a pipe which forms an evaporator, at the bottom 
of which is a separator. The bottom of this separator is connected 
by a pipe with the pump by which the brine is extracted. The 
condenser is vertical with the vapour passing through the tubes, 
the outlet for circulating water being sufficiently below the top 
to allow the upper part of the condenser to form a heater to 
heat the feed for the evaporator. (Accepted December 21, 1892). 


GAS, &c., ENGINES. 


22,578. P. Burt, Glasgow. Gas, &c., Engines, [2 
Figs.) December 28, 1891.—-This invention relates to means for 
engaging and disengaging the connection between the shaft of 
gas engines and the machinery which it drives, and is capable of 
reversing the direction of motion and varying the speed of the 
driven shaft, the engine shaft meanwhile running in one direc- 
tion. The shaft a@ is fitted with a feather, and has mounted 
thereon two frictional driving wheels which revolve with ard are 
capable of being slid along the shaft from and opposite the face 
of the discs d, e by means of trunnioned collar clutches in the 
end of arms on the shafts j, k, operated by toothed sectore, gear- 


ing in a worm on shafts, so as to retain the driving wheels in set 
position. At right angles to the driving shaft are mounted the 
driven shafts in their respective bearings on the frame ¢t. On the 
inner end of these shafts are the discs d, e, opposite the face of 
which either of the driving wheels may be brought and kept by 
their respective sectors and worms. As the two driven shafts 
revolve in opposite directions, another shaft is mounted on the 
frame, having a pinion fixed on it, into which gears another 
pinion on the shaft 0. The shaft » and pinion 7 shaft thus 
revolve in the same direction, and are respectively fitted with a 
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chain wheel on which work driving chains, gearing into and 
driving in the same direction the chain wheels on the driven 
axles. (Accepted December 21, 1892.) 


520. J. Higginson, Manchester. Gas Engines. [6 
Figs.) January 11, 1892.—This invention relates to gas engines, 
and comprises an engine in which a single-acting open-ended 
cylinder with a trunk piston is used as the power cylinder, and 
the piston receives an impulse at every forward stroke, exhausting 
on every back stroke, the valve actions being performed in the 
main by a pair of moving pistons in a second cylinder, and the 
compression of the mixture occurring in the cylinder; an engine 
of similar arrangement, but with the various ports and the second 
cylinder so arranged that a compounding effect is produced, and 
the gases from the explosion cylinder pass at a certain period of 
the stroke to the second cylinder, and are there expanded suffi- 
ciently to utilise the power of the explosion. The charge is taken 
into the back end of the second cylinder C and compressed into 
a space between the two pistons, the space being then opened to 
the main cylinder A by the large port H, and the mixture fired. 
The main piston B proceeds on its stroke under the pressure of 
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the explosion, and when alittle past half-stroke the second port 
is overrun, and the pressure reduced by expansion passes through 
this port to the front end of the second cylinder C, acting on the 
piston D then at the front end of its stroke, and propelling it in 
aid of the main piston, the expamsion into the second c) linder 
continuing during the rest of the out stroke of the main piston 
and about half of the return strcke, when the second piston 
arrives at the end of its working stroke. The main piston exhaust 
pocket Bl then covers the mid-port opening to atmosphere by 
way of K, and the main cylinder discharges its contents through 
the large end port, now uncovered by the front second cylinder 
piston to the atmosphere by the main piston recess B!. This 
recess remains open till the second piston also discharges its con- 
tents through it, the work of charging and compressing mean- 
while proceeding at the back end of the second cylinder and 
between the pistons, so that another compressed charge is 
ready to be ignited to give another impulse when the space again 
opens to the port H. (Accepted December 21, 1892). 


2181. J. Atkinson, London. Self-Starting Appa- 
ratus for Gas, &c., Engines. [3 Figs.] February 4, 1892.— 
This invention has for its object to provide means for starting 
gas engines, &. The engine is placed so that the crank is just 
passed the dead-centre, commencing a working stroke, the drain 
cock is opened, and the pump B worked, the cock E being kept 
in the position in which air only is.pumped into the chamber A, 
any residuum remaining in this chamber being thus removed. 
The drain cock is then shut, and a quantity of air pumped in, 
after which the position of the handle of the cock E is changed 


2/at B 


and asmaller quantity of gas forced in. 


This operation of alter- 
nately admitting air and gas is continued until the chamber A is 
charged with an explosive mixture at a pressure sufficient for the 


purpose. The starting valve is then opened, and some of the 
explosive charge rushes into the cylinder, where it is ignited, 
together with the rest of the charge, the latter through the com- 
municating pipe, thus producing a powerful working stroke ; 
the starting valve is then shut, and the engine, by the energy 
stored up in the flywheel, continues to run until it obtains 
ignitions in the ordinary way. (Accepted December 21, 1892). 


3047. A. J.Instone, Aldershot, Hants. Oil or Gas 
Engine, [2 Figs.] February 16, 1892.—This invention relates 
to oil or gas engines, and consists in having a single-acting piston 
coupled directly to the crank and working in a vibrating cylinder 
mounted to work on a spherical joint which acts also as the valve 
governing the exhaust and determining the direction of running 
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of the engine. A casing inclosing the working parts is provided 
with an air-inlet valve, and acts as a vessel in which a charge of 
air is compressed by the piston at each outward stroke, and from 
which the charge is delivered to the mixing chamber for support- 
ing the combustion of the vaporised oil or gas admitted to the 
mixing chamber. The joint on which the cylinder oscillates, if 


spherical, is in the form of a frustrum ofa sphere, and is formed | f1 at the back of the ascension pipes, and a cover f? are provided, 


on a water jacket around the cylinder. It works ina correspond- 
ing socket formed on the casing by which the thrust of the 
cylinder is resisted, both the male and female parts of the joint 
being formed with passages through which a circulation of water 
is maintained. An exhaust port leads from the side of the 
cylinder and opens at the spherical surface of the male part of the 
joint, and is caused by the oscillation of the spherical joint in its 
socket to communicate with a portin the socket leading to the 
exhaust. The position of this port is capable of being reversed 
with regard to the angular position of the cylinder, so that the 
phase in the oscillation of the engine, when the exhaust occurs, 
and thus the direction of running of the engine, are determined. 
(Accepted December 21, 1892). 


ELECTRICAL APPARATUS. 


22,190. C. Dion, Paris, France, and A. Brebner. 
Edinburgh. Preventing the Over-heating of Shafts 
in their Bearings. [4 #iys.] December 18, 191.—This inven- 
tion relates to means for drawing the attention of the attendant to 
the overheating of shafts, and comprises electric thermostats ar- 
ranged upon the shaft. These thermostats are adjusted to definite 
temperatures, and are each connected to two commutators placed 
upon the shaft, and from which the current is taken by metallic 
brushes c, cl, the whole of the thermostats or brushes being con- 
nected by wires toan indicator to show exactly the gradual heat- 
ing of the sha‘t. The thermostat for indicating the temperai.ure 
of the shaft consists of strips of metal such as copper, fixed at 
their extremities upon a frame of cast iron, and forming a slight 


curve. An adjusting screw placed upon the box cf cast metal 
opposite the centre of the plate enables the apparatus to be ad- 
justed. When the shaft is cool, the electric circuit is open, and 
is closed only when the heat of the shaft expands a curved strip 
a’ of the thermostat, this strip finally touching the contact screw 
and closing the circuit. In order to do this the driving shaft and 
that part of the thermostat which carries the strip is insulated 
from the contact screw. The strip is in connection with one of 
the pcles of the battery through a part a, a terminal a, a wire a4, 
acollar b, and acommutator brush c, whilst the screw is in con- 
nection wih the other pole through an insulated terminal a?, and 
other wires, collars, brushes, and the indicator 2 Means are 
provided to enable the thermostat to turn with the shaft, while 
closing the circuit of the battery. (Accepted December 21, 1892). 


2722. A. L.Shepard, London. Electric Switches, 
(3 Figs.] February 11, 1892.—This invention relates to electric 
switches, and consists in arranging the bar which makes contact 
so that it is operated by means of a screwed spindle, and in pro- 
viding springs for effecting a quick make and break. If the 
handle is turned, thereby rotating the spindle, the screwed 
portion of the latter causes a bridge-piece to approach nearer to 
the contact-pieces B, B!, O, C', and finally to make the circuit by 
means of other contact-pieces D', D2. A collar presses against the 


end of the bearing F, and prevents avy axial movement of the 
spindle while the contact is being made. When the circuit is 
to be broken, the handle is turned in the opposite direction ; 
whereupon the bridge-piece, being clamped tightly by the con- 
tacts, forces the screwed spindle to move axially through the 
bridge-piece, thereby compressing a spring. The spindle having 
moved as far as the spring will allow, begins to move the bridge- 
piece towards the bearing F until the contact is nearly broken, 
when the spring acts to complete the. operation and rapidly 
breaks the circuit. (Accepted December 21, 1892). 


MISCELLANEOUS. 


2073. W.H. Wilson, Liverpool. Illuminating Gas. 
[4 Figs.] February 3, 1892.—This invention relates to eat 
facture of illuminating gas from material such as coal in closed 
retorts, which, with the mouthpieces by which the gas is con- 
veyed away to the purifiers, is heated externally. qis the brick- 
work of a retort bench ; } the retorts, ¢ the mouthpieces, d the 
atcension pipes, and e the bydraulic main, 
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these inclosing the mouthpieces and ascension pipes which are 
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subjected to the heat radiated from the brickwork a. 
December 14, 1892). 


9590. T. Blakeborough, Brighouse, Yorks. Double- 
Acting Sluice Valves. (2 Figs.] May 20, 1892.—This in- 
vention relates to sluice valves, and consists of one sluice working 
within the other, the internal one being provided with means to 
insure its being opened the first and closed the Jast. When the 
sliding-rod D is actuated the internal sluice C is opened first, and 
then the large sluice B, a Jatch gear bolt engaging with the 
former and preventing its being closed until after the Jatter. In 
closing the valve, when the sliding-rod D is actuated, the sluice B 
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is closed first, and as it closes the lever H, with wheel, comes in 
contact with the inclined plane, the bolt being withdrawn just 
as the sluice B is closed, thus allowing the sluice C to be shut 
the last and opened the first. The indicator F is attached to the 
sliding-rod, two friction wheels being held in clcse contact to the 
latter. As the sliding-rod moves it causes the friction wheels to 
revolve, thus actuating a train of wheels and a pointeron adial, 


and showing the position of the sluice in the shell. (Accepted 
December 14, 1892.) 
18,076. C. Bauer, Brockley, Kent. Vice. [5 Figs.) 


October 10, 1892.—In this invention, two oppositely arranged 
gripping jaws 9 are pivotally supported at the upper parts of two 
pairs of standards 7, rising from the base 8, so that they depend 
from their respective pivots 6, overlapping each other, and having 
sufficient clearance to freely pass each other. The gripping ecges 
of the jaws are shaped so as to be tangential to the surface of 
rods and tubes of all diameters within the compass of the vice, 
and are oppositely serrated to securely hold the rod whichever 
way the manipulation of the latter tends to turn it. The top 
edges of the jaws, above the points 13, where the gripping edges 
are adapted to hold rods ard tubes of the maximum diameter 
within the compass of the vice, are disposed horizcntally, so that 


on the rod being lowered on to them, the weight and consequent 
leverage on the jaws causes them to open against the closing 
resistance of their respective springs, and to admit of the descent 
of the rod on tothe channelled bed of the vice, the springs then 
immediately effecting the closing of the jaws upon the opposite 
sides of the rod to those supported by the vice bed. The top 
edges of the jaws on the outer sides of their axes are formed with 
extensions, so arranged that by pressing them towards one 
another, the jaws are opened to admit. of the finished rod being 
removed from the vice. The outer sides of the jaws, adjacent to 
their centres of motion, are formed with projecting stops, adapted 
to abut against the outer sides of the standards to limit the in- 
ward movements of the jaws. (Accepted December 1M, 1892), 
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Descriptions with illustrations of inventions patented in the 


United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 


consulted, gratis, at the offices of ENGINEEBING, 35 ard 36, Bedford- 
street, Strand. 
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AMERICAN INDUSTRIES AND 
BRITISH COMMEROE.—No. IV. 
PoruLation.* 


AssuMING that a country is endowed with natural 
resources, a growth of its population industriously 
inclined, means an increase of national wealth. 
That the assumption is right as regards the United 
States we shall prove when we come to deal with 
the development of its agricultural and mineral 
industries. To utilise those natural resources re- 
quired manual labour, the operation of which, 
added to genius and enterprise, has produced un- 
paralleled results. With the first settlers in our 
American colonies, manufactures were inaugurated, 
and although we shall have to deal with them later, 
it may be interesting here to state that the first 
factory constructed was a glass-house erected about 
a mile from Jamestown, in Virginia. It was built 
in 1608, a year after the settlement of the colony 
was made, and 116 years subsequent to the 
discovery by Columbus.t Here the settlers made 
in the first year three or four “lasts” of tar, 
pitch, and soap ashes; produced a trial of glass, 
sunk a well in the fort, built twenty houses, new 
covered the church, provided nets and seines for 
fishing, built a block house to receive the trade of 
the Indians, while 30 or 40 acres of ground were 
broken up and planted. Thus began American 
industry. They had even then gained some know- 
ledge of the mineral wealth existing, and had made 
their first export to Great Britain of ‘iron oare.” 
The working population of the settlement was then 
200, a number that soon increased to 500.{ In 1642 


* The diagrams accompanying this article have been 
prepared from Census Bulletins Nos. 16 and 34, and from 
the first volume of the Census Returns of 1880. 

+ Bishop’s “History of American Manufactures,” 
vol. i., page 27. 

+ Professor Dexter, lecturing before the American 
Antiquarian Society some years ago (1887), gave the 
following figures, estimated from various sources that 
need not here be enumerated. In 1640 British America 
included 25,000 whites, 60 per cent. being in New Eng- 
land and most of the remainder in Virginia; at the 
Restoration of the monarchy (1660), 80,000, the greatest 
gain being in Virginia and Maryland ; at the Protestant 
revolution of 1689, 200,000; in 1721, with the middle 
colonies showing the greatest increase, 500,000 ; in 1743 a 
million, which was doubled in twenty-four years (1767) 
in 1775, 2,580,000 ; 1780, 2,780,000, 
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(For Description, see Page 132.) 


quite extensive iron works were in operation at 
Lynn, Massachusetts, and these had succeeded an 
earlier venture started successfully at Falling Creek 
in 1622. These latter works were quickly destroyed 
by the Indians, when the whole colony, numbering 
350 persons, were killed. 

The first census was made in 1790. Taking 
first the total population, it will be seen from the 
Diagram No. 5 that, starting in 1800 with 5} mil- 
lions, the population steadily increased until 1840 
at a rate of about 220,000 per annum, of which in 
the early years of the century only a very small 
percentage was made up by immigrants, the total 
from this source between 1783 and 1820 being 
about a quarter of a million. 

The four millions who, in 1790, made up the 
wealth - producing community —excluding Indians 
not taxed—had settled almost wholly on the 
Atlantic seaboard—from the eastern boundary of 
Maine to South Carolina. Only about 5 per cent. 
had ventured westward of the Appalachian Moun- 
tains, and there were but five or six cities having 
a population over 8000. The average depth of 
settlement was about 255 miles from the Atlantic 
coast, and the population was equal to about 16.4 
per square mile. Often a river formed a boundary 
line: on one side civilisation, on the other side 
savagery and internecine warfare. 

There are still lands in the United States re- 
served for the Indians, the most important being to 
the west of Arkansas, and that for the Sioux Indians 
in Dakota, on the north-western boundaries, while 
here and there in the Far West the ‘‘natives” may 
still live in their primitive enjoyment.* It is 
interesting to read the story of the Indian nations 
in New York State recently recorded by the Census 
Department.t These six nations, it is said, have 
best preserved the traditions of American Indians. 
Their phenomenal fighting capacity, coupled with 
rapidity of movement and power of concentration, 
greatly harassed and terrified some of the early 


* The Indian Settlements now extend to 153,353 square 
miles, against 241,800 square miles in 1880, while the 
population of the Indians on these reservations is 246,834, 
as compared with 256,127 in 1880. The number of deaths 
in most cases exceed the number of births. 

+ “The Six Indian nations of New York—Cayugas, 
Mohawks, St. Regis Oneidas, Onondagas, Senecas, Tus- 
caroras.” By Thomas Donaldson. 
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settlers in the seventeenth century. 
tained their territory, and yet to-day they are 
probably stronger than they werethen. The census 
of 1890 showed their number to be 15,870, against 


the estimated 11,000 in 1660. They still have 
their reservation in New York State, but in no 
way amalgamate with the white population. Con- 
version is not in all cases resented, but there 
is great veneration for the customs and privileges 
of their ancestors. Technically these six nations 
must be described as pagans, but their life seems 
in many respects an example to the Christians 
surrounding them. There are no places for selling 
intoxicating liquors—such are unlawful-—and it is 
not even bought from white people living outside 
the reservations. There are neither houses for 
immoral purposes nor gambling dens. Of course, 
it must be borne in mind that the State laws framed 
for the physical and moral well-being of these 
tribes—and of all Indians within the country—are 
of the strictest and most absolute character, so 
that a relatively high standard of moral life is un- 
avoidable. With regard to crime, these tribes are 
as law-abiding as the same number of white people. 
Pauperism is unusual, only two cases are reported 
in a population of 15,870, and the tramp is almost 
unknown. The growth of self-reliance is especially 
noticeable, and tends to a development of agricul- 
ture, better homes and clothing, and the constant 
and growing conviction that their best interests 
lie in civilised methods. They have their schools, 
and the books used are printed in English, while 
the Bibles in the churches and Sunday-schools 
are in our language, although they are also to 
be found-in native dialects.. It is true that in 
these Indian settlements civilisation is in a more 
advanced state than in some of the settlements in the 
Far West; but even there the influence of civilisa- 
tion may have similar results—or extinction—so 
that one must not conclude that Indian territory 
necessarily means an uncivilised community. 

In the last decade of the eighteenth century the 
population moved west on four lines. There were 
then no railways, of course, and rivers and—to a 
small extent—canals, were the only means of 
transportation. Consequently the white people 
journeyed on up the River Mohawk through central 
New York in the search for the ‘“‘land of milk 
and honey ;” the line has continued to be one of 
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the great routes to the west. Long before the 
dawn of this century the European population 
had begun to fringe the sides of those great lakes 
around which so much of the industrial wealth of 
the States is produced. The water highway had 
been explored by French priests and adventurers 
from Niagara to the Gulf of Mexico, and settle- 
ments, chiefly French, had grown up on the banks 
of the Mississippi, and here and there on the 
borders of the lakes ; while on the site of Pittsburg 
and its neighbourhood, more than one _ bloody 
struggle, disastrous to British arms, had taken 
place between the British troops and the French 
with their native allies. On the eastern shore of 
Lake Ontario there was a white settlement. The 
Adirondack Mountains, too, had been surrounded. 
Another way was along the course of the Potomac. 
Others sailed down the Susquehanna River to 
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Kentucky and Tennessee, where there were 
settlements even before the intervening territory 
was annexed by the invaders. Georgia likewise 
was early occupied. Thus we find that by 1800 the 
part of North America taken possession of by Euro- 
peans had increased in area from 239,935 to 
305,708 square miles. The population, however, 
had increased in a greater ratio, the average being 
17.4 per square mile. Of course Massachusetts, 
Connecticut, the shores of the Hudson and Dela- 
ware were still the most densely populated dis- 
tricts ; but from north to south 2800 lineal miles 
were taken possession of. The western and 
southern fringe, however, was but sparsely popu- 
lated, the density being from two to six inhabitants 
per square mile. 

Who, it may be asked, were these settlers? All 
progressive nations had heen attracted by the 
prospects. The French occupied the territory on 
the North Atlantic coast, the St. Lawrence, the 
lakes, and the Mississippi. The Spaniards, later, 
took possession of Florida, believing it to be an 
island. The home of the Puritans was, as every- 
body knows, in Massachusetts. A Swedish settle- 
ment was on the Delaware. Dutch navigators had 
ascended the Connecticut River and built forts on 
its banks ; New Jersey was annexed by the Nether- 
landers, who found in the peninsula a home not 
unlike the land of their birth. It is probably 
correct to say that while Virginia was most exclu- 


sively British, English settlers existed in force 
almost everywhere. 

We have already said that in those days the 
population depended chiefly on water communica- 
tion, and it may be interesting to state here, as 
an indication of the fact that the increase of popu- 
lation had thus early an influence on national 
wealth, that the shipping of many of the States 
had already attained some magnitude. From a 
report presented to the House of Commons 100 
years ago we learn that the colonies had built and 
launched 389 vessels—1138 square-rigged, and 276 
sloops and schooners—with a total burden of 
20,001 tons.* The imports in 1769 were valued 
at 2,623,4121., and the exports at 2,852,441/. Traffic 
was almost entirely by the rivers, for roads were 
neither numerous nor well made. Thus we find 


that while along the waterways the population was 
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Ohio River. Besides extending in all directions, 
a very considerable population had taken posses- 
sion of the land around the mouth of the Missis- 
sippi, the density amounting in some places to 
45 per square mile. At three different points in 
the interior, too, there were small patches of land 
annexed by the ‘‘ pale-face” invaders, while west 
of Kentucky further advances of civilisation had 
been made to the banks of the Mississippi. There 
were in those days, as now, immigrants who had 
an inclination to penetrate to new districts, and 
they found a resting-place on the remote shore of 
Lake Erie and on the northern and western banks 
of Michigan. These little outposts and minor 
settlements covered 25,100 square miles, and are 
included in the area as given above. 

States were now becoming numerous.* Karly 
in the century Vermont was formed from New 
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pretty dense, it was sparse on the western fringe 
of the settled area. 

In the second decade of the century the move- 
ment to the West had the effect of increasing the 
density rather than in extending the western boun- 
dary of the civilised district. From 305,000 square 
miles we find the area increased in 1810 to 407,945 
square miles, in which there were 7} million inha- 
bitants, so that the average was 17.7 per square 
mile. It is remarkable that the average was only 
maintained by accessions to population seeking out 
new territory. At the same time the centre of 
population had not advanced much further west- 
wards, as the large cities on the Atlantic seaboard 
absorbed many of the immigrants. Thus we find 
that in 30 years the centre moved westward only 
about 68 miles, while the western frontier had 
stretched almost a fourth across the continent. 
The land around the hills in the west of New York 
State had become entirely covered with population, 
which spread along the southern shore of Lake 
Krie into Ohio, joining with the settlements on the 


* Of these Massachusetts provided nearly one-half, 
New Hampshire and Rhode Island the next largest 
number, while New York had only five square-rigged 
ships and fourteen sloops, totalling 955 tons. Penn- 
sylvania owned 1344 tons; Virginia, 1249 tons; North 
and South Carolina, 1396 tons; and Connecticut, 1542 
tons ; while Georgia had one sloop and one schooner, com- 
bined, 50 tons. 
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York; Kentucky, and Tennessee south of the 
River Ohio; the nucleus of Mississippi was 
organised, and Indiana raised to the dignity of a 
State. In the second decade Ohio was admitted to 
the Union, and Illinois and Michigan formed from 
parts of Indiana territory. Florida up to 1820 re- 
mained a blank upon the map. Although Spain had 
ceded it on paper, it was not delivered to the Re- 
public. Alabama, Mississippi, Louisiana, and 
Maine had by then been admitted as States, and 
Michigan spread out to include Wisconsin and 
part of Minnesota. These great Government 
changes were made by 1820, following annexation by 
the white inhabitants. The Mississippi had been 
crossed by thousands, who sailed up the River 
Missouri almost as far as the present city of 
Kansas, and already a great population had gathered 
round St. Louis. Many also had gone up the 
Arkansas and taken up locations on its banks, 
while by the Wabash River many others had pene- 


* Kentucky and Vermont were admitted 1791; Ten- 
nessee, 1796 ; Maine, 1820; Texas, 1845 ; West Virginia, 
1862; and of the public land States and Territories, Ohio 
was admitted 1802; Louisiana, 1812; Indiana, 1816; 
Mississippi, 1817; Illinois, 1818; Alabama, 1819; Mis- 
sourl, 1821; Arkansas, 1836 ; Michigan, 1837; Florida 
and Iowa, 1845; Wisconsin, 1847; California, 1850; 
Minnesota, 1857; Oregon, 1859; Kansas, 1861; Nevada, 
1864; Nebraska, 1867; Colorado, 1875; Dakota, Mon- 
betey and Washington, 1889; Idaho and Wyoming, 
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trated northwards, although not as far as Lake 
Michigan. The frontier line thus became com- 
plicated, extending from Lake St. Clair south- 
ward into what is now Missouri, thence making a 
great projection to near Kansas City, sweeping 
round a body of population in Louisiana, and 
ending in the Gulf coast in that State. Of course 
in the south-east corner there was still much un- 
settled territory. 

Spain having delivered over Florida by 1830, 
there was a decided movement towards those fields 
which have proved so fertile as orange groves. 
Alabama, Tennessee, and Georgia were expanding 
their populated areas and crowding out the Creek 
and Cherokee Indians, though the Choctaws and 
Chickasaws still held their territory between 
Alabama and the Mississippi. With these excep- 
tions it may almost be said that the land from the 
Atlantic to the Mississippi was inhabited by the 
new-comers, while beyond that river there was only 
an advance guard of white population. 

With 1830 came the useful introduction of rail- 
ways, anew factor in the movement of products, 
and therefore in the development of American 
industry, and a great stimulus to the spread and 
increase of population. We defer reference to the 
relative influences of the one upon the cther ; it 
may be stated here, however, that for a time the 
march westward was checked, the great immigra- 


Diagram N25. Showing Total Population Acres per Inhabitont, 
Populated Area, Total Area & Averoge Density 
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tion movement tending to increase the population 
within the area previously settled. Before long the 
tide towards the West flowed again, long before 
railroads were carried sufliciently far to help on 
the movement. Between 1820 and 1830 the popula- 
tion increased 32.51 per cent., but the settled area 
increased during the same period 24.4 per cent., so 
that the density of population in this settled area 
increased only 1.4 individuals to the square mile. 
In the next decade the population increased 32.52 
per cent., the settled area 27.6 per cent., and 
density only 0.8 individuals to the square mile. 
Even after 1840, when the immigration began to 
affect the population so that it increased more than 
35 per cent. in each of the decades following, the 
settled area, presumably by reason of the extension 
of railways, increased nearly 22 per cent. in each 
decade, so that the density rose from 21.1 persons 
to the square mile in 1840 to 26.3 per cent. in 
1860. (See Diagram No. 7.) 

It was not until the sixties that railroads greatly 
helped the westward-bound immigrant. He had 
still to depend largely upon transport by water- 
ways or road. By then that great area of land east 
of the Mississippi was entirely covered, excepting 
for small patches on the shores of the Gulf and in 
southern Florida, the density varying from 20 to 
40 inhabitants per square mile, and rising to 90 
round Pittsburg, Cincinnati, Nashville, &c. In 
addition to the present eastern cities, with great 
populations, there were the towns named, as well 
as St. Louis and New Orleans, The population had 
oa beyond the Mississippi, and encompassed 

issouri to Kansas city, Arkansas, Louisville, and 
Illinois, in which, by the way, Chicago then figured 
onthe map, but with a population of less than 8000 
inhabitants. Northwards the population had 
stretched to Milwaukee. 

Texas was added to the Union in the fifth decade; 
population became more dense without spreading 


much into new territory, and as a consequence un- 
settled areas within the old limits had materially 
decreased. The frontier line had increased by 
1850, to 4500 miles in length, and within the area, 
between the Atlantic and the western line of settle- 
ment, approaching one million square miles, there 
was a population of over 23 millions, giving 
23.7 inhabitants to each mile. The gradual in- 
crease of density is remarkable, and is shown 
on Diagram No. 7, which shows also areas, 
&c. The population then included a new ele- 
ment. Before 1850 gold had been discovered in 
California, and thither thousands migrated, some 
going by sea round Cape Horn, and others by 
wagons across the mountains and prairies. These 
formed a new settlement on the Pacific coast. 
In 1850 they numbered about 80,000 miners 
and adventurers, the pioneers of more than one 
State soon to arise in the west. The area occu- 
pied was calculated in 1850 at 33,000 square miles. 
Thus we have a movement to the interior from three 
points of the compass—south, east, and west—but 
that from California was not so great as from the 
Atlantic or the Mississippi. 

Between 1850 and 1860 we find that the popu- 
lation had crossed the Missouri River, and the 
march up the great plains beyond had begun. 
The inhabitants of Kansas and Nebraska had 
crossed the 97th meridian, the latter reaching 
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away north into Dakota. The people of Texas 
had reached the 100th meridian, being the 
furthest west of the eastern States, while the 
settlements in Minnesota had spread in all direc- 
tions. There was a great increase in density in 
Pennsylvania and the Lake Erie district, and 
around Lake Michigan there was promise of that 
great population which is to insure the success of 
the Columbian Exhibition so far as visitors are con- 
cerned. The frontier line was now found to measure 
5300 miles, an increase of but 800 miles, while the 
area had increased to 1,194,754 square miles, giving 
a ratio of 26.3 inhabitants to the square mile, so 
that not only had the area become vastly greater 
in the fifty years, but the density had well-nigh 
doubled. 

It was not until 1870 that the census indicated 
the operations of the railways. Then the Central 
and Union Pacific Railroad stretched across the 
continent, and many enterprises were projected on 
the Pacific Coast; these provided work for the 
immigrants, and gave fresh encouragement to 
settlers. The growing demands of this country for 
foreign grain had meantime enormously increased 
the volume of agricultural exports from the States 
to Great Britain. Again, coal and iron mining was 
becoming a great industry, and we find districts 
rich in geological wealth other than gold, were 
being rapidly developed. Between 1860 and 1870, 
therefore, there was a great general movement. 
The Indians were confined mostly to a_terri- 
tory west of Arkansas. The lumber industry in 
Michigan had an enormous increase. Western 


towns were increasing immensely, notably Chicago, 
which thus early vied with Philadelphia, St. 
Louis, and New Orleans. On the Pacific coast 
there was not a very material change, but a steady 
growth due to the attraction of gold and silver 
mining. The value of the district tothe agriculturists 
was recognised, and a great change has lately been 
effected in the occupation and disposition of the 
people. Intothe interior manypenetrated and formed 
isolated settlements. Thus there was a great belt 
through Colorado, New Mexico, and Wyoming, the 
resultof adiscovery of mineraldeposits early in 1860, 
and the newcomers were encouraged toremain by the 
richness of soil and theabundance of water for irriga- 
tionpurposes. There wasanother belt in Utah, where 
the Mormons who fled from Illinois first settled in 
1847. These, curiously enough, discountenanced 
mining as tending to bring the ‘‘ Gentiles,” and de- 
voted great care and labour to irrigation works. 
In other parts dotted over the continent, even as 
far south as the Rio Grande, there were small settle- 
ments, while the population in the eastern States 
had been growing so that the density had increased 
to 30.3 inhabitants per square mile. The westward 
march is indicated by the advance of the centre 
of population as shown in Diagram No. 7. 

It is scarcely necessary to indicate in detail the 
progress of more recent times. There has been a 
distinct march to the West along the frontier from 
north to south, away to the rich ore districts 
of Lake Superior; to the agricultural plains of 
Iowa ; the mineral riches of Colorado ; the silver 
mines of Nevada; and to the timber regions of 
Michigan, Oregon, and Washington. 


THE BRIDGES OF THE MANCHESTER 
SHIP CANAL.—No. I. 


Tue bridgework involved in connection with the 
Manchester Ship Canal forms a distinct, and by no 
means the least arduous, feature necessitated by the 
vast undertaking now approaching completion for 
bringing the sea to Manchester. The present 
series of articles deals in succession with the various 
types of superstructure employed, and concludes 
with some general account of the more salient 
features of interest in connection with this branch 
of the subject. 

The map on page 126 (Fig. 1) explains at a 
glance the position on the canal of the structures 
with which we are now dealing. 

For our present purpose we may at once divide 
the bridges of the Manchester Ship Canal into the 
two great classes into which they naturally fall, 
viz. : 

1. The railway viaducts. 

2. The road bridges. 

The first class, viz., the railway viaducts, im- 
mediately group themselves into three subdivisions, 
each representing a distinct type of construction, 
Wiz. 

(a) Lattice girder deck bridges. 

(b) Lattice girder bridges loaded on the lower 
flanges. 

(c) Hog-backed girder bridges. 

The second great class, viz., the road bridges, 
fall at once under two heads, viz. : 

(a) The road swing bridges. 

(b) The high-level cantilever bridges. 

A structure which is included under none of the 
above categories, and yet possesses many features 
of no small interest, viz., the swing aqueduct at 
Barton, is dealt with separately in concluding the 
subject. 

I. Tur Rattway Vrapucrs. 

(a) Lattice Girder Deck Bridges.—Passing at 
once to the first subdivisions of the railway via- 
ducts, viz., those lattice girder bridges which are 
loaded on the upper booms, two structures fall to 
be dealt with, viz: 

1. The viaduct over the River Irwell. 
Railway No. 5. 

2. The viaduct over the River Mersey. Devia- 
tion Railway No. 4. 

Both structures being identical in all details of 
construction, and differing only in span and lesser 
particulars, we purpose dealing in full with the 
first-named bridge only, confining our remarks on 
the latter to a few necessary brief notes. 

The viaduct over the River Irwell, Deviation 
Railway No. 5 (the position of which is indicated 
by Fig. 4 on map, Fig. 1), is a three-span struc- 
ture carrying the Cheshire Lines Committee’s 
Liverpool, Warrington, and Manchester Railway 
across the present channel of the River Irwell near 
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Trlam. The spans are square ones, that at the 
centre being 120 ft., eachof those at the sides 89 ft. 
The girders are continuous. The river bed will be 
eventually filled up. The batters of the piers are 
1 in 18 and 1 in 36, each pier being 28 ft. 6 in. by 
6 ft. at the top and 39 ft. 6 in. by 16 ft. at founda- 
tion level, and having two recesses each 8 ft. 6 in. 
in width in each face. (Figs. 2 and 3). 

Memel piles 12 in. square carry the whole of the 
foundations, and the bank on each side is finished 
with slopes of 14 to1. The abutments at each end 
of the viaduct are 6 ft. and 17 ft. in width at top 
and bottom respectively, and have a breadth 
throughout of 52 ft. 

The superstructure consists of four main girders 
which are spaced 3 ft. 3% in. and 12 ft. 6in. respec- 
tively from the centre line of the bridge, and havea 
total depth of 11ft. 6in. from back to back of 
flange angles throughout. (See Figs. 5, 11, and 13). 

Both upper and lower booms are trough-shaped 
(see Fig. 13), and have webs ranging from @ in. 
to % in. in thickness, and angles from 3 in. by 3in. 
by # in. to 4 in. by 4 in. by $ in. ; whilst the flange 
plates, which are 1ft. 6 in. and 1ft. 8in. in 
width in the outside and inside girders respec- 
tively, are from gin. to in. in thickness. Stif- 
feners of 3-in. by 3-in. by #-in. angle and $-in. 
plating are introduced into both booms. The main 
bracing of the main girders is in four systems of 
latticing, inclined at an angle of 45deg. In the 
inside girders the flat bars range from 6 in. by 1 in. 
to4in. by 4in. and the angles from 6 in. by 4$ in. 
by gin. to3in. by 3in. by $in., whilst in the 
outer girders the maximum and minimum flat bars 
are 5 in. by @ in. and 3 in. by $in. respectively, and 
the angles run from 5 in. by 3 in. by $ in. to 3 in. 
by 3 in. by # in. The bracing is secured in all cases 
direct to the inner sides of the web-plates; and 
such mode of attachment permits in every instance 
the necessary number of rivets for the connection. 

The struts and counter-bracing are braced to- 
gether by a single system of 24-in. by 33,-in. flat 
bars, and the various members of the main bracing 
are secured together at points of junction by a 
single rivet. The end posts are built up of angle 
framing, rectangular in shape, and web ‘‘ plating.” 
A similar type of construction prevails both for the 
end posts and intermediate end posts of both in- 
side and outside girders, viz., a large rectangular 
frame 9 ft. 2 in. by 2 ft. 6 in., secured to the lower 
and upper angles of the upper and lower booms 
respectively, on both sides with corresponding 
angle stiffeners on the webs of the booms both above 
and below. The framing for the outside girders 
is formed of 3-in. by 3-in, by 4-in. angles bent and 
welded at opposite corners respectively, and 2-in. 
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plating, the end plate being 11 ft. 6 in. by 1 ft. 6 in. 
by Zin. The intermediate end posts of the outside 
girders (see Fig. 14) are similarly built up of rec- 
tangular framing and plating of the same sections, 
but of 4 ft. width, and stiffened down the centre 
by a 5-in. by 3-in. by #-in. tee-bar secured to the 
web by ? in. in diameter rivets spaced 6 in. 
apart. 

A similar type of construction is adopted with 
the inside girders, and save that the intermediate 
end posts are stiffened by stouter tees (5 in. by 3 in. 
by $in.), the scantlings and dimensions are identical 
with those already described for the outside girders, 
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The cross-bracing of the main girders, spaced 
17 ft. 3 in. and 17 ft. 41% in. in the side and main 
spans respectively, consists of horizontal angles 
4} in. by 45 in. by 4 in, above and below, with 
three sets of diagonal bracing connecting them, 
those on the outside being—two flat bars crossing 
a pair of angles, and that at the centre being formed 
of two angles of the same dimensions placed back 
to back and connected by a gusset plate and 
f-in. rivets. The outer diagonal bracing junctions 
are formed by diamond-shaped gusset plates } in. 
thick, whilst rectangular gussets of similar thick- 
ness form connections above and below with the 


= 


2-9342---=-.. 


1 
pene -- 


Fixed End on Abutment. 


Both the horizontal and diagonal 


main booms. 
angles of the cross-bracing are packed with }-in. 
packing throughout their entire length, and the 
latter are joggled at their crossing with the dia- 


gonal flat bars. The whole of the diagonal bracing 
is joggled at the ends to make connection with the 
4}-in. by 44-in. by $-in. horizontal angles. 

The cross girders are carried on the upper booms, 
being spaced 5 ft. 9 in. and 5 ft. 9.6 in. apart from 
centre to centre in the side and main spans respec- 
tively. They are similar throughout, and consist 
of a web 12 in, deep by 2 in. thick, with a pair of 
4-in. by 3-in. by g-in. angles at ‘both top and 
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bottom (see Fig. 14), Stiffeners of 3-in. by 3-in. 
by #-in. angles, joggled to form connection with 
both upper and lower flange angles, are placed 
under each rail bearer and at the ends. The cross 
girders are 26 ft. 6 in. long. The riveting through- 
out is }in., with a 4-in. pitch. The upper booms 
are packed up under the cross girders to obviate 
the inequalities of level arising from the varying 
thicknesses of flange plates. The maximum pack- 
ing is1{ in. thick. The cross girders are thus truly 
horizontal and uniform throughout their entire 
length. The timber rail bearers (see Fig. 13) are 
each carried by a pair of 6-in. by 5-in. by 4-in. tees 
connected together by a horizontal plate 1 ft. 44 in. 
by # in. 

The rail timbers are spaced 3 ft. 3); in, and 
7 ft. 10} in. on either side of the centre line of the 
bridge. The 6-in. by 5-in. by 4$-in. tees rest 
directly on the cross girders and run the entire 
length of the bridge. Wood packing, 4 in. thick, 
fills the space between the rail timber and the tee 
carrying it on either side, whilst 1l-in. diameter 
bolts, spaced 4 ft. apart from centre to centre, pass 
through rail timber, tees, and packing, and secure 
all together. 

The flooring is composed of bent iron plating 
gin. in thickness, and spanning from tee to tee 
(see Fig. 13). The floorplates are butt-jointed to 
each other, the junction being made over a 6 in. by 
3-in. by g-in. tee, following the curvature of the 
flooring throughout its entire length and joggled at 
each end to form a connection beneath the tee. 
The floorplates, on the contrary, make connection 
with the upper surface of the tee. The flooring is 
riveted with %-in. rivets with a 2-in. pitch. 

The handrails are carried by cast-iron standards, 
secured by bolts to the ends of each cross girder. 
Each standard is 6 ft. 44 in. in height from base of 
casting to centre of upper rail, and has ?-in. webs, 
tapering from 4 in. in width near the base to 24 in. 
at top. The handrails, which are three in number, 
and are formed of tubing, are spaced 2 ft. apart 
from each other. 

Passing on to deal with the rockers, saddles, 
and bedplates, the girders at the higher abutment 
are fixed, being secured to cast-iron bedplates by 
l-in. turned bolts ; the bedplates themselves being 
held down by 1}-in. lewis bolts passing down into 
the masonry. For the outside girders the cast-iron 
bedplates at the fixed ends are 2 ft. 92 in. by 2 ft. 
6 in. ; the metal is 1} in. thick, with lugs at the 
end and sides 2 in. higher. The 1-in. bolts, which 
are eight in number, have countersunk heads, 
whilst the number of 1}-in. lewis bolts is six in 
each bedplate. The arrangement for the inside 
girders is similar in all respects, the dimensions 
alone being altered to suit the increased width of 
the flanges. 

At the opposite abutment the girders are free 
and rest on five rockers, carried on a cast-iron 
bedplate with lateral guards of the same material. 
For the outer girders these bedplates are 3 ft. by 
3 ft. 6 in., and consist of an upper and lower flange 
1} in. and 2 in. thick respectively, connected by 
1$-in. webs, the depth from bearing surface to 
bottom of bedplate being 6} in. 

The side guards are secured to the bedplates by 
six 1}-in. bolts, and the latter are themselves 
attached to the masonry by a similar number of 
bolts of the same diameter. The rockers are five 
in number, 1 ft. 6 in. long by 8 in. in depth, and 
having a maximum width of 5? in. They are spaced 
54 in. apart from centre to centre, and are held in a 
pair of frames each built up of 23-in. by 34-in. flat 
bars, the space between the frames when the rockers 
are standing exactly vertical being $in. The 
frames are 2 ft. 10} in. by 1 ft. 84in., and are con- 
nected together at the corners by #-in. bolts. The 
rockers, which are of Siemens-Martin mild steel, 
were rolled to the form shown, and were subse- 
quently machined in lathes both on the ends and 
bearing surfaces. A similar type prevailed for the 
mside girder free ends, allowance being made for 
their greater width. 

Over each pier the girders are carried on upper 
saddles of cast steel, which are connected to lower 
saddles by 4-in. turned steel pins. Steel rockers 
carry the lower saddle (see Fig. 19), and are them- 
selves supported by a cast-iron bedplate fastened to 
the masonry by 1}-in. bolts, For the outside 
girders the upper saddle is 4 ft. by 1 ft. 6 in. with 
2-in. metal. The face isstrengthened by stout ribs. 
The pin is 1 ft. 6 in. long, with heads 5 in. in dia- 
meter and 4in. wide. The lower saddle is similar 
to that above it, except in the increased width of 


the face to allow of 1}-in. cheeks on either side to 
guide the rockers. The rockers are six innumber, 
and, being with the frames similar in all par- 
ticulars to those already described in detail for 
the free abutment ends, need not be again re- 
ferred to. 

The bedplate is 4 ft. by 2 ft., with a total depth 
of 7in. The upper and lower faces, which are 
connected by stout 1$-in. webs, are of 1}-in. and 
2-in. metal respectively. The inside girders are 
similarly carried over each pier. 

The remaining viaduct in the group of railway 
deck bridges, viz., that over the River Mersey on 
Deviation Railway No. 4, carries the Cheshire 
Lines Committee’s Glazebrook and Stockport 
Railway over the River Mersey, not far from 
Partington (see No. 8 on map, Fig. 1), and 
consists, like the viaduct just dealt with in full 
detail, of three continuous square spans, one of 
150 ft. and the two side ones of 103 ft. each. 

The piers, which have batters of 1 in 10, and 
are 28 ft. 6 in. by 6 ft. at the top and 39 ft. 6 in. 
by 17 ft. at foundation level, are carried on two 
rows of 3-in, elm battens, one row laid down 
longitudinally, the other transversely, resting on 
12-in. by 12-in. Memel pine piles. The bank on 
either side is finished off with a slope of 13 tol. 
The bridge carries a double line of rails, the gra- 
dient being 1 in 185. The main girders are four 
in number, and are spaced 3 ft. 1fin. and 11 ft. 6 in. 
on either side of the centre line respectively. The 
main bracing of the main girders is in six systems, 
inclined at an angle of 45 deg., with which excep- 
tion and some slight modifications arising there- 
from, the whole arrangement of details and design 
is identical with that already fully described and 
illustrated for the Irwell Viaduct on Deviation 
Railway No. 5, and which, therefore, need not 
again be repeated. 

In the case of both viaducts forming the subject 
of this article, mild Siemens-Martin steel is used 
throughout the entire superstructures, with the ex- 
ception of the floor-plates, which are of iron. A 
detailed account of the materials employed and the 
method adopted in the construction of the bridges 
is reserved for a future article. 

The method of erection at site of these bridges 
may in conclusion be briefly noted. In each case 
the side spans were first erected by timber staging 
beneath them, running, however, only about two- 
thirds the length of the span, the remaining portion 
being placed in position by overhang until the piers 
were reached. The main centre spans were then 
erected as cantilevers from either side, until junc- 
tion at centre was formed. Light cranes secured 
to the cantilevers were employed for handling the 
material, and greatly expedited the work of erec- 
tion. The girders being continuous in both via- 
ducts under consideration, materially assisted this 
mode of erection, No difficulty was experienced 
in putting in the closing length at the centre, the 
girders being sufliciently light to admit of any slight 
adjustment of position necessary to secure an 
exact junction. The timber staging necessitated 
by this mode of erection consisted in the case of the 
Irwell Viaduct of a main column, of eight vertical 
9-in. by 9-in. baulks, braced with 9-in. by 8-in. 
timbers, the centre being placed 29 ft. from that 
of the pier ; 19 ft. nearer the abutment a single row 
of 9-in. by 9-in. vertical baulks afforded further 
support to the platforms, which consisted of 9-in. 
by 9-in baulks, carrying a pair of longitudinal 12-in, 
by 9-in. baulks running the entire length of the 
staging, and spaced so as to come immediately be- 
neath each main girder. 

A double row of 12-in by 12-in. baulks, 10 ft. 
long in the case of the central girders, and 3 ft. 6 in. 
long for each of the outside girders, afforded a bear- 
ing to the girders during erection. The temporary 
timber staging for erection of the Mersey Viaduct 
was of similar type. 


Key to Bridges on Map, Fig. 1. 


. Viaduct over River Mersey. Deviation Railway No. 1. 
Moore-lane Swing Bridge. 
Stag Inn Swing Bridge. 
Viaduct over River Irwell. Deviation Railway No. 5. 
as Ship Canal. Deviation Railways Nos. 1 and 2. 
ar + Deviation Railway No. 3, 
. Stockton Heath Swing Bridge. 
. Viaduct over River Mersey. Deviation Railway No. 4, 
nt Ship Canal. Deviation Railway No. 5. 
10. Latchford Swing Bridge. 
11. Viaduct over ShipCanal. Deviation Railway No. 4. 
12. Old Quay Swing Bridge. 
13. Latchford High Level Bridge. 
14. Warburton 5 
15. Barton Swing Bridge. 
16. Trafford-road Swing Bridge. 
17. Barton Swing Aqueduct, 
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THE appearance of Dr. Tyndall’s paper, ‘‘Observa- 
tions on Glaciers,” in which he urged that fracture, 
pressure, and regelation were the successive pro- 
cesses by which the ice of a glacier fitted itself to 
its bed, turned sharp corners, descended deep 
precipices, maintaining the while its continuity ; 
was the signal for a long and somewhat. hot con- 
troversy, which, beginning in our island, quickly 
spread over the Continent. It had, however, the 
effect of directing the attention of the scientific world 
to the Royal Institution and its new Professor. 

Theories as to the motion and structure of 
glaciers had been propounded, and hotly discussed, 
principally on the Continent, by geologists and 
natural philosophers for many years. Amongst 
these the one whose views received most general, 
indeed, all but universal, acceptance, was Professor 
J.D. Forbes, who had accurately measured the 
rate of motion of various glaciers, and had, by his 
‘viscous theory,’ made at least a very plausible 
attempt to show how the twisting and bending of 
glaciers might be effected. 

His ‘‘ viscous theory,” in his own words, was 
as follows : 

‘CA glacier is an imperfect fluid, or a viscous 
body, which is urged down slopes of a certain incli- 
nation by the mutual pressure of its parts.” 

The immense weight of the mass of snow and 
ice forming a glacier gives it the tendency to 
descend the slopes of the mountain on which it is 
formed, and the melting of its bottom by the com- 
parative warmth of the earth enables it to slide 


over the rough rocky bed on which it rests, which — 


otherwise would hold it fast. ~ 

De Saussure imagined that the pressure of the 
water beneath and within the glacier materially 
helped its forward motion. Professor Forbes says 
as to this: 

‘* Now the water in the crevices does not consti- 
tute the glacier, but only the principal vehicle of 
the force which acts upon it, and the slow irresis- 
tible energy with which the icy mass moves on- 
wards from hour to hour with a continuous march, 
bespeaks of itself the presence of a fluid pressure. 

‘* But if the ice were not in some degree ductile 
or plastic, this pressure could never produce any, 
the least forward motion of the mass. The pressure 
in the capillaries of the glacier can only tend to 
separate one particle from another, and thus pro- 
duce tensions and compressions within the body of 
the glacier itself, which yields, owing to its slightly 
ductile nature, in the direction of least resistance, 
retaining its continuity, or recovering it by re- 
attachment after its parts have suffered a bruise, 
according to the violence of the action to which it 
has been exposed.” 

The position of things is well described by a 
writer in the Edinburgh Review, vol. clxi., page 
226 : 

“Tt is true that amongst those who had studied 
for themselves the phenomena of glaciers, acquies- 
cence was not complete or unqualified, but no one 
apparently was able to solve the difficulties which 
still hung about the subject. In the constantly in- 
creasing crowd of Alpine tourists, no one, whether 
learned professor or ignorant layman, brought 
forward a new fact or cogent argument.” So that 
“the appearance of a new combatant in the almost 
forgotten field of glacier controversy, excited im- 
mediate and lively interest, and which has been 
testified by an unusual number of articles devoted 
to Dr. Tyndall’s publications (on the glaciers) in 
periodicals of every class. 

‘“ Whatever doubt remained unsatisfied at the 
time of its first publication, the ‘ viscous theory’ 
held its ground without a competitor until the ap- 
pearance of the paper by Dr. Tyndall and Dr, 
Huxley.” 

These philosophers held: The choice rests 
between a quality which ice is proved to possess, 
and one which, in opposition to general experience, 
it is assumed to possess. By slow degrees the 
viscous theory had to give way before keen logic 
and apt experiment. 

It is evident that Dr. Tyndall at this time had 
the idea that ‘‘ pressure” had not been sufficiently 
considered as a factor in physical phenomena. In 
his magne-crystallic and dia-magnetic researches 
he found it play a very considerable part in modi- 
fying the structure and consequent behaviour of a 
vast number of substances in the magnetic field. 


|Slaty cleavage he had lately shown to be due to 
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pressure applied to the slate mud, and now apply- 
ing the same principle, coupled with Faraday’s 
discovery of ‘‘regelation” of ice at temperatures 
above the freezing point, he was enable to correct 
erroneous views, and to substitute facts for con- 
jectures, as to the structure and movement of 
glaciers. 

Tn Professor J. D. Forbes’s earlier writings he 


compared the veined or laminar structure of 


glacier ice to slaty cleavage. His theory of the 
structure may be briefly stated as follows: Owing 
to the quicker flow of the centre of a glacier, a 
sliding of the particles of ice past each other takes 
place ; in consequence of this sliding, fissures are 
produced, which, when filled with water and 
frozen in winter, produce the blue veins of the 
glacier. ‘To account for the obliquity of the veins 
to the sides of the glacier, a drag towards the centre 
is supposed to take place, producing a differential 
motion in this direction, which results in the 
formation of fissures. But at the centre of the 
glacier this drag towards it cannot be supposed to 
exist, and to account for the veins, or laminated 
structure of the centre, which under normal condi- 
tions is transverse to the axis of the glacier, Pro- 
fessor Forbes suggested that the thrust from 
behind, meeting an enormous resistance in front, 
produces a differential motion of the particles in a 
direction approximating to the vertical ; and that, 
in consequence of this motion, fissures are pro- 
duced, which, when filled and frozen, produce, as 
in other cases, the blue veins. 

The only fact here is that of differential motion 
parallel to the length of the glacier. Dr. Tyndall 
observed that the lamination in some cases pre- 
sents itself in the form of transparent lenticular 
masses imbedded in the general white ice, and 
argued that the differential motion referred to 
would be mechanically inadequate to produce de- 
tached cavities corresponding to these masses, 
which vary very greatly in size, and in some cases 
he thought to resemble the greenish spots in slate 
rock when a surface perpendicular to the cleavage 
of the rock is exposed. 

Further, as the motion of the glacier takes 
place both in summer and winter, fissures are 
formed at both seasons of the year. If formed in 
winter, he pointed out that they cannot be filled 
and frozen at that season for want of water; and 
if formed in summer, they cannot, while summer 
continues, be frozen for want of cold. Hence at 
the end of each summer, if Professor Forbes’s view 
was correct, there ought, according to Dr. Tyndall, 
to be a whole year’s unfrozen fissures in the ice. 
But these fissures have never been observed, and 
he therefore inferred that they had no existence. 

With regard to the drag towards the centre, 
which was supposed to arise from the viscosity, 
and in which direction it was imagined that “ fila- 
ments slide past each other,” Dr. Tyndall objected 
that the transfer of matter from the sides to 
the centre, in consequence of such a drag, must 
finally absorb the former, unless, to make good the 
loss, a motion in some other part of the glacier 
from the centre to the sides—that is, in a direction 
opposed to the theory—be established. 

Let the line A B (Fig. 1) represent the centre of 
a glacier, HK F CD; C D its side, and a a point 
between both. Draw m 7, 0 p, making equal 
angles with the centre and side. In consequence 
of the quicker flow of the centre, the line mn 
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tends to shorten itself, causing a thrust on the 
point a, which urges it towards the side C D ; the 
line o p for the same reason tends to elongate itself, 
which produces a drag of the point a towards the 
centre. The point a is here solicited by two equal 
forces, and the resultant motion will be along the 
line A B, parallel to the length of the glacier. 

Dr. Tyndall found that this result received com- 
plete confirmation by observation on the spot, so 
that the drag towards the centre expresses only 
half the conditions of the problem. 

He tested the question on a small scale by the 
following experiment. A BC D (Fig. 2) is a 
wooden trough, 6 ft. long and 1 ft. wide. The end 


A C of the trough is elevated. O is a box, witha 
sluice front, containing fine mud, formed of a mix- 
ture of pipeclay and water. 

The mud was permitted to flow slowly through 
the trough. Two highly - coloured straight lines 
a b, cd were stamped on the mud transverse to the 
length of the trough, and two others, mn, 0 p, were 


drawn parallel to its length. Now, if filaments 
move past each other towards the centre, such a 
motion must be observed by its effect upon the 
longitudinal lines m n, o p. 

On permitting the mud to flow, the lines lower 
down presented the appearance shown in the figure; 
m n and o p moved parallel to the sides, and at the 
same distance from them from top to bottom ; 
there was no evidence whatever of the supposed 
drag towards the centre. 

The differential motion which existed was parallel 
to the length of the trough, as is proved by the dis- 
tortion of the lines a b, cd, while every point in 
each of the longitudinal lines moved exactly in 
accordance with the theoretical deduction from 
Fig. 1. 

If, then, the cleaved structure were due to diffe- 
rential motion, it ought to be parallel tc the sides, 
instead of oblique to them, as it actually exists 
in glaciers of the form typified by Dr. Tyndall’s 
wooden trough. 

With regard to the transverse lamination of the 
centre of the glacier, the theory of Professor Forbes 
assumed that in a viscous mass with ai enormous 
thrust behind and an enormous resistance in front, 
fissures varying from a fraction of an inch to 
several inches in width are formed at right angles 
to the direction in which the thrust is exerted. Dr. 
Tyndall’s experiments proved that, so far from pro- 
ducing such fissures, the direct effect of such a 
force would be to close them up if they existed. 

The theory of slaty cleavage applies to the lami- 
nated structure of the ice. The lamination, like 
that of slate rock, is always approximately at right 
angles to the direction of maximum pressure. The 
local circumstances which give rise to a violent 
thrust, produce at the same time a highly developed 
lamination of the ice. 

When two confluent glaciers unite to form a 
single trunk, as in the case of the Finsteraar and 
Lauteraar glaciers, the effect of their mutual thrust 
is to develop the veined structure in a striking 
degree along their line of junction. 

The mechanical condition of such a glacier Dr. 
Tyndall also illustrated by experiments. Ifa plastic 
substance, suchas mud, flow down a sloping canal, the 
lateral portions, being held back by friction, will be 
outstripped by the central ones. When the flow is 
so regulated that the velocity of a portion at the 
centre shall not vary throughout the whole length 
of the canal, a coloured circle stamped upon the 
centre of the mud stream near its origin, will move 
along with the mud, and still retain its circular form ; 
for, inasmuch as the velocity of all points along 
the centre is the same, there can be no elongation 
of the centre longitudinally or transversely by 
either strain or pressure. A similar absence of 
longitudinal pressure may exist in a glacier, and 
where it exists throughout, no central structure can 
be developed. 

But let a circle be stamped upon the mud stream 
near its side, then, when the mud flows, this circle 
is distorted to an oval, with its major axis oblique 
to the direction of motion; the cause being that 
the portion of the circle farthest from the side of 
the canal moves more freely than that adjacent to the 
side. The mechanical effect of the slower lateral 
motion is to squeeze the circle in one direction, and 
draw it out in the perpendicular one. 


Fig. 3 shows the effect described. The three 
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circles were first stamped on the mud in the same 
transverse line, but as they move downwards they 


are in the same straight line no longer. The central 
one becomes the foremost, when the lateral ones 
change their forms from circles to ovals. 

In a glacier of the shape of this canal Dr. Tyndall 
observed exactly similar effects to be produced. 
Now the shorter axis m of each oval is a line of 
squeezing or pressure ; the longer axis is a line of 
strain or tension ; and he points out that the asso- 
ciated glacier phenomena are as follows: Across 
the line m », or perpendicular to the pressure, the 
veined structure is developed, while across the line 
of tension the glacier usually breaks and forms 
marginal crevasses. Here, then, are mechanical 
agencies at work near the side of such a glacier 
which are absent from the centre, and effects are 
developed by the pressure in the lateral ice, which 
are not produced in the central. 

Sometimes the transverse structure is found in 
the middle of a glacier and running parallel to 
its length. Where tributory glaciers unite, Dr. 
Tyndall shows that this is the case without excep- 
tion, and instances the junction of the Taléfre 
with the Léchand, and their junction with the 
Géant, where the veins run in the direction of the 
moraine, and parallel to the motion of the glacier.* 
These afterwards form the great medial moraines 
of the Mer de Glace, and the structure of the 
trunk stream underneath these moraines is parallel 
to the direction of the glacier. This is also true of 
the system of moraines formed by the glaciers of 
Monte Rosa. It is true in an especial manner of 
the lower glacier of the Aar, whose medial moraine, 
perhaps, attains grander proportions than any other 
in the Alps, and underneath which the structure is 
finely developed. 

The manner in which Dr. Tyndall illustrated the 
production of this structure will be understood from 
Fig. 4. 3B, B' are two boxes communicating by 
sluice fronts with two branch canals, which unite 


to a common trunk at G. They represent respec- 
tively the trunk and tributaries of the Unteraar 
glacier, the part G being the Abschwung, where 
the Lauteraar and Finsteraar glaciers unite to form 
the Unteraar. The mud is first permitted to flow 
beneath the two sluices until it has covered the 
bottom of the trough for some distance, when it is 
arrested. The end of a glass tube is then dipped 
into a mixture of rouge and water, and small circles 
are stamped upon the mud. The two branches are 
thickly covered with these circles. The sluices 
being again raised, the mud in the branches moves 
downwards, carrying with it the circles stamped 
upon it ; and the manner in which these circles are 
distorted enables an inference to be drawn as to 
the strains and pressures to which the mud is sub- 
jected during its descent. The figure represents 
approximately what takes place. The side-circles, 
as might be expected, are squeezed to oblique ovals, 
but it is at the junction of the branches that the 
chief effect of pressure is produced. Here, by the 
mutual pressure of the branches, the circles are 
changed into ellipses so elongated that the con- 


* The width of the Glacier de Léchaud is 825 yards; 
the width of the Taléfre is 638 yards; the width of the 
Glacier du Géant is 1134 yards; the sum of the widths of 
the three branch glaciers is therefore 2597 yards. At 
Trélaporte, a little lower down, these three branches are 
forced through a gorge 893 yards wide, or one-third of 
their previous width, at the rate of 20in. a day. The 
Glacier de Léchaud, previous to its junction with the 
Taltfre, has a width of 825 yards; in passing through 
the jaws of the granite vice at Trélaporte its width is re- 
duced to 88 yards, or in round numbers to one-tenth of its 
previous width. The ice has not been squeezed to one- 
tenth of its previous volume, It is merely a change of 
form. Previous to its compression the glacier resembles 
a plate of ice lying flat on its bed. After its compression 
it resembles a plate fixed upon its edge. The squeezing 
doubtless has deepened the ice.—Dr. Tyndall, *‘ Forms of 
Water,” International Scientific Series, vol. i., p. 82, 
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EDISON TRIPLE-EXPANSION ENGINE AND MULTIPOLAR DYNAMO. 
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jugate axis in many cases disappears wholly, and 
the figure becomes a straight line. 

In nature it is exactly at the places where this 
squeezing takes place that the cleavage of the ice is 
most highly developed ; a fine example of this is the 
structure under the central moraine of the Aar 
glacier. In fact, the association of pressure and 
lamination is far more distinct in the case of the 


glacier than in the case of slate rock. In the latter |the veined structure of glacier ice. 


case pressure is the sufficient cause of the lainina- 
tion, and Dr. Tyndall considered he was justified 
in concluding that it is also the cause in the former. 

The oblique position of the blue veins near the 
sides of glaciers, the transverse lamination of the 
centre, the lenticular structure, the relation of the 
veins to the crevasses, are all in harmony with this 
compression theory of the veined structure of 
glacier ice. Unless, indeed, compacted mountain 
snow is conceived to be perfectly homogeneous in 
& mechanical point of view—a supposition plainly 
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opposed to common sense—some portions of it will, 
when under violent pressure, be rendered more 
compact than others, and the blue veins are the 
natural consequence. 

Dr. Tyndall compressed snow. The section of 
the mass perpendicular to the surface on which the 
pressure was exerted, exhibited in a distinct 
manner an appearance the same in kind as that of 
Stripes more 
transparent than the surrounding ice were ob- 
served at right angles to the direction of pressure. 
The ice structure sometimes exhibits a true 
cleavage, and Dr. Tyndall, in pressing a perfectly 
transparent prism of ice, obtained a cleavage, the 
perfection of which, he says, surprised him. 

As in the case of the glacier and slate rocks, the 
cleavage is perpendicular to the direction of pres- 
sure. The case as regards slaty cleavage and the 
structure of glacier ice, stands thus : the testimony 
of independent observers proves that both ice and 


slate are laminated at right angles to the direction 
of pressure; and Dr. Tyndall’s experiments 
demonstrate that this pressure is sufficient of itself 
to produce the lamination. 


THE EDISON TRIPLE-EXPANSION ENGINE 
AND MULTIPOLAR DYNAMO. 

Tur Edison General Electric Company of New 
York, under the supervision of their chief engineer, 
Mr. J. C. Henderson, have recently designed and put 
into successful operation a number of triple-expansion 
engines coupled direct to two multipolar dynamos, one 
being placed at each end of the shaft for central sta- 
tion work. The sizes range from 100 to 1500 horse- 
power. The general arrangement is shown by the en- 
gravings on this and the opposite pages of two 500- 
volt railway generators, attached to a 700 horse-power 
engine, and known as the 2 by 200-kilowatt generator. 
For lighting purposes two 150-volt generators are used, 
each having a maximum capacity of 1333.3 amperes. 

The armature is of the Gramme ring type, built up 
of [-shaped copper strips, which are slipped over the 
laminated wrought-iron core, the upper end of one 
being connected with the lower end of the adjoining 
loop by a copper bar, these bars acting as the segments 
of the commutator. The number of brushes corre- 
sponds to the number of poles of the generator, and the 
controlling arrangement allows of their being operated 
simultaneously, so that when once adjusted the whole 
can be handled as though but one set were used. The 
field magnets are inserted in the annular ring mounted 
on the foundation-box of the engine, the coils being 
wound on separate spools, which are slipped over the 
field magnets. 

The engine is of the marine triple-compound three- 
crank inverted cylinder condensing type, designed for 
an initial steam pressure of 1601b. per square inch, 
and a vacuum of 24in. It is well-proportioned, and 
has large and easily-adjusted wearing surfaces 
throughout. 

The cylinders are 16}in., 23fin., and 384 in, in 
diameter respectively, and are steam jacketed, the 
stroke being 30 in., with a piston speed of 600 ft. per 
minute. They are fitted with double-ported balanced 
piston valves, one to the high-pressure cylinder and 
two to each of the other cylinders. The piston and 
connecting-rods are of mild steel. The bedplate, to 
which the main bearing boxes of the crankshaft are 
cast, is made in two parts firmly bolted together, the 
whole being bolted to a massive foundation-hox which 
also carries the dynamo frames, thus insuring perfect 
rigidity between the engine and generators. In this 
foundation-box, and forming part of it, is a surface con- 
denser fitted with 1068 brass tubes 9 ft. 3 in. long. The 
air and circulating pumps for this condenser are located 
in the hollow brick foundation beneath the engine. 

The crankshaft is of forged steel 8 in. in diameter, 
fitted with cast-iron balanced discs, to which the 
crank-pins of 8in. diameter are fitted, There are 
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two bearings to each crank, and an additional large 
bearing on each end of the shaft to carry the armature. 
Oa the shaft are three eccentrics, each operated by its 
own independent governor, which is of the disc type, 
so that the point of cut-off in each cylinder, ranging 
from .08 to.75 stroke, is changed equally with the load, 
thus doing away with any tendency to race in case 
the total load is at any time thrown off, or any accident 
happens. 

Strong cast-iron columns carry the cylinders, which 
which are bolted together, thus making a strong, com- 
pact, and well-arranged engine. Suitable platforms 
are attached to the framing, so as to make all parts 
easy of access. The arrangements for lubricating the 
various parts of the engine are very complete. 

A ‘straight line” separator is placed on the steam 
pipe leading to the engine, allowing dry steam only 
to enter the cylinder, and thus obtaining more econo- 
mical and better working results. In addition to this, 
a ‘straight line” grease extractor is placed on the 
exhaust pipe leading from the low-pressure cylinder 
to the condenser, permitting pure steam only to enter, 
and so keeping the tubes clean and their efficiency un- 
impaired. 

These engines follow the latest types in use on 
ocean steamships, with necessary additions to render 
them as highly etlicient for electric generating pur- 
poses as their prototypes are for marine work. They 
are calculated for the maximum efficiency point at 
about 123 per cent. below the normal maximum capa- 
city of the generator, and have a range to a maximum 
capacity of 20 per cent. above the normal maximum 
output of generator at 160 lb. steam and a vacuum of 
24in., thus allowing the engine, in case of an acci- 
dent to the condensing apparatus, or scarcity of water, 
to operate the generator satisfactorily non-condensing. 

At the Milwaukee Edison Station, one of these 
engines, carrying a load of 500 volts by 400 ampéres, 
varied in speed only 1.7 per cent. from no load up to 
full load; this when working in multiple with five 
other bi-polar dynamos driven by belted engines of the 
ordinary type and all independent. The efficiency of 
the combined plant is said to be 87 per cent., whilst 
that of the direct belted plants is only 76 per cent, 


BOILER PLATE FLANGING MACHINE. 

We illustrate on page 123 a flanging machine con- 
structed by Messrs. Robert Harvey and Co., Sussex- 
street, Paisley-road, West Glasgow. The distinctive 
feature of the tool is an arrangement, invented 
by Mr. John Crow, manager of Messrs. Harvey’s 
works. In the ordinary type of flanging machines one 
roller is set for turning over the flange, and in this 
operation the edge of the roller is somewhat liable to 
score the flange. When nearing the end of the flanging, 
too, there is great friction, owing to the difference in 
speed consequent on the difference in diameter on the 
outer and inner parts of the roller. In Mr. Crow’s 
arrangement this is obviated by two independent 
rollers being used. One of them is conical in form, 
and is driven horizontally by a screw thread, which 
brings over the flange gradually on to a diagonal pul- 
ley running loose. The conical wheel revolves at a 
regular speed. The other roller works vertically, 
being driven by friction with the shell being flanged, 
and forms the heel of the flange. This roller is 
better shown on Fig. 1. There are other two 
rollers shown, one on either side of the actual 
flanging rollers (Wig. 2), These are for insuring 
that the tube or boiler to be flanged is exactly 
round before the flanging operation begins. By a 
slight alteration of the rollers donkey boilers can 
be recessed instead of flanged. In this case the 
conical] roller is taken away, and an ordinary roller 
placed on the vertical spindle. By another slight 
alteration of the rollers donkey boiler crowns can be 
flanged after being dished. All the machines have 
the same frame. The column is placed on a horizontal 
bed, and at one end there is a revolving universal chuck 
driven by wheel and gearing underneath the chuck. 
The saddle has a travel of 2 ft. up and down the 
vertical column, 


H.M.S. ‘ JASON.” 

ON our two-page plate we give two illustrations 
of the engines of H.M.S. Jason, one of the six 
first-class twin-screw torpedo gunboats which formed 
a part of the naval programme of 1889. The Naval 
Construction and Armaments Company, of Barrow, 
contracted for three of these vessels, which may be 
described as improved Sharpshooters. The names 
of the other two vessels constructed at Barrow are the 
Jaseur and Niger. The order was given out in June, 
1891, and the Jason is the first of the series to be 


tried. The following are the outlines of design : 
Displacement, $10 tons; indicated horse-power, 
3500. The length is 230 ft. between perpen- 


diculars, and the breadth 27 ft., the draught of 
water being 8 ft. 9in. The armament consists of two 
4.7-in, and four 3-pounder quick-firing guns. There is 
one fixed torpedo tube in the bows and two torpedo 


carriages for broadside discharge. The design of the 
engines will be gathered from our illustrations, which 
have been prepared from photographs, and plainly 
show the general features. It will be seen that the 
system introduced by the torpedo boat builders has 
been adopted, turned steel columns, cross-braced, being 
used for standards, and light cast steel foundations, the 
arrangement of which is wellshown in our engravings. 
The usual three-stage compound system has, of course, 
been adopted for the engines, the cylinders being 22 in., 
34 in., and 51 in. in diameter, by 21 in. stroke. Hach 
pair of engines is placed in its own compartment. The 
boilers are of the wet-bottomed furnace locomotive 
type, and are four innumber. Each has two furnaces. 
The length of each is 16 ft., and the diameter 7 ft. 8 in. 
These vessels have been designed not only for high- 
speed, but with considerable coal endurance, the dis- 
tance, estimated to be steamed at 10 knots, being 2500 
miles. The bunkers are arranged in accordance with 
the now usual plan so as to protect the machinery, 
there being a thickness of 3 ft. of fuel in the bunkers 
from below the water line to the upper deck. 

The contract power with natural draught was 2500 
indicated horse-power and with forced draught 3500 
indicated horse-power. The first attempt to run the 
forced draught was a failure owing to the very bad 
water supplied at Sheerness, On the second trial dis- 
tilled water, such as would be used at sea under 
ordinary conditions of steaming, was used, and the 
trial was eminently successful ; there being, according 
to the contractor’s report, ‘‘an entire absence of 
trouble of any kind both in the stokehold and engine- 
room.” In the course of the trial the engines were 
stopped dead on account of a slight defect in the 
steering gear. This was a severe test to boilersof a 
high-powered vessel running at speed, but it was 
found to produce no bad results in the case of the 
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The maximum speed was estimated at 20 knots, 
and from the above it will be seen that the contractors 
were well within their contract. 

The Jason was launched last May, the event being 
of additional interest, as the launching ceremony was 
performed by Miss White, the daughter of the de- 
signer, the present Director of Naval Construction 
and Assistant Controller. The Jaseur and Niger were 
also launched last year. The contract price for each 
of these three vessels is about 49,000/. for hull and 
machinery. Of the three sister boats two have been 
contracted for by Laird’s at Birkenhead, whilst the 
remaining one, the Speedy, is now in course of con- 
struction at Thornycroft’s yard at Chiswick, and is, 
we think, without doubt the largest and most powerful 
vessel ever constructed on the Thames above bridge. 
Indeed, she may be said to represent pretty nearly the 
limits of dimensions for so high up river, as there 
will be, we believe, but little room to spare between 
the bed of the river and the lower boom of Hammer- 
smith Bridge when the vessel passes through. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society, held on 
January 27, 1892, Mr. Walter Bailey, M.A., Vice- 
president, in the chair, Mr. T. W. Morton was elected a 
member of the Society. Professor S. P. Thompson, 
I’.R.S., made a communication on ‘‘ Japanese Magic 
Mirrors,” and exhibited numerous specimens showing the 
magic properties. Referring to the theory of the subject, 
he said the one now generally accepted was that proved 
by Professors Ayrton and Perry in 1878, who showed that 
the patterns seen on the screen were due to differences in 
curvature of the surface. The experiments he now 
brought forward fully confirmed their views. 

Brewster had maintained that the effects were due to 
differences of texture in the surfaces, causing differences 
in absorption or polarisation, but the fact that the charac- 
ter of the reflected image depended on the convergency 
or divergency of the light, and on the position of the 
screen, showed this view to be untenable. Another proof 
of the differing curvature theory was then given by cover- 
ing a Japanese mirror with a card having a small hole in 
it. On moving the card about the disc of light reflected 
from the exposed portion varied in size, showing that the 
curvatures of portions of the surface were not the same. 
The same fact was proved by a small spherometer, and 
also by reflecting the light passing through a coarse 
grating from the mirror, the lines being shown distorted. 
To put the matter to a test demanded by Brewster, he 
had a cast taken from a mirror by his assistant, Mr. 
Rousseau; this had been metallised, silyered, and 
polished, and now gave unmistakable evidence of the 
pattern reflected from the original. 


The true explanation of how the inequalities of curva- 
ture were brought about during manufacture, had also 
been given by Professors Ayrton and Perry, but there 
were some questions of detail on which difference of 
opinion might exist. 

Professor Govi had noticed that warming a mirror 
altered its possibilities. A thick mirror, which gave no 
pattern whilst cold, developed one on being heated, was 
shown to the meeting. Professor Thompson also showed 
that a glass mirror having a pattern cut on the back 
developed magic properties when the mirror was bent. 
When made convex the reflected pattern was dark on a 
light ground, and when made concave, light ona dark 
ground. Warming ordinary mirror glass by a heater 
whose surface was cut to a pattern gave similar effects. 
Very thick glasses could be affected in this way ; on pass- 
ing aspirit lamp behind a strip of mirror, a dark band 
could be caused to pass along the screen illuminated by 
light reflected from the mirror. By writing on lead foil 
and pressing the foil against a glass mirror by a heater, 
the writing was caused to appear on the screen. 

Professor Thompson had also found that Japanese 
mirrors, which are not ‘‘magic”’ when imported, could 
be made so by bending them mechanically so as to make 
them more convex. In conclusion, he showed a large 
mirror, 15 in. by 11 in., the reflection from which showed 
the prominent parts of the pattern on its back, with the 
exception of two conspicuous knots; these knots gave no 
indication of their existence. 

Professor Ayrton said the simple mechanical produc- 
tion of the magic property described by Professor 
Thompson, led him to think that some experiments on 
“‘Seeing by Electricity” by the aid of séleniun cells, 
which Professor Perry and himself made some years ago, 
might lead to some result if repeated with thinner 
reflectors. Speaking of theeffect of scratching the back 
of a Japanese mirror, he pointed out that if metal be 
removed by pressure a bright image was seen, whilst if 
removed chemically a dark image resulted. 

Since the original paper on the subject was written he 
had been led to modify his views as to the effect of amal- 
gamation, for some time ago he showed the society how 
brass bars were bent if one edge were amalgamated, thus 
proving that enormous forces were developed. He now 
regarded amalgamation as an important part of the 
manufacture. 

Mr. Trotter inquired if it had been proved that there 
was no difference in the metal in the thick and thin parts? 
One would expect the thin parts to be harder and polished 
away less. 

After some remarks by Mr. J. W. Hearton and Major 
Rawson, Professor Thompson said the magic effects pro- 
duced by heating the back of a glass mirror remained for 
a short time after the heater was removed. The question of 
whether differences in hardness of the thick and thin parts 
of a mirror were of consequence in the production of the 
magic property had been tested by using sheets of brass 
thickened by pieces soldered to the back as mirrors, and 
found to be unimportant. 

Professor Ayrton also described an experiment point- 
ing to the same conclusion. 

Mr. W. F. Stanley read a paper on ‘‘ The Functions of 
the Retina.—1. The Perception of Colour.” Referring to 
Young’s three-nerve theory of colour sensation, the 
author said Professor Rutherford had pointed out that 
there was no necessity to assume that different nerves 
conveyed different colour sensations, for as a telephone 
wire would transmit almost an infinite variety of sound 
vibrations, so the nerves of the retina were probably 
equally capable of conveying all kinds of light vibrations. 
Professor Rutherford had further pointed out that the 
image of a star could not possibly cover three-nerve 
terminals at once, and, therefore, could not be seen as 
white if Young’s theory was correct. 

The author then described Helmholtz’s experiments with 
a small hole in a screen illuminated by spectrum colours, 
For red illumination the greatest distance at which the 
hole could be seen sharply defined was 8 ft., and for violet 
14 ft. When the hole was covered with purple glass, or 
with red and violet glasses superposed, and a bright light 
placed behind, the eye, when accommodated for red 
light, saw a red spot with a violet halo round it, and 
when focussed for violet light, saw a violet spot with 
circle of red. These experiments, the author thinks, 
show that the chromatic sense in distinct vision under 
critical conditions (¢.e., where a single nerve or 4& 
small group of nerves is concerned), depends on the 
colours being brought to foci at different distances 
behind the crystalline lens. He also infers that the same 
focal position in the eye cannot convey simultancously - 
the compound impression of widely separated colours. 
Helmholtz observations are further examined in the paper, 
and a series of zoetrope and colour disc experiments de- 
scribed, which tend to show that the eye cannot follow 
rapid changes of colour. Changes from red to violet could 
be followed much more quickly than from violet to red. 
The red impressions were, however, more permanent. 
The observed effects were found to depend on the inten- 
sity of the light and also on the distance of the eye from 
the coloured surface. Summing up his observations, the 
author infers that by systems of accommodation of the 
eye the colours of the spectrum are brought to focus on 
special parts or joints of the rods or cones of the retina, 
such focal points being equivalent, by equal depths or 
distances from the crystalline lens, to a focal plane formed 
across the whole series of nerve terminals. Thai all the 
rays of light from an object, or part of an object, of very 
small area and of any spectrum colour, will converge to a 
point upon a nerve terminal, and that this terminal will 
be most excited by the light. 

At the end of the paper Dr. Stanley Hall’s views of 
nerve structure are examined. 

Capta‘n Abney thought the results of the zoetrope 
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experiments were what one would have expected when 
pigmentary colours were used. To be conclusive such 
experiments must be conducted with pure spectrum 
colours. The statement about the size of star images 
being less than that of a nerve terminal would probably 
need revision. Speaking of colour vision, he said the 
modern view was to regard light as producing chemical 
action in the retina, which action gave rise to the sensa- 
tion of colour. On the author’s theory he could not see 
how colour-blindness could be explained. 

Mr. Trotter said he understood Helmholtz to have 
proved that nerves could distinguish quantity but not the 
quality of astimulus. Since the speed at which stimulus 
travelled to the brain was about 30 metres a second, the 
wave length of a light vibration if transmitted in: this 
way would be very small. Taking Lord Kelvin’s estimate 
of the minimum siz3 of molecules of matter, it followed 
that there must be many wave lengths in the length of a 
single molecule. This, he thought, hardly seemed pos- 
sible. 

Mr. Lovibond pointed out that the observations referred 
to by the author could be equally well explained on the 
supposition that six colour sensations existed. The con- 
fusion of colour he had mentioned arose from lack of 
light. 

ve Stanley replied to some of the points raised by 
Cxptain Abney. : 

In proposing a vote of thanks to Mr. Stanley, the chair- 
man said it had been shown that light could be resolved 
int» three sensations, but it was not known how this reso- 
lution occurred. 

Professor S. P. Thompson said the gist of Mr. Stanley’s 
paper seemed to be that lights of different colours were 
concentrated at points situated at different depths in the 
retina, the violet falling on the part nearest the crystalline 
lens and the red furthest away. Another view of the 
action was that the different sensations might be due to 
the vibrations of longer wave length having to travel 
greater distances along the nerve terminals before they 
were completely absorbed. 


IRRIGATION IN EGYPT. 
To tHe Eprror or ENGINEERING. 

Sir,—In your issue of January 6, 1893, you have a 
leading article of considerable length on ‘‘ Irrigation in 
Egypt.” I trust you will find room in your paper for this 
criticism of your article. 

1. Youstate that the corvée was reduced by 250,000/. per 
annum, but the sum was paid by the people. As amatter 
of fact, the corvée has been abolished. There is no more 
eorvée. The Treasury pays 400,000/. out of the revenues 
of the country for the work which the corvée did, and all 
this money is now paid to the people who dig the canals 
at erat the banks. There is no corvée tax of any 
kind. 

2. The Nile guardians are called out in large or small 
numbers to patrol the banks and attend to them in flood 
time, and these are the men whom you have confused with 
thecorvée proper. These guardians will always have to 
guard the banks in flood time when there is danger. The 
same thing is done in Italy onthe Po. When we first 
came to Egypt we confused the guardians and the corvée ; 
but we found, after experience, that though the country 
greeted with pleasure any scheme for coryée abolition, 
there was steady opposition to any abolition of Nile flood 
guardians. And we ourselvessee, after our experience of 
two very high floods, that the country was right. The 
Ministry of Finance and the Ministry of Public Works 
are considering a scheme for paying these men from the 
Treasury instead of from the purses of the landowners ; 
but there is now no talk of any abolition of this servitude. 
If the State were to abolish these guardians, there would 
be a revolution in Egypt during a very high flood. Fortu- 
nately, during high floods, when these men are princi- 
pally called out, there is practically no work for them in 
their villages, as the Nile water gives easy flush irrigation 
everywhere, and there is no ploughing, sowing, or reaping 
going on anywhere, 

3. You say, again, that ‘‘ the land tax has been reduced 
by 250,000. per annum, but this is not a measure of 
general relief.” A measure of general relief was de- 
manded by all the influential landowners in Lower 
Egypt, but after Sir Elwyn Palmer had consulted a 
strong commission and made a personal examination of 
the different provinces, he came to the conclusion that 
certain provinces werefar more heavily taxed than others. 
He picked out the very heavily taxed provinces and re- 
duced their land tax from 50 per cent. to 20 per cent. 
according to the pressure of taxation on them. I believe 
everybody in Egypt to-day believes that he acted wisely. 
The poorest of the peasantry have benefited. 

4. The Egyptian peasantry are not nearly so badly off 
as your article would make one believe. Sir John Gorst 
considered their lot more enviable than that of our own 
agricultural population. 

5. You then go on to review some of the projects for 
reservoirs, and seem to chafe at the great delay of the 
Egyptian Government in coming to some conclusion. 
But we engineers who are responsible for the preparation 
of these projects are immensely indebted to Lord Cromer 
for the determination with which he has resisted all pres- 
sure from influential quarters in Europe and England, 
and has told us that he gives us our own time to 
complete our projects, trusting entirely to our loyalty to 
Egypt to work as quickly as we can. To show you that 
the time given to us has not been wasted, I have only to 
refer to your own article. You talk of tons of water in 
the Upper Egypt basins being available for filling the 
Wady Rayan reservoir. Some of the cheap estimates 
were made on this and other assumptions, but it was 
forgotten that these basins themselves will not be under 
water once the reservoirs are made, but under sugar-cane 


and cotton, and that therefore this water will not be 
available.. It was again assumed at first that the Nile 
at the take-off of the reservoir canal, whence once basin 
irrigation has been replaced by summer irrigation, would 
be similar to what it is nowadays. We now find, how- 
ever, that the Nile will be a new river, that its periods 
and heights of flood will be absolutely different to what 
they are to-day, and that all the old rough calculations 
are so much waste paper. We are calculating new 
gauge diagrams for Cairo, after the method so well em- 
ployed by Lombardini on the Po, and it is to the works 
of Italian engineers in the valley of the Po that we are 
turning for guidance in all matters connected with this 
important subject. Again, it has been assumed that the 
abandonment of basin irrigation will produce changes in 
the Nile which the Wady Rayan might modify, but we 
find that possibly the valley of the Nile for 400 miles 
south of the take-off of the Wady Rayan reservoir canal 
will not be able to carry the extra water. 

I mention these particular points because they are more 
or less touched on in your article, but I could mention 
here many others of equal importance which must be 
considered and solved befcre we are prepared to put our 
project before a European Commission. With a project 
before us which is calculated to completely change the 
regimen of the Nile, and have far-reaching effects on the 
whole of Egyptian irrigation, we engineers intrusted 
with the preparation of the estimates are convinced that 
our one chance of success depends on Lord Cromer’s 
determination to give us a free hand to complete our 
studies, I am sure that any hurrying such as you suggest 
would be accompanied with disaster. 

Yours truly, 
W. Wittcocks, M.I.C.E, 
Director-General of Reservoirs, Egypt. 


THE BEIRUT AND DAMASCUS LIGHT 
RAILWAY, 

’ To THE Eprror or ENGINEERING. 

Sir,—I may perhaps supplement my letter in your 
last week’s issue by the following authentic information : 
The permanent way (1.05 metre gauge) will consist 
throughout of 27 kilogramme (54 lb.) steel rails and iron 
sleepers, and on the rack sections the width of the double 
Abt rack bars will be 2.6 centimetres (1 in.). The steepest 
grade will not exceed 6 per cent. ; the minimum radius 
of curvature will be 100 metres (5 chains) on the adhe- 
sion, and 120 metres (6 chains) on the rack sections. The 
weight of the compound rack and adhesion engines will 
be 43 tons, which, giving a tractive force of one-fourth, 
will therefore easily haul a train load of 143 tons inclu- 
sive, and of 100 tons exclusive of engine. Only the mixed 
rack and adhesion sections across the Lebanon, of 60 kilo- 
metres (40 miles) will be worked with these engines, and 
the remainder of 80 kilometres (50 miles) with ordinary 
adhesion engines. 

It was originally proposed to lay an essentially light 
line along the existing mountain road across the Lebanon, 
which has grades up to 12 per cent. ; this plan, however, 
has very wisely been abandoned, and the line, which is 
being constructed by the ‘‘Compagnie Ottomane des 
Chemins de Fer Economiques en Syrie,” will be through- 
out of a substantial character, the estimated traffic being 
100,000 tons per annum, 

It is not difficult to see that the whole design has been 
changed with a view to more effectually disarm any com- 
petition to which the projected English line from Acre 
to Damascus may give rise. 

Lam, Sir, your obedient servant, 
C.8. Du Ricut Preriar. 

18, Margaret-street, Cavendish-square, W. 

January 31, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To tHE EpiTorR or ENGINEERING. 

Sir,—The statement that the North-Eastern Railway 
Company possess 1742 locomotives is one made by Mr. 
Wilson Worsdell, the superintendent of the line, and not 
by me. From what I know of railways I have no reason 
to doubt the truth of Mr. Worsdell’s statement, and, as 
Mr. Stretton also claims to be an engineer, one naturally 
looked to him to publish figures with at any rate a sem- 
blance of accuracy. Board of Trade returns are, perhaps, 
near enough for their purpose ; but that the North- 
Eastern always tops the list in cost of locomotive main- 
tenance, with something over 4d. per train mile, com- 
pared with 2d. on some others, needs accounting for, and 
appears in a great measure due to the persistent building 
of new engines out of revenue, and classing them in the 
books as duplicates, with no returns in their reports. 

I should be glad if Mr. Stretton could inform me the 
publishers of his list, as there are several statements I 
should like to compare. 

Yours faithfully, 
Joun H, RavensHaw. 

Ryton-on-Tyne, February 1, 1893. 


SCREW PROPELLERS. 
To THE Eprror or ENGINEERING. 

Srr,—Will you kindly permit me to note that in the 
fourth paragraph of my last (page 102), the last should 
be before the word ‘‘ pitch ;” or, better still, the sentence 
should read: ‘‘ And this has the further beneficial effect 
of allowing a lesser ‘speed pitch’ (though more than 
equally effective by reason of its continued revolution at 
the normal) to be used, and so bringing the angular im- 
pulse more in the plane of motion of the vessel.” 

Apropos of some remarks in your admirable review (in 


last issue) of Mr. Williams’ able work upon ‘‘ The Steam 
Navy of England,” I respectfully submit that it would 
have been better had the Admiralty long ago tried my 
freely offered suggestions, instead of docking the Her- 
cules many times, and being uncertain as to a beneficial 
result even now. Had they even tried the gear for the 
purpose of ascertaining the best developed propulsive 
area and pitch for (so-called) average conditions, and then 
‘* cast the result into a fixed screw,” we should at least 
have been convinced that that screw had proved itself 
the most suitable for one ‘‘condition” out of very many. 
A3. it is, it may be endless docking, cutting, and chang- 
ing, and no certainty after all. The application of my 
suggestions need not be feared, Mine is a strong and 
improved—i.e., non-reversible engines, gear operating 
while running, steam or other power suited to the ‘‘ pro- 
pulsive area (whatever the angle), and all “ racing” pre- 
yented—edition of the outboard gear that held H.M 8. 
Calliope off Samoa in one of the fiercest hurricanes ever 
known. 
Your obedient and obliged servant, 
Robert McGuasson, 
Selhurst, S.E., January 28, 1893. 


To THE Eprror or ENGINEERING. 

Srr,—I have fitted out several boats up to 75 ft. long, and 
have made a large number of tests for speed and power 
and also number and area of blades, and the result leads 
me to agree with Mr. McGlasson in his ideas respecting 
screw propellers in the main particulars, 

Ican confirm his statement in your last issue as to 
attaining the same speed of boat within a reasonably 
large range of surface area of screw. In one particular 
instance the blades were reduced from time to time, until 
they were (comparatively) small points projecting from 
the boss without seriously affecting the speed of the boat 
when under weigh. 

Yours faithfully, 


Maenus Vork. 
Brighton, January 30, 1893. 


CRANK AXLES. 
To THE Eprror or ENGINEERING. 

Sitr,—The chairman of the London and North-Western 
Railway was reported in the Railway News for August 23, 
1890, to have uttered the following prophetic words : 

‘Nothing has pleased me more lately than to see the 
old-fashioned crank axle done away with, and the 
different mode of working the engines. We have had no 
accidents with it, but we are going to have something 
better than the crank axle.” 

What do these mysterious words refer to? As Iam 
troubled a good deal with crank axles, I should be glad to 
know whether the quiet revolution in locomotive con- 
struction predicted by the chairman of the North-Western 
has already come about, Perhaps some kind reader can 
enlighten, 

Yours truly, 
Kiiiz CRANKIE, 

January 30, 1893. 


THE FUTURE OF BRITISH ENGINEERING. 
To Tar Epiror oF ENGINEERING. 

Str, — The article in your recent issue on the above 
subject supplies matter for much serious cogitation. In 
your paper for January 15, 1892, you published a table 
of results obtained with Continental engines, Presuming 
that the results were reliable, they appeared to meat the 
time to be of quite exceptional excellence, and in the 
period of time which has elapsed since their publication, 
I have not come across any published results of English 
made engines equal to them. I shall be very glad to be 
informed that Continental practice in economical engine 
design is not so far in advance of ours as these results 
would appear to show. 

Briefly summarised the results which were obtained 
with Sulzer engines of the Corliss type were as follows : 


: Steam Steam Used per Indicated 
Type of Engine. Pressure. Horse- Power. 
lb. Ib. 
Single cylinder 72to 95 179to19.2 Mean 18.95 
Compound $4.,, 104 13.4. , 15.5 pein i Fe 
Triple ... tog 155 11-127 a tle 
F Neel SHE Se 


Birmingham, January 31, 1893. 


MANGANESE STEEL. 
To THE EDITOR OF ENGINEERING, 

Strr,-—Among your ‘‘ Miscellanea,” on page 105 of your 
issue of January 27, we notice you refer to a copper 
alloy called manganin. We think your readers will be 
probably interested in knowing that a material with very 
high resistance (manganese steel) is manufactured by us 
in this country, and is being applied for resistance coils 
of various kinds. It can be supplied at less cost than 
that of manganese copper alloys for resistance purposes. 
The following gives its value as compared with that of 
other materials ; 

Copper being taken as ee ane a | 


Good iron telegraph wire 8 
German silver wire... 14 to 16 
Platinoid Fe Fe 20 
Manganese steel te 48 


We may say that this is only one of many applications 
that we are making of manganese steel for commercial 
uses, 

Yours faithfully, 
_ Haprietp’s Sree, Founpry Company, LimiTep, 
Sheffield, January 31, 1893, 
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FATLURE 


UNDER TEST LOAD OF ROAD BRIDGE 


OVER: THE: RIVER MORAW2 


Ir has been stated, and we believe perfectly truly, 
that a test load has never discovered defects in a 
bridge which could not have been ascertained by calcu- 
lation and inspection. Still, so long as human nature 
is apt to err through ignorance or inadvertence, so long 
will it be advisable to insist on tests before accepting 
the structure from the contractors, though unless the 
bridge is exceptionally badly designed, such a test 
will give very little information as to the security of 
the structure. Some months ago (ENGINEERING, vol. 
liv., page 329) we published an account of a lament- 
able failure of a road bridge at Strathglass over the 
River Cannick, Scotland, and we now publish illus- 
trations of a similar accident which occurred last 
September to a bridge over the River Morawa, in 
Servia. Unfortunately we have not as yet full parti- 
culars of the dimensions and methods of construction 
of the various parts, and so we are unable to account as 
completely for the failure as we did in the case of the 
Cannick Bridge ; still, a glance at the engravings which 
we reproduce on the present page and page 138, from 
the Zeitschrift des Oecsterr. Ingeniewr-und Architekten- 
Vereines, will be sufficient to explain a good deal. 
From the general description given in the above- 
mentioned journal by Mr. August Walzel, of Vienna, 
it appears that the bridge forms the continuation of a 
street which runs in a south-easterly direction from 
Pozarevac, and crosses the Morawa not far from 
Ljubicevo-Stud. The bridge has three spans 60 metres 
(196.7 ft.) long, and carries a road 5 metres (16.4 ft.) 
wide between the trusses. In 1888 the Servian Govern- 
ment called for designs and tenders for the bridge, 
offering premiums for the accepted designs. The 
conditions specified that, though primarily intended 
for street traffic, yet it should be suitable for railway 
traffic if a line should be put across it at some future 
date. Three designs were awarded premiums, but 
none of them were proceeded with, as the Govern- 
ment then determined to build a cheaper bridge to 
somewhat modified specifications. The execution of 
the work was intrusted to a Servian corporation, who 
constructed the substructure in a perfectly satisfactory 
way. Acting apparently on the generally accepted 
principle, which is wise if not pushed to extremes, 
that if money is to be saved on a bridge it should 
be saved in the superstructure, and not in the 
foundations and piers, the Government had prepared 
a design for the metal work, which, with a view to 


rcemel 


economy, contained such faulty features that the 
work was refused by many reputable firms. It was, 
however, finally accepted by a Belgian firm. 

The girders are of the semi-parabolic type, and are 
202.1 ft. long between centres of rocker plates. Each 
truss is divided into 12 bays, with a single system of 
triangulation, save in the centre bays, where counter- 
bracing is introduced. The compression members are 
vertical, and the diagonals consist of flat plates. The 
rise at the centre of the truss is 8.8 metres (28.85 ft.), or 
about one-seventh the span. At the ends the girders 
are 3.5 metres (12.24 ft.) high ; the width of the bridge 
from centre to centre of trusses is 6.52 metres (21.4 ft.), 
In the original competition it was specified that the 
dimensions of the various parts should be based on a 
uniformly distributed load of 400 kilogrammes per 
square metre (82 lb. per square foot), and the stresses 
in tension from this loading were to be fixed by the 
formula : ’ 

s = 700 € + 4 min) kilos. per sq. em. 
max. 
min. 
max. 

For stresses arising from wind pressure 5.78 tons 
per square inch was allowed. On the rivets the allow- 
able stresses were put at 3.54 tons per square inch in 
shear, and 6.95 tons per square inch bearing pressure. 
The load allowed on a compression member was based 
on Kuler’s formula, and in metric measures is given by 


Mr. Walzel as P = _—_. 

2.5 (2 
ber in metric tons, I its moment of inertia, and /=half 
the length of the column. There appears to be some 
mistake«here, however, as, according to this formula, 
a hollow column, 21 centimetres (8.27 in.) in diameter, 
1 centimetre thick (.4 in.), and 500 centimetres long 
(16.4 ft.), would only be good for about zt, of a ton 
total load. 

As stated, the above were the conditions on which 
the original designs were executed, but it is not known 
what modifications were made in preparing the design 
as erected. With the exception of the column formula, 
in which there is obviously some error, the stresses 
permitted are perfectly reasonable, and might, in the 
case of the tensional stresses, have been even somewhat 
increased without exceeding the limits recognised as 
safe in good practice. On steel the French Govern- 


= 4,42 ( 1+34 ) tons per sq. in. 


Where P = load on mem- 


ment, under their new regulations, allow a tensile 
stress of 


5+ 2.5 a | tons per square inch. 
max. 


Assuming in the absence of further information 
that the above stresses were adhered to in preparing 
the design, it is obvious that the cause of the failure 
must be looked for in the design of the details, and 
it will be seen at once from the engravings that 
the bracing of the compression members is pre- 
posterous. Judging from this and from the failure 
of the Cannick Bridge, it would seem that many 
people are of the opinion that when they know 
enough to draw a strain diagram, a thing which any 
school-boy can be taught in a few lessons, they 
have sufficient knowledge of bridge construction to 
undertake the design of even important structures. 
This is far from being the case. To properly design 
the various parts so that they shall do the work 
they are intended for, a much wider know- 
ledge of the way in which a structure is liable 
to be overstrained is necessary, unless the designer 
confines himself to simply copying what has been done 
before him. In the present instance it will be seen 
(Fig. 2) that the upper chord is braced by angle-irons 
alternately at top and bottom—that is to say, the 
angle-irons at the top of the chord are all parallel 
to one another, and the necessary triangulation is sup- 
posed to be completed by those on the bottom, which 
are also parallel to each other, but are inclined to the 
axis of the member in an opposite direction to those on 
the top. The vertical compression members are also 
badly designed. They consist of two U-irons which 
are not braced together by triangulation as they should 
be, but have distance pieces riveted to them at in- 
tervals, a very inefficient method. As far as can 
be judged from the photographs, the overhead bracing 
(Figs. 2 and 3) is also very weak, and at the 
portals (Fig. 2) it is entirely omitted, and is not 
replaced by any substitute. It will be noted that the 
bridge has failed in a great many places, a fact which 
would seem to indicate that, like the famous ‘‘ one- 
horse shay,” every part was as strong oras weak as its 
neighbour, at least, so faras the compression members 
are concerned. Only one tension member apparently 
has failed, viz , the lower chord in the first bay, as 
shown in Fig. 1. 

The failure took place, as already mentioned, under 
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CENTRIFUGAL PUMP. 


CONSTRUCTED BY MESSRS THWAITES BROTHERS, LIMITED, ENGINEERS, BRADFORD, 


test load, but rather less than seven-eighths of the 
total loading intended was on the bridge when it gave 
way, settling down on the false work, which had not 
been removed. ‘The test load was applied by distri- 
buting road metal over the surface of the bridge, and 
up till the point of failure the bridge gave no indica- 
tions of weakness, the deflections observed being 
.984in. for one girder and 1.022in. for the other, 
which agreed very exactly with the calculated amounts. 
This fact is instructive, as it shows how fallacious de- 
flection tests may be, as had the bridge been only a 
very little, say 12 per cent., stronger, the test would 
have been considered perfectly satisfactory, and it is 
facts of this kind that add weight to the opinion of 
many engineers who object to such tests as useless, 
After this deflection had been reached, however, the 
whole bridge gave way quite suddenly, obviously by 
failure of the compression members, 

An inquiry is to be made into the whole matter, and 
it is to be hoped that full particulars will be published, 
in which case we hope to return to the subject again. 
Professor Tetmeyer is to examine the quality of the 
metal employed. ‘To what end is not very obvious, as 
it was the compression and not the tension members 
that failed, and the employment of an inferior material 
would not very greatly affect the former. The material 
employed had already been tested before it was used in 
the bridge, and the results are said to have been satis- 
factory, but possibly it is still hoped that some loophole 
of escape may thus be found for those responsible for the 
plans by throwing the blame on the steel manufacturer. 

It is worthy of note that this bridge, like the Cannick 
bridge, was being built for a public body. Private 
corporations have fortunately usually too great a regard 
for their pockets to employ incompetent advisers. 


A NEW CENTRIFUGAL PUMP. 
WE publish below the results of some trials recently 
made on a new variety of centrifugal pump by Mr, G. 
F. Charnock, Assoc, M, Inst. C.E., of the Engineering 
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Department of the Bradford Technical College. The 
pump in question has been built by Messrs. Thwaites 
Brothers, Bradford, and is the invention of the Rev. 
G. M. Capell, whose name has for a long time been 
well known as the originator of a very efficient form of 
ventilating fan. The general construction of the new 
pump is well shown by the engraving which we pub- 
lish on this page. It will be seen that the suction 
passages are continued through the centre covers, 
which are interchangeable, and permit the pump to be 
worked either as a left or right-handed pump as 
desired. This enables the pump to be worked, without 


crossed belts, off any existing line of shafting, a con- 
siderable advantage when the machine is exported. 
The following is Mr. Charnock’s report : 


Engineering Department, Technical 
College, Bradford, Jan. 16, 1893. 
Messrs. Thwaites Brothers, Limited, 
Vulcan Iron Works, Bradford. 

Gentlemen,—In accordance with your instructions of 
the 28rd ult., I attended at your works on the 4th inst. 
and following days for the purpose of conducting a series 
of comparative trials of a 4-in. centrifugal pump, con- 
structed according to your patent, and one of the same 
size manufactured by a London firm which was used as a 
standard. 

The pump was driven by a belt from a small vertical 
engine with cylinder 5 in, in diameter and 6 in. stroke. 
Diagrams were taken from this engine every 15 minutes 
during the trial by a Darke’s high-speed indicator. The 
water used was drawn from a tank immediately below 
the pump, and the discharge measured by passing through 
a Kennedy water meter, from which a pipe was led verti- 
cally to the required height and the water allowed to fall 
back into the tank down a pipe of large diameter. To 
allow for the resistance of the meter, diagrams were taken 
from both inlet and outlet by a Richard’s indicator with a 
light spring, and the head equal to the difference of pres- 
sure as registered, was added to the actual measured 
height to which the water was pumped. Four series of 
tests were made, corresponding to 52 ft., 36 ft., 27 ft., and 
21 ft. head respectively. In each case the standard pymp 


Summary or Resurrs or CoMPARATIVE TRIALS OF A STANDARD AND THWAITES-CAPELL PATENT CENTRIFUGAL 


Pumps. 
52-Ft. Lift, 36-Ft. Lift. 27-Ft. Lift. 21-Ft. Lift. 
— Stan- | Stan- Stan- Stan- 
dard Thwaites. | dard | Thwaites. | dard. | Thwaites. dard Thwaites, 
Pump. | Pump. Pump. Pump. 
Date of trial... ‘ | Jan, 5 | Jan. 10|Jan.10| Jan, 5 |Jan. ¢|Jan. 9} Jan. 6 |Jan. 9\Jan. 9| Jan. 6 Jan, 6 Jan. 6 
Duration of trial .. Ai lhour | 1hour | 1 hour | 1 hour |1hour|{ hour} 1 hour |Lhour|Lhour} 1 hour |1hour!1 hour 
Gallons pumped per hour ae +» 16900 21,900 | 17,000 | 15,550 |19,850) 15,550} 14,400 |18,100/14,500) 18,300 |16,900 13,200 
Total measured height -- ft in.} 426 42 6 42 6/27 3 | 273 273/20 6 |20 6 |20 6| 15 7§ /15 74/15 74 
Total height, including head equiva- | | 
lent to resistance of meter ..ft.in., 52 6 552 | 52 6| 33 8h | 36 6 | 33 84] 26 103 |28 53/26 103| 20 114 |23 8 /20 114 
Average speed of pump in revolutions | | | | | 
per minute =e Se <d 1785 | 1776 | 1611 1497 1488 | 1319 1317 | 1812 | 1193 1191 1178 | 1044 
Horse-power in water (= W.H.P.) . 448 | 6.10 4.5 2.65 | 3.66] 2.64 1.95 | 2.59 | 1.97 1.40 1,98 | 1.39 
Gross indicated horse-power of engine 11.38 14.58 10.16 6.62 | 8.52] 5.49 5.23 | 6.48 | 4.57 3.83 5.16 | 3.47 
Effective horse- power of engine 
(= E.H.P.) nz ae Bt os on 9.48 12.68 8.96 552) 7.15| 4.46 4.53 | 5.69 | 3.91 3.27 4.60 | 2.91 
Efficiency (=n os 100) 47.25 | 48,10 60.22 48.00 , 51.18 | 59.19} 43.04 [45.51 [50.88 | 42.81 /43.04 47.73 
Efficiency (taking effective =80 per cent. | 
gross indicated horse-power).. | 49.28 52.81 55.35 50.09 | 53.85 | 60.13} 46.41 (50.19 |53.97 | 45.75 [47.94 ber 
' | 
Engineering Department, Bradford Technical College, January 17, 1893. (Signed) G. KF. CHARNOCK, 


was driven at the speed given in the makers’ list, and the 
pump of your make was run (1) at the same speed, (2) to 
give the same delivery as the standard. The engine was 
regulated by hand to constant speed, wa provided 
with a Buss’ tachometer for the purpose, and the speed of 
the pump was further checked at intervals by means of a 
Harding’s counter. , 

The diagrams were calculated by the planimeter, the 
first readings being subjected to an independent test to 
insure accuracy. ‘To ascertain the effective horse-power 
of the engine, friction diagrams were taken at each 
speed. It is, however, easy to see that the friction of 
the engine and driving arrangement would increase in 
proportion to the power developed, and, as nearly as could 
be observed, would amount to about 20 per cent. of the 
gross indicated power. The efficiency has been calculated 
on both of these assumptions, and in either case shows a 
substantial gain, amounting, on an average, to 6 or 7 per 
cent. in favour of your pump for the same quantity of 
water delivered. 

A full summary of results is given herewith. 

I am, gentlemen, your obedient servant, 
(Signed) G. F., CHarnock, Assoc. M.I.C.E. 


DOULTON DRAIN PIPE JOINT. 

Messrs. Dovnton’s self-adjusting joint for stone- 
ware pipes shown in the illustration below, Fig. 1, 
has been largely used during the past seven years 
both for main sewers and house drains in this country, 
and also to some extent abroad. The joint is formed 
by the contact of two bands of composition, cast one 
on the spigot and the other in the socket of the pipes, 
and which are so made that when brought together 
they produce a perfect mechanical fit—no cement of 
any kind being required. The composition employed 
is of a durable nature, and has stood the test of nearly 
20 years’ use as a jointing material for sewerage pipes 
without showing any signs of deterioration. 

For main sewers the advantages claimed for this 
joint are that the pipes are easily and rapidly laid, 


and, owing to the operatiun in the trench being con- 
fined to the insertion of the spigot of one pipe within 
the socket of that already laid, that the risk arising 
from faulty workmanship is reduced to a minimum. 
Further, that the jointing of the pipes is not impeded 
by the presence of water in the trench. Having 
regard to the importance of securing thoroughly satis- 
factory results in connection with the drainage of 
buildings, Messrs. Doulton and Co. test all pipes of 
9 in. and smaller diameters under considerable hy- 
draulic pressure, previous to being fitted with this 
joint. 

: A feature of the self-adjusting joint is its non- 
rigidity, which is obtained by making the spigot of 
spherical shape, the interior surface of the socket 
being cylindrical. This is shown in the diagram, 
Fig. 3. It is, of course, recognised that a sound 
foundation should as far as possible be provided for 
the pipes, but, notwithstanding all precautions, slight 
settlement of the ground may occur, and if flexibility 
is imparted to a length of sewer at the joints, move- 
ment is permitted without risk of fracture. 

In addition to the original self-adjusting joint, 
Messrs. Doulton are now introducing another form, 
shown in Fig.2. In this design the interior surface of 
the socket consists of a cylindrical seating-ring of 
compressible material. By thus providing a yielding 
seating for the spigot, the extent of contact between 
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the surfaces is increased, and the joint so formed may 
be relied upon to withstand very considerable pressure. 
At the same time all the simplicity of the original 
method is retained. The material of the seating-ring 
has been the subject of careful consideration, and an 
eminent chemical authority has been engaged on a 
prolonged series of experiments in order to thoroughly 
test its durability. ‘The result has been to show that 
“‘it is unaffected by both alkaline and acid solutions 
of a strength far in excess of anything to be met with 
in sewage,” and that ‘‘ prolonged immersion in con- 
centrated sewage has no deteriorating effect upon it.” 


SMELTING PRECIOUS METALS. 


Av the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 31, Mr. Harrison 
Hayter, President, in the chair, two papers were read, 
dealing with the extraction of the precious metals from 
their ores by smelting. 

The first paper was on ‘‘Smelting Processes for the 
Extraction of Silver and Gold from their Ores,” by Mr. 
Henry F. Collins, A.R.S.M., Assoc. M. Inst. C.E. This 
paper contained a description of modern American 
smelting practice, the principles of which, derived 
originally from the Frieberg and the Harz districts of 
Germany, had been modified in detail in America, on 
account of the abundance and richness of the ore deposits 
there and the high price of labour. The opening up of 
the Leadville carbonate deposits was the immediate cause 
of improvement being made in water-jacketed furnaces. 
The European specialised processes for different kinds of 
ore were contrasted with the uniform treatment of all 
ores in America. 

Methods of extracting the precious metals were 
classified broadly according to the agent by which the 
extraction was effected. In lead smelting, great economy 
and regularity in working had been secured by an in- 
crease in dimensions of the furnaces employed, from 7 
square feet to 85 square feet in sectional area at the 
tuyeres. 

Cast-iron jackets in small sections had proved more 
convenient and economical in maintenance than wrought- 
iron jackets in large sections. Consideration was given to 
the different modes of charging the furnaces, whether at 
the side or at the top, the latter being the almost universal 
practice. The details of the construction of a water- 
jacketed furnace were next discussed. The escape of 
lead fumes at the throat had been much diminished 
by telescoping hoods and cover plates, and had been pre- 
vented altogether by the adoption of charging thimbles. 
The question of fuel was next dealt with ; charcoal being 
almost invariably used along with coke in order to increase 
the furnace capacity. Outside wells for furnaces had 
been abandoned; though outside ‘‘fore-hearths” or 
“‘settlers”’ had proved successful in separating slag from 
matt and were coming into general use, the method of 
separating slag and matt without ‘‘settlers” was de- 
scribed ; also the condensation of fumes and the treat- 
ment of flue dust to prepare it for re-smelting. 

The chief difficulties which had to be met by smelters 
at the present time were: 1. The fineness of the ores 
offered, resulting in a decrease of furnace capacity and 
increased loss in slags. 2. The replacement of fusible 
carbonates by refractory sulphides, which had to be cal- 
cined. ‘I‘heform of furnace usually adopted for this 
purpose was the long reverberatory calciner, often witha 
fusing-hearth attached to it. 3. The large amounts of 
siliceous and other refractory ores offered for treatment 
and the scarcity of lead ores. Owing to this latter 
feature, great attention had been paid to the composition 
of both the charges and the slags, in order to effect econo- 
mical extraction of the ore. ‘The old German litharge 
process had been abandoned as wasteful, and was scarcely 
to be recommended under any circumstances. 4. The 
great quantity of zinc in most sulphide ores’ and the 
attendant difficulties in furnace manipulation.  ‘‘ Pasti- 
ness” of slagand matt, due to the presence of zinc, caused 
slags to be ‘‘ foul.” The proper composition for slag ; the 
classification and mixture of different kinds of ore; the 
fundamental combinations of slag constituents, and the 
calculation of charges, were then elaborately treated. 

The paper proceeded to give a description of a typical 
**custom ” smelting works on the lead basis, situated at 
K! Paso, Texas, including the modes of weighing and 
sampling ores, the arrangement of the mixture bins, the 
cost of fuel, fluxes, &c. Particulars were afforded of the 
calcining furnaces for matt and concentrates, and of the 
engines, blowers, pumps, and other plant; and attention 
was drawn to the special advantages enjoyed by these 
works over others, owing to the large tonnage of Mexican 
cai bonate ores received there. 

Allusion was made to the smelting works at Las Trojes, 
Michoacan, Mexico, described fully in thesecond paper ; 
and a comparison was instituted between these works, 
which deal with ore from the company’s own mines, and 
the former ; and the cost of smelting at both places was 
contrasted. The process of concentration through the 
agency of metallic copper, its advantages and disadvan- 
tages, and the limitation of its applicability to certain 
classes of ore, were next dealt with; followed by a descrip- 
tion of a smelting plant at Torreon, Mexico, which had 
been employed by the author for smelting ores poorer in 
copper than any hitherto smelted to metal at one opera- 
tion, The ores mined yielded the copper base, in addition 
to a small quantity of silver and gold, while custom ores 
were bought only to raise the precious metal contents of 
the bullion. The details of working and the results ob- 
tained were stated, and experiments on the production of 
rich bullion with a high rate of concentration were 
described. 

A comparison of the cost of smelting at Torreon with 


the costs at El Paso and at Las Trojes, showed that the 
work at the first-mentioned place was economically con- 
ducted, in spite of its small scale. The right principle to 
adopt in treating such ores would appear to be to use 
matt, and not lead, as the agent of extraction in the first 
instance. : 

The second paper gave an account of ‘‘ The Erection of 
Silver Lead Smelting Works in Mexico,” by Mr. J. W. 
Malcolmson, A.R.S.M., Wh. Sc., Assoc. M. Inst. C.&., 
describing the design and erection of a large plant, 
capable of treating 100 tons of ore per day, at Las 
Trojes, in the State of Michoacan, Mexico, for the 
Michoacan Railway and Mining Company, Limited, of 
London. ni 

A slag-dump from the existing works was utilised as a 
charging floor, and the furnaces were erected at a lower 
level, upon which were also placed the machinery, 
engines, &c. The furnaces, which were water jacketed, 
were 36 in. by 84 in. at the tuyeres, and 12 ft. 6 in. from 
the tuyeres to the charging floor. They had each ten 3-in. 
tuyeres, five a side, facing each other ; the water jackets 
were of wrought iron, with a 6-in. water space between 
the fore and back plates.. Air was supplied to the fur- 
naces at a pressure of 10 oz. per square inch from the 
blowers in the machinery building. The furnace was 
built of firebrick to the charging floor and above that level 
of common red brick. A 3-ft. wrought iron downtake, 
leading to a main flue, was provided to carry off the dust 
and fume. In the machine shed, a6-ft. Pelton wheel was 
attached directly to the centre of the 4-in. main shaft ; 
and supplied with water from a tank, situated 487 ft. 
above the works, through a 12-in. wrought-iron pipe. 
The wheel made 270 revolutions per minute. The blowers 
were of the Baker type, discharging 30 cubic feet of air 
per revolution. All air mains were above ground. Venti- 
lation of smelting works seldom received much attention 
in Mexico, but if proper regard were paid to it, much 
sickness and discomfort might be prevented. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Staveley Coal and Iron Company, Limited.—The direc- 
tors of this company announce a dividend of 50s. per 
share on the A and C shares, 10s. per share on the Band 
D shares, and 10s. per share on the preference shares. 


Coal Merchants and Railway Rates.—The committee 
appointed a week ago by coal merchants from the various 
stations buying Yorkshire and Derbyshire coal, to take 
steps with regard to their position as affected by the new 
railway rates and regulations as to weights, met yester- 
day, Mr. G. Ratcliffe, the secretary, reported that 
copies of a circular had been sent to colliery owners in 
the two counties requesting them to revert to the previous 
system of allowing 21 cwt. per ton, ‘‘as in the new 
arrangement there are so many well-authenticated cases 
where even 20 cwt. per ton is not received,” and that it 
is an injustice to the trade. ‘The replies have been fairly 
numerous and are thoroughly favourable to the object of 
the merchants. The committee will in a few days report 
to a general meeting of the trade. 


Barnsley and Education in Mining.--An important 
meeting of colliery owners and managers was held at 
Barnsley on Monday to consider the position of the town 
as a centre for mining lectures in connection with the 
Yorkshire and Forth colleges. The meeting was 
called by Mr, F. N. Wardell, chairman of the Barnsley 
committee, and he directed attention to the great want of 
success which had attended the mining classes in the 
second session. He further said that this falling off had 
been seriously considered by the Technical Instruction 
Committee of the County Council; also whether it was 
desirable to have a continuance of the lectures. Those 
present pledged themselves to do all they could to make 
the classes more successful. 


The Heavy Trades.—There is no improvement to note 
in connection with the heavy iron and stee] trades, 
though the cutlery and tool branches are better off for 
orders. Smelters of pig iron report business as very dull, 
and no probabilities of a revival at present. In hematite 
iron north-east coast producers continue to quote 50s. per 
ton against west coast 54s., low freights from the former 
district causing the difference, All the houses engaged in 
the heavy steel departments are complaining seriously, 
and the ranks of the unemployed are weekly augmented. 
Government is not sending any fresh orders for armour 
plates at present. Converters of crucible cast steel are 
doing a steady business on United States, home, and 
Continental account. Supplies of coal above require- 
ments and market weak. 


NOTES FROM THE SOUTH-WEST. 

The ‘* Antelope.” —Work upon the Antelope at Deyon- 
port, which had been suspended for some time, has now 
been resumed. It is proposed to expend 28,0002. upon 
the vessel during the current financial year. Messrs. 
Yarrow and Co., have a contract for the machinery of the 
Antelope. 


Devonport.—The Hussar, a ship of the enlarged Sharp- 
shooter class, is to be laid dcwn at Devonport after the 
launch of the Astrea, which has been fixed for March 17. 
A ship of the Astrza type (but upon a larger scale) will 
also, it is expected, be commenced at Devonport before 
the close of this year. 


London and South-Western Railway.—The ratio of the 
working expenses to the traffic receipts upon this system 
for the second half of 1892 was 51.29 percent. The corre- 
sponding ratio in the corresponding period of 1891 was 
51.45 per cent, An omnibus Bill has been deposited by 


the company for consideration in the present session of 
Parliament ; this Bill proposes to authorise the company 
to construct a graving dock and works incidental thereto 
at Southampton. Power is also sought to enable the com- 
pany to subscribe towards the cost of a marine drive at 
Bournemouth. In the course of the second half of 1892 
a further expenditure of 90,996/. was made for working © 
stock ; the aggregate outlay under this head was, accord- 
ingly, carried at the close of December, 1892, to 3,924, 243/. 
In the 90,996. expended in the second half of 1892 addi- 
tional engines figured for 43,060/., 23 engines and 16 ~— 
tenders having been added during the six months. In 
the course of the second half of last year the company ex- 
pended 12,986. in widening its lines from Waterloo to 
Clapham and from Barnes to Chiswick, &c._ An outlay 
of 89781. was also made in strengthening bridges and 
lines, 68442. was expended upon the Nine Elms locomo- 
tive works, and 16,420/. upon interlocking telegraph 
block system and other improvements. ‘The expendi- 
ture made upon Southampton Dock (now incorporated in 
the general undertaking of the company) to the close of 
1892 was 1,192,353/. At the close of last year the com- 
pany owned 598 locomotives, 395 tenders, 3235 carriages 
and vehicles used in its coaching department, and 9621 
trucks, vans, &c , used in its merchandise and mineral 
departments. The cost of locomotive power in the second 
half of 1892 was 264,412/., as compared with 268,543/. in 
the corresponding period of 1891. Coal and coke figured 
in the locomotive expenses in the second half of 1892, 
for 90,143/., as compared with 101,834/. in the corre- 
sponding period of 1891. The cost of maintaining 
way and works in the second half of last year was 
174,596/., as compared with 170,059/. in the corresponding 
period of 1891. The length of line maintained in the 
second half of last year was 816 miles 3 chains, as com- 
pared with $14 miles 6 chains in the corresponding period 
of 1891. Of the mileage maintained in the second half of 
last year 3 miles 65 chains were laid with six lines of rails, 
13 miles 31 chains with four lines of rails, 12 miles 49 
chains with three lines of rails, 584 miles 79 chains with 
a4 lines of rails, and 201 miles 19 chains with one line of 
rails. 


Pollution of the Tone.-—On Tuesday, Mr. Justice 
Charles, sitting in the @Queen’s Bench Division, gave 
judgment in an action, Bailey and Sanford v. Fox 
Brothers and Co., of Wellington, Somerset. The plain- 
tiff, Mr. W. Ayshford Sanford, resides at Nynehead Court, 
and the Tone runs through a portion of his property. Mr. 
Bailey is one of his tenants. The defendants are woollen 
manufacturers, and pour the effluent water from their 
dye and other works into the river. Mr. Sanford asked 
for damages by way of compensation for depreciation 
of property, and for an injunction to restrain the pollution 
of the river. Mr. Bailey asked for damages for the loss 
of young cattle which died after drinking the river water 
on July 14,1891. The trial of the action was commenced 
in August, 1892, at Wells, and was continued before Mr. 
Justice Charles in the High Court in November, when 
judgment was reserved. On Tuesday, after going through 
the evidence, his lordship found that the defendants had 
exceeded their prescriptive rights, gave the plaintiff San- 
ford nominal damages, and granted an injunction re- 
straining the defendants from polluting the water of the 
Tone beyond its condition in 1851. To the plaintiff Bailey 
he awarded 120/. for the loss of his cattle, and costs were 
given to the plaintiff on the higher scale. Liberty was 
given to either side to appeal, so that the terms of the 
order might be discussed in court. 


Great Western Railway.—The Great Western Railway 
Company, in anticipation of extra traffic expected from 
Southampton, owing to the Inman line of steamers 
running to that port, has decided to double its line from 
Salisbury to Warminster, a distance of about 24 miles. 
This will complete the up and down line from Bristol to 
Salisbury. The work is to be proceeded with at once. 


The South-West in Parliament.—The following Bills 
now pending in Parliament have complied with the 
Standing Orders, &c., and will be reported in due course 
for first reading: The Weston-super-Mare Grand Pier 
Bill, which incorporates and confers powers upon the 
Weston-super-Mare Grand Pier Company with a capital 
of 100,000/. ; the Brean Down Harbour and Railway 
Bill, which revives the powers and extends the time for the 
compulsory purchase of the pier or jetty and the railway 
and works authorised by the Brean Down Harbour and 
Railway Act of 1889. 


Torquay Harbour Works.—The Harbour Committee of 
the Torquay Town Council recommends that the new 
breakwater should ba increased in length beyond the 
termination indicated in the original design, and in accord- 
ance with plans submitted by the engineer-in-chief 
on Abernethy). The estimated cost of the extension is 


Cardiff.—The best qualities of steam coal have been 
making 9s. 6d. to 9s. 9d., while secondary descriptions 
have brought 9s. to 9s. 6d. per ton. The demand for 
household coal has been quiet; No. 3 Rhondda large has — 
made lls. per ton. Patent fuel has been inactive at 
9s. 6d. to 93. 9d. per ton. Coke has been somewhat dull; 
foundry qualities making 17s. to 18s., and furnace ditto, 
15s. to 16s. per ton. Iron ore has been firm at fully 
late rates. The manufactured iron and steel trades have 
shown no improvement ; the demand for pig has been 
limited, and steel rails have ruled low. 


More Ocal at Neath.—The Graigola seam of coal was 
struck on Saturday at one of the new pits which are being 
sunk by the Main Colliery Company (Limited) at Bryn- 
coch, near Neath. It was found at a depth of 485 yards, 
and proved to be of superior quality and 6 ft. thick. This 
company has oyer 3000 acres of mineral property, and 
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when the new pits are fully equipped with modern appli- 
ances a daily output of 1200 tons is expected to be 
obtained. The works are being carried out by Messrs. 
Jones and Morgan, of Neath, under the direction of Mr. 
T, Evens, C.E., of Cardiff. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBroucGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change here was only thin, and the amount of busi- 
ness transacted was but small. Some makers, however, 
reported that during the past few days there had been 
more inquiry, and that they could have sold a good deal 
of No. 3 g.m.b. Cleveland pig iron at 35s. for spring 
delivery, but they were not disposed to sell at such an 
unremunerative price. The general quotation yesterday 
for prompt f.o.b. delivery of No. 3 was 35s, 3d., but many 
buyers were not inclined to give more than 35s., and 
reported being ab’e to purchase at that figure. A few 
parcels changed hands at 35s. 1$d. The lower qualities of 
pig iron were weak. No. 4 foundry was obtainable at 
343. Gd., and grey forge at 34s., and even less might have 
been accepted by some firms. There was nothing doing 
in Middlesbrough warrants, the quotations for which 
were quite nominal. They opened at 35s. and closed 
at 35s. 3d. cash buyers, with sellers at 35s. 44d. Hema- 
tite pig iron was reported dull at 433. for early delivery 
of makers’ Nos. 1, 2, and 3 east coast brands, and there 
were buyers who would not offer more than 42s. 6d. 
Spanish ore was quiet but steady. To-day’s market was 
very similar to that of yesterday. Sellers were, if any- 
thing, a shade firmer, holding out more resolutely for 
35s. 3d. for prompt delivery of No, 3. 


Manufactured Iron and Steel.—There is really nothing 
new in the finished iron and steel trade. Producers 
report inquiries very few, and great apprehension is felt 
with regard to the future. Common iron bars are 
5l. 2s. 6d. ; iron ship-plates, 4/. 17s. 6d. ; iron ship angles, 
4l. 15s. ; steel ship-plates, 5/. 2s. 6d.; and steel ship 
angles, 4/. 17s. 6d.; all less 24 per cent. Heavy steel 
rails might be bought as cheap as 3/. 15s. net at works 
The accountant’s certificate of the make and disposal of 
manufactured iron at the various works associated with 
the North of England Arbitration Board during Novem- 
ber and December has been issued, showing the average 
net selling price to have been 5/. 4s. 2d., as against 
bl. 6s. 9d. during the previous two months. Under the 
sliding scale arrangements wages for the ensuing two 
months will remain as at present. The following are the 


details : 
| Average Net 
at a0 . | P t A f 
Description. | Weight Invoiced. | ot totale [cae Sil ice per 
tns cwt. qr. 1b. Go 8 Oe 
Rails 73410 310 | 3 27 416 359 
Plates Wei 8,618 27 2 42.73 5 O 0.52 
Bars oe s-| 811017 3 25 36.05 5 10 11.67 
Angles .. -.| 4,088 2 3 24 17.95 | 5 1 9.87 
(92,497 90 5 | 1000 | 5 4 234 


The following are the figures for the previous two 
months : 


Average Net 


bane oi : P ti a 

Description. | Weight Invoiced. | ot Total Selling price per 
tns. ewt. qr. 1b. £ 8. a, 

Rails mab odslros & O18 3.49 5 0 9.82 

Plates -| 19,313 18 2 9 | 57.61 5 8 4.97 

Bars... 8,719 4 0 27 26.01 515 0.07 

Angles .. 4,32019 1 4 12.89 5741.37 

83,527 6 1 2 100.00 5 6 9.20 


The North of England Arbitration Board.—On Monday 
the annual meeting of the Board of Conciliation and 
Arbitration for the manufactured iron and steel trade of 
the North of England was held. The twenty-fourth annual 
report of the standing committee was submitted. It 
stated that at present there were ten works owned by 
eight firms represented on the Board—a decrease of two 
works and one firm since last July, the Westbourne and 
West Stockton Works having been closed. The average 
number of operatives who had subscribed to the Board 
during the half-year had been 4142, while the number 
given in the last report had been 4195. The financial 
statement showed a balance in hand of 67/7. 15s. 8d. The 
working of the sliding scale during the year resulted ina 
reduction of 24 per cent. in the wages of ironworkers, and 
of 5 per cent. on steelmakers wages. The statistics 
showed a marked decline in both output and selling 
prices ; but it should, however, be borne in mind that 

eriods of depression in the past had been invariably fol- 
owed by seasons of prosperity and full activity; and 
though there were not at present any signs of such an 
improvement, they expressed the hope that there might 
be ere long a revival in the trade and industry of the 
district. The President, Mr. Wm. Whitwell, in propos- 
ing the adoption of the report, congratulated them upon 
the amicable and satisfactory working of the Board, and 
hoped it might be many years before any change took 
place in the management and organisation of the Associa- 
tion. The vice-chairman, Mr. James Cox, seconded, and 
the report was unanimously adopted, after which the fol- 
lowing officers were re-elected. Mr. David Dale, referee ; 
Mr. W. Whitwell, president ; Mr. James Cox, vice-presi- 
dent; Messrs. J. R. Winpenny and E. Trow, secretaries ; 


Messrs. Abbott and Wildsmith, auditors; and Messrs. 
Head and R. H. Peacock, treasurers. A standing joint 


committee was also elected. 


Middlesbrough Tron and Steel Shipments.—The customs 


returns of the shipments of pig and manufactured iron 
and steel from Middlesbrough during the month of 
January can only be regarded as fairly satisfactory, 
seeing that there is but a small decrease shown, both as 
compared with the figures of the preceding month, and 


also with those for the corresponding period of last year. 
The clearances of pig iron coastwise show a decrease of 


3000 tons on December last, and a similar decrease com- 


pared with January, 1892. The clearances to Scotland 
amounted to 18,656 tons, a decrease of 200 tons on De- 
cember, and of 7000 tons in January, 1892. The total 
shipments of pig were 3000 tons below those of Decem- 
ber, and 4000 tons the figures of the corresponding period 
in 1892. The clearances of manufactured iron and steel 
are about 400 tons less than those of December last, but 
2000 tons above those of January, 1892. The total ship- 
ments of all kinds show a decrease on December of 6500 
tons, and on January, 1892, of 2000 tons, but about 6000 
tons above January, 1891. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was some excite- 
ment in the pig-iron warrant market last Thursday, and 
a large advance was made in the price of Scotch iron. 
During the forenoon market prices went up 6d. per ton, 
and in the afternoon 54d. further; but the closing price 
—44s, 9d. buyers—while 2d. under the best price paid, 
showed a gain of 9d. per ton on the day. That made a 
total advance for the month of 8s. 113d. per ton. No 
business was done in Cleveland or hematite iron. Buyers 
of the former were 14d. per ton lower in their offers, and 
the latter 14d. per ton higher. The official business 
probably did not exceed 5000 or 6000 tons, but there were 
some transactions outside the ‘‘ring.” At the close the 
settlement prices were—Scotch iron, 44s. 9d. per ton; 
Cleveland, 36s. 3d.; hematite iron, 46s. per ton. On 
Friday there was a further pressure put upon ‘‘ bears” in 
the Glasgow warrant market, and London holders ran the 
price up as high as 45s. 3d. per ton cash, and they closed 
ovly 1d. under the rate, while buyers were offering to 
within 1d. of sellers’ price. There was a further advance 
of 4d. per ton, making the rise on the week up to 
1s. 4d., and on the four weeks up to 3s. 53d. To the 
holders that meant an improvement in the value of 
their stocks equal to fully 50,000/. Cleveland iron was 
again weak, and the price receded 14d. further, being a 
drop of 6d. per ton on the week, and 1s. 74d. on the 
month. One transaction took place in hematite iron, the 
price of which at the close was 14d. down on the day 
and 3d. on the week, but only 14d. down over the 
four weeks. About 13,000 tons of Scotch warrants 
changed hands during the day. The settlement prices at 
the close were—Scotch iron, 45s. 14d. per ton ; Cleveland, 
35s. 1d. ; hematite iron, 45s. 103d. per ton. Monday failed 
to bring about any abatement of the ‘‘squeeze” in Scotch 
pig-iron in the Glasgow warrant market, and prices over 
a large business only varied to the extent of 3d. per ton. 
The closing price with buyers, 45s. 1d. per ton, was the 
same as on Friday, but sellers were asking 1d. more. No 
business was reported in Cleveland or hematite iron. 
Sellers were 13d. and 1d. higher in their demands, but 
buyers remained at last week’s closing price. In the 
forenoon 12000 tons of Scotch iron changed hands, and in 
the afternoon only 1500 tonswere sold. The closing settle- 
ment prices were: Scotchiron, 45s. 14d. per ton; Cleveland, 
35s. 13d. ; hematite iron, 45s. 104d. per ton. The market 
was quiet on Tuesday. Only two small lots of Scotch 
iron were sold for cash, but 3000 or 4000 tons were dis- 
posed of forward over fixed periods of six and 12 months 
at 42s. per ton. No business in Cleveland or hematite 
iron was reported, but the former was 2d. per ton dearer 
at 353. 6d. per ton sellers. At the close the settlement 
prices were—Scotch iron, 44s. 103d. per ton; Cleveland, 
35s. 44d.; hematite iron, 45s. 103d. per ton. On 
the pig-iron market this forenoon Scotch iron was firm, 
and some 2000 tons changed hands at 44s. 103d. and 
45s. cash. One lot was sold at 42s. one month fixed. 
In the afternoon the market was steady, Scotch being 
done at 45s. cash and 42s. three months fixed. The fol- 
lowing are some of the quotations for No. 1 special brands 
of makers’ iron: Gartsherrie, 50s. 6d. per ton; Calder, 
51s.; Summerlee, 52s.; Langloan, 54s. 6d.; Coltness, 
55s.—the foregoing all shipped at Glasgow; Shotts 
(shipped at Leith), 53s.; Carron (shipped at Grange- 
mouth), 538s. per ton. Last week’s shipments of pig iron 
from all Scotch ports amounted to 6248 tons, as compared 
with 3394 tons in the corresponding week of last year. 
They included 150 tons for India, 412 tons for Australia, 
334 tons for Italy, 195 tons for Holland, 215 tons for Bel- 
gium, 100 tons for Spain and Portugal, smaller quantities 
for other countries, and 4625 tons coastwise. There arestill 
69 furnaces in blast, against 76 at this time last year. Two 
of them are making basic iron, 42 are making ordinary 
iron, and 25 are working on hematite iron ore. The 
stock of pig iron in Messrs. Connal and Co.’s public war- 
rant stores stood at 337,461 tons yesterday afternoon, as 
compared with 336,672 tons yesterday week, thus showing 
tor the week an increase amounting to 789 tons. 


Malleable Iron and Steel.—There is much room for im- 
provement in the finished iron and steel trades, but still 
there is decidedly more activity than there was a few 
weeks ago. The quotation for common bars of the lowest 
grade is 5/. 10s. per ton, that for the second grade being 
dl. 15s., and for the highest 5/. 17s. 6d. per ton, 
while the price asked for best bars ranges up to 


6l. 7s. 6d. per ton. A fairly good business is being 
done by makers of sheets and tubes. Iron sheets 
are still quoted on the basis of 7/. 7s. Gd. for singles, 
and it is worthy of remark that there is a rather 
more hopeful feeling in the sheet iron trade, which seems 
to be due in great measure to reductions having taken 
place in wages and in the cost of fuel. In most cases the 
lowest quotation for steel ship-plates is 5/. 15s. per ton, 
and for boiler plates 6/. per ton, with the usual 5 per cent. 
discount for delivery within the Glasgow district. 


Scotland’s Largest Coaljield.—Mr. R. T. Moore, civil 
and mining engineer, read a paper before the Philoso- 
phical Society of Glasgow last Wednesday evening, in 
which he gave statistical and other particulars relating to 
the entire coalfield of Mid-Lanarkshire. In 1845 the 
quantity of coal raised in Scotland, he said, was about 
4 million tons, of which, probably, about 1 million were 
raised in Lanarkshire. In 1891 the quantity raised was 
over 25 million tons, of which 14 million came from 
Lanarkshire. He estimated the total supply of coal in 
the Lanarkshire coalfield, from the splint seam upwards, 
at 933 million tons. Since the beginning of the century 
up till the end of last year the total quantity of coal 
raised in the county was about 668 million tons. This 
would leave unworked 265 million tons. At the 
present rate of output of 11 million tons, the field 
would last 24 years, and this would finish the cheaply- 
worked coal in Lanarkshire. For continuance of the 
supply, recourse would have to be had to the lower seams. 
These were at present being worked in Lanarkshire to 
the extent of about 24 million tons per annum. In all 
probability a 1000 million tons of coal would be got from 
the lower seams, which would be worked as the upper 
seams gave out. He did not think that the annual out- 
put from Lanarkshire would increase more than 2 per 
cent. forthe next 20 years, and at that rate the whole of 
the coal in the coal measures would be exhausted in the 
next 60 years. Mr. Moore also devoted some attenticn 
to the improved methods of working coalin mid-Lanark- 
shire, the improved ventilation, &c., and he spoke at 
some length on the economical use of coal, alike in 
domestic tires, and boiler and other furnaces. 


Heavy Hydraulic Machinery. —Messrs. J. and W. 
Weems’ Perseverance Iron Works, Johnstone, Scotland, 
who make a speciality of lead presses, have constructed 
and delivered to a well-known electric manufacturing 
firm, for covering with lead electric and telephone cables 
from } in. to 8 in. in diameter, in continuous lengths, and 
any desired thickness of lead, an hydraulic press, 33 in. 
in diameter; and they have one in course of construc- 
tion, nearly finished, 28 in. in diameter, for same pur- 
pose. This firm have supplied their special machinery 
to the principal lead pipe and electric cable manufacturers 
of the world, 


Clyde Shipbuilding Trade: Launches in January.— 
There was not much activity in the shipbuilding trade on 
the Clyde during the past month; indeed, for a large 
portion of the first half of the month most of the ship- 
yards were closed, the men getting a longer spell of New 

ear holidays than usual, owing to the limited amount 
of work in hand, and there being no pressure for it. 
Consequently it is not at all surprising to learn that the 
month’s output of new shipping amounted only to 12,160 
tons. Sixteen vessels were launched, seven of which were 
steamers, three sailing ships, and six barges. The largest 
steamer in the month’s output was the Métonia, a vessel 
of 4640 tons, and the vessel next in size was a sailing ship 
of 1800 tons. During the corresponding month of 1890 
there was an output of 18,982 tons of new shipping from 
the Clyde shipyards. Some 15 new vessels were con- 
tracted for during the month, of an aggregate of rather 
over 18,000 tons. 


Water Works Contract.—The contract known as the 
Blackrigg section of the new aqueduct which is to con- 
nect the city of Glasgow with Loch Katrine was let on 
Monday afternoon at a meeting of the Water Committee. 
There were several offers for the work, and ultimately 
the committee agreed to recommend that the tender of 
Messrs. Morrison and Mason, Limited, should be accep- 
ted, the price being 86,700/. There were one or two lower 
offers, but looking to the importance of the work it was 
thought advisable to take that of Messrs. Morrison and 
Mason, who have had considerable experience of similar 
undertakings. The section consists chiefly of tunnelling, 
and has a length of three miles. The highest tender was 
99,0002. 


New Water Supply for Haddington.—A new water 
supply for the town of Haddington is being arranged 
for between the Town Council and the Marquis of 
Tweeddale. A maximum supply of 1385 gallons per 
minute is to be got, and the estimated cost of the new 
scheme is set down at between 80007. and 90002. 


Royal Society of Edinburgh.—At Monday night’s meet- 
ing of this society a very valuable paper was read by Mr. 
John Aitken, F.R.S., on the hazing effects of the products 
of combustion, and Mr. Charles A. Stevenson subse- 
quently read one on induction through air and water 
at great distances without tha use of parallel wires. 


ALFRED JULES BELPAIRE.—We record with regret the 
death of Monsieur Alfred Jules Belpaire, on January 27, 
last, at his residence in Schaerbeck. Monsieur Belpaire 
was born at Ostend in September, 1820, and his name has 
been famous among the railway engineers of the Continent 
during the last 40 years. At the time of his death, 
Monsieur Belpaire was Administrator of the Belgian State 
Railways, and President of the International Railway 
Congress, 
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as the general principle of the expediency and 
feasibility of such lines was confirmed by a special 
committee last year, and now it is only local 
questions that have to be fought out in each case. 

There are in all eight deep tunnel railways pro- 
jected, in addition to the City and South London 
line, which has already been in operation a year or 
two. Taking them in order, they are as follows : 

The Central London Railway. 

The Baker-street and Waterloo Railway, 

The City and South London Extensiva Ra iway. 

The Great Northern and City Railway. 

The Hampstead, St. Pancras, and Charing Cross 
Railway. 

The Waterloo and City Railway. 

The Clapham Junction and Paddington Railway. 

The Edgware-road and Victoria Railway. 

The first of these, the Central London line, 
passed both Houses and obtained the Royal assent 
last year, so that there is the prospect of a com- 
mencement being made of the work ere long. It 
will traverse the main artery of the richest and 
most populous city in the world. Starting from 
Shepherd’s Bush in the west, it will tap the West 
London Extension Railway, which is in direct 
communication with Willesden Junction, West- 
bourne Park, Clapham Junction, and Richmond, 
and also with the Metropolitan and Metropolitan 
District Railways. Thence proceeding eastwards, it 
will have the rich residential districts of Bays- 
water and Paddington on the north, and Notting 
Hill on the south, until it reaches Hyde Park. At 
the Marble Arch it enters Oxford-street, in which 
are displayed the fruits of the industries of all 
nations for the daily inspection of tens of thou- 
sands of purchasers. Bond-street, Regent-street, 
and Tottenham Court-road all abut on the railway, 
which at Holborn enters the City of London. It 
traverses Newgate-street, Cheapside, and so on to 
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at the endless procession of omnibuses which 
passes along the route set forth is evidence that 
there is an immense traffic to be accommodated, 
and it is quite certain that most of this will find 
its way underground. Experience on the City and 
South London Railway has shown that the public 
will desert the omnibuses and trams in favour of 
the deep tunnel railway, and that competition from 
street vehicles rapidly diminishes. Possibly we 
may see a new form of omnibus trafic grow up in 
which passengers will be picked up at the stations 
of the new railway, and carried the remaining 
quarter of a mile or so of their journey for a half- 
penny. In the matter of convenience in alighting, 
the omnibus has a great advantage over the train. 
The Baker-street and Waterloo Railway only 
waits the Royal Assent before emerging from the 
Parliamentary stage of its existence. It likewise 
traverses a rich neighbourhood, beginning at the 
Metropolitan Railway station, and traversing 
Marylebone-road, Portland-place, Oxford-circus, 
Regent-street, Piccadilly-circus, the Haymarket, 
Charing Cross, Northumberland-avenue, and the 
Thames to the terminus of the London and South- 
Western Railway. All the pleasant residential 
districts on the south side of the Thames Valley 
are reached from Waterloo Station, which is itself 
most inconveniently situated. The passenger who 
alights here finds himself in a poor, unattractive 
neighbourhood, at a considerable distance from the 
City and the West End. He usually either takes 
another train on the South-Eastern system, or an 
omnibus or a cab to complete his journey, and better 
means of communication have been urgently wanted 
for years. The line to Baker-street would provide 
for passengers going to the west and north, while 
another of the proposed lines—the Waterloo and 
City Railway—would be an immense boon to the 
thousands whose destination lies eastward. This 
latter project made no progress Jast session, and 
remains to be examined. It is very influentially 
supported, and its inception will not be long 
delayed after the necessary powers are obtained. 
The extension of the City and South London Rail- 
way is a matter which will not only provide for the 
trains being run from Stockwell to the Angel, but 
will also remove the disabilities from which the pre- 
sent line suffers. When this undertaking was pro- 
jected, electric traction was in a nebulous stage, 
and although it was referred to as a possible means 
of haulage, no reliance was placed upon it. In 
laying out the line the engineer had cable haulage 
in view, and consequently was practically free in 
the adoption of grades and curves. The rapid 


DEEP TUNNEL RAILWAYS IN 
LONDON. 
THE opening of Parliament recalls the fact that 
some very important projects for providing better 
facilities for travelling in London will come before 
the committees for consideration in the present 
session. It was arranged, before the dissolution 
last spring, that all Private Bills which had failed 
to get through their stages, should be taken up by 
the new Parliament at the points at which they were 
dropped. It was supposed at the time that there 
would be a long autumn or winter session, and that 
it would be possible to complete all the Private 
Bill legislation on hand before the close of the 
year. Political considerations, however, inter- 
fered with this arrangement, and promoters have 
had to wait with what patience they could until 
the present time. It is probable that the majority 
of those who are interested in the construction of 
deep tunnel railways in London will not have to 
wait long before they obtain the powers they seek, 
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progress of electric science, however, put another 
complexion on affairs before the tunnel was com- 
pleted, and the cable system was abandoned in its 
favour. The steep grades under the river, how- 
ever, have proved too heavy to be conveniently 
worked by electric locomotives, and hence the 
general traffic has been crippled and delayed. 
Further, the terminal station was necessarily of 
small dimensions, so that it limited the size of the 
trains, and passengers have had to be turned away 
at the busy hours of the day. The new line will 
avoid these difficulties, and at the same time will 
make communication with the London, Brighton, 
and South Coast Railway, and the South-Kastern 
Railway at London Bridge station. It will cross 
the Thames at the east side of London Bridge, 
and will run with easy curves and gradients to a 
station near the Mansion House, and thence by 
the City-road northwards. 

The alignment of the City and and South London 
Railway was partly determined by motives of 
economy, great pains being taken not to encroach 
on private property, since if any part of a building 
were undermined the whole would have had to be 
bought at an expropriation price. In one case, 
however, on the southern bank of the river, an 
arrangement was made with the owner of the wharf 
whereby the railway company obtained an ease- 
ment to pass under the property. The general 
committee that sat to consider the question of deep 
tunnel railways last session affirmed the general 
principle which we have persistently advocated, that 
such railways should be allowed to pass under 
private property by merely paying for the ease- 
ment, and if this becomes law it will greatly sim- 
plify their construction. It will be a novel problem 
for the surveyors to determine what compensation 
a property-owner should receive for allowing a 
railway to be constructed at a depth of 80 ft. below 
his ground floor. The first point to decide will be 
whether the vibration of the trains will be percep- 
tible. Ifit should be, that will no doubt be con- 
sidered as a detriment to the property, and one to 
be paid for, although the readiness with which 
suburban houses backing on to the railway always 
let is evidence that the much more serious 
noise and tremor produced by surface railways are 
no great nuisance. The presence of a deep tunnel 
railway under a building might prevent the digging 
of a well, the erection of a direct-acting hydraulic 
lift, or the construction of a theatre below ground 
level, like the Criterion, but a very small percentage 
on the value of the property would pay for the 
presence of these disabilities. Contrary as it is to 
the spirit of English law to confer the power of 
obtaining compulsory easements, we hope it will be 
done, as it will often simplify the construction and 
add to the convenience of deep tunnel railways. 

While Parliament is relaxing the law in one 
direction in favour of the deep tunnel railways, it 
might with propriety increase its stringency in 
another direction. It will be within the recollec- 
tion of our readers* that the power station of the 
City and South London Railway rendered a part of 
the adjoining building—a charitable institution— 
practically uninhabitable, and that Mr. Justice 
Kekewich held that having statutory authority to 
carry on their undertaking, the company were per- 
mitted to do everything necessary to that object, 
even if it proved a nuisance, provided they used 
reasonable skill and care in their arrangements. It 
was undoubtedly a very hard case for the trustees 
of the adjoining orphanage to have three 400 horse- 
power engines erected close to the wall of their 
building, and to have its value destroyed hy the noise 
and vibration, particularly as the spot was situated 
in a quiet suburb, at a distance from manufacturing 
centres. In this case law and equity were evi- 
dently at variance. We feel by no means assured 
that mechanical skill could not have greatly abated 
the nuisance, but if it could not, the cause of deep 
tunnel railways would have been aided if reason- 
able compensation had been awarded. In future 
property owners will offer the most strenuous 
opposition to the erection of a power station in 
their vicinity, and very rightly so, since it is un- 
reasonable that they should be called upon to suffer 
loss for the benefit either of shareholders or of the 
public. 

The Great Northern and City Railway obtained 
the Royal assent last session, and is clear of oppo- 
sition. It will be remembered that this line alone, 
of all the deep tunnel railways, is to be of sufficient 
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size to accommodate the usual type of rolling stock. 
It will start with an assured traflic from the Great 
Northern Railway Company, who intend to run 
many of their suburban trains through it from 
Finsbury Park to Moorgate-street. ; 

The Hampstead, St. Pancras, and Charing Cross 
Railway made no progress whatever last session. 
It is doubtful whether this will be worked entirely 
as an electric road, for the very steep gradients in 
its northern portion suggest the advisability of 
cable haulage. It is to have a branch from the 
corner of Kuston-road, passing under Euston and 
Sc. Pancras stations to King’s Cross, and thus carry- 
ing passengers to and from the three great northern 
lines. This service will be an immense convenience, 
for the present Metropolitan Railway is practically 
no help to a passenger trying to reach these stations, 
unless he is quite unencumbered with luggage. 

Two new projects are to be laid before the 
present Parliament—the Clapham Junction to 
Paddington Railway, and the Edgware-road to 
Victoria Railway. As regards the former, we 
have already referred to the fact that on each side 
of the route in Exhibition-road, Kensington, there 
are numerous laboratories filled with most delicate 
instruments, and that those responsible will doubt- 
less raise a strong opposition on account of alleged 
damage from vibration. Weare informed that the 
promoters believe that there will be no injurious 
vibration, but it will be difficult to persuade the 
professors at South Kensington of this. Very great 
pains had to be expended before a method of 
mounting many of the instruments was found that 
would preserve them from disturbance by passing 
cabs, and again at Greenwich difficulties have been 
found at the Observatory from the trains in the 
tunnel at the foot of the hill. It is quite certain 
that a very powerful opposition will be offered to 
this railway, for the Science and Art Department 
will be included among the opponents. On the 
other hand, it will have many official friends, for, 
if formed, it will serve to lighten the reproach of 
South Kensington that itis out of the reach of the 
masses, A station at the door of the Albert Hall will 
be a great advantage to that huge establishment. 

The Kdgeware-road and Victoria Railway will 
start from Brondesbury, near the Midland Rail- 
way, and will cross the North-Western, Metro- 
politan, and Central London lines. It will be 
almost straight, and will serve a route that now 
supports a large omnibus traffic. 

It is noticeable that every one of the railways we 
have referred to crosses the Central London line, 
and is to have a station in immediate proximity to 
it, although in some cases there is no corresponding 
station on the east and west line. A glance at the 
map raises a wish that we had some body that 
could take these individual schemes in hand and 
work them into a system which would enable pas- 
sengers to get about without so many changes. For 
instance, the passenger from Hampstead to Waterloo 
must now alight at Charing Cross and walk to 
Northumberland Avenue to join the Baker-steet 
and Waterloo line, while the passenger from Baker- 
street cannot alight nearer the South-Eastern sta- 
tion than the District Station at Charing Cross. The 
Baker-street line should evidently make connection 
with the Edgware-road line at its north end, and 
should look forward to the possibility of extending 
to the Elephant at the other end. We commend 
such points to the attention of the County Council. 
Their duty is not tinished when they have obtained 
the insertion of clauses about cheap workmen’s 
trains. It is quite as important to the poor man 
to be carried quickly as cheaply, and if he has to 
alight and make a quarter ofa mile walk between two 
stations he suffers more loss than if he paid an 
extra halfpenny on the journey. London suffers 
enough disabilities from the piecemeal method of 
its growth, and does not need to have another set 
imposed upon the present ones by reason of the 
construction of a disjointed series of deep tunnel 
railways. 


THE INTERNATIONAL ENGINEERING 
CONGRESS. 

We have already referred in our columns to the 
International Engineering Congress which is to be 
held during the coming summer at Chicago. This 
Congress is only one of a large series of meetings 
which, under the auspices of the World’s Congress 
Auxiliary, will occupy the greater part of the six 
months during which the Exhibition will be open ; 
there is little doubt, we think, that the Hngi- 


neering Congress will be one of the most success- 
ful and valuable of the whole series. The General 
Committee to which the fortunes of the Congress 
have been confided consists of engineers pre-emi- 
nent in the councils of the principal engineering 
societies of America, and this committee has gone 
about the work of organisation in the systematic 
and comprehensive manner that might have been 
expected, and that speaks well for the success of 
the Congress. The date fixed is the week ending 
August 5, next, so that the whole of the work will 
have to be compressed into six days. To render 
this possible the business of the Congress is appor- 
tioned into seven divisions. The first of these 
divisions relates to civil engineering, and is placed 
under the direct charge of the American Society of 
Civil Engineers. The second division, referring to 
mechanical engineering, is under the control of the 
American Institute of Mechanical Engineers. The 
American Institute of Mining Engineers is res- 
ponsible for the well being of the third and fourth 
divisions, those of mining and metallurgical engi- 
neering respectively. The fifth divisionrelating toen- 
gineering education will be looked after by a special 
committee. Major Clifton Comly, representing the 
United States War Department at the Exhibition, 
is made responsible for military engineering, which 
forms the Sixth Division, while the Seventh, that 
of Marine and Naval Engineering, will be in charge 
of Commodore George W. Melville, engineer in- 
chief of the United States Navy. It will be 
noticed that Electrical Engineering is not included 
in either of the foregoing divisions ; it was at first 
intended that this branch of the profession should 
be comprised within the Congress, but it was 
ultimately determined otherwise, and a separate 
organisation for the control of an Electrical Cen- 
gress has been formed. It is quite certain, how- 
ever, that the week’s work will be sufficiently 
heavy under the present arrangement, and we 
think it is a matter for congratulation that the 
electrical engineers will have their own and inde- 
pendent meetings. The numerous and powerful 
engineering societies which flourish in the United 
States would of themselves be amply sufficient to 
secure abundance of material for consideration 
and discussion at the Congress, but this would not 
by any means have suited the purpose of the 
Organising Committee, who from the first deter- 
mined to give as largely international a character. 
as possible, to the undertaking. To give effect to 
this intention a considerable number of invita- 
tions to engineering societies in this country and 
on the continent were issued some time since, and 
it is satisfactory to find that the efforts of the Com- 
mittee have been warmly seconded by engineers in 
Europe. In England the Institution of Naval Archi- 
tects appears to have taken special interest in the 
congress, papers having been, promised by the fol- 
lowing members of that body: Mr. Benjamin 
Martell, Mr. J. T. Milton, Mr. A. Denny, Sir 
Nathaniel Barnaby, Professor Elgar, Mr. James 
Howden, and several others. At the end of last 
year no less than 40 papers had been _pro- 
mised from engineers in various parts of the 
world for the seventh division — that of marine 
and naval engineering—and the prospects of the 
other sections are equally promising, excepting, 
perhaps, that relating to engineering education, 
which must of necessity be less strongly supported 
than the others. In fact it is not too much to say | 
that, at the present time, sufficient business for the 
week’s Congress has already been secured, and the 
difficulty will be, as time goes on, to deal with the 
great mass of contributions ; the preliminary work 
of selecting papers for acceptance or rejection will, 
in fact, be both long and difficult. 

The Congress will not meet at Jackson Park, but 
in one of the large halls at the Art Palace, which is 
now approaching completion on the Lake front in a 
central part of the city of Chicago. The proceed- 
ings will consist in reading and discussing those 
papers whlch have been accepted for the various 
divisions of the Congress. It is evident. that in 
order that this may be done successfully, two things 
will be necessary ; that the papers shall be read in 
abstract and that those members desirous to take 
part in the discussions shall be in possession of the 
papers in advance. Both these requirements are of 
considerable magnitude, and so will be the work of 
translating the various papers submitted in foreign 
languages, because it is intended that all papers shall 
be printed, and abstracts read, in English. It would 
evidently greatly facilitate the labours of the Com- 
mittee if authors sent in suitable abstracts with 
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their papers, but even with this assistance the 
labour of editing the papers for press will be very 
arduous. It will also be very costly, but we be- 
lieve, that although nothing definite has yet been 
decided, there is little doubt but that the Congress 
will grant a sufficient appropriation to allow the 
Committee to publish the proceedings of the 
Congress in a manner fitting the occasion. 
The chief value, indeed, of the Congress de- 
pends upon the manner in which the record of its 
proceedings will be preserved, and it would be a 
subject for great regret if so valuable a collection 
of engineering information should be lost. It is 
true that the various engineering societies, at all 
events those of the United States—will have the 
privilege of publishing in their Transactions the 
papers contributed by their respective members. 
But as they will be scattered through a variety of 
volumes not generally accessible, such publicity 
would not meet the case. As itis, the intention 
of the committee is to sell copies at cost price to 
engineers, and as there can be little doubt that the 
demand for such copies will be very large, the 
expenditure connected with the publication will 
probably be met by the proceeds of sales. We 
trust that other engineering societies in this 
country will follow the example so promptly set 
by the Institution of Naval Architects, so that the 
engineers of this country may be properly repre- 
sented. We may add that though the papers will 
be read in English the visitors taking part in the 
discussions may speak in any language most con- 
venient, and that interpreters will be provided at 
all the meetings. We shall take an early oppor- 
tunity of again’ referring to this important Con- 
gress. 


MEASUREMENT OF ALTERNATING 
ELECIRIC CURRENTS. 


A yvERY interesting course of Cantor lectures 
was commenced last Monday night at the Society 
of Arts by Dr. J. A. Fleming, and will be con- 
tinued on three succeeding Mondays. The subject 
was the practical measurement of alternating elec- 
tric currents, a matter which is surrounded by a 
great deal of difficulty, and on which many elec- 
tricians often find themselves in considerable doubt. 
Dr. Fleming is an acknowledged authority in all 
connected with periodic currents, and is, besides, 
an accomplished lecturer, speaking fluently and 
decisively, giving the impression that he is perfectly 
certain of his ground, and is not, as with some 
speakers, worried by doubts as to which view of the 
subject he should present. A very considerable 
audience gathered to hear the opening address, and 
we shall expect to see greater numbers at the suc- 
ceeding sittings. 

In commencing, Dr. Fleming pointed out that 
the larger portion of the electric lighting and 
power schemes now in operation, or under con- 
sideration, were worked by alternate currents, and 
therefore the subject was of great interest to all 
electricians. Electricity was invisible and imponder- 
able, and could only be measured by the effects it 
produced. The two most evident of these were the 
production of heat ina conductor, and of a magnetic 
field around it. There were, however, other 
characteristics of an alternating current that had to 
be investigated, such as the length and frequency 
of the period. As an aid to the imagination of his 
audience, Dr. Fleming recalled the fact that the 
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middle C of the piano has a frequency of 256 com- 
plete vibraticns per second. The current supplied 
by the London Electric Company from Deptford has 
84 complete periods per second, and the current 
from a Mordey alternator 100 periods. It was 


customary, the speaker said, to represent alternate 
currents by means of adiagram such as Fig. 1. In 
its simplest form this was a sinusoidal curve, 
which could be constructed by dividing a circle 
into a number of parts, and drawing lines from 
X X to cut the circumference at the divisicns. If 
a straight line were divided into equivalent lengths, 
and the ordinates transferred from the circle to 
it, then a curved line joining their extremities 
would be a simple sine curve (Fig. 1). Some cur- 
rents might follow this curve, but often the curve 
was morecomplex. But just as a complex periodic 
curve could be constructed from two or more simple 
curves by adding (algebraically) their ordinates, so 
a complex curve could always be represented by 
two or more simple curves, and this could be auto- 
matically done by aid of an ingenious machine 
devised by Mr. Augustus Stroh. It was Fourier 
that discovered the fact that complex curves could 
be reduced toa number of simple harmonic curves, 
and he utilised this to produce vowel sounds by the 
combined effect of a number of tuning-forks. 

The method of drawing the curve of a periodic 
current was due to Ryan, who fixed a projecting 
point to the collecting ring of an alternate current 
machine in such a way that in each revolution it 
touched a brush momentarily. The circuit was 
completed through a voltmeter which showed the 
electromotive force in the armature at that point of 
the revolution. The brush was then shifted round 
a few degrees, and another reading obtained, and 
so on through the entire period. The readings 
were then plotted and acurve drawn through them. 
Dr. Hopkinson has lately elaborated this method in 
his experiments at King’s College. Current curves 
could also be delineated in the same way. Current 
measuring instruments, however, did not give the 
average value of the ordinates of the diagram, 
but the average of the squares of these values. 
In instruments acting by the expansion of a wire 
under the heat of the current, the heat de- 
veloped in the wire varied as the square of the 
current at each instant, and consequently the 
readings of the instrument were the averages of the 
squares of the instantaneous currents. Dr. Flem- 
ing showed an instrument he used for measuring 
the dilatation of a wire under heat, which was so 
sensitive that it would show the effect of placing 
the hand under a wire a few inches long. The wire 
was held between two horns attached to spindles. 
One spindle could be moved endwise by a mi- 
crometer screw, while the other was pivoted in its 
centre likeascale beam. Its other end was connected 
by multiplying levers to a pivoted mirror reflecting 
a spot of light. T ieslightest lengthening or shorten- 
ing of the wire ti..ed the mirror, and could be read. 
If an unvarying current were sent through the wire 
and through a voltmeter in series, the value of the 
current in ayperes and the heating effect on the 
wire could be measured. Then if an alternating cur- 
rent were seut through it of such a strength that it 
produced the same elongation, the ampére values of 
the two currents were equal, according to the Board 
of Trade definition, which is, ‘‘ That an alternating 
current of one ampere shall mean a current such 
that the square root of the time average of the 
square of its strength at each instant shall be unity.” 
If such a current were redressed by means of a 
commutator, and were measured electrolytically, 
it would not give the same value, as in that case the 
result would be the average of the values, and not 
of the squared values. 

Dr. Fleming then gave descriptions of the chief 
apparatus for measuring alternate currents. The 
first was the Siemens electro-dynamometer, which 
consists of a movable coil between two fixed coils, 
all three being traversed by the current. The 
force acting on the coil varies as the square of the 
current from instant to instant. Lord Kelvin’s 
electro-dynamic instruments consist of a balanced 
beam carrying a coil at each end. Each of these 
coils is situated between two other fixed coils, and 
the current is sent through all the six in such a 
way that the attractions and repulsions tend to 
move the beam in one direction. These forces can 
be balanced by a sliding weight, like the bob of a 
steelyard, and the current value read off directly in 
amperes. The current has to be conducted to the 
movable coils through the centres of the balance 
beam. To this end the beam is suspended by a large 
number of copper wires ;},5 in. in diameter, and 
moves as freely as if on agate centres. The instru- 
ments are made in several sizes covering a range 
from zyp9 ampere to 5000 ampéres. 

The experiments of Professor Elihu Thomson, 


repeated by Dr. Fleming at the Society of Arts in 
1890, and more recently at the Crystal Palace, 
showed that there was a great repulsion between 
a coil traversed by an alternating current, and a 
metal plate. Dr. Fleming has taken advantage of 
this to construct an ammeter in which a copper 
disc, the size of a farthing, is placed between two 
circular coils, with its plane 45 deg. to their axes. 
This will measure the ;j59th part of an ampere 
easily, its deflections being proportional to the 
square of the current. Another class of instru- 
ments, the speaker said, were those which depended 
on the fact that a piece of iron ina coil endeavours 
to remove itself from the centre to the periphery 
when the current is flowing, the reason being that 
the field is stronger nearer the edge. Various 
forms of instruments on this principle had been 
devised by Dobrowolsky, Elihu Thomson, Nalder, 
and Evershed. In all these the motion of the iron 
in the field was resisted by a weight at the end of 
an arm, and the reading obtained by an index moy- 
ing over a scale. Another type of instrument was 
the twisted strip ammeter of Ayrton and Perry. 
This was based on the fact that when a strip of 
platinum-silver alloy was twisted beyond the elastic 
limit it became very sensitive to temperature 
changes, curling or uncurling very readily. Such a 
strip was stretched in a composite metal tube having 
exactly the same temperature coeflicient as itself, 
and an index was attached toits centre and brought 
out through the wall of the tube to ascale. It was 
a very sensitive instrument, and would register the 
Tovoth part of an ampére. A word of warning was 
necessary, the speaker said, to those using measur- 
ing instruments containing iron. They could not be 
used for currents of different frequencies without 
recalibration. An ammeter constructed for currents 
of 100 periods per second could not be used for cur- 
rents of 80 periods. 

Dr. Fleming concluded his lecture with a most 
interesting experiment, which drew loud applause. 
The instruments he had been describing would 
measure, he said, many of them down to yqyoth of 
an ampere, but there were in telephony currents 
that could only be valued in millionths, and he had 
devised an instrument to value such currents. It 
operated on the principle of the copper disc gaiva- 
nometer described above, but in place of the copper 
a piece of soft iron was used. ‘his turned under 
the influence of the current in such a direction as 
to make the magnetic resistance of the coil a 
minimum. Hehad such an instrument on the table 
coupled in series to a telephone, and by singing 
the fundamental note on to the diaphragm of the 
telephone, the spot of light reflected from the 
mirror of the instrument was made to travel several 
feet over the scale aflixed to the wall. It was 
necessary to hit the right note to get the best effect, 
a very small divergence showing very clearly. In 
conclusion, Dr. Fleming advised his hearers to find 
out the fundamental notes of these telephones, 
and then they would be able to speak to the young 
ladies on the Exchange in a tone of voice they could 
not fail to hear, 


INSTITUTION OF ELECTRICAL 
ENGINEERS. 


THE prospect of having to deliver a_presi- 
dential address has often quite spoilt the plea- 
sure which the honour of the position would 
otherwise have afforded its occupant. Such an 
address is admittedly a most dificult piece of com- 
position for the generality of men, for the ground 
has been so often gone over before, that there is 
very little new that can be said. Of course, the 
author can always give an account of the progress 
made during the preceding year in the subjects 
which form the common bond of the members of 
the institution or society which he is addressing, 
but oftentimes the year’s harvest is a lean one, and 
its product has been carefully thrashed out in pre- 
ceding papers. Hence he has to search from Dan 
to Beersheba to find material upon which to dis- 
course, with the result that his address is a mere 
patchwork, a congregation of odds and ends that 
have no real connection with one another. Courtesy 
demands that the members should attend to hear 
it read, and that a few complimentary remarks 
should be made at the conclusion, but the 
ceremony is often painful to the speaker and 
irksome to the hearers, Occasionally, however, 
a presidential address is a delightful experi- 
ence to the audience. This usually happens 
when the speaker has followed some branch of art 
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or science through a long career, and, from the trea- 
sures of a ripe experience, can tell the story of its 
growth, pointing out the causes of each failure and 
each success, until he brings his narrative to the 
present time, and then, stepping from the known 
to the unknown, sketches in rough outline its future 
probable development. Often such an address 
contains a note of sadness, from the fact the longer 
the career has been, the nearer it must have ap- 
proached its termination. But thisis not always so. 
Work is a wonderful tonic, and those who heard 
Mr. Preece declare, in his presidential address to 
the Institution of Electrical Engineers on Thurs- 
day evening, January 26, that he had ‘‘completed 
his fortieth year of continuous service in develop- 
ing the practical application of electricity for the 
use and convenience of man,” must have felt that 
there was truth in the advertisement that ‘ elec- 
tricity is life.” When he added to the effect 
by relating that he was bred in a town which had 
no gas, and in a country which had nota single rail- 
way and no daily paper, and where the lucifer 
match came one day as a surprise and wonder, 
although the place was not more than 300 miles 
from London, the youthful audience that crowds 
the benches at the Electrical Engineers must have 
felt that they were listening to a Rip Van Winkle. 
Mr. Preece’s length of experience is in striking con- 
trast to his well-known activity and his appearance. 
There is nothing of the ancient sage about him, and 
his address could not be regarded as a chapter of 
ancient history. It was rather a brilliant demon- 
stration of the fearful pace at which we live in the 
nineteenth century, showing that in the interval 
between childhood and middle age a man could pass 
from a simple, almost elementary, condition of 
existence to the complex life of this jin de siécle 
period. 

An address based on personal experience must 
of necessity be somewhat egotistical. Indeed, 
that is part of its charm, lending warmth and 
colouring to the oterwise cold facts on which it is 
based. Further, a discourse by Mr. Preece is almost 
certain to be controversial. He does not carry 
the attitude of open-mindedness to the extent 
of nebulosity. When he has de: berately adopted 
an opinion he regards it as a friend, and is ready to 
defend it with the force of conviction. He makes no 
profession of being a mathematician of a high order, 
or of having arrived at his opini:ns by roads that 
are sealed to the ordinary man. On the contrary, 
he favours a system of patient experiment, directed 
and guided by an intelligent knowledge of the laws 
of nature, each point being demonstrated practically 
as itis reached, To quote his own words: ‘‘ My 
sympathies are with the earnest worker who asks 
Nature direct questions by sheer experimental 
prodding, who elicits from her stronghold the 
secrets of her prison house, who presents gratui- 
tously to the world the effect of his labours in plain 
language, and who is willing to follow modestly in 
the footsteps of his great masters—Faraday, Max- 
well, Kelvin, Von Helmholtz, and Rayleigh.” 
His pet aversions are ‘‘ the phantasies of visionary 
mathematicians who monopolise the columns of 
our technical literature, and fill the mind of the 
student with false conclusions.” He declares that 
he has ‘‘nosympathy with the pure mathematician 
wh» scorns the practical man, scoffs at his ex- 
perience, directs the universe from his couch, and 
invents laws to suit his fads.” 

It! is not the first time Mr. Preece has filled 
this presidential chair. In 1880 the same dignity 
was conferred upon him by the Society of Tele- 
graph Engineers and Electricians, which, in process 
of development has become the Institution of 
Electrical Engineers. In the 13 years the consti- 
tution and the objects of the body have undergone 
a marvellous change. Telegraphy is now relegated 
to a very obscure position in its deliberations, many 
of its old members have dropped into the back- 
ground, and for all practical purposes it is a new 
society following a new science. Not all the old 
members, however, have fallen out of the race. 
The president of 1880 has now one of the largest 
consulting practices in electric lighting matters, and 
his elevation to the chair to-day is as befitting as it 
was then. With all the weight of the electrical 
affairs of the Post Office Telegraphs on his shoulders, 
he has kept in the first rank in the other branches 
of the profession. 

The demands on our space at this season of the 
year do not permit of our attempting an abstract 
of Mr. Preece’s very long and able address. It 
ranged over telegraphs, both land and submarine, 


diameter, with a stroke of 23 ft. At 750 lb. pres- 
sure this accumulator, large as it was, would only 
store 2.4 horse-power hours—a comparatively in- 
significant quantity, and its cost per unit of energy 
stored must havebeen verylarge indeed. Whatgave 
the accumulator its value, though, was the fact that 
its rate of discharge was very great, and the one 
referred to above would probably supply 100 horse- 
power for 14 minutes ; hence, like the flywheel, 
the use of accumulators was limited by their cost to 
meeting fluctuations in the demand for very short 
periods of time ; they could not be used to average 
the demand over the 24 hours. 

With a suitable site, reservoirs could be built of 
very large capacity, and at a comparatively low 
price per cubic unit stored. At Zurich, a storage 
reservoir had been built for power purposes which 
held 355,000 cubic feet, and as it was situated 
475 ft. above the motors, 5284 horse-power hours 
could be stored init. At both Geneva and Zurich, 
a river flowing from a large lake with a small fall 
was used to drive low-pressure turbines, which 
pumped water into reservoirs placed on elevated 
sites, and this pumped water was then distributed 
for power purposes. 

At Geneva, by skilful arrangements, a fall vary- 
ing from 5.5 ft. to 12 ft. had been secured on the 
Rhone as it flowed out of Lake Leman, and a plant 
had been erected which would shortly be increased 
to 18 low-pressure turbines, aggregating over 4000 
horse-power. The turbines first laid down were 
used for the town water supply, but motors were 
connected to the town mains in 1871, and had since 
been largely used. The low-pressure plant, and 
the permanent works connected with it, had, how- 
ever, been costly, and it was, therefore, advisable 
that they should be run continuously if possible ; 
and, moreover, the demand for power was already 
in excess of the supply, and storage was thus 
rendered necessary. Even before this, however, 
storage had been adopted for other reasons. To 
maintain a constant pressure in the supply pipes to 
the motors it was necessary that the turbines should 
pump in excess of the demand; the surplus flowing 
through relief valves and being wasted. To meet 
the fluctuations of pressure four air vessels, 5 ft. 
in diameter and 39 ft. high, were fixed on the 
mains, which insured smooth working, but did not 
reduce the waste of surplus water. When an electric 
lighting plant was installed at Geneva and driven by 
pumped water, the need for storage was emphasised, 
and a suitable sitewas found, 390 ft. above the town, 
where a covered reservoir, capable of holding 
453,000 cubic feet, equivalent to 5373 gross horse- 
power hours, was erected. In spite of the ex- 
pensive construction of the reservoir, its cost did 
not exceed 2.4]. per horse-power hour stored, and 
the total annual cost per horse-power on this head 
did not probably exceed 3s. The energy stored 
was sold at 8/. per annum. 

Coming to methods of transmitting power, he 
would first describe the telodynamic system, which 
originated in M. F. C. Hirn wishing to drive by one 
steam engine factories at Logelbach 80 metres apart. 
This was in 1850. M. Hirn first used a flat steel 
band, 2$in. wide and 3; in. thick, which ran 
over wooden pulleys 2 metres in diameter, making 
120 revolutions per minute. The power trans- 
mitted was 12 horse-power. After it had been at 
work for 18 months an English engineer, Mr. 
Tregoning, suggested the use of a wire rope. A 
cable t in. in diameter was accordingly got from 
Messrs. Newall and Co. and replaced the band, a 
groove 4 in. deep being cut in the wooden pulleys 
in which the rope lay. This cable worked for years, 
but the wooden pulleys were finally replaced by 
iron ones. A second transmission was soon erected, 
in which a cable } in. in diameter running at 50 ft 
per minute over pulleys 10 ft. in diameter, trans- 
mitted 40 horse-power a distance of 240 metres ; 
supporting pulleys being used at half-distance. M. 
Hirn’s chief difficulty at first was the construction 
of the pulleys, but he finally adopted iron pulleys 
with a gutta-percha bed for the rope, with which 
he found that neither pulleys nor cable suffered 
excessive wear. 

To transmit power economically to great distances 
in this way, it was necessary to use the strongest 
materials for the cables, and to run the latter at the 
highest practicable speed, which was fixed by the 
admissible circumferential tension in the pulley rim; 
the speed was usually taken at 100 ft. per second. 
The largest cables it was found practicable to use 
were about 1 in. in diameter, and to keep down the 
bending stress on the ropes the pulleys were made 


lightning protection, railway signalling, telephony, 
domestic applications, electro-chemical industry, 
electric lighting, power transmission, and electric 
traction, ending with a defence of his theoretical 
opinions. The clue to these was given in the fol- 
lowing sentence : : ; 
‘¢The tendency of modern practice is to import sim- 
plicity into theoretical inquiries. True theory does not 
require the abstruse language of mathematics to make it 
clear and to render it acceptable. The doctrine of evolu- 
tion, the principle of the conservation of energy, the 
undulatory theory of light, the thermal equivalence of 
work, the development of electro-chemical transformation, 
and all that is solid and substantial in science and use- 
fully applied in practice, have been made clear by rele- 
gating mathematical symbols to their proper store place 
—the study.” 
As to the details of Mr. Preece’s belief, they do 
not seem to differ from those of most educated 
engineers, although he affirmed them with an 
emphasis which seemed to imply that they would 
be met with doubt, and even opposition. There 
are few now that deny that ‘‘ electricity is energy 
which is transmitted by matter and through space 
by certain disturbances, the result and equivalent 
of work done, and in certain orderly and regulated 
forms, called electro-magnetic waves.” Even Max- 
well’s electro-magnetic theory of light, if not fully 
accepted, is treated with cordiality as a possible 
guest that may take up his abode with us perma- 
nently in the near future. Possibly some of Mr. 
Preece’s followers have taken his advice regarding 
the necessity of keeping to facts too literally, and 
have denied him the right to that exercise of the 
imagination which is absolutely essential if the man 
of science is to be more than a statistical compila- 
tion. He let them see that he did not intend to 
be fettered in any such way, while at the same time 
he preserved his full right to deal hard blows at 
the visionary mathematicians. As to the future, 
Mr. Preece was discreetly silent, except by the 
suggestion that 50 years hence his address might 
be quoted in evidence of the ignorance of the great 
Victorian period. The greater a man’s experience 
and the wider his knowledge, the less is he inclined 
to prophecy. 


THE DEVELOPMENT AND TRANSMIS- 
SION OF POWER FROM CENTRAL 
STATIONS. 

In commencing his third Howard lecture on the 
above subject in the rooms of the Society of Arts, 
on Friday evening last, Professor Unwin said that 
to complete his previous lecture he would make 
some remarks on the storage of water. The need 
for such storage, he remarked, arose from en- 
tirely different reasons from those he had been 
considering in the case of steam stations. A river 
flowed night and day, its volume varying with the 
seasons, but not from hour to hour. The demand 
for power, on the other hand, varied hourly, and 
hence, unless storage was adopted, much of the 
total water power available was wasted. Nearly 
the whole cost of water power was due to per- 
manent works, whilst with steam only one-third to 
half its cost came under this head. Hence if the 
engine stopped 12 hours out of the 24, coal and wages 
were saved, and though the cost per horse-power 
was increased, it was only moderately augmented, 
whilst with water power it would be about doubled. 
To promote the use of power at night some Ameri- 
can power companies charged a lower rate for night 
supply, but in other cases storage was resorted to, 
thus doubling the amount which could be supplied 
during ordinary working hours. One of the great 
advantages of water power was the fact that it 
could be stored by comparatively cheap and easy 
methods, two of which, viz., accumulator storage 
and reservoir storage, were largely employed. 

It might not at first sight appear profitable to 
pump water to be used for power purposes, but in 
certain cases it was so. Thus in the system of hy- 
draulic transmission originated by Lord Armstrong, 
2 single large engine run nearly continuously could 
be advantageously used to work a large number of 
intermittent motors. The fluctuations in demand 
were enormous, and storage was essential. Indeed, 
the success of the system was perhaps chiefly due 
to the invention of the accumulator, which was 
simply a vertical cylinder with a loaded plunger, 
into which water was pumped till it was re- 
quired, and from which it was then discharged 
by the descent of the plunger. The pressure 
usually used was 750 lb. per square inch. One 
of the very large accumulators of the London 
Hydraulic Power Company had a cylinder 20 in. in 


Fes. 3, 1893.] 


ENGINEERING 


12 ft. to 15 ft. in diameter. For the throat of the 
pulley on which the rope ran, gutta-percha, soft 
wood, and leather had been used. The maximum 
distance of pulleys apart was from 300 ft. to 500 ft., 
at which distances the weight of the rope when 
tightened so that the sag was not too large, gave 
sufficient adhesion to prevent slipping. A 1-in. 
rope would transmit about 330 horse-power as a 
maximum. The spread of the system after its in- 
vention was rapid. In 1854 M. H. Schlumberger 
transmitted power from a turbine a distance of 
80 metres to drive agricultural machinery, and 
M. Stein, of Mulhouse, is said to have erected more 
than 400 transmission plants in 10 years, which 
carried an aggregate of 4200 horse-power to an 
aggregate distance of 72,000 metres. 
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pulley piers were costly, and hence the spans should 
be large. From Ziegler’s experiments it appeared 
that about 1.14 horse-power was lost in friction at 
each power station, and .625 horse-power by work 
done in bending the rope, a total of 1.75 horse- 
power at each station. The efficiency was high, 
.962 per cent. from Ziegler’s experiments. Various 
methods had been used for supporting the ropes, 
and were shown in Fig. 20. Short distances were 
freed by a single span, whilst for greater distances 
a supporting pulley might be introduced to prevent 
too great sag on the slack side of the rope. 
Multiple supporting pulleys were sometimes used, 
whilst Messrs. Ziegler had introduced the system 
of a number of independent spans. Professor 


Reuleaux had proposed to divide the slack side of 


The ropes now used were stranded ropes, having 
6 to 12 wires per strand, and 6 to 10 strands per 
rope. The wires were from .02ia. to .088 in. in 
diameter, and the ropes from .2 in. to 1.28 in. The 
strands were twisted on a hemp core, and usually 
each strand had also a hemp core, which increased 
the flexibility of the rope. Swedish charcoal iron 
wire was at firstused for the ropes, but now they were 
usually of steel ; oxidisation was prevented by a 
dressing of boiled oil. To provide for accidents, one 
rope had to be kept in reserve, which added to the 
cost of the plant. Usually the ropes did not last 
more than one year. When first erected the rope 
was liable to stretch, and to need resplicing. 
Messrs. Rieter Brothers, of Winterthur, had got 
over this difficulty by passing the rope through 
grooved compression rollers, which in 10 to 15 
passages stretched the rope from 1 to 4 per cent. 


and diminished its diameter 6 per cent. The 
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the rope into double the number of the spans of 
the tight side, in which case the sag in both slack 
and tight sides would be about the same. The 
direction of transmission was usually changed by 
bevel gearing, as shown in Fig. 21, but Professor 
Reuleaux had proposed the plan indicated in 
Fig. 22, where the direction of the rope itself was 
changed by guide pulleys. Where the rope was 
driven by turbines with vertical spindles, the rope 
pulleys were mounted on horizontal shafts, driven 
from these spindles by bevel wheels, as shown in 
Fig. 23. 

Particulars of a few of the telodynamic transmis- 
sion plants might be interesting. At Uberursel a 
cotton mill was driven by turbines working under 
a fall of 164 ft. In 1860 this power became in- 
sufficient, and a site for a second set of turbines, 
with a fall of 264 ft., was found further up the 
stream. The distance from the mill was, however, 


3160 ft., and hence it was decided to transmit the 
power, which varied from 40 to 104 horse-power, 
according to the state of the stream, to the 
mill by a cable # in. in diameter running 
over 12 ft. 6 in. pulleys. The next important 
installation was at the Ochta powder mills near St. 
Petersburg, where, after a disastrous explo- 
sion, it was desired in rebuilding the works to 
isolate the buildings from each other. The power 
was supplied by turbines. The buildings, 23 in all, 
were arranged in three lines many feet apart, and 
were supplied with power on the telodynamic 
system, the longest transmissions being 1300 ft., 
2300 ft., and 2600 ft. The best-known instance of 
telodynamic transmission was perhaps that at 
Schaffhausen, where, in 1850, Herr H. Mozer, of 


y 
qe 


AT 
Aff 


Z ys 
by Li 
mas | 


reece 


Pra 


INS 
\] NO \ 
} aN RN 
SAS 
i RS 
L, S 
Y 7 ANNAN 
MRT L | YX \ 
ToT QQ \ 
YY 
Q) 


Charlottenfels, put up a turbine to drive his factory. 
Some time afterwards it occurred to him that a con- 
siderable quantity of power could be obtained from 
the rapids of the Rhine in front of the town, and 
an extraordinarily low condition of the river in 
1857 favoured the examination of the river bed 
here. A commission was accordingly formed to 
draw up plans. They suggested a weir across the 
river, and the construction of a turbine house on 
the right bank, whence the power would be trans- 
mitted by cable to the factories on the left bank. 
A company commenced the construction of the 
works in 1864, and erected the weir and turbine 
house indicated in Fig. 24. To obtain an effective 
fall of 133 ft. to 15 ft., the weir being low, a sub- 
aqueous tail race was constructed, carrying the tail 
water past the rapids immediately below the weir. 
The turbines erected were of the axial flow type, with 
vertical shafts, and were of 200, 260, and 300 horse- 
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power respectively. Of the total, 200 horse-power 
was transmitted direct by shafting to a factory on the 
right bank, and 22 horse-power was taken off to a 
second factory by ansubsidiary cable. Theremainder, 
about 530 horse-power gross, was transmitted direct 
across the stream by cables running over two 
pulleys ona horizontal shaft above the turbines, 
and driven by bevel gearing from the vertical 
spindles of the latter. The two pulleys were not 
keyed on the shaft, but were driven by epicyclic 
balance gearing, which equalised the pull on 
each rope. The driving pulleys were 15 ft. in 
diameter and ran at 80 revolutions per minute, 
and the span across the river was 358 ft. On 
reaching the opposite bank, 27 horse-power were 
taken off at the first station and distributed to 10 
small workshops, whilst the remainder had its 
direction of transmission changed by bevel gearing 
and sent along the left bank of the river, as shown 
in Fig. 24. At various intermediate stations power 
was sent back to factories on the right bank of the 
river by subsidiary transmissions. ‘lhe main ropes 
were about 1 in. in diameter, and ran at 62 ft. per 
second. The installation had been a complete 
success financially. It had cost 29,3601., which, 
by writing off, had been reduced to 24,6641. in 
1887. In 1867 thirteen renters were supplied with 
121 horse-power for an annual rent of 345/.; in 1877 
597 horse power were supplied to 23 consumers at 
an annual rent of 3000/.; and in 1887 641 horse- 
power were supplied to 23 renters at 33001. The 
charge per horse-power varied from 4l. 16s. to 61. 
per horse-power per annum. Experience with 
this installation had shown that the loss in trans- 
mission was greater in frosty and wet weather 
than had been expected, and that when the maxi- 
mum power was being taken oscillations occurred 
in the ropes, causing irregularities in the speed. 
For this reason a cotton mill, where fine counts 
were spun, had ceased to take power, and 
additional turbines had accordingly been erected, 
from which the power was transmitted electrically. 
This fact had apparently led Mr. Kapp to state in 
his excellent lectures read before the Society in 
1891, that the electrical method of transmission 
was steadily replacing the telodynamic system. 
The word ‘‘replaced” conveyed a wrong impres- 
sion. The wire ropes had not been replaced, but 
a new station had been built and an electric trans- 
mission placed beside the rope one. Messrs. 
Rieter Brothers, of Winterthur, had had experi- 
ence in both systems, working side by side, and he 
had asked them their opinion on the merits of the 
two. They said that at Schaffhausen the rope plant 
was now doing more work than it had been de- 
signed for. It was the first large plant of the kind, 
and had, therefore, some defects which experience 
had shown could be remedied. Electric transmis- 
sion had, they said, also some inconveniences. 
They did not think, however, that the electric 
plant could compete with the rope system for 
short distances, but when the distance was mea- 
sured by milesit had advantages. 

In 1876, and apparently independently of Hirn, 
an Italian engineer put up a small cable trans- 
mission at Tortona. Lhe power was obtained from 
a water-wheel, and the necessary speed for the rope 
was got by a gearing of 19to1. Only 7 to 8 horse- 
power were transmitted, yet in spite of this and of 
the waste of work by the gearing, the loss was 
only 6 per cent., and an economy of 60 per cent. was 
effected as compared with the steam engine which 
it replaced. At Fribourg, in Switzerland, a com- 
pany was formed to work forests in the neighbour- 
hood, to utilise and sell water power, and to supply 
water to the town. Land was acquired and leased 
for factories, the lease containing a clause giving a 
right to a supply of power. A dam 40 ft. high 
was built in the Sarine in a ravine, where it would 
have been impossible to place factories, but a plot 
of level land was obtained 300 ft. above, near a 
railway, and in other respects well suited for such 
a purpose. With a minimum fall of 35 ft. some 
1700 horse-power were available, but as yet only 
two turbines of 300 horse-power each had been 
erected. One of these pumped the town water 
supply, and the other worked a rope transmission. 
The turbines were of the Girard type, running at 
744 revolutions per minute, and drove a horizontal 
shaft at 81 per minute by means of gearing. This 
shaft carried a pulley 15 ft. in diameter with a 
single groove. The principal transmission con- 
sisted of five spans of 500 ft. each. The total dis- 
tance to the sawmill where power was first taken off 
was 2500 ft., and the difference in elevation was 


268 ft. From this point there was a subsidiary 
transmission of 50 horse-power by a rope 2 in. in 
diameter to work atimber railway. From the shaft- 
ing of the sawmill 120 horse-power were also sent 
930 ft. to a railway carriage works, and from this 
point a $-in. rope transmitted 60 horse-power for a 
distance of 1600 ft., whence it was distributed by 
g-in. ropes to a foundry and a chemical factory. 

In 1872 an installation was put up at Bellegarde, 
not far from Geneva, where a total of 12,000 horse- 
power was available. The original project had, 
however, been only partially carried out, and the 
works were not financially successful. The water 
was led from a point above the Perte du Rhone, 
through a tunnel 1800 ft. long, to the Valserine near 
its junction with the Rhone. Five Jonval turbines 
of 630 horse-power each on a fall of 36 ft. had been 
erected there, and the power was sold at from 8. 
to 121. per annum to a phosphate mill, wood pulp 
factory, paper mill, and copper refining plant. The 
turbines were situated in a gorge, and the first pulley 
station was 120 ft. above them, and 200 ft. from 
them horizontally. The phosphate factory was 
3000 ft. distant. The turbine shafts carried each an 
18-ft. pulley, and the ropes were 1.28in. in diameter, 
consisting of 72 wires .088 in.in diameter, with hemp 
cores to both rope and strands. The speed of the 
rope was 66 ft. per second, and the greatest span 
630 ft. 

The most recent and one of the largest telo- 
dynamic transmission plants was at Gokak, in the 
Southern Mahratta country, India. (See Enar- 
NEERING, June 8th, 1888.) A river here fell over a 
high cliff, and a large amount of power was available. 
At present three turbines of 250 horse-power each 
had been erected to drive a cotton mill of 20,000 
spindles. The water was conveyed in a canal from a 
point 2300 ft. above the fall, and was led bya channel 
to the cliff, whence it descended in a 32-in. wrought- 
iron pipe vertically for a distance of 110 ft., and 
from this point by a pipe inclined at about 30 deg. 
to the turbine house, where three 24-in. branches 
conveyed it to the turbines (see Figs. 25 and 26). 
The total fall was 1803 ft., and the wheels were 67ir. 
in diameter, and ran at 155 revolutions per minute. 
They were partial admission impulse wheels with 
horizontal axes, each of which carried a rope- 
driving pulley 114 ft. in diameter, the rope being 
1 in. in diameter, and its speed 93 ft. a second. 
At the pulley station at the top of the cliff, that 
carrying the tight side of a rope was 11% ft. in 
diameter, and that carrying the slack side 8% ft. 
The distance from this point to the mill was 432 ft., 
and an intermediate carrier station for the slack 
side of the rope was used, as shown in the figure. 
The turbines were set to work in 1887, but as 
more power was now required, additional turbines 
were to be erected, the power from which would 
be transmitted electrically, and the working of the 
two systems could then be conveniently compared. 

Summing up, the telodynamic system was well 
suited for transmitting power for distances of a 
mile or so, but for much greater distances it could 
not compete with electricity. It had the advantage 
that it transmitted the energy in the form in which 
it was finally required to be used, without trans- 
formation, whilst with electricity a double trans- 
formation was required, involving waste of energy 
and increased capital expenditure. The efficiency of 
the rope system for such distances as those at Schaff- 
hausen was very great, and it was uncertain if the 
same amount of power could have been distributed 
to an equal number of consumers with as little loss 
by the electric method. All the installations put up 
since 1864 had worked continuously and without 
serious stoppages. They had only failed to pay an 
adequate return when undertaken on a scale too 
large for the locality. On the other hand, though 
mechanically simple, the plant involved consider- 
able cost. The pulley stations had to be lofty and 
stoutly built. The cost of maintenance was also 
considerable, as the cables required replacing 
annually. Another difficulty was that of measur- 
ing the power supplied to each consumer. With 
long distances the efficiency fell offrapidly. Taking 
the most favourable results, it was .93 at 500 yards, 
but at 5000 yards it was only .60. 


NOTES. 
A New Meruop or Preparina Grow Lamp 
FILAMENTS. 
AccorpInG to the Zeitschrift Hlectrotechnik, the 
Buda-Pesth Incandescent Lamp Company have 
introduced some important modifications into the 


manufacture of incandescent lamps. The uncar- 
bonised filaments of wood, cotton, or other vege- 
table fibre are first immersed in a bath containing 
25 to 30 per cent. of potassium silicate, 10 to 15 per 
cent. of gum arabic, and 12 to 13 per cent. of caustic 
soda. After removal they are rolled to the section 
of an angle iron, which is said to give a strong 
filament with a considerable superficies. The fila- 
ments are then carbonised, after which they are 
mounted and placed in a bath of melted paraftin 
or napthaline. After the latter has become solid 
by cooling, a current is passed through the fila- 
ments, melting and vaporising the parafiin in their 
immediate neighbourhood, and causing a deposit 
of carbon, as in ordinary flashing. It will be seen, 
however, that by this method the carbons can be 
standardised before being placed in their bulbs. 
Liquid paraffin is said not to work, as convection 
currents are then established in the bath, which 
bring all the oxygen entangled in the bath in con- 
tact with the filaments sparking them. ‘The solu- 
tion in which the filaments are soaked before 
carbonising is said to protect them during car- 
bonisation, and to give them a uniform surface, 
on which carbon can be deposited during the 
flashing process. The gum arabic is also bene- 
ficial, the filaments being stronger after carboni- 
sation when it is used. When the resistance of 
the filaments has been brought to the proper point 
by the flashing process, they are removed from the 
bath, and any excess of paraffin or napthaline 
sticking to them is washed off with alcohol. 


GurBERtT’s ‘‘ DE MaAGnete.” 

One incidental result of the sudden attack re- 
cently made by Professor Silvanus Thompson on 
the honesty of that eminent firm of New York pub- 
lishers, Messrs. John Wiley and Sons, has been 
the creation of a widespread and very sudden 
interest in the English translation of ‘‘De Magnete” 
by Mr. P. F. Mottelay, the announcement of which 
caused Professor Thompson to empty his seven 
vials of wrath. It was a curious and wholly un- 
expected way to create the success of a book 
which otherwise would have probably been a 
doubtful venture from a publisher’s point of view, 
but it is none the less a successful method on that 
account. When the volume reaches us we shall 
devote some pains to giving it a critical review. 
Meanwhile in America the interest that has been 
excited from the cause named above has been 
shown by long notices of advanced proofs, a very 
unusual proceeding. From these we learn the 
price of the book will be 4 dols. ; that it is 6 in. by 
9in., and contains 380 pages; the London pub- 
lisher is Bernard Quaritch. According to one of 
the American papers, ‘‘ the translator has evidently 
done his work with the greatest care,” which is 
what we should expect from Mr. Mottelay. Many 
foot-notes give the reader the results of the re- 
searches of others, and throw light on many points 
not elaborated by Gilbert. The work itself is pre- 
ceded by an excellent biographical memoir of 
Gilbert, and by the eulogistic address of HE. A. 
Wright, Gilbert’s contemporary. The work con- 
tains a facsimile reproduction of all the diagrams 
appearing in the original, and also of the title-page, 
upon which is what is said to be the ‘‘ autograph 
signature of the author.” We believe the book 
will be received by Mr. Quaritch for sale next 
week, 


TRIAL OF A CRUISER. 

On January 25, and subsequently off the mouth 
of the Tyne, the speed and gunnery trials of a 
most important war vessel of the cruiser type took 
place. The Nuovo de Julio has been designed and 
built for the Argentine Government by Sir W. G. 
Armstrong, Mitchel, and Co. She is the second 
vessel of the class built by that firm for the Argen- 
tine Navy. And so successful have the Elswick 
fast cruisers been, that there are two others even 
larger and faster than the Nuovo de Julio in course 
of building in the Elswick shipyard, one for the 
Japanese Navy and the other for the Chilian Navy. 
The principal dimensions of the Nuovo deJulio are; 
Length, 354 ft. ; breadth, 44 ft.; depth of hold, 26 ft. 
During her trials she realised a speed of 22.74 knots 
under forced draught with an indicated horse-power 
of 14,500, with natural draught 21.9 knots were 
obtained with an indicated horse-power of 13,000. 
The natural draught trials were continued for six 
hours, during which time she was frequently passing 
the measured mile, with a mean recorded result as 
above. For a natural draught trial this is very 
considerably in excess of anything that has been 
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previously obtained, and we look with almost more 
satisfaction on the results of this trial than on 
those obtained under forced draught. The vessel 
is capable of a very large range of action, stowing 
850 tons of coal as her normal supply, but being 
able to carry a further 420 tons in reserve bunkers. 
The engines are by Messrs. Humphrey and Ten- 
nant. Kor armament the Nuovo de Julio carries 
four 6-in. quick-firing guns, three of which can 
fire right ahead and one right astern—eight 4.7-in. 
quick-firing guns, 12 3-pounder Hotchkiss guns, 
and 12 1-pounder Hotchkiss guns. She is also 
provided with five tubes for 18-in. White- 
head torpedoes. During the trials three rounds 
were fired from each gun, one round extreme 
training forward horizontal, one round on the 
beam with extreme depression, and one round 
extreme training aft with extreme elevation. The 
programme was so arranged that broadsides were 
fired from each side; and the 6-in. guns mounted 
in the centre line on the forecastle and poop were 
fired horizontally in the line of keel. Severe as 
this last test was no damage was done to the 
vessel. The guns and mountings worked perfectly 
during the trial, not a single hitch occurring to mar 
its success. 
TRAMWAY TRACTION. 

The fact that many municipal corporations are 
showing a greater desire to take over the tramway 
systems within their jurisdiction, and that both 
private tramway companies and corporations are 
earnestly considering the various methods of trac- 
tion, with the view of determining which is the most 
serviceable, renders all statistics on the question 
of special interest. In this country, of the total 
tramway mileage, which now approaches 1000 
miles, a very small proportion, some half-dozen 
short lines, are on the electric system ; three or 
four, notably the Edinburgh and Brixton lines, on 
the cable system, and two or three on the steam 
system ; so that on at least nine-tenths of the total 
the old system of horse haulage is in use. The 
paucity of information on the financial results of 
the various methods, as applied in this country, 
makes it difficult to arrive at a proper conclusion, 
and all interested will watch whatever practical 
experiments are made by the Glasgow Council, 
who, a year hence, will work the extensive 
system of tramways throughout the city, and will 
then be in a position to adopt cable and electric 
systems on some of the longer sections by way of 
determining the relative merits. Meanwhile it is 
interesting to note that of the total tramway 
mileage of 11,665 in the United States, 51 per cent. 
is worked by electric power; 39 per cent. by 
horse haulage ; 5 56 per cent. by cable ; and the 
remaining 5 per cent. by steam. During the past 
year 1066 miles were added to the total tramway 
system ; but the electric tramways show an increase 
of 1878 miles, bringing them to 5939 miles, many 
systems on which horse haulage was formerly adopted 
having been changed to electric lines. There has, 
therefore, been a decrease of 842 miles on the 
length of street railways with horse haulage, the 
total mileage now being 4460. Cable traction is 
now adopted on 646 miles, 52 miles more than at 
the end of the previous year, while steam engines 
are used on 620 miles, 22 miles less than at the 
close of the preceding twelvemonths. It is interest- 
ing to note that the great part of the horse lines are 
in the New England and Mid-Atlantic States, and 
in Ohio and Illinois—one might also say, indeed, 
in New York, Philadelphia, Chicago, and Boston. 
But in the States of later settlements, and in the 
new towns, the electric tramway very largely pre- 
dominates. Thus we find in the North-Western 
States 726 miles of electric roads out of the total 
of 930 miles. In the cities of America, as in this 
country, there seems to be some tendency towards 
conservatism when it is proposed to supersede 
the old with new methods, however promising 
the latter may be. It is worth noting further that 
the numberof tramcars, 37,399, exceeds the pas- 
Senger cars on American railroads by 12,000; and 
that there are 331 cars per 100 miles of tramway, 
and only 17 per 100 miles of railroad. 


Tue Status oF A Parent AGENT. 


A decision, anent the status of patent agent, 
arrived at by the Supreme Court of Scotland—the 
second division of the Court of Session, from which 
appeal can only be made to the House of Lords, 
has far-reaching effect if the English courts accept 
the same interpretation of the Patent Acts of 
1883 and 1888. The pursuer or plaintiff was the 


Chartered Institute of Patent Agents, who desired 
the court to declare that the defendant, a Glasgow 
patent agent, was not registered as a patent agent 
in pursuance of the Act of 1888 ; that he was not 
entitled to design himself as a patent agent, and 
should be interdicted from so doing, the only reason 
being that he had not paid his annual fee of 31. 3s. 
to the funds of the Institute. The lower court had 
decided against the defendant, but when the case 
came before four judges sitting as the second 
division, the unanimous decision was against the 
Chartered Institute. The Lord Justice-Clerk, who 
has had legislative as well as judicial experience, 
and is credited with a close acquaintance with 
mechanics, carefully analysed the position. The 
Act of 1888, which inter alia secured that there 
should be a register, had a proviso that all those 
who had been bond jide practising for three years 
before the passing of the Act were entitled to be 
registered, while another sub-section gave the 
Board of Trade power to make rules for the 
purpose of carrying out the provisions. These 
1ules fixed an entrance fee of five guineas and an 
annual fee of three guineas, and on failing to pay 
the fees an agent could be struck off the register. 
This was the position of the defendant. It is not 
enough to contend that these rules were laid before 
Parliament, and became effectual, the point is 
rather whether the fee is a necessary rule for carry- 
ing out the provisions of the Act, as contemplated 
by the Act, otherwise it is wltra vires. Admittedly 
the fees are not for any purpose connected with 
registration itself, being expendedina useful library 
for patent agents at the Institute, and the fixing of 
fees for a library was regarded by the court as 
beyond the powers of the Act altogether. In the 
lower court it had been assumed that the Board of 
Trade in exacting this three-guinea annual fee, was 
adopting the principle recognised in the Act of 1883, 
but the judges of the higher court point out that 
the clauses fixing fees in the 1883 Act (Clauses 24, 
56, and 80) stipulated that such fees must all be 
paid into the exchequer. The Lord Justice-Clerk 
thought that if there were to be fees imposed, that 
would have been in the Act itself, and here he 
speaks doubtless from his extensive experience in 
the House. As the two Acts went together, there 
was no authority to impose these fees at all. Con- 
sequently, a patent agent who satisfied the con- 
ditions of the Act of 1888, having been three years 
an agent prior to the passing of the Act, was 
entitled to registration, and he cannot be struck off 
for non-payment of fee, as the power does not 
exist to make the rule demanding a fee. It will at 
once be appreciated that all agents under the juris- 
diction of the Scottish Courts who do not care to 
maintain the patent library in the Institute, may 
object to further continue the annual payment if 
they have the qualification of the Glasgow agent. 
Seeing the vast importance to the public of the 
work done by the Institute, it is to be expected, 
and certainly it is to be hoped, that the Institute 
will appeal to the House of Lords, as it seems 
scarcely probable that the view taken by the Scotch 
Courts would be confirmed by the English Courts. 


MISCELLANEA. 

AN ordnance and armour-plate factory is about to be 
established at San Francisco by a company already in- 
corporated. 

At the meeting of the Liverpool Engineering Society 
on the 25th ult., a paper on ‘* Petroleum Engines” was 
read by Mr. J. F. Conradi, A.I.E.E., Stud. Inst. C.F. 


Mr. T. J. Moss Flower, of Bristol, has been instructed 
to devise a scheme of drainage for the whole local board 
district of Portishead, and to prepare plans, specifications, 
and estimates. 


Messrs. George Cradock and Co., Wakefield, are sup- 
plying to the London Tramways Company a spare cable 
for the Streatham-hill cable tramline. The rope will be 
30,000 ft. long and 38 in. in circumference. 


During the time the Chicago Exhibition remains open, 
Mr. E. Muybridge, on the invitation of the Fine Arts 
Commission, will give, at intervals, lectures on ‘* The 
Science of Animal Locomotion, especially in Relation to 
Design in Art.” 


Contracts for building new United States warships just 
placed are 10 to 12 per cent. less than for any previous 
vessel of the same class, a reduction which is said to be 
ee to the sharp competition of at least four well-equipped 

rms, 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended January 22 
amounted, on 16,452} miles, to 1,258,562/., and for the 
corresponding period of 1892, on 16,378}? miles, to 
1,249,535/., an increase of 734 miles, or 0.4 per cent., and 
an increase of 9027/., or 0.7 per cent. 


Governor Flower, of New York, in his message to the 
Legislature, suggests that electric trolleys should be used 
for hauling canal barges. Abundant water-power being 
available at many points along the line of the canal, he 
thinks power could be supplied for 2s. 6d. a day to each 
boat, and thereby enable it to go four instead of two miles 
an hour. He thinks that the electric plant should belong 
to the State. 


The air compressor used in the mechanical process of 
painting the Exhibition buildings at Chicago is a rotary 
one, which when driven by an electric motor, compresses 
air from 15 1b. to18]b. to the square inch. The air is 
then mixed with calcimine, and both are impelled 
through a hose upon the surface being painted or calci- 
mined from the nozzle in the hands of two men on the 
scaffolding. 


Although no instructions have been received by the 
dockyard authorities at Portsmouth with reference to the 
shipbuilding programme for the coming financial year, 
provisional estimates have been prepared for the laying 
down of a first-class battle-ship, and a second-class cruiser. 
The designs have not been finally decided upon, but it is 
understood that the former will resemble the ships of the 
Centurion type, with certain modifications. 


A special slide rule, designed for facilitating the cal- 
culation of sizes of pulleys and belts, is now being made 
by Messrs. Elliott Brothers, of 101 and 102, St. Martin’s- 
lane, London, to the design of Mr. W. T. Goold, 
M.I.M.E. The rule allows all calculations relating to 
belts and pulleys to be made with great care and rapidity 
and can be used by those who have but little knowledge 
of this class of work. 


Messrs, Rose, Downs, and Thompson, of Old Foundry, 
Hull, have just received an important order for dredging 
machinery of their patent Kingston type, for a harbour 
board in New Zealand, this type having been chosen as 
the most suitable for the work in view. The dredgers, 
which are of the grab-bucket type, will be fixed on a 
hopper barge with a sand pumping apparatus, the vessel 
steaming out to New Zealand with the dredgers, &c., in 
position, 


The Electric Power Storage Company, of 4, Great 
Winchester-street, London, E.C., are introducing a new 
form of grid for the negative plates of their secondary 
batteries. The construction of this grid allows a large 
quantity of active material to be used in the electrode, 
the grip on this active material being obtained by a 
peculiar claw shape, which, whilst holding the porous 
lead or peroxide firmly in place, allows perfect freedom 
for its expansion or contraction. 


The London, Chatham, and Dover Railway Company 
earned during the past half-year rather less of profit than 
in the preceding periods, and the working expenses were 
higher (53.02 per cent. of receipts). Cholera, unfavourable 
weather, and agricultural depression, account for a de- 
crease of 10,000/. on passenger and steamboat fares. The 
dividend is 24 per cent. on the arbitration preference 
stock, but the sum carried forward is 21,373/. against 
51,318. in the corresponding period last year. 


The Scarborough Electric Supply Company, Limited, 
who have obtained a transfer of the provisional order for 
Scarborough, secured by the corporation, are now getting 
to work. A _ site for the supply station has been de- 
cided upon at Salisbury-street, on the west side of the 
town near the railway, and building operations will be 
commenced forthwith. The contract for the whole of the 
generating plant, including engines, alternators, conden- 
sers, boilers, &c., has been placed with Messrs. C. A. 
Parsons and Co., of Newcastle-on-Tyne. 


Works started at Newport by the Victorian Govern- 
ment solely for repairing railway plant are now being 
utilised for manufacture and carriage building. In re- 
newals 46,766/. has been spent in two years, the new 
works including 20 bogie carriages, two cross-country 
cars, two lavatory and parlour cars, four medium trucks, 
four horse-boxes, and a pattern louvre truck. A sleep- 
ing car for intercolonial service has been built at a cost 
of 1111/., and 24 refrigerator cars for 5564/. The total 
cost of new work was 90,689/., while repairs cost 37,368/. 


It is officially intimated that the question of closer 
relations between the South-Eastern and Chatham Rail- 
way Companies having been again brought under discus- 
sion, committees have been nominated by the respective 
boards for the purpose of considering the matter, 
and determining whether the principle of a working 
union, as distinguished from amalgamation, can be 
adopted as a basis for effecting the objects to be attained, 
at the same time safeguarding, in an equal degree, the 
contingent interests of the two companies. 


The Lynn Channel is now lighted by eight Pintsch gas 
buoys and two screw pile beacons. The former are of 
the Trinity pattern, 9 ft. in diameter and 6 ft. deep. The 
lamp is 11 ft. above water level, and in four cases is 
occulting. The light furnished is equal to 30 standard 
candles, but it is concentrated by dioptric lenses 9 in. in 
diameter. The whole of the work has been carried out to 
the plans of Mr. E. J. Sillock, Assoc. M. Inst. C.E., the 
borough engineer to King’s Lynn. The cost of the work 
has been about 50000. 


The eighth anniversary dinner of the Junior Engineer- 
ing Society was held last Saturday evening at the Holborn 
Restaurant, the President, Dr. John Hopkinson, in the 
chair. A large number of the members attended. The 
toast of the evening, ‘‘The Junior Engineering Society,” 
was proposed by Sir IF, A. Abel, Mr. Sidney Boulding, 
the chairman of the Society, replying to it; and to the 
concluding toast ‘‘The Visitors,” proposed by Mr. H. B, 
Vorley, Mr. W. W. Beaumont responded. 
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PIT SLEEPERS FROM OLD RAILS. 

A VERy economical method of producing sleepers 
for the tram lines laid in mines has been devised by 
Mr. J. W. White, of Ditton Chambers, Widnes, 
Lancashire. As will be seen from the annexed en- 
gcavings, the sleepers consist of old rails cut to the 
required lengths, and furnished with clips for the 
attachment of the longitudinal rails. Each clip has a 
tail-piece forged on one side, and this piece fits into a 
hole punched into the side of the sleeper. ‘There are 
no attaching appliances of any kind—neither bolts, 


rivets, keys, nor pins. The sleeper is first laid down, 
the clip (Figs. 3 and 4) is then slipped into its place, 
one flange of the rail put into the clip (Fig. 2), and the 
other flange pressed down to wedge the rail firmly 
in position (Fig. 1), It is impossible for the rail to 
get loose unless it is lifted, which, of course, cannot 
happen when the load is on it. For joint sleepers the 
jaws of the clip are widened out to a width of 2 in., 
soas to grasp the ends of two rails, A patent has been 
applied for to cover the arrangement. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 18, 1893. 

Tue coldest weather known for a generation has 
interfered with heavy traffic in iron, steel, coal, and 
lumber ; it has also interfered with the placing of 
orders and the making of inquiries for supplies. 
Prices have not changed in the least in any branch 
of the iron trade, and no material change is probable 
for some time to come. The only thing which will 
modify present quotations is the enlarging demand, 
the probabilities as to which are variously reported by 
different authorities. There isa great deal of railroad 
work projected, but on most of it work cannot begin 
until April, and even then there is no certainty about 
construction; other than mere engineering and con- 
struction matters have to be considered. The general 
opinion, however, is that the winter will be a mode- 
rately active one, and that the enterprises projected 
now will reach such a stage by March or April that 
large orders will be placed for supplies. 

The anthracite coal trade is extremely active, and 
prices have slightly advanced. Railroad traffic is 
seriously interfered with in many sections of the 
country. 

January 25, 1893, 

Iron and steel makers observe with considerable 
satisfaction the evidences of a heavy increase in 
demand. Car, locomotive, ship and boat building, 
and railroad work are all looming up, and the possi- 
bility of a very general expansion of demand within 
60 days is confidently talked of. Anticipations of 
this kind are not always realised, but inquiries and 
preparations for work indicate that there will be a 
sharp improvement long before the opening of spring. 
Another reason for believing in the coming of an 
improvement, is the fact that prices are almost abnor- 
mally low. The output of iron last year was nearly 
10 million tons. Stocks of pig iron are now declining, 
and production is not increasing rapidly. A con- 
servative course will be taken by pig iron makers until 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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case of hematite, Scotch, and Cleveland iron, and 1l. in all other cases. 


The price of quicksilver is 


per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal prices are per ton. 


Heavy steel rails are to Middlesbrough quotations 


conditions are decidedly more favourable for expansion 
than they are at present. The merchant iron mills 
throughout the country are moderately busy. Rumours 
prevail to the effect that the Western iron manufac- 
turers intend to determinedly resist the demands of 
the Amalgamated Association of Iron and Steel 
Workers, to be made next June, for at least a con- 
tinuance of the existing wages scale. The success of 
the Frick Company in contesting the claims of the 
Association is encouraging other manufacturers, and 
it is probable that a contest of huge proportions will 
result. 


Roya InstiruT1on.—On Thursday next (February 9) 
Professor Patrick Geddes will vegin a course of four lec- 
tures on ‘‘The Factors of Organic Evolution,” and on 
Saturday fortnight (February 18) the Right Hon. Lord 
Rayleigh will begin a course of six lectures on ‘Sound 
and Vibrations,” 


THE Owens Coitiice Encinerrinc Socimry.—At a 
meeting of the above Society, held on Tuesday, January 
17, in the college, Mr. J. B. Millar, M.E., in the chair, a 
paper on the ‘‘ Royton Sewage Purification Works ” was 
read by Mr. W. G. Stones, Stud. Inst. C.E. The author, 
after referring to the progress made in late years in sani- 
tary engineering, said that the system of purification 
adopted at Royton was the ‘‘ International,” the principal 
features being precipitation and deodorisation of sewage 
by means of ferrozone and subsequent filtration through 
polarite filter beds. The works comprise strainer, mixer, 
baffling channel, settling tanks, polarite filter beds, and 
sludge presses. The sewage passes through the strainer 
into the mixer, where it is mixed with the precipitant, 
along the baffling channel, and into the settling tanks. 
From this the clear liquid is run into the polarite filter 


beds where the final purification takes place. The sludge 
formed at the bottom of the settling tanks is run into 


sludge presses, where it is pressed into cakes. These 
cakes are then treated in the destructors. In conclusion 
the essayist gave the capital outlay on the works. A dis- 


cussion followed, in which the chairman and Messrs, 
Stanton, Wilson, and Bowden took part. 


Suirrinc F'reiaHrs.—Never has the depression in 
shipping been so universal. The tonnage which was 
forced to lie up at home ports at the beginning of 1892 is 
still idle, and in the interval the total has been largely im- 
creased. At foreign ports there is also a large quantity 
of tonnage unemployed, owners preferring to lie idle to 
facing the extremely low homeward rates offering. In 
one or two cases ships which arrived at Calcutta and San 
Francisco at the end of 1891 and during the early months 
of 1892 have not yet left those ports, a striking evidence 
of the condition to which things have fallen. With a 
market burdened so much with tonnage and with all 
branches of trade upon which shipping depends in an 
unsatisfactory state, the prospects for the present year 
promise to be little, if any, better than 1892. A compa- 
rison of rates ruling at the opening of the present year with 
those current at the beginning of 1892 shows from New Zea- 
land 27s. 6d. to the United Kingdom, 30s. to the Continent, 
against 33s. 9d. and 36s. 3d.; from South Australia 25s., 
against 30s. ; from the nitrate ports 23s. 9d. and 35,000 
disengaged register tons, against 25s. and 50,000 ; from 
Tacoma 25s., against 30s. ; from Portland (Or.) 27s. 6d., 
against 32s. 6d.; from San Francisco 20s. and 115,000 
tons register disengaged, against ¥2s. 6d. and 45,000; 
from Burmah 25s. for steamers and 23s. 9d. for sailing 
ships, against 35s. and 30s.; from Calcutta 90,000 tons 
register disengaged and 20s. for steamers and sailers, 
against 20,000 tons register, 25s., and 31s. 3d.; from 
Bombay 14s., against 21s.; and from Karachi 15s., 
against 22s. 
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On the present page we illustrate a stone-sawing 
machine erected 12 months ago for Messrs. W. Thorn- 
ton and Sons, builders and contractors, Liverpool, on 
the site of the large church which they are now build- 
ing at Heaviley, near Stockport, from the designs and 
under the supervision of Messrs. Paley and Austin, 
architects, Lancaster. 

The stone of which the building is constructed is a 
very hard grit, and is being sawn into slabs and blocks 
of various dimensions, almost with the same facility as 
timber is sawn by an ordinary circular saw, or from 
20 to 50 times quicker than by any other method. 
Blocks are sawn into slabs, or on all four sides, per- 
fectly straight and square, without touching them by 
hand, and no further dressing is required after they 
leave the machine. Although the stone referred to is 
of an exceedingly hard and gritty nature, it is being 
sawn at the very high speed of 6in. per minute through 
the whole depth of the block, which in this case is 
3i{t. The width of the cut is only } in. ; no abrasive 
material is required, such as sand, steel-shot, diamond 
grit, &c. ; the sawn surfaces are not strained or 
shaken loose as in steam masons or stone-dressing 
machines, and the saws will ‘‘notch,” ‘‘ bevel,” and 
cut at any angle. The driving power used is 14 actual 
horse-power. 

We are informed that similar machines are already 
in use in Germany, France, Belgium, and Switzerland, 
sawing marble (ata rate of from Sin, to 12in. per 
minute through the full depth of the block), basalt, 
lava, &c, 

The saw blade is constructed of steel, 2 in, in thick- 
ness, with diamond teeth fixed into it; it is mounted 
on a steel screwed shaft, driven at a speed of 400 to 
1000 revolutions per minute in the manner illustrated ; 
it can be moved horizontally in either direction, and 
fixed in any position, so that the block can be sawn 
into a large number of slabs without disturbing it. 
The block of stone to be sawn is loaded on to a truck 
running on rails. This truck is provided with a re- 
volving table which may be turned in either direction 
at any angle to the saw, or completely round if neces- 
sary. The periphery or edge of the saw is prevented 
from vibrating unduly, and deviating from the vertical, 
by suitable guides. The box or cover over the saw 
blade collects the water which is carried up by the 
saw, whence it drops upon the block and contributes 
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in maintaining an abundant supply of water in the cut 
or kerf, 

The rate of feed variesfrom lin. to 20in. per 
minute, in accordance with the hardness of the rock. 
Blocks may be cut at any angle by adjusting the 
revolving table with the handwheel, also at angles to 
the horizontal plane either by packing or raising the 
block to the desired pitch, or by turning it over after 
it has been cut on its other sides, When ‘‘ notching” 
or ‘‘bevelling ” a block there is practically no waste of 
any importance, as the pieces cut off may be used. 
This effects a great saving, especially in valuable 
material, such as marble, &c. The machine illustrated 
above has been erected by Mr. James T. Pearson, 
Burnley, Lancashire. 


INDUSTRIAL NOTES. 

THE past week will in a sense become historic in 
the annals of labour, It was a real labour week 
in more senses than one. The remarkable deputa- 
tion, or rather congeries of deputations, to the Home 
Secretary, on the question of inspection under the 
Factory and Workshops Acts, and the Mines Regula- 
tion Acts, was an event to be remembered. As the 
subject matter of the several deputations, from the 
Parliamentary Committee of the Trades Union Con- 
gress, the London Trades Council, and several working 
women’s associations, was practically the same, the 
Home Secretary appointed the same hour and place 
for each and all. Onassembling at the Home Office 
it was found that there was no room large enough to con- 
tain the numerous delegates, and the entire body ad- 
journed to the Foreign Office, where Mr. Asquith re- 
ceived them. The gathering was more like a large 
meeting or demonstration than a deputation. The 
women representatives spoke first, thenthe men, The 
speaking was excellent, the Countess of Aberdeen, 
Miss Balgarnie, and Mrs. Shaw carrying off the palm 
as regards the lady speakers, and Mr. Charles Fenwick, 
M.P., and Mr. George Shipton among the men. Mr. 
Asquith partially met the views urged by both parties. 
Some women inspectors are to be appointed, and the 
whole staff is to be largely increased. The women’s 
plea was, indeed, unanswerable. On the grounds of 
decency, of sanitation, of time for meals, of long 
hours, of dangerous machinery, where women and 
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girls are employed, and of better accommodation for 
the female sex, no one could resist the demands. And 
the plea that only women workers should be appointed 
was supported by the lady sympathisers, or non- 
workers, the most strongly of all. The result is that 
more inspectors are to be appointed, some of a ‘‘ lower 
grade,” as sub-inspectors, ata lower salary. The area 
and extent of inspection has been enlarged by recent 
legislation, and now the administrative departments 
have to see that the Acts are carried out and enforced, 
The effects of this new departure will soon be felt in 
all branches of industry under the several Acts, and 
will be watched with severe attention. 


The deputation to the Board of Trade on the sub- 
ject of the new Labour Department brought forth 
from the President of the Board of Trade an official 
outline of his scheme, as was explained in these 
notes last week. In some respects it is based upon the 
proposals made in Mr. Schloss’s paper, referred to 
in ENGINEERING of January 20 at some length. The 
scheme provides for a chief, under Mr. Giffin as con- 
troller, several labour correspondents, one of whom is 
a lady, and local correspondents in some of the chief 
centres of industry, with a staff of clerks. A monthly 
gazette is to be published, giving the earliest and 
fullest information upon industrial questions, strikes, 
&e., and also tabulated information from blue-books, 
consular and other foreign reports, and colonial 
governors and others. The department is mainly to 
collect and distribute accurate information, but it 
will also incidentally advise the chief—that is, the Pre- 
sident of the Board of Trade—upon matters of legisla- 
tion, or perhaps, to speak more accurately, he will 
consult the Labour Department on questions when 
legislation bearing upon labour or pertaining to 
labour is attempted, or is sought to be forced upon 
the Government. Mr. Mundella intends that the new 
department shall be superior to any existing in the 
United States, in France, or any other country. But 
whether those intentions will be realised remains to be 
seen. 


The gathering of workmen’s representatives at the 
South Kensington Museum, at the invitation of Mr. 
Acland, the vice-president of the Council of the Com- 
mittee of Education, was quite a new departure. The 
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learned societies have often held soirées there, but 
this is the first instance in which the workers, as 
such, have been invited to what Mr. Acland said was 
their own institution. About 600 were present. The 
music was enjoyed, the refreshments were partaken 
of with evident relish, but with no kind of crowding 
or anxiety to be first. The tastes of the workmen 
were seen by the way in which they inspected the 
objects pertaining to their own special trades, as well 
as the general art objects of the museum. Of course 
there was much private discussion upon the new 
Labour Department, and the, new factory inspection, 
by groups of men and women, in snug corners, each 
group favouring particular persons for the several 
posts, 

There is no appreciable change in the condition 
of the engineering trades of Lancashire; certainly 
it cannot be said that there are any manifest signs 
of improvement. Most of the establishments are 
short of work, and what orders are in the market 
are only obtained at low figures, the competition 
being keen. The locomotive builders for the most 
part lack work, that branch being in a depressed con- 
dition. Stationary engine builders, and the boiler- 
makers, on the other hand, are kept fairly well em- 
ployed, but the machine toolmakers are only mode- 
rately supplied with work. Marine engine shops and all 
the shipbuilding industries along the Mersey are dull 
in the extreme, and the outlook is very discouraging. 
The only new work that comes in is repairs, and 
renewals of machinery, while the shipyards are to a 
large extent idle, or partially idle, on short time. 
Only in one establishment is there any general activity, 
and that one is engaged on Government work, either 
for the home Government, or for foreign Governments, 
In the iron trade generally a depressed tone prevails, 
only a very dimited weight of business being done, 
either for raw or manufactured material. In the 
steel trades it is the same, the recent advance in 
prices having altogether subsided. The finished iron 
trade is similarly situated, the forges for the most part 
doing little more than three days per week, whilst at 
one of the large works a considerable portion of the 
establishment is altogether idle. But not only is 
business dull to depression generally, there is also an 
absence of encouraging signs of immediate improve- 
ment. The prospects appear to be almost gloomy. 
The tendency in prices is downward, and even where 
the quotations are unaltered, material changes hands 
at lower rates. Fortunately, with the exception of the 
cotton trade, there is an absence of serious labour dis- 
putes, or depression of an acute kind would probably 
set in, affecting all the iron and steel, engineering, 
and shipbuilding industries of busy Lancashire. The 
absence of such disputes is the one encouraging sign, 
a hopeful sign, an indication of faith in the recupera- 
tive power of capital and skill in manufacturing 
industry. 


In the Sheffield and Rotherham district no improve- 
ment is manifest in the heavier trades; on the con- 
trary, depression seems to be even more pronounced. 
Yet there is an indication of a possible recovery, if we 
maay judge by some other signs that are manifest. 
Messrs. Cammell and Co, have re-started 12 puddling 
furnaces, after being idle for four or five months, and 
some of the forges and mills have shown greater 
activity in the South Yorkshire district. Several large 
guns are being completed at the works of Messrs. 
Vickers and Co., and they are also engaged upon a new 
shaft for the disabled Umbria of the Cunard Line. 
There are no fresh signs of serious labour disputes in 
the district, though some complications may arise in 
conection with the iron and steel workers over wages 
at an early date. For a long time past the wages 
and yates of the South Yorkshire iron and _ steel 
workers have been regulated by the North of England 
Conciliation Board and the Midland Wages Board, 
though the men are not officially connected with either. 
They now advocate some other method of regulating 
wages, and contemplate, it is said, throwing off the 
yoke of those two bodies. In point of fact there is a 
revival of the movement against the sliding scale just 
as there was some four or five years ago, except that the 
movement is at present confined to a narrower area, 


and is not pronounced where the sliding scale com-* 


mittees settle their differencesin that way. But there 
is a danger lest the movement will extend even to those 
districts. 


The Ironworkers’ Journal for February reports rather 
fully upon the state of the iron and steel trades both 
as to production rates or prices, and the wages of the 
men. As regards the latter, it states that there have 
been but small changes in the iron trade. Blast fur- 
nacemen have not only maintained their rates, but 
on the whole they are a fraction higher than they 
were on the year’s working. Iron workers are 24 per 
cent. to the bad, while the steel workers are 5 per 
cent. worse off than they were at the end of the year. 
Cleveland ironstone miners have not suffered any re- 
ductions in wages, though they complain of newer 


methods which are equivalent to reductions. But the 
output from the ironstone mines fell in 1892 to 3,500,000 
tons, as compared with 5,128,000 tons in 1891. The 
output of pig iron in the Cleveland and north of 
England district was less by 685,263 tons than in 1891; 
in no year since 1879 was the output so limited. The 
output of steel is estimated to be about 200,000 tons 
less, but all the firms do not state their figures to the 
North of England Board. 


In the Wolverhampton district there appears to be 
a little more activity, though the amount of business 
done has not been large. The chief orders recently 
seem to have been for medium and common un- 
branded finished iron bars, hoops, plates, and sheets. 
The reduction recently of 10s. per ton on marked iron, 
and the refusal of makers to make further concessions 
on third and fourth rate qualities as regards the pre- 
viously reduced rates, has rather disarranged trade, 
especially in the export branches, and orders are only 
given out sparingly. The home trade appears to be 
looking up somewhat, the prospects being more 
favourable. Indeed, on the whole, the tone is en- 
couraging for various classes of finished iron, though 
pig iron is dull. 


Another firm in the engineering trade has formulated 
a scheme for an eight-hours day ; or, on that basis, of 
48 hours per week. Mr. James Keith has placed before 
his workmen at Arbroath, in Scotland, a scheme similar 
to that of Messrs. Ransomes and Rapier, at Ipswich, 
except that the details differ slightly. The men are 
to start work at 8 a.m., having had breakfast before 
starting. They work till 12.15, when they take three- 
quarters of an hour for dinner, restart at one, and 
cease work at 5.30, or 8# hours for five days, and on 
Saturday leave work at a quarter past twelve. Thus 
the week will consist of 48 hours. There is to be no 
reduction in wages, though three hours per week are 
taken off. It is stated that Mr. Keith was the first in 
Scotland to give the 54 hours, then he reduced them 
to 51, and while the other employers went back to the 
54 hours, he stood by the 51. Mr. Keith expects that 
the experiment will pay, as well as benefit the em- 
ployés, 


The strike of the Clyde shipwrights has ended by 
the acceptance by the men of a reduction in wages of 
one farthing per hour. The decision was effected by a 
ballot of the members, the majority in favour of the 
terms being about 300. In the other branches of the 
shipbuilding industry on the Clyde a similar reduction 
had been previously accepted by the workmen. 


In the Newcastle district, and on the Tyne generally, 
there is depression in trade, the only exception being 
the building trades, in which branches trade is un- 
usually busy for the time of year. The freight market 
is very dull, though the rates are not further de- 
pressed. A large amount of shipping is laid up, but 
there is a disposition to look forward hopefully as 
regards shipping prospects. A curious strike took 
place at the stoneyard a few days since, when the un- 
employed were at work. The men struck against the 
official quantity of stones to be broken, namely, 8 cwt. ; 
they only broke 5 cwt. 2 stone. The men saw the 
master, who told them that he had no power to alter 
the quantity, whereupon some 95 men left the yard. 
Their action did not, however, evoke much sympathy. 


The dispute in the cotton trade not only continues, 
but there do not appear to be any real signs of a 
settlement. Some rumours have been afloat as to a 
possible arrangement, but no steps in that direction 
have been taken as yet. Meanwhile the weavers are 
beginning to feel the pressure, for yarn is getting 
scarce. Some of the employers, it appears, are not 
quite satisfied with the turn affairs took at the last 
meeting, and a further meeting has been requested to 
consider the whole matter. The impulse has rather 
come from the weaving department than from the 
spinners, some employers being largely engaged in or 
interested in both. The distress is very acute in many 
districts, but the people are enduring privation with 
great fortitude in most cases. 


The closing sittings of the Labour Commission, in so 
far as evidence is concerned, have been taken up with 
what might be called expert evidence, but from 
different standpoints. Mr. Charles Fenwick, M.P., 
Mr, Anderson, of the Engineers, and some others, 
gave evidence on the labour side; Sir Thomas Farrar, 
as an economist and ex-Board of Trade official, on 
rates of wages ; and Mr. Giffin on speculative statistics 
relating to the average earnings of the working classes 
and the relative wealth of the community. But, after 
all, the opinions expressed are individual opinions for 
the most part; what we now want is the report of the 
Royal Commission, especially upon the crucial ques- 
tions pertaining to labour. ew will ever go through 
the evidence, many will read the final report. The 
latter will be of much wider interest. 


The rupture of the negotiations for the continuance 
of the sliding scale for regulating the wages in the 
South Wales coal trade was not mentioned in ‘In- 
dustrial Notes’ of last week, because it was hoped 
that, even at the last hour, some new basis of arrange- 
ment would be effected. ‘These hopes were doomed to 
disappointment up to the close of the week. The brief 
report issued by the workmen’s representatives is almost 
pathetic in its character, so subdued is it in tone, and in 
its references, The circular ran thus: ‘To the Miners 
of South Wales and Monmouthshire. Fellow-Work- 
men,—After protracted meetings with the employers’ 
representatives with a view to entering into a new 
agreement for the regulation of wages, we regret to 
inform you that we have failed in our endeavours, 
We, therefore, request you to appoint representatives 
to receive our report and confer with us as to the 
future course of action.” The date and place of meet- 
ing is then given, the circular being signed by the 10 
workmen’s representatives and the secretary. The 
house coal representatives conferred subsequently on 
some matters specially pertaining to that section of 
the miners, the results of the conference not tran- 
spiring. Though the decision had to be given before 
the expiry of the month, the sliding scale really only 
terminated on Tuesday, January 31, 1893, in conse- 
quence of the arrangement to prolong it for one month 
from December 31, 1892, in order to facilitate further 
negotiations, 

The National Federation of Miners will no doubt 
rejoice over the failure of the negotiations to re-enact 
the sliding scale. Nevertheless, any system which 
prevents strikes, by mutual arrangement, of course, is 
better than a resort to strikes. It was this earnest 
desire that sustained Mr. W. Abraham and_his 
colleagues in all their efforts to continue the scale, 
or a scale, They even risked their popularity in 
the district by the way in which they stuck to the 
negotiations up to the last moment. The probability 
now is that they will co-operate with, if they do not 
really join, the federation. It is useless to speculate 
upon the results, as circumstances will govern the 
South Wales men in the future. 


In the Forest of Dean the house coal trade has im- 
proved, the collieries for the most part working full 
time. But the quarrymen have been ina bad state 
owing to the inclement weather, and much distress has 
prevailed, but recently work was resumed. It is anti- 
cipated that nothing further will be heard of the pro- 
posed reductions in wages for the present, as better 
terms have been made with the railway companies. 
In any case, fresh notices will have to be issued if any 
reduction in wages is contemplated. 

The colliery dispute at the Granville Colliery con- 
tinues. At the recent interview with the manager, 
lasting six hours, no agreement could be arrived at, 
for the three principal clauses of the price list were 
refused by him. The men thereupon refused to con- 
tinue negotiations upon the other points. The Oak- 
thorpe Colliery is being reopened, after being closed 
for a number of years. 

In the Leicestershire coal fields trade is bad, many 
of the pits only working three days per week. The 
railway rates question is said to be one of the chief 
causes of the present stagnation. 

In Nottinghamshire there is a dispute at the Wol- 
laton Collieries over the question of wages. The ton- 
nage rate is the matter in dispute. At the Clifton 
Colliery the men complain of an attempt to lengthen 
the shift by half-an-hour, but efforts are being made 
to arrange the difficulty in an amicable manner. 

In Derbyshire various reductions are, it is stated, 
being tried in the way of deductions. But the men 
seem determined to make a stand against all such 
deductions. But at the Norwood Colliery some new 
arrangement is being tried, as an experiment, to get 
over the difficulties of riddling and other causes of 
disputes. 


SCREW PROPELLERS. 


Experiments on the Arrangement of the Surface of a Screw 
Propeller.* 


By Mr. Witi1Am Grorck WALKER, of Bristol. 


THE experiments about to be described were projected 
and carried out by the author during 1891 in making some 
trials with a screw propeller invented by the late Mr. B. 
Dickinson, of Messrs. Navin and Co., London; and to 
his assistance he is especially indebted for enabling them 
to be undertaken. The primary object of the experi- 
ments was to ascertain the efficiency of screw propellers 
having the same diameter, pitch, and area, but different 
numbers of blades, and with the blades in various {posi- 
tions on the boss; in other words, of screw propellers 
differing from one another only in the arrangement of 
their virtual surface. 

Screws.—Seven screws were tried, which are lettered A 
to G, all 384 in. in diameter with bosses 72 in. in diameter. 
They may be divided into two series : the first comprising 
the five screws A BC D BR, and the second the two re- 
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maining screws I G. In the five screws A to E the pitch 
was 64} in., and the aggregate developed area of the 
blades was 395 square inches; A had two blades, and 
BCD ¥E had each four blades. In the two screws F G 
the pitch was 71} in., and the developed area of the 
blades was 381 square inches; F had three blades and 
G six. The arrangement of the blades is shown in the 
accompanying diagrams, Figs. 1 to 7, looking for- 
wards. The blades are of forged steel, and were 
pressed by cast-iron moulds into their required pitch- 
shape. The bosses are of cast iron, and the blades are 
keyed on. If the blades, which are inclined slightly aft, 
are projected on a plane parallel to the axis, their leading 
ig following edges are parallel, as shown in Figs. 8 
and 9. 

The first series A to EK, Figs. 1 to 5, consists essentially 
of two double-bladed propellers, each having its two 
blades opposite to each other. The stern shafting was 
made to receive both these propellers at the same time, 
one being placed immediately in front of the other and 
touching it (Fig. 8). The forward screw f was permanently 
keyed for the time being on the shaft; while the after 
screw « had seven keyways in the boss, and was tried in 
seven different positions in reference to the forward 
screw; five of these positions form the screws A to H, 
and thetwo other positions are not considered in this 
paper. 

The second series F and G, Figs. 6 and 7, consists of two 


three-bladed propellers, which were fixed on the shaft in 
the same manner as those in the first series. It will be 
noticed that the blades of the second series are narrower 
or shorter than those of the first; but the thickness at 
the roots and tips, and also the coefficient of surface- 
friction, are practically the same in both series. 

Screw A, Fig. 1, was formed by bringing the leading 
edge of the after portion into contact with the following 
edge of the forward portion /, thus forming a two-bladed 
propeller of the ordinary kind ; the edges were a good fit, 
and two correct helicoidal blades were thereby formed. 
In screw B, Fig. 2, the after portion was placed imme- 
diately behind the forward. Screw C, Fig. 3, was formed 
from screw A, Fig. 1, by turning the after blades forward 
in the direction of rotation, into the position shown 
dotted, so that the after blades rotate in advance of the 
forward; the roots of the leading edges of the forward 
blades and of the following edges of the after blades 
are herein the same straight lines, parallel to the axis. In 
screw D, Fig. 4, the four blades are at right angles to one 
another ; but this is not a propeller of the ordinary kind, 
because the alternate blades revolve in different planes. 
Screw H, Fig. 5, was obtained by turning the after por- 
tion, backwards in the contrary direction to the rotation, 
into a position just behind the forward portion, so that 
the after portion rotates immediately in the wake of the 
forward portion; this is not unlike an ordinary two- 
bladed propeller, but having a gap in the middle of the 
width of each blade. Screw F, Fig. 6, was arranged in 
a similar manner to screw A, thus forming a three-bladed 
propeller of the ordinary kind. In screw G, Fig. 7, the 
six blades are placed at equal angles with one another, and 
the alternate blades revolve in different planes. 

Vessel.—The yacht Ethel, on which the experiments 
were made, is owned by Mr. G. A. Newall, of Bristol, to 
whom also the author’s thanks are due for much valuable 
assistance and advice. It was built and engined by his 
firm in 1886. It is 55 ft. long and 9 ft. beam; the mean 
peangnt during the experiments was 3 ft. 3in., corre- 

ponding with a displacement of 18} tons. There are two 
saloons on deck, one fore and one aft. The engines are 
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vertical compound surface-condensing of the ordinary 
marine pattern. The diameters of the high and low 
pressure cylinders are 7 and 14 in. respectively, and the 
stroke is 9 in.; the high-pressure cylinder is placed for- 
ward ; the piston-rods are 1§ in. in diameter. The boiler is 
placed forward of the engines, and is 5 ft. in diameter and 
6 ft. 6 in. inlength; the working pressure is 100 lb. per 
square inch. Before commencing the experiments, the 
engines, though in good condition, were thoroughly over- 
hauled. The indicator pipes were fitted carefully, and 
with as few bends as possible. The firegrate area of the 
boiler was enlarged, as were also the areas of the uptakes 
and funnel, in order to enable the boiler to maintain a 
constant pressure of steam at all speeds. 

Mode of Experiment. — The trials were made on the 
Avon, on the regatta course at Saltford, about midway 
between Bath and Bristol. This was an exceptionally 
suitable place, as there is a perfectly straight run of 
nearly a mile, the sides of the course are parallel, and the 
width and depth of the water ample, and it is also well 
shaded. The width is about 100 ft., the depth about 
14 ft., and the sectional area of the river about 1200 square 
feet, while the greatest immersed section of the yacht is 
20.4 square feet for the displacement of 18} tons. During 
the time the runs were made the course was entirely 
free from traffic; the water was smooth, and the speed 
and depth of the current varied but little. The experi- 
ments were made on a base line of 3400 ft. or 0.64 mile, 
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Two upright poles were erected at each end of the base 
line, one twenty yards behind the other in a line at right 
angles to the stream. Each screw was tried at six 
successive speeds, namely, 4, 5, 6, 7, 74, and 8 miles per 
hour, as nearly as possible. For each speed the yacht 
was run over the course six times, three in each direction, 
and the mean was taken. The supply of steam was 
regulated by the throttle-valve, which was locked for 
each experiment, the reversing gear being fully open. 
Two indicators were employed, one on each cylinder, 
and each was connected with both top and bottom. 
Three sets of diagrams were taken during each run, or 
eighteen for each experiment, making altogether 72 
single diagrams. The same set of springs, excepting a 
broken one, were employed throughout the experiments. 
The counter was placed in a convenient position on deck, 
and motion was given to it by a rod from the engine 
crosshead ; it could be stopped or started without inter- 
fering with the engines. The working pressure in the 
boiler was constant at 100 lb. per square inch throughout 
the experiments. It was found at first that in the single 
instance of full speed the boiler pressure was inclined to 
vary sonewhat. This objection was overcome by the aid 
of forced draught, derived from a small fan, which was 
driven off the screw-shafting. The condenser vacuum 
was constant at 27 in. of mercury. In making the runs, 
while the vessel was passing the two ranging poles at 
either extremity of the base line, a chronometer and the 
counter were started or stopped, as the case might be, at 
the moment when the two poles were in a straight line 
with a point on deck. The time was taken to a third of 
asecond. In order to insure having the same weight on 
board during the runs, the coal was weighed as it was 
used, and its weight was replaced at the end of each 
experiment. The same steersman and engineer were 
employed throughout the experiments, and the readings 
were taken by a staff of four observers. 

The total indicated horse-power and the revolutions 
per minute were obtained exactly for the speeds of 4, 5, 
6, 7, 7 and 8 miles per hour, by plotting the experi- 
mental results and drawing fair curves through them, as 


shown in Figs. 19 to 23* for screw D, and then scaling off 
the quantities from the curves corresponding with these 
speeds. The equivalents of these speeds in knots are 
3.47, 4.34, 5.20, 6.07, 6.51, and 6.94 knots. The results of 
the seven screws, A to G, together with their analysis, 
are given in Tables 1 to 6. 

TABLE I.—Screw A, Two Blades, Pitch 644 In. Fig. 1. 


| 
Speed, miles perhour..| 4 5 6 7 7.5 8 
Revolutions of screw per | 
minute .. AG ..| 83.75 | 109.11] 137.91) 172.00 190.30) 209.88 
Slip of screw, per cent...| 21.4 | 24.7 | 28.4 | 33.06) 35.1 | 37.3 
Indicated Horse-Powers.|1.H.P.|I.H.P.|I.H.P.|LH.P. 1.H.P.|LH.P. 
Propulsion an ..| 1.496 | 2.591 | 4.610 | 8.771 11.733] 14.915 
Slip of screw = ..| 0.407 | 0.849 | 1.828 | 4.332 6.346) 8.872 
Friction of screw blades | 0.069 | 0.154 | 0.312 | 0,605) 0.816) 1.100 
re due to load 0.159 | 0.291 | 0.547 | 1.111) 1.532) 2.018 
te aa 
Net power.. < 2.131 | 3.885 | 7.297 | 14.819] 20.427/ 26.905 
Friction of engin 1,282 | 1.671 | 2.118 | 2.634) 2.916) 3,215 
Total power ie ..| 3.413 5.556 | 9.410 17.453 23.348 80.120 
Mean Pressures* per ee 
Square Inch. lb. lb. lb. Ib. lb. Ib. 
Propulsion | 10.50 | 13.95 | 19.64 | 29.96 | 36.22 | 41.75 
Slip of screw ° --| 2.86] 4.57 -79 | 14.80 | 19.59 | 24.84 
Friction of screw blades | 0.48} 0.83] 1.33) 2.07| 2.52 | 3.08 
,, due to load 1.11| 157| 2.33) 3.79| 4.73] 6.65 
: of engine 9.00; 9.00] 9.00; 900} 9.00} 9.00 
Total mean pressure 23.95 29.92 | 40.09 | 59.62 | 72.06 | 84.32 
Thrust, Ib... —«./140.2 | 194.3 |288.1 |469.9 |586.6 | 699.1 
Coefficient of Perform- 
ancet .. AP 85.91| 103.07] 105.15; 90.03) 82.79) 77.87 
Efficiency, per cent. 70.53, 66.6] 63.17) 59,19) 57.44) 55,48 


* Referred to high-pressure cylinder. 


+ Coefficient of performance = ¥/displacement in tons? x (speed 
in knots)? + total indicated horse-power. 


TABLE II.—Screw B, Four Blades, Pitch 644 In. Fig. 2. 


Speed, miles per hour ..| 4 5 6 7 | 7.5 8 
Revolutions of screw per| 83.75 | 109.11 136.98 172.10 192.33 211.99 
minute .. ze at | 
Slip of screw per cent...| 214 | 24.7 | 27.9 | 33.07) 35.8 | 37.9 
Indicated Horse-Powers.|1.H.P. I.H.P. |LH.P. LH.P. LHP. LHP. 
Propulsion ..| 1.496 | 2.591 | 4.613 | 8.775 11 7381) 14.923 
Slip of screw ig .-| 0.407 | 0.849 | 1.785 | 4.335) 6.641) 9,107 
Friction of screw blades| 0.069 | 0.154 | 0.307 | 0.605) 0.846) 1.134 
Friction due to load .| 0.159 | 0.291 | 0.543 | 1.112) 1.550) 2.040 
Net power.. we -.| 2.181 | 3.885 | 7.248 14.827| 20.668) 27.204 
Friction of engine .| 1.282 | 1.671 | 2.098 | 2.636) 2.946} 3.247 
Total power os 3.413 | 5.556 | 9.346 |17.463] 23.614] 30.451 
Mean Presswres* per | 
Square Inch. lb. lb. Ib. 1b. Ib. lb. 
Propulsion AD ..| 10.50 | 13 95 | 19.79 | 29.97 | 35.84 | 41.36 
Slip of Screw we .-| 2.86] 4.57] 7.65 | 14.79 | 19.98 | 25.24 
Friction of screw blades] 0.48] 0.83 | 1.32| 2.07) 2.58) 3,14 
due to load 1.11] 1.57) 2.83] 3.79] 4.74| 5.66 
re of engine 9.00] 9.00} 9.00] 9.00} 9.00} 9,00 
Total mean pressure’ ..| 23.95 | 29.92 | 40.09 | 59.62 72.14 | 84.40 
Thrust, lb. we ../140.2 |194.3 |288.3 |469.9 | 586.5 |699.5 
Coefficient of perform- 
ancet .. me .-| 85.91!103.07 |105.87 | 89.98} 81,85) 77.03 
Efficiency, per cent. 70.53 66.69 | 63.64| 59.18} 56.75) 54.86 


* Referred to high-pressure cylinder. Ls 
+ Coefficient of performance = 4/ displacement in tons? x (speed 
in knots)? + total I.H.P. 


TABLE ITI.—Serew C, Four Blades, Pitch 644 In. Fig. 2. 


| | 
Speed, miles per hour..| 4 ea Mihel  We 7.6 8 
Revolutions of screw per’ | | 
minute .. ae ..|83.75 |109,11 | 136.98} 167.76/186.20 203.00 
Slip of screw, per cent.../21.4 | 24.7 | 27.9 | 31.3 | 33.7 | 35.2 
Indicated Horse-Powers. 1.H.P. |I.H.P. |1.H.P.|I.H.P. LHP. H.P 
Propulsion ..| 1.496] 2.591 | 4.613 | 8.779) 11.728) 14.911 
Slip of screw ‘ ..| 0.407| 0.849 | 1.785 | 4.000] 5.961) 8.099 
Friction of screw blades} 0.069 0.154 | 0.307 | 0.562) 0.768) 0.995 
a due to load 0.159) 0 291 | 0.543) 1.081 1.496) 1.946 
Net power... 2.131) 3.885 | 7.248 |14.422 | 19.953| 25.951 
Friction of engine 1.282) 1.671 | 2.098 2.570| 2.852} 3.109 
Total power 3.413 | 5.556 | 9.346 |16.992 22.805) 29.060 
M ean Pressures* per 
Square Inch. Ib. | Ib. lb. lb. lb. Ib. 
Propulsion AG .-| 10.50 13.95 | 19.79 | 30.75 | 37.01 43.16 
Slip of screw ae --| 286) 4.57] 7.65 14.01 | 18.81 | 23.44 
Friction of screw blades} 0.48} 0.83| 1.32} 1.96] 2.42) 2.88 
a4 due toload ..| 1.11| 1.57| 2.83] 3.79] 4.72] 5.63 
oy of engine -.| 9.00} 9.00] 9.00] 9.00] 9.00] 9.00 
Total mean pressure .. 23.95 | 29.92 | 40.09 | 59.51 | 71.96 | 84.11 
Thrust, lb, oe --/140.2 194 3 |288.3 | 470.3 | 586.4 |698.9 
Coefficient of perform- 85.91| 103.07) 105.87| 92.47] 84.94) 80.71 
ancet .. ns > 
Efficiency, percent. ..| ) 66.69} 63.64) 60.87) 58.77) 57.46 


* Referred to high-pressure cylinder. 


+ Coefficient of performance = i/displacement in tons? x (speed 
in knots) 3 + total indicated horse-power. 


The efficiency of the screws has been examined by the 
method employed by Mr. Isherwood, the late chief of the 
Navy Department of the United States. It is not unlike 
the method proposed by the late Dr. Froude (Inst. Naval 
Architects 1876, page 167) whereby he calculated the 


* These figures will be given later. 
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TaBLE 1V.—Screws D and E, Four Blades, Pitch 64} In- 
Figs. 4 and 5, and 19 to 23. 


Screw at D D D D D D E 
Speed, miles per 

OURE en. ot] 4 Sell 6 eg 7.5 8 8 
Revolutions of 

screw per minute] 83.75 |109.11 136.98 |169.30|188.31 |208.00 |218.00 
Slip of screw per 

cent. ..| 24.4 | 24.7 | 27.9 | 31.9 | 34.4 | 36.7 | 39.6 
Indicated Horse- 

Powers. 1.H.P.'LH.P./I.H.P.|1.H.P.|1.H. P. |I.H.P.|f.H.P. 
Propulsion .| 1.496 | 2.591 | 4.613 | 8.776 | 11.736 |14.902 |14.897 
Slip of screw .| 0.407 | 0.849 | 1.785 | 4.110 | 6.154} 8.639} 9.770 
Friction of screw 

blades ..| 0.069 | 0.154 | 0.307 | 0.577 | 0.795} 1.070) 1.2338 
Friction due to 

load .| 0.159 | 0.291 | 0.543 | 1.091 | 1.515) 1.995) 2.100 
Net power ..| 2.181 | 3.885 | 7.248 |14.554 |20.200 |26.606 | 28.000 
Friction of engine] 1.282 | 1.671 | 2.098 | 2.593) 2.884] 3.186] 3.338 
Total power .| 8.418 | 5.556 | 9.346 |17.147 |23.084 |29.792/31.338 
Mean Pressures* 

per Square Inch. | lb. lb. lb. Ib. | 1b. lb. lb. 
Propulsion .| 10.50 | 13.95 | 19.79 | 30.46 | 36.62 | 42.10 | 40.16 
Slip of screw 2.86] 4.57] 7.65 | 14.27 | 19.20 | 24.40 | 26.33 
Friction of screw 

blades . | 0.48] 0.88} 1.382] 2.00} 2.48] 3.02] 3.32 
Friction due to 

load ae --| L111] 1.57] 2.33) 3.79) 4.72) 5.64) 5.66 
Friction of engine} 9.00] 9.00] 9.00] 9.00] 9.00) 9.00| 9.00 
Total mean pre 

sure a5 ..| 23.95 | 29.92 | 40.09 | 59.52 | 72.02 | 84.16 | 84.47 
Thrust, 1b. --|140.2 |194.8 /288.3 |470.1 [586.8 |698.5 | 698.3 
Coefficient of per- 

formancet 85.91]103.07|105.87) 91.63) 83.72] 78.73] 74.80 
Efficiency percent.| 70.53] 66.69) 63.64| 60.33] 58.09} 56.00| 53,21 


* Referred to high-pressure cylinder. 


t Coefficient of performance= 47 displacement in tons? x (speed 
in knots,? + total indicated horse-power. 


TABLE V.—Screw F, Three Blades, Pitch 712 In. Fig. 6. 
7 : 


Speed, miles per hour..| 4 5 6 7 7.5 8 
Revolutions of screw per 
minute .. a -.| 76.4 |100.45 | 127.31/ 154.90)172.48/192. 21 
Slip of screw, percent... 23.0 | 26.7 | 30.6 | 33.5 | 36.0 | 38,7 
eS ea es meee 
Indicated Horse- Powers, |I.H.P.|1.H.P. I.H.P,|1.H. P'|1.H.P.|1,H.P. 
Propulsion we «.| 1.500 | 2.594 | 4.616 | 8.771]11.739)| 14.918 
Slip of screw a0 «.| 0.448 | 0.945 | 2.036 | 4,418} 6.602} 9.457 
Friction of screw blades | 0.056 | 0.127 | 0.259 | 0.469] 0.646) 0.894 
», due load .| 0.163 | 0.297 | 0.560 | 1.107] 1.539] 2.049 
Net power.. oie ..| 2,167 | 3.963 | 7.471 | 14.765/20.526 |27,318 
Friction of engine .| 1.170 1,538 | 1.950 | 2.372] 2.642) 2.945 
Total power | 3.337 | 5.501 | 9.421 17.137 |23.168 |30.263 
Mean Pressures* per | lb. Ib. Ib. lb. lb. Ib. 
Square Inch. 
Propulsion 2 --| 11.54 | 15.17 | 21.30 |83.27 |39.99 |45.61 
Slip of screw --| 3.45 | 5.52] 9.40 ]16.76 |22.49 [28.91 
Friction of screw blades, 0.43 0.75] 1.20] 1.78 | 2.20 | 2.73 
3, due to load 1.25] 1.74] 2.58] 4.19 | 5.24 | 6.26 
», of engine | 9.00} 9.00) 9.00} 9.00 | 9.00 | 9.00 
Total mean pressure ../ 25.67 | 32.18 | 43.48 65.00 |78.92 92.51 
—————— —_ — 
Thrust, lb. 3p -- 140.6 |194.5 |288.5 {469.9 |586.9 |699.3 
Coefficient of perform- 
ancet .. Ad ..| 87.86 104.10 |105.06| 91.69} 83.42) 77.52 
Efficiency, per cent. ..| 69.22] 65.45) 61.78) 59.40] 57.19] 54.61 
| 


“x Referred to high-pressure cylinder. 


+ Coefficient of performance = displacement in tons? x (speed 
in knots)? + total indicated horse-power. 


TaBLE VI.—Screw G, Six Blades, Pitch 71¢ In. Fig. 7. 


Speed, miles per hour .. 4g 36 6 7 1 8 
Revolutions of screw per 
minute .. ie ..| 76.4 |100.00/124.90 |151.00|168.08 | 187.34 
Slip of screw, percent. ../ 23.0 | 26.4 | 29.3 | 31.8 | 34.3 | 37.2 
Indicated Horse-Powers.'1.H.P. 1.H.P.|(.H.P.|1.H.P. 1.H.P. LH,P. 
Propulsion ..| 1.500 | 2.594 | 4.616 | 8.771) 11.740) 14.922 
Slip of screw ..| 0.448 | 0,930 | 1.909 | 4.089] 6.133) 8.838 
Friction of screw blades | 0.056 | 0,126 | 0.231 | 0.434) 0.597) 0.828 
», due to load 0.163 | 0.295 | 0.547 | 1.077| 1.497] 1.993 
Net power.. 50 2.167 | 3.945 | 7.308 | 14.371] 19.967) 26.581 
Friction of engine 1.170 | 1.532 | 1.913 | 2.313) 2.574] 2.869 
Total power 8.337 | 5.477 | 9.216 | 16.684) 22.541] 29. 450 
Mean Pressures* per lb. lb. lb, lb. Ib. lb. 
Square Inch. 
Propulsion rae 11.54 | 15.25 | 21.71 | 34.12 | 41.04 | 46.84 
Slip of screw ots -.| 8.45] 5.46] 9.00 | 15.91 | 21.44 | 27.72 
Friction of screw blades | 0.43| 0.74] 1.08} 1.70] 2.07] 2.60 
»» due to load 1.25] 1.73] 2.57] 4.19] 5.26] 6.25 
» of engine 9.00} 9.00} 9.00) 9.00] 9.00] 9.00 
Total mean pressure 25.67 32.18 | 43.36 64.92. 78.81 | 92.37 
Thrust, lb. se --/140.6 194.5 |288.4 (470.0 |586.9 |699.4 
Coefficient of Perform- 
ancet .. ve 87.86 (104.55 107.37 | 94.18] 85.74} 79.51 
Efficiency, per cent. 69,22) 65.75| 63.20} 61.03] 58.80} 56,14 


* Referred to high-pressure cylinder. 


+ Coefficient of performance= W displacement in tons? x (speed 
in knots)? + total indicated horse-power. 


indicated thrust from the piston pressures, and gave a 
number of elements which must be subtracted from the 
indicated thrust in order to ascertain the ship’s true re- 
sistance. As the screws in each series of the present ex- 
periments have exactly the same pitch, diameter, and 


physical surface, they have therefore the same coefficient 
of friction; and although some of the quantities taken 
in the analysis are perhaps only approximately correct, 
such as the coefficient of friction, the experiments are 
nevertheless thoroughly suitable for comparison with one 
another, and are free from the objections which generally 
apply to propellers having slightly different dimensions, 
although meant to be the same. 

For convenience the mean pressures of the compound 
engine have been referred to the high-pressure cylinder. 
The effective mean pressure is therefore the actual mean 
pressure P in the high-pressure cylinder, together with 
the mean pressure p in the low-pressure multiplied by the 
ratio 4.083 of their capacities ; that is, the effective mean 
pressure is P + p x 4.083. : 

The indicated horse-power developed by the engine 
has been resolved into the following five constituent 

arts : 
: 1. The power to overcome the friction of the unloaded 
engine, which includes the duty of the air-pump and the 
feed-pump. 4 

2. The power to overcome the friction due tothe work- 
ing load. 

3. The power to overcome the friction of the screw 
blades, 

4. The power expended in the slip of the screw. 

5. The power necessary for the propulsion of the 
vessel. 

The net horse-power applied to the shaft is obtained 
by deducting from the total indicated horse-power the 
power to overcome the friction of the engine. The steam 
pressure necessary to overcome the friction of the engine 
was equal to 9 lb. per square inch, and was constant at all 
speeds. Following Mr. Isherwood (Inst. Civil Engi- 
neers, vol. cii., page 163), the friction due to the working 
load was taken at 74 percent. of the net power; and the 
blade friction at 0.45 lb. per square foot of blade surface 
when moving at a velocity of 10ft. per second, and for 
other speeds in the ratio of the squares of those speeds to 
the square of 10. If the first three of the above quanti- 
ties, Nos. 1 to 3, are subtracted from the total indicated 
horse-power, there remains a quantity, the sum of Nos. 
4 and 5, absorbed in the action and reaction of the screw, 
which is the actual power applied to the screw less the 
surface resistance of the blades. From this remainder was 
subtracted the slip No. 4, and the final remainder was 
then the power required to propel the vessel, or the useful 
work (No. 5). This final power divided by the net power 
is a measure of the efficiency of the screw. The respective 
steam pressures may be calculated from the powers. 

The thrust was obtained from the following expres- 
sion : thrust in pounds x speed of vessel in feet per minute 
= 33,000 x horse-power expended in propulsion of vessel. 


(To be continued.) 


LAUNCHES AND TRIAL TRIPS. 

On the 19th ult. Messrs. Scott and Co., of Bowling, 
launched a screw steamer named Iolite, built to the order 
of Mr. William Robertson, 15, Gordon-street, Glasgow, 
for his general coasting trade. The dimensions of the 
vessel are 175 ft. by 26 ft. 6 in. by 13 ft. Compound 
surface-condensimg engines are being supplied by Messrs. 
Ross and Duncan, Govan. 


Messrs. J. M‘Arthur and Co., Paisley, launched from 
their yard, on the 18th ult., a screw steamer of about 500 
tons deadweight, named Ferguslie. This steamer has 
been built for Messrs. Hendry and Co., of 88, Great 
Clyde-street, Glasgow. The principal dimensions of the 
steamer are: Length, 142 ft., breadth, 25 ft. ; depth 
moulded, 12 ft. 2 in. Engines, by Messrs. Bow, 
M‘Lachlan, and Co., of Paisley, are being fitted, and it 
is expected that a speed of about 11 knots will be attained. 


Messrs. David and William Henderson and Co. 
launched on the 18th ult., from their yard at Partick, a 
large steamer which has been built by them to the order 
of Messrs. Donaldson Brothers, of Glasgow. The vessel, 
named Tritonia, has been specially designed and con- 
structed for the transport of cattle between Canada and 
the Clyde. The principal dimensions are: Length, 
377 ft. ; breadth, moulded, 46 ft. ; depth, moulded, 31 ft. 
This depth is to the third or upper deck, but above this 
are a strong iron shelter deck and a bridge house. The 
vessel has thus an appearance of great depth. The gross 
tonnage is about 4200. There are seven water-tight bulk- 
heads of steel and four iron decks. The frames and shell 
plating of the shelter deck are carried up about 8 ft. 
above the upper deck and decked over with bulb T-beams 
and a steel deck. The continuity of this structure is 
broken at three of the hatches, where the gap on the 
ship’s side is fitted with a heavy steel door for loading 
and discharging the cattle. The break in the deck is 
filled in with portable wood hatches, and when these are 
on and the doors closed the shelter deck forms practically 
a complete awning deck. The upper and lower decks are 
fitted up with stalls for about 750 head. The greatest 
care has been exercised to insure the efficient ventilation 
of these cattle decks. In addition to a system of ordinary 
ventilation that is in itself most complete, there are four 
very large ventilators fitted with Challenge steam driven 
fans, to thoroughly expel all foul air, which is constantly 
replaced through the other ventilators by fresh air. The 
vessel will be fitted with a set of triple-expansion engines 
by the builders. These have cylinders 26 in., 43 in., and 
70 in., by 54 in. stroke. There are two single-ended 
boilers, working at a pressure of 165 lb. 


The Swedish armoured double monitor Thule, which 
was laid down at Finnboda, Sweden, in the autumn of 
1891, and which has just been launched, represents a 
type of vessel now much in favour with naval Powers of 


the second and third classes. With a very moderate dis- 
placement and shallow draught, she has good speed, a 
heavy armament, and exceedingly good protection. Her 
displacement is 3100 tons; her length, 260 ft. 9 in. ; her 
beam, 48ft.; her draught, 16 ft. 2in.; her indicated 
horse-power, 3150; her coal capacity, 250 tons; and her 
speed, 16 knots. She is a twin-screw, single-masted, 
two-funnelled vessel, with an over-all protective deck of 
2 in. of steel, and two turrets, one forward and the other 
aft. The belt, which is a complete one, has steel armour 
varying in thickness from 7} in. to114in. Armour of 
the same nature and thickness covers the turrets, each of 
which will contain a single 10 in. Elwick breech-loading 
gun. Elsewhere there will be mounted four 6-in., five 
quick-firing, and six machine guns, and there will be 
three torpedo ejectors. 


Sir William Gray and Co., West Hartlepool, launched 
the s.s. Clam on the 19th ult. She is the third steamer 
of the same dimensions building by this firm to the 
order of Messrs. M. Samuel and Co., of London, and 
is, like the other vessels for the Suez Canal bulk oil 
service, constructed from the designs and under the in- 
spection of Messrs. Flannery, Baggallay, and Johnson, 
London. Sheis 338 ft. long, 43 ft. beam, and 28 ft. deep, 
designed for the conveyance of general cargoes as well as 
liquid cargoes in bulk, comprising, amongst other fittings, 
specially arranged ceiling. She is capable of carrying 
about 4500 tons of petroleum in 11 tanks, and has bunker 
capacity of 638 tons, besides reserve bunkers. The vessel 
has also a special tank to enable her to load to the 
summer draught. This is also available by a special 
arrangement of hatchways for general cargo. All the 
special conditions necessary for passage with oil in bulk 
through the Suez Canal are fulfilled. She carries six sets 
of pumps and pulsometers for handling cargo and water 
ballast, the large cargo pumps being capable of dis- 
charging the entire cargo in about 12 hours. Powerful 
steam ventilation machinery is fitted, arranged to dis- 
charge overboard dangerous gas, and the ship is fitted 
throughout with electric light, and also a powerful search 
light for the Suez Canal, There are no less than 22 
separate and independent steam engines in this vessel. 


On January 21 the Naval Construction and Arma- 
ments Company launched from their yard at Barrow-in- 
Furness the Northern Light, a large steamer constructed 
to carry oil in bulk or general cargo. The vessel, which 
has been built to the order of Messrs, Lane and 
Macandrew, of London, from the designs of Messrs. 
Flannery, Baggallay, and Johnson, London, is 347 ft. 
long, 45 ft. 6in. beam, and 28 ft. 6 in. deep, and is sub- 
divided by one longitudinal, two horizontal, and 14 trans- 
verse bulkheads. She will carry about 4800 tons of oil in 
14 tanks, there being special arrangements of tanks for 
loading to the various draughts at different seasons of the 
year. At each end, and in the middle of the series of oil 
tanks, are safety spaces which can be filled with water ; 
the peaks, large tank forward and bottom in way of 
machinery compartments, being also arranged for water 
ballast. There are, in addition to the tanks, two cargo 
holds for general cargo, one forward of and one abaft 
the main tanks. ‘'T’o deal with the oil cargo there are two 
large Worthington pumps, and for exhausting the foul 
air and purifying the tanks after the cargo is discharged 
a powerful fan is provided. The vessel is propelled by 
engines having cylinders 26 in., 423 in., and 69 in. in dia- 
meter by 45 in. stroke, taking steam from three boilers 
10 ft. 6 in. long by 14 ft. 1 in. in diameter, the steam for 
the winches and oil pumps in port being supplied by two 
large vertical donkey boilers. 


On Monday, the 28rd ult., Sir Raylton Dixon and Co., 
Middlesbrough, launched a steel screw steamer named 
City of Kingston, of the spar-decked type, and of the fol- 
lowing dimensions: Length over ail, 214ft.; beam, 
29 ft. 6in. ; depth moulded, 21 ft. 6in. This vessel has 
been built to the order of Messrs. T, 8. and G. Vipond, 
of Montreal, for carrying fruit from the West Indian 
Islands and Florida to Canadian and United States ports. 
Engines will be fitted by Messrs. Westgarth, English, 
and Co., of Middlesbrough, the cylinders being 20 in., 
32 in., and 52 in. in diameter by 386 in. stroke. 


In order to provide sufficient depth of water for the 
large steamers of the Inman and International Steamship 
Company, who have decided to run them from South- 
ampton instead of Liverpool, Messrs. Wm. Simons 
and Co. have launched complete from their yard at 
Renfrew a powerful hopper dredger constructed to the 
order of the London and South-Western Railway Com- 
pany. It has a bucket-lifting capacity to raise 400 tons 
of material per hour, and dredges to a depth of 40 ft. 
below water-level. Recoiling gear is fitted to the upper 
end of the bucket ladder to prevent damage when dredg- 
ing in a seaway or in hard material. The vessel is fitted 
with triple-expansion engines, and has all the most 
recent improvements, 


Messrs. Fleming and Ferguson, shipbuilders and engi- 
neers, Paisley, launched on the 28rd ult. the powerful 
twin-screw hopper dredger St. David, built to the order 
of Her Majesty’s Government for carrying out extensive 
deepening operations in the Channel at Portsmouth. She 
is constructed with the builders’ improved type of stern 
well, and her dimensions are 200 ft. by 36 ft. by 15 ft. 6in. 
She has a hopper capacity of 600 tons, and is capable of 
raising 600 tons per bour from a depth of 45 ft. The main 
engines are compound surface condensing, to indicate 800 
horse-power. Three barrelled triple-powered winches are 
fitted fore and aft for mooring and manipulating the 
dredger when working, independent engines and gearing 
being used for lifting the ladder, regulating the shoots, &c. 
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** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ComprtepD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACIS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. ; 
Copies of Specifications may be obtained at the Patent Office 
ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 

uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


12,149. H. Brewer, Harrogate, Yorkshire. Metallic 
Packing. (4 Figs.) June 30, 1892.—This invention relates to 
metallic packing for use in stuffing-boxes of piston-rods, &c., and 
consists of a bush made of metal, such as brass, and constructed 
to fit round the working rods in segments. On the inner surface 
of the bush, between the segments and the piston rods, vacuum 
chambers are provided, These chambers in condensing engines 
are connected with the condenser by means of a pipe forming a 
vacuum between the packing and the rods which assists the 
external pressure in the stuffing-boxes, thus pressing the packing 


LA 


against the rods, and also carrying away any leakage to the con- 
denser. To prevent leakage through the divisions of the segments, 
rings are fitted and the vertical divisions sealed by a thin metallic 
sheathing, the whole bush being then fitted loosely into the stuff- 
ing-box, so as to allow the pressure of condensed steam from the 
eylinders and valves to press against the outer side of the packing. 
Washers are fitted at the top and bottom of the bush to encircle 
the segments, extending the flange of the bottom washer beyond 
the outside diameter of the stufting-box, so as to form a steam- 
tight joint againstit. (Accepted December 21, 1892). 


12,671. J. Sutton and J. W. Buckley, Formby, 
Lancs. Steam Generator, &c., Furnaces. (3 “igs.] 
July 9, 1892.—This. invention has reference to the furnaces of 
steam generators, &c, In the furnace space of each generator, 
inclined fuel plates are provided on each side, and at the lower 
part thereof apertures for the admission of air and steam, a space 


being provided at the bottom to let out the dust. In the front of 
the furnace are doors, in which, under the fire bearers, are holes 
with means for regulating them, while steam pipes are also led to 
this space to admit and deliver steam, whieh, mixing with the 
air, passes from the spaces into the fuel at the bottom of the fire 
bearers, and passes upwards through the depth of fuel. (Accepted 
December 21, 1892). 


1972. W. H. Fowler, Failsworth, Lancs, Steam 
Traps. [5 Figs.) February 2, 1892.—This invention has refer- 
ence to steam traps. A cylindrical casing is made sufficiently 
strong to withstand the pressure to be used, and it is bolted upon 
a cylindrical base B uniting the two parts at a faced joint with 
bolts. An opening M in the upper part of the casing connects the 
trap by a branch pipe with the steam pipes to be drained, and an 
aperture in the middle of the base opens to a discharge pipe. 


Upon the base B within, a turned ring is mounted upon a seat, 
and carries arms projecting upwards within the casing. Between 
these arms, towards their upper extremity, a turned bolt is passed 
which servesas a fulcrum to a pair of levers D, E. The lower part 
of these levers carry, by hooks at their external ends, an annular 
tile float F. The aperture in the centre of the float surrounds the 
balance valves a, }, and leaves a clear way for connecting links H 
to pass from the lower ends of the levers D, E to an attachment to 


the discharge valves. The two lower parts of the levers D, E are] remains locked by the sear. When the trigger is pulled, the 
projected downwards at their inner ends in bellcrank form, and | sear e3 is withdrawn from engagement with the sear notch a4, 


from these ends depend the links H pivoting in the levers D, E, 
and pivoted to a projection from the discharge valves. The con- 
necting links H and the inner ends of the two levers D, E are so 
arranged that when the valve touches its seat, toggle action comes 
into play. Stops are provided to prevent the toggle linkage from 
being forced over its centres, and so tending to lift the valves off 
their seat again. The ring float F being suspended from the outer 
ends of the lower parts of the levers D, E, bears hard upon the 
levers when the water is discharged, and so presses the balanced 
valves a, b powerfully home to its seat. When the trap fills with 
water, however, the weight of the float is diminished by the 
extent of its displacement, and the balance weight then comes 
into action and raises the valves from their seat. (Accepted De- 
cenvber 21, 1892). 


22,169. A. Horn, Cathcart, Renfrews. Steam, &c., 
Pressure-Reducing Valves. [4 Figs.] December 18, 
1891.—The object of this invention is to provide a valve for 
enabling high-pressure steam to be taken direct from the boiler 
and supplied to the engine at any reduced pressure; the 
valve being automatic in its action when once set and 
capable of being used to pass steam reversely through it. 
A main valve chest is formed with high and low - pressure 
chambers, and an interposed main valve and connected loosely- 
fitting piston of greater area are provided. The valve chest 
has opposite openings for the introduction and removal of the 
valve and piston, and with ports respectively leading from the 
high-pressure chamber to above the piston, and from the low- 


pressure chamber to a water-charged chamber. A valve connected 
with a lever controls a port leading from the high-pressure 
chamber to above the piston. A spring device is adjustable 
according to the pressure required in the low-pressure chamber, 
and tends to keep the controlling valve open; a water-charged 
chamber in communication with and under the same pressure as 
the low-pressure chamber, tending to close the controlling valve 
when the pressure required in the low-pressure chamber is ex- 
ceeded. The opening through which the piston is inserted and 
removed is closed by a removable cover casting, which serves to 
carry the controlling valve, a removable bottom plate closing the 
opening through which the valve is inserted and withdrawn. 
(Accepted December 21, 1892.) 


GUNS, &c. 


3111. E. W. Lloyd and G. Stuart, Newcastle-on- 
Tyne. Primer for Breechloading Guns. [8 Figs.] 
February 17, 1892.—The object of this invention is to provide 
a primer which can be fired by friction, but which cannot be set 
in action by concussion arising from the slamming of the breech 
screw of the gun. A central spindle is roughed for a part of its 
front end, and in the rear end is a hole into which the arrange- 
ment for setting the primer in action enters and fits like a key 
intoa lock when the breech of the gun is closed. To fire the 
primer, the firing-pin is sharply revolved, and thus also the central 
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spindle of the primer. In the normal position of the spindle the 
parts of the front end which are roughed correspond with and 
fit into blank portions of the detonating cap, whilst opposite to 
the parts in this cap whichare filled with detonating composition, 
the spindle being reduced so that it cannot come accidentally 
into contact with the composition. When, however, the spindle 
is turned, the roughened portions of its end pass over the com- 
position, and by friction ignite it, the flame being communicated 
to the magazine in the primer, and by this means to the powder 
charge of the gun. (Accepted December 21, 1892). 


1724. J. S. Wallace, Belfast, and B. T. L. Thomp- 
son,London, Small Arms. [13 Figs.) January 28, 1892.— 
This invention relates to small arms in which the projecting or 
propelling force is derived from compressed gas. The reservoir 
containing the compressed gas is provided with a valve which 
is momentarily opened by the blow of the hammer when the 
latter is released by the pulling of the trigger, thereby allowing 
a portion of the contents of the reservoir to escape into the barrel 
of the gun and eject the projectile therefrom. The cocking lever, 
on being released from the catch d? and pulled down (Fig. 2), 
forces the hammer back through the medium of a pin d? against 
the action of the main spring c until the sear notch a+ in the 
hammer engages with another seare?. At the same time by 
means of a link g, a plug f is rotated until the transverse hole 
therein is brought to a vertical position, and in communication 
with the aperture in the shoe. Through this aperture the bullet 
is now inserted, and the cocking lever returned to its normal 
position against the stock and latched by means of the catch. 
During this return movement the plug ec is turned until a 
transverse hole is brought in line with the bore of the barrel. 
During the return movement of the cocking lever, the hammer 


and the hammer is then driven forward by the main spring, and 


caused to strike the end of the valve-rod with its plain face, thus 
discharging the gun. Means are provided for preventing the 
accidental discharge of the gun. (Accepted December 21, 1892). 


RAILWAY APPLIANCES. 


W. P. Thompson, Liverpool. (EF. Klatte, 
Freiburg, Breisgau, Germany.) Operating Railway 
Points. (8 Figs.) February 13, 1892.—This invention relates 
to an electric points-adjusting device for use in connection with 
central pointsman’s boxes, and for very distant points, and con- 
sists of a spring switch-arm under the influence of spring pres- 
sure, and capable of being switched over by means of a bar pro- 
vided with two projections connected with the points, the 


2849, 


moment that the tongue of the latter has come so close to its 
respective main rail that the momentum of the electro-motor is 
just sufficient to press the tongue firmly against the rail. The 
turning of the points is effected by means of asmall electro-motor 
which sets in motion a screw by means of a worm gearing. A 
nut on the screw is thereby moved forward, which is connected 
with the tongue of the points by means of a draw-bar ; the points 
being turned to one side or the other, according to the direction 
in which the electromotor isrun. (Accepted December 21, 1892). 


2798. E. Tyre, Dalston, London. Insuring Safety 
on Single Lines of Railways. [7 Figs.) February 12, 
1892.—This invention relates to means for insuring safety on 
single lines of railways described in Specification No. 6928, 
of 1890, in which the slide employed for moving a tablet into or 
out of the receptacle is moved by hand, but the movement is 
governed by pawls, which can only be released by the operation 


of electro-magnets having their coils connected to a relay 
operated by electrical currents, transmitted by the line wire con- 
necting the stations. In this invention, the movement of these 
pawls is effected by the hand of the operator, the electro-magnets 
being employed merely to withdraw catches so as to leave the 
pawls free to be moved. The catches can only be released by the 
joint operation of the two signalmen at the two separate stations. 
(Accepted December 21, 1892). 


22,777. G. and E. Griffith, London. Railway Roll- 
ing Stock. [2 Figs.) December 30, 1891.—This invention 
relates to means for automatically applying brakes, &c., by 
means of a projection fixed to the conveyance, so as by contact 
with any obstruction to immediately and automatically apply the 
brakes and shut off the motive power propelling the vehicle. 
Through the centre of a buffer-box of a locomotive a hole 3in. 
or 4in. in diameter is made to receive the projecting arm, a 
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striking plate being formed at the outward end of this arm. 
Within the buffer-box are taps upon the pipe connected with the 
service pipe of the brakes, and upon a pipe connected with the 
course of steam to the cylinders of the engine respectively. These 


taps are turned as soon as pressure is brought to bear upon the 
stciking plate, so giving an exhaust to the steam power, and vent 
to the brake power, thus automatically applying the brakes. 
(Accepted December 21, 1892). 


22,792. R. G. Marks, Wakefield, Yorks. Locking 
Railway Signals. [3 Figs.) December 30, 1891.—This invention 
relates to signalling apparatus for railways, and has for its object 
to provide means whereby a signalman is prevented from operat- 
ing the signals, to allow a train to pass into a station, while 
another train is standing on a main line. The apparatus is 
mounted upon a shelf placed in the signal-box, behind the row of 
levers. On this shelf isa standard having a lever pivoted upon it, 
this lever having at one end a projection adapted to pass in front 
of the crossover lever C, and prevent it from being pulled forward. 
The other end of the lever is provided with a stud to which are 
attached two chains 0, actuating the two locking devices for the 
home signal levers. Each chainis attached at its other end toa 
similar stud on a bell-crank lever pivoted to the upper part of the 
locking device, which consists of a box having two tubes at its 
upper part, with a slot in each, extending through the greater 
partof its length. These tubes have cylindrical pieces sliding 
longitudinally in them, and connected together by a plate passing 
through the slots. A spring is situated at the back of each tube, 


pressing against the pieces and pushing them in the forward 
direction of the box. Another plate is pivoted near the bottom 
of the box, having a circular hole at its free end, which, when 
released, falls so that the home signal lever H passing through a 
hole g is thus prevented from moving forward until a plate b is 
lifted. This plate is held in the box by another plate j anda lip 
onthe upper surface of the plate b, this lip resting on the edge 
of the plate j, when the latter is in its forward position, thus leay- 
ing the lever H! free. On moving the lever / in either direction, 
and thus moving the catch from the crossover lever C, one of the 
chains is pulled, which being attached to one end of the bell-crank 
lever, turns it onits pivot. On the other end of the lever Cis a stud 
having one end of ashort chain attached, the other end of which is 
connected to the plate j. When the lever c is turned this chain pulls 
the plate j away from the lip, frees the other plate, and allows it 
to fall on to the lever H or H'. Immediately the lever/ is brought 
back to its ordinary position, and springs return the platej, ready 
to hold the locking plate b again whenit is raised, to free the home 
signal lever H. (Accepted December 21, 1892). 


MISCELLANEOUS. 


2956. H.H. Lake,London. (J. H. A. Kahl, Hamburg, 
Germany.) Grinding-Mills. [2 Migs.) February 15, 1892.— 
This invention relates to ball grinding mills, and the object is to 
provide means for adapting them for the disintegration of sub- 
stances of different properties, such as hard brittle blast furnace 
slag and soft slippery phosphates. The circumference of the 
drum containing the rolling balls is composed of a number of 
solid segments 0 arranged a certain distance from each other, the 
open spaces so formed being partly closed by gates c, so that, 
transversely to the direction of rotation, narrow slits ¢ are formed 


through which the ground part of the substance to be pulverised 
escapes. These gates are riyidly fastened to the base-plates of 
the drum by screw bolts drawn through outwardly extending 
flanges of the gates, so that an alteration in the position of the 
latter, relative to the diameter of the drum, causes an alteration 
in the width of the slits. For this reason the gates are made to 
swing about a pivot at one end of the flanges, so that by turning a 
gate about apivot the width of both the transverse slits becomes 
uniformly altered, according to the material to be ground, or the 
degree of fineness of the meal desired. (Accepted December 21, 
1892). 


3262. S. Alley, Polmadie, Renfrewshire. Lining 


Plates for Tunnels, &c. [2 Figs.) February 19, 1892.— 
This invention relates to the lining plates of tunnels. Each key 
plate is made in two parts A, B, shaped like transverse wedges at 
their meeting parts, and connected by screw bolts C, by which they 
can be drawn together, so as to tightly fix the space occupied by 


them. The two parts of the key plate are fixed to lining plates 
D, E by bolts which pass through them and through the flanges 
of the plates D, E. The screw bolts C are made with TJ -heads, 
which fit into recesses formed in one part A of the key plate, 
having its thicker end to the outside of the lining plates. (Ac- 
cepted December 21, 1892). 


2770. S.Ingham and J. W. Haywood, Leeds. Set- 
ting-over Saw Teeth. [10 Figs.] KFebruary 12, 1892.—This 
invention has reference to means for bending the teeth of saws 
alternately to the left and right hand. The saw is mounted in 
guides, and, between these, is passed through a vice which opens 
and closes, equally on each side of the centre line, at intervals, by 
the action of a right and left-handed screwed shaft. The head of 
each vice jaw forms a fulcrum, from which are suspended the 
main levers of the machine, and to which are attached the 


‘*teeth-setting” cams, which alternately move across the centre 
line of the vice. A pawl is caused to advance the saw, tooth by 
tooth, through the vice each time it opens. When the vice closes, 
one of the levers moves its tooth-setting cam across the tooth 
then in front of it, and bends it to one side. The vice is then 
reopened, and another tooth of the saw advanced, and the vice 
again closed, whereupon the opposite lever moves its cam across 
the tooth, which is bert in a direction opposite to the previous one. 
(Accepted December 21, 1892). 


21,519. J. Titley and G. H. Shackleton, Bilston, 
Staffs. Oiler for Cranks, &c. [2 Figs.) December 9, 1891. 
—This invention has for its object to supply a definite amount of 
oil to the parts requiring it. The oil is contained in a vessel a 
held by the suspender b, and the amount regulated by the screw 


plug ¢ allowing the supply to form on the bulb, from which it 
is taken by a sponge e fixed in the mouth of a cup attached to the 
part to be oiled. A small coil spring is placed under the sponge, 
to press if against the neck of the cup, and so hold it in position 
to take off the oil and leave the under part free for the flow 
through an aperture k. (Accepted December 15, 1892). 


1607. J. Spencer, Wednesbury, Staffs. Pipe 
Joints. (6 Figs.) January 27, 1892.—This invention relates to 
the joints of steel or wrought-iron pipes, in which the socket 
or joint cannot be one homogeneous mass with the body 
part. The flanges B, Bl are placed upon the pipes, so that the 
ends of the latter project through the flanges, after which the 
projecting pieces are enlarged; thus the joint being under 
heavy pressure, the pipes cannot be forced back, the enlarge- 
ments also enabling the ends of the pipes to be drawn up 


tightly into recesses in the collar against the packing d?. The 
two ends are drawn together by bolts passing through the flanges 
B, Bl. For heavy pressures socket joints are made by screwing a 
double socket piece on to the two ends of the pipe A, a thread 


being formed which goes sufficiently far back to allow the screwed 
collars upon the body of the pipe to be afterwards run against the 
packing of the double socket, the screwed collars being recessed 
(Accepted December 21, 1892). 


20,222. J. ¥. Johnson, London. (A. 0. Guttin, Paris.) 
Feeding Wire in Nail-Making, &c., Machinery. 
(2 Figs.) November 9, 1892.—This invention relates to means for 
feeding the wire in nail-making, &c., machinery, and for impart- 
ing to the wire two feed movements of unequal length, and en- 
abling these two movements to be repeated as often as required. 
The wire N being drawn from areel is passed between the jaws 
on the lever S§ and carriage G, and rotary motion is imparted to 
the shaft A. One of the offsets on the cam B comesin contact 
with the lever Dand the connecting-rod E causes a lever F to 
oscillate upon its fulcrum, thereby firstly closing the jaw O upon 
the wire, and secondly moving forward the carriage Gand wire N 


until the former comes in contact with the stop K. The offset on 
the cam then leaves the lever D, and the parts are returned to their 
position (Fig. 1) by the action of springs. The cam groove L then 
acts upona lever M, which vibrates and moves forward a support 
of the carriage so as to diminish the distance between the latter — 
and the stop K. The second offset on the cam B then operates — 
upon the lever D in a similar manner, and a second forward move- 
ment of the wire takes place. This second movement is less than 
that of the first owing to the distance between the carriage G and 
stop K being reduced. The cam groove L then returns the lever 
M, the shaft A having described one complete revolution, and the 
same movements are repeated at each revolution of the shaft. 
(Accepted December 14, 1892). 


2790. J. W. Bowley, London. Freezing Liquids, 
[3 Figs.] February 12, 1892.—This invention relates to means for 
producing cold in or freezing liquids. A fixed cylindrical casing, 
carried by framework, is provided with an inlet at its upper end 
for material to be frozen, and an outlet at itslower end. A rotary 
cylindrical vessel is arranged concentrically within the casing, with 
which it forms an annular passage, through which the material 
to be frozen passes, a perforated cap being provided to prevent 
liquid material flowing too rapidly through the annular passage 
when first starting the machine to work. After the material has 
become frozen this cap is removed and replaced by a mould, into 
which the frozen material is forced. A screw conveyor arranged 
within the annular passage, so as to surround the rotary vessel, 
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consists of a spiral screw blade of uniform pitch, its convolutions 
being connected together by bars, and its upper end connected to 
a bevel wheel by which it is carried and driven. This bevel 
wheel is carried bya ball bearing, and is in gear with another 
similar wheel fixed upon a driving shaft provided with a crank 
handle. The rotary vessel, which has a charging opening at the 
top for the introduction of the freezing agent, has fixed to it a 
stirrup, from which projects a cylindrical extension with a collar, 
by means of which the vessel is pivotally suspended from another 
stirrup, the ends of which are loosely mounted on the driving 
shaft. A bevel wheel is fixed upon the extension, and is in gear 
with a bevel pinion fixed on the driving shaft. (Accepted De- 
cember 21, 1892). ‘ 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


FrencH WATER Piprs.—The Pont-i-Mousson Foundries 
Company is executing a contract for about 4300 tons of 
water pipes for Noumea. About 2400 tons of the pipes 
have now been shipped to Noumea, 
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AMERICAN INDUSTRIES AND 
BRITISH COMMEROE.—No. V. 


TRANSPORTATION. * 


IncreAseD facilities of communication are a 
necessary consequence of the growth of population, 
and the history of the world shows no other 
example so striking as that of the United States, of 
the direct and reflected influences of population on 
means of transport, and of means of transport upon 
population. Some illustration of this is given in 
Diagram No. 8. We find that the population of New 
York and Pennsylvania had commenced to increase 
at an earlier date and at a faster pace than that 
of any other State, notwithstanding that Massachu- 
setts was an older settlement. But it has to be 
borne in mind that the latter is of lesser area, so 
that, although the aggregate population is com- 
paratively small, the density of population has long 
been greater than in any other State. The earlier 
development of population in the North Atlantic 
States is clearly due to facilities of transportation, 
which gave an impetus to industry and agriculture, 
and rendered it possible for enterprising settlers to 
take up new and outlying lands. Not only were 
these States pioneers in making roads and canals, 
but railways first commenced from them on their ex- 
tension westward. At a later period, railways did 
for Illinois and some of the mineral-bearing States 
in the north and west (see Diagram No. 9) in a few 
decades what had taken centuries for the eastern 
States. Illinois and Ohio increased their popula- 
tion fourfold in forty years on account of the 
facility with which immigrants found their way to 
the great agricultural regions of the north-west, 
and to the ease with which products could be dis- 
tributed by means of the lakes and the railways. 
Diagrams Nos. 9, 11 and 12 show approximately the 
growth of railways in each group of States ; that is 
to say, they show the total mileage of railways 
in each group, but it must not be assumed that the 
rate of development in each State was the same. 
It will be seen on examination that in the central 
and western States the railways advanced at a 
greater ratio than the population. New England 
and the Atlantic States are too compact to com- 
pare so well with the sparsely-populated western 
States in this respect, yet even in the east the 
railways have increased in the same grade. In the 
south the war of rebellion checked the increase of 
population for about ten years (Diagrams Nos. 10 
and 11); but since that time the progress has been 
very decided, and in view of the mineral wealth, 
and the special encouragement now offered to im- 
migrants and manufacturers, it will become more 
so in the early future. It will be noticed that in 
all the curves on the five diagrams, since the advent 
of railways, the upward move has been ona steep 
grade. Improved means of cheap ocean travel have 
largely assisted in bringing about this result. The 
indiscriminate outpouring of surplus population of 
Europe into the United States is now probably a 
thing of the past. It has been attended with 
many evils, but one of the distinct advantages the 
long-sustained and ever-swelling flood of immigra- 
tion bore with it, has been the hastening of lines of 
communication all over the country, the easiest 
means of transport being an important considera- 
tion in the route and destination of tbe new comers. 

There were few parts of the United States where 
the immigrant could not find the possibilities of 
future prosperity ; possibilities which were reali- 
ties for the few, and delusions for the most part. 
California is rich in gold, in many other minerals, as 
well as in agriculture; Washington and Oregon 
in timber; the Lake Superior region in ores; the 
north-western States in agriculture; Maryland, 
Pennsylvania, and other districts in minerals; while 
Florida and other settlements have attractions for 
the horticulturist and agriculturist, not to speak 
of the boundless pastoral wealth of Texas and ad- 
joining States. These circumstances now influence 
the flow of population, but in the early decades of 
the century all States, except those on the Atlantic 
coast, were not only virgin soil, but the possibili- 
ties were unknown, although full of promise ; the 
tendency of the pioneers, even from the earliest 
days, was, however, to carry his life in his hand 
towards the setting sun. 

In the early colonial years, transportation was 
mostly effected by rivers. Nature was bountiful in 


water-courses, and the Indians showed the pioneers 
the way. Their tendency to warfare, and the neces- 
sity of moving rapidly to another territory when 
overpowered, make most savage tribes migratory 
in disposition, and the fact that the continent of 
America is so extensively intersected by rivers, led 
the Indians to become extremely skilled in the use 
of canoes for transport. By way of the St. Law- 
rence and the lakes it was possible to travel far 
inland, while from north to south the whole dis- 
tance could be navigated by the Missouri and 
Mississippi rivers. Thus it was, too, that ordi- 
narily the boundaries of the Indian settlements 
were not marked by rivers. These were the main 
arteries, and one tribe could not afford to haye 
continual disputes with its neighbouring rival 
about the supremacy of these highways. Some of 
the native canoes in the early days were of great 
size, made frequently of birch bark, while the 
larger ones were cut out of the solid trunk 
of a tree. We read of Columbus* being met on 
one of his visits to the West Indies by a 
trading canoe 8 ft. wide, formed from a single tree, 
and propelled by 25 oarsmen. The canoe, as one 
writer has put it, was to the Indian what the horse 
is to the Arab. Only when unavoidable was land 
transport resorted to, chiefly to carry canoes and 
stores across divides that separated two rivers, or 
to avoid falls and rapids. In winter, sledges were 
used, being drawn by dogs, while, walking with 
snowshoes, the natives could travel 50 miles in a 
day. With the white population came horses, and 
the fondness of the Indian for this new beast of 
burden induced successful raids, where barter did 
not result in exchange. Thus the European horse 
passed to the West, drawing sledges with the 
Indians’ belongings, and heralded the approach of 
civilisation, For years not only Indians, but 
European settlers used pack horses, the only roads 
being the Indian trails. 

European adventurers from the earliest times 
were not slow to appreciate the advantages of the 
rivers for transportation, and took almost naturally 
to the canoes of the Indians; then came skiffs, 
boats, and as early as 1777 we find record of the 
building of bateaux on the Monongahela.t They 
are defined by Webster as light boats, long in pro- 
portion to their breadth, and wider in the middle 
than at the ends. These bateaux were constructed 
of pine boards, at a cost of from 2l. to 5l. each. 
Egle’s ‘*‘History of Pennsylvania” states that the 
canoes by which families travelled up the Susque- 
hanna were generally managed by a steersman and 
bowman, who sent the boat forward by placing poles 
into the bed of the river and exerting their force on 
the poles. A speed of 25 miles a day against stream 
was often made. Frequently, however, the naviga- 
tors had themselves to dredge channels in the beds 
of shallow streams, or wearily carry their belongings 
over numerous portages. In other cases large rafts 
were made, and here the traveller made up for the 
splendid ventilation of his sleeping quarters on 
deck by lighting a fire. Other craft were modelled 
on the lines popularly assigned to Noah’s Ark, 
Early commerce, however, was carried on in flat 
boats, which are still largely used in all countries, 
as specially suitable for canals. In 1685 such boats 
were frequently carried down rivers with the floods 
after rain, conveying extensive merchandise. Again, 
in 1776a journey was made on the Ohio and Missis- 
sippi, from Pittsburg to New Orleans with 136 kegs 
of gunpowder. On such a voyage, as one writer 
puts it, {| there was danger everywhere—in the cur- 
rents, eddies, whirlpools, bayous, and snags of the 
tortuous Father of Waters; but there was no 
less danger from the half-civilised or wholly 
savage dwellers on the banks. The outlawed 
criminals and the desperate adventurers from 
civilisation skulked about the shores or prowled 
with light canoes among the bayous and creeks, 
watching for chances of plunder, even if murder 
was necessary to aid them. The business, how- 
ever, bred a special class of men, who followed it 
for its adventure and dangers as much as for its 
profits. The river pirates met in the flat-boat men 
of that early day, foes ready, eager, and willing for 
the fray. Carelessly and dreamily they floated down 
the stream, whiling away the lazy hours with song 
and dance. Advertisements published in 1794 are 
still extant recording that in connection with Cin- 
cinnati and Pittsburg craft :— 


* The diagrams for this article (Nos. 8 to 13) have 
eee prepared from the Statistical Abstract of the United 


* “Transportation Systems in the United States,”’ p. 6, 
+ Ibid., p. 10. 
t{ In the Indianapolis Journal. 


Passengers will be made safe under cover, proof against 
rifle or musket balls, with convenient portholes for firing 
out of. Each boat is armed with six pieces, carrying a 
pound bal], and a number of good muskets, and plenty of 
ammunition. 

These arks and rafts afforded a fairly cheap 
means of transport. The farmers in the eastern 
States found them convenient for sending to the 
cities down-stream the produce of their labour, 
and thus the agricultural lands were early made 
available. Some of the flats and rafts used 
in Pennsylvania carried 500 barrels of flour, 
10,000 cubic feet of lumber being used in their 
construction, and the cost was about 141. or 151. 
Coal was also largely moved about in this way, and 
one writer gives the following details of the earliest 
experiments in taking coal from Lehigh to Phila- 
delphia. One of the first arks used in the coal 
trade between Lehigh and Philadelphia, built in 
1814, measured 65 ft. by 14 ft., carried 24 tons of 
coal, and cost 261. The total cost is as follows : 


£ s. d. 
The raising of 24 tons of coal cost 416 0 
Hauling nine miles to point of ship- 
ment (16s. a ton) Fac ste el oud 0 
Loading intotheark ... — Pl ae Ot) 
The expenses of the passage and hands 
down and returning : ie 513 0 
Wages, including three pilots ... 910 0 
Total n40)5. 5) 0 


* Taken from a letter written by Mr. Charles Miner, 

in 1883, and published in ‘‘ Transportation Systems.” 
It will therefore be seen that coal at Philadelphia 
cost over 2/.a ton, and this does not include any 
return on the capital cost of the vessel. Now it 
does not cost a fourth. What a benefit in manu- 
factures this means, chiefly brought about by im- 
proved means of transportation ! 

Canals, gradually at first, and afterwards rapidly, 
took the place of rivers as a means of transport, 
for though these latter were convenient, the great 
freshets after rain made them very dangerous. 
The losses due to freshets were put at 5 per cent. in 
1826 ; and as the amount of property taken down 
the Susequehanna in flats, &c., was 900,000/., the 
damage represented 45,000/. The arks and rafts 
were not, as arule, returned up stream, but were 
sold for what they would bring, usually 3I., as 
against the 13]. they originally cost. This, com- 
bined with the losses by accident, &c., made the 
year’s loss on craft 65,0001. This, added to the 
damage to goods, made a total loss of one-ninth on 
the merchandise carried, excluding, of course, 
freight charges to meet expenses. A somewhat 
similar state of affairs existed in other great rivers. 
For many years canals only extended for a short 
distance into the interior, and while they tended to 
the advancement of the early manufacturing States, 
such as Pennsylvania, New York, Massachusetts, 
New Jersey, and Ohio, they did materially assist 
the march of population westward. 

This movement, as we have already pointed out, 
continued steadily, although slowly, until improved 
means of transport gave it an immense impetus. 
In pre-railroad years (prior to 1840), the progress 
in the central, western, and southern States was 
slow, owing to the difficulties, cost, and hardships 
of transport. As to the method of travel, we may 
give an extract from Flint’s ‘‘History of the 
Mississippi Valley,” published in 18382 : 

On account of the universality and cheapness of steam- 
boat and canal passage and transport, more than half the 
whole number of immigrants now arrive in the west by 
water. This remark applies to nine-tenths of those that 
come from Europe and the northern States. They thus 
escape much of the expense, slowness, inconvenience, and 
danger of the ancient, cumbrous, and tiresome journey in 
wagons. . .. . Immigrants from Virginia, the two 
Carolinas, and Georgia still immigrate after the ancient 
fashion —in the southern wagon. This is a vehicle 
almost unknown at the north, strong, comfortable, com- 
modious, containing not only a movable kitchen, but 
provisions and beds. Drawn by four or six horses, it sub- 
serves all the various intentions of house, shelter, and 
transport, and is, in fact, the southern ship of the forests 
and prairies. The horses that convey the wagon are 
large and powerful animals, followed by servants, cattle, 
sheep, swine, and dogs, the whole forming a primitive 
caravan, not unworthy of ancient days and the plains of 
Mamre. The procession moves on with power in its 
dust, putting to shame and uncomfortable feelings of com- 

arison the northern family with their slight wagon, jaded 

orses, and subdued though jealous countenances. Their 
vehicle stops, and they scan the staunch, strong southern 
hulk, with its chimes of bells, its fat black drivers, and its 
long train of concomitants, until they have swept by. 

Perhaps more than half the northern immigrants arrive 
at present by way of the New York Canal and Lake 
Erie. If their destination be the upper waters of the 
Wabash, they debark at Sandusky, and continue their 
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route without approaching the Ohio. The greater num- 
ber make their way from the lake to the Ohio either by 
the Erie and Ohio or the Dayton Canal. From all 
points, except those west of the Guyandot route and the 
national route, when they arrive at the Ohio or its navig- 
able waters, the great number of the families ‘‘ take 
water.” Emigrants from Pennsylvania will henceforth 
reach the Ohio on the great Pennsylvania Canal, and will 
take water at Pittsburg. If bound to Indiana, Illinois, 
or Missouri, they build or purchase a family boat. Many 
of these boats are comfortably fitted up, and are neither 
inconvenient nor unpleasant floating houses. Two or 


| [\Wew York 6 Mil? 


that had to be crossed presented difficulties and 
dangers. The bridges were floating structures, and, 
as a rule, the planking had to be arranged before 
crossing, as it moved when the vehicles were cross- 
ing over. The very indifferent character of the roads 
made transport from the interior costlier even than 
by river. Thus we find a record in 1820 of charg- 
ing 441. per ton for a distance of 300 miles (Philadel- 
phia to Pittsburg), or 3s. per ton per mile. This 
was, it is true, in the worst weather. Instances 
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three families sometimes fit up a large boat in partner- 
ship, and purchase an ‘‘Ohio Pilot,” a book that professes 
to instruct them on the mysteries of navigating the Ohio; 
and if the Ohio be moderately high and the weather 
pleasant, this voyage, unattended with either difficulty or 
danger, is ordinarily a trip of pleasure. A number of the | 
Asks raaries emigrant families take passage in a steam- 
oat. 


From the foregoing extract it will be seen that 
the progress in canals by the year 1830 had been 
very considerable ; reference to the diagram of 
canal development will show to what an extent this 
means of communication had been increased. 

Transport by road was even a more serious 
matter than by rail; as a rule they were little 
better than vague tracks, and the numerous streams 
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might be multiplied ; but to what purpose? Com- 
panies early in the century began to construct turn- 
pike roads with bridges, and to charge toll rates, a 
horse and rider, or attendant, paying 3d. ; two- 
wheeled carriages, 6d., and in proportion for all 
animals and vehicles, the latter according to size 
and width of wheels.* But the progress made may 
be judged when we state that by 1822 there were in 
Pennsylvania, one of the most progressive of States, 
1807 miles of roads out of 2521 miles authorised 
by the Act incorporating the company, the cost 
being 1,300,000/. sterling, exclusive of one-third 
as much for bridges. By 1831 there were 2500 

* See ‘‘Transportation Systems in the United States,” 
by J. L. Ringwalt. 


miles. In the war of 1812, the road from Albany 
to Schenectady, about 60 ft. in width, was of great 
service. The munitions of war were carried on it, 
and subsequently in boats by the Mohawk to Lakes 
Ontario and Erie. After the war, and until the 
construction of the Hrie, this was a great avenue for 
trade for the farmers of the Mohawk Valley. 

The national road was started in 1806, and by 


1817 the distance from Cumberland to Wheeling 
_was opened to the first stage-coach. This road was 
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made largely by Irishmen—one writer has called 
them the ‘‘immortal Irish brigade,” a thousand 
strong. It became a main artery, throwing out 
branches all over the neighbouring country, and 
thus providing a far more convenient means of com- 
munication than the old Indian trails or the pack- 
horse routes. The mention of the original stage- 
coach suggests maiis. The first post rider between 
New York and Boston, in 1673, took three weeks. 
In 1695, letters could be sent eight times a year 
between the Potomac and Philadelphia, but when 
Parliament, in 1710, established a General Post 
Office for all Her Majesty’s dominions, a chief 
letter office was opened at New York and other 
convenient places, and matters slightly improved, 
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In 1790 the number of post offices in the States 
was 75, the aggregate length of post roads, 1875 
miles, the amount paid for the transportation of 
mails, 5500/., the gross postal revenue, 74001., 
and the expenditure, 65001, Mails were conveyed 
three times a week in summer, and twice in winter, 
between New York and Boston, and the transit took 
five days ; mails were despatched only five times a 
week between New York and Philadelphia, two 
days being required. This affords some indication of 
the slow development of transportation as well as 
of communication at the close of the colonial era. 

Tidal rivers and Indian trails were not superseded 
till early in the present century, when canals at first, 
and railways later, began to compete for traftic, 
and by their united effort tended to spread the 
population, and immensely develop the industries 
of the country. Some of the earliest important 
canals were constructed by the great Washington, 
and the Erie Canal, finished in 1825, resulted in 
the construction of a number of similar waterways. 
Tn 1830 there were 1343 miles of canals and other 
artificial navigation, 1828 miles in progress, and 
408 projected, while of railroads 40 miles were com- 
pleted, 422 in progress, and 697 projected. 

The canal boat largely superseded the stage 
coach. As one writer* put it, ‘‘The stage coaches 
still ran and carried mails, for boats could not run 
in winter; but the charm had gone out of the 
tavern portals. They were down at the canal to 

* R. 8. Elliot, of St. Louis, an engineer associated 
with the construction of canals, 


greet the packet And, in sooth, not to be 
despised were these canal packets. Kitchen at the 
stern, table from end to end of the cabin, three 
square meals, and at night a double tier of shelves 
on either side for beds—what was all this but com- 
fort and luxury, if not grandeur, even less than 40 
years ago? Lating, sleeping, and the journey still 
going on! What are the dining cars of that 
ubiquitous George M. Pullman but a bold-faced 
plagiarism after all? And George M. never owns 
to it that he has copied the old packets, True his 
cars are elegant and sumptuous, and roll along faster 
than the serene packets ; but you cannot go on 
deck to sit on the trunks and sing in the moon- 
light, or duck your heads at the cry of ‘Low 
bridge !’”’ 

Freights were greatly reduced by reason of the 
competition between canalsand railways, but it is not 
ourintention toenter into the much-debated question 
of their relative merits as means of transport. The 
centennial of the inauguration of the New York 
canal system is at hand, although the extended use 
of canals dates only from between 1830 and 1840. As 
evidence of the growth of the traffic, it is interesting 
to state that while in the twenty years ending 1856 
the total tonnage moved was 50+ million tons, it 
was slightly more than doubled in the twenty years 
ending 1891. Yet the value of the traffic increased 
only one-third, to 663 millions sterling. As to the 
influence of the canal system on railway rates, it is 
interesting to note that, when canals were first 
opened, railway rates for transporting grain from 
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Buffalo to New York were reduced by more than a 
half, to about 3 cents per bushel, but increased 
when the opposing canals were closed. Diagram 
No, 13 shows the mean freight charges per 
ton per mile on the leading trunk lines in the 
States from 1871 to 1890 as compared with the 
rates on New York State canals—comprising one- 
fourth of the total-—until the date when tolls were 
abolished. The rates on these canals were probably 
cheaper than the average, so that it must be evident 
that canals were by 1880 superseded by railroads in 
most districts, $d. per ton per mile being the rate 
on most of the railways, although in the far west 
the rates are more than double that amount. These 
must, however, decrease as has been the case else- 
where. 

The great development in facilities in means of 
communication, which still goes on, commenced 
about 1850, when railways really began to assert 
their influence. The Reading Railroad had entered 
into competition with the Schuylkill Canal, and 
the New York Central with the Erie. In the 
official census return of that year, too, it was stated 
that the ‘‘ usefulness and comparative economy of 
railroads as channels of commerce and travel have 
become so evident that they have in some measure 
superseded canals, and are likely to detract seriously 
from the importance of navigable rivers for like 
purposes. ” 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

On Thursday and Friday evenings of last week, 
the 2nd and 3rd inst., an ordinary general meeting 
of the Institution of Mechanical Engineers was 
held in the theatre of the Institution of Civil Engi- 
neers by permission of the Council of the latter 
body. Dr. William Anderson, the President, occu- 
pied the chair on both evenings, 


THE HNGINEERING CONGRESS AT CHICAGO. 


The minutes of the previous meeting having been 
confirmed and other formal business transacted, 
the President next referred to the International 
Engineering Congress which is to be held in con- 
nection with the Chicago Exhibition of this year, 
He said a letter had been received from Mr. James 
Dredge, who had been elected Honorary President 
of the Congress, in which letter those members 
who were willing to contribute papers were invited 
to send in suggestions to that effect. Of course, 
those present were all well acquainted with the 
position occupied by Mr. Dredge, so there was no 
occasion to say anything on that head. Any further 
information on the subject, received by the secre- 
tary, would be brought before members, and there 
was, therefore, no need to go into details. He 
would only express a wish that members would give 
the matter attention and take care that the Institu- 
tion should be well represented. Mr. Bache then 
read Mr. Dredge’s letter, which was as follows ; 


International Engineering Congress, 
Columbian Exposition, 1893. 
January 23, 1893. 

Sir,—On behalf of the Committee of the International 
Engineering Congress to be held next summer at Chicago, 
I venture to ask you to submit this letter at an early date 
to your Council. My hope in making this request is that 
your Council may see fit to consider the best means of 
bringing the subject under the notice of the members of 
your Institution, with a view to assisting towards the 
success of the Congress and to give facilities to such of 
your members as may desire to assist at the Congress 
either by their presence or by contributing papers for 
reading and discussion, 

As honorary president of the Congress I hold myself 
entirely at the disposal of your Council and the members 
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of your Institution, and I shall take the liberty of again 
communicating with you on this subject as soon as I 
receive detailed information about the Congress from 
Chicago. Yours faithfully, 

James DREDGE. 

To the Secretary of the Institution of 

Mechanical Engineers. 
ALTERATION IN THE Byk-Laws. 

The next business was the proposed alteration 
in the articles of association and the bye-laws. 
These alterations were necessary in order to carry 
out the following recommendations of the Council. 
‘“ That a class of corporate members be added, to 
be called associate members, intermediate between 
the present classes of members and graduates. 
The associate members to be not under 25 years of 
age, and to have the same power of voting that is 
possessed by members. This class to consist of 
those who, while engaged in such work as is con- 
nected with the science and practice of engi- 
neering, in the opinion of the council do not 
yet occupy positions of sufficient responsibility 
or are otherwise not eligible to become full 
members.” The maximum limit of age of gradu- 
ates is in future to be 26 years, and ‘‘ candidates 
for admission as graduates be required to furnish 
evidence of training in the principles, as well 
as in the practice, of engineering.” The fees 
are to be made easier for graduates and asso- 
ciates. The number of votes necessary for election 
shall be four-fifths in place of three-fifths. The 
remaining alteration is that the proposer of a can- 
didate for admission shall not signify into which 
class he would wish the aspirant to be placed, 
but that such class should be determined by the 
Council. Formal resolutions embodying these 
changes were put to the meeting by the President, 
with Professor Kennedy as seconder, and were, as 
was natural, carried unanimously. 


Tee Hastar EXPERIMENT WoRKS, 


The next business was the reading of Mr. 
Froude’s paper, which gave a ‘‘ Description of the 
Experimenting Apparatus and Shaping Machine for 
Ships’ Models at the Admiralty Experiment Works 
at Haslar.” This paper, it will be remembered, 
was down for reading at the Portsmouth meeting of 
last summer, but was crowded out. We shall 
shortly print this contribution in full, together with 
the illustrations. Without the latter the description 
of the apparatus would be unintelligible. At the 
conclusion of the reading of the paper the author, 
at the President’s invitation, added a few words in 
explanationofitsscope. Hesaidithad been prepared 
for the Portsmouth meeting of last year and was 
only intended to describe such important features 
of mechanical interest as were novel and had not 
been before made public. He mentioned this, as 
without such explanation the title was apt to be 
somewhat misleading, and a more complete treat- 
ment might be expected. It may be added here 
that a brief general description of the experimental 
tank and apparatus at Torquay, which formed the 
plant of the parent establishment, was given ina 
paper read before the Institution by Mr. Robert 
Gordon in May, 1884,* A full description of the 
model-shaping machine, as it then existed at Tor- 
quay, was given in an earlier paper read by the late 
Mr. William Froude at the Cornwall meeting of 
the Institution in July, 1873.+ In these columns we 
have dealt with the only private establishment of a 
similar kind, which is that owned by Wm. Denny 
and Brothers, of Dumbarton.{ This was in con- 
nection with the autumn meeting of the Iron 
and Steel Institute held at Glasgow in the year 
1885. 

The discussion on Mr. Froude’s paper was opened 
by Mr. W. H. White, the Director of Naval Con- 
struction and Assistant Controller tothe Navy. He 
pointed out that the paper required careful study 
before its full scope could be appreciated, and it was 
also necessary to have the diagrams by which it was 
illustrated in order to make the matter intelligible. 
Reference had been made to the scope of the paper, 
and in regard to this matter Mr. White was willing 
to take some responsibility. It is not perhaps very 
generally known that the Haslar Experimental 
Works are a branch of the constructive department 
of the Admiralty, of which Mr. White is of course 
the professional chief. Mr. Froude had consulted 


* See ENGINEERING, vol. xxxvii., page 467. 

+ The experiments of the late Mr. Froude, at Torquay, 
in connection with this subject, and the apparatus he 
devised, have been fully described in his contributions to 
the Institution of Naval Architects, 

t See ENGINEERING, vol. xl., page 219. 


him, and he had thought that the best course would 
be for the paper to be moulded on the lines which 
the author had followed. It had in past times been 
questioned whether this experimental work, con- 
ducted on an approved basis of scientific research, 
would be to the material advantage of the Navy, 
but the speaker could assure the meeting that the 
work done in this field, both by Mr. Froude 
and his father, had resulted in an enormous 
saving of money alone, above which there had 
been the greater certainty and the increased 
efficiency which followed naturally from it. In 
fact, he would say that the ships of the Navy could 
not have progressed at the rate they had but for 
the work done at Torquay and Haslar. A con- 
sideration of the work that had to be done would 
reveal the immense importance of accuracy, a thing 
which is a delight to all good engineers. Consider- 
ing the scale of the model to the full-sized ship, it 
would not require much knowledge to appreciate 
how small a divergence from accuracy might lead 
to serious results in the completed ship. Accuracy 
is with Mr. Froude an hereditary virtue, and Mr. 
White bore testimony to the pains taken by the 
author of the paper to develop his_ birthright. 
‘‘Familiar as I am with the Haslar Works,” said 
Mr. White, ‘‘ I never go into thein without fresh 
admiration for the way in which they are conducted 
and the perfection of the work done.” There were 
many details, the speaker continued, which would 
not fail to be of value to the mechanical world at 
large. For instance, there was the governor illus- 
trated, which was almost human in its intelligence, 
but was far better regulated than many human 
governors, The same might be said of the copying 
device, and he had often admired the steadfast way 
in which it did its duty at all time and resisted those 
temptations to go wrong which beset the path of 
even the most carefully guarded mechanism. The 
carriage shown in the diagram was also a creditable 
piece of construction. Its gauge was broad—21 ft. 
Tn its construction it had to be light, and it had to 
carry a considerable weight in the centre. It was 
a trussed structure, and on the illustration appeared 
somewhat heavy, as the members of the trusses were 
wooden elongated boxes about 4 in. square in cross 
section, the material used being #-in. deal put to- 
gether with screws andshellac varnish. It had never 
come to grief, and was suggestive of what might be 
done on a larger scale. Mr. Froude had warned 
them, however, that if it did break down it would be 
without warning ; on the same principle, no doubt, 
as was involved in the collapse of that master- 
piece of mechanical construction, the deacon’s ‘‘one- 
hoss shay.” Before the Admiralty took up the 
work it was decided that it was one which in the 
interests of the public should be carried on, and 
the conclusion had been justified by the lead being 
followed in Italy and Russia. In this country one 
private firm only had a similar experimental instal- 
lation, whilst in the United States the Government 
were also planning to follow on the same lines. 

Mr. Thornycroft agreed with Mr. White in all 
that he had said in regard to the great economy to 
the country that resulted from the work done at 
Haslar. It was formerly thought that no useful 
result would follow such investigations, and this 
was the opinion expressed at the time the late Mr. 
Froude read his paper before the Institution of 
Naval Architects some years ago; but now the 
performance of a ship could be safely foretold with 
a very close approximation to accuracy. A notable 
point in the design was the provision made for 
correcting the error that might arise owing to im- 
perfection in the drawing, the length of which 
drawing might be as much as 12 ft. Ina very long 
drawing it is not easy to draw the centre line abso- 
lutely straight, nor to fix a long narrow drawing 
quite straight on a board. An explanation of the 
manner in which these difficulties had been got over 
would involve reference to the diagrams which Mr. 
Thornycroft used, and which we shall publish in 
due course ; it will be sufficient to say that Mr. 
Thornycroft pointed out that, though the drawing 
might not necessarily be straight or accurate, yet 
the model would be true, and this end was gained 
without any expensively constructed apparatus. 

Mr. Macfarlane Gray said that it would be of 
assistance to the proper understanding of the paper 
if the author would explain the manner in which a 
line not straight in the drawing was made straight 
in the model. He thought it would be advan- 
tageous if Mr. Froude would give fuller details and 
explain the matter more completely. Mr. Bryan 
Donkin, Jun., inquired what was the cost of the 


apparatus. Mr. Schénheyder referred to a passage 
in the paper in which it was said that ‘‘ the fulerum 
of the copying lever can be adjusted so as to give 
any desired proportion of travel of tracer to that 
of cutters. Also the proportion of longitudinal 
travel of tracer to that of model is regulated by 
change wheels ; and the ‘lost time’ due to play of 
teeth in these wheels is eliminated by a weight 
leading over a pulley keeping a tension on the 
table always in one direction.” The speaker ques- 
tioned whether there was not an error in using the 
term ‘‘ lost time,” as it seemed to him it was lost 
motion. 

Professor Kennedy referred to the difficulty of 
discussing details with which the members present 
were mostly unacquainted, and which could not be 
grasped within the space of time allowed by a 
comparatively rapid reading. Under these circum- 
stances he suggested that the time would be more 
profitably spent if Mr. Froude would describe those 
parts of the mechanical arrangement which had 
not been included in the paper. 

Mr. E. B. Marten asked whether the drawing was 
smaller than the model, and how near the perfor- 
mance of the actual ship approached that deduced 
from the model. Mr. Jeremiah Head also said it 
would be desirable for Mr. Froude to give the results 
of the trials on models, such as the power required 
in relation to the velocity and wetted area. During 
a former meeting of the Institution a visit had been 
paid to James Watt’s work-room at Soho, and there 
they had seen a copying machine which was in prin- 
ciple the same as that embodied in the apparatus 
before the meeting. They had seen this mechanism 
in the same state as Watt left it, and it had been 
religiously preserved in that condition up to the 
present time. Another member asked what was the 
influence of the cross area of the tank on the per- 
formance of the model. He noticed that the canal 
had been altered in shape from the form originally 
adopted, the sides being now vertical instead of 
sloping. 

Mr. Froude, in replying to the discussion, said 
that the vertical sides of the waterway were a 
matter of convenience for supporting the lines on 
which the carriage spanning the canal was made 
torun. It was of course desirable to make the 
span as short as possible. With regard to the 
sectional area it was not quite so large as that of 
the original tank, but experience had shown that 
it was large enough. He had used the terms “lost 
time’ and ‘‘slack’’as he had got them from his father. 
They signified looseness, and were equivalent to lost 
motion. Inrespecttotheinvitation of variousspeakers 
that he should extend the scope of his paper in his 
reply, he could not undertake to go into the ques- 
tions of resistance and such matters. It was open- 
ing up a very wild field of discussion which would 
take an immense deal of time to treat in anything 
approaching a satisfactory manner; moreover he 
did not feel equal to approach the subject without 
having prepared the matter so as to arrange the 
order in which the facts should be put forward, 
without which he did not think he would succeed 
in making the subject clearer. He thought that 
when the paper was published in the Transactions 
accompanied by the drawings, the explanation 
would be sufficiently plain to enable engineers to 
grasp the principles dealt with. In regard to the 
origin of the Admiralty experiments he would like 
to say a word. There was one man, next to his 
father, to whom they were chiefly due. That was 
Sir Edward Reed, who, when chief constructor, 
was struck by the accuracy with which the per- 
formances of ships could be predicted by the 
means adopted by the late Mr. Froude. He had 
then proposed that experiments of this nature 
should be undertaken for ships of the Royal Navy 
by means of Admiralty assistance. This proposal 
was carried through, and the result was the esta- 
blishment at Torquay as it finally existed. 

The President, in proposing a vote of thanks to 
the author, said it was singular that in a maritime 
nation like this, the prosperity of which was so 
largely founded on its shipping supremacy, there 
was no single public establishment, such as that at 
Haslar, where the designs of ships could be tested 
with such convenience. At Dumbarton there was 
a private tank belonging to Messrs. Denny, which, 
of course, is not open to ship designers at large, 
and the Admiralty establishment was confined to 
vessels of the Royal Navy. Mr. White here ex- 
plained that there were proposals that experimental 
tanks should be erected at Glasgow and Newcastle 
in connection with the colleges there, and which 
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would be accessible to the ship builders of the 
respective districts. Dr. Anderson, continuing, 
said he understood such proposals were in the wind, 
but they yet waited to be translated into the reality 
of construction. Considering the everlasting test- 
ing machines for materials, and experimental 
engines which were attached to technical colleges 
all over the eountry, it was to be regretted that 
there was no apparatus for instructing students 
of naval architecture in the resistance of ships. 
Such tanks could also be used for studying the flow 
of water over weirs, and other matters involving 
the use of a body of water. When it was remem- 
bered how great an advantage was to be obtained 
in this way, as evidenced by Mr. White and others, 
it was more to be regretted. 
The meeting then adjourned. 


Tue SourTHAMPTON WaTER WORKS. 


On the members assembling on the following 
evening, Friday, the 3rd inst., Dr. Anderson again 
occupied the chair, and the paper in which Mr. 
William Matthews, the engineer to the Southamp- 
ton Water Works, gave a ‘‘ Description of the 
Pumping Engines and Water-Softening Machinery 
at the Southampton Water Works” was read. This 
paper we shall shortly print in full,* and we may 
therefore at once proceed to the discussion. 

At the conclusion of the reading of the paper the 
author stated that the intermediate steam receiver 
in the pumping engines was unjacketed on account 
of the additional expense that would have been 
entailed in supplying a jacket. This was a matter 
of necessity at the time, as they were short of 
funds. In the paper reference had been made to 
the whipping of the pump rods of the low-lift 
pumps, and a word should be said in reference to 
this. It was stated that the low lift pumps 
were of the bucket and plunger type, and 
were hung, one down each well, by means of 23-in. 
pipes, and two 2-in. hanging rods. The working 
barrels are 22 in, in diameter, placed near the 
bottom of the suctions. The buckets are of cast- 
iron, 30 in. deep, with water grooves, but no pack- 
ing or rings. The bucket and suction valves are 
all alike, with double india-rubber valves working 
against cast-iron guards and grids. The plungers 
are of cast iron, 20 in. indiameter ; and from them 
the buckets are hung by means of 2}-in. rods with 
steel couplings and keys. ach rod is about 66 ft. 
long over all, and when running fast it was found 
that whipping took place, with a cousequent loosen- 
ing and shearing of the coupling keys. To remedy 
this, each rod had had two sets of rollers fitted to 
it, there being three rollers in each set, fixed ina 
strong iron framework which is attached to the 
rod ; and the 23-in. pipe itself forms the roller 
path, care being taken to alter the position of the 
rollers occasionally, so that grooving should not take 
place. This plan had proved quite successful, and 
no difficulty was found in keeping the keys tight. 
In justice to the contractors it should be stated that 
they were not in any way responsible for this whip- 
ping, as a greater lift was required than that which 
had been specified. In the paper it was stated that 
the total cost of pumping during the years 1890 and 
1891 had been 0.634d. per 1000 gallons. The cost 
of softening during the same two years had also 
been stated in the paper to be only 0.243d., or 
about 4d. per 1000 gallons. Since the paper had 
been written further experience had been gained, 
and this showed a reduction on the above costs, the 
figures for the half-year just completed being 
0.588d. per 1000 gallons for pumping and 
0.231d. per 1000 gallons for softening. Next 
returns would be still more favourable in the 
matter of softening, as a better system for the 
disposal of the waste lime had been devised. 
Hitherto it had been dug out and carted away, but 
arrangements had been made to utilise an old 
chalk pit, the lime being pumped away with water, 
so as to be in a liquid state, to the highest level, 
and then distributed as required over the ground. 
The lime would then subside and the water would 
run off. This it was anticipated would reduce the 
cost for softening to 0.200d. per 1000 gallons. That 
did not include sinking fund, which amounted to 
another jd. per 1000 gallons. The lime was pre- 
pared on their own land, and required to be very 
pure, as if there were earthy matter in the chalk 
from which it was prepared it hada most deleterious 
effect on the filter cloths. That was a very im- 


* An account of these works also appeared in Enar- 
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portant matter, and one which they had found out 
only in the course of experience. 

Mr. E. B. Marten opened the discussion on this 
paper. He referred to the depth at which the 
chalk water was down, and asked if the tendency 
of such wells was to get better or worse. The 
wells themselves were interesting, as they were 
really borings 6 ft. in diameter. It was said that 
the water which was supplied passed through the 
condensers, and he asked if this affected the taste. 
The manner in which the filter cloths were cleared 
of lime when the deposit became too thick was 
by a jet of water, which was made to play on the 
cloth by a device introduced for the purpose. He 
would be glad to know if there was any arrange- 
ment for reversing the flow of water, so as to 
more effectually loosen the deposit and wash 
away the accumulated lime. In the paper the 
duty of the pumps was given. The speaker in- 
quired if this was calculated from the displace- 
ment of the pumps, or was it gauged from water 
actually passed ? 

Mr. Perrett asked how long the cloths in the 
filter would last, and whether the fine deposit of 
lime would wash in instead of becoming detached 
from the cloth under the action of the spray used 
for cleansing. He would be glad to know what 
means there were for replacing the cloth when 
worn out. Did the whole apparatus take out ? 

Mr. Marten asked how much the hardness of the 
water was reduced by the treatment. 

Professor Kennedy referred to the trials of the 
engines, particulars of which were given in the 
paper. Two trials were dealt with inthe paper and 
the horse-power indicated in one was 115.55, and 
in another 117.93. On the first trial the horse- 
power expended in friction was 17,55, and on the 
second 17.91. This gave for the two trials respec- 
tively a power actually obtained of 98 and 100.02 
horse-power ; the corresponding mechanical efti- 
ciencies being 84.81 per cent. and 84.80 per cent. 
The speaker did not think these figures did full 
justice to the mechanical efticiency of the engine, as 
the friction of water in the pipe was included, and 
this, of course, would put these engines at a disad- 
vantage compared with some others. As quoted, 
the efficiency was not very high; but, considered 
in the ordinary way, it would be higher, and might 
be such as should be pronounced good. 

Mr. Straker asked if the cloths were more porous 
at first, and whether, after a certain amount of de- 
posit had accumulated, the water would percolate 
more slowly ? In such an event would the standard 
of purity remain constant ? There had been difti- 
culties from this cause before, and he believed the 
original idea was to inject a jet of steam or a jet of 
air to counteract the impinging action of the water. 
There was an installation of this description at the 
Barry Docks, but then there were used charcoal 
blocks in place of cloths. It would be interesting 
to know whether the former had been tried at 
Southampton. 

Mr. C. Cochrane gave an interesting description 
of the chemical action which took place in the 
water-softening process. The result was that 
a delicious water was obtained. He had tasted it 
and found nothing disagreeable at all, and he won- 
dered that other towns on the south coast did not 
follow the example of Southampton. All his expe- 
rience of the south of England water was that it was 
extremely hard and very difficult and disagreeable 
to wash with, but his experience at Southampton 
was a revelation to him, and it was to be hoped 
other towns would follow the example. 

Mr. Schonheyder referred to the difference in 
size of journals inthe beam engines. It was stated 
that the shafts and cranks were of wrought iron and 
the crank-pins of steels. The shafts were 124 in. in 
diameter, except in the outer bearings; and the 
crank-pins were 7 in. in diameter and 84 in. long. 
The bearings in the inner plummer-blocks were 
12} in. in diameter and 16in. long, and in the outer 
94 in. in diameter and 13in. long. Commenting on 
the latter fact, Mr. Schénheyder said it was difficult 
to see the reason of this reduction in the diameter 
of the journal, but he was of opinion that it might 
cause trouble. It would be desirable, however, to 
know the weight of the flywheel. He did not hold 
with the manner in which the pump-rods had been 
guided to prevent whipping, as he was of opinion 
that a simple cylindrical guide would have answered 
the purpose better. The engines were run with a 
boiler pressure of 60 Ib., the revolutions being 
about 174 per minute. Mr. Schénheyder was sur- 
prised to find so low a pressure being adopted at 
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the time these engines were made. He would have 
expected, certainly, a pressure of 901b. The de- 
livery pipe, which carried the well water to the 
softening apparatus, ran under the tank, and this 
necessitated the construction of an expensive brick- 
work tunnel. He did not see why the pipe should 
not have been taken round clear of the reservoir, 
and this great expense thus avoided. He thought 
the money spent in constructing the tunnel would 
have been far better spent in Jacketing the inter- 
mediate receiver. 

Mr. Buckley said he was an Indian engineer, and 
found the present paper very interesting to him. 
At Calcutta and Bombay there were water works, 
but in the rural districts and throughout the 
country generally there were none. There were 
hopes, however, that this state of things would be 
improved, and it would be seen that within the 
next ten years water works would multiply through- 
out the country. In India, at certain times of the 
year, the rivers were enormously increased in 
volume, and in their swollen state they carried in 
suspension vast quantities of fine mud. At Cal- 
cutta there were enormous settling tanks, which 
were used for the purpose of arresting and precipi- 
tating the mud. The turbid state of the river, due 
to these floods, only lasted for about a fortnight 
at the end of August, but the water had to be 
allowed to settle for four or five days, and then it 
had to be run through filters, and these, after four or 
five days’ use, would become absolutely water-tight, 
so clogged were they with the mud it was their 
function to arrest. It would easily be seen how 
large a part these special works, required only for a 
short period each year, added to the total cost of 
the water supply. He would ask, therefore, 
whether the filters described by the author could 
be used to remove this very fine and extremely 
soft mud, and could the author give their cost so 
that an idea could be formed whether they would 
be cheaper than tanks? He would ask what was 
the lift in the case given in the paper where the 
cost was stated to be 0.634d. per 1000 gallons? He 
would also be glad to know the cost of coal. 

Mr. Charles Cowper asked how long the cloths 
would last, and for what time they would run 
without requiring to be cleaned. 

Mr. Jeremiah Head agreed with what Mr. 
Cochrane had said as to the desirability of the lime 
process being extended, for the time was approach- 
ing when we in this country would have to use any 
water available. In our chalky island a great deal 
of this was of a hard nature, which rendered it very 
unpleasant to use. He understood that it was only 
carbonate of lime which the process described was 
capable of removing, but there was a great deal of 
water which contained sulphate of lime or gypsum, 
the water so much appreciated by brewers. He 
would be glad to know if there were a means of treat- 
ing this water also. One great advantage of this pro- 
cess was its extreme compactness. In Southampton 
it might be the water works were in a position in 
which land was not very expensive, but that was 
often not the case. In the records of the trials it 
had been stated by the author that the coal con- 
sumed was 1.454 lb. and 1.416 lb. per indicated 
horse-power per hour for the two trials respec- 
tively. Hach trial lasted 104 hours, and the coal 
consumed per hour was at the rate of 168 lb. 
and 167 lb. for the two trials respectively, 
while the total of the ashes made during each 
trial was 14]b. and 15 Ib. respectively out of 
the total consumption of 1757 lb. and 1750 lb. for 
the two trials respectively. Such a remarkably 
low percentage of ash, less than 1 per cent., pointed 
to a wonderfully high-class coal—indeed, far too 
good for the average. The speaker called atten- 
tion to the cast-iron beams which he considered 
unnecessarily massive on account of being made of 
that material. He would have expected steel to 
be used for the purpose, either in the shape of a 
casting or a structure built up of wrought steel. 
It was not often that these beams broke, but the 
serious accident would be remembered which 
occurred at the Hartley Colliery, where one of these 
cast-iron beams broke and fell down the pit with 
most disastrous consequences. 

Another speaker criticised the arrangement of 
the filters illustrated, the object of which was 
to remove the bicarbonate of lime present in 
the water as an insoluble precipitate after the 
softening has been affected. The filtering material 
is cotton cloth mounted on perforated zinc. Each 
filter consists of a cast-iron open-topped tank, in 
which is placed a horizontal shaft carrying twenty 
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discs. Hach disc is formed of a light circular cast- 
iron frame, covered on either side with perforated 
zinc, over which is stretched the filter cloth. The 
water percolates through the cloth, and finds its 
way along the hollow shaft and through valves and 
pipes to the clear water tank. The deposit of 
bicarbonate of lime thus accumulates upon the faces 
of the discs, until the time arrives when it becomes 
necessary to clean it off. This is done by means 
of a water spray applied while the discs are revolv- 
ing. The disc shaft is mounted on trunnion 
joints, and, by means of spurwheel and pinion, is 
made to rotate. Small water pipes, with spray 
holes in them, are placed between the pairs of 
discs, and upon high-pressure softened water 
being admitted the issuing jets wash the de- 
posit off the cloth surfaces. Referring to thie 
arrangement, the speaker said that the discs did not 
form the best form of filter. The discs had to be 
threaded with great care, so as not to injure the 
cloth, and the large stuffing-box was an objection. 
The water spray was important for cleaning, and 
was better than brushes, which would only rub the 
inner coating of the deposited carbonate of lime 
into the fabric. A far better arrangement, how- 
ever, was to have a number of oblong bags and 
drop them into the tank. The water to be filtered 
would be run into these, and would trickle through 
and be drawn off from the tank. When it was 
necessary to clean or repair one of these bags they 
simply had to remove it and its encasing envelope, 
which must be stiff enough to hold the bags up. 
The bag could be then turned inside out and washed 


Fic, i 


in a very simple manner, and it would not be 
necessary to stop the process, as each bag could be 
replaced by a fresh one as taken out. Reference 
had been made to the limited extent to which this 
process had been taken up, in spite of the quantity 
of hard water existing in England. About 30 
years ago, the speaker said, the water companies 
had tried Clark’s process on a large scale, but 
the difficulty was the getting rid of the large 
quantities of bicarbonate of lime produced. If 
any one could suggest a means by which the ex- 
pense of carting could be overcome, then the 
great drawback to the system would be obliterated. 
Many efforts had been made to turn this by-pro- 
duct to a useful end, but hitherto without success. 
It had been proposed to use it asa vehicle in the 
preparation of disinfecting powders, but it had 
been found that it was cheaper to buy dry whit- 
ing, the usual base, than to dry the bicarbonate of 
lime. 

The secretary next read two letters, in the first 
of which it was asked what was the cost of lifting 
1000 gallons by the single-acting Cornish beam 
engines at Mansbridge as compared to that of the 
Otterbourne compound rotative beam engines. It 
was not often the two types were found working 
under one management in this way, and it would be 
interesting could a comparison be made. In the 
second letter Mr. John Barr, of Kennedy’s Water 
Meter Works, Kilmarnock, asked as to the action 
of the india-rubber valves on cast-iron grids and 
guards. Did corrosion give any trouble? He also 
wished to know if the water level yaried, and 
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whether there were arrangements for keeping the 
air vessels charged with air. The buckets of the 
pumps were said to have grooves round them, but 
no packing or rings. He questioned whether the 
grooves were any good, except as receptacles for 
grit. The writer had made experiments in this 
direction, of which he gave particulars, the result 
attained, apparently, being that with the presence of 
grooves the leakage increased. He would be glad 
to learn the evaporation of water in the boilers in 
terms of the coal burnt. Another speaker referred 
to the grooves. He said he had tried them, and 
they were efficient in checking the passing of water, 
but they increased the friction to such an extent 
that their use was not continued in the case in 
question. 

Dr. Anderson said that the passing of the water 
through surface condensers did not give a taste to 
the water unless the taster knew it beforehand. 
Not only this, but he had seen cases in which the 
hot-well contents had been turned into the supply 
without having any effect, so far as taste was con- 
cerned. He knew of two towns in which this plan 
was followed, but he would not mention their 
names, as he did not wish the inhabitants to be 
annoyed by the unpleasant taste that would 
arise from the knowledge. He was glad that 
Professor Kennedy had gone, as he wanted to say 
something he would otherwise have been afraid to 
say. He wanted to express his admiration, and 
he could hardly put it too highly, for the good old 
low-pressure slow-running beam engine, which 
worked on, year in year out, at one steady pace, 
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doing its allotted duty all the time without want- 
ing to stop for renewals or repairs. The quick- 
running high-pressure engine did not always do 
this, whatever other virtues its admirers found for 
it. Mr. Head had made reference to the cast-iron 
beam, and found fault because it was too heavy. 
Weight was, however, a good thing in these beams, 
as it tended to equalise the work. Lighter beams 
had been tried and found not to work so steadily. 
With regard to Mr. Buckley’s question as to the 
applicability of the filters to the Indian water 
works to remove mud, such arrangements 
would not be required were the water treated with 
iron in the way he had proposed. It was extra- 
ordinary the effect that iron punchings or borings 
had on water holding matter in suspension. The 
water seemed to coagulate together like isinglass, 


and the sediment separated and was less slimy. 
He had tried this with Nile water, which was 
a very extreme instance, but if it were kept in 
contact with iron for three minutes it would filter 
absolutely clear through a thin layer of sand. In 
regard to the process for softening, he could not 
call to mind the time when it did not exist, and it 
was extraordinary to him that it was so much 
neglected. The Kent Water Works were the worst 
offenders in this respect. They were situated on 
the chalk, and drew their supply from the chalk, 
consequently the water was so hard that it was 
extremely unpleasant to use it. In this age of 
paternal government, when we were made to do so 
many things for our own and other people’s good, 
it was extraordinary that the water works had not 
been taken in hand in this respect, and compelled 
to supply a softer water. He would ask the author 
which was the cheaper: the filters as used at 
Southampton, or the tanks that were adopted at 
Croydon. 

In replying to the discussion, the author said 
that the high lift was 160 ft. and the low lift 58 ft. 
They had been pumping for years, and had found 
no difference in the hardness of the water, which 
was about 18 deg. In some other cases, however, 
the hardness had been reduced. The wells, to 
which reference had been made, had already been 
described in the author’s communication to the 
Institution of Civil Engineers. At first it was 
thought that these borings in the chalk would have 
stood, but this was not ultimately found to be the 
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case, and they had to be lined with perforated steel 
tubes. He could confirm what had been said as to 
there being no taste in the water after it had passed 
through the surface condenser. In regard to the 
condition of the water as to nitrates and nitrites, 
there was practically no difference made by the 
softening process. The duty of the engine was cal- 
culated less the actual slip. The life of the filter cloth 
was variable. In some cases it would last seven to 
eight months, and sometimes it would wear out very 
quickly indeed. For a long time they failed to 
account for this, the behaviour being apparently 
most capricious, but at last it was found to depend 
largely on the purity of the chalk. The pure chalk 
gave better results, as it was earthy matter that so 
soon attacked the cloths. So much was this the 
case that they now threw on one side the chalk 
which was obtained near the surface, and made the 
lime from that deeper down where there was no 
earth or grit. With regard to the cleansing of the 
filters, at one time brushes had been tried, and he 
had also adopted an outward or back flow. These 
methods were, however, not found desirable. The 
outward flow destroyed the cloth because it extended 
the pores, and thus opened the texture so that the 
filtering quality was destroyed. They had injected 
steam for cleansing the cloths, and found good re- 
sults. It passed inside the filters at 5 lb. or 6 Ib. 
pressure, and drove out the deposit which spray 
would not remove. The average life of the cloth 
was 53 to six months. It had been said in the dis- 
cussion that the water would run through too 
rapidly when the cloth was new, and this was true 
to a certain extent, but it was not claimed that the 
cloth acted as a filtering medium in itself, but 
rather as a framework for holding back the crystals 
of lime, and they would act as their own filter. 
When the cloth was first put in, the bicarbonate of 
lime got through, and for this reason there was a 
by-pass opened so that the water flowed back. After 
a short time a sufficient layer of crystals accumu- 
lated on the cloth, and then, when the filtering 
action became efficient, the by-pass was closed. 
The new cloths would run for nine hours without 
steaming. They had never tried carbon blocks at 
Southampton for, filtering purposes. The crank- 
shaft bearings had been criticised, but they gave no 
trouble, except in one case, in which a girder in the 
foundation had settled a trifle. The arrangement 
described was adopted for convenience. The fly- 
wheels were comparatively light. As to slow-moving 
engines and low pressure, he quite agreed with the 
remarks of the President, who had answered the 
criticism on this head. He could only say that 
the engines had been running some years and not 
a farthing had been spent on repairs, nor had the 
engines been touched except for purposes that arose 
in the ordinary running. Mr. Scodnheyder had re- 
marked on the way in which the pipe was carried 
under the softening tank, involving the use of a 
tunnel. The alternative method of carrying the 
pipe round the side of the tank had been considered 
when the works were laid out, and it had been 
determined to adopt the arrangement shown, as 
being more convenient for the leads and by-pass. 
In answer to the question put as to the use of this 
plant for filtering muddy water, he could say it 
would not be suitable; as would be understood 
after his explanation of the principle upon which 
the filter acted. As a matter of fact, when an 
experiment of this kind was tried the discs became 
blocked up so that they required washing out every 
half hour. That of course was fatal to success. He 
believed, however, that Mr. Atkins was working out 
a scheme in which the cloths would be continuous 
and the washing-out continuous. If that were 
possible there was no reason why such water 
should not be filtered. It had been asked whether 
the system would deal with water containing 
matter other than chalk. At Wellingborough there 
was a water of 30 deg. of hardness, and which was 
thoroughly impregnated with iron. The lime and 
iron were thrown down, and the water remained 
clear. The removal of sulphate of lime would not 
be possible without the use of objectionable che- 
micals. If, however, the water were only required 
for boiler feed the sulphate could be thrown down 
by caustic soda, but that might affect the filter 
cloths. The space occupied by the softening works, 
not including the pumping machinery, was 1150 
square yards. There had been no inducement to 
cramp the works, as land was cheap on the spot. 
If required the works could be more compressed. 
The stuffing-boxes on the filters had been objected 
to, but they had given no trouble. Mr. Matthews 
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would be very sorry 

any quantity of water which had to be fil- 
tered in bags in the manner proposed by 
one speaker. The labour of lifting such bags 
in and out of place would be enormous, and it was 
that which killed the original plan. It was the 
simple and expeditious mechanical means of remoy- 
ing the deposit of lime crystals when they became 
too numerous that made the scheme successful. 
One of the matters that had chiefly occupied their 
attention was to find a market for the waste lime. 
Many things had been suggested, and they had 
tried to induce the cement makers to use this very 
fine material. He was afraid, however, that the 
cement makers of the district were either too pros- 
perous or lacked enterprise, for they did not seem 
disposed to give it a good trial. It had been sug- 
gested that theyshould reburn thislime, but that was 
difficult, as it wanted moulding into blocks. There 
had been no trouble with the india-rubber valves 
working against iron grids and guards. The metal 
soon became coated with a hard enamel, so that 
there was no trouble from corrosion. The water 
level varied from 35 ft. to 40 ft. There was an air- 
charging arrangement for the air vessels. No 
trouble had been experienced from the water 
grooves in the buckets, although if the water were 
sandy they would be out of the question, as the 
cylinders would score. He was not aware of the 
amount of friction engendered, but it could not be 
very great, or the efticiency of the engine would not 
be so good. The President had asked as to the 
relative cost of the processes at Southampton and 
Croydon. The old Clark process would have cost 
30001. more, exclusive of the cost of land. The 
water had 18 deg. of hardness before softening and 
6 deg. after the process had been gone through. 

Mr. Matthews having so thoroughly replied to 
the discussion, the meeting closed with the usual 
votes of thanks. 

The summer meeting will he held at Middles- 
brough, commencing on Tuesday, August 1. The 
arrangements are being made by Mr. Jeremiah 
Head, and there is every prospect of a successful 
gathering in the north-east district, which is so 
full of interest, both historic and scientific, to the 
mechanical engineer. 


HYDRAULIC CHANNEL AND ANGLE-IRON 
SHEARING MACHINE. 

WE illustrate on page 155 a machine constructed 
by Messrs. Hugh Smith and Co., Possil Engine 
Works, Glasgow, for the Fairfield Shipbuilding and 
Engineering Company’s works at Govan, and intended 
for shearing the ends of channel bars of large section 
which are now used as frames for ships. The block on 
which the channels rest has one side adjustable for 
different sizes of channel bars, being moved out and 
in horizontally by handwheel and screw. The channel 
bar is held in position by a small vice ram, and the 
shearing slide is actuated direct by hydraulic rams. 
The machine illustrated is designed to cut channel 
irons from 7 in. up to 15 in. broad by 4 in. by 2 in. 
It is also suitable for cutting ends of angle-iron bars 
either right or left hand. Wealso givea sketch show- 
ing the arrangements of blades adopted. The steel 
blade A is attached toa steel slide on the end of the ram, 
the ram being actuated directly by a vertical cylinder. 
C D shows the bed with steel blades on which the 
channel iron rests, and B shows the adjustable slide 
block, with a steel blade adjustable to suit the various 
sizes of channel bars from 7 in. up to 15 in. broad. 
During the process of shearing the channel bar is firmly 
held to the bed by means of a small hydraulic ram. 


ALTERNATE CURRENT DYNAMO. 

WE illustrate on pages 158 and 159 an alternate 
current dynamo machine constructed some time 
ago by Messrs, Mather and Platt, of the Salford 
Iron Works, Manchester, for a central station for 
lighting the borough of Redfern, Sydney, New South 
Wales, As is the case with most alternate current 
machines in which the cores of the armature are of 
iron, the armature revolves and the magnets are fixed, 
The magnets are of wrought iron and arranged round 
the armature exterior to it, and are attached to a 
massive cast-iron ring which forms the yoke connect- 
ing the limbs. The attachment is so arranged that 
any of the magnet cores can be removed without dis- 
turbing the remainder or taking out the armature. 
The yoke ring is made in halves, so that the upper part 
may be lifted to allow of the easy removal of the arma- 
ture. 

The armature itself is constructed of two plates or 
discs keyed on to the shaft, between which the arma- 
ture cores are held by bolts. As is the case with the 
magnets any section of the armature can be removed 


to attempt to deal with 


armature cores. 

The machines are manufactured under the patents 
of Dr. John Hopkinson and Dr. Edward Hopkinson, 
and are designed for an output of 120 kilowatts at 
1000 volts, whenrunning at 400 revolutions per minute. 
There are 24 poles, so that the number of reversals is 
9600 per minute, corresponding to a ‘‘ periodicity ” of 
80. The resistance of the magnets is 16 ohms and of 
the armature 0.11 ohms and the exciting current 
5 amperes. Hence the electrical efficiency at full load 
is 98.4 per cent., and still higher at half load ; a better 
result than has ever been attained in continuous 
current dynamos. 

Careful tests have been made on the commercial 
efficiency of a similar machine of somewhat smaller 
size by driving it from a motor of known efficiency and 
absorbing the power generated by the alternator in a 
non-inductive water resistance. These tests show 
a commercial efficiency of 92 per cent. The fall in 
electromotive force with a constant exciting current 
as the load is increased from nothing up to the full 
current of 120 ampéres is shown by the curve in Fig, 3. 
In practice this is compensated for by varying the ex- 
citing current. 

Messrs. Mather and Platt have constructed a con- 
siderable number of these alternators for central 
station work, and make the machines in various sizes 
from 16 kilowatts up to 200 kilowatts. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change here was not very large, and it cannot be said 
that a great deal of business was transacted. <A few 
traders reported a rather better inquiry, but others took 
a very gloomy view of affairs, and predicted a further 
reduction in quotations. One or two orders were said to 
be placed at 35s. 3d. for prompt f.o.b. delivery of No. 3 
g.m.b. Cleveland pig iron, but several buyers were not at 
all inclined to give more than 35s. for the ruling quality. 
No. 4 foundry was obtainable at 34s. 6d., and grey forge 
at 33s. 9d. per ton. Middlesbrough warrants were quiet, 
and nominally 35s. 1d. cash buyers, with sellers at 35s. 3d. 
Hematite pig iron was pretty firm owing to the reduced 
output, and it was difficult to obtain mixed numbers of 
makers’ east coast brands under 43s. per ton, although 
one or two buyers were very unwilling to pay tnat figure. 
Spanish ore was rather dull, rubio being about 11s. 74d. 
ex-ship Tees. To-day our market was, if anything, rather 
weaker, but quotations were very little if at all altered. 
Few buyers, however, would offer more than 35s. for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron, 
but most sellers held out for 35s. 3d. Middlesbrough 
warrants were 35s. cash buyers. 


The Make and Disposal of Pig Iron.—The Cleveland 
Ironmasters’ Association returns for the month of 
January show that of 145 blast furnaces built 89 had been 
in operation, and had produced 231,319 tons of pig iron, 
of which 122,670 tons was Cleveland pig, and 108,649 tons 
hematite, spiegel, and basic iron. This gives an increase 
of 6008 tons in the output of Cleveland pig as compared 
with the previous month, but a reduction of 14,092 tons 
of hematite, spiegel, and basic, being a decrease on the 
total production of 8084 tons. The number of furnaces 
running on Cleveland iron at the end of January was 
52 against 50 in December, and the number on hema- 
tite, &c., was 37 against 41. The total stocks of pig 
iron at the end of Jast month stood at 155,819 tons, or 
an increase of no less than 41,480 tons on December 1, the 
advance in makers’ stocks reaching as much as 33,296 
tons. Shipments of pig iron for January amounted to 
46,670 tons, being 2550 tons below those of the previous 
month, and a reduction of 3443 tons as compared with 
January, 1892. 


Manufactured Iron and Steel.—Little new can be said 
of these two important branches of the staple industry. 
Quotations continue to have a downward tendency, as 
inquiries are few and orders most difficult to secure. 
Prices, however, are hardly altered, since we last reported, 
but if anything, they are are just a trifle easier. Common 
iron bars might be bought at 52. 2s. 6d, iron ship-plates 
and iron ship angles each at 4/. 15s., steel ship-plates at 
51. 2s. 6d., and steel ship angles at 4/. 17s. 6d., all less the 
usual 23 per cent. discount for cash. There would be no 
difficulty in placing orders at 32. 17s. 6d. for heavy sec- 
tions of steel rails. 


The Fuel Trade.—Generally speaking the fue) trade is 
easier, but quotations are something like those given a 
week ago. Here good blast furnace coke is still difficult 
to secure under 12s. 9d. per ton delivered, but many con- 
sumers complain of the high figure, and endeavour to pur- 
chase at rather less. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Depressionin the Stove Grate Trade.—VThe workmen of 
Messrs. Thomas Watson and Co., Limited, of the Wheat- 
hill Foundry, Rotherbam, have received a 14 days’ notice 
of a reduction of 10 per cent. in wages. It isstated that 
the directors of the company have decided that unless 
the workmen make the concession asked for, which is 
practically the return of the advance granted in 1890, 
work must cease. 


Resuming Work.—The Parkgate Iron and Steel Com- 


pany have restarted one of their five blast furnaces. These 
have been standing six weeks owing to the depression and 
the strike at the Frodingham Ironstone Mines. 


Henry Bessemer and Co., Limited.—The directors of this 
company have issued their annual report. The net profit for 
the year has been 24,945/. The directors recommend the 
payment of 5s. per share (less income tax) on the prefer- 
ence shares (making with the payment in July, 5 per cent. 
for the year), and 25s. per share, free of income tax, on 
the ordinary shares; tbis, with the payment in July, 
makes a distribution for the year of 174 per cent. on the 
ordinary shares. They also recommend writing off the 
whole of the amount standing to the debit of ** improve- 
ments and additions” account and the registration fee 
and law charges incidental to the reconstitution of the 
company. This will absorb the profit for the year, with 
the exception of 210/., which will be carried forward, in- 
creasing the net revenue up to 38,6107. The directors’ 
opinion as to trade for the current year is not favourable, 
work at present being very scarce and prices low. 


The Great Sinking at Cadeby.—The winning of coal at 
Cadeby isa matter for great rejoicing in South Yorkshire. 
Speaking on the subject at a recent gathering, Mr. W. 
H. Chambers, the manager, said that in connection with 
the sinking operations there had been great discourage- 
ments—there had been such difficulties as had never 
before been known in the history of mining; but Messrs. 
Buckingham Pope supplied the ‘‘sinews of war,” the 
best mechanical appliances were introduced, the men 
had worked in a truly dogged English and undaunted 
fashion, and they now saw the gratifying consumma- 
tion of their efforts. Other large developments of the 
local coalfields are in progress. 


The Heavy Trades.—No improvement whatever is 
noticeab!e in connection with the heavy iron and steel 
industries of the district, and thousands of artisans 
are now out of work.’ Fair orders are in hand for 
best crucible cast steel for tool purposes for export 
to the United States, South Africa, India, and Chili. 
There are evidences of a forthcoming improvement in 
Australian requirements, and Canadian spring orders 
are commencing to arrive, but they are confined to steel 
files, saws, and cutlery. No fresh Government orders 
are announced, though they are badly needed. 


NOTES FROM THE SOUTH-WEST. 

The ‘‘ Hercules.”,—The Hercules, line-of-battle-ship, 
made a two hours’ steam trial on Tuesday to test the 
results of recent alterations in the pitch of her pro- 
peller. On previous trials an undue vibration was 
noticed, and since the last trial the propeller has been 
moved further aft, and on both quarters wood planking 
has been temporarily fixed. The results on Tuesday were 
so far satisfactory that the vibration has been greatly 
reduced, although not wholly removed. The screw now 
in use was originally four-bladed, but two blades were 
removed without producing much effect on the vibration. 
A two-bladed screw will, however, be adopted perma- 
nently for the Hercules. 


Rhymney Iron Company, Limited.—The directors of this 
company have issued an interim report for 1892-3. The 
directors state that they cannot, having regard to the 
more immediate future of the coal trade and to the ex- 
penditure which has still to be incurred in completing 
new pits at Pontlottyn and Gilfach, recommend the dis- 
tribution of any interim dividend. The experience of 
the Rhymney iron shareholders is certainly hope deferred 
and little more. During the last ten years they have 
received dividends altogether amounting to 83 per cent,, 
showing an average return of 17s. per cent. per annum. 
In 1882-3, 1 per cent. was paid, in the next five years no 
dividends whatever were distributed ; in 1888-9, a divi- 
dend of 1 per cent. was declared ; in 1889-90 and 1890-1 
the proprietors received 3 per cent.; and in 1890-2 they 
were awarded 4 percent. Now their meagre dividends 
have once more worked down to nil. 


Gas at Cardiff.—The directors of the Cardiff Gaslight 
and Coke Company state that further extension being 
necessary, instructions bave been given for the immediate 
erection of new retorts, a retort-house, and the construc- 
tion of a gasholder tank at the Grangetown Works. 


The ‘‘ Wave.”—The Wave, special service vessel, which 
has been undergoing extensive repairs at Devonport, 
made a satisfactory basin trial of her machinery on 
Thursday. The vessel has been ordered to Dartmouth. 


Coal at Newport.—The opening out of new collieries in 
Monmouthshire is expected to greatly increase coal ship- 
mentsat Newport. The Marine Pit at Cwm, owned by the 
Ebbw Vale Company, is expected to attain an output of 
2000 tons per day. The Llanhelleth Pits, owned by 
Messrs. Partridge, Jones, and Co., are expected to prove 
equally productive. The Six Bells Pit, which is being 
sunk by Messrs. J. Lancaster and Co., is expected to be 
opened in the course of this year ; this pit will intersect 
three valuable seams of coal, and it is anticipated that 
the output will be very considerably increased. Several 
other collieries in the district have also augmented their 
output this year. 


Barry Railway.—The directors of the Barry Railway 
Company state in their report for the past half-year that 
the amount expended on capital account during the six 
months was 60,1647. The Commercial Graving Dock, 
with its caissons and pumping machinery, is now com- 
pleted. The side walls of the deep lock have made fair 
progress, and the construction of the lock gates has been 
commenced. The revenue of the company for the past 
half-year amounted to 149,190/., showing an increase of 
8311/., as compared with the corresponding period of 
1891. The ratio of the working expenses to the traftic 
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receipts during the past six months was 43.39 per cent., 
as compared with 46.35 per cent. in the corresponding 
period of 1891. The principal reductions in the locomo- 
tive department, in which the outlay was 10,924. 
against 12,5887. The amount paid for materials also 
showed a reduction during the past six months. The 
directors recommend a dividend at the rate of 9 per cent. 
per annum upon the ordinary stock and shares, 


The ‘‘ Astrwa.”—The sheathing of the Astroea has been 
nearly completed, and it is expected that the vessel will 
be launched March 17. 


Card'j/.—There has been a steady demand for steam 
coal at about late rates; the best descriptions have made 
9s. 6d. to 9s. 9d. per ton, and secondary qualities 9s. to 
93 3d. per ton. Household coal has been rather active ; 
No. 3 Rhondda large has been quoted at 11s. per ton. 
Patent fuel has shown scarcely any change. The demand 
for coke has been dull; foundry qualities have made 17s. 
to 18s., and furnace ditto 15s. to 15s. 6d. per ton. Iron 
ore has presented a firm tone. The manufactured iron 
and steel trades have, however, shown little or no 
improvement. 


The Tin-Plate Trade.—The Morriston Plate Works, 
which had been lying idle for sorme time, have been 
restarted. An old condensing engine which formerly 
supplied power at these works, has been replaced by a 
compound tandem engine, fitted with trip gear and 
automatic cut-off, built by Messrs. Taylor, Struvé, Eaton, 
and Price, of Neath and Briton Ferry. Mr. E. Price 
designed the engine. 


Short Time on the Great Western Railway.—The Great 
Western Railway Company has, until further notice, 
closed its Swindon Works from 5.30 p.m. on Fridays 
until 9 a.m. on Mondays, or a reduction of 73 hours per 
week. The change will affect about 9000 men. 


Great Western Railway.—A vote of the proprietors is 
asked for the following expenditure: Leominster and 
Bromyard line, 80,000/.; Newcastle Emlyn extension, 
30,000/.; doubling South Devon line, 50,000/.; land and 
compensation, 50,000/7.; lines owned jointly with the 
London and North-Western Railway Company, 10,000/.; 
widening and branch at Cardiff 20,000/.; and the 
rolling stock, 120,000/.; total, 370,000. Mr. L. Trench, 
the chief engineer of the company, having resigned, 
the directors have appointed as his successor Mr. J. 
C. Inglis, chief assistant engineer. The work of 
doubling the main line between Taplow and Didcot has 
made good progress, and several lengths of new line have 
been brought into use. Progress continues to be made 
with the doubling of the South Devon line between 
Rattery and Hencerdon. The new Morley tunnel has 
been completed, and the second line between Rattery and 
Brent will shortly be brought into use. The doubling 
of the Cornwall line between Par and St. Austell and 
between Liskeard and Lostwithiel is in progress, and a 
contract will shortly be let for doubling the intervening 
section between Lostwithiel and Par. Several of the 
stations between Bristol and Penzance are being im- 
proved, and a contract has been let for the con- 
struction of a new station at Cheltenham. During 
the past half-year 32 new locomotives were built 
and 41 engines were supplied with new boilers at 
the cost of revenue. Of the broad gauge stock 
which remained on hand for conversion, 66 engines, all 
the passenger carriages, and 364 goods trucks, have been 
converted. The stock still remaining to be converted 
comprises 27 engines and 145 goods trucks. In the course 
of the past half-year 98,7137. was expended on working 
stock. The aggregate outlay of capital made under this 
head to the close of 1892 was thus carried to 9,799, 666/. 
The cost of locomotive power in the second half of 1892 
was 675,317/., as compared with 685,872/. in the corre- 
sponding period of 1891, Coal and coke figured in these 
totals for 182,791/. and 204,107. respectively. At the 
close of last year the company owned 1690 locomotives, 
873 tenders, 5414 vehicles used in the coaching depart- 
nent, and 45,958 vehicles used in the goods department. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Not a single official trans- 
action in pig iron took place last Thursday, either fore- 
noon or afternoon, for cash or for one month open, still a 
good business was reported as having been done at one 
and three months fixed and on forfeits. The official 
record had buyers of Scotch pig iron at 453, 2d. per ton 
cash and one month open, and sellers 23d. per ton higher, 
which was an advance of 1d. over the previous day’s 
prices. It was stated, however, that transactions had 
taken place at 423, to 42s, 14d. one and three months 
fixed. At the close the settlement prices were—Scotch 
iron, 45s. 3d. per ton ; Cleveland, 35s. 3d.; hematite iron, 
453. 103d. per ton. Only one cash transaction was quoted 
on the market on Friday forenoon, which was a lot of 
500 tons of Scotch at 45s. 54d. per ton, but some 2000 
tons were sold openly over fixed periods at 42s. per ton. 
Not a single official transaction was recorded in the 
afternoon, but business was done for March 6 fixed, 
1000 tons being dealt in at 42s. Sellers of cash iron 
advanced their quotation 2d. per ton for the fore- 
noon rate, while Cleveland was 4d. per ton easier, 
The closing settlement prices were —Scotch iron, 
453, 44d. per ton; Cleveland, 35s. 3d.; hematite iron, 
45s. 104d. perton, There was only one transaction re- 
ported in the warrant market on Monday ; and still sellers 
were seeking higher prices. Tor the lot sold 45s. 9d. cash 
had to be paid, which was the highest price since the 

corner” in January, 1892. The covering of the over- 
so’d account as it falls due from day to day is the point to 


which business has been reduced, and as only small lots 
are offering prices are easily affected. It was said that 
a good line has been covered privately in London 
at over 46s. per ton. Cleveland and hematite iron 
remained unchanged. The settlement prices at the close 
were—Scotch iron, 45s. 103d. per ton; Cleveland, 35s. 3d.; 
hematite iron, 45s. 104d. per ton. At Tuesday’s market 
the ‘‘squeeze” in Scotch pig iron was the one subject of 
consideration. Some 2000 tons were squared at 46s. 
and 46s. 44d. per ton cash, but it was reported that a 
broker had declined to meet the demands of the syndi- 
cate. In ordinary circumstances he would have been 
declared a defaulter, but the members sympathised with 
the ‘‘ oppressed” in the position which had arisen, and it 
was agreed that a meeting of the Pig-Iron Trade Asso- 
ciation should be held for the consideration of the 
whole question. At the close of the market the 
settlement prices were — Scotch iron, 46s. lid. per 
ton; Cleveland, 35s. 13$d.; hematite iron, 45s. 104d. 
per ton. An advance of 14d. per ton was recorded in 
Scotch warrants this forenoon, but the transactions were 
still in connection with the settlement of over-sold 
accounts. A few thousand tons changed hands in the 
afternoon at 46s. 6d. per ton cash. The following are the 
current quotations for several brands of No. 1 makers’ 
iron: Gartsherrie, 50s. 6d. per ton; Calder, 51s. ; Sum- 
merlee, 52s.; Langloan, 54s. 6d. ; Coltness, 55s.—all the 
foregoing shipped at Glasgow; Glengarnock (shipped at 
Ardrossan), 50s. ; Shotts (shipped at Leith), 58s. ; Carron 
(shipped at Grangemouth), 53s. per ton. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
4821 tons, as compared with 5182 tons in the correspond- 
ing week of last year. They included 110 tons for the 
United States, 100 tons for India, 125 tons for Australia, 
1000 tons for Italy, smaller quantities for other countries, 
and 2881 tonscoastwise. There are still 69 blast furnaces 
in actual operation, against 77 a year ago. Two are 
making basic iron, 24 are working on hematite iron ore, 
and 43 are making ordinary iron. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
at 337,420 tons yesterday afternoon, as compared with 
337,461 tons yesterday week, thus showing for the week 
a reduction amounting to 21 tons. 


Messrs. William Baird and Co., Limited.—This com- 
pany has been formed with a capital of 800,000/., divided 
into 80,000 shares of 10/7. each, and with power to create 
500,000. four per cent. redeemable debenture stock, to 
acquire and take over as a going concern, the trade busi- 
ness, and undertakings of William Baird and Co., iron 
and coalmasters, at Gartsherrie, and in Glasgow 
and elsewhere; and Eglinton Iron Company, iron 
and coalmasters at Eglinton, near Kilwinning, and 
in Glasgow and elsewhere, The first subscribers are 
Messrs. William Weir, James Baird Thorneycroft, John 
Alexander, Robert Augus, Alexander Fleming, Wm. 
Laird, and A. K. M‘Cosh, all of whom have for some 
years been partners in one or both of the concerns 
named. It will thus be seen that not a single member of 
the Baird family properly so-called is in the big firm or 
company as reconstituted. The senior partner, Mr. 
Weir, is a near relative of the late James Baird through 
his mother, and Mr. Thorneyeroft, member of the well- 
known South Staffordshire family in the iron trade, is a 
nephew of the late Mr. Alexander Whitelaw, who was 
also closely related to the Bairds, and who was for a 
time one of the members of Parliament for Glasgow. It 
is worthy of note that all the capital of the company is 
retained by the partners named, none of it being put in 
the market. 


Spanish Iron Ore Imports at the Clyde.—The imports of 
iron ore from Bilbao and other Spanish ports within the 
Glasgow and Greenock Customs district during themonth 
of January were heavy—50,613 tons. This quantity ex- 
ceeded that of January, 1892, by 1632 tons, and that of 
January, 1891, by 46,073 tons. The small imports during 
January, 1891, were owing to the blastfurnacemen’s 


strike. The returnsare: 

Vessels. ‘Tons. 
1893 29 50,613 
1892 he as a, HE 32 48,981 
1891 a ig an oe bln Rely 4,550 
1890 a se 19 28,522 
1889 20 31,714 
1888 35 44.138 


Malleable Iron and Steel Trades.—Some of the makers 
of finished iron are fairly well employed for the present, 
but the outlook is not very promising, The local sheet 
makers have resolved to maintain prices and basis of 
7/. 7s. 6d. per ton, less 5 per cent., Clyde delivery, for 
singles, other kinds in proportion. This branch of the 
trade is certainly well employed. The steelmakers are 
complaining that when prices begin to go up here a bit 
the North of England comes in and cuts them down. The 
competition from the other side of the Border is very 
keen. There are some fairly good orders in hand 
pore and there, but a number of the mills are lying 
idle. 


Copper Ore Imports at the Clyde.—There were landed 
at Glasgow during the month of January five cargoes of 
copper pyrites, amounting to 7569 tons, mostly for the 
Tharsis Sulphur and Copper Company, This is the 
largest import in one month since December, 1891, and 
exceeds that of January, 1892, by 2107 tons. The returns 
are: 


Vessels. Tons. 
1893 dae nae ee ie 5 7569 
1892 Oe et = 6 3 4762 
1891 wn aes ese aye 3 4560 
1890 ai Pa ae te 4 5428 
1889 ae aaa sth a 4 4521 
1888 biva one aan ots 6 7233 


Clyde Trust.—At yesterday’s monthly meeting of the 
Clyde Trust it was reported that the engineer, Mr. Deas, 
had completed a new chart of the River Clyde, and it 
was also stated that decided progress was being made in 
the way of providing new berthing accommodation in 
Cessnock Docks. 


Associated Students of the Institution of Civil Engineers. 
—On Monday night there was a large meeting of the 
Glasgow Associated Students of the Institution of Civil 
Engineers—the President, Mr. W. R. Copland, M. Inst. 
C.E., in the chair. Mr. James M. Gale, engineer to the 
Glasgow Water Committee, read a paper on ‘‘ The De- 
velopment of the Theory of the Flow of Water in 
Channels,” a subject to which he has given great atten- 
tion during many years. He traced the progress of the 
theory during at least two and a half centuries—from the 
time of Galileo down almost to the present year. The 
paper was a highly interesting one. 


Graduates’ Section of the Institution of Enoineers and 
Shipbuilders.—A meeting of this section of the Institu- 
tion of Engineers and Shipbuilders in Scotland was held 
last night—the President, Mr. M. T. Brown, B Sc., in 
the chair—when an adjourned discussion took place on 
Mr. Welsh’s paper on ‘‘ The Frictional Resistance of a 
Small Marine Engine.” Afterwards, Mr. James G. Reid 
read a paper on ‘‘ Power and Speed of Screw Steamers by 
Comparison.” A discussion followed, which it was agreed 
to continue at next meeting. 


Shipbuilding Contracts.—Messrs. Barclay, Curle, and 
Co., have just closed an order to build a steel ship of 
3700 tons for a Greenock firm, the price of which is said 
to be slightly less than 5/. per ton of carrying capacity. 
Four new hopper barges of 1250 tons each have just been 
ordered by the Clyde Trustees—two to be built by Messrs. 
William Simons and Co., Renfrew, «nd the other two 
by Messrs, Fleming and Ferguson, Paisley. 


Contracts for Greenock.—¥or one of the Greenock sugar 
refineries a very large vacuum pan has been ordered of 
Messrs. William Adam and Co., of that town, and 
Messrs. J. and R. Hauston, of the same town, have 
closed additional orders for sugar-refining plant, which is 
to go abroad. 


Tue YORKSHIRE Borer INSURANCE AND STEAM Users 
Company.—The twentieth annual meeting of the share- 
holders of this company was held at Bradford on January 
80. The chair was occupied by Mr. George Hodgson. 
It was proposed to pay a dividend at the rate of 74 per 
cent., toadd 1090/. to the reserve fund, and to carry the 
balance of 164/. 13s. forward to next year’s account. 
From the auditor’s report on the thorough inspection of 
boilers made during the past year, it appeared that 944 
per cent. of the whole of the number of boilers insured 
had been so examined, as against 933 per cent. last year, 
and asaresult of the regularity and efficiency of these 
inspections, the company had had no explosion of any 
boiler under its care since its formation 20 years ago. In 
moving the adoption of the report, the chairman said the 
company had been in existence for a period of 20 
years, during which time it held the unique position of 
not having had an explosion of any boiler under its care 
since its formation. The company had nearly 9000). 
invested. The report was carried unanimously. The 
company’s London address is 70, Chancery-lane, W.C. 


THE QuESTION or NovELTY IN PateNTs.—An important 
correspondence has passed between Mr. Leng, M.P., and 
Mr. Mundella, President of the Board of Trade, in which 
Mr. Leng points out that in this country, when an in- 
ventor applies for a patent, although there may be a 
score of patents already covering what he proposes, the 
Patent Office gives him no information or warning that 
such is the case. In the United States, Germany, and 
other European countries, on the other hand, an official 
examination as to the novelty takes place, and Mr. Leng 
suggests that Britain should not lag behind foreign 
countries and its own colonies in a matter in which the 
interests of inventors, scientists, and manufacturers are 
so much concerned ; and that an instruction from the 
Board of Trade to the Patent Office would effect what is 
required, Mr. Mundella, in reply, states that Mr. Leng’s 
proposal, if adopted, would involve a radical change in 
the principle and policy of the patent laws, while the sug- 
gestion will receive careful consideration, there is little 
prospect of any legislation of this nature being under- 
taken during the present session. 


Tur Assam-BencaLt Rattway.—The first sod of the 
main line of the Assam-Bengal Railway was cut on 
December 28 on the first division of the railway at a 
point about four miles north of Chittagong. The cere- 
mony, which was of an informal character, was performed 
by Mrs. Gaskell—wife of the executive engineer of the 
1st Division—in the presence of Mr. J. W. Buyers, the 
agent and chief engineer of the line, and a select party of 
guests. The Assam-Bengal Railway, which, with 
branches, is nearly 800 miles long, will connect the dis- 
tricts of Sylhet, Cachar, and Upper Assam, with the port 
of Chittagong, its northern terminus being at Makum, a 
station on the Assam Trading Company’s line. The con- 
struction of this line will open up the province of Assam, 
and should develop a large shipping trade at the port of 
Chittagong. The districts of Chittagong and Dacca are 
at present under the Lieutanant-Goyernor of Bengal, 
but there seems to be every probability that on the com- 
pletion of this railway, the whole of the districts lying to 
the west of the Brahmaputra, will be placed under the 
Chief Commissioner of Assam, 
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THE WATER-SPOUT PULSATING 
STEAM PUMP. 

We illustrate below a new pulsating pump, which 
is now being introduced by the Water-Spout Engi- 
neering Company, Sidney-street Works, Salford, 
under the name of the ‘‘ water-spout” pulsating steam 
pump. The principle on which pumps of this type 
work is so well known, that it is unnecessary to refer 
to it here, but the makers claim that by certain new 
details the various valves are easily got at in case of 
anything going wrong with them. The steam valve 
consists of two hollow hemispheres placed back to 
back, as shown in the engraving, and riding on a 
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The pitch of the forward 
edge of the screw blades, multiplied by the number of 
revolutions, is approximately equal to the velocity of 
the feed or speed of the screw through the water. The 
pitch increases uniformly along the length of the 
blade, thus imparting a uniform acceleration to the 


ward of the screw turbine. 


Suctic A 
ws water. Aft of the revolving blades are placed nume- 


Sl aed 8 eae his Hal faces Of tne hort eine fixed blades of contrary curvature. The area of 
rocking bar below them, the lat laces of the heml-| the channel through the propeller is so proportioned 
spheres form an angle with each other somewhat less| 4. to suit the acceleration of the water caused by the 
than that between the valve seats, thus giving room| }jades, In this way there is secured at the forward 
for the Bene cy Ripe opts od forwards. Heed end a large opening which will admit a certain quan- 
few ace P Nie eae oe ag triangular space in which tity of water at the velocity of feed, whilst at the after 
the valve works, which involves the loosening of three | onq the area is restricted to that necessary to allow of 
bolts only, the valve can very easily be got at should) the exit of the water at the speed of discharge. The 
it by any accident be not working properly. The long tapering body forming a prolongation of the boss 
suction and delivery valves are also arranged to admit | ,utside the cylinder is for the purpose of allowing the 
of easy access. stream of water to unite gradually without the formation 
of eddies. Asthe long pitch of the screw blades causes 
considerable rotation of the water, the curved guides are 
so formed as to direct the water into a straight line aft, 
and the rotary motion is thus utilised without loss. 
The efficiency of the screw turbine has been found by 
experiment to be at least equal to that of the ordinary 


THORNYCROFT’S SCREW TURBINE 
PROPELLER. 
WE give on the present page two illustrations of an 
improved screw turbine propeller which has recently 


been introduced by Mr. John Isaac Thornycroft and ; : : 
Mr. Sydney Walker Barnaby. Our readers are ac- | S°TeW; and a given thrust can be obtained witha much 
quainted with the original form of screw turbine* less diameter. It is, therefore, a propeller more espe- 
devised by Mr. Thornycroft, a form of propeller which cially suitable for light-draught vessels. The water is 
has been fitted in its original form to a number of not accelerated at all before it reaches the propeller ; 
vessels, the best known of which are the steamers in other words, there is no sucking action like that 
built for the Nile expedition, These vessels were produced by an ordinary screw, and for this reason 
140ft. long by 21 ft. wide, and attained the high speed there should be less augmentation of hull resistance 
of 174 miles per hour on the remarkably low draught than with other forms of propeller, and were it not 
of 21 in. for the large surface exposed to friction, it should have 


The arrangement of the new propeller is well shown | ® much higher efficiency than the common screw. It 
by our illustrations, which aretwo views taken from can, as stated, be used with success where shallow 
photographs of a sectional model. The great draw- draught 1S required, and might be applied with advan- 
back to the original form was that it would not drive tage in sea-going vessels, which are often in light trim, 
the boat astern in an effective manner. Many devices and do not then properly immerse their propellers, thus 
have been suggested to overcome this difficulty, some leading toalarge waste of power. The propeller, 80 far as 
of an elaborate and extremely ingenious nature, but it described, has the objection referred to of not being suit- 
is only lately that the problem has been solved in the ablefor goingastern. Thereasonof this will beapparent. 
manner now illustrated. Referring to our engraving, it The water then enters the annular space at the after 
will be seen that the propeller comprises a cylin- end, and issues at the forward end as a revolving ring 
der containing within it a body or boss of such a of water. Moreover, as the channel increases in area 
shape that the channel is gradually contracted from towards the forward end, the water which comes in 
the forward to the after end. Within the forward | from aft is unable to fill it, so that the middle portion 
part of the cylinder there are revolving screw blades of the cylinder is occupied by dead water, and some 
attached to the forward part of the boss. The | loss is probably occasioned by eddying here. In order 
forward part of the boss is separate from the to overcome these difficulties, supplementary blades 
after part. It will, of course, be understood that | re attached to the shaft at a little distance from the 
the after part is that which ends in a point and|S¢rew turbine proper, their function being to propel 
projects beyond the cylinder. The ordinary four- when going astern. In order that they should not 
bladed propeller (it, appears more as a three-bladed interfere with the action of the screw turbine when 
propeller in the illustration, being in section) is for- going ahead, the pitch of these blades is so arranged 

s _|that they simply slice their way through the water 
without either rotating it or driving it against the 
screw turbine in rear of them. This effect is obtained 


* See ENGINEERING, vol. xxxii., page 652; vol. xxxv., 
page 463; vol. li., page 246; and vol, liii., page 731, 


THE THORNYCROFT SCREW TURBINE PROPELLER. 


by making the pitch multiplied by the revolutions 
equal to the speed of advance. When the direction 
of motion is reversed to the going-astern direction, 
these blades receive water, not only through the tur- 
bine, but also from outside it. As the speed of the 
vessel, for a given number of revolutions, is always 
much less when going astern than when going ahead, 
the blades throw a stream of water forward, and thus 
propel the vessel astern. If the slip of a screw were 
constant at all speeds, the sternway screw would be 
inoperative at all speeds ahead, and this is so nearly 
the case that it is anticipated that, if the pitch be 
adapted to the speed at which the slip is least, the 
sternway screw will not retard the vessel appreciably 
at any speed. In the case of a vessel used for towing 
varying loads, when the slip will vary as the load, the 
sternway screw will at times do part of the work of 
propelling. 

Mr. Thornycroft holds the view that the power to 
go astern is not of first importance in a steam vessel, 
and he has even proposed to do away with the 
complication of reversing gear in the marine engine, 
holding it to be expensive and cumbersome ; and al- 
though used but seldom, the parts comprising it are 
at work during the whole time the vessel is under 
way. That is very true, but reversing gear is very 
like the Texan’s revolver : ‘“‘ You don’t want it often, 
but when you do, you want it badly.” Mr. Thorny- 
croft points out that the power of reversing motion is 
not possessed by even the fleetest animals. Nature 
provides means for stopping and turning quickly, but 
not for going astern. Seamen have, however, de- 
parted so far from the old sailing ship days, when it 
was necessary to check the way of a vessel in good 
time, and have become so accustomed to facilities 
afforded by a reversible engine, that they are dissatis- 
fied with a propeller that will not back a ship. It is 
in indulgence of this weakness in the modern mariner, 
and to meet other requirements, that the sternway 
screw has been devised. We may say we so far 
agree with Mr. Thornycroft and Mr. Barnaby that we 
believe there would be fewer accidents if marine engines 
were not reversible ; but this would be because fewer 
things would be attempted. For instance, the Thames 
*tween-bridges passenger traffic, the New York ferry 
services, and many other services of this nature would 
be impossible. 

The sternway screw was tried on the Goodwill, a 
vessel built for the Baptist Missionary Society, and is 
said to have answered its purpose admirably. 


German Rait Exports.—The exports of rails and per- 
manent way matériel from Germany in the first 11 months 
of last year amounted to 143,130 tons, as compared with 
192,760 tons in the corresponding period of 1891. The 
expression ‘permanent way matériel” must be taken to 
include fishplates, metallic sleepers, Kc. 
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THE Liverpool Overhead Railway, which was opened 
by Lord Salisbury last Saturday*, is remarkable in 
many ways. It is the first overhead railway in 
this country, it is the only electric railway in the 
world in which each vehicle carries its own motor, it 
is, we believe, the longest overhead railway worked 
by electricity, and it is the only railway in which the 
signalling is automatic. It is well known that the 
Board of Trade will not permit the opening of any line 
that is not completely equipped with block-signalling 
devices. Now if these are to be worked in the usual 
manner, they are not only costly to instal, but exceed- 
ingly expensive to work, necessitating two shifts of 
men per day. In the case of a railway which is to 
compete with omnibus traffic, it is absolutely neces- 
sary to keep down working expenses to the lowest 
possible point, and hence the promoters of the Liver- 
pool line were most anxious to avoid the use of signal- 
men. The dislike of the Board of Trade to automatic 
appliances is well known, but in this case they recog- 
nised that the conditions of the road lent themselves 
exceedingly well to an experiment in this direction, 
and in Timmis’s automatic signalling methods they 
found a system that fulfilled the requirements which 
they considered essential. After long negotiations a 
set of appliances was designed that earned the ap- 
proval of the Board of Trade officials, and an 
order was given for a complete equipment for the 
railway, On Saturday last these were not fully in- 
stalled, but rapid progress is being made with the 
work, and they will be in full operation shortly. The 
saving that will be effected may be judged from the 
fact that they replace 13 signal-boxes with two men in 
each per day, or, say, 26 men. If an extended trial 
should prove the reliability of the system, and there 
is no reason to doubt it, the managers of many branch 
lines will begin to consider if they cannot effect a 
similar economy. 

Before referring in detail to the apparatus used 
on this line, we will first give a general description of 
its method of working. The railway is nearly 7 miles 
in length, and is divided into 12 blocks and sections 


* For a description of this railway see ENGINEERING, 
vol. lii., pages 713 and 741, 


_ 


by 13 stations, Each block has a station at its 
commencement, and since the length of the blocks is 
short, the home and the distant signals both occur 
close to the stations, the former serving to admit the 
trains to the platforms, and the latter acting as start- 
ing signals to let them into the next sections. Let us 
imagine a train to be en route between stations No. 3 
and No. 4, and watch what happens. It is now pro- 
tected by the starting signal at No. 3 station, which 
stands at ‘‘danger,” and if the home signal at No. 4 
be down, it runs into the platform, where it is booked 
to stop, and as it does so, it automatically puts the 
home signal to danger. It is now protected by two 


iT 


signals, the starting signal at No. 3 station, and the 
home signal at No. 4. If the trains are running to 
time the starter at No. 4 is down before the train is 
ready to leave, and as soon as the passengers are seated 
the train again starts. Assoon as the train is completely 
past the starter, a device on the last carriage comes in 
contact with a lever projecting from a box on the per- 
manent way, and breaks an electric circuit, the result 
of which is that the signal goes to danger and protects 
the train. There are now three signals set to danger 
behind the train—the starter at No. 3 station, the 
home signal at No. 4, and also the starter at No. 4. 
A hundred yards or so further on the train passes 
another switch or treadle, by which it makes an electric 
circuit controlling the starter at No. 3 and the home 
signal at No, 4. The effect of this is to lower both 
these signals and to admit the following train to the 
preceding section, but to prevent all mischance, the 
starter at station No. 4 is included in the circuit in 
such wise that unless the signal stands at danger, the 
circuit is not completed, and the two preceding 
signals are not lowered. The reader will readily per- 
ceive that the safety is absolutely assured. First the 
train is protected by the starting signal, next by both 
starting and home signals, and finally by three signals, 
and that the former two of these cannot be lowered 
except when the last is raised to ‘‘danger.” The 
train runs forward, automatically blocking the line 
behind it for a certain distance, and then freeing the 
signals in the section still further behind, 

The necessities of railway service, however, are not 
completely provided for by such a simple system as 
this. Provision has to be made for shunting, and also 
for possible breakdowns. At Liverpool, where there 
are no junctions and there will be no goods traffic, the 
possibilities to be provided for are represented by a 
cross-over road at each station, and a double cross- 
over at the termini. In order to enable the automatic 
system to be successful, it must give security to shunt- 
ing trains. Let ussuppose that a train has run, as we 
have described, up to station No. 7, and for some 
reason it is desirable that it should be transferred to 
the down line and return to station No. 2. If a train 
should have broken down in the next section, our train 
will need to break the block to get in station No. ih 
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and to draw through it sufficiently far to pass the 
points. These points, however, will be so situated 
that the train will not pass the making switch, which 
lowers the starter at No. 6. When it has passed the 
points these are set by hand, provided the signals on 
the other line permit of it. As the trains are driven 
by electric power in each carriage the engines have not 
torun round them, and hence there is no need for a 
second cross-over road. The train enters the down line 
between the home and starting signals, and the problem 
now is how it is to drop the starting signal at No. 7 
station when it has passed No. 6 in the opposite direc- 
tion. To render this possible the main circuit is taken 
through a switch connected with the point lever, and 
when this lever is worked the circuits of the two lines 
are broken, and the parts are connected together in 
such wise that the conductor starting at No. 1 station 
follows the up line to No. 7, there crosses and 
runs back to No. 1 on the down line. Similarly the 
circuit commencing at No. 14 station follows the down 
line to No, 7 station, and then crosses, and returns by 
the up line to No. 14. It follows then that the traffic 
can be worked from No. 1 to 7 and back to No. 1 
without further thought on the part of the officials. 
Further, when the points are replaced the down traffic 
can be worked from No. 14 to No. 1, 

The signal arms are worked by long-pull electro- 
magnets invented by Mr. Illius A. Timmis, of 2, Great 
George-street, Westminster, the author and designer 
of the whole of the signalling arrangements on the 
Liverpool Overhead Railway. These magnets are a 
new invention, and give ten times the pull or power 
that the old long-pull magnet gave. In fact, a magnet 
measuring 7 in. by 5 in. in diameter, and working 
with a current of 5 amperes and 40 volts, will raise 
a weight of 56 lb. at a distance of 2in. When fitted 
to a signal the load upon it is, of course, far less than 
this. When the armature is down the pull is im- 
mensely increased, and advantage is taken of this 
to economise current, a very large resistance being 
automatically switched into circuit to reduce the cur- 
rent to about .25 of an ampere, which is amply suffi- 
cient to keep the signal at ‘‘ line clear,” in fact, .1 is 
sufficient. This reduction of the ‘‘ lowering” current 
to the ‘‘ holding” is a most essential feature. 

The disappointment which has hitherto followed 
attempts to operate signals by means of treadles, lends 
a special interest to the devices by means of which the 
circuits are made and broken by the train as it pro- 
ceeds. According to Mr. Timmis’s method the making 
and breaking switches are each operatedby a long arm 
standing by the side of the rails. This arm projects 
into the path of a bar on the side of the bogie of the 
last carriage of the train, and is moved by it through 
an angle of about 45 deg., and held there while the train 
is moving through 24 ft. In order to deal with greater 
speeds, Mr. Timmis is now fitting electric relays in 
these contacts and doing away with the projecting 
arms or bars. his connection is now made for nearly 
two seconds in the case of a train stopping or start- 
ing at a station, which is a very long time from 
an electrical point of view. The contact surfaces are 
long, and move over each other with considerable 
friction to insure that they shall always be kept bright 
and clear. The contacts on the starting signal are made 
by means of mercury—a plan that has now had several 
years’ successful trial on railways. The two contact 
plates are fixed within a vessel containing mercury, 
and, in this case, are fitted on the signal arm; 
in one position of the vessel the mercury flows away 
and leaves the contact pieces separate and insulated ; 
in another position the mercury flows over the contact 
pieces and connects them; but the current is never 
broken by the mercury leaving the contacts. 

There is one point that is absolutely essential to all 
systems of signalling—namely, that any breakdown of 
the apparatus must put the signals to ‘‘danger.” In 
the case before us it will be seen that the signals are 
pulled down and held down by the action of the elec- 
tric current, and that if this fails they will immediately 
go to danger and block the line. Further, as the 
current traverses the entire system of a block, includ- 
ing line, magnet, and switches, the failure of any one 
part of the whole will immediately restore the signal 
to ‘‘ danger ” if it be down. 

Having thus described the general system of work- 
ing of the automatic signalling system, we will turn to 
Fig. 1, which shows diagrammatically the arrange- 
ment of the station, signals, and circuits. It will be 
noticed that the first station is marked No. 2; even- 
tually there will be a No. 1 station further to the left, 
but for the present No. 2 acts as the terminus. The 
special signalling arrangements at the station No. 2 
and 14 are shown in Fig. 2, and will be referred to 
later. For the present it will be sufficient to imagine 

a train in progress between stations 2 and 3, and ap- 
proaching the latter. Just before it clears the home 
signal A, which is, of course, down, it passes the 
breaking contact B, and in so doing sets the signal to 
danger by breaking the electric circuit. This circuit 
commences at the line wire, which is connected to one 
terminal of the battery in the station ; it then runs to 
the box or the signal post, and is directed by a pair of 


contacts through a resistance coil to the coil of the 
magnet ; from the magnet it passes to the treadle B 
operated by the train, and thence to the general nega- 
tive main on the other side of the line. At B there 
are actually two separate contacts, which are broken 
in succession, to remove all chance of failure. With the 
home signal behind it at danger the train stops at No. 
3 station. When the starting signal C drops it moves 
on again, and as it passes the signal the train puts it 
again to danger by means of the contact D, as alread 
explained with reference toB, Two hundred feet further 
on is the making contact EH, which lowers the advance 
starter at No, 2 station and the home signal at No. 3. 
The circuit of the latter is from the contact H, through 
a mercurial contact on the starter arm C, along the 
wire to the home signal A, through the magnet and 
the breaking contact B to the battery on the down 
platform, and thence back to the contact E. Imme- 
diately the magnet makes its stroke and pulls off the 
signal a new circuit is set up by contacts in the box 
on the signal post. The new circuit runs from the 
breaking contact B, through the magnet coil and the 
resistance to the battery, and back to the contact B. 
The train now runs forward to station No. 4, as 
already explained in relation to station No. 3. 

The circuits for the crossover road are also shown 
in Fig. 1. There is a switch on the down platform, 
No. 3 for instance, which is locked by the key that 
releases the point lever, and therefore it must be 
turned before the points can be set. The key is 
kept in a box on the home signal post, and when it 
is removed the signal goes to danger automatically ; 
if at line clear, and if already in that position, it 
remains so, the removal of the key releasing a mecha- 
nical slot. By this means the electromagnet which 
works the signal is not interfered with, and when the 
crossover road is again restored for through working, 
and the keys are taken out and replaced in the home 
signal, the electric condition of these signals is 
restored. 

The arrangements of the terminal stations is shown 
in Fig. 2. Here Sykes’ bars are used to lock the 
points, the various connections in Fig, 2 being shown 
by the following Tables : 


TABLE I1.—Arrangements at Station No. 2. 
Train on bar No. 1. No. 7 signal up. 


” 2? ” 


ees 3g ak eS 
off bar 3. ,, 4 signal down and No. 5 


up. 

3and 6 points closed, No. 5 signal 
down, No. 4 up, No. 7 up. 

2. No. 9 signal down and No. 10 


up. 

2 and 8 points closed, No, 10 
signal down and No. 9 up. 

1. No. 7 signal down. 

1 and 6 points closed, No. 7 signal 
up. 

TaBLE I1.—Arrangements at Station No. 14. 
Train on bar No.1. No. 6 signal up. 


” a9 2. 39 39 5 
” ” 3. ,, 8and 9 signal up. 
3» Off bar 3. ,, 8signal down and No, 9 


up. 
3 and 5 pore closed, No.8 signal 
up, and No. 9 down. 
2 and 4 points closed, No. 7 signal 
down and No. 6 up. 
on 1. No. 6 signal down and No. 7 
up. 

The expenditure of electric energy in working the 
current is very small. Each station comprises four 
signals, each worked with a lowering current of 
5 amperes and 40 volts, and with a holding current of 
.25 amperes and 40 volts. With a 3 minutes’ service 
for 20 hours a day, each signal will be lowered 400 
times, requiring 400 x 1 x 5 = 2000 ampére-seconds, 
or (say) .5 ampére-hours per signal per day. The 
entire station would require 80 watt-hours per day, 
and the total system 1040 watt-hours. This, however, 
does not include the lowering currents. Assuming 
each signal to be held down 13 minutes, it will be 
down 600 minutes per day, requiring 150 ampére- 
minutes, or 2.5 ampére-hours, or five times as much 
as for lowering. The total expenditure over the 
whole railway for the whole day, therefore, amounts 
to 6240 watt-hours, which at 8d. per kilowatt-hour 
costs 4s. 2d., or the cost of a single signalman’s wages 
for the day. 


BRIDGE OVER THE MISSISSIPPI AT 
MEMPHIS, TENNESSEE. 

WE give on page 166 this week a view of the 790-ft. 
cantilever span of the fine bridge across the Mississippi 
at Memphis, Tennessee, which was completed in the 
spring of last year. We shall shortly publish further 
illustrations of the bridge, and shall reserve a detailed 
description of the structure till then, but in the mean- 
time we may state that the bridge was built to the 
designs of Mr. George S. Morison, of Chicago. The 
bridge has a total length of 4988 ft. 9in., of which 
2290 ft. 74 in. consists of an approach viaduct, on the 


western shore of the river. The principal spans, how- 
ever, are the cantilever channel span of 790 ft. 5 in., 
and two ordinary truss spans of 621 ft. each, to the 
west of the cantileverspan. In addition there are two 
smaller spans of 338 ft. 9 in. and 225 ft. 10 in, respec- 
tively, which, with an approach of 101 ft. on the east 
of the anchorage, make up the total. It will be seen 
that the bridge ranks high both as regards cantilever 
and ordinary truss spans. The former, omitting sus- 
pension bridges from consideration, is exceeded in 
length only by the Forth and the Jukhur Bridges, 
The bridge gives a clear headway of 75 ft. 4 in. above 
high-water, and 109 ft. 11 in. above low-water, so that 
it makes no obstruction to the passage of large vessels. 
The deepest foundation was 96 ft. 3in. below water, 
and it was sunk by the pneumatic process. 


LAUNCHES AND TRIAL TRIPS. 

On Monday, January 30, there was launched at Pem- 
broke Dockyard Her Majesty’s ship Cambrian, one of the 
cruisers for which provision was made in the Naval 
Defence Act. The displacement of the Cambrian when 
fully equipped and ready for sea will be 4360 tons. She 
is 320 ft. long, her extreme breadth is 49 ft. 6 in., and her 
depth of hold 15 ft. 6in. When completed and ready for 
commission, with ammunition, stores, and all equipments 
on board, her mean draught will be 19 ft. Her upper 
deck will be 14 ft. 3 in., and the centre of her midship 
guns 18 ft. above the water-line. The hull of the vessel, 
which is built of #-im. and 4-in. s‘eel plates, is sheathed 
with wood, 34in. thick, to the height of about 1 ft. 
above the water-line. A protective deck of varying 
thickness extends throughout the whole length of 
the ship. Her circular conning tower, situated on the 
forecastle, is formed of 3 in. steel armour-plates, the top 
or covering plate being 1 in. in thickness; her torpedo 
director tower, situated nearer the stern, is wholly built 
of 3-in. steel plates. Her engines have been manufac- 
tured by Messrs. Hawthorne, Leslie, and Co., of New- 
castle-on-Tyne. Like her sister vessels, she is to be fitted 
with twin vertical triple-expansion engines, the diameters 
of the cylinders being, high-pressure, 33 in. ; intermediate 
pressure, 49 in. ; low-pressure, 74 in. The engines are to 
make 140 revolutions a minute, and to develop, under 
forced draught, during a continuous sea trial of four hours, 
9000 horse-power, and with ordinary draught, 7000 horse- 
power. The estimated cost of the hull is 14,0002., and of 
the engines and auxiliary machinery 50,0007. 

On Thursday, the 26th ult., the new hopper dredger, 
Southampton, constructed by W. Simons and Co., 
Renfrew, to the order of the London and South-Western 


Railway Company for the improvement of the South- - 


ampton Port, underwent its steaming and dredging 
trials on the Clyde with most satisfactory results. The 
buckets have capacity to raise over 500 tons of material 
per hour, and to dredge to a depth of 40 ft. below the 
water level. The vessel, after loading the hopper in 65 
minutes, proceeded to the Gareloch, where a trial of speed 
took place, runs being made with and against the tide, 
with a result that fully 1 knot over that contracted for 
was obtained. Z 


The s.s. Turret, the first example of Messrs. W. 
Doxford and Sons’, Limited, new type of cargo steamer, 
left the Wear for trial on Saturday, the 28th ult., which 
passed off satisfactorily. The behaviour of the vessel was 
much admired, the motion being very easy in a beam 
sea. The registration societies were represented by Mr. 
Courtie Dutton, of Glasgow, and Mr. Taylor, of New- 
castle. There were also many other gentlemen present 
interested in the various matters connected with the 
vessel. The vessel has been built to the order of Messrs. 
Peterson, Tate, and Co., of Newcastie. 


There was launched on February 2, by Messrs. C. T. 


Swan and Hunter, Wallsend, a steel screw steamer named 


Zeno, of the following dimensions: Length over all, 


326 ft. 6 in. ; breadth, 41 ft.; depth moulded, 23 ft. 2in. 
The vessel has been built for Messrs. Turner, Brightman, 
and Co., London, and will be engined by Messrs. Gourlay 
Brothers, Dundee, the dimensions of her cylinders being 
23 in., 38 in., and 61 in. by 42 in. stroke. 


The s.s. Trocas, which is being constructed for Messrs. 
M. Samuel and Co., London, was Jaunched from the yard 
of Mr. James Laing at Sunderland on the 3lst ult., 
having been built to the designs of Messrs. Flannery, 
Baggallay, and Johnson, of Londonand Liverpool. The 
vessel has13 oil tanks capable of containing about 5000 tons 
of oil, and is fitted with ventilating gear to allow of her 
taking a general cargo on her return voyage. Her loading 
dimensions are 347 ft. long by 45 ft. 6 in. beam by 28 ft. 
6 in. moulded depth, and she will be driven by engines 
built by Messrs. George Clark, Limited, having cylin- 
ders 26 in., 423 in., and 69 in. in diameter by 45 in. stroke, 
supplied with steam from three large boilers at 160 lb. 
pressure. ; 


The steamship Sibun, now being built to the order of 
Messrs: Jones, Price, and Co. of London, under the 
inspection of Messrs, Flannery, Baggallay, and Johnson, 
of London and Liverpool, was launched from Messrs. 
John Blumer and Co.’s yard at Sunderland, upon the Ist 
inst. She is 260 ft. long, 37 ft. beam, and 17 ft. depth to 
top of cellular bottom. Her engines will be supplied by 
Messrs, George Clark, Limited, Sunderland. 


On Thursday, February 2, there was launched from the 
yard of the Tyne Iron Shipbuilding Company, Limited, 


of Willington, Quay-on-Tyne, an iron and steel screw 
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steamer built to the order of Messrs. The Red “R” 
Steamship Company, Limited, for whom Messrs, 
Stephens and Mawson, of Newcastle-on-Tyne, are the 
managers, and of the following dimensions, viz. : Length, 
335 ft. ; breadth, 43 ft. ; depth, 25 ft. 3in. The engines, 
which are to be supplied by Messrs. Blair and Co., 
Limited, of Stockton, are of the triple-expansion type, 
having cylinders 24 in., 40 in., and 65 in. in diameter by 
4? in. stroke, and to work at a pressure of 160]b. On 
leaving the ways the vessel was named the William 
Stows. 


MISCELLANEA. 


REFERRING in our issue of January 6 to the Berliner 
Elektricitits-Werke, we stated that this company paid a 
tax of 2700/. to the city corporation. We learn, how- 
ever, that in addition to this the company pay an addi- 
tional tax of 10 per cent. on the gross receipts, amounting 
to 13,1238/. in the year 1891-2, 


The Russian Government intend shortly to impose a 
special duty upon foreign goods conveyed from one 
Russian seaport to another in foreign vessels. The object 
of this measure is to restrict, without altogether pro- 
hibiting, this portion of the carrying trade of foreign 
countries whose shipping competes with Russian vessels. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended January 29 
amounted, on 16,4524 miles, to 1,286,580/., and for the 
corresponding period of 1892, on 16,378 miles, to 
1,295,515/., an increase of 734 miles, or 0.4 per cent., and 
a decrease of 8935/., or 0.6 per cent. 


A list of steamers laid idle has been compiled. It 
shows that 532 areso laid up in various British ports, 
the net register tonnage being 532,281. The gross register 
tonnage is about 734,500, equal toa deadweight carrying 
capacity of about 1,100,000 tons. Some of these are 
liners waiting for the season trades ; a few are new vessels ; 
but many are of the older type, which cannot be worked 
profitably at the current rates of freight. 


We learn that the business hitherto carried on by 
Messrs. Smith and Stoker, at Eaglescliffe Iron Works, 
Stockton-on-Tees, has now been converted into a limited 
company under the style of the Eaglescliffe Iron Com- 
pany, Limited, and is carrying on business at the same 
address. Mr, T. Perceval Wilson, of Easton and Ander- 
sons, Limited, is chairman of the company, Mr. Smith 
and Mr, Stoker have also joined the board. 


The Board of Trade returns for the month of January 
show that the total declared value of imports and exports 
of produce into and from the United Kingdom during 
the past month, as compared with the same period of 
the previous year, were officially returned as under :— 


a Exports. 
£ 

1893 33,128,888 1893 18,026,019 

1892 38,485,244 1892 19,146,704 


For the year 1892-3 the locomotives of the Prussian 
railways will travel an aggregate of 321,000,000 locomo- 
tive-kilometres, according to the preliminary calculations. 
One million of locomotive-kilometres require 9795 tons of 
coal and 174 tons of coke, so the requirements for the 
year will be 3,114,195 tons of coal and 55,854 tons of coke. 
The prices are calculated at 13 marks 17 pf. (about 13s. 
24.) for coal, and 21 marks 62 pf. (about 21s. 74d.), entail- 
ing an aggregate expenditure of some 2,130,000/. This 
does not include the fuel for stationary boilers, heating 
of offices, &c. 


A prominent firm of iron and steel merchants at 
Chicago state that, owing to the very extensive adoption 
of soft steel, many boilermakers are forgetting how to 
use iron, and when the latter is now supplied for any 
special purpose it is very often spoilt in flanging, through 
the workmen attempting to treat it as they would steel. 
They had so many complaints on this score, that, in a 
circular to their customers, they have thought it necessary 
to point out that it should be remembered, in ordering 
iron for any part, ‘‘ that it cannot be flanged against the 
grain, and can only be flanged at a high heat, and with 
the greatest care.” 


The directors of the Brush Electrical Engineering 
Company, Limited, have declared an interim dividend 
at the rate of 6 per cent. per annum on the preference 
shares, and at the rate of 5 per cent. (the maximum 
which, according to the articles of association, can be paid 
as an interim dividend) on the ordinary shares of the 
company for the six months ended December 31, 1892, 
payable February 27, 1893. The transfer books of the 
company will be closed from the 13th to 28th inst., both 
inclusive. Mr. Emile Garcke has resigned his seat on 
the board of directors on becoming managing director 
to the Electric Construction Corporation, Limited. 


A solder for aluminium, the invention of Professor 
J. W. Richards, of the Metallurgical Department, Lehigh 
University, which is said to be satisfactory, is now being 
introduced into this country by Mr. W. A. Briggs, of 
87, High-street, Dundee. According to the inventor, the 
difficulty which has hitherto arisen in soldering alu- 
minium is the rapidity with which a clean surface of the 
metal oxidises when exposed to the air. To prevent this, 
Professor Richards has made a solder which contains its 
own flux, and with which it is claimed thoroughly sound 
joints can be made, not only between two pieces of 
aluminium, but also between aluminium and brass, iron, 
copper, or German silver. 


In a blue-book just issued by the Science and Art 
Department, we find in addition to a calendar and a 
general summary of various regulations, a short history of 
the rise and progress of the Department from its incep- 


tion in 1835, at which date a committee was appointed to 
inquire into the best means of extending a knowledge of 
the arts and principles of design in the country. The 
committee was reappointed in 1836, and recommended the 
establishment of schools of design, and, in accordance 
with thisadvice, a school was opened at Somerset House 
in 1837. Modifications were made in the following years, 
and the Science Department was added in 1853. The 
Parliamentary vote for the Department was 64,675. in 
1867, and 605, 954/. in 1892-3. 


Mr. F. Caws, Sunderland, with the object of obtaining 
the speed and power results of a ship from experiments 
with a model conducted on a small scale, propels the 
model by a pendulum, the mathematical properties of 
which in its relation to force and resistance have been 
worked out and marked on a graduated arc, enabling the 
designer to gauge how much resistance the model of the 
ship offers to a pendulum when moving through the water 
at acertain rate of speed. The law of comparison of 
speed and power for ships of full size, and models of any 
scale having governed the calculations on the arc, the ex- 
perimenter can read off the knots and effective horse- 
power for the full-sized ship direct from the instru- 
ment. 


Special illuminations can be had at the World’s Fair on 
payment of 32s. for each 16-candle power light for the 
period from May 1 to October 31. The rate for steam 
power is 8. per horse-power. Those requiring only 
occasional power will be charged 24. per horse- power per 
hour. The charges for electric power, exclusive of a fee 
of 27. or 3l. for making connection with the main cable, 
are: 


dols £ 

For } horse-power and less ... 20 = 4 
», } to 4 horse-power ae 40°=" 8 
Cos to | ae: a tame Vor ae 1h 
ee litors 7 (per Eee 70. — 14 
Mee oe 60 = 12 
», more than 3 horse-power _,, 50 = 10 


The manufacture of the Whitehead, or its near relative 
the Schwartzkopf, torpedo, has of late been naturalised 
in several countries. France has erected the necessary 
plant at Toulon, Spain has begun the work upon a small 
scale at Cartagena, and Messrs. Bliss, of Brooklyn, New 
York, have been able to undertake an order from the 
United States Government for 100 18-in. weapons capable 
of carrying a chargeof 1201]b. of gun-cotton. Some of 
these American Whiteheads have been already delivered. 
Mr. Whitehead’s own factory at Fiume still, however, 
receives many foreign orders. It has just executed a large 
Italian order for 18-in. torpedoes of 32 knots’ speed, a 
Chilian order for weapons of the same type to carry a 
220-lb. charge, a French order for weapons of 20.5 knots’ 
speed to carry a 198-lb. charge, a British order, and an 
reds order for torpedoes similar to those supplied in 

rance, 


At the last meeting of the Owens College Engineering 
Society, held in the college on Tuesday, January 31, Mr. 
Harry Pollitt, of the Manchester, Sheffield, and Lincoln- 
shire Railway, contributed two paper, viz., ‘‘On Train 
Lighting” and ‘‘Carriage Warming.” Mr. Pollitt re- 
ferred to the various systems of train lighting by elec- 
tricity and oil gas, holding that as yet the latter was 
the best system, as, by only a slight addition to the weight 
of a carriage, the lamps could be fed for 24 to 36 hours 
without recharging. The paper on ‘‘Carriage Warm- 
ing” dealt principally with two systems, viz.: Messrs. 
Gresham and Craven’s hot water system and the storage 
heater of Mr. Laycock, of Sheffield. The first system is 
merely a circulation of hot-water throughout the train 
from the locomotive and back to the tender, where it dis- 
charges itself. In the latter system steam is circulated 
round the train for about 15 minutes, then cut off and the 
heat is radiated from the storage heaters for four hours. 


We have received from Mr. T. Jones, M.I. Mech. E. 
of 27, Barton-street, Moss Side, Manchester, a number of 
excellent models for the teaching of solid geometry and 
the geometry of the slide valve. The former set consists 
of six models, constructed out of stiff paper, and arranged 
to be bent so as to show the vertical and horizontal planes 
in their proper positions. Flaps cut through the card 
show very clearly the relation between cones and tangent 
planes ; whilst a short length of cotton passing through 
a point in each plane serves asa line, the elevation and 
plan of which are represented on the models. The slide, 
valve models are also of stiff paper, and show the action 
of the short D slide, long D slide, piston valve, and ex- 
pansion valves. The valves are shown in their proper 
position on the valve face of the cylinder, and can be 
moved up and down so as to open and close the ports. 
Diagrams showing the relative positions of the crank 
and eccentrics are also added. The models, which are 
produced at an exceedingly reasonable cost, will be of 
much service. 


We note that quite a number of English inventors 
have subscribed to the ‘‘ Paris Academy of Inventors.” In 
one case, we know, and probably in others, the Academy 
sent a circular to an inventor as soon as his name was 
published as having taken out a provisional specification, 
informing him that he had been elécted an honorary 
member of the Academy for his important invention, and 
had been awarded the great gold medal (gilded) of the 
academy. The circular went on to invite him to send 
2l. to pay for this medal and the diploma accompanying 
it. In this instance no notice was taken of the circular, 
but others appear from a set of testimonials accom- 
panying the circular to have been less wary. Had the 

‘academy’ waited till the publication of the complete 
specifications, its action would have appeared less ques- 
tionable, but acting as it has done, it is obvious it neither 
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knows nor cares what the invention is to which it awards 
its diploma, as until the patent is completed its title 
only is published. Even from this fact alone readers 
should, therefore, have no difficulty in drawing correct 
conclusions as to the bond fides of the whole affair. 


At the meeting of the Civil and Mechanical Engineers’ 
Society, held on Thursday, February 2, a paper was read 
by Mr. G.S. W. Rogers, C.E., on ‘‘ Sanitation (Drainage, 
Ventilation, and Water Supply).” The author dealt with 
the first part of his subject by pointing out the different 
methods of dealing with the sewage of isolated buildings 
where there is no public sewage scheme; the proper 
laying out of land for the application of sewage to it; the 
precautions to be observed in the carrying out of a system 
of drainage; the construction of manholes, testing, and 
aying pipes; gradients; the best method of obtaining 
good ventilation ; the jointing and trapping of pipes; the 
best situations for closets, urinals, flushing tanks, &c. 
The second part of the paper, ventilation, described 
different modes in use in large buildings, and gave some 
rules for calculating areas of induction and abduction 
tubes, &c., and the author pointed out some of the pre- 
cautions necessary to be observed, and some of the very 
common mistakes made. In dealing with water supply, 
attention was drawn tothe danger of shallow wells, and 
some remarks were made on the precautions required to 
avoid pollution, 


The first ordinary meeting of the Society of Engineers 
was held on Monday evening, February 6, when the 
premiums awarded for papers read during the year were 
presented by Mr. J. W. Wilson, jun., the retiring president. 
They were as follows: ‘‘The President’s Premium” to 
Mr. W. H. Holttum, for his paper on ‘‘ The Use of Steel 
Needles in Driving a Tunnel at King’s Cross;” the 
‘* Bessemer Premium ” to Mr. A. G. Drury, for his paper 
on ‘‘ The Shortlands and Nunhead Railway ;” a 
‘*Society’s Premium” to Mr. B. A. Miller, for his paper 
on ‘‘The Cleansing and Ventilation of Pipe Sewers ;” 
and a ‘‘Society’s Premium” to Mr. S, Sellon for his 
paper on ‘* Electrical Traction and its Financial Aspect.” 
The new president, Mr. W. A. Valon, J.P., then took the 
chair and delivered his presidential address, in which he 
dealtlargely with the question of water supply to London, 
arguing that much more water could be obtained from the 
underground waters in the surrounding neighbourhood 
than was done at present, stating that in his opinion the 
supply from the chalk was the best and purest that could 
be had. Turning to the question of drainage he de- 
scribed the methods adopted at Margate, Ramsgate, and 
at other coast towns, and referred to the important works 
now in progress at Dover. 


GUBBIN’S PNEUMATIC TyRE.—The success of the pneu- 
matic tyre in reducing the tractive effort required to 
propel a vehicle has been very remarkable, and though it 
is easy to explain now why its use should reduce the 
rolling friction between the wheel and the road, its 
advantages in this respect were, we believe, entirely un- 
anticipated. These tyres have, however, their drawbacks. 
They are liable to puncture, and in many cases the punc- 
tured tube is difficult to get at. Many devices have been 
adopted for facilitating this, and, amongst others, Mr. R. 
R. Gubbins, of 95, Pelton-road, East Greenwich, 8.E., 
has brought out one in which the outer cover is fixed in 
position by lacing which can readily be undone, allowing 
easy access to the inner tube. The wheel rim is drilled 
with a row of holes along each edge, corresponding holes 
being punched along the edges of the cover, and the two 
are laced together by a peculiar sort of ‘‘ crotcheting.” 
The crotchets loops pass over buttons at intervals, so 
that any part of the cover can be fastened or unfastened 
as easily as a pair of leggings. 


DratH or Mr. Grorce Maturws Wutprie.—We 
take the following from yesterday’s Times: The death 
took place yesterday at his residence, in Richmond, of 
Mr. George Mathews Whipple, superintendent of the 
Kew Observatory. Mr. Whipple had suffered from a 
painful internal complaint, but until a fortnight ago he 
was approaching convalescence, and his death was there- 
fore unexpected. He was 50 years of age. He entered 
the Kew Observatory in 1858, and in 1862 became mag- 
netic assistant. In 1866 the first set of results of sun-spot 
measurements was published, under the title of ‘‘Re- 
searches on Solar Physics.” Most of the measurements 
were Mr. Whipple’s, and subsequent editions of the work 
were under his direction. Mr. Whipple made a special 
study of wind force and wind velocities. He was, 
throughout the greater part of his life, constantly carry- 
ing on experiments with a view to determine wind 
force and to find out what were the best instruments 
for securing accuracy of results. In 1874 he made 
a series of experiments at the Crystal Palace with 
the object of finding the constants of Robinson’s ane- 
mometers; these were afterwards continued in another 
form, in conjunction with Mr. Dines. Mr. Whipple de- 
signed the apparatus used for testing the dark shades of 
sextants and other optical instruments; and also intro- 
duced several improvements in the Kew pattern magnetic 
instruments. In 1873 he was engaged with Captain 
Heaviside in making a series of pendulum experiments to 
determine the force of gravity. In 1881 these experiments 
were repeated in association with Major Herschel, 
F.R.S., and in 1888 with General Walker, F.R.S. He 
has contributed a number of important papers to the 
Royal Society. He was appointed superintendent of 
Kew Observatory in 1876, and for the past 16 years he has 
also contributed results of investigations to the Royal 
Meteorological Society and to photographic publications. 
The magnetic part of the report of the committee of the 
Royal Society, which met to discuss the Krakatoa erup- 
tion and the subsequent phenomena, were written by him, 


[Fex. 10, 1893. 


O 
Zs 
-— 
aa 
aa 
jaal 
A 
— 
O 
A 
(aa 

Ae 

4 

} 

(POT ebog aas ‘anonr LOW) 

<e) 
— ‘OOVOIHO “YAUNIONA ‘NOSIYOW ‘S HOUOUD “YW 


IC ICES) 


ANNAL SIHdWAW LV ‘IddISSISSIN UHAIN AHL YHAO Wodldd 


4 


ERS 


see. 


ie 


. 


LIBRARY 
> OFTHE 
UNIVERSITY OF ILLINOIS 


| 


25255 
Oost 


gf 


i 
fe).—- 


5 if Ke 
Or RANSZ ] 
SASF is 4 
- pn PAE 
A z ' 

ep 068 == a ; 

: NSS 

LZ 7 

ch 


-—-- ols -~--> 09/K—-- 0£$—-->We---—---~---------- 008°! 
' 1 


BE Ue Rea 


ee a, 


eel} 
Guon 


021°9 ----------------- 


(PLL abvg vas ‘uoydivosaq 407) 


NAGNALNTYAIAS WATLOWOOOT “LENOSNOd AG “W dO SNDISHC WH WOW ‘“LYOMIAL ‘SHAOINVOAI SNOLLOAMISNOO SAA ANNAIOVSTV SLAIOOS WI Ad AALONULSNOOD 


ao te O AVMaItived INAH LION AHL YOu SAITONOIOMeSSatd xa GNI edii@s 


‘S681 ‘OL AUVaUEEY “ONTUWPANIONG 


(esnssasd ybiy ) ssepuydo yo 


wiod puly 4of MI195 buissaddag 


ee ATTA, 
—————— a USRSUit 


EMSS NS 


Go. 


oe 


‘ 
i A 
Topi tt OR : 
Ties 


Uy 


NS fsnssasd mop) ssepuydo Jo 
Jind yuou Jo, Matas Buisdarcy ” 


Yi, 


Li 
OANA 
= 


SENN 


Ly 


Ra 
ef 
CE, 


Yy 
4 fy 


WS 


| 
Lee Why S ' 
CN LLL, ZIJN 


SMM IMME LA 


Vj 


ge 
Z3 


eS 

WAL NG SW 
= UNS 
te 


Le 


WET 
SENGEN iN 


Gs 
WN 


4 Cee Ullltdlll 6s 


Die 
iL, 
Si 


NS 
NN N x 
N NON 
N IN| IN 
N at LS o4 N 
N Si INT Ne 
Nie 3 INEIN 
Ni at IN NY 
Ss si! IN iS 
S| > IN NY 
GEN 
a(G>s 
Ss A 
ic) 
eK 2B BES 


~s 


2 Ove! 


| a ee econ 
y Ss ESS aaa 
i] 


Vhe- p = 

Ce = at 
PN 
P Th 


ween YI 


LOY IIE i, 
Q 
% 


| 


a 2 P 
ae 
H-— 


AMER 7-2 


a 
uy 


rk 

UI kK 
WIAA 
ietgn Sta ietens 


+ 
¢ 
i 
iu 
f 
’ 
2 ¥ 
* 
\ 
> 
' 
¥ 
’ 
- 
\ 
5, >. 
’ ‘ 
‘ 
x 
‘ 
i 
‘ 
‘ 
. . 
s4 ; 


“LIBRARY 
OF THE 
UNIVERSITY OF ILLINOIS 


\ 


Fes. 10, 1893. | 


ENGINEERING. 167 


AGENTS FOR “ENGINEERING.” 


Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse, 

Cargz Town: Gordon and Gotch. 

EpineurGi: John Menzies and Co., 12, Hanover-street. 

Francr, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque; M. Em. Terquem, 31>is Boulevard Haussmann, 
Also for Advertisements, Agenve Havas, 8, Place de la Bourse. 
(See below.) 

GerMAny, Berlin: Messrs. A. Asher and Co., 5, Unter den Linden. 

Leipzig: F, A. Brockhaus. 
Mulhouse: H, Stuckelberger. 
Guascow: William Love. 
Inp1A, Calcutta: Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

Iraty: U. Hoepli, Milan, and any post office. 

LiverPoou: Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 

New Sourn Watss, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street. Gordon and Gotch, George-street. 

QUEENSLAND (SourH), Brisbane : Gordon and Gotch. 

(Nort), Townsville: T, Willmett and Co. 

RorreRDAM : H, A. Kramer and Son. 

Sourn AustTraiA, Adelaide: W. C. Rigby. 

Unirep States, New York: W. H. Wiley, 53, East 10th-street 

Chicago: H. V. Holmes, 44, Lakeside Building. 

VicrorrA, MgLBourneE : Melville, Mullen and Slade, 262/264, Collins- 

street. Gordon and Gotch, Limited, Queen-street, 


NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher. Mr. CARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States, Mr. W. H. Wizey, 58, East 10th-street, New York, 
and Mr. H. V. Holmes, 44. Lakeside Building, Chicago. The 
prices of Subscription (payable in advance) for one year are: For 
thin (foreign) paper edition, 1/. 16s, 0d. ; for thick (ordinary) 
paper edition, 2/. 0s. 6d., or if remitted to Agents, 9 dollars for 
thin and 10 dollars for thick. 


ADVERTISEMENTS. 
The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must aczompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early witha portion of the edition, 
alterations for standing Advertisements should be 
received not later than 1 p.m.on Wednesday after- 
noon in each week. 

The sole Agents for Advertisements from the Con- 
tinent of Europe and the French Colonies are the 
AGENCE HAVAS, 8, Place de la Bourse, Paris. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the publisher, 
post free for Twelve Months at the following rates, payable in 
advance :— 


For the United Kingdom...........++0+- £19 2 
», all places abroad :— 
Thin paper copies 
Thick - 

Allaccounts are payable to the publisher, Mr. CHARLES GILBERT. 
Cheques shou!d be crossed ‘‘ Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

When foreign Subscriptions are sent by Post Office Orders 
advice should be sent to the Publisher. 

Foreign and Colonial Subscribers receiving 
Incomplete Copies through News-Agents are re- 
quested to communicate the fact to the Publisher, 
together with the Agent’s Name and Address. 

Office for Publication and Advertisements, Nos. 
35 and 36, Bedford-street, Strand, London, W.C. 


TELEGRAPHIC Appress—ENGINEERING, LONDON. 
TeLernove NuMBER—3663, 


ENGINEERING is registered for transmission abroad, 


Reapine Cases.— Reading cases for containing twenty six 
numbers of ENGINEERING may be had of the publisher or of any 
news-agent. Price 6s. each, 


CONTENTS. 


PAGE | PAGE 
American Industries and |The Practical Measurement 
British Commerce. No. | of Alternating Electric 
V. ((llustrited).........- Currents (Jilustrated).... 168 
The Institution of Mecha- |The Weather of January, 
nical Engineers.......... PROSE ei wieleteere ainiesass cies 
Hydeaule Channel and The Development and Trans- 
Anzle-Iron Shearing Ma- mission of Power from 
chine (Illustrated) ...... Central Stations (Jllus- 
Alvernate Current Dynamo trated).....+.---++00s wee 1 
(/llustrated) .... Electric Balloon Signalling 171 
Notes from Cleveland and Notes (Illustrate) 172 
the Northern Counties .. 
Notes from South Yorkshire 
Notes from the South-West 
Notes from the North...... 
The Water-Spout Pulsating 
Steam Pump (/llustrateo) 
Tho-nycroft’s Screw Tur- 
bine Propeller (/llus.) .. 162 
Autcmatic Signalling Sys- 


' The S.S. ‘Great Britain” .. 173 
A New Centrifugal Pump .. 173 
Hook and Eye Making Ma- 

chinery (Illustrated) .... 173 
Mr, Stretton’s List of Loco- 
| motives 
\Taxation of Machinery .... 
|Bridges on the Transandine 
| Railway .. 173 


tem: Liverpool Overhead Thompson’s Flexible Back 
Railway (Illustrated) .... 163 | Saw Blades........- races ee 74 
Bridge over the Mississippi Braithwaite and_ Kirk’s 


at Memphis, Tennessee Bridge Flooring (Jllus.).. 174 


(Illustrated) .......00008 164 Compound Express Loco- 
Launches and Trial Trips .. 164 motive for the Northern 
Miscellanea........e.++0- .. 165 | Railway of France (Zllus.) 174 
The Liability of Employers Industrial Notes .......... 175 

for Accidents to Work- Screw Propellers (Iilus- 

PBT eve neice detewa.oe 107, |\| O@lCE) co cacaeseg ese a ay Lait 
Manchester Canal Financial | “Engineering” Patent Re- 

Difficulties .............. 168 || cord (Illustrated) ...... 179 


With a Two-Page Engraving of “COMPOUND EX. PRESS 


LOCOMOTIVE FOR THE NORTHERN RAILWAY OF 


FRANCE,” 


aside to make this provision. The employer 
is generally ready to add, to whatever fund 
is thus established, a moiety, at least, of the 
amount provided by the workmen, and the 
fund being jointly administered, it affords a desir- 
able and a useful opportunity of bringing the two 
sides together, and enabling them better to under- 
stand and appreciate one another. The funds pro- 
vided in this way in the principal mining districts 
have been very considerable, but in some localities 
the recent course of the furd has not been satis- 
factory. In Northumberland, only a few weeks 
ago, a meeting was held for the purpose of look- 
ing into this insufficiency of income, and it was 
stated that there was a deficit of large amount, 
which would have to be provided for somehow. 
This was attributable, in large part, to the great 
dulness of trade, and to the increase of claims upon 
large bodies of miners, in consequence of the pre- 
valence of strikes, and other labour troubles. At 
the present moment, indeed, in spite of the excel- 
lence of the voluntary system, considered as a 
matter of principle, it almost looks as if it were 
liable to break down, and if this system should 
come to grief for mining industries, we are very 
likely to be face to face with a proposal that would 
be but a little way removed from State Socialism. 
Some leading statesmen, indeed, have already gone 
so far as to recommend the German system in 
principle, if not in detail. Mr. Chamberlain would 
make employers wholly and solely responsible for 
the indemnification of those who suffer accidents in 
their employ, and he suggests that the tax so levied 
upon capital should be recouped by an increase of 
the price of the commodity produced, so that, in 
the long run, the expenditure incurred should be 
paid by the general public, as consumers. Other 
leading politicians who have been tinkering at this 
question more or less for a considerable time past, 
have gone as far as Mr. Chamberlain, and the 
numerous working men’s representatives now in 
the House of Commons may be trusted to let 
capital offno more easily than they can help, so 
that a danger is at hand which may before long 
assume serious proportions. 

Under these circumstances, it becomes important 
to endeavour to ascertain how far the application 
of the German system to English industry would 
be likely to affect the relations of employer and 
employed, as well as how far the theory that the 
additional burden proposed to be laid upon capital 
can be recouped from the increased price to be ob- 
tained from the public, can be carried out in practice. 
The report of the German Mining Corporation for 
administering the law of assurance in that particular 
industry, states that for the period 1886 to 1891, 
the expenditure incurred in providing for the re- 
quirements of this onerous law has increased as 
shown in the following Table: 
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THE LIABILITY OF EMPLOYERS FOR 
ACCIDENTS TO WORKMEN. 


In view of the probable attempt to introduce into 
Parliament during the ensuing session a Bill to so 
amend the law of employers’ liability for accidents 
to their workmen as to render it illegal to contract 
out of the Act as at present ; and in view, also, of 
the miners’ conference held in this country a short 
time since, in the course of which it was resolved to 
propose certain important modifications of the Act 
of 1880, it is of unusual interest to examine the 
latest report, issued within the last few days, on 
the working of the law of assurance against acci- 
dents to workmen which has now been established 
in Germany for about seven years. As is generally 
known, there are three different laws in operation 
in that country that affect the relations of employers 


Expenditure Incurred. 
towards the employed. There is not only the law 


Per Workman Per 50/. Paid 


which compels employers to provide an insurance Year, Employed, as Wages. 
fund, from which to reimburse those of their 1886 phritiags: Shillings. 
employés who meet with accidents, however they 1887 11:49 hea 

a AS 50 
may be caused, but there is also a law which com- 1888 13.10 16.85 
pels them to provide an insurance against sick- 1889 13.47 16.30 
ness, and there is a third law which compels insur- 1890 15.00 16.65 
ance against old age. In this country a great deal 1891 15.42 16.70 


During this interval, it is remarked, the wages 
paid to the mining population of Germany have 
largely been increased—so much so, indeed, that if 
they had remained the same as they were in 1856, 
the average expenditure incurred for every 50. 
paid as wages would have been, not 16.70 shillings, 
but 20.80 shillings, or about one-fifth more. Of 
course, the remarkable feature about this Table is 
the serious increase in the expenditure per em- 
ployé. There has been an increase of more than 
100 per cent. under this head since the first com- 
plete year that the system was in operation. The 
total number of miners employed in and about 
British mines under the Coal Mines Act was in 
1891 over 600,000, so that, in order to meet the 
demands of a system of insurance founded on the 
same principle, the mineowners of the United 
Kingdom would have had to provide in that year a 
total sum of 462,0001. or upwards, which is more 
than twice the amount annually provided for the 
purpose by the miners’ permanent relief fund, 
which now meets cases of the kind, including the 
contributions of both employers and employed. 
Mr. Chamberlain appeared to think that a very 
small fraction of a penny per ton on the total 
quantity of coal raised in this country would pro- 


of what the State has undertaken for German 
workmen is carried out by private initiative. 
Employers and employed carry on joint funds, 
to which they generally contribute in more or 
less equal proportions, for insurance against acci- 
dents in the mining industry, but in other in- 
dustries there is probably less of the voluntary 
provision than is really desirable. The sickness of 
the workman is provided for by his own friendly 
societies, which are, for the most part, entirely 
under hisowncontrol, but it may at once be admitted 
that we have not in England any organisation that 
meets the requirements of old age, although this 
matter has been receiving a great deal of attention 
during the last two or three years. 

The most striking feature of the German system 
of State insurance against accidents is the serious 
increase of cost that it has entailed from year to 
year upon the employers, who are compelled by 
law to provide the whole of the funds required. 
This is the essential difference between the German 
system and our own. Generally speaking, in the 
absence of State compulsion, the two classes con- 
cerned are in Great Britain ready to share the 
burden, and in the mining industry a considerable 
part of the workman’s earnings are regularly set 
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vide an ample fund for the purpose. The fact is 
that a penny a ton on our total coal output would 
yield a total sum of about 770,000/., which would 
give 66 per cent. more than the sum required on 
the German basis, as stated above. In other 
words, little more than a halfpenny per ton of coal 
produced would give about as much as the German 
system provides for in reference to the mining 
industry, as such. On the face of it, this looks so 
simple, and easy, and inexpensive, that if it is 
submitted to Parliament in so seductive a form we 
are likely to have it generally acclaimed as the 
simplest and soundest solution of the whole matter. 
But the mining industry is only one of very many, 
and it may easily happen that the incidence 
of such a tax, as applied to other industries, 
would be much more severely felt. At any rate, 
there is no doubt that the German manufac- 
turers have been murmuring loudly at the onerous 
character of the tax, and some of them, who have 
not been doing so well during the last year or two, 
have not hesitated to lay the blame largely at the 
door of the State, in forcing such burdens upon 
industry. So far as British industry is concerned, 
there can be no doubt that it is already sufficiently 
handicapped with high taxation, hostile tariffs, 
protected competition in neutral markets, and 
other drawbacks, and while we would be sorry to 
say anything that would tend to hinder the better 
protection of workmen from the dangers incidental 
to their callings, we must confess our preference for 
the voluntary and reciprocal system already in 
operation, rather than the inelastic military system 
adopted in Germany. 


MANCHESTER CANAL FINANCIAL 
DIFFICULTIES. 


PRESENT indications point to difticulties in con- 
nection with the borrowing of the money still 
needed to carry out the works in connection with 
the Ship Canal. One and ahalf million are needed 
to open the canal for traftic to Manchester on the 
assumption that the work can be completed by the 
end of this year, and certain deferred works may 
increase this by 305,000/. Four Parliamentary Bills 
are being promoted, one to authorise the company to 
borrow two millions, a second to allow the Man- 
chester Corporation to add two millions to the three 
millions already loaned; a third to empower Salford 
to lend a million, and a fourth to enable Oldham to 
lend 250,000/. With all three corporations thus 
willing, there should be little difficulty in getting 
the funds; but Manchester seems to be taking a 
somewhat autocratic attitude. It is not necessary 
now to determine whether the shareholders are 
actuated alone by patriotism or the good feel- 
ing of citizenship, as was so strongly urged by the 
chairman at the meeting on Monday last, nor is it 
desirable to determine whether the experts made 
the Parliamentary estimates 10 when they should 
have been 15 millions, or whether the mistakes have 
been made subsequently. The point of solution 
now is how the work can be done most expedi- 
tiously and most economically. The corporation 
seem to consider that although their commitments 
are not quite one-third of the total liabilities, and 
have a first charge, they ought to have supreme 
power inthefuture management. They are, there- 
fore, promoting a Bill without consulting the 
directorate of the shareholders, who have, how- 
ever, to pay the expenses. In this Bill the corpora- 
tion not only deal with the loan, but with such 
matters as the extension of the time for the con- 
struction of the works, as though there were no 
shareholders and no directors. Besides, they pro- 
pose that if they lend any more money, even only 
750,000/. more, the number of representatives on 
the directorate should be fifteen instead of five, 
and that the shareholders who have subscribed 
double the amount loaned by them should have 
eight instead of ten representatives. Assuming 
that Salford and Oldham lent their quota, the 
repesentation would be as follows : 


Shareholders subscribe 10,000,000/. representatives 8 
15 


Manchester loan . 8,750,0002. "3 
Salford 3 1,000,0002. 3 4 
Oldham a 250, 0002. 1 


” 
Manchester would thus have a majority of two 
over all other parties, and this is to continue not 
only until the new loan is repaid, but until the 
existing loanof three millionsis repaid. This arrange- 
ment is not regarded as satisfactory by the share- 
holders. The chairman at the meeting on Monday 
probably took the most extreme view when he 


stated that it was impossible to say what might be 
the views of the gentlemen who might represent 
the corporation a few years hence. He asked— 
Was it too much to say that possibly these gentle- 
men might be tempted to keep the mortgages 
round the necks of the shareholders when they 
might be paid off, with the view of continuing to 
make for the city a profit of 40,0001. a year? Was 
it not possible that they might be tempted to 
keep the tolls just high enough to pay the 
interest on the mortgages and just low enough 
to give nothing to, the shareholders? It is 
tiue that 15,000 of the shareholders are 
citizens of Manchester, but that is not enough; and 
the shareholders are in a measure justified in 
opposing the great preponderance of corporation 
representatives on the directorate. It was sug- 
gested at the meeting thet the shareholders might 
themselves find the three-quarters of a million now 
required from the Manchester Corporation, even 
after Salford and Oldham have voted their loans; but 
such a spirit of combativeness was not commended 
by the chairman, for even this would not get rid 
of municipal opposition. The corporation is 
willing that the two millions now raised should 
rank as a first charge with the three millions 
formerly raised, and this, it will readily be seen, is 
a liberal concession, without which Salford and 
Oldham might not care to proceed further. What 
the shareholders in their Bill propose is that the 
board of directors should consist of 21 members. 
Manchester to elect eight, Salford two, Oldham one, 
and the shareholders ten, so that the three corpo- 
rations would have a majority of one. They 
further propose that the fixing of the rates should 
be vested in a committee composed of five share- 
holders and four corporation representatives, and 
that these rates can only be altered by a 
majority of three-fourths uf the board of direc- 
tors, so that the voting power of the shareholders’ 
representatives in this matter will be supreme. 
They have not inserted a clause giving voting 
power to the mortgagees ; Salford and Oldham have 
not asked it, It will, therefore, be seen that there 
is great divergence between the views of the share- 
holders and corporation, for although the latter 
have already power over the spending department, 
their right to a preponderating majority in the 
matter of administration and development of the 
canal is questioned. The disagreement is to be 
regretted, as, unless wise counsels prevail, much 
money will needlessly be thrown away in Parlia- 
mentary conflict. Salford and Oldham are said to 
be satisfied with the sharholder’s scheme, and it is 
to be hoped a satisfactory arrangement may be come 
to with Manchester. 

The directors in their report for the past half- 
year state that the general works will be completed 
by the end of the year, that that portion of the work 
which was let by tender has been pushed on with 
much vigour, and that there is every reason to be- 
lieve that the contractors will finish within the time 
specified. The five deviation railways have been 
finished, and one of them, the Cheshire line between 
Flixton and Irlam, has been opened for goods trafiic. 
Out of 354 miles of canal, less than one mile re- 
mains to be excavated. The length unexcavated 
consisted mainly of the portions over which the 
railways are now running, and which cannot be 
taken away until the trains are turned over the 
new diversions. In addition to this dry excava- 
tion, a large amount of dredging remains to be done 
at places where the canal cannot be completed by 
excavation in the dry. The floods of last autumn 
brought down into the canal a large quantity of 
cinders, ashes, and silt, and have thus augmented 
the quantity of material to be dealt with by 
dredging. During the half-year 700,997 tons of 
traffic were carried over the opened portion of the 
Ship Canal, and, although nearly the whole of the 
present traftic has to be admitted free of toll, the 
net revenue has covered the working expenses. In 
addition to the above-mentioned traffic 611,896 
tons of dredgings were carried. The quantity of 
traffic loaded, discharged, and transhipped at Salt- 
port during the half-year was upwards of 100,000 
tons, and consisted of Runcorn (Bridgewater 
Canals) traffic, materials for the works, and Ship 
Canal traffic, such as timber, salt, sugar, pitch, 
resin, &c. Two regular lines of steamers are now 
running between Saltport and London and Glasgow 
respectively. Private enterprise is invited for the 
erection of warehouses in Manchester and Salford, 
and it is understood that several schemes are being 
mooted. 
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THE PRACTICAL MEASUREMENT OF 
ALTERNATING ELECTRIC CURRENTS. 

Last Monday, Dr. J. A. Fleming delivered at 
the Society of Arts his second Cantor lecture on 
‘¢ The Practical Measurement of Alternating Elec- 
tric Currents.”” He commenced by defining the 
terms resistance, inductance, and impedance. The 
resistance to an electric current flowing in a con- 
ductor always resulted, he said, in the dissipation 
of energy. A continuous and steady current of 1 
ampere flowing through a resistance of 1 ohm dissi- 
pated 1 joule, or .7373 foot-pounds per second. 
The passage of a current through a resistance was 
always accompanied by a drop in pressure, the 
amount of which was expressed by 


Rostetanse te ohinise Drop in pressure in volts 


Current in amperes 

The resistance of metals decreased with a reduc- 
tion in temperature, and vice versd. In conjunction 
with Professor Dewar he had demonstrated that at 
200 deg. below freezing the resistance of pure iron, 
which at ordinary temperatures was eight times as 
great as that of copper, was actually less than the 
resistance of copper at air temperatures. 

Inductance, sometimes called self-induction, was 
detined as follows: ‘‘ The inductance of a circuit 
is a quality of it, in virtue of which there is a cer- 
tain amount of electro-magnetic energy associated 
with it in the form of a magnetic field. The 
inductance of a circuit is measured by the 
energy associated with the circuit when unit 
current is passing through it, and the electro- 
magnetic energy of a current is measured by the 
product of the inductance and half the square of 
the current strength.” Dr. Fleming showed some 
materials of very low inductance, among these 
being platinoid, with a specific resistance of 41.8 
microhms per cubic centimetre, German silver 
with 30, are light carbons with 4000, plumbago 
and clay rods with 125,000, and Hadfield’s man- 
ganese steel with 68.6. As a visible demonstra- 
tion of the presence of electro-magnetic energy in 
a circuit, there was shown a glow-lamp heated to 
dull red by a current, and arranged in parallel 
with a coi] wound on an iron core (Fig. 1), On 
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breaking the circuit the lamp flashed up into 
brilliant incandescence in consequence of the 
energy liberated from the magnetic field sur- 
rounding the coil. Another illustration consisted 
of a Wheatstone bridge, in which the resistances in 
the four arms each consisted of a glow lamp, with 
a microscopic lamp in the cross wire in substitution 
of a galvanometer (Fig. 2). In one of the arms 
there was a coil in series with the glow lamp. 
When there was no core in the coil the centre 
lamp did not glow, but the introduction of an iron 
core upset the balance, and the little lamp lighted 
up brilliantly. 

Impedance, the lecturer continued, was the total 
resistance opposed by a circuit to a varying current 
flowing in it, and was made up of resistance and 
inductance. The following definition was given : 
“Tf an alternating current is flowing ina circuit 
which does not contain any source of electromotive 
force, the numerical value of the impedance of that 
circuit is obtained by taking the quotient of the 
drop in volts down the circuit, and the ampere 
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value of the current flowing through it, the square 
root of the mean square values being understood. 
\/meau* drop in volts _ 


Impedance in ohms = ” 


4/mean? current in ampdres" 
The relation between impedance, resistance, and 
inductance could be expressed as a right-angled 
triangle (Fig. 3). The square of the impedance 
always equalled the sum of the squares of the 
resistance and inductance. One method of show- 
ing the inductance of rectangular coils was to 
pass through them in succession unvarying and 
alternating currents, and to measure the result. 
For instance, in the case of a platinoid coil the 
following figures had been obtained : 


; ‘ . 
Unvarying current ... ke 84.6 resistance 
current  .802 
Alternating ,, ... volts _ 685 _ gp 4 impedance 
current .802 


This showed the coil was very nearly non-inductive. 

Dr. Fleming then gave the following examples 
of currents that could be sent through German 
silver wires without rendering them more than 
warm to the touch : 


B, WiG. 10 12 14 16 18 20 
Anipéres 18.7. 13.5 8.25 6 4 3 


Conductors of plumbago and clay would dissipate, 
under similar conditions, 1 watt per 6 square cen- 
timetres of surface ; for wires 1 watt per square 
centimetre would render them too hot to hold, 
and 500 watts would render them brilliantly 
incandescent. 
The legal method of measuring an unvarying 
- current, the lecturer said, was by effecting the 
electrolytic deposition of silver, 1 ampere throwing 
down .001118 grammes per second. This, how- 
ever, was too inconvenient for every-day work, and 
it was usual to employ a potentiometer (Fig. 4). 
The standard cell he used was not a Clark, but 
was made of mercury, calomel, chloride of zinc, 
and zinc. It was adjustable and could be set 
up to give exactly 1 volt, which was an 
advantage in simplifying the calculations. The 
method of using a potentiometer was well under- 
stood. ‘The two poles of a battery were connected 
by a wire, along which there was a regular fall of 
potential. By means of a standard cell and a 
galvanometer, a point A could be found along the 
wire at which the electromotive forces were 
balanced, showing that the fall from B to A was 
exactly equal to the electromotive force of the 
standard cell. This known, the wire, being of 
uniform section, could be graduated from end to 
end to show the fall throughout. The current to 
be measured was passed through a resistance of 
known amount, and the ends of this resistance 
were connected to such parts of the wire B A Cas 
to give no current through the galvanometer C!. 
The difference of pressure between the two ends 
of the standard resistance was then known, and as 
its resistance was known, the current could be cal- 
culated from the formula 
Ceake 
R 
If an unvarying current thus valued were passed 
through an alternating current measuring instru- 
ment, it could be used in effecting its graduation. 
The best-known form of measuring instrument 
of alternating currents acting by the thermal ex- 
pansion of a conductor, was that invented by Major 
Cardew. Captain Holden had also invented such 
instruments. One of them consisted of two strips 
of metal in horsehoe form, firmly fixed at the ex- 
tremities and soldered together at the centre of the 
curve. One was of thin metal and the other of 
thick, the result being that when a current was 
passed through the two in series, the thin one 
became hot and expanded, while the thick one was 
not affected. To accommodate the altered condi- 
tions, the two strips had to bend, and this motion 
being transferred to an index through multiplying 
gear, served to show the amount of current passing. 
The apparatus might also be employed to completea 
circuit and ring a bell when the current attained dan- 
gerous proportions. Another of Captain Holden’s 
instruments comprisesa strip of metal that became 
heated. In close proximity to it was a thermo- 
electric couple coupled up toa rectangular coil of 
wire lying ina magnetic field. The radiation from 
the strip set the couple in action, and the current 
from it passing through the coil caused it to deflect 
in the field (Fig. 5). A very sensitive form of instru- 
ment was made by straining a thin conductor, and 


connecting its middle point to the edge of a circular 
mirror fixed to the middle of another wire under 
torsion. When a current was passed through the 
conductor it was heated and elongated, allowing 
the mirror to turn a little, and thus deflect a spot 
of light on a screen. This instrument, used as a 
voltmeter, would show a difference of ,}) volt. 
All these instruments could be used either as volt- 
meters or ammeters, accordingly as they were 
made of high or low resistance. 

The second class of these instruments was that 
depending on electro-dynamic action, the best- 
known type being the Siemens electro-dynamo- 
meter. This had been rendered capable of giving a 
continuous record by the addition of an arm carrying 
a pen and aconstantly-moving paper ribbon. In 
this form it was very useful in central stations. In 
conjunction with the late Mr. Gimingham, the 
lecturer said, he had devised an instrument of 
this class, consisting of two hollow coils fixed at 
the ends of a balance lever, and surrounding two 
coils. The attractions and repulsions were so 
arranged that they forced the balance in one 
direction. By bringing it back to the zero part by 
means of the torsion of a wire, the force could be 
measured and the value of the current obtained. 

In the previous lecture the danger attending the 
use of measuring instruments containing iron, except 
with currents of the frequency for which they had 
been adjusted, had been pointed out. Dr. Fleming 
now mentioned that Mr. Evershed had devised a 
means of nullifying this danger both for ammeters 
(Fig. 6) and voltmeters (Fig. 7). In the former 
case the working coil was shunted by an inductive 
shunt, which compensated the changes produced 
by a change of frequency. In the latter the work- 
ing coil was in series with a non-inductive resist- 
ance shunted by a resistance, which it was well- 
known, neutralised the self-induction. 

Electrostatic voltmeters had been devised in many 
forms by Lord Kelvin, and in general consisted of 
a pivoted needle of the form shown in Fig. 8, 
between fixed plates of the same form. The fixed 
plates were connected to one pole or one main, and 
the pivoted plate to the other, and the deflection 
was proportional to the mean square value of the 
alternating pressure. In some cases several needles 
and plates were combined in a ‘‘ multicellular” 
instrument to indicate lower pressures, say, from 
40 to 200 volts. If the whole instrument was not 
made of the same metal, an error of about half a volt 
arose from the generation of a contact difference of 
potential ; with alternating currents the difference 
was halved. Dr. Fleming emphasised the economy 
of electrostatic instruments for situations where 
they were left constantly in action, as in central 
stations. If a voltmeter used 1 watt of energy, this 
would amount to 8 kilowatts in a year, which at 3d. 
per kilowatt cost 2s. Many used as much as 40 
watts, which meant an expenditure of 4/. ayear, ora 
capitalised value of 401. This was a point worthy 
of the consideration of central station engineers. 


THE WEATHER OF JANUARY, 1893. 

‘« THE wrathful winter hastening on apace” en- 
tered the new year with a legacy of fog and frost, 
and ice 2in. or 3in. thick on rivers and ponds. 
The cold, dating from the day before Christmas, 
may be said to have lingered till the middle of the 
month. Then a mild period began, the month 
ending some 15 deg. warmer than it commenced. 
But the cold spell was nothing like so severe as on 
the Continent. Valentia was the warmest place in 
Europe on the Ist. On the 2nd the temperature at 
Haparanda was minus 40 deg.! The Thames on 
the 6th was full of blocks of ice, and the ice on 
ornamental waters was 6 in. thick. The cold rain 
which fell on the 8th and 9th gave indications of 
slow thaw, but frost was renewed during the nights, 
and no impression was perceptible upon the frozen 
waters till the 16th. Onthe 17th about 14 in. of 
snow fell in London ; but 

‘* The frost was dead, the frost was slain, 
The warmth of the heavens was felt again.” 
The milder and brighter weather has been bene- 
ficial to agricultural operations. The mean pres- 
sure and temperature at extreme positions of the 
British Islands, to which the Isle of Man is central, 
were as shown in the next column. 

The daily general directions of the winds over 
these islands give resultant, for frequency, from 
W.N.W. ; for strength, from W.; and for the mean 
distribution of barometrical pressure, from W.; 
the normal resultant from S.W. by W. Hence the 
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Pressure and Temperature in the British Islands. 
Positions Mean Difference Pe sary | Difference 
wie Pressure. | from Normal. ad 2 from Normal. 
es 1. — — 
in. in. deg. deg. 
North 29.88 above 0,24 38 below 1 
South 30.08 st BID) 42 aa 
West 30.03 +8 225 43 nil 
East 30.02 “ 16 | 35 below 4 
Central 30.02 Be 19 40 . 1 
Rainfall in the British Islands. 
. Difference 
Places. Rainy Days. Amount, fromaNomine 
in. in. 
Sumburgh 28 4.31 more 0.59 
Scilly .. 19 3.03 less 0.70 
Valentia 20 3.10 Pree Ais) 
Yarmouth 28 2.51 more 0.56 


winds have been more northerly than usual, the 
pressure greater, the temperature colder, and the 
rainfall less. The south-west of Ireland had less 
than half the usual quantity of rain. Rainy days 
were in all partsnumerous. The south-east portion 
of England was the coldest district, and had a 
prevalence of fog between the 3rd and 7th inclusive, 
which was dense and continuous in the metropolis 
on the 4th and 5th. Snow fell on several days in 
all parts, but did not accumulate to a troublesome 
extent. Clear days ranged between two in the 
north and five in the central; overcast days from 
21 in the north to 15 in the central districts. Thus 
the weather notations would indicate most sunshine 
in the central districts; but most was registered 
in the south-west district. The highest tempera- 
ture, 53 deg., was reported at Aberdeen on the 
23rd ; the lowest, minus 4 deg., at Braemar on 
the 6th. The mean temperature at 8 a.m. for 
the entire area of these islands was 28 deg. 
on the 2nd, and rose in fluctuations to 47 deg. 
on the 24th, fell to 38.5 deg. on the 27th, 
and attained 46.5 deg. on the 31st. At 8 am., 
2nd, while the temperature at Scilly was 38 deg., 
at Dungeness it was only 19 deg. ; 4th, Scilly 
42 deg., Cambridge 12 deg. ; 5th, Scilly 43 deg., 
Oxford 16 deg. ; 6th, Wick 34 deg., Nairn 11 deg.; 
7th, Scilly 47 deg., Oxford 17 deg. ; 16th, Scilly 
48 deg., Dungeness 27 deg.; 17th, Valentia 
47 deg., North Foreland 25 deg. Aurora was 
observed in north Scotland on the 6th and 19th. 
The heaviest fall of rain, 1.8 in., was measured on 
the 8th at Roche’s Point. The greatest atmo- 
spherical pressure, 30.6 in., occurred on the 21st ; 
the least, 29.2 in., on the 29th. During the four 
weeks ending the 28th, the duration of bright sun- 
shine, estimated in percentage of its possible dura- 
tion, was for the United Kingdom 15.5, south-west 
England 23, west Scotland 19, the Channel Isles 
17, south Ireland, central, and east England 16, 
north Scotland 14, east Scotland, north Ireland, 
north-east, north-west, and south England 13. In 
the metropolitan district the death rate varied from 
30 to 22, deaths from diseases of the respiratory 
system, of the circulating system, and from phthisis 
attained their maximum during the extremely cold 
weather, 


THE DEVELOPMENT AND TRANSMIS- 
SION OF POWER FROM CENTRAL 
STATIONS. 


In commencing his fourth Howard lecture on the 
above subject, in the rooms of the Society of Arts, 
Adelphi, on Friday last, Professor Unwin said 
that the practical introduction of a system of dis- 
tributing energy by water pressure was due to 
Lord Armstrong, who from the very first contem- 
plated a general distribution of power to many con- 
sumers in towns, either by pressure-water obtained 
from the ordinary town mains or by pressure- water 
supplied in a special system of mains. From the 
first the special advantages of hydraulic transmis- 
sion for actuating machines which worked inter- 
mittently, such as cranes, lifts, and dock gates, 
were very obvious, and high-pressure hydraulic 
transmissions were accordingly first constructed 
in connection with local works, such as docks 
and arsenals. It was only after many years 
that such systems had been extended into London 
and other towns. This system of distribution 
of water at a very high pressure for working 
intermittent machinery was almost exclusively 
an English system; and though very advyan- 
tageous for the special purposes mentioned, was 
not so well suited to the distribution of power 
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to continuously working machines. The necessity 
for storage was soon obvious. Reservoir storage 
was not generally possible, and hence Lord Arm- 
strong had at first proposed the use of large air 
vessels. But the amount of energy which could be 
thus stored was not great, and practical difficulties 
arose from the absorption of the air by the water, 
and from the variation in the pressure with the 
quantity of water in store. Subsequently Lord 
Armstrong had invented the accumulator, which 
perfectly answered the purpose of meeting the 
momentary fluctuations of demand in an hydraulic 
system driving intermittent machines. 

As early as 1840, Lord Armstrong had com- 
pletely worked out the idea of a system of hy- 
draulic distribution. In an article in the Me- 
chanics’ Magazine of that date, he said that when 
water was lifted by a pumping engine it became 
the recipient of the power expended in raising it. 
If the same water were used as a motive power, it 
rendered back the power conferred on it in its 
descent to its original level, and thus became the 
medium through which the power of a pumping 
engine might be transmitted to a distance and dis- 
tributed in large or small quantities. He showed 
that a comparatively small, continuously working 
steam pumping engine, was capable of doing a large 
amount of distributed intermittent work. Shortly 
after this, Lord Armstrong described a crane in 
which the power was derived from pressure-water 
acting on a piston, the motion of which was multi- 
plied by reduplicating a chain over pulleys, a 
method which had since become almost universal in 
applying the hydraulic system to lifting machinery. 
In 1845 a crane worked from the town mains was 
erected in Newcastle, and in 1848 similar cranes 
were used by the North-Eastern Railway at their 
Neweastle goods station. In 1851 hydraulic trans- 
mission was applied in driving cranes and working 
dock gates at Great Grimsby Docks, and at New 
Holland on the Humber, and by Brunel on the 
Great Western Railway. 

The origin of the hydraulic system having been 
thus described, Professor Unwin proceeded to point 
out that such systems might be divided into two 
groups. 1. Systems with reservoirstorage where the 
highest pressure used corresponded toa head of not 
more than 400 ft. to 600ft., and in which water 
power was distributed for all ordinary purposes. 
2. Systemswith accumulator storage, where the pres- 
sure was usually 700 lb. to 800 lb. per square inch, or 
1600 ft. to 1800 ft. of head. In these the energy 
was distributed almost exclusively for lifting pur- 
poses, or for driving presses or other similar inter- 
mittent machines. The amount of energy which 
could be transmitted in pipes by pressure water 
was limited by the velocity of flow. This velocity 
could not be made great without excessive frictional 
loss, and without incurring danger from hydraulic 
shock. Velocities of 3 ft. a second were commonly 
allowed, and possibly this might be increased to 
6 ft. a second without excessive loss or risk. With 
3 ft. a second and a pressure of 500 ft. head, such as 
that at Zurich, a 12-in. main, would transmit 133 
horse-power, and a 24-in. main, 533 horse-power. 
With a high pressure of 750 1b. per square inch, 
like that in London, a 6-in. pipe would transmit 
116 horse-power, and a 12-in. main, could it be 
used, 463 horse-power, no allowance being made 
for loss at the motors. Hence on neither system 
could a very large amount of power be transmitted 
by a single main. From this it followed that 
systems of hydraulic transmission were best adapted 
to working intermittent machinery, or, if used for 
continuously working motors, the latter should be 
of comparatively small size. 

At a velocity of 3 ft. per second, the loss of pres- 
sure per mile due to friction was about 18 lb. per 
square inch fora6-in. main, 9 1b. per square inch for 
a 12-in. main, and about 44 Ib. per square inch for 
a 24-in. main. These losses were, it would be seen, 
quite insignificant with high pressures. 

In all systems of high-pressure distribution in 
this country cast-iron flanged pipes were used with 
a peculiar flanged joint introduced by Lord Arm- 
strong. The working stress on these pipes was 
28001b. per square inch. Probably welded steel 
pipes could be used now if a suitable joint for them 
could be devised, and such pipes were proposed in 
a project submitted to the Niagara Commission by 
MM. Vigreux and Levy. In this case a working 
stress of 15,000 lb. might be allowed. For lower 
pressures cast-iron socket pipes had, he believed, 
been used exclusively. So far as the strength of 
the pipe was concerned, and omitting from con- 


sideration difficulties of moulding, and other con- 
siderations of a like nature, it appeared that the 
weight of the pipe was simply proportional to the 
horse-power transmitted, whatever the pressure 
might be. The exigencies of practice did, however, 
make the high-pressure system a little cheaper. On 
all high-pressure systems reciprocating machines 
were used almost exclusively. The greater the 
pressure the more conveniently and cheaply could 
such motors be made, and hence in England, the 
pressure of 7001b. to 750 1b. had been adopted. 
Whilst well suited for lifts, presses, &c., this class 
of machine was not so well adapted for rotative 
motors for driving a factory continuously, unless 
only a small power was required. For such pur- 


40 ft. per day. The Hull charges, therefore, corre- 
spond to 831. per horse-power per annum of 3000 
working hours, and, of course, such a price could 
only be paid for intermittent and special work. 

In 1871 an Act was obtained for supplying hy- 
draulic power in London, but the powers under it 
remained dormant till resuscitated by Mr. Elington 
in 1882. The present company was constituted 
in 1884, and in 1887 25 miles of pressure main 
had been laid through the London streets. At the 


present date nearly 60 miles were laid, extending 
from the West India Docks on the east to Ken- 
sington on the west, and from Mint-street, south 
of the river, to Clerkenwell and Old-street on the 
north, 


There were three principal pumping 
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poses the reservoir system, in which the water was 
distributed at a lower pressure, was better. 

The first plant for a general distribution of high- 
pressure water was erected at Hull. The principal 
main there was a cast-iron pipe 6 in. in diameter 
and 1485 yards long. The joints are flanged, and 
made tight by means of a gutta-percha ring. The 
pipes were tested to 2800 Ib. per square inch before 
laying and to 800 lb. after laying, but in some re- 
cent schemes, a test pressure of 1600 lb. was used 
after laying. The pumping station had been built for 
four 60 horse-power pumping engines, but only two 
had as yet been erected. Each engine delivered 
130 gallons per minute at 700 Ib. per square inch. 
There was an accumulator of 18 in. in diameter and 
20 ft. stroke, loaded to 610 lb. per square inch. 
The efficiency of engines, pumps, and accumulators 
was said to be 76 per cent. The tariff for cranes 
was as follows : 

1 crane in one warehouse oe per annum 
41, 


2 ” 9 4 rr) 
3 Fy a 1321. is 
4 9 * 1661. 


The work of each crane was registered, and an 
extra was charged if it exceeded 100 tons lifted 
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stations, viz., at Falcon Wharf, at Millbank, and at 
Wapping, and a fourth was shortly to be erected 
in the City-road. All the water was taken from 
the river, and was filtered before being used. The 
power was available night and day all the year 
round, and the variation of the demand during the 
day was well shown by the load curves, Fig. 27. 
The water was used for lifting machinery, presses, 
and pumps. The company claimed that it could also 
be used for the electric lighting of particular esta- 
blishments and for extinguishing fires. In 1892 there 
were 1676 machines worked from the mains, which 
took 6,000,000 gallons per week. The charge was 
made by meter, but there was a minimum charge of 
51, perannum per machine, For quantities exceeding 
12,000 gallons per annum, the charge varied ac- 
cording to a sliding scale. Thus for 20,000 gallons 
per annum it was 81., or 8s. per 1000 gallons, whilst 
for 1,200,000 gallons per annum it was 170I. per 
annum, or a little under 3s. per 1000 gallons. At 
these rates a ton could be lifted 50 ft. for under a 
farthing, but for continuous working machinery 
the charges came out very high, viz., 175l. per 
horse-power per annum, of 3000 working hours, if 
the water was supplied at 8s. per 1000 gallons, 
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and 62/. per horse-power per annum if at 3s. per 1000 
gallons. lt should be borne in mind that the cost 
of laying mains in the London streets was very high. 

Similar systems had been, or were being laid 
down in other towns. At Liverpool water was 
taken from the town mains to work cranes in 1847, 
but the progress was so slow that in 1877 only 89 
machines were thus supplied. At the present date 
this number had risen to 162, but the water used 
was only 125,600,000 gallons perannum, the pressure 
being 701lb. per square inch; figures, which, 
allowing for an efficiency of 80 per cent. in the 
motors, were equivalent to only 27 horse-power 
working through 3000 hours. The average charge 
per effective horse-power was, it appeared, about 
120/. per annum of 3000 hours for water alone, 
and to raise a ton 50 ft. cost 6d. to10d. Liver- 
pool had also a high-pressure supply, which was 
now, he understood, being extended. Trials 
with this system showed that a ton could be lifted 
50 ft. at from 23d to 1?d. at the rates charged. 
At Birmingham, as in Liverpool, water had long 
been supplied from the town mains for working 
lifts, a pressure of 70 lb. per square inch being pro- 
vided. In 1888, 61 hoists were thus worked, using 
80,000 gallonsa day, and paying 10001. a year to the 
corporation, Since then an admirable high-pressure 
system had been carried out, a peculiarity being 
the fact that the pumping was done by gas engines. 
There were three sets of triple pumps working at a 
pressure of 730 1b. per square inch. These were 
driven by three Otto gas engines, capable of 
working up to 100 effective horse-power in the 
aggregate. Ordinary lighting gas was used. There 
were two accumulators with 20-in. rams 20 ft. long, 
loaded with 80 tons of furnace slag. At Manchester 
a combined scheme for supplying water-power and 
electricity was being carried out. A pressure of 
1600 lb. per square inch was to be used. Economy 
was expected to result from working both the hy- 
draulic and the electric supply from the same station. 

On the Continent reservoir storage was largely 
used. Zurich was the first place in Switzerland at 
which hydraulic power was used, partly for the 
supply of potable water and partly for the supply 
of power from the same central station, The plant 
had been lately much extended, and included 
systems of rope transmission, low-pressure water 
power supply, a special high-pressure water-power 
supply, and an electric station, all under one 
management. The town water supply was obtained 
from the lake of Zurich, and that for the high- 
pressure power supply from the Limmat, a supply 
which had formerly been used for drinking pur- 
poses, but had been foundinferior. The pumping 
station, which was on the Limmat, had provision 
for 12 turbines, of which 10 had been erected. 
These consisted of eight Jonval turbines of from 
96 to 110 horse-power each, and two impulse wheels 
of more recent construction of 175 horse-power 
each. The turbines had vertical axes and drove a 
horizontal shaft by gearing, the speed of the latter 
being 80 revolutions perminute. The efficiency of 
the wheels varied from 75 to 85 per cent., accord- 
ing tothe state of the river. The water used for 
the turbines was obtained by a weir in the Limmat, 
which turned the water into a head race formed 
between an embankment in the middle of the river 
and one of the banks, the space between this em- 
bankment and the river bank forming the tail race 
(Fig. 28), At high water the Limmat discharged 
2296 cubic feet per second with a fall of 4.92 ft., 
and at low water 1060 cubic feet with a 10}-ft. 
fall. Of the total power provided 240 horse-power 
was used for pumping potable filtered water, 130 
horse-power for hydraulic transmission on the low- 
pressure system, 230 horse-power for wire-rope 
transmission, and about 450 horse-power for trans- 
mission through the high-pressure system, chiefly 
used for electric lighting. There were two 300 
horse-power steam engines held in reserve, which 
were intended to be used in case of an exception- 
ally low condition of the river. The pumps at the 
turbine station were capable of pumping about 
8,000,000 gallons daily, and supplied reservoirs at 
the following levels : 


| Height | Mean Head +s 

ag 2 above Lake. | on Pumps. | Capacity. 

| ft. ft. cub. ft. 

Low level ee x 154 229 205,000 

iy co a ae 486 530 10,600 
Reservoir for high-pres- 

sure power water Pat 555 353,000 


530 | 


The high-pressure reservoir, apart from the wire- 


rope system of power distribution, provided the 
chief supply of water for power purposes. This 
reservoir was about 6000 ft. distant from the station, 
and was supplied by an 18-in. main. It was filled 
chiefly by pumping at night. Deducting friction in 
the mains, it gave an effective head of about 475 ft. 
The aggregate length of the mains through which it 
was distributed was about 15,000 ft., and the charge 
for power supplied varied from 0.6d. per horse-power 
hour, when at least 50,000 horse-power hours 
per annum were taken, to lid. for under 2000 
horse-power hours per annum. Hence the cost 
per horse-power for 3000 working hours per 
year varied from 7. 10s. to 161. At present 
some 9,000,000 horse-power hours were supplied 
yearly. Besides this supply of power, the eleciric 
lighting station (Fig. 29) was ordinarily driven 
from the same high-level station. For this purpose 
two 300 horse-power impulse wheels were provided 
for driving the dynamos. The latter could, how- 
ever, be also driven by the Jonval turbines worked 
by the river direct. The steam engines, already 
mentioned, could also be coupled to the dynamos 
if necessary. In addition to this high-pressure 
supply about 180 small motors of 4 horse-power 
and upwards were driven from the town mains, the 
charge in this case being about 43d. per horse- 
power hour. These small motors yielded an annual 
revenue of 22001. 

In Geneva works of a very similar kind had been 
carried out, the installation here being one of the 
largest and most remarkable in the world. The 
water of the Rhone was employed to drive a series of 
large low-pressure turbines, aggregating 4500 effec- 
tive horse-power. These turbines pumped water into 
both the town mains and into special high-pressure 
power mains. Power was also taken from the 
former, as had been described ina previous lecture. 
The pressure at the pumping station for the high- 
pressure mains was 460 ft. The reservoir was at 
Bessinges, 4 kilometres from Geneva, and the 
water was pumped there mainly at night. The 
present scheme, which was commenced in 1883, 
had cost about 283,000/., of which about 83,0001. 
were paid for land compensation and for sewer 
diversions. The scheme included the clearing away 
of all obstacles to the outflow of the river from the 
lake, and the division of the river bed, as at 
Zurich, into a head and tail race by an embank- 
ment in the middle of the river. The old 
pumping system for the low-pressure water supply 
was re-constructed, and the new high-pressure sup- 
ply already referred to begun. The turbine and 
pump-house had been placed at the end of the head 
race channel, and was originally designed for 20 
turbines of 210 horse-power each. At present 14 
groups of turbines and pumps have been erected, 
and four more of larger power than these will 
probably be put in place during the next five years. 
The wheels have vertical shafts, with a crank at 
the top driving a pair of horizontal pumps, placed 
at right angles to each other. The head at the 
turbines varies from 54 ft. at high water to 12.14 ft. 
at low. With most turbines this change in the 
head would involve a considerable variation in the 
revolutions per minute, but this had been skilfully 
obviated. The turbine wheel and its correspond- 
ing guide passages were arranged in three concen- 
tric rings. With high conditions of fall the outer 
ring only was open, and the water acted on a rela- 
tively large radius. As the fall diminished the 
second ring was also opened, and the mean radius 
at which the water discharged was smaller, and 
finally with the lowest fall the third ring was 
opened, The adjustment was such that with the 
highest fall the best turbine speed was 27 revolu- 
tions per minute, and with the lowest fall 24. 

The original motors used on the high-pressure 
system of distribution in Geneva were Schmid 
pressure engines, which used the same quantity of 
water at all loads. They were, however, con- 
venient, and could be run at any speed required, 
and under full load their efticiency was 80 per cent. 
There was shown on the table a model of Mr. 
Riggs’ pressure engine, in which the water used 
was proportioned to the work done. For larger 
powers partial admission impulse wheels were used 
at Geneva, the maximum efficiency of which was 
from 65 to 75 per cent., and which was not much 
less at low loads. Such wheels were cheap, occu- 
pied but little space, and could be perfectly regu- 
lated by a governor. This latter point was a very 
important one at Geneva, as the industries con- 
nected with watchmaking required motors with 
great speed regularity. 


The pipe main from Geneva to the reservoir 
being 4 kilometres, there would be variations of 
head in Geneva, according as water was being 
pumped to the reservoir, or being taken from it. 
To avoid this Colonel Turettini had devised a 
centrifugal pump relay (Figs. 30, 31, and 32), 
which came into action and increased the head 
whenever water was returning from the reservoir 
to the town. The pump was driven by a tur- 
bine so regulated automatically that the additional 
head given by the centrifugal pump was propor- 
tional to the loss of head due to friction in the 
main. In full work the pump received from the 
reservoir 635 cubic feet per minute under a pressure 
of 400 ft. of head, and discharged it with a head of 
430 ft. The sluices of the turbine which drove the 
pump were worked by automatic pressure regula- 
tors. The pressure in the main acted on a piston 
controlled by a spring, and according to the position 
of the piston the turbine sluices were opened more 
or less widely ; the tail race of the turbine opened 
into a sewer, as shown in Fig. 31. 

In 1887 the City Council of Geneva came to an 
understanding with the electric lighting company, 
by which the latter were supplied with water power 
for driving their dynamos at the rate of 3/. per 
effective horse-power per annum. 

In conclusion he would draw a comparison from 
which he would leave others to draw the moral. 
In London they had now an admirable system of 
hydraulic transmission, perfectly adapted to the 
special purposes to which it was applied, entirely 
successful in its working, and, also, he believed, 
financially. This system reflected the greatest credit 
on those responsible for it, but great asit was, only 
some 2000 consumers were supplied, and the en- 
gines laid down only aggregated 1500 effective horse- 
power. In Geneva, with one-eightieth the popula- 
tion of London, three years ago there were 137 
motors aggregating 280 effective horse-power, and 
79 motors aggregating 1284 effective horse-power in 
daily regular work. The use of the power was in- 
creasing at the rate of nearly 200 horse-power per 
annum. It appeared, therefore, that in Geneva 
more power was daily distributed than in London, 
and it was moreover distributed in a form which, 
whilst more adapted to ordinary industrial pur- 
poses than in the London system, was not ill- 
adapted to those operations of lifting, &c., which 
alone were adequately met by the English system. 
Further, this power was distributed to ordinary 
consumers at one-fifth the London price, and to the 
electric light company at one-twelfth this price. 
Left so this statement might not be quite fair, 
There were some 2500 gas engines in London 
which represented a considerable aggregate power 
supplied from a central station. He did not wish 
to make any charge of neglect against English 
engineers, but even taking the gas engines into 
account, power was obtained more cheaply in 
Geneva than in London. Local conditions, of 
course, had something to do with it, but it might 
be that they have not yet adequately recognised 
what an advantage cheaply distributed power was 
in any community, or tried all means to secure so 
desirable a commodity. 


ELECTRIC BALLOON SIGNALLING. 


A very interesting paper on this subject was 
read at a recent meeting of the Royal United 
Service Institution by Mr. Eric Stuart Bruce. The 
author has devised a system of signalling with in- 
candescent lamps placed inside a captive balloon, 
the message being conveyed by means of flashes 
caused by interrupting the current. The usual 
drawback of an interrupted current does not appear 
—at any rate to anything near so great an extent 
as with naked lights—when the lamps are placed 
in the semi-translucent envelope of the balloon. 
The after-glow of the incandescent filament—a 
phenomenon familiar to anyone who has switched 
off an incandescent lamp—is sufficient to so far 
obliterate the intervals between the flashes as to 
render working at a reasonable speed very difficult, 
if not impossible. The obstruction of the material 
of which the balloon is composed is sufficient to 
hide the glow of the carbon; although, of course, 
a part of the illuminating power of the lamps is 
lost even when fully glowing, and thus something 
is detracted from the distance at which the signals 
canbe read. Probably this is more apparent than 
real. Our own experience is that in reading 
messages flashed by light, extension of area of the 
field illuminated largely compensates for loss of 
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intensity. It is desirable not to have the vision 
too concentrated in reading quickly recurring 
flashes of light. Of course, in considering this, as 
in allsuch matters, the personal factor must not be 
forgotten ; but it is certainly true—at any rate, of 
some persons—that a faintly luminous body is most 
apparent when not looked at too directly. Mr. 
Bruce’s system, by which the electric lamps are 
operated from the ground, so that no person need 
go up in the balloon, is manifestly an improve- 
ment on the plan of using larger balloons and 
sending up the operators—that is, so far as sending 
messages at night is concerned, but it must be 
remembered that a general in the field wants to 
see as well as to speak, and for this reason the 
larger balloons are necessary. Again, for day sig- 
nalling we are not aware that any mechanical device 
for using semaphores or flags has yet been devised 
which would be practicable to work from a small 
balloon. Mr. Bruce has used four different sizes 
of balloons. The largest has a gas capacity of 
about 4200 cubic feet anda diameter of 20 ft. The 
next size will hold 3200 cubic feet, the diameter 
being 18 ft. ; the next 2000 cubic feet, diameter 
15 ft. ; whilst the smallest contains 1600 cubic feet, 
the diameter belng 14 ft. For military purposes 
the largest is preferred by Mr. Bruce, and with 
pure hydrogen the lifting capacity will be over 
1000 ft. of electric cable. The smaller sizes, the 
author says, are more suitable for navy signalling, 
where reduction of size of balloon is of still greater 
importance ; a statement by no means of universal 
application, unless it be intended to apply only to 
the application of Mr. Bruce’s system to cases on 
land where an existing large-size balloon plant is 
already available. Carriage by sea is generally 
more easy than carriage by land. Lieutenant Jones 
in his instructive lecture read before the Institution 
in February last—a notice of which appeared in 
our columns at the time*—gave the size of the 
normal English observation balloon as 10,000 cubic 
feet. Thisis smaller than the war-balloons of other 
nations, the French standard size, according to 
Lieutenant Jones’s paper, being 19,900 cubic feet. 
Mr. Bruce attributes the superiority of our balloons 
in lifting capacity to be due to the comparative 
lightness of the material from which the English bal- 
loons are made, the precise nature of which is kept 
secret. Mr. Bruce finds the most suitable material to 
beathin cambric, which, when coated with a varnish 
of a light colour, forms an exceedingly translucent 
medium. In the interior of the balloon, which is 
filled with pure hydrogen or coal gas, several in- 
candescent electric lamps are placed. These are in 
metallic circuit with a source of electricity on the 
ground, where there is an apparatus for making 
and breaking contact rapidly. ‘lo serve the large 
observation balloon of 10,000 cubic feet, 84 steel 
tubes filled with compressed hydrogen are required, 
each of these being about 8 ft. long, 52 in. in dia- 
meter, and weighing about 701b. Each of these 
would contain 120 cubic feet of hydrogen. With the 
largest of Mr. Bruce’s balloons. less than half the 
number of tubes would be required, whilst with 
the smallest balloon 14 would be sufficient. Mr. 
Bruce has experienced some trouble in getting 
lamps with sufficiently fine filaments to fulfil the 
conditions necessary for high speed in signalling, 
but this difficulty he anticipates will disappear 
when the monopoly, due to the existing patents, 
expires in a few months, and he will then ‘‘ have 
an ideal lamp, fulfilling the requisite of fine fila- 
ment, mcderate voltage, andsuitable candle-power.” 
The arrangement for suspending the lamps inside 
the balloon consists of a holder made like a ladder, 
so that the lamps are placed one above the other in 
multiple arc. Six lamps of nominally eight candle- 
power, but worked much higher, gave signals which 
were seen at Uxbridge when the balloon was on ex- 
hibition at Battersea. The distance is about 16 
miles. Experience does not show that thecontinuous 
flashing shortens the life of the lamps. The elec- 
tric cable is made of strands of copper, so as to be 
very flexible. There is no reason why the holding 
rope and electric cable should not be all in one, 
excepting that the latter serves as a guy rope to 
keep the balloon steady in case of wind. ‘The first 
cable weighed 40 lb. per 500 ft. of twin cable, but 
this weight has been reduced to 30 lb. for the same 
length. 

As a source of electric power, Mr. Bruce gene- 
rally uses storage batteries, and when a dynamo is 
available these answer best. When taking part in 
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the military tournament at Cork, the cells were 
charged in London, and when they arrived at Cork 
they needed no replenishment. They were sent 
back to London, and were found to be nearly fully 
charged eight weeks after. The storage battery 
generally used consists of 25 cells; each cell weighs 
241b. The size of each cell is 4 in. long and 73 in. 
wide. Its height is 13} in. The whole set of 25 
cells takes only a space of 3ft. by 1 ft. 8 in. 
When a dynamo is not at hand for recharging the 
cells, itis necessary to have a diminutive engine and 
dynamo to supply the current; or a small gas 
engine worked by the hydrogen gas might be used. 
It is interesting to state that on the occasion of a 
trial at Chatham by the military authorities, Mr. 
Bruce’s balloon was filled with hydrogen that had 
actually been used for balloon inflation at Suakim 
during the Egyptian War, and had been rebottled. 
The gas did not seem to have lost much of its lift- 
ing power. 

The lecturer made some experiments to show 
that there is no danger from explosion owing to the 
lamps being immersed in the hydrogen gas. Unless 
there were a proper mixture of oxygen, there would, 
of course, be no combustion, and if the hydrogen 
became diluted to this extent the balloon would no 
longer float. He also proved by experiment that 
bullet holes are not so fatal as would at first be 
supposed, especially if in the lower part of the 
balloon, owing to the pressure of the gas being 
upwards. 

The great enemy to the captive balloon is un- 
doubtedly wind, but that, naturally, does not apply 
to the same extent to balloons which do not carry 
a car or any living freight. ‘lhe author says he 
can do much by a skilful use of guy ropes, and he 
made a successful exhibition before the military 
authorities at Stamford Bridge in half a gale of 
wind. 

There can be little doubt of the immense import- 
ance that signalling and observation by captive 
balloons may have in future warfare. There are 
many occasions in history when such a means of 
communication might have turned the fortunes of 
the day. In this respect, however, we cannot do 
better than quote Mr. Bruce’s concluding words : 
‘Tt is but a few years ago there was a general 
shut up with afew followers in a besieged city. 
Near at hand there were friends to help, but 
ignorant of the immediate necessity. If from 
Khartoum there had arisen such an electric signal- 
ling balloon as I have described, its flashes of light 
in the skies would have told the tale of the events 
below, and perhaps the heroic leader would have 
left Khartoum a conqueror, with his life spared for 
the future service of his country that he loved so 
well.” 


NOTES. 


A New Inrernationat TELEPHONE. 

THE telephonic connection between Sweden and 
Denmark across the Sound, from Malmé on the 
Swedish to Copenhagen on the Danish coast, will 
in all probability soon become an accomplished 
fact. As Malmo not only is in double-wire tele- 
phonic connection with a number of places in 
western Sweden, but with the whole of the State 
telephones and Stockholm, this new international 
line should prove of great practical importance. The 
expense on the part of Sweden is only put at some 
15001. Previous experiments have shown that an 
already existing reserve cable across the Sound, 
jointly owned by Denmark and Sweden, will 
answer the purpose, and that its connection with 
the State telephonic system in Sweden is sufficient 
to bring about.a perfectly efticient telephonic con- 
nection between the Swedish and the Danish 
capitals. The cable in question crosses the Sound 
from Vedbitt on the Danish coast, some 10 miles 
to the north of Copenhagen, to Hildesborg on the 
Swedish coast, some three miles north of Londs- 
crona, 


THE New Cunarbd STEAMERS, 


The second of the two new Cunarders being con- 
structed by the Fairfield Company at Glasgow was 
successfully launched on Thursday, the 2nd inst. 
When it is remembered that the vessels are 620 ft. 
long over all, the launch weight being about 9000 
tons, and that the river into which they were 
launched is very narrow, the success itself sug- 
gests a large measure of credit to Mr. R. Saxton 
White, the manager of the shipyard at Fairfield. 
The arrangements were practically the same as 
those worked out by Mr. White for the sister ship 


Campania. The tide was most favourable, and 
the preliminary work was so expeditiously carried 
out that the vessel started at the exact time set 
down in the programme. The weight of drags to 
check the ship after she had left the ways was 
about 500 tons, and these proved sufticient, for the 
vessel developed a good speed on the ways, the 
maximum being equal to 10 knots. She was 
quickly checked. The two vessels were launched 
under precisely similar conditions, and were 
brought up by the drags in about 60 ft. and 
100 ft. respectively from the end of the ways. 
The Lucania was berthed in the company’s tidal 
dock, which runs at right angles from the river, 
within 45 minutes of the launch, so that there was 
not a hitch of the slightest description. On the 
previous day the sister ship Campania had been 
taken up to Glasgow Harbour to admit of the freer 
movement of the Lucania in the dock. Here the 
vessel is having the finishing touches, and it is ex- 
pected that she will go down the Firth on her first 
trial run towards the end of the month, or within 
19 months of the contract being signed. This will 
bea splendid result, creditable to the whole staft 
at Fairfield, for, as we have already indicated, the 
vessels are of great size, 620 ft. long over all, 
65 ft. 3in. beam, and 43 ft. deep to upper deck, 
the gross tonnage being about 12,500 tons, while 
the main engines will develop, when supplied with 
steam from 12 boilers with 96 furnaces, something 
approaching 30,000 indicated horse-power. 


Tsar DEVELOPMENT OF SELBY. 


The first promoters of railways in this country 
recognised the important geographical position of 
Selby. The Leeds and Selby Railway is the third 
oldest line in England, having been constructed 
in 1834; its seniors being the Stockton and Dar- 
lington and the Manchester and Liverpool Rail- 
ways. It is not a little singular that the same 
principle of development appears to have influenced 
the promoters of each of these companies—a desire 
to connect a large centre of industry with some 
conveniently situated port. Perhaps Selby does 
not possess the amount of shipping it once did; 
but an improved waterway still exists, the jetties 
are there, and sea-going vessels still trade between 
Selby and other ports, and occasionally with the 
Continent. Nor is its water communication exclu- 
sively seaward. It has its network of inland water- 
ways through the Aire and Calder Navigation Com- 
pany extending through the West Riding, Lanca- 
shire, and the Midland Counties. Thus its position 
in regard to water carriage alone cannot be excelled. 
With regard to its railway facilities it can scarcely 
be equalled. On the trunk line the entire east 
coast traffic between the north of Scotland and 
London stops at Selby, with the exception of about 
three expresses each way daily. The town ison the 
main line between the West Riding and Hull, and 
also between the West Riding and Bridlington and 
the east coast. It is in direct communication with 
the Midlands, and it enjoys a service of trains 
over the Great Eastern Railway, so that passengers 


jcan travel from Selby to Antwerp with only one 


change—at Harwich. Including passenger and 
goods trains, about 460 pass through Selby daily. 
Selby, too, possesses the advantage of being within 
10 miles of the coal pits, so that an abundant 
supply of excellent coal can be procured either 
by rail or canal. Within 3 hours 45 minutes 
of London, 30 minutes of Leeds, 40 minutes of 
Hull, and 20 minutes of York, it is well situated 
in respect to the chief towns of the kingdom. Yet 
in spite of these advantages, Selby has remained 
stationary, simply because land for building purposes 
could not be obtained. It is only fair to Lord Londes- 
borough, the lord of the manor, to say that until re- 
cently there were difticulties which prevented him 
going beyondthegranting of leases. These difficulties 
are now removed, and his lordship is particularly 
anxious that the closing decade of the nineteenth 
century should witness Selby entering upon a new 
era—should see the old town occupy the position 
which, from its geographical situation, it is emi- 
nently qualified to fill. No town inthe West Riding 
of Yorkshire possesses the advantages which Selby 
enjoys; and seeing that Lord Londesborough is 
now prepared to sell land for manufacturing, com- 
mercial, and residential purposes, the old town, 
which has so long kept back, should start on a 
bright and prosperous career. It is to be hoped 
that the facilities for the development of the town 
now presented by Lord Londesborough will be 
appreciated by the West Riding, and that in a 
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short period there may be added another com- 
mercial centre, whose success may rouse the emu- 
lation of some of its conspicuous neighbours in 
trade. 

Inpuction at GREAT DIsTANCEs. 

At a recent meeting of the Royal Society of 
Edinburgh, Mr. C. A. Stevenson, C.E., read a 
paper ‘‘On Induction at Great Distances through 
Air and Water, without the Use of Parallel Wires,” 
his object being to explain a method which might 
be found useful for establishing communication 
electrically between ships at sea. His original 
idea was to lay down a cable in which a varying cur- 
rent would be maintained, ships when near it 
would, with suitable instruments, detect its pre- 
sence and verify their own position. Having been 
informed that no instrument was known capable 
of detecting the currents which at present cou'd be 
used in submarine cables, he had made further 
experiments, and had succeeded in making 
two such instruments, which would act through 
30 fathoms of water. The first of these instru- 
ments consisted simply of two coils of copper 
wire, quite uninsulated, one of which was placed in 


Telephone 


Fig. 1. Electrostatic. 
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the water at the bow and the other at the stern of 
the boat (see figure). If the coils were joined by a 
wire in which a telephone was interpolated, and 
the boat moored nearly at right angles to a sub- 
merged cable, any electrical changes in the latter 
could be heard in the telephone, If the boat was 
in such a position that the two coils were equi- 
distant from the cable, no sound could be heard in 
the telephone. With the coils 10 ft. apart, the 
electrical changes in an insulated cable, one end of 
which was coupled to a De Meritens machine, 
giving 80 volts, could be heard in the telephone 
when the boat was 340 ft. distant from the cable. 
It was impossible to ascertain at the time whether 
the effects could be detected at a greater distance. 
The second instrument consisted simply of a coil of 
insulated wire surrounding an iron core. When a 
telephone was put up in circuit with this coil, the 
electrical changes in a wire 40 ft. distant could be 
detected. The wire was ;}, in. in diameter, 200 ft. 
long, and the electrical changes in it were caused 
by making and breaking contact with six dry cells. 
With 12 cells the changes could be detected through 
60 ft. of salt water. 


Tue Nationa, TELEPHONE Company, LIMITED ». 
BAKER, 

When the electric tramway was started at Leeds, 
it was found that it interfered with the working of 
the telephones in the neighbourhood. The current 
for each car was drawn from an overhead naked 
wire by a trolley wheel, and, after passing through 
the motor on the car, went through the wheels to 
the rails. Probably a good part of the current 
kept to the rails, and so flowed back to the 
generating station, but a portion of it took a direct 
course through the earth and any conductors that 
offered it an easy path. Among these were a num- 
ber of telephone wires, along which the current 
flowed. If the current had been absolutely un- 
varying, the effect would not have been noticeable, 
as the telephone responds only to variations of cur- 
rent. But it is easy to see that the electric resis- 
tance between a wheel and a muddy rail is con- 
stantly changing, while the condition of contact 
between a trolley wheel and a wire is sufficiently 
evidenced by the constant noise and clatter that is 
kept up. The effect is that there is sufficient 
variation in the current to raise a perfect din in a 
telephone, and to prevent conversation. The 
telephone company, therefore, brought an action 
against the Leeds Corporation, represented by the 
contractor for the tramway, and the case was 


heard at great length by Mr. Justice Kekewich, 
who gave judgment last Saturday. The legal 
aspect of the case seems to be regulated by the 
case of Fletcher v. Rylands (L. R, 3, H. L., 330), 
in relation to which the judge said :— 


**T cannot see my way to holding that a man who has 
created, or, if that be inaccurate, called into special exis- 
tence, an electric current for his own purposes, and who 
discharges it into the earth beyond his control, is not as 
responsible for damage which that current does to his 
neighbour as he would have been if, instead, he had dis- 
charged a stream of water. The electric current may be 
more erratic than water, and it may be more difficult to 


calculate or to control its direction or force, but when |: 


once it is established that the particular current is the 
creation of, or owes its special existence to, the defen- 
dant, and is discharged by him, I hold that, if it finds 
its way on to a neighbour’s land, and there damages the 
neighbour, the latter has a cause of action.” 

The judge dismissed the contention that the tele- 
phone company should use complete metallic circuits, 
holding that they were not legally required to pro- 
vide special precautions to guard themselves against 
currents set free by the defendants. The defen- 
dants pleaded that they were acting under statu- 
tory powers, and that if in the exercise of those 
powers they injured the plaintiffs, they were free 
from blame. In relation to this, his lordship said 
that the defendants were expressly authorised to 
use electrical power, and the legislature must be 
taken to have contemplated and condoned by anti- 
cipation any mischief arising from the reasonable 
use of that power. On the other side, however, it 
was pleaded that there was a difference between an 
Act of Parliament and provisional order obtained 
through the Board of Trade; but the judge held 
that Parliament delegated its full authority to the 
Board of Trade, and that this plea was valueless. 
As to whether the single-trolley system was a pro- 
per method of construction, he held that it was, 
seeing that it was practically universally adopted 
in America, and that the double-trolley system was 
beset with difficulties. He refused to hold the 
‘*company liable for the consequences of acts done 
under statutory powers, because it had not adopted 
the last inventions of ever-changing, ever-advanc- 
ing scientific discovery. It is surely,” said he, 
‘‘impossible, with any regard to that common 
sense which, after all, is the foundation of this and 
many other branches of law, to say that a railway 
company which was not liable last year, last month, 
or even yesterday, because, until then, its under- 
taking was carried on according to rules acknow- 
ledged to be the best, is liable now, not because 
those rules have been proved to be altogether 
wrong in practice or unscientific in principle, but 
because some diligent worker in this department 
has discovered what is held for the moment to be 
a large improvement, but may to-morrow turn out 
to be only a step in the progress of further ad- 
vance.” The judgment amounts to this, that the 
tramway is worked in a way that would be illegal 
had not an Act of Parliament been obtained em- 
powering it to employ electric traction. But since 
an Act has been obtained, it condones the present 
system of working, and the telephone company 
must meet the conditions by complete metallic 
circuits, or in any other way it pleases. 


New Yorx.—New York is advancing with the strength 
ofa giant. Last year 3000 new buildings were erected, at 
a cost of nearly 12,000 0007. 


Batu AND WEST AND SouTHERN Countries Socrery.— 
This Society will this year hold its annual exhibition at 
Gloucester, on May 31 and June 1, 2, 3 and 5, and 
special efforts are being made, both on the part of the 
Society, as well as by the city and district of Gloucester, 
to render it the most noteworthy of the long record of 
meetings which have taken place under the Society’s 
auspices. In proof of this, it may be mentioned that the 
Society’s Council have voted a much larger sum for 
prizes for live stock and farm produce than on any pre- 
vious occasion in the Society’s history, whilst the 
Gloucester Local Committee have liberally supplemented 
this. No less a sum than 3255/. 10s. is offered in money 
prizes, in addition to medals and plate. This, however, 
represents only one section of the exhibition, for there 
will be an even larger display of implements, machinery, 
and articles of general utility than of live stock. Among 
other attractive features will be an exhibition of pictures 
by living artists, an art manufactures collection, a horti- 
cultural show, a poultry show, horse-shoeing competi- 
tions, butter-making contests, lectures, demonstrations, 
and discussions in reference to dairying, ete. The popu- 
larity of the locality selected for this year’s meeting is 
evidenced by the applications for space which have 
already been received from leading firms. Entry forms, 
regulations, &c., can be obtained of the secretary (Mr. 
Thos. F. Plowman, Bath), to whom application should 
be made at once, 


THE 8.8. ‘‘GREAT BRITAIN.” 
To THE Eprror or ENGINEERING. 
Sir,—Can you, orany of your numerous readers, inform 
me what ultimately became of the screw steamer Great 
Britain, built at Bristol, 1843. The last I heard of her 
was when she was put up at public auction in the West 
Float, Birkenhead, in 1881. I desire the information as a 
matter of history to be recorded. 
Respectfully, 
Wiriram M. HENnpERSON, 
4420, Chestnut-street, Philadelphia, Pa., U.S. 


A NEW CENTRIFUGAL PUMP. 
To THE Eviror or ENGINEERING. 

Str,—The experiments on centrifugal pumps, pub- 
lished in your issue of 3rd inst., are of great interest, and 
it would be very desirable if Mr. Charnock would give 
some further information concerning them. These ex- 
periments show a higher efficiency than has hitherto been 
obtained with such pumps for lifts of 52 ft. At thesame 
time the engine friction found from the friction diagrams 
is so small that it borders upon the incredible. For 
Thwaites’ pump, with 21 ft. lift, the gross indicated 
horse-power is 5.16, the effective horse-power is 4.60. The 
friction of the steam engine and leather belt is therefore 
only 0.56 indicated horse-power. With a 12-in. pulley, 
making 11.78 revolutions per minute, this only representsa 
pull of 5 1b. on the belt, without reckoning any loss in the 
driving engine, The efficiency of the engine and belt is 


(200 x F16) = 89 per cent., which is less than is ordi- 


5.16 
narily obtained with direct driving. If Mr. Charnock 
would publish a few of the indicator diagrams taken 
during the trial, and give such information that would 
enable your readers to check his results, it would, no 
doubt, prove most valuable to practical men. 

Your obedient servant, 

ALFRED HANSSEN, 
East Dulwich, February 7, 1893. 


HOOK AND EYE MAKING MACHINERY, 
To THE Eprror or ENGINEERING. 

Srr,—Can any of your readers tell me who are the 
makers of machinery for manufacturing hooks and eyes, 
hair-pins, &c. Yours truly, 

A. E. W. Gwyn, 

9, Ducksfoot-lane, Cannon-street, London, F.C. 

February 3, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE Epiror OF ENGINEERING. 

Srr,—I have already informed your correspondent, Mr. 
J. H. Ravenshaw, that my list of locomotives is in accord- 
ance with the North-Eastern Company’s official returns 
to the Board of Trade, and until it is otherwise proved, 
I presume those returns are correct. In your last issue 
Mr. Ravenshaw refers to cost of locomotive maintenance, 
and the number of engines charged to revenue. That is 
a subject to which I do not refer in my ‘‘ Locomotive List,” 
and with which I have nothing to do. The directors of 
each company, and they only, must decide as to the num- 
ber of engines charged to capital or revenue. In reply to 
Mr. Ravenshaw’s question, my ‘‘ Locomotive List” is 
contained in my latest locomotive book. 

Yours faithfully, 
CLEMENT E. Stretton, C.F. 
Saxe Coburg House, Leicester, February 4, 1893. 


TAXATION OF MACHINERY. 
To THE EpitTor oF ENGINEERING. 

Str,—I am pleased to be able to inform yonr readers 
that the steady persevering work carried on by the com- 
mittee of this society during the long recess has been 
rewarded by the Bill for defining the law as to the non- 
ratability of tenants’ machinery and tools securing the 
first choice of a day for a private member’s Bill. 

Mr. W. H. Holland, M.P. for North Salford, has 
charge of the Bill for this session and he has put it down 
for second reading on March 8. 

What is now required is that all machinery users and 
others interested in the success of the measure should 
urge their Parliamentary representatives to be present on 
March 8 to vote for the Bill. 

Any information your readers may desire can be 
obtained at the society’s offices. 

Yours faithfully, 
G. Humpnureys-Davies, Secretary. 

8, Laurence Pountney-hill, Cannon-street, E.C., 

February 2, 1893. 


BRIDGES ON THE TRANSANDINE 
RAILWAY. 
To THE Eprror or ENGINEERING. | 

Srr,—We make it a rule to take no notice of irrespon- 
sible anonymous letters, but the recent communication in 
your issue of December 9, 1892, reflecting on the character 
of the work we furnished the Transandine Railway in 
1889, work which was awarded to us in open competition, 
after an examination of our plans and details by Messrs. 
J. E. and M. Clark and Co., of your city, we think 
demands a reply. 

The letter in question can hardly be considered a 
shining example of a fair and dignified discussion of engi- 
neering problems by an ‘“‘ expert,” yet we shall try and 
pick out points raised by this ‘‘expert” and answer 


same. 
1. The 246-ft. single track through narrow gauge span 


174 

we constructed for the Transandine Railway was designed 
for a wind pressure on unloaded structure of 40 lb. per 
square foot over total exposed area of trusses and floor, as 
shown in projection. For loaded structure, narrow gauge 
cars, 8 ft. deep and beginning 3 ft. above rails, were 
assumed, and as a pressure of 25 Ib. per square foot would 
overturn these cars (a fact which the expert seems to have 
overlooked), this pressure on exposed surfaces of trusses, 
floor, and train over the entire bridge was used, the 
latter portion being considered moving load. Upon above 
assumptions the bracing of the span was designed with a, 
factor of safety of 34. Messrs. J. E. and M. Clark and 
Co.’s engineer checked over every figure of our strain 
sheet, and every detail of the design before the work was 
commenced in the shops. This engineer remained at the 
mills and shops during the construction, giving same 
careful inspection, and did not leave our works until 
every pound of the material was shipped. The structure 
was erected promptly in the field, fitting together without 
the least trouble, and has given entire satisfaction since 
being in use. 

2, The Phcenix Bridge Company were prepared to con- 
struct the bridge in accordance with plans and specifica- 
tions in time named in their proposal. Why English 
manufacturers did not name as short a time, we at this 
distance do not attempt to answer. 

3. The insinuations made against the Hawksbury 
Bridge we leave to the Union Bridge Company to make 
reply, as the builders of that important structure. That 
they are entirely competent to do this, being the designers 
and builders of some of the most important bridges in the 
United States, even the ‘‘expert,” we believe, will admit. 

4, If the experience gained by a business of over 30 
years in the designing and construction of every style of 
iron and steel bridges, many of them the largest of their 
class at the time constructed, may be considered valuable, 
we feel that we are not presumptuous in calling ourselves 
experts in the art of iron bridge building, and that Messrs. 
Clark did not award their work to novices in the business, 
but, instead, had the benefit of not only one expert but 
several experts of many years’ experience, members of 
the engineering staff of the Phcenix Bridge Company. 

We trust that if the ‘‘ Expert of 40 Years’ Experience” 
feels obliged to again address the public through your 
valuable journal, that he will have the manliness to sign 
his name to the communication. 

We remain, yours very truly, 
The Pheenix Bridge Company, by 
A. Bonzano, V.P. and Chief Engineer, 
Pheenixville, Pa., January 11, 1893. 


THOMPSON’S FLEXIBLE BACK SAW 
BLADES. 
To THE Epritor or ENGINEERING. 
Sir,—We shall be glad if any of your readers can tell 
us the name and address of the maker of Thompson’s 
patent flexible back hack saw blades. 


Yours truly, 
January 27, 1893. Saws. 


Tuer ‘ Umpria.”—The Cunard liner Umbria arrived at 
Liverpool from New York on Sunday, 5tb inst., after a 
ten days’ voyage with goods cargo, but no passengers. 
The broken shaft, after temporary repairs at New York, 
worked well, but it was not considered advisable to put 
on full steam, the Umbria’s usual run of over 20 knots an 
hour being replaced by a reduced speed of from 13 to 
14 knots. The Umbria encountered strong southerly 
winds for a week. The piece taken out of the shaft has 
been brought home and weighs about a ton. It is 25 in. 
in diameter by 26 in. long. The Umbria will, after dis- 
charging cargo, go into the graving dock, where a new 
thrust shaft 20 ft. long will be fitted. It may be added 
that the new piece temporarily fitted into the shaft is 
26 in. long, and kept in position by means of collars at 
each end, these in turn being bolted to the thrust collars 
with twelve 3-in. bolts, as illustrated in our issue of 
January 20 (page 80 ante). 


Lzeps Association or ENGInEERS.—At the last ordi- 
nary meeting of this association, held in the Lecture 
Room, Park-lane, the president (Mr. R. Lupton) in the 
chair, Mr. Wilson Hartnell, M.I. Mech. E., read a paper 
on ‘‘ The Use of Linesin Engineering Work.” He treated 
of the lines necessary or desirable in the workshop to 
produce forms shown on the drawings. With regard to 
shaping, he said that if a line be drawn showing accu- 
rately the piece to be cut away, it is merely necessary to 
work to that line and stop; but if there be no accurate 
line, it is necessary to cut off a portion manifestly insuffi- 
cient, repeating the process on the system of try and try 
again, involving immense waste of time. Pattern-makers 
were superior to fitters in the art of lining out, and it was 
to be regretted that young men went to the vice or 
machine tool without having had any teaching or expe- 
rience in this art. Mr. Hartnell described the general 
principles of lining out, and the tools used, and gave some 
of the examples which had come under his notice, illus- 
trating these by- numerous blackboard sketches. His 
conclusion was that. although it cannot be supposed that 
a knowledge of the use of lines is less than it used to be, 
yet it is being confined to the few. It was chiefly the 
possession of this knowledge that made the old mill- 
wrights the men they were, and from want of which the 
pr race of fitters were deficient. There were no pub- 

ished works on the subject, and he thought the Associa- 
tion might take the matter in hand. A discussion fol- 
lowed, in which Messrs.’ Lupton, Wood, Bowers, Moor- 
house, Drake, Atkinson, Hargreaves, and Blackburn 
took part. A vote of thanks to the author of the paper, 
on the motion of Messrs. Lupton and Moorhouse, was 
carried unanimously. 
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BRAITHWAITE AND KIRK’S BRIDGE FLOORING. 
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TroucH flooring for bridges is that now very largely 
adopted, and we illustrate on this page a very deep 
form of trough adopted by Mr. H. Copperthwaite, 
M. Inst. C.E., for a bridge on the southern section of 
the North-Eastern Railway, a cross-section of which is 
shown in Fig. 1. As will be seen, the girders are 
20 ft. 32 in. apart centre tocentre. The span of the 
bridge was 64 ft., and the total length of the girders 
69 ft. The effective span of the floor is 19 ft. 74in., and, 
as will be seen from Fig. 2, it is built up of -in. plates 
of a special section, which are riveted together top 
and bottom, forming troughs 18 in. deep. This special 
section is manufactured by its patentees, Messrs. 
Braithwaite and Kirk, West Bromwich, who supplied 
it to the Cleveland Bridge and Engineering Company, 
who built the main girders. 


COMPOUND EXPRESS LOCOMOTIVE FOR 
THE NORTHERN RAILWAY OF FRANCE. 

We give this week further illustrations of the 
compound express locomotive recently built for the 
Northern Railway of France to the designs of M. du 
Bousquet, the locomotive superintendent of the line, 
by La Société Alsacienne de Constructions Mécaniques, 
Belfort, and of which we published longitudinal section 
and plan in our two-page plate for our issue of 
January 20. Our two-page engraving this week in- 
cludes a side elevation of the engine (Fig. 3), and 
cross-sections (Figs. 4 and 5). While another cross- 
section (Fig. 6) appears on the opposite page. 

As will be seen from these views, the engine is of 
the four-cylinder type, the high-pressure cylinders 
being placed outside the frames in the rear of the 
bogie, and the low-pressure cylinders inside the frames 
under the smokebox. The steam chests of the latter 
cylinders, however, are accessible from the outside, as 
shown in Fig. 4, thus facilitating examination of the 
valves. The steam passes from the high-pressure 
cylinders to the low-pressure steam chests through 
an intermediate receiver cast in one piece with the 
low-pressure cylinders and common to both of them. 

The engine has two pairs of coupled driving wheels, 
the axle cf the front pairs, which is, of course, cranked, 
is worked by the low-pressure cylinders, whilst the 
high-pressure cylinders drive the rear axle (which is 
placed behind the firebox) by outside cranks. The 
leading pair of driver wheels is fitted with Gresham’s 
steam sanding apparatus. 

To facilitate starting, the high-pressure crank makes 
an angle of 162 deg. with the low-pressure one on the 
same side, instead of the 180 deg., which would be the 
preferable position if the balancing of the reciprocat- 
ing parts was alone considered. The consequence 
of this arrangement is, that in whatever position 
the engine stops, the port of one or other of the 
four cylinders is always open for steam. ‘This 
device is not, however, sufficient itself to insure 
the engine starting in all positions, as when steam is 
admitted into the low-pressure receiver by the valve 
supplied for this purpose, the back pressure produced 
at the same time on the high-pressure pistons may 
reduce the effective starting effort below what is re- 
quisite. To avoid this the three-way valves, shown 
by Figs. 9 to 12 on our two-page engraving, have been 
fitted on the exhaust passages of the high-pressure 
cylinders. By means of these the high-pressure ex- 
haust may be turned direct up the blast pipe when 
desired. The joint between the high-pressure exhaust 
pipe and each of the valves just mentioned, is made 
by a stuffing-box having metallic packing, as shown 
in the engravings. This plan has been adopted with 
a view to lessening expansion strains. As will be seen 
from the views, Figs. 9 and 11, the three-way valve 
(which is of cast iron) rotates in a cylindrical casing 
having three branches communicating with it, that on 
the left, in Fig. 11, being the exhaust from the high- 
pressure cylinder, that on the right leading to the low- 
pressure cylinders, while that on the top communicates 
with the exhaust pipe in the smokebox. The valve is 
connected to a spindle which passes through a stuffing- 
box fitted with metallic packing, the spindles of the 
two valves in the opposite sides of the engine being 
connected by levers to the piston of a small auxiliary 
steam cyllnder placed under the boiler as shown in the 


longitudinal section (Fig. 1) on our two-page engrav- 
ing, published on the 20th ult. The admission of 
steam to and its release from this auxiliary cylinder is 
controlled by two cocks shown in the side elevation 
(Fig. 3), and the three-way valves can thus be readily 
manipulated by the driver. By the aid of the arrange- 
ment described the engine is enabled to exert at start- 
ing a tractive effort of 10 tons, the pressure of steam 
in the intermediate receiver being at the time main- 
tained at 85 lb. per square inch. 

The engine is, by the arrangement above described, 
capable of being worked in four different ways, 
viz.: 1. As a compound locomotive as in ordinary 
running. 2. As two independent engines, one set 
being worked with steam at 200lb. per square inch, 
and the other at 85 lb. per square inch as in start- 
ing. 3. With the two high-pressure cylinders only, 
in the event of an accident happening to the low-pres- 
sure gear. 4, With the low-pressure ones only in the 
event of the high-pressure portion of the engine being 
disabled. 

The boiler is designed for a pressure of 200 lb. per 
square inch, and is intended to give an ample supply 
of steam. The firebox of one of the engines built of 
this type is fitted with a Tenbrinck water bridge, as 
shown in our longitudinel section, Fig. 1, while that 
of the second engine is provided with the usual fire- 
brick arch. The firebox heating surface, exclusive of 
the water bridge, is 148.5 square feet. The barrel 
of the boiler is telescopic, the smallest belt being to 
the rear, over the low-pressure cranks, where as much 
room as possible is required. The dome is placed on 
this belt. The two safety valves, which are of the 
Ramsbottom type, are placed over the firebox. The 
plating of the boiler, which is of iron, is 18 mm. 
(0.71 in.) thick. 

The valve gear is of the Walschaert type, and can 
be operated independently for the two sets of cy- 
linders. The reversing gear, which is shown in detail 
by Figs. 7 and 8 on our two-page engraving, consists 
of two screw gears placed side by side, one of these— 
namely, that for the low-pressure cylinders, carries 
a handwheel V. Firmly fixed to this handwheel is a 
pinion R, gearing with a second pinion R" on the high- 
pressure reversing screw. ‘The handwheel, however, 
is not keyed on its spindle, but can be fixed to it 
solidly when required by a catch, in which case it 
operates both gears when turned. On raising the 
catch it runs loose on its spindle, and drives the high- 
pressure gear only by means of the pair of pinions 
already mentioned. The slide valves of the high- 
pressure cylinders were originally made with an 
inside clearance of 1.5 mm. (0.06 in.) with a view 
to reducing compression, but since indicator diagrams 
have been taken from the engine in actual work, it 
has been decided to double this amount of clearance. 

The general arrangement of the engine framing will 
will be readily seen from our engravings. The frame 
plates, which areof iron, are 28 mm. (1. 1in.)thick, and, 
in addition to being connected in the usual way at the 
leading and trailing ends, and by thelow-pressure cylin- 
ders, they are firmly braced by a steel casting inserted 
between the points of attachment of the high-pressure 
cylinders, as shown by Figs. 1 and 2 on our two-page 
engraving published on the 20th ult., and by the right- 
hand halves of the transverse section, Figs. 4 and 5, 
published this week. The casting which is .68m. 
(26.8 in.) long, serves to support the ends of the low- 
pressure crosshead guides, and also the valve links. 

The bogie—-as will be seen by our engravings—has 
outside frames, and is not arranged for lateral dis- 
placement. The cranked axle is of the Worsdell 
type, with circular crank cheeks, The engine 1s 
fitted up with a vacuum brake worked by two in- 
jectors fixed to the smokebox. All the driving 
wheels are fitted with brake blocks, these being ope- 
rated by two brake cylinders of the Hardy type, fitted 
to the front part of the tender. The driver’s platform 
is well protected by a hood, and is lighted at night 
by a lamp in the roof. The general appearance of 
the engine is well shown in Fig. 3. 

The tender has six wheels, and can hold 14 tons of 
water and 4 tons of coal. It is provided with vacuum 
brakes acting on all six wheels, The connection 
between the engine and tender is made by a rigid 
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LOCOMOTIVE FOR NORTHERN RAILWAY OF FRANCE. 
DU BOUSQUET, LOCOMOTIVE SUPERINTENDENT. 
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coupling link and two buffers fitted with spiral springs. | Distanceapartfrom centre / 
The principal dimensions of the engine and tender are| _ to centre.,, -570 m. 22.45 in, 
as follows: Stroke : 7 ay 640 ,, 25.2 ,, 
Ratio of volumes of cy- 
Length of firebox 2.013 m, 6.604 ft, linders A, "9.42 
Breadth of ,, 1,012 ,, 3,320 ,, Ratio of receiver to volume 
Grate area... ... ... 2.048q.m, 21.96 aq. ft, of both high-pressure 
Height of firebox inside, cylinders... ae nem 196 
in front ... ae Aer yee 5.659 fb, . 
Height of firebox inside _, High-Pressure, Low-Pressure. 
ai tack ao. Pe 1.475 A 4,839 ,, Lap of valves, outside .054m, 2.13in, .054m. 2.13 in, 
Mean diameter of boiler 1.26 ,, 4,134 ,, Clearance of valves, 8 1 
Thickness of plates ‘is 018 ,, -708 in, inside... ... .008,, .12,, .003,, 12,, 
Height of centre line above Maximum tractive power : 
AAU Mies as ol +s. vans dwn ASA’ ay 7.349 ft, working compound 7,847 kg. 7,723 tons 
Tubes, number ,., ane 202 Maximum traction at 
,, external diameter ,045 ,, 1.77 in, starting ... 4.  ..,. 10,000 ,, 9,842 ,, 
te thickness’... ~...' .0025 ,, .098 ,, Average tractive power in 
», length between practice working com- 
tubeplates eS BG 12.78 ft. ound ee vee 070 4 4.99 ,, 
Heating surface of firebox 10,87 ,, 117 sq. ft. eight of engine, empty 43.80 tons 
a a water at »» In work- 
bridge... Sree! 219.7000 7 29.06 ,, ae Onder sue eer ie of 
Heating surface of tubes 98.98 ,, 1065.44 ,, Weight on bogie ... lot 17.30 ,, 
Working pressure an 214 ke; 200 lb, per sq. in. 1 5) leading drivers 15.35 ,, 
Maximum pressure in low- » 5, trailing ,, 1.15 ,, 
ressure receiver a OG 85.34 ,, 7 Wonder 4. 
idth between frames... 1.25 m 4.101 ft. : 4 
Thickness of - .028 ,, 1.102 in. Diameter of tender wheels 1.2475 m. 4.093 ft, 
Diameter of bogie wheels 1.04 _,, 3.412 ft. Capacity, water .., 14.16 tons 
Diameterofdrivingwheels 2.114 ,, 6.935 ,, ” coal ,,, ae 4.0ges, 
Total wheel base... ..,  7.330,,, 24.05 4, Weight of tender, empty 1b 
Diameter of high-pressure Total wheel base of engine 
cylinders... ine Ar .340 ,, 13.39 in. and tender coupled ,,. 13.36 m, 43.83 ft, 
Distance apart from centre Length over buffers ec lB HE 53,94 ,, 
to centre... ts He M0 TOM 6,792 ft, : ri ‘4 ‘cul f 
Stroke by i pine Toeenat 25.2 in, We propose in an early issue to give particulars o 
Diameter of low-pressure the performance of the very interesting type of engines 
cylinders... 530 ,, 20.87 ,, we have been describing. 


INDUSTRIAL NOTES. 

To a considerable extent labour questions outside 
the House of Commons have been somewhat dull 
during the past week in comparison with several 
months past, not because of any cessation of in- 
terest therein, but mainly because the centre of 
interest was transferred to Parliament. There 
is, indeed, every indication of industrial ques- 
tions coming more and more before Parliament, not 
merely by reason of the greater activity of labour move- 
ments, butin consequence of the exigencies of political 
parties, Thereis a bid for the ‘‘ popular vote.” There 
is, however, one danger to be avoided, namely, mistak- 
ing clamour for popularity. The number of Bills down 
for the present Session exceeds that of former years, 
and of those there is a larger proportion than ever 
before dealing with some phase of the labour question 
or social topics. Mr, Mather’s Hours of Labour Bill 
has only one labour member upon it, while the Mines 
Kight Hours Bill has several. The universal Eight 
Hours Bill is backed by three labour members and a 
solicitor, There are also Bills for restricting the 
hours of labour of railway servants, of employés under 
the crown, and of employés under local authorities. 
There are several other Bills dealing with labour, 
directly or indirectly, such as arbitration in trade 
disputes, creation of a minister of labour and minister 
of mines, employers’ liability, seamen, factories, and 
some pertaining to agriculture. The chances of most 
of these Bills coming on for a second reading are very 
remote, remoter still their chance of getting into 
Committee and being carried. The activity of the 
promoters is certain, but the fates of the ballot have 
relegated most of the measures to the dim and distant 
future, 


The engineering industries throughout Lancashire 
remain in much the same condition as last reported, 
there being little evidence of any appreciable improve- 
ment. Nevertheless, in isolated instances, new work 
has been coming forward more freely than it has been 
recently. Moreover some good orders for locomotives 
are being placed for India and Ceylon railways, which 
will improve trade in the locomotive departments, in 
which trade has been exceptionally dull for some time 
past. But even with this advantage the outlook in 
this branch of trade is not deemed to be very satisfac- 
tory, the complaint being shortness of orders, and that 
for those in the market the competition is so keen that 
there is very little margin of profit left to the capitalist, 
and in some cases it is said that the prices will not 
cover the cost of production, The railway carriage 
branches are fairly busy, but the wagon departments 
are exceedingly dull, The other leading branches, 
such as stationary engine building, machine tool- 
makers, and boilermakers remain about the same, the 
depression not having been so severely felt in those 
departments. The labour question in all departments 
of the engineering trades is quiet, there being no dis- 
pute of any moment in any district. It appears that 
Messrs. Mather and Platt have under consideration 
the concession of the eight hours; the scheme will be 
the outcome of friendly negotiation between the firm 
and the workmen, In the iron trade there is little 
activity, though inquiries are stirring, but at low 
prices only, Manufactured iron is, however, in better 
demand, though at no better prices. Still, it is only 
in exceptional cases that the forges, &c., are kept fully 
employed. There are also inquiries for steel boiler 
plates, but only at a moderate figure. Generally the 
prospects are a little better than they were in most 
departments, but the increasing activity is so slow, 
that the difference is as yet scarcely observable, With 
more settled weather some improvement is anticipated 
if no labour dispute or other untoward incident crops 
up to check it, 


In the Sheffield and Rotherham district the depres- 
sion complained of recently seems not to have lifted to 
any great extent, but there is some evidence of im- 
provement in certain branches, The dispute in the 
glass bottle trade affects some other branches, and 
there appears to be very little indication of its being 
settled. The coal trade is not so brisk as it has been, 
but employment will be found presently for some 2000 
men at the new seam of the Denaby Main Colliery 
Company, 


The Glasgow iron trade having quieted down after 
the rather active speculative operations of recent cor- 
nerings, there is little demand for immediate delivery 
of any kind, though some forward business has been 
done. The ship joiners’ dispute on the Clyde unsettles 
the shipbuilding trades, for all the other branches have 
consented to the reduction, Uncertainty consequently 
prevails, 

In the Cleveland district trade is dull, and the out- 
look is not promising. In consequence of the depres- 
sion in trade, 3000 of the steelworkers at the Eston 
Works received notices on Friday last to terminate 
their contracts with a view to the reduction in wages, 
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Only 24 hours’ notices were given. The firm has some 
good rail orders on hand, but prices are low, and the 
employers say that there is little or no margin of 
profits. Similary the ironstone mineowners have in- 
timated to the ironstone miners that the state of trade 
requires a 10 per cent. reduction in wages. Whether 
or not the men will agree without resistance remains 
to be seen. The men have recently left the National 
Union of Miners, and have affiliated themselves to the 
National Federation, but the effect of this change on 
the situation cannot be known until the whole of the 
circumstances have been considered, and a vote taken 
by the Federation. The labour outlook in the entire 
district is at present anything but encouraging. 

The dispute inthe Frodingham district touches that 
of Cleveland by reason of the fact that a large number 
of the men involved in that dispute were connected 
with the Cleveland associations. The strike at 
Frodingham is now virtually over, the men being no 
longer able to resist the combined employers in the 
demand to forsake the Union and individually agree 
not to belong to a union. The men are much cha- 
grined at the result naturally. But in all fairness it 
must be said that a determination to allow none but 
union men to work is on a par with a determination to 
allow none but non-union men to work. The infringe- 
ment of individual liberty is the same in both cases. 
There are limits beyond which neither party ought to 
go in this direction, The law allows freedom of asso- 
ciation, and that freedom ought not to be infringed. 
But the limitation affects both alike, employers and 
employed, and any attempt to pass the legal lines will 
only meet with retaliation on the other side. 


In the Birmingham district teade has continued dull, 
but the volume of demand has been slowly increasing, 
and employment is more abundant than it has been 
for some weeks. In the hardware branches the slight 
revival which began a fortnight ago has been main- 
tained, and even extended, but the trade is still in a 
languid condition. Orders are more plentiful on 
account of the United States and the South American 
States, and also New Zealand, but the other Austra- 
lian markets are quiet, and also the continental. The 
chief demand appears to be in mining appliances and 
machinery, and a few special articles for the older 
colonies; in the United States for cycles and cycle 
fittings, guns, vices, and anvils, saddlers’ ironmongery, 
metallic bedsteads, needles, and some other articles. 
Brazil is taking edge-tools, agricultural implements, 
and miscellaneous ironmongery; Chili railway ma- 
terial, constructive work, and mining and agricultural 
tools. South Africa is taking a good supply of rail- 
way material, rolling stock, mining machinery, and 
galvanised iron; and also brasswork, edge-tools, and 
utensils. India is taking railway material, and car- 
riage ironwork, water works machinery, edge-tools, 
galvanised iron, and sheet metal. For home markets 
the demand includes agricultural implements, tools, 
spades, shovels, &c., bolts and nails, bedsteads, and a 
variety of local wares. The strike in the ironplate 
trade is not settled, the recent conference having 
broken up without arriving at a satisfactory conclu- 
sion. The employers state emphatically that they 
cannot continue the bonus, and have left it to the men 
to propose some other settlement which, when the men 
have agreed to it, the employers will consider. On the 
whole, the state of trade in the Birmingham district 
is a littleslow and dull, but by no means so bad in its 
present state or in prospect, as it was anticipated it 
would be a short time ago. The chief complaint is 
the lowness of prices, the keenness of competition to 
insure orders, and the cost of production because of 
the price of fuel, railway rates, and in some cases of 
labour. But reductions in the latter are rare. 


In the Wolverhampton district the condition of 
trade is not regarded as satisfactory, but nevertheless 
it is not uniformly bad, scarcely depressed in some 
industries. The hardware manufacturers are fairly 
well engaged on what may be said to be an average 
amount of work. The engineering branches are fairly 
busy, and the ironfounders are receiving inquiries for a 
considerable amount of work. The bedstead makers 
are well employed, and there is a good demand for 
builders’ ironmongery of nearly all kinds. The tube 
trade is rather depressed, and edge-tool makers are 
not so busy, but the japanning trade and tinplate 
trade is tolerably active, especially the latter. In the 
chain-making branches there is considerable activity, 
and the cast-iron hollow ware industries are increasing 
the output and the export. In the iron and steel 
trades, apart from manufactures, things are still 
quiet. But the orders which are coming to hand 
appear to be urgent, an indication that in those cases 
stocks are well-nigh exhausted. 


The annual report of the Midland Wages Board 
shows no change in prices such as to involve a reduc- 
tion in wages or rates.. The rate now is for puddlers 
7s. 9d. per ton, a rate which has not changed for the 
last five bi-monthly ascertainments. This rate con- 
tinues for the current two months, At the same time 


the prices of iron have fallen 2s. 8d. per ton in the 
North of England and 1s. 7d. per ton in the Midlands, 
but no reduction is suggested in wages at the present 
time. 


The trade in South Wales has again undergone a 
change for the worse. Upwards of 100 mills in the 
tinplate industry have suspended operations, the whole 
of the hands being thereby thrown out of work. There 
is considerable anxiety as to the effects of the coal 
crisis upon the iron and steel industries of South 
Wales, and especially as the labour troubles in the 
steel trade are not yet over, nor those in connection 
with some of the workers at the large iron works. 
Activity in the movement is merely suspended, the 
causes of the disputes not having been removed or a 
settlement effected. 


The cotton operatives’ dispute in Lancashire seems 
rather to be receding from the point of possible 
settlement than of approaching that point, judging 
by the meeting of employers held in Manchester at the 
close of last week. Efforts had been made to negotiate 
a compromise on the basis of 24 per cent. reduction 
for a period instead of 5 per cent., but the proposal 
does not seem even to have been referred to at the 
employers’ meeting. The resolution that was passed 
expressed confidence in the committee, and endorsed 
their action during the past three months, and left 
the entire matter in their hands for the future. Perhaps 
the most important thing in connection with the 
meeting was the tone of the speeches, which showed 
that whatever may have been the attitude of the Em- 
ployers’ Association and the Operatives’ Association 
previously, there is a considerable amount of friction 
now. The struggle has already been long and doggedly 
persistent ; the weavers are so short of yarn that the 
weaving departments are forced into idleness, and the 
men have not as yet shown any real signs of giving 
way. The indications now are that the struggle will 
be more fierce as it proceeds, and it will prove very 
disastrous unless a settlement is effected, and that 
speedily, Overtures of a conciliatory character have 
been made by several, the last being by a member of 
the present Government, but all have been rejected. 
The employers declare their readiness to discuss with 
the operatives without the intervention of a third 
party, but all to no purpose. At the recent meeting 
there was expressed a strong personal animus to the 
Operatives’ secretary, as though the employers blamed 
him for the prolongation of the struggle. Be that as 
it may, the folly of his refusal to consider the pro- 
posals made to him for conciliation was referred to at 
the time in Industrial Notes as an act which would 
be brought in evidence against him when the time 
came for it to be revived. 


The closing evidence before the Royal Commission 
on Labour, included that of Sir Thomas Farrar and Mr. 
Giffin, mainly on the lines of what we may describe as 
an official view of labour problems, largely made up in 
the latter case of speculative statistics, and on the eight 
hours day and municipal employment by the chief of the 
Socialist party in this country. The Commission will 
now proceed to prepare the final report. That docu- 
ment will be awaited with considerable interest, and 
the sooner it is out the better, for it will of necessity 
deal with many matters which are now before Parlia- 
ment in the shape of Bills and notices of motion, and 
the verdict of the Commission will influence many 
votes on divers subjects. 


The mass of the unemployed is being increased in 
several districts by the suspension of operations, as 
in Cleveland among the steelworkers, in Wales by 
the closing of the tinplate works, and in Durham and 
other coalfields by the closing of pits. In the latter 
case it is said that the injury to the pits in some in- 
stances by the long strike last spring renders it im- 
possible to work them at a profit. In many districts 
it is claimed that the Labour Bureau have found em- 
ployment for numerous hands, and the local bodies 
have employed large numbers for parochial purposes. 
Unfortunately, in the latter case, the state of the 
roads and streets does not show any material improve- 
ment. During the recent fall of snow in London, the 
state of the streets was worse than it was before the 
cleansing of the pavements was handed over to the 
vestries by Act of Parliament. 


The condition of affairs in South Wales is not very 
reassuring. The failure of the negotiations for the 
continuance, or rather the re-adoption of the sliding 
scale, slightly amended, islamentable. The employers 
throw the whole blame upon the representatives of the 
men. In view of all the facts of the case, this judg- 
ment can scarcely be sustained. On the contrary, in 
spite of very serious embarassments, the men’s repre- 
sentatives strained every nerve to secure the con- 
tinuance of the scale as a wages basis. They had to 
contend with the National Federation, whose 
members, withouta scale, had resisted every reduction, 
while their own reductions had approximated to nearly 
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40 per cent. Under these circumstances the adhesion 
of the men to the scale would have been secured if 
the employers could have met the representatives of 
the miners with some substantial concession. But the 
men are weak in union. They nominally have a strong 
federation, but they have nofunds. If a battle is 
fought it must be at others’ expense, and, therefore, 
the men are in a tight fix, as the coalowners well 
know. The final result of the interviews last week 
was that the coalowners gave notices to some 100,000 
men, at 200 collieries, owned by about 70 associated 
companies, so that the men are notified by the em- 
ployers, instead of the latter being notified by the 
former. What the outcome of this strange state of 
things will be it is not possible at the present moment 
to foresee. 

The reductions in the wages of the Scottish miners 
have not done much towards the improvement of the 
coal trade. So many men are out of work that the 
wages committee of the Fife and Kinross Miners’ 
Association have resolved to raise funds for the unem- 
ployed. Efforts are being made to end the strike at 
the Lassodie Hill Colliery with respect to deductions 
for small coal. The men are allowed strike pay of 8s. 
per week. The price of coal in Scotland seems to have 
gone down nearlyas fast asin South Wales. 

The downward tendency of wages in the coal trade 
is further seen by the proposed reduction in North- 
umberland of 74 per cent., modified at the instance of 
the miners’ representatives to 5 per cent., which the 
latter advise the members of the association to accept. 
The matter is before the men at the pits and in their 
local lodges, and they will doubtless carefully consider 
whether resistance is wise, especially if their leaders 
advise otherwise. Hitherto Northumberland has 
avoided any dispute during the last few years, the 
reductions having been assented to by the men after 
every peaceful effort to avert them. : 

Several disputes have lately arisen in Yorkshire, 
some of which have eventuated in strikes. In some 
other cases a strike is pending, while in the rest some 
have effected a settlement and others are being nego- 
tiated upon. At the Hemsworth Colliery the diffi- 
culties have been arranged by the joint committee. 
Atthe Glass Houghton Collliery the men have offered 
arbitration. At Flockton, where the men have been 
out, an interview was arranged to discuss, and if pos- 
sible settle the dispute. At Carlton Main, Grange 
Moor, and some others there is a good deal of friction 
which may lead to a strike if not speedily settled. 

Some disputes have been engendering in Lancashire 
recently, and at one pit, the Clifton Hall Colliery, the 
men stopped work last week. The disputes are mainly 
about deductions or changes in the mode of working, 
which the men allege are equal to reductions in wages. 
At Chapel pit there have been signs of astoppage, but 
it is hoped that the matters will be arranged there and 
elsewhere. 

In South Derbyshire the strike at the Granville 
Colliery continued all through last week, though 
efforts were made to effect a settlement. The matter 
in dispute is ‘‘the tonnage rate.” At most of the 
other collieries in Derbyshire, and elsewhere in the 
Midland coalfields, there are no very serious disputes 
at present, but there seems pending the possibility of 
strikes cropping up. 


Merat Prices.—Messrs. Vivian Younger and Bond, 
117 and 118, Leadenhall-street, London, have just issued 
a large diagram showing the prices of lead, copper, silver, 
tin, and tin plates during the past twenty years. The 
price is as at the first of each month, while there is also 
given the bank rate, and the highest and lowest prices 
touched each year. It is remarkable that generally the 
tendency is downwards, notwithstandiag fluctuations. 
This is particularly so in the case of standard silver, 
which has declined from 5s. an ounce, to 3s. 24d. per 
ounce. Tin has fluctuated very much. Itis not nearly 
so low as in 1878, when it was down to 56l., whereas it is 
now 911, Tin plates, on the other hand, have been steady, 
although with a downward tendency. It is surprising to 
find the same tendency in copper, notwithstanding the 
greater demand for electrical purposes; but the supply is 
great. : 


CATALOGUES.—The Westinghouse Brake Company, 
Limited, of York-road, King’s Cross, London, have just 
issued a new edition of their reference book, which con- 
tains full illustrated descriptions of the new quick-acting 
brake and of the equalising driver’s brake valve. With 
the latter it is claimed that it is difficult for even a care- 
less driver to produce shocks or jerks. The working of 
this valve is very clearly shown by engravings, parts of 
which are movable, showing how the ports are opened and 
closed. The volume is strongly bound and copiously 
illustrated, an engraving of each and every part used in 
the Westinghouse brake being supplied.—Messrs. Grafton 
and Co. of the Vulcan Works, Bedford, have also sent us 
a copy of their new price list of steam cranes, in which 
illustrations are given of a number of fixed, portable, and 
locomotive steam cranes, capable of lifting from two tons 
upwards. Grab dredgers of the single-chain type are also 
supplied by this firm. The articles described in the 
catalogue are fully priced, 
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SCREW PROPELLERS. 


Experiments on the Arrangement of the Surface of a Screw 
Propelicr.* 
By Mr. Witt1am Grorck WALKER, of Bristol. 
(Concluded from page 150.) 

Examination of Results.—It will be seen that screws C 
and G were the most efficient in the first and second 
series respectively. Screws B, C, and D were exactly equal 
for all speeds up to six miles per hour; screw A was also 
equal to them for speeds up to five miles per hour. Screw 
C, the most efficient, ranged from equality at these speeds 
up to 2.02, 2.59, 1.45, and 4.24 per cent. greater efficiency at 
the maximum speed than the screws A, B, D, and E 
respectively. Screw G was more efficient than screw F, 
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at all speeds except the minimum, when they were equal ; 
the difference in efficiency was 1.53 per cent. at the maxi- 
mum speed of eight miles per hour. It is not unreason- 
able to suppose that, if a position of blades had been tried 
in the second series similar to that of screw C in the first, 
a greater efficiency would have been obtained. It willbe 
seen that at the lower speeds the results of the screws in 
each series were not affected either by the number or by | 
the position of the blades. The blades of screws B and | 
E evidently affected the water injuriously for each other 
at the higher speeds. 


* Paper read before the Institution of Mechanical 


Engineers, 
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The screws attained an efficiency of about 70 per cent. 
at the minimum speed, with a slip of about 22 per cent. ; 
and afterwards fell off, with further increase of slip. The 
screws are in themselves bad, inasmuch as their maximum 
efficiency should have been at the working speed of about 
74 miles per hour, but the screw space was insufficient to 
allow for more blade area ; this, however, will not in the 
slightest affect the object of the experiments. 

In order to try the effect of friction of the blades, screw 
D was tested with a much rougher surface, presenting 
if anything greater roughness than that of very coarse sand. 
The revolutions are plotted in Fig. 19, page 178. The loss 
of power due to the increased surface resistance was two- 
fold ; for, in addition to the extra pressure necessary to 
rotate the screw at the same number of revolutions, the 
slip was greater, showing that the transverse component 
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or rotary motion of the water was increased, thereby re- 
ducing the sternward or thrust component. 

From the figures in the next column it is seen that the 
sum of the mean pressures employed in the propulsion 
and slip of the screws is practically equal for the screws 
in each series for the same speeds; in other words, the 
turning moments necessary to maintain the rotation of 
the screws, when going at the same speed, are equal. 
Therefore it may be clearly laid down that with screws 
of equal pitch and equal area of blades, when propelling 
a vessel at a certain speed, the pressure on the pistons 
will be equal, whatever may be the state of the water in 
which the screws work, and the number of revolutions, 
and therefore the slip; for the revolutions will regulate 


Sum of the Pressures of Slip and Propulsion in Pounds 
per Square Inch Referred to High-Pressure Cylinder. 


Miles ” 
perhour. | 4 5 6 ea 8 
Screw. | Ib. | Ib. Ib. Tb. Ib. Ib. 
A | 13.36 | 18.52 | 27.43 | 44.76 | 55.81 | 6659 
B 13.36 | 18.52 | 27.44 | 44.76 | 55.82 | 66.60 
Cc 13.36 | 18.52 | 27.44 | 44.76 | 55.82 | 66.60 
D 13.36 | 18.52 | 27.44 | 44.73 | 65.82 | 66.50 
E é a ee 4 pela 66.49 
F 14.99 | 20.69 | 30.70 | 50.03 | 62.48 | 74.52 
14.49 | 2071 | 30.71 | 50.03 62.48 | 74.52 


themselves to the existing circumstances of the liquid 
fulcrum against which the blades act. That such is the 
case is seen from the fact that, while the pressures have 
remained constant, the revolutions have varied to a con- 
siderable extent. 

On comparing the above pressures in the first and 
second series, they are found to vary in the direct ratio of 
the pitch, namely, as 1.00 to 1.12, thus showing that for 
equal speed the turning moment varies in the direct pro- 
pits of the pitch. This law is fully demonstrated in 

1r. Blechynden’s paper, on the reaction and efficiency of 
the screw propeller (North-East Coast Institution of 
Engineers and Shipbuilders, 1887, vol. iii., page 179); in 
which he also says the effect of the surface is the same, 
irrespective of the number of blades into which it is 
divided. On this point he does not appear to have made 
any experiments, but accepts the results of Mr. Isher- 
wood, which, however, were not sufficiently extended to 
warrant the assumption. 

Discussion of Results.—The results show that, the kind 
and aggregate extent of surface remaining the same, it 
is advantageous to increase the number of blades. Hence 
the blades will become proportionately narrower, and 
this is undoubtedly the cause of increased efficiency ; 
that is, narrower blades are proportionately more effec- 
tive than wider ones. For when the two-bladed and 
three-bladed propellers were divided respectively into 
four blades at right angles to one another (screw D) and 
into six blades (screw G), the slip was reduced for the same 
speed with exactly the same steam pressure; conse- 
quently the efficiency is greater. This conclusion appears 
to be somewhat contrary to prevailing opinions ; but the 
author is not acquainted with any trials of propellers 
having six or more blades. The above remark refers only 
to smooth water ; in a rough sea the advantage of many 
blades appears obvious. In his ‘‘ Experiments in Aero- 
dynamics,” published by the Smithsonian Institution, 
Washington, 1891, Mr. 8. P. Langley has shown (page 
106) that with horizontal planes moving horizontally in 
air the time in falling is greater for those planes whose 
extension from front to back is small compared with 
their length measured perpendicularly to the line of 
advance ; in other words, narrower planes have less slip 
than wider ones. 

It does not seem difficult to find an explanation for the 
foregoing result. The normal pressure on a blade moving 
obliquely through water does not occur at the centre of 
the width, but at a position about one-fourth or one-third 
of the width from the leading edge. If a sheet of paper 
or metal is moved through air or water with its surface 
inclined to the direction of motion, the leading edge will 
suffer considerable deflection compared with the following, 
and will tend to assume a position at right angles to the 
line of motion. The leading face of a propeller blade is 
thus more effective than the following. In a paper 
read before the Institution of Naval Architects in 1890, 
Mr. Howden has noticed this important fact, for he says . 
(page 237), ‘‘it isevident that the efficiency of the blade 
decreases towards the after edge. The first 6 in. on the 
entering side are more effective than the last 6 in. on the 
after side.” It is thus chiefly by the leading side of the 
blade that the inertia of the water is overcome, and its 
acceleration produced, probably in the form of an impact, 
thereby giving the water a greater velocity than that of 
the screw itself. This would be a cause for apparent 
negative slip, the water flowing through the propeller 
faster than is accounted for by the product of the pitch 
and revolution. There must then be a region of reduced 
pressure on the working face of the blade. That there is 
a vacuum in the wake of a blade, caused by the slip and 
by the bottom of the blade displacing the water, is proved 
by the performance of screw EH; for with exactly the same 
steam pressure the revolutions increased to a marked ex- 
tent, showing thatthe after section was exerting little or 
no thrust. 

It may be well to mention the case of a propeller 10 ft. 
in diameter, which was brought under the author’s notice 
after some five or six months’ continued voyaging to the 
Mediterranean. In Fig. 10, page 149 ante, is shown an 
expanded view of the working face, of which the portion p 
on the leading edge was clean scoured ; the part r was 
covered with marine growth some inches long; while the 
part g on the after edge had a short growth; the greater 
part of the back of the blade was covered with grass. 
This seems to show that only a small part of the area of 
the blade was effective; and affords an argument in 
favour of narrow blades, 

In accounting for the superiority of screw C it will be 
noticed that the blades of each portion, when the vessel 
is in motion, necessarily cut into water undisturbed with 
respect to the screw, which was probably not the case 
with the other screws, whose blades injuriously disturbed 
the water for one another. Moreover, the spent water 
from the forward blades of screw C, being discharged 
with a velocity at the back of the after blades, destroys 
the partial vacuum behind the after blades, thus augment- 
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Trial on Tugboat.—On the completion of the experi- 
ments at Saltford, the author carried out a trial on the 
tugboat Frank Stanley, which was kindly placed at his 
disposal by Captain Roberts, of Bristol. The object of 


TABLE VII.—Voyaces or Two STeAMERS TO SPANISH Ports IN THE MEDITERRANEAN WITH ORDINARY TK our- 
BLADED PROPELLER (Fics, 11 AND 12) ann Dickinson Srx-Briaprep Propenper (Fics. 13 anp 14). 


~ . A , ae this trial was more especially to ascertain how far a screw 
Steamer Belle of Wuperdne: mR SLM with narrow blades ae suitable for general towing. 
; 7 = qe ordinary en ec of the ad = shows in 
; ae Sere A des , icki : igs. 15 and 16 ; the Dickinson screw employed is shown 
x ors 3 ‘eid ie Ordinaty epopeliet. : CARESS EE TORSIER sy cee gota in ye. 17 and 18, having six blades in two portions. The 
: {| Cardiff to Cardiff to London to | London to London to Cardiff to |tugis 70 ft. in length, and 14 ft. beam, with a draught 
Voyage as (| Alicante | Almeria Denia Valencia Cullera | Tarragona | of 5 ft. forward and 74}ft. aft, Both screws were of cast 
Distance run, knots da: | A 1458 1288 1611 1478 1632 | on iron and 6 ft. in diameter ; the ordinary four-bladed had a 
Ceo een Tee Dajan. 8.640 9.756 9.032 9.016 8.470 pitch of 9 ft. and an expanded blade area of 13.58 square 
Revolutions of screw per minute |. ..| 93 94 85 79 74 73 feet ; the pitch of the Dickinson screw was 9 ft. 6 in., 
Boiler pressure, pounds per square inch .. 152 153 155 143 150 155 and its blade area 12,12 square feet. ‘The following were 
Vacuum, inches of mercury... 25 25 24 24 25 an ae ; the results of the trial : 
ya D j 2 i i le in. 
RE ores Fas 2 12 ee in. | 12 ae in. | 12 ft. ae in, | 12 hee in 12 oe 8} in. A + Comparative Trials of the Tug “ Prank Stanley” with 
Knots run per ton of coal 28,97 27.76 30.02 | 29.66 30.91 33.88 Ordinary Four-Bladed and Dickinson Six-Bladed Pro- 
Slip of screw, per cent, 28.0 30.5 30.4 31.3 ed: 21.6 peller. 
Propeller ne as Ordinary | Dickinson, 
Speed, knots.. Sie as ate 10.8 11.1 
Revs per min Reus per min 18s Screw Propellor Surface igs Revolutions of screw per minute _ 136.7 128.0 
220- 7729 700 ———— Fig 2. Boiler pressure, pounds per square inch 68.5 57.0 
1B) Wy il Thrust Las Ug. ] Vacuum, inches cf mercury 0 es 15.0 15.0 
200 r Screw D Slip of screw, per cent. 11 7.5 
laa Vap soo al ye ie {600 4 
ee After three months’ continuous work in all seas and 
180} (22, eon 500 weathers, Captain Roberts reported as follows respecting 
the towing qualities of the six-bladed propellers: ‘* While 
140 mee Is the towing power Of the tug is greater, by an amount I 
rep 400 v should think approaching six or seven horse-power, the 
120 action of the propeller on the water is also smoother, 
T hoo 00 and it appears to have a firmer grip of the water, 
wee } a 700 ie which is especially noticeable when getting under weigh, 
sof t ; + 1 i——90 bets ae roquited speed being obtained almost immediately on 
Miles per Hour Pp 00 starting the engine. 
Y As ee : yy 20 a These practical trials on the Herongate and the Frank 
“20 4| Stanley form a strong corroboration of the somewhat more 
pnpre ci Mls Power 5 6 ae Us scientific trials at Saltford, demonstrating the superiority 
a 25 Speed Miles per Hour of narrow blades, which is obtained by increasing their 
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ing the thrust by preventing the water from tending to 
run round to the back of the after blades. 

Practical Trials.—Previous to carrying out the above 
experiments, some trials were made with propellers on 
the principle of screw C, which is the form invented by 
Mr. Dickinson, by whose permission the results are here 
given, being of interest for comparison with those subse- 
quently obtained from the experiments, After several 
successful trials on steam launches, two vessels belonging 
to Messrs. Weatherley, Mead, and Hussey, of London, 
the Herongate and the Belle of Dunkerque, were kindly 
offered by the owners for further trial of the screw. These 
vessels are sister ships in every respect, built in 1887 by 
Messrs. Short Brothers, and engined on the triple-expan- 
sion plan by Mr. John Dickinson, of Sunderland, each of 
525 tons register, The ordinary propeller, shown in 
Figs. 11 and 12, was of cast iron, 10 ft. 9in. in diameter, 
15 ft. pitch, with four blades, and 32 square feet area ; 
the Dickinson screw, shown in Figs. 13 and 14, was of 
cast steel, 10 ft. 6 in. in diameter and 15 fb. pitch, made 
as a double three-bladed screw with six blades and 30 
square feet area. 

In Table VII. (above) is given a record of the first 
two deeply-laden voyages of these two vessels to Spanish 
ports in the Mediterranean, the ordinary propellers being 
exactly the same on both vessels. The following are the 
mean results ; 


Comparison of Ordinary Four-Bladed and Dickinson Six- 
Bladed Propeller, Average Results of Table VII, 


Coefhicient of Performance 


Speed Miles per Hour 


Efficiency. per Cent Fig. 22. 


voyage to the Baltic, after which she started on her voyage 
from Cardiff to Tarragona with a growth of five months 
and a half. Returning thence, she was found to be ex- 
tremely foul, being covered from keel to water line with 
grass 3 in. to 4 in. long; she was therefore cleaned and 
painted, and thus commenced with a clean bottom her 
voyage from London to Denia. On her return, having 
been aground, she was again docked and painted with 
anti-fouling composition before starting on her next 
voyage from London to Valencia. The Belle of Dun- 
kerque had a growth of one month and two months and a 
vat on commencing her first and second voyage respec- 
tively. 

In the navigation of the Herongate it was found that 
the Dickinson propeller afforded greater command of the 
vessel, through improved steering and greater rapidity in 
evolution, and power of stopping and starting more 
promptly, and there was a reduction in vibration. It 
was also reported that, when running high on a ballast 
trim, with the propeller not thoroughly submerged, the 
efficiency was even more pronounced, inasmuch as the 
screw possessed a firmer grip of the water, and held the 
vessel steady to the wind. 

The Herongate wasalso run from Upper Blyth buoy in 
Sea Reach (the second reach below Gravesend) to the 
North Sand Head lightship (the North Goodwin light- 
ship), first with the ordinary and afterwards with the 
six-bladed propeller. These trials were conducted by Mr. 
Pootee R. Dunell, and the following results were ob- 
tained : 


ie Comparative Trials of the “‘ Herongate” with Ordinary 
Steamer ., { Dabkoma’ ‘« Herongate,” Four-Bladed aud Dickinson Six-Bladed Propeller. 
Propeller .. ne ac ne ..| Ordinary | Dickinson 
: : ‘oki Duration of trial, hours and minutes.. 5 40 4 27 
Propeller a os Ordinary. | Ordinary, | Dickinson, Mutance'by lorena eee i 50 42 
ARS Speed, knots ee 50 ate “5 8.82 9.43 
eee ty 6f Screw per 8.788 Bee Pal Revolutions of screw per minute ae 75.3 73.3 
Fainute 83.5 82.0 73.5 Boiler pressure, pounds per squareinch| 129.2 150.6 
Boiler pressure pounds per ; ‘ Vacuum, inches of mercury .. A 25.6 25.6 
squareinch’,. Be) Gis 149.0 152.5 Mean total indicated horse-power 328.6 389.3 
Vacuum, inchesof mercury| 25.0 24.0 25.0 Displacement, tons ve on) 1107 1112 
Draught of steamer, feet Slip of screw, per cent, mens 20.8 13.0 
and inches a Sale, omeh 12 83 12 10 Coefficient of performance on 223 232 
Coal burnt in 24 hours, tons) 7 63 64 
Knots run per ton of coal 28.0 29.8 82.4 * Coefficient of performance 
ae foeas wrens Kae he |) 20.2 80.8 1n6 = Displacement in tons? x (speed in knots)3 
knots per hour ..—,. 0.83 0,50 Mean total I.H.P. 


When running with thé Dickinson propeller the condition 
of the Herongate was very foul. On the first voyage, 
from London to Cullera, she started with a three months’ 
growth on a coating of tar. On her return she made a 


It must be remembered in comparing these two per- 
formances that the vessel had a foul bottom when tried 
with the Dickinson propeller, whilst when running with 
the ordinary propeller she was just out of dock after 
cleaning, 


number and arranging them on the principle of the serew 
C, Fig. 3, page 149 ante. The slip is thereby reduced, 
with even iess blade area, as is seen from an examination 
of the results. The practical objections are overcome by 
making the propeller in two portions, which are more 
easily manufactured and handled, and can be fitted on 
without the often tedious necessity of withdrawing the 
stern shafting; all that is required in case of accident is 
to replace the injured portion. This principle applies 
advantageously to vessels of light draught; for by in- 
creasing the number of portions the diameter of the 
screw may be proportionately diminished, and the re- 
quired blade area obtained, with a uniform pitch. That 
the steering is much improved is obvious, in consequence 
of the greater distribution of water discharged against 
the rudder; whereby also the vibration is reduced to 
a considerable extent. 

In conclusion, it will be understood that the author 
does not wish to advocate a partioular kind of screw pro- 
peller, or even to assert that any one form is the best, as 
there are so many considerations affecting the question ; 
but he desires rather to draw attention to several impor- 
tant points bearing upon the subject. 


CoaLIn THE NortH or FRANCE.—The production of coal 
in the Pas-de-Calais last year amounted to 9,822,514 tons, 
as compared with 8,619,021 tons in 1891, showing an 
increase of 1,203,493 tons last year. The output of the 
Nord last year was 4,875,963 tons, as compared with 
4,973,522 tons in 1891, showing a decrease of 97,559 tong 
last year. It will beseen that the aggregate production 
of the two basins last year was 14,698,477 tons, as com- 
pared with 13,592,543 tons in 1891, showing an increase 
of 1,105,934 tons last year. 


SHIPBUILDING IN Norway. — According to official 
statistics there were on January 1 this year the following 
vessels in course of construction in Norway: Sailing 
vessels—At Grimsted, thirteen, vessels at seven different 
shipyards, the tonnage varying between 350 and 1050 net 
tons ; at Arendal, six vessels at six different shipyards, 
the tonnage varying between 400 and 650 net tons; at 
Tredestrand, five vessels at four different yards, the ton- 
nage varying between 350 and 600 tons net; at Risér, 
three vessels at two different yards, the tonnage varying 
between 350 and 700 tons net; at Christiansand, three 
vessels at three different yards, the tonnage varying be- 
tween 200 and 380 tons net; at Bergen, two vessels ab 
two different yards, the tonnage being respectively 130 
and 200 tons net; at Christiansund, two vessels at two 
different yards of respectively 68 and 70 tons net; at 
Molde, two vessels at two different yards of respectively 
50 and 68 tons net; at Lillesund, one vessel, 430 tons net ; 
at Sandefjord, one vessel, 400 tons net ; at Porsgrund, one 
vessel 350 tons net. Altogether 39 vessels, with an 
aggregate tonnage of 18,300 tons. Of these three are 
steel vessels with an aggregate tonnage of 2450 tons ; the 
remainder are wooden vessels. Steamers—At Aker ship- 
yard, Christiania, five steamers of respectively 13, 36, 
36, 36, and 36 tons; at Nyland’s shipyard, Christiania, 
four steamers of respectively 40, 42, 420, and 450 tons; at 
Frederikstad Shipbuilding Company, two steamers of 
respectively 25 and 70 tons; at Christiansand, two 
steamers of 30 and 70 tons ; at Stavanger, one steamer of 
25 tons ; at Bergen, six steamers of respectively 32, 45, 
200, 470, 560, and 560 tons ; at Drontheim, one steamer of 
150 tons. Altogether 21 steamers, with an aggregate ton- 
nage of 3350 tons, of which three are wooden vessels, with 
an aggregate tonnage of 1230 tons. The remainder are 
of steel. Total, 60 steamers and sailing vessels, with an 
aggregate tonnage of about 21,650 tons, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACIS 1883—1888. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


GAS, &c., ENGINES. 


112. J. Richardson and W. Norris, Lincoln, Gas, 
&c,, Engines. [7 Figs.) January 4, 1892.—This invention 
relates to the starting gear of gas engines. Air and the exhaust 
gases are compressed into a reservoir in the base of the engine, 
and admitted into the cylinder at every forward stroke, the 
valves being so arranged that the admission and exhaust occurs 
to allow of this elastic fluid impulse at every forward stroke until 
the engine is started and working at a sufficient speed to with- 
stand the compression. To start the engine the valve actions are 
altered, so that exhaustion takes place on every back stroke and 
admission of the gases under pressure from the reservoir on 
every forward stroke. So soon as the engine has attained a sutfti- 
cient speed, the reservoir connection is put cut of gear, and the 


ordinary two-to-one action, with explosions succeeding compres- 
sion, proceeds, The air inlet roller 1s moved out of line with its 
cam, simultaneously with the movement of the exhaust roller into 
gear with a double cam, which opens the exhaust valve at every 
back stroke. The same movement putting the reservoir pressure 
supply valve into gear with a double cam opening at every for- 
ward stroke. When the reservoir stop valve is opened, the engine 
piston being set alittle on its forward stroke, the gases under 
pressure at once flow into the cylinder, and the engine starts and 
rapidly attains its speed as its piston is propelled on every for- 
ward stroke ; levers and connecting links being provided to act 
on this gear and start the engine, and then throw the starting 
gear out of action and the valve gear into or out of action as re- 
quired. (Accepted January 4, 1893). 


1768. J. Richardson and W. Norris, Lincoln. Gas 
Engines. [4 Figs.) January 29, 1892.—This invention relates 
to the valve arrangement of gas engines. A gas engine is 
arranged with the valve shaft rotating at half the speed of the 
engine, but the levers used to actuate the valves are dispensed 
with. The valve casing carries respectively the gas, the gas and 
air inlet, and the exhaust valves, all three in a line, and the 


spindles so placed that the rollers carried in their ends come 
into contact with the cams‘on the valve shaft. The cams thus 
open and close the valves at the desired times, acting directly 
on the spindle ends without the intervention of levers. A 
rotating governor is mounted on the shaft, and is caused to move 
the gas cam along the latter to miss the gas roller when the 
engine exceeds its standard speed. (Accepted January 4, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


22,295. W. Gwinnett, Wolverhampton. Driving 
Chains, [2 Figs.] December 21, 1891.—This invention refers 
to driving chains. The two side plates of the inner links are 
Stamped with projecting pieces on each end on the inner side, 
so that when the plates are joined, the two projecting pieces 
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form the block between these plates which form the inner 
links. At each end of these links are holes drilled through the 
side of plates passing the centre of projecting pieces. The two 
side plates of the outer links have two projecting pieces stamped 
on each end of the inner side. These are cone-shaped and can 


be made to fit into the chambered outholes on the outer sides of 
the inner links. At each end of the one side of the outer links 
the holes are drilled about jin. in diameter clearance, together 
with the two sides of the inner links, but the remaining side of 
the outer link is tapped, a bolt being put through the one side of 
the outer link passing on through two sides of the inner links, 
and thence screwed through the remaining side that is tapped, a 
small lock nut being then screwed on the end of the bolt, which 
is left long enough for the purpose. (Accepted December 21, 
1892). 


2811. A. and R. J. Edwards, London, and W. R. 
Lane, Handsworth, Staffs. Cutting Tubes, &c., 
into Lengths. [16 Figs.) February 12, 1892.—This invention 
relates to means for transversely cutting tubes into lengths. A 
strong standard « is provided with bearings, in which revolves a 
tubular spindle c, a toothed wheel being fixed thereon, by which 
it is set in rapid revolution. One end of the tubular spindle pro- 
jects beyond the bearing in which it revolves, and upon it is fixed 
astrong ring, At the outer end of the projecting hollow spindle 
is another collar, having three radial notches at its circumference, 
the bottom of the notches extending to a short distance from the 
body of the tubular spindle itself. The sides of each notch 
are parallel with each other, and they form guides, in which fit 
freely the outer ends of three bars arranged parallel with the 


Pol 


hollow spindle, and having their inner ends extending sufficiently 
far back to be pivoted upon tangential pins carried by the collar 
upon the spindle c and adjoining the bearings. The outer ends 
of the bars i can, therefore, move radially inward and outward in 
the grooves or notches in the outer disc. Upon the ends of the 
three bars 7 are strong pins parallel with the tubular spindle, 
and upon them turn freely three steel discs, one forming the 
cutters ; these cu‘ters, when pressed inward toward the central 
fixed tube to becut, whilst the spindle, together with the cutters, 
is in rapid revolution, forming a groove round the tube which is, 
therefore, severed. Means are provided for gradually forcing the 
revolving discs radially inwards whilst the operation is proceed- 


ing. (Accepted December 21, 1892). 
2768. J. Y. Johnson, London. (H. Dubosc, Turin, 
Italy). Screw-Cutting Machinery. [4 Figs.) February 


12, 1892.—This invention relates to machinery in which the screw 
is cut by dies capable of radial adjustment, and caused to open 
automatically at the end of the operation by the action of a 
rocking lever, in orderto permit the removal of the threaded bolt. 
Rotary motion is imparted to the dies, and the screw blank is 
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fixed in jaws carried by the slide moved longitudinally by the 
action of the dies, which are arranged to close towards one an- 
other into the precise position corresponding to the diameter of 
the screw to be produced, without requiring the motion of the 
machinery to be either stopped or reversed for the purpose of 
adjustment. This result being obtained by means of the lever 
with arocking motion. (Accepted December 21, 1892). 


MINING AND METALLURGY. 


2261. B. Rosing, Charlottenburg, and H. and K. 
Foerster, Berlin, Germany. Extraction of Lead. 
(4 Figs.] February 5, 1892.—This invention relates to the ex- 
traction of lead by the aid of oxidic lead compounds, and consists 
in bringing them together in the fused state with the decompos- 
ing material, such as lead sulphide, preliminarily heated, where- 
upon the separation of lead takes place without further special 
external heating, A reverberatory furnace is arranged to turn 


upon a vertical axis Z, and divided by a longitudinal partition W 
into two completely separate chambers H, K, of which oneserves 
alternately for preliminarily heating the lead sulphide material, 
and is in this case put in communication with the furnace F, 
whilst in the other chamber the decomposition of fused lead oxide 
material admitted in the mean time takes place by means of that 
previously heated, (Accepted December 21, 1892). 


RAILWAY APPLIANCES, 


444, J. Doyen and U. Marga, Brussels, Belgium. 
Railway Brake Apparatus. (8 Figs.) January 8, 1892. 
This invention relates to railway brake apparatus, and has for its 
object to provide means for regulating at each moment of the 
braking action the retarding effect produced by the pressure of 
the block upon the tyre. If the collar I! of the governor acts 
upon the lever B' by moving from position of dotted lines to that 
of the full lines (Fig. 2), the car wheels make about °0 revolutions 


per minute. The collar is held out of action by the centri- 
fugal force of the governor, whatever the speed of the wheels 
above 20 revolutions. If the brakes are now applied under an air 
pressure sufficient to lock the wheels against rotation in a very 
short time, their speed is decreased before an actual stoppage 
takes place, and as soon as this decrease reaches 20 revolutions 
the actuating collar acts upon the lever Bl, which, through a 
connection, operates upon a lever, thereby drawing the longer 
arm of the latter towards the right and depressing its shorter arm 
against the stress of the spring of a piston P, the air pressure in 
c2 at the same time lifting the valve M off its seat against the 
stress of its spring. The pressure in the piston cylinder C2 being 
the same asin the brake cylinder, the piston H? is held up by this 
pressure, and serves as a fulcrum for the time being for the lever 
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F2, so that the opposite end of the lever, with the piston j and 
valy\e K1, are caused to move downward against the stress of the 
spring of the piston under the action of a Jever L, thereby 
cutting off the supply of air. As the piston j descends an arm 
on the piston-rod impinges on the stem of a valve N, which 
extends through the cover of the valve casing Cl (Fig. 3), the 
valve being thereby moved off its seat against the stress of its 
spring, and the compreseed air allowed to escape, so reducing the 
pressure in the brake cylinder and that exerted by the brakes on 
the wheels. This continues, if there is sufficient momentum, 
until the wheels again revolve at a speed to cause the governor 
to withdraw the actuating roller from contact with a lever H}, 
when all the parts are returned to their normal position (Fig. 3), 
and air again supplied to the cylinder to compress the brakes. 
(Accepted January 4, 1893). 


3150. T. Marsden, Nelson, Lancs. Preventing 
Collisions on Railways. (8 Figs.) February 18, 1892.— 
This invention consists of an inclined plane, placed between the 
rails of the railway so as to act upon an apparatus attached to the 
engine to shut off the steam when the distant sigr al is at danger, 
and whilst the engine is passing the inclined plane. The planeis 
under the control of the signalman by means of connecting wires 


P, L attached to a crank, which is made to actuate the inclined 
plane and lock it when the crank is in a horizontal position. 
When the engine is passing the plane, the latter acts upona 
vertical lever, connected to a slide bar, having a notch, which is 
brought by the action of the vertical lever against the handle A to 
shut off the steam ; the plane being thus always in readiness to 
act upon the vertical lever, unless the signalman withdraws it. 
(Accepted January 4, 1892). 


MISCELLANEOUS, 


2525. C. H. Gray, Silvertown, Essex. Pumps. [6 
Figs.) February 9, 1892,—This invention relates to a pump, and 
consists of a cylinder fitted with a truncated hollow piston, the 
central portion of which fits the bore of the cylinder. The piston 
is open at one end, and at its closed end is fitted to a solid rod, 
which works in glands carried by the cylinder cover. The oppo- 
site end of this cylinder isformed with an extension of contracted 
diameter to receive the open end of the truncated piston, and is 
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is fitted with a gland to form a water-tight joint therewith. The 
supply pipe enters this extension of the cylinder, and the liquid 
flows directly into the hollow piston. Near the centre and 
largest diameter of the Berney and on either side of it, the trun- 
cated portions are fitted with valves, which open outwards under 
the pressure of the liquid which escapes into the cylinder, An 
annular air chamber is formed around this cylinder by means of 
a jacket applied thereto. The cylinder is fitted with two sets of 


180 


valves near its opposite ends, which open outwards, and allow of 
the liquid escaping into the chamber surrounding the cylinder, 
and is provided wiih a discharge pipe for delivering the liquid 
from the pump. The valves consist of india-rubber rings sprung 
into annular grooves turned on the exterior of the cylinder and 
piston respectively, and communicating through drilled holes 
with the interior of the cylinder and of the piston. As the piston 
is actuated it sucks in a supply of liquid, and discharges it 
through one of its series of valves into the cylinder. Similarly 
the cylinder, when discharged on either side of the piston, is 
caused to deliver the liquid at each stroke of the piston into the 
annular chamber formed by the cylinder jacket, whence it flows 
through the delivery pipe to areceiver. (Accepted January 4, 
1893>. 


3195. E. Jones, London, and W. Hornsby, Grant- 
ham, Lincoln. Crushing Mills. [3 Figs.) February 18, 
1892,—This invention relates to mills for crushing quartz, in 
which a series of heavy balls is employed. A circular pan is 
mounted on a frame b and has at the bottom an annular path 
upon which the crushing balls d run, and which are made hollow 
and filled with lead. The balls travel upon this annular path by 
means of arms ¢ attached to a central shaft f passing up verti- 
cally through a bearing in the centre of the pan, and driven by 
bevel wheels h, hl from a shaft 7, the arms being placed behind 
the balls to push them as the shaft revolves. Inside this annular 
path is a trough for containing mercury, and over the top of this 
mercury trough is a disc surrounding the bearing and connected 


to the central shaft f, so as to revolve with it, the disc being of 
slightly less diameter than the trough. The material to be 
crushed is delivered on to this disc, so that it is thrown by centri- 
fugal action into the annular path beneath the crushing balls d. 
To the bottom of the mercury trough is connected a pipe / for the 
adinission of water which rises through the mercury, thence 
passing through the space into the pan, and thence eseaping 
through screens in the sides of the pan above the annular path, 
thereby carrying off the gangue. Around the outside of the pan is 
an inclined channel, into which the water and impurities passing 
through the screens are discharged ; a second pipe o being also 
attached to the bottom of the trough and serving for drawing off 
the amalgam therefrom. (Accepted Janvary 4, 1893). 


3085. E. and A. Appleton and S. F. Holt, Turton 
Lanes. Cylinder Drying Machines. [8 F7gs.] February 17, 
1892.—This invention relates to cylinderdrying machines heated by 
steam for drying textile f:brics, and consists in casting to the cy- 
linder end E the scoops G, disposed so that, as the drying cylinder 
Hi rotates, the water that collects therein is scooped up and de- 
livered into the chamber leading to the pass*ge K in the support- 
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ing shaft S, from whence it is delivered down the supports 
L to the troughs forming the framework of the machine. To 
insure of the cylinder H being emptied of water in whatever 
direction it is rotated, two scoops are provided on the end E. To 
prevent the water collected by the scoop operating from flowing 
back through the other scoop there is a mid-feather N, which 
guides it into the passage K in the bearing S. (Accepted De- 
cember 21, 1892). 


2327. R.E.von Lengerke, London. Non-Rotative 
Pumping Engines. (3 Figs.) February 6, 1892.—This in- 
vention relates to means of working the valve of non-rotative 
pumping engines by a subsidiary or compressed air engine deriv- 
ing its working fluid from the pump column or the air vessel. 
The main slide valve A is directly connected to the piston of the 
hydraulic cylinder B, the rod of which is extended, and passed 
through aspring box C, Tappets on the rod act on stop plates at 
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each end of the spring, so that as the piston of the valve chest B 
makes its stroke, it has to encounter resistance of the spring, 
which increases as the piston advances in either direction. The 
slide valve of the hydraulic cylinder B is moved to and fro by 
tappet levers acting on the ends of the slide-rod, These levers 
are moved by an arm G acting between adjustable tappets on a 
rod connecting the levers, this arm G being ona rocking shaft 
worked by a lever H, which slides in a sleeve jointed to the cross- 
head K of the main piston. The lever H, besides having an arm to 
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work the slide valve of the subsidiary cylinder B, is also con- 
nected to a rod of the expansion plates, which slide on the back 
of the main valve A, these plates being attached to their rod by 
right and left screws, so that, by turning the rod, they can be ad- 
justed nearer to or farther from each other. The valve chest is 
supplied by the pipe M from the pump main, so that the force 
acting on the piston of the chest is approximately proportional to 
the pump load, and the stroke of the main valve A made in oppo- 
sition to the spring in C is greater or less, giving a supply of 
steam during a portion of the engine stroke, according as the 
load is greater or less. In the pipe N isa cock by which the dis- 
charge is throttled, so as to regulate the speed with which the 
piston of the valve chest B makes its stroke, and thus determine 
the length of pause at the end of each stroke of the engine. (Ac- 
cepted January 4, 1893). 


2865. C. Kohlert, Berlin, Germany, Ploughs. [3 
Figs.) February 13, 1892.—This invention relates to ploughs by 
which the depth of furrow to be made can be varied. The land 
wheel is mounted on an axle madein two parts, adjustable rela- 
tively to each other, and mounted to turn on a prolongation of the 
axle of the furrow wheel, which is supported in the plough frame. 
The axle of the furrow wheel and that of the land wheel are each 
provided with an arm, the two arms being connected by rods to the 
same part of the pivoted adjusting lever, so as to enable motion to 


be imparted simultaneously to both wheels for the purpose of 
putting the plough in or out of action, without it being necessary 
to fix the adjusting lever in position. Simultaneously with the 
movement of the land and furrow wheels a rear wheel mounted in 
a fork provided with a stem, is lowered or raised in relation to 
the plough frame, according to the direction of movement of the 
adjusting lever; the stem being adjustable, mounted on the end 
of a short transverse shaft provided with an arm connected by a 
rod with the adjusting lever. (Accepted December 21, 1892). 


22,1838. J. C. Naudin, Paris. Helical Springs. [1 

ig.) December 18, 1891.—This invention consists in machinery 
for making helical springs. On a frame is a rotary horizontal 
table carrying a bobbin of the wire to be made into a spring, and 
a guiding arm by which the wire is wound upon a steel mandrel 
supported ona bracket passing through the centre of the table. 
The table is revolved by gear wheels from a vertical shaft pro- 
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vided with fast and loose pulleys. The helically wound wire 

passes upward on the mandrel as it is wound. Two jars press 

with adjustable pressure on the spring as it leaves the end of 

the mandrel, and thus compress the spring upon it, so that 

it does not leave the latter too quickly. The coiled spring is 

EL a a reel above the machine. (Accepted December 
, 1892). 


10,983. C.C.L.Lucht, Colberg, Prussia. Mills for 
Coarse Grinding Corn. (4 Figs.) June 10, 1892.—This in- 
vention relates to a mill for coarse grinding corn, and has for its 
object to lead the grains during their passage through the mill in 
a determined manner, so that the material to be treated runs 
quickly through without becoming heated. The grinding body 
consist of three cast-iron main parts, the two casing halves a 
and the body 0 of conical shape and tapered from below upwards. 
The inside of the casing is turned out and provided with dove- 
tail grooves, into which are inserted toothed steel blades. 
The casing is stationary, and within it revolves, on a vertical 
shaft, a cone ), into which are inserted in dovetail grooves toothed 
steel blades in equal distances from each other. The space 
between each two blades is divided into three chambers by three 
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ribs helicoidally running in determined distances from each other 
from above downwards, the ribs carrying the material to be 
treated in the different chambers, and leading the latter from one 
chamber to another. The material arriving upon the cone } falls 
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down into the first upper chamber, the ribs preventing it from 
falling through the grinding body. When the ccne revolves the 
graios are carried with and conducted so that they are gradually 
reduced and discharged at the bottom end of the mill. (4c- 
cepted December 21, 1892). 


3367. J. Barr, Kilmarnock, Ayrshire. Gas Valves 
for Regenerative Furnaces. [4 Fiys.] February 20, 1892, 
—This invention has for its object to construct gas valves for re- 
generative furnaces. The movable part of a valve consists of 
two circular end discs, formed with external journals, and con- 
nected by a diametric2] plate. The valve-bex made with the 


usual four parts has circular side openings closed by covers which 
form internal recesses in which the end discs of the movable part 
fit and work. The edges of the diametrical plate are thickened 
and turned externally convex to fit and work within concave- 
turned surfaces of the narrow parts of the box which divide the 
four ports from each other. (Accepted December 21, 1892)., 


10,488. A. Hitchon, Accrington, Lancs, Carding 
Engines. [2 Figs.] June 2, 1892.This invention relates to 
the mounting of carding engine flats, which are coupled together 
by an endless chain at each end thereof, each flat being secured in 
position by a set screw stud being passed through the links of 
the chain. The stud pins are made and fixedin the flats, so that 
the chains can be drawn off over theirouter ends and removed 
without unscrewing the stud pins. The flats 1 are attached to 


the endless chains 2 on each side of the carding engine by means 
of stud pins 8, which have long cylindrical heads. When the 
screwed portions of the stud pins 3 are inserted into the ends of 
the flats 1, the long cylindrical heads protrude therefrom ar d are 
received in corresponding holes in the chains 2 on each side of the 
carding engine. Means are provided for preventing the chains 
moving apart, and so releasing the plate 1. (Accepted December 
21, 1892). 

734. A. Harris, Middlesbrough, Yorks. Drying 
and Heating Minerals, &c. (3 Figs.) January 14, 1892. 
—This invention relates to apparatus in which the drying and 
heating of minerals, &c., and the simultaneous moving of the 
material to a different point of exit to that at which they are re- 
ceived into the machine is accompliehed. A cylinder is mounted 
on trunnions, so as to be capable of being revolved by a worm and 

inion. One end of the cylinder is open and has butting against 
it a hopper, self-closing appliances, and an exit to a flue or 


chimney being provided, the cylinder being free to revolve while 
the hopper remains stationary. At the other end are openings in 
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the shell, through which the material is free to drop into a shoot 
after having been treated, a self-closing door preventing the in- 
gress of airas the material escapes. To move the material along 
the cylinder, and at the same time roll it over so that every part 
of it is subjected to heat, a worm, secured to the walls of the 
cylinder, is employed, so that on the cylinder being caused to 
rotate, the material is guided to the further end, and falls through 
the openings provided for that purpose. The cylinder is placed 
over a flue connected to a furnace in which the heatis generated, 
and thus the whole of the external surface of the cylinder is sub- 
jected to heat as it revolves without any part becoming overheated. 
(Accepted January 4, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
aeons with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 


reports of trials of patent law cases in the United States, may be | 


consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 
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The Captain of the ‘‘ Mary Rose ;” A Tale of To-morrow. 
By W. Latrp Crowgs. London: The Tower Pub- 
lishing Company. 

Amone the multitude of brightly bound and 

profusely illustrated books brought out at the 

Christmas season, ‘‘ The Captain of the Mary 

Rose” attracts our attention far more than the 

ordinary book of adventure from the excellent 

intention of the author in the moral he essays to 
impress. Mr. Clowes tells ‘‘a tale of to-morrow,” and 
his more serious aim is to bring home to the average 

British citizen the danger in which this country 

stands by unpreparedness in its first line of defence. 

It is a most laudable object, and if Mr. Clowes 

sometimes puts our credulity to the stretch, draw- 

ing rather freely on the balance of probabilities, we 
can easily forgive that in the perusal of his stirring 
incidents. The captain of the Mary Rose is a certain 
lieutenant in her Majesty’s Navy bearing the appro- 
priate name of Thomas Bowling. The tale opens 
with a row at Toulon between men from our Medi- 
terranean fleet and some French seamen. This leads 
to bloodshed, the Republican Government promptly 
declares war, and the British Mediterranean fleet 
is most decisively beaten by the French force. The 

next blow England receives is the destruction of a 

number of her ships, including the Hero, Invincible, 

Iris, Galatea, Bellona, and Minotaur, when anchored 

at Spithead, by a squadron of French torpedo 

boats, which come over from Cherbourg and run 
the gauntlet of the Solent, coming in through the 

Needles. 

These incidents serve to introduce the hero of 
the tale. He was picked up on a grating by an 
Italian vessel when the Benbow was sunk by the 
French off Toulon. He sent to the Times an 
account of the disaster in the Mediterranean, and 
for this his name was removed from the Navy list 
by the Admiralty ; a very necessary step, especi- 
ally for the proper development of the tale. Tom 
Bowling—of course every one called him ‘‘Tom 
Bowling”—was ‘‘completely wrapt up in his pro- 
fession,’ and though he had 20,0001. a year, he 
would, we are told, gladly have surrendered the 
whole rather than lose his commission. He ac- 
cordingly purchases a cruiser just completed at 
Elswick, raising the money with the facility charac- 
teristic of financial transactions of heroes of 
romance, mans his ship with equal good fortune, 
and, in short, so changes the whole aspect of 
affairs by a phenomenal combination of gallantry 
and good luck, that the hitherto victorious french- 
men are brought to their proper bearings, and the 
work closes to the mingled strains of ‘‘ Rule, 
Britannia,” and the ‘‘ Wedding March.” 

Novels with a purpose are always subject to the 
proverbial danger of the two stools, and if Mr. 
Clowes does not fall to the ground, it is because of 
the romantic interest of his work. Probably it 
would have been better had his book not have 
been written, so far as concerns strengthening the 
hands of those who ask for more money for the 
naval service. We take it that one of the chief 
dangers to this country lies in John Bull being too 
apathetic, and his apathy generally proceeds from 
over-confidence. That the organisation of the Navy 
is defective is a fact which no one denies except Par- 
liamentarians in office and Admiralty clerks ; but of 
this deficiency we are at bottom not a little proud. 
Britannia so unquestionably rules the waves that 
we can afford to give points, and though the more 
cunning foreigner might get the better of the game 
at first, the bulldog courage of our heroic Tom 
Bowlings will carry all before them when once they 
get fairly to work. Thatis the mental attitude of too 
many Englishmen, and the book under notice will 
strengthen these opinions. How lamentably false 
this view is, those who are acquainted with the con- 
ditions of modern warfare only are aware. In writ- 
ing his tale, however, Mr. Clowes is bound by 
the canons of romance. He has to erect a hero 
who must suffer from the vicissitudes of fortune 
in order to be heroic, and prove himself worthy of 
the beauteous being who finally crowns his happiness. 
No reader will blame the author for not letting any 
dull moral interfere with that delightful consumma- 
tion, 

It will be seen that the tale itself is a little 
crude; the names adopted—Lieutenants Main- 
truck and Salthorse, Paymaster Noah Nipcheese, 
Benjamin Binnacle, Doctor Blister, Sir Taffrail 
Stormer, an irrascible admiral, Tiller, Tompion, 


and so forth—are a measure of the style. Where 
Mr. Clowes has been thoroughly successful, however, 
is in hitting off so exactly the journalistic manner 
in his numerous supposed quotations from the 
daily press. It is this gives a vraisemblance to the 
narrative which quite carries the reader along with 
it, until he can hardly believe he is not reading the 
real thing. When Mr. Clowes attempts the more 
romantic methods, he is apt to become a trifle 
overstrained, not to say gushing. However, that is 
in accordance with the conventional traditions of 
Tom Bowlings from time immemorial, and Mr. 
Clowes, not being of the Navy, is naturally fuller 
of the ‘‘traditions of the service” than the naval 
officers themselves. That, is a fault on the right 
side, and the class of readers for whom the tale is 
republished would doubtless resent their time- 
honoured idols being shattered by the introduction 
of an average unemotional modern naval ofticer, 
whose strongest antipathy is towards gush. 

The leading incidents upon which the tale has 
been founded were originally published in the 
columns of our contemporary, The Higineer, where 
Mr. Laird Clowes formulated his opinions on 
modern naval tactics as they should be. In the 
book itself, however, it has been necessary, as 
already stated, to subordinate the naval to the 
romantic, and itis, therefore, not quite fair to take 
the author too seriously. The great unknown 
factor in estimating the chances of war is what 
we call luck, and by distributing good or ill-fortune 
with a partial hand the writer of a narrative can 
bring victory to either of two foes. It is only by 
the greatest care in dealing out the fortune of war 
that any useful lesson can be deduced. Mr. Clowes 
attempts no such even-handed distribution. In 
the first part of the work the luck is all against 
the British. That the Mediterranean fleet should 
be worsted was but proper, as it was in a minority 
of ships, but that a British squadron, anchored at 
Spithead, should be practically destroyed by 
sixteen torpedo boats is perhaps more than the 
strongest supporters of these potent little vessels 
would claim. On the other hand, directly Tom 
Bowling comes on the scene, the luck goes abso- 
lutely the other way. Formerly, the British 
vessels seemed as brittle as egg-shells, and went 
down like cocoa-nuts at a fair. But the Mary 
Rose not only goes through the whole French fleet 
in the Straits of Gibraltar, but sinks a cruiser and 
knocks out of time an ironclad and another cruiser 
in the most casual manner. The next day she en- 
gages three cruisers, sinking one and making a prize 
of another. Much the same good luck attends the 
British attack on the French fleet bombarding 
Gibraltar. 

Of course this kind of thing is permissible to 
bring Tom Bowling to the arms of his Mary Ann 
and enable the curtain to be dropped to proper 
patriotic strains, but Mr. Clowes must not ask us 
to construct future naval policy from such material. 

A word should be added about the illustrations. 
The sketches by the Chevalier de Martino are, on 
the whole, masterly examples of pen -and- ink 
drawing, vigorous, correct, and unconventional. 
The artist has the rare gift of putting a ship on the 
water. ‘* In the Daysof Sailing Ships,” facing page 
278, is a perfect little gem of its class. Mr. Jane’s 
illustrations do not gain by comparison, and where 
he is most ambitious his failure is generally more 
conspicuous ; indeed, we prefer the negation of 
his ‘‘Suspicious-looking Objects Creeping Up,” 
page 241, to the pictorial efforts on pages 57 and 
363. The figures—especially the expiring captain 
in the former—are grotesque, whilst the latter is 
simply a travesty of a very terrible subject. 

In spite of the few blemishes we have noticed— 
most of which are inherent to the planof the work— 
the book is one we can recommend for the purpose 
which the author states in the preface it is espe- 
cially suitable, namely, as a book for boys. 

Treatise on Thermodynamics. By P. ALEXANDER. (203 


sone pages.) London: Longmans, Green, and Co, 


This is an almost wholly mathematical treatise, 
intelligible only to mathematical physicists—e.y., 
Chapter I. (5 pages) contains simply transforma- 
tions of differential formule, and Chapter VIII. 
(11 pages) contains simply a computation of numer- 
ous partial differential coeflicients. The preface 
gives a very good idea of the object, scope, and 
method of the work, as a ‘‘development of all the 
details of the subject directly from the two laws,” 
which ‘‘thus exhibits the whole as an organic 


? 


unity ;” and the work itself fully bears out the 

promise of the preface. The more interesting 

features of the work (some of them new) may now 

be shortly stated. In Chapter VI. there is a 

general extension of the Second Law in terms of 

any scale of temperature. In Chapter XI. there is 

a proof that, if the specific heat of air under constant 

pressure be independent of the pressure, the num- 

bers on the absolute temperature-scale differ either 
not at all, or else by a constant only, from those of 
the constant pressure air thermometer. In Chap- 
ter X VI. two useful new phrases are introduced— 
viz., ‘‘intrinsic irreversibility” and ‘‘ conditional 
irreversibility,” and it is shown that no transfor- 
mation is intrinsically irreversible during which 
the body under transformation has the same pres- 
sure and same temperature in all parts. In 
Chapter XVII. there is an interesting discussion 
of the principles of thermodynamic motivity and 
dissipation. In Chapter XVIII. new definitions 
and modes of computation are given for the entropy 
of a system, and also for the average volume, 
average energy, and average pressure per unit 
mass of a system. Among the difficulties of the 
subject must be mentioned the great number of 
new terms introduced. Thus, under the single 
head of graphic illustrations, a thermogram and an 
isogram are certain lines ; a thermograph and an 
isograph are certain curvilinear quadrilaterals ; 
there are five principal kinds of isograms (isotherms, 

isobars, isomegs, isentropes, isenergs), and 10 

principal kinds of isographs (isothermentropicycle, 

and nine others of similar form); and some of 
these have two names—viz, the new name in the 
new consistent terminology, and an older name ; 

é.g., an isentrope is also called an adiabatic. The 

new nomenclature is admirably expressive, and the 

diagrams are exceedingly useful in helping to give 
concrete ideas about these difficult matters. The 
book is well got up, and is interesting reading to 
the (mathematical) physicist. 
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THE BRIDGES OF THE MANCHESTER 
SHIP CANAL.—No. II. 

(b). Lattice Girder Bridges Loaded on the Lower 
Booms.—In our issue of February 3, we described 
in full detail the lattice girder deck bridges involved 
intherailway deviations necessitated by the construc- 
tion of the Manchester Ship Canal, and we now 
pass to some account of the second-class of railway 
viaducts, viz, those lattice girder bridges which 
are loaded on the lower booms. 

Two important structures are comprised in the 
group now under consideration : 


1. The viaduct over the Ship Canal. Deviation 
Railway No. 4. 
2. The viaduct over the Ship Canal. Deviation 


Railway No. 5. 

In conformity with our method of dealing with 
the subject in hand, we now purpose laying before 
our readers full particulars and illustrations of the 
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first-named structure, as typical of the group under 
discussion ; and we shall conclude our remarks with 
some brief reference to the more salient features 
involved in the last-named viaduct. 

The viaduct over the Ship Canal, Deviation 
Railway No. 4, carries the Cheshire Lines Com- 
mittee’s Stockport and Glazebrook Railway over 
the Ship Canal at a point near Partington (see 
No. 11 on the key diagram to bridge positions, 
page 126 ante). 

The bridge is a skew one of single span with 
superstructure consisting of three main girders each 
having a total length of 156 ft., and spaced 28 ft. 
from centre to centre of each other (see Fig. 28). 
A pair of arches, each 45 ft. span, connect the main 
superstructure with the bank on either side. The 
approaches on both sides have gradients of 1 in 135. 
Four pairs of rails are carried by the bridge (see 


uniform thickness of 4 in. They range in length 
from 27 ft. 34 in. to 2 ft. 8 in., and from one plate 
at the ends to seven thicknesses at centre. The 
lower flange of the centre main girder is of similar 
construction—viz., trough-shaped, and consists of 
a pair of web-plates spaced 2 ft. # in. apart (inside 
dimensions), similar in all particulars to those for 
the upper booms—viz., 21 in. by g in., and in 
18-ft. lengths throughout, except at either end, 
where 15-ft. plates are placed. The angles are 
similar in all respects—viz., six in number, 4 in. 
by 4 in. by 2 in., ranging in length from 33 ft. 8in. 
to 24 ft., with this difference, however, that the 
angles stiffening the upper edge of the web are not 
placed right up to the edge, but are only 1 ft. 4 in. 
from the back of those connecting the web and 
flanges. The flange plates of the lower boom of 
the centre main girder are 3 in thickness 
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end posts follow the type adopted in the bridges 
described and illustrated in our previous article, and 
consist of 3-in. plating, stiffened down the centre 
by 7-in. by 33-in. by $-in. tees, and at the edges 
by 4-in. by 4-in. and 2-in. angles. The centre is 
stiffened by a pair of horizontal 6-in. by 3-in. by 
$-in. tees jJoggled at the ends to form connection 
with the vertical tee-bar, and 4-in. by 4-in. by 2-in, 
angles respectively. A similar arrangement of short 
horizontal lengths of 4-in. by 4-in. by -in. angles, 
riveted back to back, is placed above and below in 
line with the lower and upper edges of the webs of 
the upper and lower booms respectively. The end 
plate is 18 ft. by 42 in. by $in. The main bracing 
is carried right up to the end plate, being secured 
to the end post webs at every point of contact, 
packing strips being introduced where necessary. 
A similar type of construction prevails in each out- 
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Fig. 28). The main girders are 18 ft. in depth 


(from back to back of angles) throughout, and have 
trough-shaped upper and lower booms with main 
bracing in six systems (see Fig. 23). The upper 
boom of the centre main girder consists of a pair of 
webs 21 in. in depth by 2 in. thick throughout, in 
18 ft. lengths (with the exception of each end 
length, which is 15 ft. long), and six angles of uni- 
form size throughout, viz., 4 in. by 4 in. by @ in. 
Four of these form the connection between the 
webs and flange, the remaining two being placed 
outside the lower edges of the webs, and serving to 
stiffen the latter. The angles range in length from 
33 ft. 8in. to 24 ft. They are arranged to break 
joint, and covers 4 ft. 7 in. by 3}in. by 3} in. 
by in. are employed throughout. The webs 
are spaced 2 ft. 7 in. apart (from inside to 
inside), The flange ‘plates of the centre main 
girder are 3 ft. 8 in. in width; and have a 


Inside 


Flange Covers Basie Flange Plate 


throughout by 44 in. wide, and range in number 
from nine plates at centre to one plate at each end. 
The longest plate is 28 ft. 94 in. in length ; 1-in. 
rivets are employed throughout the flanges and 
web covers. The main bracing of the centre main 
girder is in six systems, as shown in Fig. 23. The 
ties are flat bars in pairs, ranging from 15 in. by 
gin. to 9in. by 4} in., whilst the struts and counter- 
| bracing range from 15-in. by 2-in. flat bars, with 
7-in. by 3-in. by $-in. tees, down to 9-in. by 3-in. 
flat bars with 6-in. by 3-in. by 2-in. tees, and to 
6-in. by 3-in. by }-in. angles. The cross-bracing 
between the two members of each strut or counter- 
brace are composed of a double system of 23-in. by 
7s-in. flat bars, secured by 3-in. rivets. 

The bracing was adjusted throughout to fit inside 
the webs of each boom, and was accordingly slightly 
tapered, if necessary, to secure exact correspond- 
ence with both upper and lower connections, The 


The 


side main girder with certain modifications. 
flange plates of both upper and lower booms are 
not spaced equally about the centre line of the 
girder, but are arranged to extend 1 ft. 3 in. on 
the outside and 1 ft. 7 in. on the inside of it, thus 
affording the necessary bearing and connection in 
the case of the lower boom for the trough flooring, 


of which hereafter. The upper boom is designed 
to conform with the lower one. The upper boom 
of each outside main girder is composed of a pair of 
webs spaced 1 ft. 72 in. apart from inside to inside, 
and 24-ft. by 21-in. by 2-in. plates throughout, with 
exception of the end lengths, which are 21 ft. by 
21in. by in. The same arrangement of angles 
obtains as in the centre main girder, but the size 
is reduced to 4 in. by 4 in. and ;% in., in lengths 
ranging from 36 ft. to 24 ft., with covers 4 ft. 7 in. 
by 34 in. by 34 in. by tt in. The flange plates are 
34 in. by $ in. throughout, ranging from five thick- 
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nesses at centre to one at the ends. The longest | type already described, and consist of 2-in. web 
plate is 32 ft. 54 in. plating 14 ft. Gin. by 5 ft., stiffened at the edges 

The lower boom of each outside main girder is in| by 4-in. by 4-in. by ;',-in. angles, and strengthened 
conformity with the type already described for that at centre by a vertical tee-bar 7 in. by 34in. by 
of the centre main girder, the webs being similar 4 in. running its entire length. Horizontal 


tion with the vertical tee bar and angles respec- 
tively. 

The bracing of the outside main girders follows 
| on the lines of that for the centre main girder. The 
/number of systems is six and the angle of inclina- 
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in all respects to those just described for the upper | stiffeners at the centre, 
booms of ths outside main girders. The angles are | bar, 
likewise identical, and the flange plates—all 4 in. 
in thickness—range from five in number at centre 
to one at either end. The end posts follow the | 


a 6-in. by 3-in, by $-in. tee- 
and at the junction with the upper and lower 
booms a pair of 4-in. by 4-in. by ,%,-in. angles, 
placed back to back, run to width of the end post, 
and are joggled at their ends to make connec- 
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| tion 45 deg. The ties range from flat bars 10 in. 
by }j in. toGin. by }in., whilst the struts and 
counter-bracing extend from flat bars 10 in. by 
'£in. with a3-in, by 3-in. by }-in. angle riveted to 
_the inside to angles 5 in. by 3 in, by 7, in. As in 
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the centre main girder, all bracing is double 
throughout, and 2}-in. by ;),-in. flat bars in double 
system, at an angle of about 90 deg. to each 
other, traverse the entire length of each strut and 
connect all together. The junctions of the main 
bracing with the upper and lower boom webs are 
made by tapering the struts slightly or springing 
the ties a little, packing strips being employed 
where necessary. As will be noted from the above 
arrangement, the bracing divides the girders into 
6-ft. bays (see Fig. 23). 

Passing now to some consideration of the floor- 
ing, which forms a feature of special interest in 
connection with this bridge, we find an altogether 
different type adopted to that described in our 
previous article. 

The flooring of the viaduct now under considera- 
tion consists of splayed channels 12 in. by 3 in. by 
3 in. by 77; in., spaced 1 ft. 4 in. above each other 
and 1 ft. 3;/; in. apart from centre to centre, all being 


connected together by web plates 25 ft. 113 in. by | 


16} in. by ;%-in., secured by ?-in. rivets having a 
4-in, pitch. 

Eight longitudinal sleepers 2 ft. by 6 in. run 
the entire length of the structure, each being 
carried on a pair of 4-in. by 4-in. by }-in. angles, 
which in their turn rest directly on the upper sur- 
face of the floor troughing. Packing strips of 
wood, $ in. thick, run between each angle and the 
longitudinal sleepers, whilst 1-in. bolts, spaced 
2 ft. 6% in. apart from centre to centre, pass 
through angles, packing, and longitudinal timbers, 
and secure all together. The flooring rests 
directly on the lower flange-plates of the main 
girders, and is secured to the web of the same by 
short lengths of 3}-in. by 3-in. by 3-in. angles. 
The camber given to each main girder is 34 in., 
and owing to the skew of the structure each 
of the main girders overlaps its neighbour by 
18 ft. 

The wind bracing (see Figs. 29, 30, and 31) is 
composed of overhead cross-girders spaced 24 ft. 
apart from centre to centre, dividing the structure 
into 10 bays, in each of which strut cross-bracing is 
placed diagonally, as shownin plan. The overhead 
cross-girders rest immediately on the upper boom 
plates of each main girder, and are directly riveted 
to them. Packing pieces 1 in. thick are necessary 
to make up the outside flanges, owing to their lesser 
thickness as compared with that of the centre main 
girder. Hach overhead cross-girder is 1 ft. 8 in. in 
depth from back to hack of angles, and is built up 
of a 9-in. by -in. flange-plate with a pair of 4-in. 
by 4-in. by $-in. angles to each flange. The bracing 
consists of a double set of 3-in. by g-in. flat bars 
passing up between the angles. 

Over the main girders a solid 3-in. web-plate is 
substituted for the lattice bracing. 

The ends of the cross-girders are rounded off, as 
shown in Fig. 30, and make a neat and effective 
finish. Halfway to the centre in both spans a 
pair of vertical stiffeners, 3-in. by 3-in. by 2-in. 
angles, are placed. At the centre of each span a 
vertical tee-stiffener 6 in. by 3 in. by 2 in. is placed, 
immediately beneath which the junction plate for 
the diagonal bracing is secured to the bottom flange 
of the cross-girder. Each junction plate is 3 ft. 3 in. 
by 2 ft. 10 in. by § in. 

The diagonal bracing consists of single tee-bars 
7 in. by 33 in. by } in., each of which is secured by 
10 Z-in. rivets to the junction plate attached to the 
cross-girders. A similar method of attachment occurs 
over the main girders, the junction plates both in 
the case of the centre and outside girders being 
2 ft. Sin. by 2 ft. 1din. by $in. The overhead 
cross-girders at either end of the structure, which, 
owing to the skew, span only from outside to centre 
girders, follow both in design and scantlings those 
already described as running the entire width of 
the structure. The riveting throughout the wind- 
bracing is Z in. in diameter, with a 4$-in. pitch in 
the overhead cross-girders. 

Passing now to the bearings of the bridge under 
consideration, we will deal in the first place with 
those of the outside girders. The fixed ends are 
carried on saddles of cast steel, resting on a steel 
pin, which in its turn is carried by a cast-steel lower 
saddle, secured direct to the masonry. The upper 
saddle is 2ft. 10in. by 5 ft. in the top flange, 
which is secured to the superstructure by 24 1-in. 
turned bolts, spaced as shown in Fig. 33. The flange 
is 24 in. in thickness, and the upper surface is 12 in. 
from the centre of the pin. Four steel ribs of 2 in. 
metal on either side give support to the boss bear- 
ing on the pin. The pin itself is 8 in, in diameter, 


with 9 in. diameter heads at each end. The lower 
saddle has a depth of 1 ft. 9in. from centre of pin 
to bottom of flange. The flange is 5 ft. by 3 ft. 
94 in. with a thickness of 3in., and is secured to 
the beam block by 16 lewis bolts, spaced as shown 
in Fig. 33, and 1} in. in diameter. The boss sup- 
porting the rocking-pin is supported by a 3-in. web 
running its entire length, with four 2-in. webs on 
either side tapering down to their junction with the 
bottom flange. The holes for the lewis bolts are 
1,5, in. in diameter. The saddle surfaces were 
carefully planed, and the pin bearings accu- 
rate'y turned and ground to a perfect fit. As 
will be noted from our accompanying illustra- 
tions, the clearance between the saddles, viz., 
the maximum possible movement allowed for, 
is 1 in. 

The rocker bearings for the free ends of the 
outer main girders follow, in so far as the saddles 
are concerned, the type of design already described 
for the fixed bearings. The upper saddle is 5 ft. 
by 2 ft. 10 in. in the upper flange, which is 23 in. 
in thickness. A stout semicircular boss of 3-in. 
metal, supported its entire length by a web of 
similar thickness, rests on the rocking-pin, the 
height from upper surface of saddle to centre of pin 
being 12 in. Eight stout webs of 2-in. metal, four 
on either side, connect the semicircular boss work- 
ing on the rocking-pin with the upper flange, and 
taper down in height as they form a junction with 
thelatter. The pin is similar in all respects to that 
already described for the fixed bearing. It is 8 in. 
in diameter in the body, with heads 9 in. in dia- 
meter, is 2 ft. 6 in. long between the heads, and is 
turned down from a steel forging. The base of the 
lower saddle is 3 ft. 9 in. by 2 ft. 95 in., and is of 
4-in. metal. Two small guard strips, 13 in. wide 
by % in. deep, one on either edge, are placed as 
shown in Fig. 32, and serve as checks to the rockers 
beneath. The semicircular boss of the lower 
saddle supporting the rocking-pin is similar in all 
respects to that of the upper saddle, and similarly 
is supported by four stout ribs of 2-in. metal 
springing from the lower flange. Like the upper 
saddle, the lower one is of cast steel. The 
rockers are cight in number, and 2 ft. 6 in. long, 
with a maximum ‘height and width of 8 in. and 
52 in. respectively. They are of rolled Siemens- 
Martin’s mild steel, and both upper and lower sur- 
faces are machined in the lathe. The rockers are 
spaced 5} in. apart from centre to centre, and are 
connected by a pair of rectangular frames, as shown 
in Fig. 832. Each frame is built up of 23-in. by 
3-in. flat bars, connected at the corner by #-in. 
bolts. The connection between the frames and 
rockers is made by {-in. set screws passing through 
the former into the body of the latter. The rockers 
are carried on a cast-iron bedplate (see Fig. 32). 
The upper flange is 2 ft. 6} in. by 3 ft. 9in., and 
is of 2-in. metal. The sides are furnished with 
side guards similar to those in the lower saddle. 
The lower flange is 5 ft. by 3 ft. 93 in., and is of 
2-in. metal. It is held down to the abutment by 
12 1}-in. bolts passing through as many 1,',-in. holes 
spaced as shown in Fig. 32. The bedplate is 8 in. 
in height from upper bearing surface to bottom of 
lower flange. A 2-in. rib down the centre and 
1}-in. ribs spaced around the sides, connect the 
upper and lower flanges. Holes 2 in. by 
3 in. are spaced at intervals in the webs for 
supporting the core in casting. The bearings, 
both fixed and free, of the centre main girders 
follow in every respect the design and details 
of those just described for the outside main 
girders, save, of course, that the increased flange 
width of the centre main girder has to be allowed 
for, and correspondingly augmented width is given 
to the saddles, &c. Such being the case, further 
description is unnecessary. 

The erection at site of the viaduct over the 
Ship Canal, Deviation Railway No. 4, was per- 
formed by means of timber staging supporting 
the entire structure during building. The timber 
staging consisted of columns of baulks under each 
main girder, viz., spaced 28 ft. apart from centre 
to centre. Longitudinally the columns were spaced 
about 36 ft. apart. | Under the centre main girder 
12-in. by 12-in. baulks, braced diagonally with 9-in. 
by 4-in. timber, were employed, whilst under each 
outside girder the baulks were reduced to 10 in. by 
10 in., with 9-in. by 4-in. diagonals. Sleepers 9 in. 
by 5 in. carried each column. The columns varied 
necessarily ‘in height with the level of the surface, 
and were 11 ft. square, measured over all. 

Fhe tops ef the eolumns were connected by 


cross-baulks of similar scantlings, which in their 
turn carried the 9-in. by 3-in. planking, supporting 
the 9-in. by 1-in. flooring. A short 12-in. by12-in, 
baulk under each main girder carried a pair of 
timber wedges 8 in. broad and 6ft. long, 6 in. at 
the thick and 3 in. at the thin ends respectively, on 
which was carried a 3-in. hardwood packing sup- 
porting the girders. Travelling cranes were 
arranged to traverse the entire length of the bridge 
on light rails between each pair of girders, and 
facilitated both erection and hydraulic riveting. 
The flooring was of necessity riveted up by hand ; 
the remainder of the superstructure was, as far as 
possible, dealt with by hydraulic riveters. 

The approximate total weight of the structure 
just described may be stated at from 550 to 600 
tons. 


II. Tue VIADUCT OVER THE SHIP CANAL. Devia- 


TION Rartway No. 5. 


The remaining viaduct in the group now under 
construction, viz., lattice girder bridges loaded on 
the lower booms, is that over the Ship Canal on 
Deviation Railway No. 5 (see No. 9 on the key 
diagram to bridge positions on page 126 ante). 
This structure carries the Cheshire Lines Com- 
mittee’s Liverpool, Warrington, and Manchester 
Railway over the ship canal at a point near 
Irlam, and not far from the Irlam locks and 
sluices. Four pairs of rails are carried over the 
canal by the structure, which is on the skew, and 
has a single span. ‘The rails approach and leave the 
bridge with the standard gradient given, viz., 1 in 
135. The headway beneath the bridge is in con- 
formity with that given throughout, viz., 75 ft. 
The main girders are three in number, 18 ft. in 
depth, and are spaced 28 ft. from centre to centre, 
each having a total length of 168ft. 4in. The overlap 
of each main girder beyond its immediate neighbour 
is 23 ft. With this exception, and that of slightly 
increased span, this viaduct in no way differs either 
in design or details from that already fully de- 
scribed and illustrated as typical of the group, 
rendering further particulars unnecessary. The 
method of erection and temporary timber staging 
employed were likewise identical, and call for no 
further addition to the-remarks we have already 
laid before our readers. 


AMERICAN INDUSTRIES 
AND BRITISH COMMEROE.—No. VI. 


Rattway DEVELOPMENT. * 


VANDERBILT and some other railway monopolists 
have been defined as true communists+ because 
they consolidated and perfected railway systems, 
so that 1000 miles of distance could be traversed 
at such a small cost as to render the choice of 
site of manufactures at any point within that 
range a matter of little moment. Five hundred 
operatives in a cotton factory in Massachusetts 
producing piece goods worth over a million dollars, 
can, for instance, have all the flour and meat 
which they consume in a year, transmitted from 
Chicago to Lowell at a cost of 600 dols., and some- 
times for less. Manufactories can thus be esta- 
blished in locations presenting the most favourable 
conditions of power, labour, and material, which, of 
course, tend to cheapen production. This being so, it 
is easy to understand how in the future factories 
may be organised on the southern plantations, where 
a minimum of hand work and a maximum of 
machinery will give a relatively great production 
for a small total of wages, while at the same time 
securing that the wages paid to each individual will 
be high by reason of the great production per 
employé. The success with which the distribution 
problem has been solved in the United States is 
evidenced by the fact that a barrel of flour may be 
moved 1000 miles at a less cost than that of the 
barrel containing it. 

The first railway constructed in America was 
built in 1826, from the granite quarries of Quincy, 
Massachusetts, to the river three miles distant ;{ so 
that America was less than a year behind the famous 
Stockton and Darlington line.|| Pine ties were used, 


* The diagram for this article has been prepared from 
statistics in Poor’s Manual and Census Returns. 

+ See ‘‘ Distribution of Products,” by Atkinson, page 38. 

+ See Bishop’s ‘‘ History of Manufactures,” vol, ii., 
page 311; and vol. i., page 563. 

|| The first introduction of anything like the present 
railroad, and from which the latter was ultimately de- 
yeloped, was at the coal mines in England, some time bes 
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covered with oaken strips, and these again with 
iron plates ¢in. thick. In January, 1527, following, 
the Mauch Chunk Railroad, nine miJes in length, 
was constructed for the transportation of coal from 
the Summit Mines to the Lehigh River, and it was 
completed in three months at a cost of 7O0Ol. a 
mile. Both these lines were operated in 1827, 
and, although steam power was not used, they 
may be regarded as the beginning of that exten- 
sive system which has spread itself to the extent 
of 171,000 miles, the gradual increase being shown 
on our Diagram No. 14, which also gives the 
mileage in Britain, India, and Canada. 

Prior to 1828 much had been done in the con- 
struction of turnpike roads, chiefly with the pur- 
pose of securing the shortest possible porterage 
dividing the streams used for navigation. Pennsyl- 
vania was the first State to commence these im- 
provements, the Lancaster road, according to a 
report issued in 1807, being ‘‘the first extensive 
turnpike road that was completed in the United 
States.” It was the first link of the great western 
communication from Philadelphia. At this time, 
also, various canals existed. The United States 
Government never embarked in public improve- 
ments to any considerable extent, and what was 
done was the result of individual and State 
enterprise. New York led the way by the con- 
struction of the great Hrie Canal, and was closely 
followed by Pennsylvania with her general system 
of internal improvements. The transportation 
problem, therefore, had, even for the limited 
demands of the time, but an indifferent solution 
when the success of the Liverpool and Manchester 
Railway marked the commencement of a new era. 
The Baltimore and Ohio was the tirst great 
American railroad scheme. The first stone was 
laid in 1828 by the last survivor of the signers of 
the Declaration of Independence, and not only was 
every known method of constructing the permanent 
way tried, but various means of locomotion were 
experimented with. Ultimately, locomotives were 
adopted, and the first regularly used were built by 
Mr. Phineas Davis, York, Penn., in 1831. In 
January, 1831, the Baltimore and Ohio Company 
offered the sum of 4000 dols. (800l.) for the most 
approved locomotive engine of American manufac- 
ture, and 3000 dols. (600l.) for the second best. 
By the engine which was accepted a speed of 30 
miles an hour on straight lines was obtained. The 
Charleston and Hamburg Railroad of 136 miles in 
length was started almost at the same time,* and 
the first locomotive built in the United States—the 
“Best Friend” and the ‘*‘ West Point’’—were run 
on this line. These locomotives were built at the 
West Point Company’s foundry at Cold Spring, 
New York. 

Although work on the first railroad in Pennsyl- 
vania—that between Philadelphia and Columbia 
via Lancaster (80 miles in length)—was not started 
until 1828, the State Legislature had as early as 
1823 passed an Act incorporating a company to 
construct the line. When it was started, the 
same great activity which had characterised the 
people of the State in their canal and road exten- 
sions, was repeated, the route to Pittsburg by 
rail and canal being opened in 1834 for freight 
and passengers. + 

As mentioned above, the first locomotive con- 
structed in the United States, { is said to have been 


tween the years 1602 and 1649. These consisted of 
wooden tracks, on which the coal wagons were drawn by 
horses. The first road of this kind was built at New- 
castle-on-Tyne, and seems to have been the invention of 
a man named Beaumont.—“ Pennsylvania Railroad, His- 
torical and Descriptive,” by William B. Sipes. 

* The first roads built in the Eastern States conformed 
to the English gauge of 4ft. 8hin.; New Jersey and 
Ohio established a gauge of 4ft. 10in.; the South Caro- 
lina Railroad adopted a 5-ft. gauge, which was adopted 
by connecting lines, and thus extended over the South ; 
the Missouri and Canadian roads adopted a 53-ft. gauge; 
and the New York and Erie and the Atlantic and Great 
Western a 6-ft. gauge. 

+ The journey from Philadelphia to Columbia, 80 
miles, was by rail; thence on the eastern division of the 
canal, 172 miles, to Hollidaysburg; by the Porterage 
Ruilroad on to Johnstown, 36 miles ; thence to Pittsburg 
104 miles by canal, making an aggregate length of 392 
miles. The Columbia Railway, which had all the defects 
of primitive lines—the curves were of 631 ft. radius—cost 
4.2 millions dollars, and the Porterage line, which had a 
rise from Johnstown to the summit of the Allegheny 
Mountains of 11714 ft. in 26} miles, and a descent of 
1399 ft. in 10 miles, cost 1.8 million dollars, the total, 
including canals, being 14.36 million dollars. 

~ See Ringwalt’s ‘‘ Development of Transportation 
System,” page 93, et sea. 


built in 1830 at the West Point Foundry in New 
York for the Charleston and Hamburg Railroad, re- 
ferred to above, shortly after the first three English 
locomotives of the ‘‘ Rocket” type were imported 
by the Delaware and Hudson Canal Company. The 
English locomotives required modifications to suit 
‘‘the fragile, cheap, and crooked heavy grade of 
American lines,” and the burning of wood and 
coke. The introduction of the bogie, now universal, 
was the first improvement made. One of the most 
noteworthy of the imported locomotives was a 
Stephenson engine, sister tothe ‘‘ Planet,” built in 
1830, and named ‘‘ John Bull.” It had horizontal 
cylinders, multitubular boiler, and blast pipe, and 
was the first engine running in America with these 
essential features. Its successful working greatly 
influenced the Legislature of New Jersey in autho- 
rising the use of locomotive power. It was exhibited 
at the Centennial Exhibition, and will, doubtless, 
also be shown at the World’s Fair, with the 
whiskey barrel which was improvised in America 
as a water tank for the tender, and with the leather 
hose sewn by a shoemaker with waxed thread, 
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A model locomotive was built in 1830 for the 
proprietor of Peale’s Museum, Philadelphia, by 
Mr. M. W. Baldwin, a jeweller who had invented 
an upright stationary engine. His model locomo- 
tive attracted great attention by drawing a train 
of miniature passenger cars, and was the com- 
mencement of the famous Baldwin Locomotive 
Works. The first engine built at the works, in 
1832, for the Philadelphia and Germantown Rail- 
road, was said to have run 30 miles an_ hour. 
Baldwin’s works soon earned a high reputation. 
In 1836, when there were over 1000 miles of rail- 
way, a fresh impetus was given by the performance 
of an engine, named “George Washington,” built by 
Norris in New York, who was then, like Baldwin 
and Rodgers, a noted builder of locomotives. This 
engine ascended and descended a steep grade on 
the Columbia and Philadelphia Railroad, stop- 
ping and re-starting on the incline already re- 
ferred to on both oczasions—a performance not 
previously attempted. The facts were only appre- 
ciated in England when a similar engine was sent 
to this country, with the result that Messrs. Norris 
got an order to send here 16 locomotives of the 
same type—outside cylinders with wrought-iron 
frames, a four-wheel pivoting centre-bearing truck, 
and four eccentrics. 

The extension of the railway system in America 
naturally met with great opposition from the canal 
vested interests. For a time only short lengths of 
line were constructed as feeders to canals, and rail- 


ways made in opposition required stout hearts and 
patient waiting for a return of capital. The trafic 
on the canals and rivers had been well organised by 
corporations, in many cases assisted by Govern- 
ment, and the opposition was therefore keen ; but 
increased speed and the reduction of railway 
freights soon brought financial support, so that new 
railway enterprises developed. The eastern States, 
of course, were the first to be affected; but even in 
1836, when Alabama was but sparsely populated, 
railways were in operation ; so also with Louisiana, 
where there were many settlements on the Missis- 
sippi; while in the State of that name, even when 
yet the Cherokee Indians occupied the most of the 
territory, the railway engineer had set foot. 
Tennessee had also its railway. Railways pro- 
gressed towards the West in advance of the popu- 
lation, the principle being recognised that this 
means of communication must create new trade 
still in the future. 

The financial collapse in 1837, however, had the 
effect of postponing operations. These financial 
difficulties were due to a universal suspension of 
the banks, in many cases associated with the States, 
as a consequence of previous inordinate importa- 
tions, injudicious speculations, and a redundancy 
of paper currency. The banks resumed in the fol- 
lowing year, the amount of imports were reduced, 
and although a bad wheat harvest helped to counter- 
act these advantages, confidence was partly re- 
stored. The connection of the banks with railway 
financing had the effect of arresting the progress of 
State-aided railways; but fortunately many lines 
were promoted entirely by private enterprise, and 
the success of these, under careful management, 
helped to restore confidence. The work of con- 
struction, therefore, proceeded. The extent of the 
association between States and railways and canals 
may be evidenced by the fact that between 1820 
and 1838 the States had voted 12 millions sterling 
for canals, nearly all of which became unremunera- 
tive as an investment, and 8} millions sterling for 
railways, much of which did become remunerative. 
But, owing to the depreciation of the market value 
of bonds as a sequence to the financial collapse, 
there was much caution observed in the laying out 
of new lines. 

In 1840, when ten years’ railroad construction had 
given a total mileage of 2264 miles, we find that a 
railway had extended to the northern line of civili- 
sation at Milwaukee ; that on the shores of Lake 
Michigan the Lake Shore Company had started its 
railway and constructed 60 miles; that the Michigan 
Central had 37 miles already laid ; and that in the 
southern Statesthere were almost 500 miles in opera- 
tion. No long continuous railway had as yet been 
completed ; the lines were either to connect water- 
ways, or formed the germs of great systems which 
have since developed into the Pennsylvania, New 
York Central, Baltimore and Ohio, and other im- 
mense organisations. The following Table, com- 
piled bya tourist who travelled 10,330 miles in 1839, 
involving 175 separate journeys, is taken from 
Ringwalt’s volume on transportation : 
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Railroad speed was, therefore, more than 50 per 
cent. greater than that of steamboats, but the 
journeys by the latter were usually up-stream. 
Other means of conveyance took thrice the time, 
though the fares were greater. The speed now in 
cases of railways is four times greater, and the 
fare probably only a third. We have with a 
previous article given a Diagram No. 13 (see page 
154 ante) showing the relative charges for trans- 
port by canal and railroads in the years 1870 
to 1890, but prior to those dates the charges 
were much higher. In 1840, we learn from 
the same source that 10 tons of coal cost for rail- 
way transit in Pennsylvania 2s. 3d., and b 
canal 7d, or 8d, In England at this time the 
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THE DEVELOPMENT AND TRANSMISSION OF POWER FROM CENTRAL STATIONS. 


(For Description, see Page 197.) 
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charge by rail from Manchester to Liverpool was 
about 11s. for the 32 miles, or 4d. per ton per 
mile, and in various States in America about the 
same rate was charged. 

By 1850 a great advance had been made, but a 
still greater addition to mileage was in contempla- 
tion. In the 10 years, as shown on Diagram No. 14, 
the total had been multiplied threefold, totalling 
about 9000 miles. The great increase, of course, 
had been in the Atlantic States. Texas by this 
time had been annexed, the rush to California 
had set in, the definite boundary line separating 
Washington and British Columbia was fixed, 
and the necessity recognised for an interoceanic 
line. Congress had made an appropriation of 
10,000/. for surveys from the Mississippi to the 
Pacific for routes by road and rail. Just as the 
difficulties of crossing the Alleghanies had appeared 
portentous two or three years earlier, so now the 
Rocky Mountains suggested new fears on a larger 
scale. About this time, too, the joining of 
several lines connecting Boston, New York, Phila- 
delphia, and Baltimore, was effected. In the 
south, Georgia had secured a similar connection. 
Virginia lines were organising to pierce the 
Appalachian chain, while Mobile was stretching 
its railway northward to the mouth of the Ohio. 
Away in the north, too, railways, with Boston as a 
centre, wereextending. The otherrailways in the in- 
terior, however, were more or lesssmall sections, and 
mostly for local purposes. But the time had arrived 
when improved means of disposing of surplus pro- 
ducts were required, and hence the necessity for 
well-defined trunk routes to seaboard towns. The 
success of the railways in operation made the work 
of securing capital comparatively easy—the divi- 
dends averaged over 12 per cent.—although the 
passenger fares seldom exceeded 2d. per mile on 
the established lines, while in 20 States the average 
freight per ton per mile was 5d. for first and 3d. 
for second-class goods, though in several cases it 
was as low as 2d. To arrange for trunk lines, only, 
required the reconciling of the jealousies of States 
and of existing companies. But during the decade 
1850-60 there were great advances in this direction. 
During those 10 years the mileage of the railways 
was tripled, bringing it to 30,000. The cost had 
increased at a greater ratio—from 66 millions to 
over 230 millions—nearly fourfold. 

The remarkable feature of the sixth decade was 
the formation of railways to all points from such 
inland centres as Pittsburg, Chicago, St. Louis, and 
other centres, these being encouraged by the com- 
panies owning main lines from the Atlantic sea- 
board, and thus we find Philadelphia and New 
York practically connected with little hamlets away 
on the westernmost border of the frontier of con- 
tinuous settlement. Some of these great lines had 
lengths of railway from 300 to 700 miles. The white 
population had but recently crossed into Dakota, 
Nebraska, Arkansas, and already one or more 
railways had been constructed. There were seven 
main lines from the Atlantic to points contiguous 
to the Mississippi valley, there being ten points on 
the Mississippi with railway connection and eight 
on the Ohio. These lines made it possible to carry 
on great industries in the interior, such as were 
formerly confined to the seagirt States. There were 
several lines, too, connecting cities on the Gulf 
Coast with the Ohio and the Upper Mississippi. 
Extensive preparations were made to extend rail- 
ways west of the Mississippi, and several of these 
had crossed the 96th meridian, only 1 deg. behind 
the westernmost boundary of population. 


(To be continued.) 


THE DREDGE-STEWARD OMNI- 
TELEMETER. 

In our issue of August 20, 1886, we described a new 
range-finder, then being brought out by Mr. J. H. 
Steward, of 406, Strand, London, who assisted the 
late Mr. William Dredge in its construction. The 
instrument was primarily intended as a range-finder 
for military purposes, but Colonel A. T. Frazer, R.E., 
who has had much experience with the instrument, 
has found that it makes a very accurate instrument for 
telemetric surveying when used on a plan which we 
shall describe later on. The general view of the instru- 
ment is well shown in Figs. 1 and 2, page 186, whilst 
Fig. 3 shows a section through it. From these it will 
be seen that the instrument is a modification of the 
ordinary box sextant, but in place of the two mirrors 
of the instrument being parallel to each other, when 
the graduation reads ©, the mirrors of the omni-tele- 
meter make an angle of 45 deg. with each other in 


this position, so that on looking through the instru- 
ment under these conditions the eye of the observer 
occupies the apex of a right angle, the sides of which 
are formed by the direct line of sight, and that seen 
by reflection in the two mirrors. There is still another 
point in which the instrument differs from the box 
sextant. In that instrument, as is well known, one of 
the mirrors, viz., that known as the horizon glass, is 
fixed in position, whilst the fully-silvered mirror only 
can be adjusted. In the Dredge-Steward instrument, 
however, both these mirrors are adjustable. Re- 
ferring to Fig. 3, D is the mirror which is 
fixed in the sextant, but which, in the pre- 
sent instance, can be adjusted through a limited 
range by means of the micrometer screw H. This 
mirror is mounted on an arm B, which, turning round 
the pivot F at one end, is kept in contact with the 
screw E already mentioned by the spring O, and it is 
by moving this arm that the mirror O is adjusted. 
At the free end of this arm is a nut C carrying a 
micrometer screw with a graduated head G, as shown. 
The other end of this screw abuts against the arm L, 
on which the fully-silvered mirror P is mounted, and 
which can, therefore, be rotated through a small angle 
by turning the milled head H of the micrometer 
screw. In using the instrument to take a range, as 
A B (Fig. 6), the observer being at B, and facing 
so that the mark lies on its right hand, he views it 
by reflection in the instrument. The line of sight 
from the object reaching first the mirror P, is reflected 
on to the mirror D, Fig. 3, and from it to his 
eye. The observer now looking through the unsil- 
vered part of the mirror, tries to find some prominent 
object C, which he can superimpose on the reflected 
image of A, without, be it understood, touching the 
micrometer screw H. When this is done the angle 
ABC, Fig. 6, isa right angle. Now putting a mark 
at B, he paces in the direction of C B produced a dis- 
tance B D = 50 yards, and looking again through the 
instrument as before, he turns the milled head A until 
the image of the mark A is again superimposed on C. 
Then reading the index on the micrometer screw, and 
referring toa short table attached to the instrument, 
he reads off instantly the range A B. Usually it 
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is impossible to get a mark C, such that the angle 
A BC is a right angle, without several trials, 
and it is here where the advantage of the omni-tele- 
meter comes in, since it is not necessary with this 
instrument that the angle A BC shall be a right angle. 
Hence, if a point cannot be found fulfilling this condi- 
tion, the observer chooses some point that nearly does 
so. Looking at this object and the mark through the 
instrument, when the latter is adjusted in its zero posi- 
tion the image of the mark will be to one side or the 
other of it. In this case the screw E is turned round, 
moving the mirror until coincidence is secured, and the 
second observation is taken at D, Fig. 6,asbefore. Owing 
to this adjusting screw E,much less trouble isrequired 
to find a suitable mark on which to project the object 
whose range is sought. In the case of instruments 
having a fixed base angle, the observer may have to 
shift his position considerably before the desired coin- 
cidence is obtained. The adjustment allows base 
angles varying 8 deg. on either side of 90 deg. to be 
used, and it, therefore, is only in very exceptionally 
monotonous countries that a suitable mark cannot be 
obtained with comparative ease. 

The instrument has been tested by Mr. John Coles, 
of the Royal Geographical Society, the author of 
“* Hints to Travellers,” for taking a round of distances 
from a central point which can be very quickly accom- 
plished by the omni-telemeter. The best plan of doing 
this isindicated inFig. 4. A stick is placed at the point 
A, and distances of 25 yards measured on each side of 
it. Then to get any range such as EK, a suitable object 
such as Lis taken, and the observations taken at the 
points B andC. To take the distance of the point G 
aman is sent out with a picket to O, and used as the 
auxiliary mark. For the range of the steeple F the 
mark M would be used, and J when taking H. In 
this way a whole round of objects can have their 
distances ascertained very rapidly. With moving 
objects two instruments are used, held by observers 
50 yards apart, the line between them making an angle 
of nearly 90 deg. with the object. Both of the instru- 
ments having been first set to zero, each observer re- 
flects the other on the object by using the micrometer 
screw H. The range is then got by adding or subtract- 
ing the readings of the two instruments, the sum being 
taken when the zero line of the two is on the same 


side of the zero line of the scale K, Fig. 3, and the 
difference when they are in opposite sides. 

For telemetric surveying the following method of 
using the instrument has been worked out by Colonel 
A. T. Frazer, R.E., and is illustrated in Fig. 5. The 
instrument is mounted on its stand in the position 
shown in Fig. 2, and a bright object — Colonel 
Frazer uses a gilt prism—is placed on the ground 
vertically below it by means of a plumb bob. The 
instrument is then set to zero. An assistant is sent 
out to the object, whose distance is required, with a 
staff having targets 5 ft. apart, the lower one being 
2ft. 6in. from the ground. This target is aligned 
with the image of the ground mark by means of the 
compensating screw H, and afterwards the upper 
target is aligned by means of the index screw, the 
reading of which then gives, by reference to a table, 
the distance of the staff. This method can be em- 
ployed in all cases when the slope does not exceed 
8 deg., that being the limit of adjustment by the com- 
pensating screw. At the same time the instrument 
can also be used toascertain the heights of objects, the 
distanceof which is known. For this purpose the in- 
strument is mounted on itsstand as already described, 
and the base of the object being reflected by the com- 
pensating screw on to the plumb bob, and then its 
summit by the other screw. The height of the object 
is then obtained from a table of rise in inches per yard, 
It is obvious that the instrument can also be con- 
veniently used as an optical square, and hence, from 
what has gone before, it appears that it can be used 
almost as a universal instrument for preliminary 
survey work. For its original purpose, viz., that of 
a military range-finder, we understand it is being sup- 
plied to the Indian Government. 


ELECTRICAL RAILWAYS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 14, Mr. Harrison 
Hayter, President, in the chair, a paper was read dealing 
with “ Electrical Railways,” by Dr. Edward Hopkinson, 
M.A., M. Inst. C.E. 

After reference to the recent progress made in the 
United Kingdom in the application of electric traction 
to tramways, and a comparison of this with the work 
done on the Continent and in the United States, a brief 
account was given of the conditions which Messrs. Mather 
and Platt, of Manchester, were required to meet in their 
contract for the electrical plant of the City and South 
London Railway. 

The leading features of the line were briefly alluded to. 
The maximum gradients were 1 in 14 with, and 1 in 30 
against, the traffic. There were four intermediate stations 
between the city terminus and that at Stockwell, the 
trains running at intervals of from three to four minutes. 
The total length was 3 miles and 270 yards. 

Full details were given of the generator station. There 
were eight boilers of Lancashire type set on the Livet 
principle, with Vicars automatic stokers, working at 
140 lb. pressure per square inch. The generating plant 
consisted of four open vertical compound engines, and 
four ‘‘ Edison-Hopkinson ” dynamos. The latter were 
belt-driven, and had an electrical efficiency at full load of 
96 per cent., and a commercial efficiency of 93.4 per cent., 
their weight being 17 tons. They were compound wound, 
and had a maximum output of 450 amperes at 500 volts, 
running at about 500 revolutions per minute. In connec- 
tion with the driving of the generating dynamos, the 
theory of jockey pulleys on high-speed belts was inciden- 
tally considered. 

The feeding conductors employed were of the Fowler- 
Waring type, the working conductor being of channel 
steel, laid between the rails and carried on glass insula- 
tors fixed to the sleepers. The channel, rolled from a 
special quality of steel, had a specific resistance as low as 
0.0000105 ohm at 24 deg. Cent. The actual leakage on 
the entire system, including generating dynamos, feeders, 
and working conductors, was in general 0.5 ampere, cor- 
responding with aloss of 0.3 horse-power. The return 
circuit was through the rails, which were uninsulated, and 
the method of dealing with the conductor at points and 
crossings was described. 

The use of the uninsulated rails as the ‘‘return” was 
discussed, as well as the effect of the earth currents 
thereby generated. Observations at the Royal Observa- 
tory, Greenwich, as also those made by Professors Ayrton 
and Riicker, showed that, in addition to the earth cur- 
rents, there were magnetic effects perceptible at con- 
siderable distances from the line. Thess disturbances 
were, however, small, and of no practical importance in 
connection with the working of telegraph and telephone 
systems in the vicinity. 

The essential and novel feature in the design of the 
locomotives was that the armatures of the motors were 
built directly upon the axles, whilst the magnets were 
supported partly on the axles, and partly on the frames ; 
thus, gear of any description was entirely obviated, and 
the mechanism was reduced to its simplest elements. Ib 
was shown that the system of direct driving did not 
require a greater dead weight upon the line than was 
usual in ordinary locomotive practice; and that no in- 
jurious effects upon the armatures could be traced to 
vibration. The total weight of each locomotive was 10 
tons 7 cwt., the length over the buffers being 14 ft., and 
the wheel base 6 ft. 

The two motors on each locomotive on the City and 
South London line were both capable of developing 50 
horse-power, corresponding with 310 revolutions of the 
axle per minute. The magnets were of the ‘‘ Edison- 
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Hopkinson” form, series wound, the armatures being of 
the Gramme ring type. The tractive force of the loco- 
motives, with a current of 100 amperes, was 1180 lb., and 
the maximum tractive force 3000 lb. 

The trains we refitted with the Westinghousecontinuous 
automatic brake. Instead of a pump working continuously 
on the locomotive, the latter was provided with reser- 
voirs placed under the curved side-plates of the cab, 
and charged with air at a pressure of 80 lb, at the 
end of each journey. The reservoirs were of sufficient 
capacity to provide for about 30 stops from full speed. 

The efficiency of an electric railway system might be 
considered under three heads : eo 

1. The production of electrical power. 2. Its distribu- 
tion. 3. The re-conversion of electrical power into 
mechanical power. 

With regard to the first head, it was shown that the 
daily consumption of electrical energy, with eight trains 
in constant work, was about 3700 units, which were pro- 
duced by the combustion of 7.5 1b. of Welsh coal per 
unit. As in the case of electric lighting stations, the 
efficiency of production of electrical power was greatly re- 
duced owing to the variations of load. The average load 
on the generating engines and dynamos was only about 
one-half their full load, and consequently they could not 
work under conditions of maximum efficiency. 

The distribution of electrical power was shown to be 
strictly in accordance with Lord Kelvin’s well-known 
principle—that the cost of power absorbed in the con- 
ductors should be equal to the charge for interest on the 
capital invested in them. Thus the cost of distribution 
was aminimum. The average loss in the conductors was 
about 10 per cent. The average efficiency of the loco- 
motives, under the actual conditions of running, was 
shown to be 70 per cent., and the electric efficiency of the 
entire system was 62 per cent. These results substan- 
tiated the estimates of efficiency given in evidence before 
the Parliamentary Committees on the Central London 
Railway Bill by Sir Benjamin Baker and Dr. John Hop- 
kinson. 

The cost of working the railway in successive half- 
years was deduced from the company’s yalf-yearly 
returns; and it was shown that the present cost of 
running, including all expenses of working and maintain- 
ing the generating station and locomotives was 6.3d. per 
train-mile—or 20 per cent. less than the cost guaranteed by 
Messrs. Mather and Platt. The cost of repairs of the 
generating plant and locomotives was only 0.39d. per 
train-mile. The trains, when normally loaded, weighed 
40 tons, and accommodated 100 passengers. Their 
average speed, including intermediate stoppages, was 
11.5 miles per hour, and that of actual running between 
stations 13.5 miles per hour. The maximum speed 
attained between stations varied from 20 to 25 miles per 
hour. The train mileage for the half-year ending 
December 31, 1892, was 214,417. Since the opening of 
the line two years ago, the locomotives had run more 
than 820,000 miles, and had dealt with a traffic of over 
12,000,000 passengers. 


MISCELLANEA. 


Av the eighth ordinary meeting of the present session 
of the Liverpool Engineering Society, held on Wednes- 
day evening, February 8, Mr. James Henry Lynde, 
M.I.C.E., read a paper on ‘‘ Automatic Sprinklers.” 


At the monthly meeting of the London Association of 
Foremen Engineers and Draughtsmen held on February 4, 
the president, Mr. W. T. Coates, read a paper on 
** Leather Belting. ” A discussion followed the reading of 
the paper. 


The Clyde Trustees have placed an order with Messrs. 
Fleming and Ferguson, shipbuilders and engineers, 
Paisley, for two powerful twin-screw hopper barges to carry 
1250 tons each, and to be of similar type to the two built 
last year for the trustees by the same firm. 


The Westminster ElectricSupply Corporation, Limited, 
give notice that from March 31 next the standard charge 
for electric energy will be reduced to 6d. per unit ; with 
a sliding scale of rebate to clubs and other large con- 
sumers. For current supply for lifts and other motor 
power the charge is 5d. per unit. 


The London Electric Supply Corporation announce 
that from April 1 next their standard charge for electrical 
energy will be6d. per Board of Trade unit. All customers 
will also be entitled to the benefit of a sliding scale ex- 
tending from the standard rate to 5d. per unit based on 
their consumption of energy. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended February 5 
amounted, on 16,452 miles, to 1,247,223/., and for the 
corresponding period of 1892, on 16,378¢ miles, to 
1,256,462/., an increase of 74 miles, or 0.4 per cent., and 
a decrease of 9239/., or 0.7 per cent. 


An Exhibition of Gardening and Forestry is to be held 
at Earl’s Court in the summer. A special feature of the 
Exhibition will be the display of ornamental woods suit- 
able for interior decoration. It is intended to open the 
Exhibition on May 15, and full particulars as to the 
arrangements can be obtained from Mr. H. E. Milner, 
Exhibition Offices, Earl’s Court, London, 8. W. 


The Local Board of Clacton-on-Sea have accepted a 
tender from Messrs. B. Cooke and Co., of Battersea, 
London, 8.W., for the construction of sewers and sewage 
outfalls for the district of Great Clacton. The accepted 
tender is 10,374/. The works are to proceed immediately. 
Mr. W. H. Radford, C.E., of Nottingham, is the engi- 
neer to the scheme. 


At the meeting of the Cardiff branch of the Institute of 
Marine Engineers, which was held in the University 


College on Wednesday, February 8, thesubject of petro- 
leum tank steamers was very fully discussed. Mr. Heck, 
of Newport, pointed out that the risk of explosion was 
much greater with crude than with refined oil, the latter 
being even less dangerous than some qualities of gas 
coal, 

Messrs. Bagshawe Brothers and Co., of 44, Upper 
Thames-street, London, E.C., are introducing a system 
of tubular wiring for inside work, which they claim is the 
best yet proposed. The tubing in which the wires are 
encased is composed of successive layers of a special papier- 
miche, thoroughly impregnated with special insulating 
composition, which is insoluble either in water or acids, 
and is, therefore, damp-proof, and not liable to chemical 
decomposition. The material, moreover, cannot be fired 
by ashort circuit. The tubes are also made with a brass 
or steel outside tube, which is recommended for use under 
cement flooring, as these metals are not affected by 
alkalies. The tubes are made in lengths of about 10 ft., 
and from } in. to 12 in. inside diameter. The joints are 
made with metal sockets. 


At the meeting of the Sheffield Society of Engineers, 
held January 14, Captain M. T. Slater, R.A., read a 
paper on ‘‘ Explosives.” In his opening remarks the 
author explained the difference between combustion, ex- 
plosion, and detonation, the latter occurring when the 
whole body of explosive assumes the gaseous form in- 
stantaneously. Bodies capable of detonation were 
usually a chemical compound and not mixtures, as ordi- 
nary gunpowder was. A short summary of the process 
of manufacturing gun-cotton was given, after which the 
author proceeded to discuss picric powders, and later on 
explosives of the sprengel type, made with substances 
themselves inexplosive, but which, when mixed just before 
being fired, formed a high explosive. The lecture con- 
cluded withsome observations on the storage and carriage 
of explosives. 


Speaking before the American Institute of Electrical 
Engineers, Mr. Charles P. Stannetz said that he believed 
very little in insulation resistance, as with a low poten- 
tial one might measure a very high insulation resistance 
which would completely break down when the potential 
was raised. For instance, a layer of air 745 in. thick 
had, with low potentials, a practically infinite resistance, 
but at 500 volts a spark would pass, and the resistance 
would be nil. If, however, the air gap was replaced by a 
piece of dry fibre of the same thickness, the insulation 
resistance could, in measurement with low potentials, 
be found less than that of air; but on raising the pres- 
sure to 1000 volts, even the fibre would stand, and would 
not break down till about 1300 volts were used. If 
the fibre were replaced by a mica sheet, the potential 
might be raised to 10,000 or 20,000 volts, the mica would 
still stand, though its insulation resistance was even less 
than that of the dry fibre. Hence for most practical 
work disruptive strength was of more importance than 
high insulation resistance. 


A conference was held at the Railway Clearing House, 
Euston Station, on Tuesday, between the railway 
managers and a deputation from the British Iron Trade 
Association, which included Mr. Caine, M.P. (president), 
Mr. B. Hingley, M.P., Mr. W. Jacks, M.P., Mr. C. J. 
Valentine, Mr. C. B. Holland, Mr. Francis Bolling, and 
Mr. J. 8. Jeans (secretary), The deputation urged upon 
the railway managers the necessity, in the interests of the 
iron trade, of restoring the old rates and conditions at the 
least, and offered some figures showing how severely the 
competition of Belgium and Germany, which have the ad- 
vantage of specially low railway rates, had told upon the 
export trade of this country of late years. The deputa- 
tien was informed that the railway companies were con- 
sidering the various rates with as much speed as they 
could, and that the railway conference would be glad to 
know of increase in rates to large traders with a view 
to readjustment. The conference, it was explained, 
were also dealing with the complaint made that the car- 
riage of coal had been raised 5 per cent. by charging for 
20 cwt. as a ton, instead of allowing 21 cwt. as hitherto, 
and they were also dealing with the complaints as to the 
weight of timber, and as to charging fractions of a ton 
when under } cwt. 


A new insulating material, which is claimed to have 
special advantages for use in the armatures of dynamos 
and motors, is being introduced under the name cf 
micanite by the Mica Insulator Company, of Shenectady, 
N.Y. Large sheets of mica are very expensive, though 
smaller sizes can be obtained very cheaply. Moreover, it 
is possible te split up mica into excessively thin sheets as 
little as rosy in. thick, and it is on this property of the 
material that the manufacture of micanite is based. 
Large sheets of micanite are built up of thin sheets of 
waste mica of the thickness named, a special cement 
being used to join them together. Attempts have pre- 
viously been made to make a satisfactory mica and cement 
insulator, but hitherto comminuted mica has been used, 
and hence the current was able to flow round the separate 
particles of mica without passing through them, so that 
the insulating material was, in fact, the cement and not 
the mica, When the latter is used in sheets, however, as 
in mica, the current must pass through the mica, and 
hence it is found that the resistance of the new material 
is practically the same as that of natural mica, 
whilst it has the advantage that it can be obtained 
of any size and shape, even tube or slot-shaped if neces- 
sary. Themicanite sheets are built up by special machi- 
nery and the amount of cement employed is almost 
infinitesimal. 

A meeting of the Civil and Mechanical Engineers’ 
Society was held at the Westminster Palace Hotel on 
Thursday, February 16, when a paper on “Machine 
Tools” was read by Mr, E, C. Amos, M.I,M.E., consult- 


ing engineer, of 11, Queen Victoria-street, London. He 
commenced his paper by a reference to the importance of 
the subject to all classes of engineers, and compared 
English with American tools, his opinion being that 
where the American excelled us, as they undoubtedly did 
in many classes of tools, it was due chiefly to a want of 
enterprise on the part of the English makers, rather than 
to their incapacity to produce tools of equal quality and 
design, and this was most noticeable in the lighter tools. 
Reference was made to the universal system of gauges and 
threads instituted by Whitworth, and the present-day 
methods of constructing lathes was then dealt with. 
Having classified his subject into three parts, he pro- 
ceeded to give a description of various form of tools as 
used in machine shops in the present day, special refer- 
ence being made to a new shafting lathe attachment, and 
some American milling cutters, of both of which samples 
were exhibited. Some special tools were then described, 
and the author concluded his paper by giving his opinions 
on the question of buying tools, with respect to the value 
of cheap and good tools; the merchants and the ‘‘ middle- 
man” receiving some sharp criticism. The paper was 
well illustrated by a collection of photographs kindly sent 
by Sir Joseph Whitworth and Co. and others, and by 
samples of small American tools, gauges, &c. A discus- 
sion followed the paper and was taken part in by a 
number of those present. 


At the meeting of the Junior Engineering Society 
held at the Westminster Palace Hotel last Friday, Mr. 
8. Boulding in the chair, a paper on ‘‘The Application of 
Small Electric Motors” was presented jointly by two 
members—Mr. Douglas Heap, M.I. Mech. E., and Mr. 
Arthur Heap, Stud. IL.E.E. After giving an account 
of the several types of motors in general use, and 
the purposes for which they were specially adapted, the 
authors described the various systems of gearing, in con- 
nection with which raw-hide leather was mentioned as a 
material which had been satisfactorily applied in the 
manufacture of belts, ropes, twist, bevil-gear, and 
pinions. The requirements of the several electric power 
supply companies in regard to the use of motors were 
tabulated, and the simple arrangement introduced by 
Mr. Baron, manager of the St. Pancras Company, for 
supplying current to electric motors during the daytime 
at the cheap rate of 3d. per Board of Trade unit was 
explained, the great advantages of the device, both to the 
supply company and to the consumer, being pointed out. 
The paper next dealt with mechanical and electrical tests 
which the authors had made, the results of running 
actual plants being given, showing their cost and effi- 
ciency. These included tests of an electric capstan, saw- 
mill, hoist, and other machines where small electric 
motors were applicable. Special appliances were next 
considered, including the electric riveter of M. Piat, and 
Mr, Rowan’s electro-magnetic drilling machine. Atten- 
tion was drawn to the working facilities of such tools as 
compared with those of the ordinary kind, on ship and 
bridge building, and for other constructional purposes of 
a similar nature. In conclusion, some of the general pre- 
cautions to be observed in running small plants were re- 
ferred to, and the methods of coupling up the mains to 
the motors were described. Some of the motors, together 
with other specimens, were exhibited to the meeting. 


BrELcIAN Buast FurNaAcEs.—The number of furnaces in 
blast in Belgium at the commencement of 1893 was 26, 
while there were 21 furnaces out of blast at the same date, 
The total of 26, representing the furnaces in blast in 
Belgium at the commencement of January, 1893, was 
made up as follows : Charleroi district, 10; Liége district, 
11; and Luxembourg, 5—total, 26. The production of 
pig in Belgium last year was 761,130 tons, as compared 
with 643,783 tons in 1891. 

Tue Exvecrric Licut at New Yorx.—The business 
of the Edison Light and Power Installation Company at 
New York has greatly increased during the last four 
years. The number of customers in 1892 was 4344, as 
compared with 2875 in 1891, 1698 in 1890, and 1213 in 
1889. The number of 16 candle-power lamps owned by 
the company was 142,492 last year, as compared with 
94,485 in 1891, 64,174 in 1890, and 39,815 in 1889. The 
number of motors in operation in 189% was £807, as com- 
pared with 2000 in 1891, 677 in 1890, and 490 in 1889. 
The number of arc lights in 1892 was 1637, as compared 
with 841 in 1891, 254 in 1890, and 110 in 1889, Estimating 
each motor and each arc light as equal to ten 16 candle- 
power lamps, the present installation is equal to 196,932 
lamps. Seventy-ninth-street is the extreme northern 
point reached by the Edison system. The company has 
secured an interest in the Manhattan Electric Light 
Company, and also in the Harlan Hlectric Lighting Com- 
pany. The Manhattan and Harlan Companies control 
most of the lighting and distribution of current from that 
portion of New York notcovered by themains of the Edison 
Light and Power Intallation Company. By the acquisition 
of an interest in the Manhattan Electric Light Company 
(Limited) and the Harlan Electric Lighting Company, 
the Edison Light and Power Installation Company 
reconciles interests hitherto antagonistic and threaten- 
ing to become more so. The gross earnings of the 
Edison Light and Power Installation Company (Limited) 
last year were 963,021 dols., as compared with 675,505 
dols. in 1891, 488,595 dols. in 1890, and 327,678 dols. in 
1889. The net earnings in 1892 were 475,138 dols., as 
compared with 347,229 dols. in 1891, 229,078 in 1890, and 
124,031 dols. in 1889. The wiring department of the 
Edison Electric Illuminating Company has been trans- 
ferred to the New York Electric Equipment Company. 
The Edison Electric Illuminating Company holds a large 
amount of the stock of the wiring company, upon which 
dividends are being paid, 
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On the present page we illustrate an arrangement 
for heating railway carriages which has recently been 
introduced by Mr. W. S. Laycock, of Victoria-street 
Works, Sheffield, and of 91, Queen Victoria-street, E.C. 
The leading principles in the design are the passing 
of steam direct from the locomotive, the control of 
the supply of steam at the locomotive, the satisfac- 
tory disposition of the condensed steam, and the pre- 
vention of freezing. The main feature in the system 
is the storage heater, of which we give a longitudinal 
view, partly in section, in Fig. 1, and a cross-section 
through the support in Fig. 2. The apparatus con- 
sists of an inner cylinder A made generally from a 
wrought-iron boiler tube. This is closed at both ends, 
and contains a strong solution of salt in water. The 
cylinder is only filled to seven-eighths of its capacity, 
so as to leave room for expansion of the liquid, and 
it is hermetically sealed, in order that the brine 
shall not escape and become weaker. This cylinder 
is inclosed in another, as shown, there being a space be- 
tween the walls of the two cylinders. The axes of the 
two cylinders do not coincide, and the space is larger 
at the bottom than at the top. The outer cylinder is 
closed at the ends by screwed caps, and these are 
tapped for steam connections at EK, In this way steam 
is admitted tothe annular space, and part of the heat 
contained is at once radiated from the outer surface to 
warm the carriage, whilst a part is absorbed by the 
brine solution. The object of the brine is, of course, 
to act as an accumulator or heat reservoir, so that the 
temperature of the carriage will not fall when the 
steam has to be turned off. By the use of this device 
a carriage can be kept at a reasonable heat for five to 
seven hours after steam has been shut off. 

The steam supply is taken to the carriage by a 
main, the connections being made by flexible locking- 
couplings. From this main the steam is taken to the 
storage heaters. The arrangement is shown in the 
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general views on the present page, Figs. 3and 4. 
After the steam has passed through the heaters 
the condensed water descends to a second pipe 
to which is attached a steam trap or device for 
getting rid of the water. A trap is also attached 
to the steam supply. In the illustrations A is 
the steam supply, H the heaters, B the drain 
pipe, C the steam trap on the supply, and D the 
steam trap on the waste water pipe. The pipes 
A and B are inclined downwards towards the 
middle, so that the water may be efficiently 
drained off, the traps being at the lowest point. 
Figs. 5, 6, and 7 are views of the steam trap C 
and D, Figs.3 and 4. Fig. 5isa general exterior 
view of the whole apparatus, the cylindrical 
part being the trap proper, and the conical part 
a sediment collector with a hand valve to clear 
it out at bottom. Fig. 6 is the operative part 
of the automatic steam trap, which, of course, 
acts by difference of temperature and is not 
affected by pressure, it working well under an 

pressure of steam. The shell or body of the 
trap proper, as shown in Fig. 6, is of cast iron 
with an inlet at the back and an outlet at the 
bottom. In front of the inlet is a hollow brass dia- 
phraghm D, partly filled with a fluid having a high 
coefficient of expansion, and which, we believe, is com- 
posed chiefly of resin dissolved in wood naphtha, The 
diaphragm chamber is kept in its place by lugs L L 
round the sides of the trap body, and is also controlled 
by a regulating spring S, which lifts it from the seating 
C. There is also a set screw E working through the 
cover by which the lift of the valve is regulated ; the 
maximum lift used is, we believe, about tin. When 
cold the trap is always open, as shown in the illus- 
tration, where the diaphragm is off the seating. As 
live steam is forced into the trap it heats up the liquid 


| in the diaphragm chamber, and the inlet ig cloged so 
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that steam will not escape to the outer air. 
it will be seen that the pipes are efficiently drained 
of cold water, and there is no fear of freezing up; a 
danger which has hitherto been the special drawback 


In this way 


to steam heating arrangements. At the same time the 
trap is sufficiently sensitive to prevent any undue waste 
of steam. Fig. 5, as we have said, shows a sediment 
trap which can be cleaned out by the hand valve at 
the bottom. As this partis below the level of the steam 
trap a device is fitted to drain it automatically. This 
device is shown in Fig. 7. It acts entirely by gravity. 
So long as there is a pressure in the shell the inner 
disc on the spindle is pressed against a seating and the 
valve is closed. When pressure is released the weight 
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of the disc causes it to assume the position shown in 
Fig. 7, so that any water present will run out. About 
3 lb. pressure to the square inch is sufficient to hold 
the valve up to its seating. These gravity traps are 
also fitted at the lowest part of the couplings between 
the carriages, 

In Figs. 8 and 9 are shown the hose coupling by 
which steam is conveyed from one carriage to 
another. Fig. 8 shows the coupling not quite locked. 
Fig. 9 gives a sectional view. As the couplings 
are the lowest part in the system they are 
provided with the gravity drip valve already 
described. It will be seen that each half of the 
coupling is provided with a bracket having a projec- 
tion marked B in Figs. 8 and 9. This slips over a 
projection on the corresponding half of the coupling, 
marked C in Fig. 9. The projection consists of a 
pin and roller, the roller being free to turn so as 
to avoid friction of the parts in coupling up or un- 
ee The radius to which the curve of the lug 
is struck, is such that when the coupling assumes its 
normal position, it jams on the roller projection and 
the two ends become locked. The faces are thus 
brought together and a steam-tight joint is made. 
The faces or seatings are made of a special com- 
position, of which asbestos forms the basis, and they 
are held in position by bent wire springs. This 

art of the apparatus is best shown in Fig. 9, the 
U wires being the springs. With this arrangement 
the seatings can be removed with great facility, but are 
sufficiently firmly fixed not to fall out by accident, 
oe pe the end of the hose to be left hanging 

own, 


The full boiler pressure is not necessarily required 
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for heating purposes, and therefore a reducing valve 
is fitted. 

This system of steam heating has been largely intro- 
duced in America, The Delaware, Lackawanna, and 
Western Railway Company and the Manhattan Rail- 
way Company have had all their passenger cars fitted 
with the arrangement. It has also been adopted by 
the Chicago and Eastern Illinois Railroad Company, 
the Western New York and Pennsylvania Railroad 
Company, the Staten Island Rapid Transit Railroad 
pera, besides many other railways in the United 

tates. 

The heating of trains naturally has received more 
attention in the United States than in this country, 
our comparatively mild winters not rendering artificial 
warmth so much an absolute necessity as in America, 
where the long journeys undertaken would be all but 
a physical impossibility during the winter months 
without it, Nevertheless, the crude and unsatisfactory 
arrangements in this country reflect very little credit 
on our authorities, and it is to be hoped that the more 
enlightened views of the American railway managers 
may be copied to the advantage of passengers, so that 
the inefficient foot-warmer arrangement may speedily 
become a Lae of the past, 

On Wednesday last a trial trip was made of a Great 
Northern train which has been fittedon this system. The 
train consisted of nine coaches and two break vans, the 
total length of carriages being 374 ft., exclusive of en- 
gine and tender, The distance between the vehicles 
was 3 ft,6in. The trial was carried out under the 
superintendence of Mr. Patrick Sterling, the locomotive 
superintendent of the line, and gentlemen of his staff. 
One of the carriages has a handsome 60-ft. dining car; 
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but perhaps the most interesting of the coaches was a 
new third-class corridor carriage. These vehicles are 
very fine examples of modern railway carriage building, 
and afford even better accommodation than the Great 
Northern Company have yet given to their third-class 
passengers, good asthis hasbeen. There are two lava- 
tories, one for ladies at one end and the second for 
gentlemen at the other. The management evidently 
recognises the value of generous treatment for the 
third-class passenger. The seating space is very 
liberal, and it is evident that with the corridor a 
smaller number of passengers must be carried, al- 
though there can be no doubt that the first cost 
of the stock must be considerably in excess of that 
previously allowed for third-class coaches, 
Unfortunately, from the point of view of proving 
the value of the new systems, the weather was by no 
means cold, the thermometer standing at 52 deg. Fahr. 
on the outside of the train. A start was made from 
Doncaster at 1.50 p.m. The temperature in a first- 
class compartment was 50 deg. Fahr. in starting, 2 deg 
colder than the atmosphere on the outside, as the sun 
was shining at the time. In 20 minutes the tempera- 
ture had risen to 58 deg. On reaching Gainsborough 
the train stopped, and the observers changed to the 
60-ft. saloon, where the temperature was found to be 
57 deg. The steam was shut off from the heaters and 
was not turned on again during the run. The torpedo 
ventilators in the roof were opened at starting, but 
these were presently closed in order to try the effect. 
The temperature then rose until, on arriving at Lincoln 
at 2,48 p.m., 58 deg. were registered. Here the train 
was transferred to the return rails, the run back com- 
mencing at 3.8 p.m., the temperature still being 
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58 deg. At 3.30 p.m. the ventilators were again 
opened, the temperature still remaining at 58 deg. 
At the conclusion of the run at Doncaster at 4.5 the 
temperature was 57 deg. The test, as we have said, 
was not of a severe nature, owing to the little differ- 
ence between the outside atmosphere and that inside 
the carriages; but it was satisfactory in showing the 
excellent way in which the apparatus worked. No 
steam escaped at the drainage traps, but the condensed 
water ran off freely, both the expansion device and 
the gravity trap performing their functions in a per- 
fectly satisfactory manner. The coupling arrangement 
was also tested at Lincoln. The atmosphere of the 
carriages was heated in an equable manner, and the 
air was pleasant to breathe, not being of the exces- 
sively dry character often observed when steam-heating 
arrangements are used. 

On a trial made by the railway officials on a pre- 
vious occasion, when the outside temperature was 
28 deg. Fahr., a run of 51 miles was made between 
Doncaster and Grantham, the time occupied, including 
stoppages, was 2} hours. The carriage was warmed to 
a comfortable temperature, about 58 deg., and the steam 
was shut off before starting. The loss of temperature 
in a first-class carriage, with the ventilators open, was 
reported to be 3 deg. for the whole time of two hours 
anda quarter. The time occupied to heat 10 carriages 
from turning on steam was 20 minutes from end to 
end. It should be stated that Mr. Sterling has not 
thought it necessary to adopt a reducing valve on the 
engine. In place of it a three-way cock is used, one 
passage being smaller than the other, The large 
orifice is used at starting, and, when the carriages are 
warmed through, the steam is made to pass only through 
the smaller orifice in the cock, The natural conden- 
sation is then sufficient to keep the pressure from 
rising in the system to an undesirable extent. 

The Manchester, Sheffield, and Lincolnshire Rail- 
way have also fitted this system to their trains, and 
have had it in practical work for two months, with, 
we understand, very satisfactory results. Certainly 
the thanks of the travelling public are due to the 
authorities of these two lines for their liberal policy 
in looking to the comfort of their passengers. 


THE HALE WATER TOWER. 

TE device which we illustrate on pages 191 and 194 
has been introduced by the Kansas City Fire Depart- 
ment Supply Company, of 2932, Fairmont-avenue, 
Kansas City, Missouri, U.S.A. It is intended for throw- 
ing a large stream of water into the windows or on to 
the roofs of burning buildings, and to avoid the delay 
caused by carrying a hose up a ladder, whilst at the 
same time a much larger stream can be thrown. The 
one in use in San Francisco can deliver a stream 3 in. in 
diameter from a nozzle at a height of 55 ft. when the 
tower is raised to the vertical position, and the telescopic 
tube is extended to its full height. With 180 lb. pres- 
sure it will throw a stream 150 ft. high. Figs. 1 and 
2 (page 194) show the machine in elevation and plan, 
the tower being shown lowered down for transport. 
There are two ways of raising the tower on its arrival 
at a fire. One is by means of a gas pressure generated 
in a chemical tank see (Figs. 6 and 7) similar to the 
Babcock fire extinguisher, the water from the tank 
acting on two pistons. The second method is by 
pressure from the fire engine pumps (or from the street 
mains where the pressure may be found sufficient). 

The chemical tank is made of copper and is of 50 
gallons capacity. It is filled with water within 6 in. 
of the top; the charge is 281b. of bicarbonate of 
soda and 1 gallon of sulphuric acid. This will gene- 
rate a pressure of 190 lb. per square inch within the 
chemical tank, and it requires a pressure of 120 lb. of 
water to raise the tower in fifteen to twenty seconds. 
The hydraulic cylinders shown on each side of the 
tank, which pull on the quadrants for raising the 
tower, are nearly 8 in. in diameter and about 4 ft. 
stroke ; they are made of brass, and pipes are con- 
nected to them leading from the chemical tank, also 
from the manifold branch pipe to which the fire 
engines are connected. By opening valves the pres- 
sure water can be admitted either from the chemical 
tank or from the fire engines. In some cities it is 
considered preferable to raise the tower by pressure 
from the fire engines, and as the tower is used for 
delivering the streams of several fire engines from a 
point higher than it would be convenient to raise 
ordinary play pipes, it is evident that the water tower 
would be of no use without a large supply of water 
under pressure, so there would be no immediate 
necessity of raising the tower until this pressure was 
to be had. 

The truck frame on which the tower is carried has 
four longitudinal oak rails 3in. by 6 in. and 19 ft. 
long, which are reinforced by steel plates 4 in. by 5 in, 
Two wrought-iron A frames 3in. by #-in. iron are 
bolted to the longitudinal rails of the truck, and sustain 
a turning shaft of 24-in. steel upon which the tower 
swings ; this turning shaft is spread at its centre in the 
form of a ring (see Tig. 9) to allow the end of the 
telescopic tube to pass through it when lowered. Two 


toothed quadrants are secured to the turning shaft, 
and engage in racks operated in a horizontal direction 
by the hydraulic pistons ; these racks are made of two 
bars of steel Zin. by 3in., having 14-in. diameter 
round pins between them, which engage in the teeth of 


the quadrants. 


The main tower is attached to the turning shaft by 
cast-iron ends, which are fitted to the square portion of 


the turning shaft. The lower ends of the steel angles 
which form the tower are riveted to these cast-iron 
ends. The main tower is built of 24 in. by 24 in. by 


i in. steel L’s, braced together with diaphragms of 


sheet steel tin. thick. The tower frame is 22 ft. 6 in. 
long, with a base of 27 in. by 16 in. tapering to 7} in. 
by 8 in. at the top, and it is braced outside with round 
iron struts and braces, as shown in Fig. 2. The upper 
end has a brass cap, having four guides, through which 
the telescopic tube slides. This tube is 27 ft. 6 in. 
long, 6 in. in diameter, and } in. thick. Attached to 
it are four T-shaped guides. A brass cap fitted on the 
lower end of the tube serves for the attachment ofa 
8-in. phosphor-bronze cable by means of which the 
tube is raised by winches, details of which are shown 
in Fig. 8. 

A brass gear wheel is fitted at the upper end of the 
telescopic tube, and engages with a pinion in the pro- 
portion of about one to five, and serves to direct the 
nozzle which is attached to it. This gearing travels 
up with the tube, and the pinion is} driven by a g-in. 
square steel shaft, which telescopes into a piece of 1-in. 
gas-pipe through a square guide. The gas-pipe revolves 
in bearings attached to the tower framework, and is 
turned by a handwheel attached to the lower end, 
and by this means a man standing on the truck can 
turn the stream in a complete circle if necessary. 
Above the revolving gear, on the upper end of the 
telescopic tube, there are fastened two wrought-iron 
arms, which forma fulerum upon which the play pipe 
turns, so that it can be elevated or depressed to any 
anglein avertical direction, its position being controlled 
by a steel wire rope. 

The truck is provided with jack screws (Figs. 10 
and 11) having jaws to fit the axles, and the weight 
of the tower is taken off the springs by these screws 
before the tower is elevated. Also by means of these 
screws the truck can be set in a horizontal position, not- 
withstanding the inequality of the ground, so that the 
tower will be vertical when it is raised. After the 
tower is raised it is stayed by }in. diameter steel guy 
ropes passing around sheaves at the back end of the 
truck frame to a winch which can be operated from the 
foot-board. 

The cost of the water tower delivered in San Fran- 
cisco was 4350 dols. The weight of the water tower 
and truck complete about 9000 lb. 


NOTES FROM THE UNITED STATES. 
PuHiInaDELPutIA, February 3, 1893. 

A SLIGHT increase in the volume of business is re- 
ported for the week, due, perhaps, to the practical 
suspension of shipments for the past month. Last 
week 25,000 tons of plate and structural material 
were contracted for, most of it for shipbuilding. 
Orders this week, 12,000 tons plates, shapes, and 
pipeiron. Steel rails are quietat 29 dols. Plate mills 
will be run to full capacity. Reports from the Western 
States show dulness, due to obstructed traffic. Engi- 
neering enterprises are looming up, and their pro- 
spective requirements are large. Pig iron supplies are 
not increasing, and demand is for urgent requirements, 
Mill irons are 13 dols. delivered. Western brokers 
have offered to buy 50,000 tons of Alabama iron at 
furnace at certain figures, about equivalent to cost 
price. Great activity prevails in anthracite coal. The 
milder weather is permitting the resumption of coal 
traffic to the usual proportions. Railroad requirements 
will be quite large. Car builders continue to receive 
gratifying orders. Engine and boilermakers are 
making full time. The lighter industries are quite 
busy. Building operations will be renewed ona greater 
scale than last year. 

February 10. 

In addition to the contracts for two war vessels 
placed last week, contracts have just been given out 
for two Inman line steamers. It is ascertained that a 
large amount of ocean tonnage will also be contracted 
for at an early date. The activity in shipbuilding is 
exerting a favourable influence. During the past 
week orders for 36 locomotives were placed. It is 
expected that the Baldwin Locomotive Works will 
average 20 engines per week. Locomotive builders 
report an increase of inquiry, and carbuilders have 
fully two months work ahead. In plate and structural 
material orders are for larger quantities, and much of 
the material now called for is for office building and 
warehouse construction. The iron trade is in a more 
satisfactory condition than last week, and should a 
slight hardening of values take place, it would probably 
result inageneralimprovementintrade, The production 
of crudeironis not increasing as predicted for the winter, 
Merchant bars and steel billets are hard to sell, even 


within a fraction of cost. More satisfactory margins 
will probably be realised on plates and shapes. Steel 
rails are 29 dols. Last week the Pennsylvania Com- 
pany contracted for 60,000 tons, but other companies 
have not seen fit to make such preparation. There is 
a certain feeling of apprehension and restlessness in 
the iron trade over the change of Administration, 
which may or may not account for the hesitancy dis- 
played among consumers, big and little. It is just 
possible they are making the mistake of waiting a day 
or week too long. A conservative and reassuring 
inaugural address from the incoming President would 
havea very great influence in restoring and establish- 
ing confidence among consumers of iron and steel 
products. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 
The Cleveland Iron Trade.—Yesterday there was a 

large attendance on ’Change, but again the tone of the 
market was very flat and little business was recorded. 
Complaints of difficulty to secure orders were numerous, 
and almost everybody present spoke of the future with 
considerable apprehension. Several people spoke of the 
probability of blowing more furnaces out, and it soon 
became known that the Teeside Iron and Engine 
Works: Company were busy blowing one out at pre- 
sent which has been producing Cleveland pig. This 
will leave that firm with only two of their four 
furnaces in blast. Buyers were exceedingly backward, 
and those who required iron endeavoured to purchase at 
rather less than market rates. It was, however, difficult 
to buy No. 3 g.m.b. Cleveland pig iron under 35s. for 
prompt f.o.b. delivery, although it was reported that one 
or two small lots had changed hands at a trifle less. 
Merchants were prepared to sell No. 3 at 35s. The lower 
qualities were quiet, there being sellers at 34s. 6d. for 
No. 4 foundry and 33s. 9d. for grey forge. There was 
little or nothing doing in Middlesbrough warrants, which 
were put at 35s. cash buyers with sellers at 35s. 3d. A 
rather better account was giveu of the hematite pig-iron 
trade, inquiries being reported rather more numerous, - 
and the reduced output having become felt. Mixed 
numbers of local brands were 43s, To-day there was no 
change whatever in the state of the market. 


Manufactured Iron and Steel.No better information 
than when last we reported can be given of the finished 
iron and steel works. Some firms certainly keep pretty 
busy, but others are very badly off for contracts, and they 
experience great difficulty in obtaining new work. Pre- 
sent quotations are also said to be barely remunerative, 
and, indeed, this must be the case. Common iron bars 
are 5l.; iron ship-plates, 4/. 15s.; iron ship angles, 
41. 12s. 6d.; steel ship-plates, 47. 17s. 6d. ; and steel ship 
angles, 4/. 15s.; all less the customary 24 per cent. dis- 
count for cash. Heavy sections of steel rails are 3. 15s. 
to 8/. 17s. 6d. net at works. 


The Coal and Coke Trades.—There is not much new 
in the fuel trade. Coal consumers, however, would do 
well to enlarge their stocks, as in colliery districts labour 
difficulties are threatened. Supplies are at present 
abundant and prices are weak. On Newcastle Exchange 
best Northumbian steam coal is 8s. 6d. f.o.b., and the 
small steam is about 3s._ About 6s. 6d. f.o.b. is the price 
of gas coal. Bunker coal is difficult to sell, and very low 
prices are taken to insure clearances. Coke is rather 
easier. Here good blast furnace qualities can now be 
bought at 12s. 6d. delivered. 


The Proposed Reduction of Cleveland Miners’ Wages.— 
Yesterday (Tuesday) a meeting of the Cleveland Mine- 
owners and the Miners’ Executive was held at Middles- 
brough to consider the proposed reduction of 10 per cent. 
in the men’s wages. No decision was arrived at with 
regard to a reduction, but it was agreed that no alteration 
in the wages should be made before March 31. It was 
also decided that sufficient notice of a request for an 
alteration in wages from either side should be given, so 
that no change would in future be made until the end of 
any quarter. The proposed reduction will be reconsidered 
on March 9. 


NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Vickers, Sons, and Co., Limited.—The annual report of 
the directors of this company states that, notwithstand- 
ing the depression in trade, the year’s trading has been 
as satisfactory as during the preceding 12 months. The 
balance-sheet shows that after the payment in August last 
of the interim dividend of 23 per cent. on the preferred 5 
per cent. stock there remains for distribution the sum of 
83,4002. Outof this sum the directors recommend the 
payment of 25 per cent. (less income tax) on the 
preferred 5 per cent. stock, completing the divi- 
dend of 5 per cent. (less income tax) on _ this 
stock for the year 1892, which will absorb 18,2817. ; 
and the payment of a dividend of 64 per cent., free of 
income tax, on the ordinary shares of the company, 
which will require 48,750/., leaving to be carried forward 
to the credit of profit and loss account the sum of 16,3697. 
In conclusion, the directors allude to the successful trials 
of “* Vickers ” armour-plates subjected to the ‘‘ Harvey ” 
pesimcn and express a hope that important orders will 
result, 


Some Reasons for Bad Trade.—Speaking at the annual 
meeting this week of Messrs. H. Bessemer and Co., 
Limited, Mr. W. D. Allen, the managing director, said 
he regretted that the state of trade was at present bad, 


Fes. 17, 1893. ] 


Since July there had been a falling off, and the depression 
had been increasing ever since. Of course inflations and 
depressions would periodically occur, and all they could 
do was to be prepared to meet these slack times. uring 
the last two or three years they had been enabled to put 
their house thoroughly in order, and when good trade 
returned they stood a good chance of getting a fair 
proportion of business. In addition to the ordinary 
depression, they had recently been subjected to severe 
foreign competition, and this competition had been con- 
ducted on rather unfair principles. Foreigners in their 
own country were well protected, and English manufac- 
turers were unable to compete in those countries. The 
consequence was that the limited amount of work given out 
there was given out at very heavy prices, and enabled 
the foreigners to retain the whole of it for their own 
establishments. These establishments, however, re- 
quired a large quantity of work to keep them going, and 
therefore it paid them to sell in the English markets, 
even ata sacrifice in order to get some of the work. This 
he regarded as very unfairand unreasonable competition. 
The question was a general one affecting all industries, 
and would require to be considered very shortly. 


Reduction of Steel Values.—Some of the local companies 
have this week announced a reduction of 7s. 6d. per ton 
in Bessemer ingots and billets, bringing quotations 
5l. 7s. 6d. to 5, 15s. Manufacturers of railway material 
are making strenuous efforts to secure some of the con- 
tracts on the market. In the iron trade there is no change 
for the better. 


NOTES FROM THE SOUTH-WEST. 


Rhymney Railway.—The half-yearly meeting of this 
company was held at Cardiff on Friday, Mr. J. Boyle in 
the chair. The chairman stated that the mineral traffic 
had decreased to the extent of 10,000 tons. On the 
other hand, the expenditure in the way and works de- 

artment showed a reduction of 343/., while the cost of 
ocomotive power was less by 181/. A suggestion was 
made—the chairman approving—in the direction of 
higher rates for the carriage of coal. A dividend was 
declared at the rate of 7 per cent. per annum, 


Coal in the Rhymney Valley.—The management of the 
Llanbrodach colliery has brought some coal from the 
house coal seam to bank during the last few days. It is 
the intention of the management to work this seam 
simultaneously with the sinking of a second shaft. Sink- 
ing operations under the auspices of Mr. H. Lewis, of 
Tynant, are about to be commenced about a mile from 
the north-west end of Caerphilly. 


The ‘* Halcyon.”—The Halcyon, twin-screw gunboat 
of 1070 tons burden and 3500 horse-power, will be launched 
at Devonport in August or September, A vessel of the 
Astrcea class will probably be laid down on the slip which 
will be vacated by the Halcyon. 


New Graving Dock.—A new commercial graving dock 
at Barry, built for the Barry Railway Company, has been 
opened for traffic. The new dock runs in a direction 
almost due north and south of the main dock, and lies 
parallel with a deep-water lock passage in course of con- 
struction. The dock is 744 fb. in length and 100 ft. in 
width at the bottom, widening to 113 ft. at the top. It 
is 2 ft. deeper than the older graving dock, and is one of 
the largest graving docks along the Bristol Channel. 
The entrance, which is from the south-east corner of the 
main dock, is 60 ft. in width, closed by a caisson instead 
of gates. The dock is divided by a pier, one division 
being 384 ft. in length and the other 360 ft., the passage 
in the middle being closed by another caisson. The walls 
of the new dock are of mountain limestone, taken from 
the Alps Quarry, Wenvoe, the copings, altars, sills, &c , 
being of Cornish granite. The quantity of material ex- 
cavated during the execution of the works was between 
130,000 and 140,000 cubic yards, and over 20,000 cubic 
yard of masonry have been putin. There are the usual 
engine, boiler, and pumping houses alongside, the three 
main centrifugal pumps having a capacity. equal to 
1,000,000 gallons of water per hour. There are ample 
appliances for repairing vessels. 


South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in January were: 
Cardiff—foreign, 866,111 tons; coastwise, 123,098 tons. 
Newport—foreign, 124,358 tons; coastwise, 86,144 tons. 
Swansea—foreign, 72,196 tons; coastwise, 50,937 tons. 
Llanelly—foreign, 7287 tons ; coastwise, 5408 tons. The 
aggregate shipments of coal from the four ports in January 
were accordingly: Foreign, 1,089,952 tons; coastwise, 
265,587 tons. The shipments of iron and steel from the 
four ports in January were: Cardiff, 1454 tons ; New- 
port, nil ; Swansea, 420 tons; Llanelly, nil; total, 1874 
tons. The shipments of coke were: Cardiff, 4296 tons ; 
Newport, 637 tons; Swansea, nil; Llanelly, nil; total, 
4933 tons. The shipments of patent fuel were: Cardiff, 
16,475 tons; Newport, 27,798 tons; Swansea, 6837 tons ; 
Lianelly, nil; total, 51,110 tons. 


Institute of Marine Engineers.—At the last sitting of 
this Institute a paper was read on petroleum tank 
steamers by Mr. G. H. Little. Captain Young, of the 
Board of Trade, said he had commanded vessels of this 
class for several years. If the cofferdam were kept well 
filled with water, the vapour would not get into the hot 
air of the engine-room at all. Having coal in ’tween 
deck bunkers was an advantage when the vessel was 
loaded, as the centre of gravity was raised and the vessel 
was easier. This was a great advantage in crossing the 
North Atlantic. A number of other gentlemen spoke 
upon the subject. 


Taff Vale Railway Company.—The expenditure made 
on capital account by the Taff Vale Railway Company in 
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the second half of last year was 28,2317. This included 
the cost of doubling the Penarth extension line between 
Penarth Dock and Penarth Town stations, as well as 
880/. paid for a tank engine and automatic brakes for loco- 
motives. The aggregate outlay made by the company for 
working stock to the close of 1892 was 541,551/. The 
number of locomotives upon the system at the close of 
1892 was 190, while there were 109 tenders. The number 
of vehicles in use in the coaching department at the close 
of last year was 250, while the number of vehicles in use 
at the same date for the conveyance of minerals and goods 
was 2580. Inthe current half year it is proposed to ex- 
pend 25,530/. for increased siding and station accommoda- 
tion. The cost of locomotive power in the second 
half of 1892 was 66,1291., as compared with 75,5531. 
in the second half of 1891. The outlay made for 
maintenance of way, works, and stations in the 
second half of last year was 53,467/., as compared with 
25,6032. in the second half of 1891. The cost of coal in 
the locomotive department in the second half of last year 
was 17,633/., as compared with 24,6967. in the second half 
of 1891. The length of line maintained in the second 
half of last year was 113 miles 544 chains. Sidings were 
also maintained to the extent of 116 miles 634 chains. 
The 113 miles 544 chains representing the length of line 
maintained upon the system in the second half of last 
year was made up as follows: Six lines of rails, 9 chains ; 
five lines of rails, 23 chains; four lines of rails, 12 miles 
37 chains ; three lines of rails, 12 miles 724 chains ; two 
lines of rails, 45 miles 22 chains; single line, 42 miles 
51 chains. The aggregate distance run by trains in the 
second half of last year was 1,705,643 miles, as compared 
with 1,794,025 miles in the second half of 1891. 


The Bute Docks.—The thirteenth half-yearly general 
meeting of this company was held on Thursday at West- 
minster. From the accounts submitted it appeared that 
the balance available for dividend amounted to 75,135/., 
and that after providing for interest on debenture stock 
and dividend on 4 per cent. preference shares, there 
remained a balance of 35,135/. ‘The directors’ report was 
approved and adopted, and a dividend for the half-year 
was declared on the ordinary shares at the rate of 3 per 
cent. per annum. This dividend left a balance of 58851. 
to be carried forward. 


The ‘‘ Rupert.” —The Rupert line-of-battle ship, which 
was designed by Sir E. J. Reed as a ram, has been sup- 
plied with new triple-expansion engines and new boilers, 
all built at Portsmouth. Her engines are designed to 
indicate 6000 horse power with forced draught, and 4500 
horse-power with natural draught. The Rupert has also 
been re-armed with two 9.2-in. and two 6-in. breech- 
loading, and 10 quick-firing guns. The total cost of her 
refit is estimated at about 120,000/. 


NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was still more pres- 
sure put on business in the pig-iron warrant market last 
Thursday, and the quotations for Scotch iron were run 
up 6d. per ton further—thus making from the beginning 
of the ‘‘cornering” movement an advance of 5s. 44d. per 
ton. No business was reported officially, but transac- 
tions were said to have taken place at 46s. 114d. to 47s. 
cash, and sellers’ official quotations was at the higher 
rate. At the time of the previous ‘‘corner” prices rose 
from 42s. 1}d. on April 6 to 59s. on June 1, but thence fell 
to 45s. 6d. on June 6. During the following six months 
the London syndicate maintained prices at about 47s. 
per ton, but little business was done at that price, and on 
January 26, 1892, the quotation was reduced to 43s. 
cash, and a month later to 40s. Business in Scotch 
iron then became active and prices from May till De- 
cember last year averaged about 41s. 6d. per ton. A 
lot of hematite iron was sold last Thursday at 46s. 
per ton, or 1s. under the price of Scotch iron, while 
in ordinary times hematite iron warrants stand about 5s. 
per ton higher than the price of Scotch warrants. No 
business was done in Cleveland warrant iron, though 
sellers were 1d. per ton cheaper, at 35s. 14d., or 11s. 103d. 
under the demand of sellers for Scotch warrant iron. 
The closing settlement prices were—Scotch iron, 46s. 9d. 
per ton; Cleveland, 35s.; hematite iron, 46s. per ton. On 
Friday the ‘‘ corner” was still more .severe, 47s. 6d. per 
ton being reached, or an advance of 6d. over sellers’ 
closing price on the previous day. Business was unoffi- 
cially reported to have been done at 44s. fixed March 24, 
and 41s. 103d. one month fixed. Hematite iron was 
brought down 3d. per ton lower on the day, becoming 
1s, 9d. cheaper than Scotch warrant iron. Along with 
the advance in the syndicate prices for Scotch iron 
there was a decline in the price of Cleveland, that of 
hematite iron being 3d. per ton. At the close the settle- 
ment prices were—Scotch iron, 47s. 6d. per ton; Cleve- 
land, 35s.; hematite iron, 45s. 9d. per ton. There was 
not a single transaction reported as being done officially 
in any class of warrant iron in Monday’s market, but 
ib was current that a very large business was done in 
Scotch iron outside the market at 48s. per ton, being a 
further advance of 6d. The outside transactions were 
believed to be the squaring of somelarge “‘bear ” accounts, 
and it was reported that some private purchases had been 
made in London at 48s. 6d. per ton. The official closing 
prices showed buyers 3d. under their last week’s closing 
price, and sellers (48s. 6d.) 104d. above their last closing 
price. No business was done in Cleveland or hematite 
Iron, nor was any change in quotations notified. The 
settlement prices at the close were—Scotch iron, 47s. 9d. 
per ton; Cleveland, 35s. 14d. ; hematite iron, 45s. 9d. 
per ton, Tuesday was quite a peculiar day in the history 
of the Glasgow pig-iron market. Nota single ton of iron 
changed hands, and at the forenoon meeting of the 


“ring” not even selling or buying quotations were 
named for Scotch iron. At the close of the afternoon 
market buyers of Scotch were offering 47s. 6d. per ton, 
and sellers were wanting 1s. additional, in both cases, 
however, nominally. The closing settlement prices 
were — Scotch iron, 47s. 9d. per ton: Cleveland, 
35s. 14d.; hematite iron, 45s. 9d. per ton. This was 
another blank day on the pig-iron market. Not 
a ton of any kind of iron changed hands, but sellers 
of Scotch raised their quotations to 49s. 6d.—being an 
advance of 1s. per ton. For March 13 fixed there were 
sellers at 41s. 104d. for Scotch warrants. The following 
are the current quotations for several special brands of 
makers’ No. 1 iron: Gartsherrie, 50s. 6d. per ton; 
Calder, 51s.; Summerlee, 52s.; Langloan, 54s. 6d. ; 
Coltness, 55s.—all the foregoing shipped at Glasgow; 
Glengarnock (shipped at Ardrossan), 50s. ; Shotts (shipped 
at Leith), 52s. 6d.; Carron (shipped at Grangemouth), 
53s. per ton. There are now 66 blast furnaces in actual 
operation, as compared with 77 at this time last year. Two 
are making basic iron, 21 are working on hematite iron- 
stone, and 43 are making ordinary iron. Last week’s 
shipments of pig-iron from all Scotch ports amounted to 
4306 tons, against 7789 tuns in the corresponding week of 
last year. They included 200 tons for the United States, 
167 tons for South America, 187 tons for Holland, 134 tons 
for Belgium, smaller quantities for other countries, and 
3338 tons coastwise. The stock of pig-iron in Messrs. 
Connal and Co.’s public warrant stores yesterday after- 
noon stood at 339,925 tons, as compared with 337,420 tons 
yesterday week, thus showing for the week an increase 
amounting to 2506 tons. 


Clyde Iron Works.—The blast furnaces at the Clyde 
Iron Works have been damped down for the purpose of 
forming a connection with the ammonia works which 
have lately been constructed. It is expected that they 
will again be blowing in about three weeks. The am- 
monia recovery plant is not quite completed. 


Local Trade Notes.—Messrs. William Denny and 
Brothers, shipbuileers; Messrs. Denny and Oo., engi- 
neers ; and the Denyston Forge Company ; all of Dum- 
barton, are now fairly well off for work; and so also are 
Messrs. Somervail and Co., Dalmuir Iron Works, who 
are well known for their railway foot bridges. Nearly 
all the foundries in the east end of Glasgow are getting 
very short of work, and some of them are only able to keep 
on for five days a week. The Anderston Feundry Com- 
pany have just secured an order for 4000 tons of sleepers 
for India. Large contracts have just been placed by the 
Glasgow Corporation Gas Committee for condensers, 
exhausters, and scrubbers for important extensions now 
in progress at Dawsholm Gas Works. The contractors 
are respectively the Airdrie Iron Company, Messrs. R. 
Laidlaw and Son, Glasgow, and Messrs. C. and W. 
Walker, London. 


Mining Institute of Scotland.—A meeting of this In- 
stitute was held at Hamilton last Thursday night—Mr. 
J. B. Atkinson, President, in the chair. The discussion 
of Mr. David Smith’s paper on ‘‘ A Threefold Longwall 
Working” was brought to a close, and the author awarded 
a vote of thanks. An interesting discussion followed 
on Mr. Dugald Baird’s paper on ‘‘Pump Valves,” and 
was adjourned till next meeting. Thesecretary, on behalf 
of Mr. James Ormiston, read a paper of a popular cha- 
racter on ‘‘A Visit to Vancouver Island and its Coal- 
fields,” in which he gave a glowing account of the lot of 
the miners (many of whom are Scotch) engaged in their 
working. 


Glasgow Central Railway.—The western division of this 
underground railway, from near the central station of the 
Caledonian Railway, was inspected last Saturday after- 
noon by a large party of the associated students of the 
Institution of Civil Engineers, with Mr. Mathieson, 
resident engineer, and his chief assistant, Mr. Tait, as 
the conductors. Several of the stations and a large por- 
tion of the tunnel were found to be in a very forward 
state. In a portion of Argyle-street, however, the tunnel 
has pot yet been commenced, except that the two lines of 
side piling have been driven. The inspection excited a 
great amount of interest. 


Glasgow Sewage Works.—The sewage-treatment works 
at Dalmarnoch, which are to deal with about one-fourth 
of the sewage of this city, are making very satisfactory 
progress. An important official function in connection 
with the works will take place in about three weeks— 
namely, the laying of the memorial stone. The duty 
will devolve on Lord Provost Bell, who will be accom- 
panied by the members of the City Council and other 
prominent citizens, 


Royal Scottish Society of Arts.—The sixth meeting of 
this society was held last Monday night, Mr. Alexander 
Leslie, president, in the chair. A report by the com- 
mittee on Dr. Stevenson Macadam’s paper on ‘‘ Explo- 
sions in Flour Mills,” &c., was read and approved. ie 
William Bennet read the second part of his commu- 
nication on the ‘‘ British Navy, Past and Present,” 
in the course of which he traced the history of the 
navy since the date of the introduction of steam into 
the service. The naval service, he said, would become 
more popular were there infused inte it more of the 
interest and spirit of the times. Efficiency and the 
interest of an intelligent public might well go hand in 
hand, and the British public expected the Admiralty to 
take and ere the lead. The 67-ton gun was the most 
efficient, as the largest sized guns could, it was calcu- 
lated, only fire 75 rounds before becoming unserviceable, 
Dr. W. G. Black read a paper entitled ‘* Meteorology at 
the Seaside,” in which he gave the results of his observa- 
tions at Eastbourne and Hastings. Both gentlemen 
were thanked for their communications, 
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THE COMMERCIAL ASPECT OF AN 
ENGINEER'S TRAINING. 


NotwitHstanpinc all that has been said and 
written on the subject of training mechanical engi- 
neers, one of the most important elements, so far 
as financial success is concerned, appears never to 
be taken into account. In order to indicate more 
clearly what this element is, it is necessary in the 
first place to consider briefly the constituent parts 
of an engineer’s training as it now exists, the object 
to which they are one and all directed, how far 
they are calculated to attain this object, and in 
what they are defective. 

As now constituted, an engineer’s training con- 
sists of two parts—the usual apprenticeship, which 
embraces a practical course of instruction in the 
workshops and drawing office, and a theoretical 
or scientific course at a technical college. The 
much-debated questions as to the relative order 
of these courses, being outside the scope of this 
article, need not be considered. In the work- 
shop the student attains proficiency in the use of 
tools, familiarity with the physical properties of 
the ordinary materials of construction in engi- 
neering, as well as with the most economical 
and efficient methods of construction. In the 
drawing office he learns to represent readily by a 
drawing any machine with which he is familiar, 
and to design a piece of mechanism to meet any 
given set of requirements in a way which will be, 
at the same time, efficient and economical in con- 
struction. The scientific course teaches him the 
principles on which workshop and drawing office 
practice depends, and thus enables him to reason 
out correctly many problems which, without it, he 
could only solve by the more certain, but, at the 
same time, costly and tedious process of trial. 

Assuming that a youth endowed with good abilities 
and a natural aptitude for the profession he has 
chosen, has gone industriously through the above 
course of training, it will only be natural that he 
should expect a successful career. In order to 
prevent confusion of ideas, and at the same time 
throw into greater relief the defects or blanks in 
the present system of training, we must make the 
proviso that our hypothetical embryo engineer 
neither belongs to the gilded class who can aftord to 
pay handsomely for the smallest modicum of know- 
ledge, nor has any relation of influence in the 
profession by whom he might gain undue ad- 
vantage over his less fortunate compeers. Our 
embryo engineer, having had a very successful be- 
ginning, looks forward to becoming the managing 
engineer of a works when he gains some more 
experience, If he begins to earn his living as a 


draughtsman, he soon becomes recognised as a first- 
class designer, and eventually rises to be the head 
of his office. After some years of this work, 
becoming anxious for promotion, he hears of a 
vacancy for an experienced engineer to manage a 
works similar to that in which he is now employed, 
and applies for the post. What are his chances of 
succeeding? As a brilliant and experienced engi- 
neer he may be complete master of the situation, 
being head and shoulders above his competitors, but 
he possesses next to nothing of the commercial 
knowledge which his new office entails. The inevi- 
table result will be that a man probably of consider- 
ably inferior abilities as an engineer, who, from 
having belonged to one or other of the two classes 
to which we took exception in selecting our hypo- 
thetical engineer, has had opportunities afforded 
him of gaining an insight into the commercial 
side of engineering, will get the appointment. 

While, on the one hand, it may be argued that 
there are a large number of remunerative appoint- 
ments open to competent engineers in which 
their lack of commercial knowledge does not entail 
any very serious drawback ; on the other hand, it 
must not be forgotten that what may be termed 
the manufacturing section of engineering, offers the 
largest number of such appointments. It must not 
be supposed that the commercial knowledge here 
referred to is limited to what is commonly known 
as bookkeeping ; it also includes a thorough grasp 
of the principles and practice of prime costing, de- 
preciation, &c. In this age of keen competition 
and finely-cut profits, it is needless to say that an 
engineer who possesses a sound knowledge of such 
matters is much more likely, other things being 
equal, to rise to the top rung of the ladder than one 
who does not. What the chart and compass are to 
the captain of a ship, the costs department is to the 
managing engineer of a works. Itis the most in- 
fallible guide he can have, not only in showing him 
the true financial value of his present arrange- 
ments, but also in shaping his plans for the future. 

That the value of a sound knowledge of the com- 
mercial principles of an engineering business has not 
been over-estimated, will soon become apparent to 
any one who takes the trouble to analyse the qualifi- 
cations of many of our successful engineers so called. 
In the great majority of cases, it will be found that 
the predominant qualification is that of the suc- 
cessful business man, while the engineering ability 
is frequently of a very secondary order, and in 
some instances almost entirely supplied by subor- 
dinates. The rigid precautions adopted by manu- 
facturing engineers to confine all knowledge of 
the costs department to the staff of clerks en- 
gaged in the work, renders it impossible for the 
young engineer to learn anything of the system 
during his apprenticeship. The natural result is 
that the great majority of young engineers are 
almost entirely ignorant of this very essential part 
of their training. 

For obvious reasons it is very improbable that 
any further facilities for acquiring such informa- 
tion will ever be afforded to apprentices by their 
employers, but that is no reason why this want 
should be allowed to continue. Every industrial 
centre of any importance has now got its own tech- 
nical school, and each appears to rival its neighbours 
in the comprehensiveness of its syllabus. Why 
should there not be given, in addition to the usual 
subjects, a course of instruction in prime costing 
and other commercial knowledge requisite in the 
management of an engineering works? Against this 
suggestion it may be argued that inasmuch as each 
works has a system peculiar to its ownrequirements, 
and that no system of universal application can be 
formulated, the subject is therefore an unsuitable 
one for a technical school. While fully admitting 
that the system adopted in any works must, as a 
matter of convenience in practice, have many of 
its details shaped by such considerations as the size 
of works, and nature of work turned out, it must 
be remembered that these differences are only in 
details, while the system as a whole is as universal 
in its application as that of workshop practice 
itself. It is not assumed that a good business 
man can be evolved by any system of technical 
instruction, any more than a good engineer can, 
unless there is a natural aptitude for the work ; 
but it is suggested that a course of commercial 
instruction cannot fail to assist in the develop- 
ment of that business capacity so essential to the 
success of most engineers. Which of our technical 
colleges will be the first to give this matter the 
attention it undoubtedly deserves ? 
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WATER POWER OF THE PERIYAR 
RIVER. 

Our issues of November 25 and the two follow- 
ing weeks contained a brief account of the works 
now in progress for the diversion of the Periyar 
River in the south of India, and for the utilisation 
of its waters for the irrigation of the Madura dis- 
trict, and it may be interesting, in connection with 
Professor Unwin’s lectures on the development 
and transmission of power from central stations, 
to draw attention to the enormous power which 
will be available on the completion of these 
works. 

It will be seen from our article, that the existing 
course of the river is being closed by a dam 178 ft. 
in height above the bed of the stream, the lake 
thus formed having an area of from 4000 to 8000 
acres, according to the water level, and a storage 
capacity of 6815 millions of cubic feet between the 
crest of the escape weir and the sill of the sluice 
by which the water is drawn off from the lake for 
irrigation. 

From this sluice the water will pass through a 
tunnel driven through the range of hills separating 
the valley of the Periyar from that of the Vaigai, 
where it is to be used, and from the mouth of the 
tunnel it will be carried by natural water-courses for 
a distance of about 80 miles to the point where the 
distribution works begin ; this latter point is at a 
level of about 2000 ft. below the mouth of the 
tunnel, and of this nearly 1200 ft. is in the first 
mile, and can be made available for the generation 
of power at a very moderate cost. 

The primary object of the works being irrigation, 
no distribution of the water which will in any way 
interfere with this object is permissible, and the 
quantity of water available for the generation of 
power must, therefore, depend upon what is required 
for agricultural purposes ; for these there are two 
months in the year during which no water at all is 
actually necessary, and during the remaining ten 
months the demand will vary from a maximum of 
1600 cubic feet per second to a minimum of 500. 
It is considered by the Madras engineers that 
if a more equable distribution is required for the 
purpose of the generation of power, there will be 
no difficulty in arranging for a minimum supply of 
600 cubic feet per second throughout the year, with- 
out detriment to the primary object of the work. 
This quantity of water, with a head of 1000 ft., 
will be sufficient for the development of 50,000 
horse-power day and night throughout the year, 
and if, as for most industrial purposes is the case, 
the power was required for ten or twelve hours 
only, there would be no difficulty in sending downa 
larger proportion of each day’s supply during those 
hours, so as to provide a daily supply of 70,000 
horse-power. This latter amount may, therefore, 
be taken as that which will be available for prac- 
tical work, and this without in any way interfering 
with the primary object of the works, as the tail 
water from the turbines, or other generating appa- 
ratus, will return to the water-course, by which it 
would in any case be carried to the distribution 
works. 

Professor Unwin tells us that at Zurich a storage 
reservoir has been provided, containing 5284 
horse-power hours, and at Geneva one containing 
5373 horse-power hours, the cost of the latter being 
21. 4s. per horse-power hour. 

The Periyar Lake will contain upwards of 200 
millions of horse-power hours, and its cost, includ- 
ing that of the dam, tunnel, and all subsidiary 
works, will not exceed four millions of rupees, or 
about 250,0001., being 1/. for 800 horse-power hours. 
It is calculated that the cost of the pipes, motors, 
and regulating gear will not exceed 50 rupees (3l.) 
per horse-power, and that the energy can be 
supplied at a cost not exceeding 11. 10s. per horse- 
power per annum, a rate which compares favour- 
ably with the 8/. charged at Geneva, or the 51. at 
Schaffhausen. 

Against the advantages of cheap production of 
power, constant supply, and complete control, have 
to be set the disadvantages of an isolated situation 
70 miles from the nearest railway station, and with 
no large town or manufacturing centre within 
easy reach. The former deficiency can easily be 
remedied, as the conditions are favourable for the 
construction of a railway, the greater part of which 
would follow a fertile valley where a reasonable 
amount of traffic can be expected, and as for the 
latter, there are many industries in connection 
with which a small additional charge for carriage of 


either raw material, or manufactured product, is a 
trifling matter compared with the provision of cheap 
and plentiful mechanical power. 

Amongst other suggestions it has, we under- 
stand, been proposed that operations shall be 
undertaken for the manufacture of aluminium ona 
large scale, and if it were certain that the present 
price of this metal would be maintained, that 
the available supplies of ore were sufficient, and 
that a market could be found for the 6000 tons, or 
thereabouts, of aluminium which the works could 
turn out annually, the enterprise would probably 
be a lucrative one. Numerous other modes cf 
employing the power will occur to our readers, and 
in view of the strides which are being daily taken 
in connection with the electrical transmission of 
power, it is by no means improbable that, before 
many years have passed, it will be found practicable 
to utilise a portion of the vast energy of the Periyar 
Lake in some of the larger towns of the south of 
India, such as Madura or Trichinopoly. 

Under these circumstances it is not surprising 
that the Government of Madras is anxiously con- 
sidering the best means of turning this energy to 
practical account. We understand that Colonel 
Pennycuick, R.E., the Chief Engineer of the Madras 
Public Works Department, and the designer of 
the gigantic works from which the power will be 
derived, who is now in England on furlough, has 
been instructed to discuss the question with the 
officials at the India Office. 


THE PRACTICAL MEASUREMENT OF 
ALTERNATING ELECTRIC CURRENTS. 

THE subject of Dr. Fleming’s third Cantor lec- 
ture before the Society of Arts was the measure- 
ment of alternating current power. He pointed 
out that with an unvarying current the problem 
of computing the energy dissipated was exceedingly 
simple, the result being given in watts by the pro- 
duct of the current into the drop in pressure. The 
case with alternating currents was different. Of 
course, the ampéres multiplied by the volts gave 
the value of the power at any instant, but it was 
not the instantaneous power, but the average 
power that was required to be known. Further, 
the measurement of the instantaneous volts and 
amperes was a cumbrous business, only to be 
undertaken under special circumstances, and with 
apparatus described in a previous lecture. There 
were two typical conditions under which the power 
in an alternating current circuit could be measured: 
1. When there was no difference in phase between 
the current and the electromotive force, and (2) 
when there was a difference of phase. In the first 
case the values of current and electromotive force 
would be represented by two curves of the kind 
shown in Fig. 1, the curves cutting the hori- 
zontal line at the same points, but being of 
different forms. By multiplying together the 
heights of corresponding ordinates, and taking 
the mean of the products, the mean value of 
the watts was found. Or, if the meaus of the 
squares of the heights of corresponding ordi- 
nates were multipled together, and the square 
root taken, the result was the same. This is shown 
graphically in Fig. 2 by the dotted curve, whose 
ordinates are the products of the ordinates of the 
other two curves. The mean ordinate of the 
dotted curves is shown by the horizontal dotted 
line. The following gives the height of the ordi- 
nates of the dotted curve : 


DO sew cS 0 
73 38 Il == 24 
44x 2 = 11¢ 
@ se 83 = 18 
Omears == 18 
44x 2B = li} 
24 x 1 = 24 
Oe S40) = 0 
8)88 

11 


The case when the two curves did not cut the 
horizontal line at the same points, that was, when 
the current and electromotive force did not march 
together in step, was not so simple. This state of 
affairs was found in a circuit having self-induction, 
the effect of which was to make the current lag 
behind the electromotive force which gave rise to 
it, as shown in Fig. 3. In this case the form of 
the dotted curve was modified. Ordinates above 


the line were reckoned plus and those below it 
minus, and the product was set up above or below 
the line, accordingly as it was positive or negative. 
In taking the mean the algebraic sum of the ordi- 
nates must be reckoned. The following are the 
figures for Fig. 3: 
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In this case the current is displaced by 45 deg.; 
if the lag had been 90 deg. the sum of the ordi- 
nates would have been nil and the work done zero. 

The work done is expressed by W = EI cos 4, 
where @ is the angle of lag, HE the mean electro- 
motive force, and I the mean current. 

In a circuit having no self-induction the mean of 
the products of the ordinates gave the true watts, 
the lecturer said, but immediately self-induction was 
introduced, the mean of the products of the ordi- 
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nates gave a higher value than the true watts, as 
the maxima of the curves did not occur simulta- 
neously. This higher value was called the apparent 


power. The quotient of the true watts by the 
apparent watts he called the load factor : 
Load factor = —'ue watts __ 
apparent watts 


As examples, the load factor of a transformer with 
a closed magnetic circuit was from .7 to .9; in an 
open magnetic circuit transformer it was .05 to .07; 
and in a condenser it was .01 to .005. 

In a watt-mater on the principle of the electro- 
dynamometer of the Siemens type, Dr. Fleming 
continued, there was a movable coil through which 
the current was passed, and there was a fixed 
coil which was connected as a shunt across the 
mains. To reduce the current passing through the 
former to manageable dimensions it was placed in 
series with an inductionless resistance, often asmuch 
as 16,000 ohms. There was this difficulty, either a 
large resistance was used, with the result that the 
indications of the instrument were very small, and 
consequently unreliable, or elseasmallresistance was 
used and a large amount of power—often as much 
as 6, 8, or 12 horse-power—was wasted. He had, 
however, succeeded in overcoming this difficulty in 
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a very simple manner. Instead of connecting the] py A DRVELOPMENT AND TRANSMIS- 


movable coil directly to the mains, he fed it with 
current from a small transformer (Fig. 4) placed 
between the mains, which gave a current exactly in 
opposite step to the difference of potential between 
the two mains. By crossing the connections he 
was able to get the phase as he wanted it. He 
could also vary the sensibility by the use of a re- 
sistance in circuit with the movable coil. The 
introduction of this instrument marks a great step 
in advance in watt-meters, reducing their com- 
plexity, lessening the amount of power they con- 
sume, and enabling large readings to be obtained 
under varied conditions. 

Dr. Fleming had on the table the latest form of 
Lord Kelyin’s watt-meter, which had only been 
received in London afew hours. It was capable 
of measuring up to 200,000 watts. The series coil 
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was of copper of about + square inch in section, and 
was shaped like the letter S ; the movable coil was 
almost exactly like the frame ofa pair of spectacles, 
and was suspended at the ends; it had spiral 
springs which provided the restoring force. The 
coil was used in series with a resistance of 16,000 
ohms, and gave its indications in watts. 

In Rome, the lecturer said, there was a Men- 
garini recording watt-meter in every house, as well 
as one in each set of mains. In this the movable 
shunt was carried by a bifilar piano wire suspen- 
sion, which served for the introduction of the 
current. It was provided with a pen moving over 
a paper ribbon fed by clockwork. By integrating 
the curve the energy could be calculated. 

Dr. Fleming then referred tothe method of test- 
ing transformers used by Dr. Sumpner, and which 
was based on the method adopted by Dr. Hopkinson 
of testing dynamos. Two transformers A and B 
(Fig. 5) were arranged with their primaries in 
parallel, and with their secondaries in opposition. 
If they were similar the effect was that there was 
no current in the secondary circuit. A third small 
transformer C was introduced in the secondary 
circuit, and upset the balance, making a current 
circulate in the secondary circuit. By measuring 
the energy given to the combination the efficiency 
of the transformers could be calculated. 

The lecture concluded with an account of Swin- 
burne’s modification of Potier’s electrostatic watt- 
meter, by which the two separate readings are 
avoided, and the instrument itself gives the differ- 
ence between the two values. 


SION OF POWER FROM CENTRAL 


STATIONS. 

In beginning his fifth Howard lecture on the 
above subject at the rooms of the Society of 
Arts last Friday, Professor Unwin said that the 
use of compressed air in engineering opera- 
tions was of old date, the first application of it 
being probably the diving-bell, which was used, it 
was believed, in the sixteenth century. In 1780 it 
was used by Smeaton and in 1812 by Rennie. 
Compressed air was also used by Cubitt in sinking 
the piers of the Rochester Bridge in 1857, and by 
Brunel at Saltash in 1844. This agent had become 
an important auxiliary in driving tunnels through 
bad ground. Its use as a motive power seems to 
have been first proposed by Midhurst in 1810, and 
by Vallance in 1818, and several pneumatic railways 
were built: but at present the system was only 
used for the pneumatic despatch of messages and 
small parcels. Papin was the first to suggest the 
use of air for transmitting power to a distance by a 
vacuum method in 1688, and in 1845 Triger trans- 
mitted power at the mines of Chalonnes by com- 
pressed air toa distance of 750 ft. The greatest 
impulse to its use in this manner was, however, 
due to its adaptation for working boring machines 
in tunnels in hard rock, which was proposed by 
Brunton in 1844, and, in 1852, Professor Colladon, 
of Geneva, proposed it for use at the Mont Cenis 
Tunnel, where it was adopted in 1855, the com- 
pressed air being obtained by a kind of hydraulic 
and pneumatic ram. These machines were very 
inefficient, and in 1861 they were replaced by 
water-piston compressors driven by water-wheels. 
The air was transmitted a maximum distance of 
20,000ft. , the pressureused beingsevenatmospheres. 
At the St. Gothard Tunnel, in 1872, much more 
powerful and more perfect machinery was used, 
the water-piston compressors being replaced by one 
having a spray injection suggested by Professor 
Colladon. Iu 1877 Mekarski used air compressed 
to 25 to 30 atmospheres in conjunction with a small 
amount of high-pressure steam to drive tramcars, 
He was apparently the first to use compound com- 
pressors. In 1887, at Vienna, and in 1881, at 
Paris, Popp installed a system of regulating clocks 
by means of impulses transmitted from a central 
station by means of compressed air. The Paris 
system developed first into a system of supplying 
air to work small motors, and then into the most 
important system of power distribution hitherto 
carried out. In addition to this there was also a 
vacuum system of distribution of power at Paris. In 
this country compressed air had been distributed 
from a central station for pumping sewage by Mr. 
Shone. 

This method of distributing power by compressed 
air was a perfectly general method, and though it 
might be a question as to whether it was the most 
advantageous in special cases, it could be used in 
every case. For underground work the system had 
peculiar advantages, as was proved by the saving 
effected by its use in tunnel boring. At a mine at 
Sacramento, a tunnel 7 ft. by 7 ft. cost 12 dols. to 
15 dols. per foot for hand labour, and only 6 dols. to 
7 dols. per foot when the drills were worked by 
compressed air. The rate of progress at the 
same time increased from 2 ft. to 6 ft. per 
day. Insuch cases the saving was so great that 
there was no inducement to use the best machi- 
nery, cheapness rather than efficiency of the plant 
being the governing feature. Hence much of the 
air-compressing plant hitherto used had been ex- 
travagantly wasteful of power, and had led to the 
popular idea that the efficiency of the system was 
necessarily low. It was only since compressed air 
had been adopted as a means of distributing power 
in towns that any careful consideration had been 
given to the question o ‘economy of working. In 
the rougher and earlier plants the efficiency pro- 
bably did not exceed 20 per cent. in many cases, 
In the great town distributions of Paris and Bir- 
mingham, better results had been obtained, but in 
both cases the conditions under which the works 
had been designed and carried out had been disas- 
trously unfavourable for a complete and fair trial 
of the capabilities of the system. In such places as 
Geneva and Zurich, where water was abundant, and 
good reservoir sites were within easy reach of the 
town, the hydraulic transmission had great advan- 
tages, but elsewhere compressed air was probably 
the most important rival of electrical transmission. 
For ordinary power purposes, i.e., exclusive of 
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transit and lighting, probably far more work was at 
present being done by compressed air than by elec- 
tricity. There were a few cases where power was 
distributed for industrial purposes by electrical 
continuous-current systems. Such systems were 
perfectly effective, but costly. There was as yet no 
case where power was distributed industrially by 
alternating currents, but only certain elements out 
of which such a system might be built. From the 
standpoint of present knowledge and past experi- 
ence, he believed it might be asserted that power 
distribution in cases where it was not merely a sub- 
ordinate function of a lighting plant, and especially 
in cases where the work had been done previously 
by steam motors, which could be conyerted into 
air motors, could be more economically and more 
efficiently effected by compressed air than by elec- 
tricity. 

A system for the transmission of power by com- 
pressed air consisted (1) of a compressing plant, 
worked by steam or water power, and often pro- 
vided with receivers for storing air ; (2) of a system 
of air mains for conveying air to the working point ; 
(3) of motors actuated by the compressed air, and 
sometimes provided with reheaters and other 
arrangements for increasing the efficiency. In 
almost all cases the air was heated during compres- 
sion, and as it had usually to pass some distance to 
the motors, and had cooled down to its original 
temperature before reaching them, a loss was 
involved. The most economical compressor would 
be one in which the air was heated isothermally, 
enough heat being abstracted during compression 
to keep the temperature constant, in which case 
the heat abstracted was just equal to the work of 
compression. The work done in the compressor 
could be divided up into (1) the work of compres- 
sion from atmospheric pressure p, top; (2) the 
work of discharging the air from the cylinder into 
the receiver at p!; and (3) the work done on the 
piston by the atmospheric pressure during the 
suction stroke which aided the compression, and 
had to be deducted from the total to get the net 
work expended. 

With isothermal compression, as along DC, Fig. 33 
(page 189), the work done in compressing 1 lb, of air 
was 27,910 y log ¢ Pi | where y was a factor allow- 
ing for other sources of waste of work in the com- 
pressor. With adiabatic compression the compres- 
sion curve D F had the equation p v'“! = constant, 
and the work wasted in heating the air was repre- 
sented by the area DCF. Commonly a partial 
cooling of the air was effected by water jackets, 
&c., and the actual curve of compression lay 
between the isothermal line and the adiabatic line, 
and in such cases the work wasted by heating was 
less. The area representing wasted work increased 
rapidly with the final pressure. For adiabatic com- 
pression it increased nearly as the square of the 
ratio of compression. This fact had led to the use 
of low-pressure plants in many cases, but as he 
had pointed out (Proc. Inst. C.E., vol. xciii.) this 
involved an oversight, for with higher working 
pressures the increased loss at the compressor was 
largely balanced by the greater efficiency of the 
motor. Various means had been adopted to cool 
the air during compression. The simplest was to 
use a water jacket on the compression cylinder, 
This method was not very successful as the volume 
of the compression cylinder was large and its sur- 
face small, and moreover air did not part with its 
heat readily to the cylinder wall. The employ- 
ment of a water piston had also some effect in 
cooling the air, especially as the wet cylinder walls 
absorbed heat pretty readily, but the best direct 
method of cooling the air was by means of a spray 
of cold water injected into the cylinder during the 
compression stroke, Thissystem was first proposed 
by Professor Colladon. By its means a very con- 
siderable cooling could be effected, and the air 
delivered was found to be little raised in tempera- 
ture. It appeared, however, that much of the 
cooling took place too late, and the loss was not 
reduced as much as might have been expected. 

Another method of reducing this heating loss 
was the use of compound compressors, but by whom 
these were first adopted he could not ascertain ; 
but probably they were of old date. They were 
used by Mekarskiin 1877, and in 1880 the Norwalk 
Tron Works Company of America had adopted this 
type of compressor, but apparently only with a 
view of equalising the effort during the stroke, and 
not with any expectation of higher efficiency, 
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However, in 1881 the same company introduced 
a cooler between the high and the low-pressure 
compression cylinders, the effect of which was to 
materially reduce the work lost. An ideal diagram 
from such a compressor was shown in Fig. 34, In 
the low-pressure cylinder the air was first com- 
pressed toa pressure p along the curve terminating 
in K. In the cooler its volume shrunk to the 
amount represented by H K, and it was then further 
compressed along the line H G to the pressure pp. 
The saving effected was represented by the area 
GFHK. 

In practice the volume of air discharged from a 
compressor was less than the piston displacement. 
This was due in the first place to leakage. If the 
piston and suction valves leaked, the compression 
curve rose less steeply than it should do, whilst 
the reverse, was the case if the delivery valves 
leaked. Secondly, the effect of the clearance 
space was also to diminish the volume discharged 
The air compressed in the clearance space expanded 
as the piston returned and prevented the opening 
of the suction valves till the pressure had fallen to 
that of the atmosphere. With 10 per cent. clear- 
ance space a compressor would furnish no air if 
worked at 11 atmospheres. As the clearance air 
expanded isothermally, taking up heat from the 
cylinder walls, no direct loss was involved, but 
indirectly there was a loss, as a larger compresscr 
was required for a given output, involving 
greater waste of power in friction, &c. It was 
important, therefore, to keep the clearance small, 
and by careful construction it could, with solid 
pistons, be reduced to 1 to 3 per cent. of the 
piston displacement. With water- piston com- 
pressors the clearance might be reduced to zero, 
but the water absorbed air at the higher pres- 
sure and disengaged it during the suction stroke. 
Other losses arose from the fact that the valves 
did not open instantaneously, and also from the 
fact that the air was slightly heated in passing 
through the valves and valve passages into the 
cylinder. Usually the area of the suction passages 
was a quarter to one-sixth of the piston area, and 
that of the discharge passages one-tenth to one- 
twelfth. The lift of the valves was one-sixth to 
one-eighth of their diameter. 

With a Dubois-Francois compressor, a diagram 
from which was shown in Fig. 35, constructed 
by the Société-Cockerill, having a compressor 
cylinder 18 in. in diameter by 48 in. stroke, the 
following results were obtained : 


| Effective Delivery of Air Reckoned 
at Atmosphere Pressure and 
Temperature in per Cent. of 
Volume Described by Piston. 


Revolutions 


Piston Speed. per Minute. 


feet per min | 
80 


10 94 
160 =< |] 20 92 
200. | 25 90 
240 | 30 86 
280 35 78 


The most typical low-pressure compressors were 
the blowing engines at blast furnaces, which were 
vertical or horizontal engines, with a compression 
cylinder very often superposed on the steam cy- 
linder, and having a common piston-rod. The air 
valves were often of leather, with metal arming, 
on grids of cast iron. The areas of the suction 
valves were two-sevenths to one-fourth of the 
piston area, and of the delivery valves one-eighth to 
one-twelfth. The mean velocity of the air through 
the valve apertures was about 15 ft. per second. 
For the Bessemer process somewhat higher air 
pressures were used, and the valves were some- 
times cylindrical india-rubber valves, sometimes 
rubber disc valves, and sometimes brass ball valves 
about 2in. in diameter. For transmitting motive 
power, moderately high pressures of from three to 
eight atmospheres were used. 

A water piston compressor, made by the Hum- 
boldt Factory at Deutz, was shown in Fig. 36. The 
piston of the steam engine drove directly two single- 
acting plunger pumps. The two plungers formed 
one piece, and were coupled by connecting-rods to 
two flywheels. By the action of the plungers a 
body of water was driven alternately into two com- 
pressor chambers, at the upper parts of which 
were india-rubber suction and delivery valves. 
The water completely filled the chambers, a small 
part passing through the delivery valves with the 
air, and hence a draining valve was required on 
the receiver. To avoid shock at the end of the 
stroke the compression chambers were enlarged 


affected. Corresponding to the fall in pressure 
there was an increase in the volume of the air, 
which partly compensated for the loss of pressure, 
and calculation showed that in the case chosen the 
actual loss of available energy would be about 3 per 
cent. in place of the %; commonly assumed. From 
data verified by experiments over 20 miles of mains 
at Paris, he thought that it was quite possible to 
transmit 20,000 horse-power by an air main of not 
unusual size to a distance of 20 miles. The efficiency 
of the motors would range from 40 to 50 per cent. 
if the air were used cold, and from 60 to 70 per 
cent. if it were re-heated before use. With any 
ordinary compressed air transmission plant, in 
which the distance did not exced two or three miles, 
and with velocities not exceeding 50 ft. per second, 
the friction of the mains was quite insignificant, 
and was probably quite as small as in any electrical 
distribution. With longer distances the friction 
was more important, but even up to as much as 20 
miles it in no way prevented the adoption of the 
system. 

A very large system at Birmingham had, how- 
ever, completely failed. The most serious engi- 
neering mistake made was, he thought, in the 
construction of the mains, which were steel pipes 
with lead joints, and with this construction the 
leakage had proved most serious. At Paris the 
joints were made with india-rubber, Fig. 42, and 
had proved perfectly successful, and, as far as could 
be seen, durable. The construction of the joint 
allowed settlement to take place without risk of 
cracking a pipe, and also provided for expansion 
at every 9-ft. length. The success of these mains 
showed that leakage could be made insignificant, 

The air motor was essentially a reversed com- 

pressor, but was free from the heating difficulty. 
The air cooled as it expanded in the motor, in some 
cases causing trouble from the formation of ice in 
the ports. Some special air motors of small size 
were used at Paris, but most of them were simply 
non-condensing steam engines adapted to work 
with air. Probably the greatest loss in such 
motors was due to piston leakage, as, owing to the 
condensation in a steam cylinder, the piston would 
keep tighter with steam than with air. Generally 
speaking, air motors could be erected complete for 
two-thirds the cost of an engine and boiler. In the 
very small and imperfect rotary motors used at Paris, 
the consumption was 750 to 850 cubic feet of air com- 
pressed to five atmospheres per effective horse-power 
hour. With the old converted steam engines about 
450 cubic feet were used. With the new Riedler 
compressors at Paris a cubic metre was compressed 
to a higher pressure than five atmospheres at a cost 
of 0.4 centime. If, asin the very careful estimates 
made for the Dresden scheme, 0.7 centime was taken 
as the amount to be charged the consumer, to cover 
cost of compression, interest, and depreciation, 880 
cubic feet of compressed air could be furnished for 
1d., the air being measured at atmospheric pres- 
sure. Hence the converted steam engines at Paris 
could be run at 4d. per horse-power hour, or 61. 5s. 
per year of 3000 working hours. There was, 
however, he thought, no question that even better 
results could be obtained so soon as motors were 
built specially from scientitic designs. 
The amount of expansion which would practic- 
ally be used in the motors was limited by the fall 
of temperature, which could be permitted without 
trouble. If the air was heated before use the range 
of expansion could be increased, and any heat thus 
supplied was, according to Professor Riedler’s ex- 
periments, used five times as efficiently as a 
similar amount would be in a fairly good steam 
engine. An example of an air reheating oven was 
shown in Fig. 43. A double spiral tube conveyed 
the air. The hot furnace gases rose up through the 
centre of the spirals and descended again on the 
outside in a cast-iron casing. Spiral ribs on 
the casing caused eddies amongst these gases, and 
made the heating surface more effective. In Paris 
a slight improvement had been made by introducing 
a little water into the coils, which took up heat more 
readily than air did. He had himself suggested 
that the fuel used for reheating should be burnt 
in the compressed air, and this had been tentatively 
done in America, petroleum being used for the pur- 
pose, employing the apparatus shown in Fig. 44. 

At Dresden a system of reheating had been 
proposed, in which the hot gases from the exhaust 
of some gas engines circulated in the jacket of the 
air motor cylinder, and also through a special re- 
servoir through which the air was taken on its way 
to the motors. It might perhaps be better to let 


at their upper ends. The disadvantage of such com- 
pressor was that they could only be run ata slow 
speed, about 100 ft. per minute, and hence a large 
plant was required. 

The first compressors with spray injection were 
used at the St. Gothard Tunnel, and Fig. 37 showed 
a section through a Dubois-Francois machine. The 
compressor was driven directly by the steam engine. 
The suction valves were of leather stiffened with 
metal, whilst the discharge valves were of gun- 
metal. The injection water was introduced through 
a perforated spraying pipe in each cylinder cover. 
With this compressor a piston speed of 200 ft. per 
minute could be used, and hence a less massive 
plant was required for a given output than with the 
water-piston type of machine. 

At the St. Gothard tunnel12 Colladon compressors 
were used, in which both the cylinder and piston 
were water-jacketed. These compressors were 
18 in. in diameter by 173 in. stroke, and worked 
up to from seven to eight atmospheres, running at 
90 revolutions per minute. A diagram from one of 
these is shown in Fig. 39. 

As already mentioned, the Norwalk Iron Works 
Company had been amongst the first to use com- 
pound compressors, and they had now adopted Corliss 
valves. With mechanically moved valves higher 
piston speeds could be adopted, and hence a lighter 
machine was required for a given output. These | 
Corliss valves were worked by cams, and the valves 
remained at rest till the pressures on both sides of 
them were nearly equal, when they opened very 
quickly. 

Mr. Pearsall had designed a very interesting 
hydraulic compressing engine in which the air was 
compressed directly by a water column without 
cylinder and pistons. A section through this com- 
pressor was shown in Fig. 40. In this b repre- 
sented the supply pipe and d a cylindrical valve, 
through which, when open, the water escaped into 
the tail race. When closed, however, the water 
rose in the compression chamber m, the air in which 
was then discharged into a receiver through the 
valvese. The valve d was operated by a small air 
motor. When opened again by the action of this 
motor the chamber m discharged its water, filling 
again with air through the air valve in the cover of 
the chamber. This valve was actuated by a float 
which could be adjusted in height by a screw with 
greatnicety. The compression was nearly isothermal. 
Mr. Pearsall claimed that very high velocities of 
flow could be used without danger or loss of 
efficiency, and hence a comparatively small appa- 
ratus would do a large amount of work, but as yet 
this was a pure assumption. Fig. 41 is an indicator 
diagram from one of Mr. Pearsall’s engines. 

The frictional losses in a pipe conveying fluid 
were proportional to the density of the fluid, and 
hence with air were enormously less than with 
water. At 90-lb. gauge pressure the density of air 
was only about 7+; that of water, and hence at equal 
velocities the loss was less than 1 per cent. that of 
water. There was, moreover, nothing in air mains 
analogous to the hydraulic shock, which was one of 
the main causes limiting the velocity of water trans- 
mission to about 3 ft. a second. In air mains 
velocities of 30 ft. to 50 ft. a second were allowed. 
The speaker had pointed out, in the discussion on 
Mr. Ellington’s paper, that the 6-in. mains of the 
hydraulic power company would only transmit 90 
utilisable horse-power, with water at 750-lb. pres- 
sure and a velocity of 3ft.a second. With air at 
45 lb. and a velocity of 50 ft. a second, the same 
mains would transmit 150 utilisable horse-power. 
Further the largest hydraulic high-pressure power 
mains were 7 in. in diameter, but there was hardly 
any limit to the size of air mains. The new Paris 
main from the new central station to the Place de 
la Concorde, 7 kilometres in length, and worked at 
90 lb. gauge pressure, transmitted 6000 horse- 
power, an amount of power which could not be 
transmitted through a single main by any hydraulic 
system. In the older Paris mains, which were carried 
through the sewers, and had an exceptionally large 
number of bends, draining boxes, and other sources 
of resistance, the loss of pressure was only 2 lb. per 
square inch per mile of main, the velocity being 
25 ft. to 30 ft. a second. As regarded this loss of 
pressure it should be pointed out that if air 
entered a main at 60 lb. pressure and reached the 
other end at 55 lb. pressure, it was not correct to 
take the loss as 3%, of the whole energy put into the 
main. As the air expanded isothermally in the 
main, its intrinsic energy was the same at both 
ends, but its available energy was, of course, 
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the exhaust from the gas engines mix directly with 
the compressed air. 

One of the largest mining plants worked by com- 
pressed air was that at the Chapin Mine, Michigan. 
About three miles from Iron Mountain, at the 
Quinesec Falls, on a fall of 52 ft., 1700 horse- 
power was obtained from four turbines. These 
turbines drove compressors supplying about 
24 million cubic feet per day at 60 lb. gauge pres- 
sure. The air main was 24 in. in diameter and 
was constructed of }-in. wrought-iron plate. Its 
length was over three miles, and expansion joints 
were placed every 480 ft. Even in this country 
1600 horse-power were transmitted by compressed 
air at amine in Wales. Another large plant was 
that at the Terni Steel Works, where some 8000 
horse-power were obtained from turbines, part of 
which was used to drive compressors, which sup- 
plied air for working the 100 tons steam hammer 
and other machinery. At Paris a very interesting 
vacuum system of power distribution had been 
established in the Rue Beaubourg by M.M. Petit 
and Boudenot in 1882. As first designed the plant 
was intended to transmit 30 to 40 effective horse- 
power, but it had since been increased to 300 horse- 
power and actuated 150 small motors connected 
with mains extending 2600 ft. The pipe at the 
exhausting station was 10 in. in diameter, but as 
it got away from the station it was reduced succes- 
sively to 8in., 6in., and4in. The service pipes 
to the houses were of lead. 

The compressed air system at Paris was the 
largest in Europe (see ENGINEERING, vol. li.). As 
already mentioned, it was commenced solely with 
the view of regulating clocks by pneumatic impulses, 
and in 1889 about 8000 clocks were connected to 
the mains. Gradually a demand for the air to drive 
motors arose, and a second station was erected for 
this purpose in the Rue St. Fargeau, where six 
Davey-Paxman engines, aggregating 2000 indicated 
horse-power, were erected. The compressors were 
made in Switzerland on the Blanchard system. 
Very soon this plant became inadequate, and a 
third station was erected. In this case both engines 
and compressors were supplied by the Société- 
Cockerill, the aggregate power being, as in the 
previous instance, 2000 indicated horse-power. 
Finally a fourth station, intended ultimately to 
supply 24,000 indicated horse-power, and now 
having four compressing engines of 2000 horse- 
power each, was erected on the Quai de la 
Gare. At this station the plant consists of three 
triple-expansion steam engines working compound 
compressors, the latter being fitted with Professor 
Riedler’s valve, which allowed a high piston speed 
to be used. These valves were closed mechanically 
but opened automatically, the general arrangement 
being as in Figs. 45 and 46. With these com- 
pressors the cost was only ;‘,ths of what it was at 
the other stations, A diagram was shown in 
Fig. 47. 

Probably the most perfect station yet put up, was 
that at Offenbach, near Frankfort, A. M. The 
compressors here were of Professor Riedler’s design. 
They were compound, with an intercooler between 
the cylinders. The air was compressed to two atmo- 
spheres in the first cylinder, and further to six atmo- 
spheres in the second. The steam cylinders were 
22in. and 31 in. in diameter, by 40 in. stroke, 
whilst the air cylinders were 16 in. and 24 in. in 
diameter, by 40 in. stroke. The engines were said 
to use 153 1b. of steam per indicated horse-power, 
and the air compressors to have an efliciency of 
87 per cent. The piston speed was 490 ft. a minute. 
The air was distributed through 23,000 ft. of mains 
with india-rubber ring joints. When tested with a 
pressure of 6} atmospheres, kept up for 70 hours, 
the leakage was only at the rate of 1.58 cubic feet 
per mile per hour. 


NOTES. 
Mr. J. H. Gorpon. 

Mr. J. H. Gorpon, who for many years has taken 
an active part in the development of electric lighting, 
recently met, while out riding, with an accident which 
terminated fatally. Mr. Gordon was educated at 
Eton and Cambridge. He graduated in 1875, and 
then had the great advantage of spending a year 
under Clerk-Maxwell in the Cavendish Laboratory. 
On leaving the University, he resided at Pixholme, 
near Dorking, where he completed researches on the 
electro-magnetic rotation of the plane of polarisation, 
the sparking distance in air under varying pressures, 
and the specific inductive capacity of solid and 
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liquid dielectrics. The results obtained appeared in 
the ‘‘ Philosophical Magazine” and in the ‘‘ Philoso- 
phical Transactions.” Some were also described in 
the course of four lectures on ‘‘ Electrostatic In- 
duction,” which he gave in 1879 at the Royal In- 
stitution. It was on that occasion that he described 
and used the elaborate apparatus which he de- 
signed for his investigations on the dielectric con- 
stant. In 1880 he published his extensive work 
under the title of ‘‘ A Physical Treatise on Elec- 
tricity and Magnetism.” Its distinguishing feature 
consists in the numerous abstracts which it con- 
tains of themost important contemporary researches. 
In 1884 this work was followed by a ‘‘ Practical 
Treatise on Electric Lighting ;’ and from that 
time Mr. Gordon devoted his knowledge and 
untiring energy to establishing and superintending 
electric installations. For two years (1878-79) Mr. 
Gordon acted as assistant secretary of the British 
Association, and in 1881 he was one of the English 
delegates to the Paris Electrical Exhibition. 


THe ADAMS PRIZE. 

The Adams prize for 1893 has been awarded to 
Professor John Henry Poynting, D. Sc., F.RS., 
late Fellow of Trinity College, Cambridge. This 
prize is highly considered in the scientific world. 
It was founded by a few friends of the late Pro- 
fessor John Couch Adams, in order to perpetuate 
the memory of his discovery—independently of 
Leverrier—of the planet Neptune. Jt was to be 
awarded biennially for the best essay by a 
Cambridge graduate, on a given subject in mathe- 
matics, astronomy, or natural philosophy. The 
adjudicators seem to require a high standard of 
excellence, as the prize has been adjudged only 
seven times in the past 43 years. The first re- 
cipient was Mr. R. Pierson, who, in 1850, treated 
““The Theory of the Long Inequality of Uranus 
and Neptune depending on the Near Commensura- 
bility of their Mean Motions;” the second was 
Clerk-Maxwell, who, in 1857, sent in a most im- 
portant essay on ‘‘'The Motions of Saturn’s Rings ;” 
the third was Edward Walker, who, in 1865, gave 
‘A Systematic Account of the Phenomena and 
Laws of Terrestrial and Cosmical Magnetism so far 
as they have hitherto been Ascertained by Experi- 
ment ;” the fourth was Isaac Todhunter, who, in 
1871, discussed ‘‘ A Determination of the Circum- 
stances under which Discontinuity of any Kind 
Presents Itself in the Solution of a Problem of 
Maximum or Minimum in the Calculus of Varia- 
tions and Application to Particular Instances ;” 
the fifth was E. J. Ruth, who, in 1877, wrote on 
‘‘The Criteria of Dynamical Stability ;” the sixth 
was J. J. Thomson, who, in 1883, investigated 
‘* The Laws Governing the Interaction of Cyclones 
and Anti-Cyclones on the Earth’s Surface ;” the 
seventh is Professor Poynting, who examined ‘‘The 
Methods of Determining the Absolute and Relative 
eon of Gravitation and the Mean Density of the 

arth.” 


CEMENT AND [Ron Prpgs. 

Compound structures of metal and cement are 
fast gaining ground, and our readers will call to 
mind as a prominent recent instance the full-sized 
model of the Eddystone Lighthouse which was 
erected in the grounds of the Naval Exhibition. 
Cement, with iron framing imbedded, is frequently 
used for flooring, and also for other purposes. 
These, however, are ‘‘dry” structures, but French 
engineers are adapting with success the same 
principle to hydraulic practice. In a recent 
number of Le Génie Civil (vol. xxi., page 189), a 
description is given of the application of cement to 
the construction of pipes on the Bordenane system 
by sidero-cement. The general principle consists 
of imbedding a framework of iron bars in cement 
mortar. Bars of I section are used, and these are 
made as Jong as possible, and are wound in helical 
form, the pitch of the helix being determined by 
the section employed and the pressure to be with- 
stood. Dependence for structural strength to 
resist pressure is placed wholly on the metallic 
framework. The working stress is calculated at 
9.8 tons per square inch ; so that for a pipe 2 ft. 
7% in. in inside diameter, a bar } in. by } in. would 
have a pitch of 3.8 in. for a head of water of 33 ft. 
Cylindrical vessels are also made on this principle, 
the bottom being suitably constructed of radial and 
circumferential bars, with vertical bars also intro- 
duced in the walls. In this case the pitch of the helix 
is lessened towards the bottom, so as to withstand 
the increasing head. The principles set forth have 
been proved by use, an experimental line of four 


miles in length having been constructed. Fortu- 
nately the coefticient of expansion of iron and 
cement are approximately equal, otherwise, of 
course, the system would not be trustworthy. 
The metal is protected from wasting, being pro- 
tected by the cement, which adheres closely to it. 
It is said that no vegetation or deposit of any kind 
will attach itself to the cement, and the danger 
from leakage is said to be less than in iron piping 
with lead joints, and, finally, it is claimed that 
there is a saving in cost over iron pipes of 15 to 
45 per cent. ‘‘ according to circumstances,” whilst 
the property of durability is exceedingly good. 
With all these advantages, it will be strange if we 
do not hear a good deal more of cement and iron 
pipes in the near future. 


GUNNERY TRIALS OF A BaTTLE-SHIP. 

On Friday, 10th inst., the gunnery trials of the 
Hood, off Sheerness, terminated with the gunnery 
programme. The Hood is one of the eight battle- 
ships built under the Naval Defence Act. The 
first, the Royal Sovereign, has now been at sea for 
10 months, and although she has become famous 
in connection with the Howe disaster, she has 
gained golden opinions with respect to her design 
and machinery. The Hood, however, differs from 
the Royal Sovereign and the remainder of her class, 
in that her 67-ton guns are mounted in turrets 
instead of in barbettes. The advantages and dis- 
advantages of the two systems are more matters of 
opinion than anything else; but, comparing the 
Hood and Royal Sovereign, it may be seen at once 
the great sacrifice that has to be made for providing 
a thick-armoured turret, the only use of which 
is to protect the breeches of the guns, whereas 
the muzzles, which are the weakest and most, 
susceptible to attack, are left as much exposed in 
the turret as in the barbette. To enable the Hood 
to carry the enormous extra weight involved by 
the turret it has been necessary to lower the axes 
of the guns very considerably in comparison with 
those of the Royal Sovereign, and the disadvantage 
of this course, through loss of height both for firing 
and being clear of the wash of the sea, is apparent. 
The Hood was designed by the Chief Constructor 
of the Navy, and engined by Messrs. Humphrys, 
Tennant, and Co. Her length is 380 ft. ; breadth, 
75 ft.; tonnage, 14,150; with natural draught 
15? knots was obtained with 9540 horse-power. 
Under forced draught she realised a speed 
of 17 knots, developing 11,445 horse-power. 
Her armament consists of four 67-ton 13.5-in. guns, 
mounted two in each turret, ten 6-in. quick-firing 
guns, four on the main deck, and six on the upper 
deck. She has also a large number of 6-pounders 
and 3-pounder quick-firing guns. The 67-ton guns 
are suppltied—some from Woolwich, some from 
Elwick ; but the hydraulic machinery for working 
the mountings and turrets of these large guns is of 
Elswick design and supplied entirely by that firm. 
It may be mentioned that although the rate of fire 
obtained from these large guns, by means of the 
machinery used to work them, is certainly more 
rapid than that obtained with similar guns in 
foreign navies, yet designs have already been pre- 
pared for newer ships with which a still higher rate 
of fire can be obtained. The 6-in. quick-firing guns 
are of the latest design, and are mounted on the 
Elswick mountings. A rate of fire of 10 rounds in 
1 min. 25 sec. has been obtained at sea from one of 
these guns, and thereis no doubt but that an ex- 
perienced gun’s crew could maintain a rate of from 
five to six rounds per minute for intervals of mode- 
rate duration. The trials consisted of one round 
with reduced charges and two with full charges, 
fired from each of the turret guns; also two 
rounds from each of the 6-in. guns. LHverything 
worked most satisfactorily. The Hood returned to 
Sheerness, and it is believed that she will shortly 
be commissioned, 


OrpNANCE MANUFACTURE IN AMERICA. 

In 1885 the United States required to import 
the armour-plate and gun steel for their warships ; 
now they are able themselves to completely manu- 
facture their armour and armament, powder, shot, 
and shell. According to the report of the Chief of 
Ordnance for 1892, there have been manufactured 
in the United States gun factories and from Ameri- 
can material, 237 guns of from 4-in. to 13-in. calibre, 
and 77 more are partly completed. Of these 116 
are actually afloat. An experimental nickel steel 
8-in. gun, from the design of Mr. William Sellers, 
Philadelphia, is being made by the Bethlehem Iron 
Company. It has only three principal parts—a 
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tube and an inner and outer jacket, so that the 
expense of manufacture has been considerably 
reduced. The tube on erosion, or being damaged, 
can be replaced. The physical properties of this 
forged nickel steel are from 10 to 15 per cent. 
higher than ordinary gun steel, and much interest 
will be taken in the tests of the gun when com- 
pleted. A new rapid-firing breech mechanism has 
been adopted in the later 6-in. guns. Ten rounds 
were fired in 2 min. 57 sec., against 5 min. 1 sec. 
with the ordinary service type of mechanism. 
With cartridge cases used in the 5-in. gun, a 
rapidity of fire of five shots in 19 seconds was 
attained, while with the 4-in. guns five shots were 
fired in 14 seconds, so that at an elevation of 
10 deg., corresponding to 6000 yards range, five 
shells can be kept in the air together. Six 6-in. 
guns of 40 calibres in length, and adapted for the 
rapid fire with metallic cartridge cases, are now 
being made for fast cruisers. These metallic cases, 
it is expected, will do away with the obturator and 
eliminate sponging. Brown powder, high explo- 
sives, and armour-piercing shells for 6-in. and 8-in. 
calibres have been made by several firms, and met 
severe tests of the Ordnance Department, so that 
in all respects America may complete her equip- 
ment of warships without foreign assistance. One 
result of the tests of Harveyised armour-plates, 
already reported in ENGINEERING, is that all armour 
is now to be so treated. Much reliance is placed 
by the Ordnance Bureau on high-grade nickel steel, 
and believing that it is eminently suitable for the 
construction of guns subjected to high pressure 
with nitro-compounds, it has been decided to con- 
struct a field-piece anda few small-arm barrels to 
thoroughly test the material. Meanwhile the 
Bethlehem Company have made torpedo wire 
netting of nickel steel, which gave the following 
results : 


. | Tensile Elastic | Elonga- | Contrac- 
Bize. Length. | Strength.) Limit. tion. tion. 

in. in. | | per cent. | per cent. 
. 500 2.0 | 114,590 56,020 47.25 | 68.44 
.500 2 115,610 | 56,080 45.25 | 62.29 
-495 2 113,880 56,160 40.50 62.02 
.499 2 57,270 43.50 62.13 


116,070 © 
| | 


The first two samples were unannealed, the others 
annealed. As tests have shown that the nickel steel 
is only about one-tenth as susceptible to magnetic 
influences as ordinary steel, it is probable that it 
may also be used for conning towers of warships. 


H.M.S. ‘‘GRAFTON.” 


So much attention has been taken up by the battle- 
ships of the Hamilton programme that the cruisers 


have received comparatively small attention. Not- 
withstanding, the cruisers are remarkable vessels, 
even in these days of advanced engineering. The 


Thames Iron Works secured contracts for three of the 
latter vessels, and have thus kept the historic Black- 
wall Yard in pretty full swing for some time past. 
The chief of these vessels was the Blenheim, a sister 
ship to the Blake. These two are of the largest class 
of cruisers yet constructed, being no less than 9000 
tons displacement, and 375 ft. in length. The Grafton is 
a smaller craft, although stilla first-class cruiser. This 
week she is to be handed over to the Government 
authorities by the contractors, when she will be taken 
to Chatham for completion. The vessel is, however, 
in a far more finished state than ships of war usually 
are when taken over for the Royal Navy. This is 
due to the fact that the dockyards have been so busy 
of late that it has been necessary to do as much work 
out of doors as possible ; and even the pet job of pull- 
ing things to pieces to put them together again has 
been largely abandoned of late. 

Since her launch, which took place at the beginning 
of this year, the Grafton has been in the Victoria 
Dock, in company with her sister ship the Theseus 
since the latter vessel was launched a few months ago. 
The following are the chief details of the Grafton’s 
design : The length is 360 ft.; breadth, 60 ft.; depth, 
23 ft. 6 in.; displacement, 7350 tons; indicated horse- 
power, 1200. The machinery is by Humphrys, Ten- 
nant, and Co., that of the Theseus being by Maudslay. 
The vessel is twin-screw and the engines are of the tri- 
compound type with cylinders 40 in., 59 in., and 80 in. 
in diameter, by 4 ft, 3in. stroke. There are eight boilers 
16 ft. in diameter and 9 ft. 10 in. long, the working 
pressure being 155 lb. to the square inch. The boilers, 
it will be seen, are single-ended. The chief armament 
consists of two 9.2-in. guns, one placed forward and 
one aft on the upper deck and on the centre line, 
These are protected by shields. There are to be ten 
6-in. quick-firing guns, and 16 quick firing guns of 
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smaller calibre. There are also two above water tor- 
pedo rooms, one forward and one aft. These are 
placed on the protective deck. There is also an under- 
water torpedo room. The torpedoes, we believe, are 
of the new 18-in. pattern. The protective deck has a 
maximum of 5 in. on the slopes, and tapers to 2 in. 
fore and aft. The 5-in. thickness is made up of two 
thicknesses of 1}-in. plates, and one thickness of 2}-in. 
plates. A feature in which the Grafton differs from 
some other vessels is the forced draught arrangements; 
air locks are placed on the upper deck so that the 
trunk leading to the stokehold is under pressure. 
There is a light grating over the top of the 
boilers so that the air pressure extends above 
to the armoured deck. In the present condition 
of the ship the casemates in which the 6-in. 
quick-firing guns on the main deck are mounted, are 
well shown. These casemates are armoured chambers 
formed by a curved plate which projects rather less 
than 2 ft. beyond the side of the ship. This curved 
front is of 6 in. steelarmour. It formsa shield for the 
6-in. gun, and the curve is such that the ends of the 
plate are about 3 ft. 6 in. inboard. From these ends 
the sides of the casemate incline towards each other 
—the walls themselves being vertical—for a distance of 
14 ft., and here they are 5ft. apart, that being the 
length of the back of the chamber. To form the port 
through which the gun fires the plate has had an 
slotted in it, and the two leaves thus made in the 
metal have been bent back until there is a distance of 
3 ft. 6 in. between their edges. The curve formed by 
bending back these edges has an are of 2 ft. measured 
on the inside of the plate, and the hollow thus formed 
affords perhaps the safest place to be found on the 
deck. The chord of the curve formed by the front 
plate is 22 ft. There are four of these casemates 
on the main deck, two on each broadside. The 
arrangements for supplying these casemates with 
ammunition have been happily thought out so as to 
get the greatest amount of protection in transit 
from the magazines to the guns. The ammunition 
is brought from the magazines, which are situated 
at the lowest point in the ship, on to the armoured 
deck, and is then conveyed along an ammuni- 
tion passage to the ready magazine which is situ- 
ated below the casemates and is protected by 3-in. 
steel armour ; is, in fact, a 3-in, armoured room 5 ft. 
by 5 ft., but with the corners of the outer side rounded 
off so as to present a curved surface to the impact of 
shot. There are three of these on each side of the 
ship on the protective deck. For serving the 6-in. 
guns on the upper deck an armoured tube is provided, 
up which the ammunition is carried immediately to 
the gun by means of hand-worked lifts. The ammu- 
nition for the 9.2-in. guns is taken from below the 
armoured deck up to the gun positions through 
armoured tubes. 

As is well known the housing position for the 
broadside quick-firing guns is nct inboard, the long 
muzzle protecting outwards at an angle which does 
not tend to the easy maneuvring of the ship in going 
alongside. Gear is therefore provided for dismount- 
ing the gun from its mounting, it being impossible to 
run in the whole apparatus, as in the old Scott car- 
riage or the still older trucks: in fact, it is a neces- 
sity of the quick-firing principle that the mounting 
should be fixed to one spot, Gear is therefore provided 
for readily dismounting the gun and stowing it in an 
inboard position. This consists of hand gear and an 
overhead railway attached to the deck above. This 
gear has been neatly worked out, and is worthy of 
attention. The fire service is a notable feature, 
the red colour with which all the pipes and fittings 
are painted signalling it out amongst the labyrinth of 
pipes, wires, and various devices with which a modern 
war vessel is crowded. Another feature worthy of 
note is the arrangement for warming the main deck, 
which is the mess deck. This consists simply of a 
number of ordinary stoves, of a description similar in 
appearance to the well-known ‘‘ tortoise stove.” We 
are sure these will be much appreciated in cold 
weather. 

The conning-tower is placed forward, and has 12-ir. 
armour. Thespeed of the Grafton is to be 19.75 knots. 
She is designed to carry the large coal supply of 850 
tons, which, it is estimated, will carry her 10,000 
nantical miles at 10-knot speed. The cost is to be 
343,780/. for hull and machinery. In our issue of 
February 5, 1892, we gave some particulars of the 
Grafton in describing her launch, 

We are averse to ‘‘ programmes” as a rule, but it is 
to be hoped that now the ‘‘ Hamilton programme” is so 
nearly complete a ‘‘Spencer programme” may be 
brought forward. Nothing tends more to enhance the 
cost of ships than alternating periods of glut and slack- 
ness—one time more work than there are men to doit, 
and another men dispersing for want of work. The 
Grafton worthily sustains the reputation of the 
Thames for excellence of work, but it is in the nature 
of things that the metropolitan river cannot be a great 
centre of mercantile shipbuilding. It is strongly ad- 
visable, however, for political motives that the ability 
to construct war vessels should not be lost to the River 
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Thames, and this can only be kept alive by Government 
orders. The matter has an important significance from 
a national point of view. 


“VISIBLE” WIRE FENCING. 

Tux wire fencing, the construction of which is illus- 
trated below, is now being introduced by Messrs, 
Richard Johnson, Clapham, and Morris, Limited, of 
24 and 26, Lever-street, Manchester, with a view to 
avoiding the injuries to live stock fre.uently arising 
from the difficulty of seeing the ordinary wire fence, 


It is said to be very much more visible than the old 
type, and consequently is avoided by the cattle, even 
though it is not filled with barbs. It is also claimed 
that the fence is more easily fixed and does not require 
the same straining that the common type does, nor is 
it as easily injured by being climbed over. 

The construction is clearly shown in our engraving. 


ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on Wed- 
nesday evening, the 15th inst., at the Institution of Civil 
Engineers, 25, Great George-street, Westminster, Dr. C, 
Theodore Williams, president, in the chair. 

Dr. J. H. Davies, Mr. G. F. Deacon, M. Inst. C.E., 
Mr. A. S. Helps, and Mr. R. H. Jeffrey, B.A., were 
elected Fellows of the Society. 

The following papers were read : 

1. ‘* Report on the Phenological Observations for 1892,” 
by Mr. E. Mawley, F.R. Met. Soc. The Royal Meteoro- 
logical Society has for a number of years past collected 
observations on natural periodical phenomena, such as 
the date of the flowering of plants ; the arrival, song, and 
nesting of birds; the first appearance of insects, &c. 
These observations were supervised and discussed by the 
Rey. T. A. Preston until 1888, since which time they have 
been under the direction of Mr. E. Mawley. The 
year 1892 was, on the whole, very cold and 
backward. The frequent frosts and dry weather 
during the first five months greatly retarded vegetation, 
and consequently all the early wild flowers were very late 
in coming into blossom. Bush fruits and strawberries 
were, as a rule, good and fairly plentiful. Plums and 
pears were almost everywhere a failure, and apples were 
considerably under the average. The wheat crop was a 
very light one, owing in part to the attacks of blight 
brought on in many places by the frost in June. Oats, 
beans, and peas were much under the average, while 
barley was the chief crop of the year. Potatoes, turnips, 
and mangolds were above the average. During August 
butterflies were very numerous, the clouded yellow 
butterfly being exceptionally abundant. 

2. “ Relation between the Duration of Sunshine, the 
Amount of Cloud, and the Height of the Barometer,” by 
Mr. W. Ellis, F.R.A.S. This is a discussion of the 
observations made at the Royal Observatory, Greenwich, 
during the 15 years 1877-91, from which it appears 
that in the months from February to October there is, 
on the whole, a distinct probability of increased sunshine 
and correspondingly less cloud, with increase of barometer 
reading. The winter in all conditions of the barometer 
is uniformly dull. Mr. Ellis says that it is evident that 
high barometer in summer presages increased sunshine, 
that the effect is less pronounced in early spring and 
late autumn, and that it becomes slightly reversed in 
winter. 

3. “ Winter Temperatures on Mountain Summits,” by 
Mr. W. Pitfe Brown. In this paper the author gives the 
lowest winter temperature on the summit of Y Glyder 
fach, four miles E.N.E. from Snowdon, and 3262 ft, 
above sea-level, as recorded by a minimum thermometer 
during the last 25 years. The lowest temperature regis- 
tered was 9 deg. during the winter 1891-2. 


Sourn Arrican Raitways—A permanent bridge has 
been completed over the Vaalsch, and trains are running 
over it. Construction trains have reached Pretoria. 


THE MANUFACTURE OF OzONE.—Last Monday evening 
the Ozone Syndicate, Limited, gave a demonstration of its 
process at the works of the Brush Electrical Engineering 
Company, Limited, Belvedere-road, Lambeth, S.H. 
The apparatus consists of a large number of glass tubes 
arranged side by side like the tubes in a surface con- 
denser. In each tube there lies a wire connected to one 
pole of a transformer giving a current of 25,000 volts 
pressure. The connections are so made that at any in- 
stant each tube connected to, say, the positive terminal 
has its adjacent tubes connected to the negative terminal 
and vice versd. The result is that the air between the 
tubes suffers electrification in opposite directions at each 
reversal of the current, or 100 times per second. The 
oxygen in the air is converted into ozone, and by arrang- 
ing for a current of air across the tubes, a regular supply 
of ozone can be obtained. It isstated that working under 
very favourable conditions the apparatus will give 240 
grammes of ozone per horse-power hour. Two or three 
ozone plants are being erected on the Continent for the 
sterilisation of water for brewing purposes, and it is 
anticipated that other uses will be found in the bleach- 
ing and chemical industries, 
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COLUMBIAN EXPOSITION NOTES. 
In the Agricultural Building the weight of the snow 
has carried a portion of the roof away in the south-west 
angle. The damage will not exceed 50/. 


In the Machinery Hall a snow slide went through the 
roof at the north-east corner, making an opening 50 ft. 
long by 20 ft. wide. The snow also went through the 
roof just west of the great dome, the timbers and light 
ironwork having been torn away. The damage to the 
Machinery Hall Building is estimated at 200I. 


The German Government Pavilion which is now being 
erected stands on the lake shore in the north of Jackson 
Park, and will be probably the most beautiful of the foreign 
official buildings on thegrounds. Although still far from 
completion, enough can now be seen to indicate that the 
Germans will have a wondrously fine home during the 
Exposition. It hasa substantial and permanent appear- 
ance, strangely at variance with the numerous surround- 
ing shells of paintedpine and moulded staff, of which 
many of the State and other foreign buildings are con- 
structed. 


About two months ago the heads of the mechanical 
department of the Columbian Exposition did not think 
the power plant could be ready sooner than the Ist of 
May. The indications now show that it will be in readi- 
ness by the middle of March. At present the force of men 
employed in all departments is 5300. But this number will 
have to be increased to 15,000 before the Exposition opens, 
for the purpose of cleaning the grounds, making repairs, 
painting, &c. Contractors will be required to see that all 

ainting and finishing up is dene before the fair opens. 
Not a single water main was frozen during the recent 
cold period, and all of the 286 hydrants in use were kept 
in perfect condition the entire time. 


It has now become apparent that the great volume of 
exhibits will pour into Jackson Park from the middle of 
the present month to the middle of April. Isolated dis- 
plays have been coming for some time past, and a few 
may be received later than April 15, but the great 
bulk will come to the Park between the dates named. 
Various estimates have been made of the volume 
of these exhibits, the figures ranging from 15,000 to 
30,000 carloads. The quantity cannot be determined 
accurately because many foreign countries, especially the 
larger powers, are extremely reticent inregard to both the 
character and extent of their displays. Enough is known, 
however, of the plans of foreign and domestic exhibitors 
to justify the statement that during the 60 days when 
exhibits will be arriving most freely, the railway system 
in Jackson Park will be tried to its full capacity. 


The great 380-ft. span roof of the Industrial Building 
was covered with snow 4 ft. and 5 ft. deep during the 
recent cold period at Chicago. When the rising tem- 
perature began to melt the snow, a series of small but 
disastrous avalanches occurred, causing very serious 
damage. The accumulation, moving slowly at first, 
gathered weight and force as it slid down over the great 
arched central nave. Reaching the central part of the 
roof in its downward path, the accumulated mass, in 
some instances 20 ft. deep and over 100 ft. long, began to 
move rapidly until it crashed through the roofs of the 
adjoining annexes. The tons of water and snow passed 
through the valleys between the great roof and the lesser 
ones of the annexes, as though only the thinnest of tissue 

aper was in their pathway. The destructive snow slides 
fave continued during one whole day, and as they came 
down they swept everything before them. The gutters 
on the roofs, which are made of heavy timber and built 
4% ft. high, were torn away with an irresistible force. 
Continuing through the roof, the big purlins, composed 
of timbers 8 in. by 10 in., which hold up the heavy 
corrugated iron covering, snapped like threads, and the 
masses in falling carried away hose reels, scaffolding, and 
everything else in their path. The estimated value of the 
damage was 3000/. 


Under certain rigid conditions the Danish Govern- 
ment has consented to lend to the Columbian Exposition 
documents purporting to prove that America was dis- 
covered long before the man in whose honour the fair is 
being held landed on Watling’s Island. Clark E. Carr, 
United States Minister to Copenhagen, says that these 
Icelandic sagas are known as the ‘‘Codex Fluteyensis.” 
He adds that, notwithstanding the serious doubts that 
have arisen in Copenhagen as to the propriety of sending 
the manuscripts, the Government will send them on 
certain conditions. One of the terms is that the volumes 
shall be brought back at the close of the Exposition in a 
ship of war belonging to the United States Navy, and 
that every precaution shall be taken during the Exposi- 
tion to protect them from damage. It is stipulated, in a 
letter to Secretary of State Foster, that the volumes must 
be kept in an isolated place, where they will be free from 
danger from fire, and that in the event of their loss the 
United States shall indemnify Denmark to the amount of 
at least 20,000 dols. These documents are regarded by 
the Danish Government as furnishing conclusive proof 
that Columbus was not the first European to reach the 
shores of the new world. The papers have never been 
exhibited at great expositions, but as a special compli- 
ment to the United States they will be sent on the con- 
ditions named. The Government of Denmark is willing 
to intrust them to Mr. Mier, the Danish Commissioner. 


Flags, banners, and other exterior decorations form but 
@ portion of the display of bunting to be made at the 
Exposition. For the interior of the buildings there will 
be an enormous quantity of bunting used in the form of 
skylight draperies to subdue light. The internal draperies 
will be of varying colour in different buildings. In 
the Manufactures Building the prevailing tints in the 


skylight draperies will be cream and corn; in the Agri- 
cultural Building, dark green and Nilegreen; Mines and 
Mining Buildings, pink and cream; Electricity Build- 
ing, light blue and cream; Transportation Building, 
Nile green and cream, and soon. In the Horticultural 
Building there will be so much natural colouring from 
plants and flowers that cream alone will be used in the 
draperies. The amount of bunting necessary to make 
these draperies will be approximately as follows: in the 
Manufactures Building, 148,000 square yards; Agricul- 
tural Building, 63,000 square yards; Mines and Mining 
Building, 70,000 square yards; Transportation Building, 
64,000 square yards; Hlectricity Building, 81,000 square 
yards; Machinery Hall, 93,000 square yards ; Horticul- 
tural Hall about 74,000 square yards. 


THE INVENTOR OF GUTTA-PERCHA 
COVERED WIRE. 
To THE EprtoR or ENGINEERING. 

Sir,—Mr. A. Siemens in bis letter of the 16th of 
January protests against my having said that Dr. Siemens 
appeared to have accompanied the Royal Commissioners 
as a friend, and thus insinuating that he did so without 
authority, and for purposes of his|own; but that at the 
time I mention in my letter he had held the rank of 
lieutenant for 12 years, and was himiself a member of the 
Royal Commission in question, and had been appointed 
a year before with the object of developing his invention 
of covering wire with gutta-percha, I beg in reply to say 
as follows : , ‘ 

That he held the rank of lieutenant in the Prussian 
service for 12 years I do not question, nor thathe had been 
appointed one of the Commissioners to investigate my 
invention ; that it could not be to develop an invention 
of his own was obvious, because he had made no invention 
himself to cover wire with gutta-percha, at the time, inas- 
much as when I applied for the patent, gutta-percha was 
unknown in Berlin ; for why did the Commissioners then 
ask me ‘‘ What is gutta-percha?” and why did they want 
me to show them my process of covering the wire if one 
of them, Lieutenant Siemens, according to Mr. A. 
Siemens’s assertion, had already made the invention for 
which I applied for a patent? It must be borne in mind 
that I was not refused the patent on account of priority 
of claim by someone else, but because it was considered 
by the Commissioners too important a matter to give a 
monopoly therefore to one person. A very shallow excuse 
for robbing a man of the work of his brains. It is prob- 
able that no notice of the refusal to grant me a patent 
would be found in the Prussian Government records when 
the American Commissioners were said to have investi- 
gated them, but that doesnot prove that Dr. Siemens was 
the inventor, Mr. A. Siemens thinks it particularly un- 
gracious to raise the question of priority of invention 
after Dr. Siemens has passed away and unable to repel 
the attack himself. I knew that Dr. Siemens used the 
invention, but I never heard he claimed it for his own, 
and it is only when his friends claim it for him that I am 
able to protest against the injustice. I leave it to your 
readers to judge whose conduct has been the most un- 
gracious and ungenerous, Dr. Siemens’s or mine; he 
was on the Commission that frustrated my attempt 
to obtain a patent in Prussia; he made use of an unpro- 
tected invention, and presumably has reaped benefit 
from it, and ultimately, it appears, claims it as his 
own invention without ever having given the slightest 
proof of its being his; whilst I, who spent time and 
money on the invention without having reaped any 
benefit from it, only claim my just right of being the first 
inventor of covering wire with gutta-percha, 

I am, Sir, yours obediently, 
F. H. DANCHELL, 


MAXIM’S HIGH-SPEED STEAMER. 
To THe Epritor or ENGINEERING. 

Srr,—In reference to a paragraph headed ‘‘ A Novel 
High-Speed Steamer,” which appeared in your number 
of January 13 last, I beg to mention that experiments 
with models were made by the late Mr. W. Froude, at 
Torquay, in the year 1872, Be order of the Admiralty, to 
test a form of ships’ hull very similar to that which has 
been tried by Mr. H. Maxim. 

My correspondence with the Admiralty on the subject, 
together with Mr. Froude’s report of the experiments, 
were at my request printed by the House of Commons in 
1874, and can, I believe, still be had. 

Tam, Sir, your obedient servant, 
C. M. Ranus, 

Playden Rectory, Rye, Sussex, February 9, 1893. 


THORNYCROFT’S SCREW TURBINE 
PROPELLER. 
To THE Epitor oF ENGINEERING. 

Str,—In your issue of to-day, February 10, 1893, you 
give a description and sketch of Messrs. Thornycroft and 
Barnaby’s improved screw turbine propeller. It is not 
my object here to discuss the efficiency of this propeller 
relative to the common screw, but to call your attention 
to the fact that the theory upon which this propeller is 
supposed to work is in direct contradiction to what Mr. 
S. W. Barnaby has uttered in various papers read before 
different institutions, and also to his latest work on 
‘* Marine Propellers,” 1891, 

On page 4, on the fourth line of his work on ‘‘ Marine 
Propellers,” Mr. Barnaby says: ‘‘ As this energy varies 
as the weight multiplied by the square of the velo- 
city, if the quantity of water acted upon is doubled 
the loss from this cause is doubled, but if the accele- 


ration is doubled the loss is increased fourfold. This 
explains why the hydraulic propeller, which is forced 
to act upon a much less area of column than the screw, 
appears at such a disadvantage when compared with it.” 
Now in all discussions on hydraulic propulsion versus 
screw propulsion, Mr. Barnaby has invariably upheld 
that a reduction of the cross-sectional area of the stream 
projected sternward by a propeller, whereby the velocity 
of the stream is increased, will cause great loss of power ; 
but in this new improved} propeller Mr. Barnaby not 
only advocates a reduction of cross-sectional area of stream 
destroyed, but also advocates an increased velocity of 
discharge. 

Mr. Barnaby also says in his work that pipe friction in 
the hydraulic propeller causes such great loss over the 
open propeller; but Mr. Barnaby puts his new propeller 
in a pipe (besides he has an open propeller behind the 
pipe), just contrary to what he read and wrote to us. 

Taking the open propeller intended for backing the 
vessel away, what is left is in reality a system of hydraulic 
or jet propulsion. The casing through which the water 
is taken in at one end and forced out at the other is a part 
of the vessel itself. Therefore water is taken into the 
vessel at one part and forced out at another in the shape 
of a jet, just like any other system of jet propulsion. 

Will Mr. 8S. W. Barnaby kindly explain why he opposes 
small cross-sectional area and high velocity in the one case, 
and in the other, concerning his own invention, upholds it ? 
I should be very thankful to him for a proper explanation 
and so would many others. 

Yours truly, 
ALEXANDER VOGELSANG, 

94, Huskisson-street, Liverpool. 


To THE EpitToR or ENGINEERING. 

Srr,—I notice in your impression of the 10th inst. a 
description of Mr, Thornycroft’s improved propeller. The 
writer is probably correct in saying that many attempts 
have been made to iinprove this propeller, and, doubtless, 
the designer himself has devoted some thought to it, but 
surely he is not serious in proposing this extraordinary 
arrangement, 

We have first a propeller for going ahead with, which 
one would think sufficiently complicated already when we 
consider that it is only claimed to be (when going ahead) 
as efficient as the ordinary propeller. As it is, however, 
not only absolutely useless for going astern with, and, 
doubtless, wastes an immense proportion of the available 
power in attempting it, we have another propeller for 
going astern, whose principal function is probably that 
of drawing an insufficient supply of water from the throat 
of its choked brother ! 

We know that Mr. Thornycroft is most solicitous about 
stream lines, but what is to become of the unfortunate 
stream in this case it is difficult to imagine, and one is 
not, therefore, surprised to hear that he thinks it would 
be much better if astern gear were not required. Surely 
he would have done better to stick to his guns rather 
than bring forward this attempt to propitiate those who 
do not agree witb him. I do not think, Sir, that going 
astern is much good unless it can be done as quickly as 
going ahead, and I am curious to know if the backing 
power this arrangement gives is at all satisfactory. I am 
not losing sight of the fact that this is a case where 
shallow draught is an object, but most owners would 
probably prefer some simpler arrangement. 

It is well known that vessels seldom or never do their 
ordinary work under the same conditions as when upon 
trial, and therefore some little latitude is naturally ex- 
pected in the propeller without great loss of efficiency. 
The turbine propeller is, however, already sufficiently 
dependent on exact conditions without the introduction 
of another element which cannot do much in the way 
of going astern, and must seriously interfere with its 
efficiency going ahead, above, or below, or even at, the 
speed for which it is designed. 

I remain, Sir, yours sincerely, 
Non Lipset, 


THE BATAVIA EXHIBITION. 
To THE Epitor oF ENGINEERING. 

Srr,— We have been requested by the president and 
vice-president of the Section of Foreign Industry at the 
forthcoming Batavia Exhibition, which is to be held in 
August, September, and October of this year, to draw the 
attention of British engineers to the desirability of ex- 
hibiting their manufactures in the important and wealthy 
Dutch colony of which Batavia is the capital. 

We may state that machinery and plant of the fol- 
lowing nature would form highly suitable exhibits, viz., 
steam, gas, and petroleam motors ; also water-wheels and 
turbines, 

Machinery for dealing with rice, tea, coffee, sugar, cin- 
chona, rameh, and cotton. 

Light and portable railway plant. 

Mining machinery. 

Wood-working tools. 

Apparatus for electric lighting, which is coming into 
favour in the colony, would form a useful exhibit. The 
minimum size of an installation for illuminating the 
main building would be about 300 incandescent lamps of 
16 candle-power, and, according to present prospects, 
such a plant would be a saleable one at the close of the 
Exhibition. Small installations could be sent also, but 
would form exhibits of a subsidiary nature ; a good small 
plant, consisting of a petroleum motor with 40 to 50 in- 
candescent lamps, would probably prove saleable, if no 
accumulators were needed. The present price of gas 
being high, gas motors of large power would probably 
prove unsuitable. 

The above are but a few items which naturally suggest 
themselves amid a crowd of desirable exhibits, 
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Applications for space should leave this country not 
later than April 14; offers for the supply of power or 
for electric lighting should be sent immediately. 

All exhibits would have to be delivered at the port of 
Batavia before June 30. ; 

Machinery and other implements are admitted free of 
import duty. ; 

All transport of exhibits in the colony, both by rail 
and local steamers, will be free. 

The export steamers from Europe will carry goods for 
exhibition at the usual rate of freight, but if the goods 
are not sold or otherwise disposed of, they will be brought 
back to this country free of cost. Exhibitors can arrange 
to have their goods looked after by any firm which 
represents them in Java, or failing this, the Exhibition 
Committee will endeavour to dispose of them; but this 
is not recommended, as the Committee, though a very 
influential one, is not a commercial undertaking; the 
offer of the Committee to endeavour to effect sales is 
therefore only based on the assumption that the exhibitor 
is unable to find suitable means elsewhere through which 
he can dispose of his property. 

On the committee of the foreign section are the super- 
intending engineer of the large local service of steamers, 
the chief engineer of the Government railways, the engi- 
neer of the steam tramway company, and the English 
manager of the principal engineering works in Batavia ; 
therefore it will be seen that engineering exhibits will be 
under the direction of competent men, though it is at the 
same time very desirable that the fullest particulars be 
sent for erection and working of machinery. 

There will be no charge for space occupied, and the 
goods for this section would be received at the port, trans- 
ported to the Exhibition grounds, and erected free of cost 
to exhibitors ; but foundations, if such be needed, stages, 
or anything involving expense other than that of mere 
erection, will be charged to the exhibitor. Every care 
will be exercised to transport and erect without damage 
or breakage, but the committee will not be responsible for 
such if it occurs. The exhibitor can, of course, appoint 
an agent or send a representative to care for his property 
both during transport, erection, and exhibition. 

“ee goods can be removed from the Exhibition until its 
close. 

Sketches and drawings will not be allowed to be taken 
ofany machinery without the permission of the owner. 

Gold, silver, and bronze medals will be given to such 
exhibitors as the jury consider worthy of distinction, and 
the manufacture of these medals is now in hand, so as to 
avoid the usual delay in distribution. 

To intending exhibitors we ourselves will be pleased to 
give any further information in our power, and to afford 
them also any assistance in recommending agents in 
Java, or in freighting their exhibits. 

We may remark that small colonial exhibitions of this 
kind are, in our opinion, likely to prove of advantage 
to well-considered exhibits; it is probably a better method 
of advertising manufactures than that of sending them 
to great European exhibitions, where the expenses are 
heavy, and where so many exhibits are lost in space, or 
fail from other causes to attract attention. 

Weare, Sir, yours faithfully, 
JOHN BrrcH AND Co. 
10 and 11, Queen-street Place, London E.C., 
February 13, 1893. 


THE S.S. ‘GREAT BRITAIN.” 
To THE EpiTor oF ENGINEERING. 

Srr,—The sale to which Mr. Henderson refers took 
place in 1882 not in 1881, after that the vessel was trans- 
formed into a sailing ship, having new decks and being 
wood sheathed. In her newcharacter she was classed by 
the underwriters and did a few years’ work. In May, 
1886, when on a voyage from Cardiff to Panama with a 
cargo of coal she put into the Falkland Islands leaky, and 
was there condemned. She was not, however, broken up 
but was converted into a hulk, and as far as I have been 
able to learn, she still carries on that humble if useful 
work, though the present year will complete the fiftieth 
year of her floating life. 

The fate of the great liners is in most cases known. In 
some more obscure cases I have been enabled to trace the 
history of their declining years, thanks to the courtesy of 
Lloyd’s officials, and of various shipowners. But I have 
been baffled by the case of the Persia. This vessel had only 
about a dozen years of active service, and was then broken 
up, but the exact date and place of execution are unattain- 
able. Perhaps Mr. Henderson or some other reader can 
enlighten me on this point. The end of one of the most 
famous of all Atlantic greyhounds must be a matter of 
interest to many. 


Yours truly, 
B. W. GINSBURG. 
12, King’s Bench Walk, Temple, E.C., 
February 10, 1893. 


To THE Eprror or ENGINEERING. 

Sim,—In reply to Mr. Henderson’s letter in your last 
issue, I believe I am right in saying that the Great 
Britain is now in use as a coal hulkat Stanley, Falkland 
Islands. After lying for some years in the West Float, 
Birkenhead, she had her engines taken out, and was 
wood-sheathed, after which she made one successful 
voyage to San Francisco. On a second voyage to the 
same port she put into Stanley, damaged, where she was 
surveyed, condemned, and turned into a coal hulk, and 
presumably lies there still in that capacity, as I do not 
think she has been broken up. Several of the old Aus- 
tralian clippers are also doing duty to this day in this 
capacity. The Red Jacket and, I think, another, are at 
Madeira, and one or two are at Gibraltar. I have in my 


possession a half model of the Great Britain affixed to a 
painted background. In it she is represented as a 
heavily-rigged screw three-masted steamer. (She origi- 
nally was six-masted.) ‘The model was built by one of 
her quartermasters, and raffled by him on a voyage in 
1860 or 1861. 
Iam, Sir, yours faithfully, 
H. Lawrence SWINBURNE. 
2, Hervey-terrace, Brighton, February 15, 1893. 


GILBERTIANA. 
To THE Eprror oF ENGINEERING. ; 

Smr,—The letter on page 71 of ENGINEERING, which I 
happen only just to have seen, from Mr. W. H. Wiley, ‘‘of 
John Wiley and Sons,” is somewhat puzzling. There is 
an old adage qui s’ewcuse s’accuse which seems somewhat 
apposite. Mr. W. H. Wiley is so amusingly anxious to 
disclaim all connection with the firm of John Wiley and 
Sons that used to publish the unauthorised editions of 
Ruskin, that one begins to suspect that there must have 
been some occult relation between the two firms of the 
same name. It is self-evident that “‘ the house a century 
old, who never had a lawsuit or any difference with its 
authors,” is grievously maligned by being mixed up with 
the New York firm that reprinted Ruskin’s works in 
spite of every effort of the eminent author to prevent 
unauthorised issues. One amusing circumstance in this 
strange medley of eventsis that some of the Wiley letters 
(the other Wiley and Sons, of course) in the dispute with 
Mr. Ruskin’s manager, are written on paper bearing the 
imprint of the office of ENGINEERING. This circumstance 
has, of course, nothing to do with Mr. W. H. Wiley, ‘‘ of 
John Wiley and Sons.” But then how came the other 
Wileys, who did have disputes with authors, to use the 
note-paper of ENGINEERING ? 

Mr. W. H. Wiley’s wasted foresight in respect of Mr. 
Mottelay’s forthcoming note to ‘‘ De Magnete” is equally 
amusing. He does not know that more than two years 
ago the editing committee of the Gilbert Club decided 
not to add note, comment, or biography to their edition 
of Gilbert. So his solemn warning to them that he has 
gone to the expense of copyrighting Mr. Mottelay’s notes 
is a little too previous. 

Lastly, his letter is significent in that by repeating two 
of the base insinuations that originally were circulated 
(and which I have from the first said I did not believe 
Mr. Mottelay would stoop to make), he unwittingly ex- 
poses their original source. I know now who it is that, 
without shadow of excuse, circulated insinuations about 
the bond fides of the Gilbert Club, and about the relia- 
bility of its yet unpublished translation of ‘‘ De Magnete.” 

Iam, gentlemen, yours faithfully, 
Sitvanus P, THomeson. 
February 13, 1893. 


[Professor Thompson’s letter will be less obscure if we 
add the following comment: The publishing firm of 
John Wiley and Sons, of New York, has—owing to the 
comparatively recent death of Mr. John Wiley—been 
somewhat modified, its old and highly respected name 
being, of course, retained. One of the changes made 
was the disposal of a certain number of publications 
—among others that of the American edition of Ruskin’s 
works—to another publishing house. The circum- 
stance in which Professor Thompson finds so much 
amusement—that some of Mr. W. H. Wiley’s appli- 
cations to pay Mr. Ruskin a royalty to which he had 
no legal claim, were written upon paper bearing the 
impress of ENGINEERING —is easily explained. The letters 
were written from this office during one of Mr. Wiley’s 
various visits to England. Professor Thompson fails 
to explain why—in connection with the admirable transla- 
tion of Gilbert’s ‘‘ De Magnete,” by Mr. Mottelay—he 
piled opprobious epithets and unwarrantable abuse on a 
highly honourable firm. Unless for such an explanation, 


we can admit no further correspondence on this discus- 
sion.—Ep. E.] 


“A NEW CENTRIFUGAL PUMP.” 
To THE Eprrok or ENGINEERING. 

Sm,—Mr. Hanssen, in your issue of 10th inst., calls 
attention to the very high mechanical efficiency of the 
engine at the 21-ft. lift in the experiments on centrifugal 
pumps, which you published on the 3rdinst. He will see 
that this point is disposed of in my report by assuming 
the efficiency at 80 per cent., and it is also to be noted 
that the friction diagrams were taken with the belt off. 

Yours truly, 


G. F. CHARNOCK, 
Bradford, February 14, 1893, 


BRIDGES ON THE TRANSANDINE 
RAILWAY. 
To THE Eprror or ENGINEERING. 

Srr,—In answer to the letter of the Phcenix Bridge 
Company dated January 11, 1893, I beg to say the point 
raised in my letter, published in your issue of December 9 
last, is one on which I am confirmed by what has 
happened to the Morawa Bridge, illustrated in your 
journal of the 3rd inst. 

Many people seem to be of opinion that they have 
sufficient knowledge to undertake the design of important 
bridges when they have learned to make out the strain 
sheet ; but to design in all the details, so that every con- 
dition of loading is properly provided for, calls forth a 
much greater knowledge as to the way a structure is liable 
ie be strained, and it oftens happens to be found out too 
ate. 

I have already indicated that the 246-ft. span is deficient 
in lateral bracing. The wind pressure said to be provided 


for of 40 lb. per square foot does not appear to be fully 
carried out. 


It is somewhat gratifying to learn the the workman- 
ship was good and the structure promptly erected. 

In a matter of so much importance to English bridge- 
builders as this discussion appears, I am sorry it is left 
for me alone to answer. 

Yours truly, 
EXpeErt or Forty YEARS’ EXPERIENCE. 

Westminster, February 15, 1893. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE Epiror OF ENGINEERING. 

Sir,—I have already given Mr. Wilson Worsdell’s 
figures of the number of North-Eastern locomotives. I 
can also say from my own connection with the railway 
company, that the actual number is in excess of the Board 
of Trade return. 

I am greatly surprised that Mr. Stretton’s professed 
knowledge of all matters relating to railways does not 
enable him to confirm or otherwise a Board of Trade 
return. 

The promulgation of errors is much to be discouraged 
at all times. 

Yours faithfully, 
Joun H. RAVENSHAW. 

Ryton-on-Tyne, February 15, 1893. 


Hontry Stwace Disposau.—A Local Government 
Board inquiry was held by Major-General Crozier, R.E., 
on february 8, at Honley, to consider an application from 
the Local Board for a provisional order to take 6? acres 
of land for sewage disposal purposes. The land belonged 
to Mr. Thomas Brooke, and it was situate just within the 
Huddersfield Borough. The Huddersfield Corporation 
were represented by counsel in opposition to the scheme, 
and Messrs, Mills, Nalder, and Mills appeared on behalf 
of the Local Board. The Huddersfield Corporation sug- 
gested that the Honley sewers should be connected to 
the Huddersfield sewers, and the sewage dealt with at 
the new Hudderfield disposal works. They offered terms 
for this arrangement. Mr. Thomas Brooke strongly op- 
posed the taking of his land for the purpose, and his 
brother offered 1000/. as a subscription to the scheme if 
the Local Board would connect to the Huddersfield sewers. 
Mr. W. H. Radford, C.H., of Nottingham, is the engi- 
neer to the Local Board, and he explained that this was 
the only practicable site, and that if the application was 
refused, Honley would be obliged to make terms with 
Huddersfield. Mr. Radford explained that the Hudders- 
field works consisted of precipitation tanks, and artificial 
filter beds, and they had no land filtration. The Hudders- 
field Corporation, through a local Act, were able to raise 
the money without the Local Government Board’s sanc- 
tion to a loan, but as Honley would require that sanction, 
the Local Government Board might not allow them to 
have their sewage treated at works where land filtration 
was not applied. Evidence was given by Mr. Brooks 
and others against the scheme. ‘The inspector said he 
would report to the Local Government Board. 


Exrorric TRAMWAYS IN BeERLIN.—The question of 
electric tramways in Berlin is attracting much attention, 
which is natural enough in a town of this description, 
with its level and straight streets, and where the horse 
trams already account for such a great portion of the 
traffic. The matter is, however, still in a somewhat un- 
settled state. The great plan of Messrs. Siemens and 
Halske of an extensive system of underground electric 
tramcars, put forward some 12 months ago, was at first 
very favourably received, but doubts soon arose as to the 
suitability of the ground. It was decided not to grant 
the concession till an experimental section of tunnel had 
been completed. A site was placed at the disposal of the 
firm, but nothing more appears to have since been heard 
about this project, instead of which thesame firm has worked 
out another, substituting overground electric cars instead 
of the underground. This latter plan at once met with a 
good deal of opposition, which seems, of late, to have 
somewhat abated. It appears, in fact, that the municipal 
authorities are willing to accept it, and what there is 
wanted isthe Emperor’s consent. This electric railway is 
in the first instance proposed to proceed from Warschauer 
Briicke to the Zoological Gardens, and the construction 
is to be altogether lighter than that of ordinary railways, 
and, of course, even more so than the existing Stadtbahn. 
As was proposed for the underground electric railway, 
there will be two electric motors for each passenger car, 
as Siemens and Halske do not approve of independent 
electric locomotives. The advantages of the former sys- 
tem—equal load for all carriages in the train, uniform 
propulsion, increased adhesion between wheels and rails 
through the weight of the passengers, &c.—far out- 
weigh, they think, the somewhat negative advantages 
of the latter. This system is also better for the road, 
the wheel pressure being only one-fifth of what is the 
case with a locomotive. There will be no stations, only 
platforms, with steps down to the level of the street, and, 
where it is possible, steps at each end, so as to facilitate 
the traffic. Apart from this plan, the already pa 
tramway lines—and Berlin has an uncommonly goo 
system of horse trams—may ere long be transformed from 
horse to electric tramways. The authorities have decided 
that exhaustive trials with accumulators should be under- 
taken so as to ascertain the possible suitability of 
this system, before any experiments are made with 
underground supply. The large Berlin horse tramway 
company is going to give the accumulator system a fair 
chance, a charging station being in course of construction 
at their Schonberg station. The Berlin-Charlottenburg 
horse tramway will probably also be altered and electric 
power adopted. Nothing has, however, been decided so 
far, and the respective authorities do not appear to be at 
one with regard to the system to be preferred, 


203 


ENGINEERING: 


Fes. 17, 1893. ] 


a1v USUI UOIUN-UOM Jo JequINU ss1e] & YeY} SULOW SIT, 
‘poAojduroun oy} 10y saovjd puy 0} 4.107% cy} UO o10UI 
araM Juourfojdwae ur esoy} Jl YOM Jo 4no oq prnoM 
SIequiouL JaMey 4vy} saqzvqs yatoder oy} yng ‘yuo 
-Aojduia Jo 4no Suateq sequinu Sie, ve ‘{[up AIA TIS 
SI Opel} SeTUO]OO URITeysNVW oy} Ul ‘pesvatoep oary 
YIOM JO 4NO SIaquinu oY} oF “QuoewTaAOIduIT 9[941] BWOS 
S}SOJIULUL P[IOM oY} Jo 4avd yyy UI opesy yeyy sMoYs 
epeue) pue vollowMy Wor; 410de1 ayy, “spuny WMO 841 
JO 4nO solpimey QOO‘OT 1040 4a0dduns 0} o[qv aq prnoys 
auore Aja100s auo yey} IMoqrt Jo AIO4SIY oY} UT OR} 
a[qeyreulel @ SI4y ‘peaoidum savy soouruy oy) 9eY4 
os ‘"p§z ‘8 07 toqueur 10d “p%y ‘s— wouy uMOp ou0d 
Sey 4800 [e404 oy} 4ng ‘uolenUUeIodns put ‘ssa yOIS 
wolf JO ‘YIOM JO 4nO sv spuUNJ oY} UO Useq sAvY 
CIO‘OL Woy jo “TLL‘OL SI SdaquMeuL Jo JoquINU [e704 
ayy, ‘Teor wey quoredde ozour st qyuswoaoidunt 944 
yeyy os “quourhojduia Jo yno Zge jo esvadOUI UL ST 210} 
‘Jaquis0a([ YFIAL poredumoo se 4nq “Sutyeq-39048 par 


sfeploy oy} 0} onp sem Arenuee Ul esveroU 10S IR] 
eyy, “YRUOUL sIyZ ZZ 07 YAUoW yASeT QNSO ULOIT ‘FEG 
Aq peseadoop sey YIOM JO 4NO [e404 9Yy OZ ‘ode YYUOUL 
@ SVM 4I WeYyy 19949q 91991] B 9q 09 WdaS P[NOA ‘si90u 
-18uyy Jo Ajyo1o0g poyemvsreury oy} jo yaoder oy4 Aq 
PoZVoIpUL sv ‘soprsy Sul99UIS ue 9Y4 JO WOI4IPUOD OUT, 


‘oaryseour’yT ut Arqsupurl 104409 94} JO SaOUeIG O49 Te 
0} PU9}Xo [IM JI JO ‘WOOS o7eUTUIIE JOYII [[IM ayndstp 
ayy osvo Aue Uy = ‘“MOTIA yey} MOIsenb 03 woes p[nomM 
sioXfojdume oy} Jo opnjziqge aoway oy yng ‘otdoedy10M 
ay} INOAvT [IM oyndstp oy} Jo uoresuojoad wv 4ey4 
os ‘poysneyxe 4SOu[e ore syo09s yey} 8e7vIS OST? 47 
‘sodeM SoAT}eIedo oy3 Uodn ‘yuso 10d QOT 09 QuaTeATnbe 
ue io § punod sed ‘py jo 4uezxo oy} 07 poaoadum sey 
4JoM pUv 4SIM} JOJ ULSIeUL o4y 4eY} 80748 410dea oT, 
‘syoom ET ySed 049 IOZ “7O00‘GE Jnoqe useq sey UOT4eIO 
-O88V 94} 07 oyndstp oy} Jo 4800 [e903 ey, “SIL‘9T Jo 
4no spunj oy} UO E/T ‘ZT JO ‘plod [[e “[e}09 & 10 ‘ocuURMOTLV 


SZ 


OLS ET 


(ae oe eee 


HI 
i 


le Ory 


aseddoys pred useq savy saooord outy-jjey gPg pur 
sieoo1d outy-[[N} POFO ‘oseyy SopIseg ‘syoom oag ysed 
ayy toy Avd oyndstp jo ydreoe1 ut useq savy ‘yo0M aod 
AHVIOAV OY} UO “EC/F UVY} JaMoy OU ‘SIOqiMeU TEE9 JO 
4nQ = ‘spuny oyy UO ov ‘‘qua0 Jod gF'FL Suleq sounsy 
qoexe 043 ‘quod aod cf AyTrvou yey) savodde 41 u0ry4 
-eIDOSsy siouuTdg 109409 wWeYyp[OQ 243 Jo yaodea 949 
WOI] ‘o[qNOI} 9UIOS TOIZRIOOSSW soatzet0dg oy} osN'RO 
4ysiu ‘so1jov} yo 1044vmM vB se ‘pure ‘oun oq p[NOM 
esanoo pesodoid oyy, ‘woy} uodn pey sey uorratid 
quonbestoo oy} pue spuey 94} JO sseus[pI Su, 04} 
qooye 4eyM oas 07 pue ‘soatyerodo oy Jo ssuTTeay 
249 4804 0} Jopio ul ‘yue00 aod ¢ jo uolonpat [NJ 
ey} 4e s[[tu oy} Sutmedo jo moavy ur oie auUIo0g 
*pojSosons ole SOATYVUIOITV JOYJO yng ‘ape1y 109400 
e11jU9 94} UI 4JNO-YooT eV Ul 9ZeNAUDAS T[IM 4I 4 ST 
Ivey OUT, ‘e[ssnI48 943 Suojoid 07 poutwmaojop s10ul 
pue o10um Sureq Ajjuerrdde sensed yyoq ‘Sarj0"%24 
-u00 Wey SuIpuszxe oq 03 JOyIeI suodsS ITYSvO 


H7914€, 2 770) 
% 421 272g 2 


pia ot 22O/I FT 
Uns 4} 490 $9) SE] 49419. [?795- ni 
Opi LI 7IP%/¥. 


DOS 


Wp eect) wis 


WHA 


Mi 


4 


Yd 


Y 
| 


ASC 


YY 


phy 
YW. 


Y 


tne 
[lll 


I 


By 


\ 
| 


(ait 


‘HOON AO 


‘YOOH LIAYVYW HSLY 


92 OW 


‘dIGUVO “LOMLIHOUY GNV YAANIONG ‘“YOduVH “M ‘HW 


STIVING ‘HHIduvo ‘LAWUVW LAAULS AYVN 


-ueyT Ul oyndstp 003400 oy, ‘a0vyus 949 UO UVES you 
SPUIUIETS SUIGINySTp oy} Jo wosved Aq SutAppo ‘soourysut 
Joyjo ur ‘pue ‘atqeAtesqo sou pue orour Suteq 
SOOULISUT OULOS Ul S}UedINo oy} “4SseruN Jo 9448 & UI SI 
qayreut rmoqrt ey} ‘yt Jo sduenbesuoo ur ‘Ayqissod ‘10 
‘apeay jo Aouepue, PIVMUAMOP 9Y} YNIGNVISHLIALO NE 


“SSH.LON TVIUMLSOGNT 


“Ta0UISUe YFnN0I0G 
“HO “asuy ‘yy Sandsezy wrenppi AA “I SV goxTeU 047 
JO¥ JooyTyore pue Jooulsue oyy, ‘ssarAvasue r0yqanz 
aAIS T]VYys pue ‘suvjd oj Jo uomdrsosep oy} souemIUMI0D 
[1eys om Joquinu Ayivo ue uy */z Arenuve Jo onsst 044 
ur ojepd ofed-om} oy} uo penuyuos pur ‘Og Arenuee 
jO onsst Ino ul ¢g pue Fg sesed uo pooUoWUIOD se 
qootqns styy, ‘Yrpary “oxrepy yoorys-Areyy “49 049 Jo 
SSUTAvISU JO TOTZvOT[Gnd oy} onUTyUOD eM ‘seded 4xou 


oy} pu sy} uo osTe pue ‘ayejd osvd-omy amo NO 


H2al 


uaas2$ 21909 


Ei 
ND 


204 


ENGINEERING. 


[Fres. 17, 1893. 


in work, while many union men are out of work. 
Turning to the state of trade in England, it is remark- 
able that throughout the whole of the Manchester 
district trade is described as ‘‘moderate”—in no 
instance as ‘‘bad.”? In London the trade is described 
as being bad in the majority of the districts, very 
bad in one or two, and moderate in some others. In 
other parts of Lancashire, except Manchester, it 
varies from moderate to bad. In Birmingham it is 
bad, Cardiff bad, Leeds bad, Newcastle bad, Sheffield 
bad. Ina few districts trade is said to be improving. 
No serious disputes are mentioned, so that there is 
one gleam of sunshine in the dreary outlook of bad 
trade in this important industry. 


The state of trade in the iron-moulding industries 
is rather better, in so far as the total number out of 
work in the Ironfounders’ Society is concerned. The 
total on donation last month was 1846, this month 
1736—decrease 110. But the total decrease on the 
funds is only 72, there being an increase of 27 on the 
sick list and of 51 on the trade fund. Turning to the 
state of trade, it appears that it has slightly improved 
in four places; but, taking the total number of mem- 
bers, the 39 places reported as being from good to 
slack represented 4839 workmen, whereas the 43 
this month only represents 4829. There is, how- 
ever, a decrease in the number of places where trade is 
reported to be very slack and dull to very bad, and 
the improvement is visible in the members employed 
in those places to the extent of 100. Taking all the 
facts into consideration, no real improvement is mani- 
fest in any part of the country represented by this 
union. lt is remarked in the report that there is a 
total absence of large undertakings, and the iron 
trade as a whole is in a very unsettled condition. 
Irregular employment is even more manifest than 
total stoppages in this branch of trade, an irregularity 
which is increasing. The society is taking active 
measures to abolish systematic overtime, as one of the 
means to insure more regular employment. It is not 
intended to prohibit occasional overtime when neces- 
sity arises, but regular overtime the society seeks to 
do away with. ‘here is an increase in the total 
number on dispute benefit of 62, which is a large 
increase for this union. None of the disputes are, 
however, of a serious character, only a few being con- 
cerned in any case. The total funds in hand amount 
to 42,860/., or 10,0007. less than last year at this date. 
Here, again, no fewer than 3000 families are provided 
for by the funds of this union, all of whom are saved 
from the degradation of pauper relief. 


The general state of the engineering trades through- 
out Lancashire is anything but satisfactory. New 
work comes forward very slowly in most cases, 
and a large number of establishments are but 
indifferently supplied with orders. There is a very 
keen competition for business, and consequently it is 
difficult to secure orders at remunerative rates. There 
does not seem to be a single district in which the engi- 
neering trades are good throughout the whole of Lan- 
cashire. The secretaries of 36 branches of the Amal- 
gamated Society of Engineers report trade as being 
bad, 47 as being moderate, including declining, and 
two as improving. Nevertheless, the actual numbers 
out of work in the whole of these 85 branches are but 
small, much smaller, in fact, than one could expect. 
There are, however, no serious labour disputes in any 
branch of the trade in any district to complicate the 
situation. This is exceedingly fortunate, and on the 
whole it is a good sign, for it indicates some faith in 
an expectation of improvement at no distant date. In 
the iron trade generally business continues very slow, 
and it appears that some very low prices have been 
accepted in order to secure business. The steel trade 
is even more depressed, very little business being done 
either in the raw or manufactured material. All descrip- 
tions of manufactured steel stand at very low prices. 
The manufactured iron trade is not much better, for 
most of the mills and forges are on short time, some 
only running about three days per week. The mischief 
is that there is an air of uncertainty in most parts of 
Lancashire just now as to the industrial situation ; 
if the threatened stoppage of the pits is attempted a 
dispute of large dimensions may ensue. The low prices 
ruling in most commercial transactions contribute 
t) accentuate the depression, and tend to repress any 
buoyancy in the markets. The only article in the 
iron and steel trades that commands any inquiry of 
consequence, at present, is steel plates of good quality. 


In the Sheffield and Rotherham district an improve- 
ment is manifest in several departments, though it is 
comparatively slight in character. The lighter branches 
of trade have taken a turn for the better. Cutlery of 
the higher grades is in greater request, and the edge- 
tool and agricultural implement branches are more 
actively employed; but the file trade is again very 
quiet. There is also a slight improvement in the rail- 
way branches, but the demand is said to be below the 
average. The manufacture of spades, shovels, and 
ferks is tolerably active, and there is a heavy demand 
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for cycling sections. The rolling mills, tilts, and 
forges are actively employed at present. On the other 
hand, the heavier trades are depressed. The falling 
off of Government contracts has thrown many men 
idle at the Brightside Works, and very little is being 
done in armour plates or heavy ordnance. The engi- 
neering industries in the district are depressed, many 
men being out of employment. The ironfounders are 
even worse off, for they describe the state of trade as 
“‘very bad.” <A dispute of some consequence has 
occurred in the machine file trade, many workmen 
being out on strike against an attempted reduction in 
wages. The strike in the glass bottle trade also 
affects this district, and there does not seem to be any 
indication of its being settled for some time. The 
threatened stoppage in the coal trade is not at this 
moment contemplated with much fear in the district, 
for the demand for fuel is but limited, either for manu- 
facturing purposes, or for gas coalor coke. The chief 
demand at present is for house coal, but this will de- 
crease as the season advances. But Sheffield does not 
want the stoppage nevertheless. 


There are a couple of disputes in the Hill Top dis- 
trict of Staffordshire among the ironworkers, who are 
resisting a reduction in wages. The employers state 
that the heavy railway rates place them at a disadvan- 
tage, and that wages must be reduced if they are to 
compete and keep the works going. Other reductions 
are taking place in the West Bromwich district, the 
men being inclined to resist every effort to reduce their 
rates of wages, which they contend are too low 
already. 


The shipwrights on the Clyde are still out. At the 
Fairfield Works the cabinet-makers, French polishers, 
and the red-lead workers are also out on strike. The 
United Trades Council of Glasgow, Paisley, and Govan, 
have given their support to the men on strike, and also 
to the warpers at Messrs. Scott’s factory. The carters 
in those districts are demanding time and a half for 
Sunday work in attendance at the stables, 


The blast furnacemen at Workington have ac- 
cepted a reduction of 24 per cent. to enable the com- 
pany to continue the furnaces at work. ‘The works in 
this district went through a terrible period of depres- 
sion two or three years ago, 
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The North-Eastern Railway men threaten to strike 


against the eye-test proposals of the company, if the 


directors refuse to receive a deputation from the men 
upon the question. The directors refused, in the first 
instance, but were again requested to reeive a deputa- 
tion, the men resolving to hand in their notices if the 
refusal was repeated. 


It isa significant fact that all the labour members cf 
the House of Commons voted against the motion of 
the member for West Ham, except the member for 
Battersea, who was absent from the division. The 
threat of future opposition, if they so voted, did not 
have the desired effect. The vote so given did not 
imply want of sympathy with the unemployed, but 
expressed a disapproval of the suggested means. 
Moreover, the case was over-stated. Bad as trade is 
in many respects, it was felt that huge undertakings 
by the local government bodies were undesirable. 


Some very serious complications are again contem- 
plated in the coal trade. Ata meeting of the execu- 
tive of the Miners’ Federation held at the Westminster 
Palace Hotel on Friday last, the following resolution 
was unanimously adopted : ‘‘It having come to the 
knowledge of this Board that mining districts outside 
this federation are being pressed for further reductions 
in wages, it is hereby recommended that all mining 
districts take a general holiday, commencing on such 
date as a conference called for the purpose may deter- 
mine, as, in our jndgment, prices and wages are too 
low already. It is hereby ordered that all the miners’ 
associations in the United Kingdom be invited to 
attend a conference in Birmingham on February 28 
next to consider the question.” This is but a repetition 
of the former policy of the stop-week, or the play-day 
system, but it may end even in a longer stoppage 
thanformerly. The policy of such a method of deal- 
ing with a great industry is, of course, open to ques- 
tion, because of its wide-reaching effects upon all 
other industries which largely depend upon a con- 
tinuous supply of fuel. The federation now boast 
of 300,000 members, and include all the mining dis- 
tricts, except Northumberland and South Wales and 
Monmouthshire. Durham and Cleveland recently 
joined the federation. Should the proposed stoppage 
take place the consequences will be more serious than 
in the former stoppage, because it will extend over » 
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wider area. The date of the proposed conference is 
well timed also, as it coincides with the date when the 
notices expire in South Wales. The bare threat alone 
of such a general stoppage will have the effect of still 
further depressing trade, for no body of men will 
largely speculate while the stoppage is pending, 

The state of the coal trade in Durham and Nortk- 
umberland does not seem to justify the policy of the 
federation for a stoppage of all the pits in the 
kingdom. On the contrary, it appears that depres- 
sion in trade alone is stopping some pits, while others 
are out of gear by the stoppage in Durham of last 
year. In Durham there is a proposal fora further re- 
duction in wages, Mr. John Wilson, M.P., and Mr. 
Charles Fenwick, M.P., having been summoned from 
their Parliamentary duties to discuss the situation. 
In Northumberland the men have refused by ballot to 
accept the modified reduction placed before them by 
the committee. The final result of the proposed re- 
duction, and its resistance by Northumberland, will 
produce a peculiar situation if a dispute arises. 
Durham is still part and parcel of the Miners’ Union ; 
but it is also now a part of tae National Federation. If 
resistance is determined upon, the federation must 
take part in the struggle. Ifit does Northumberland 
can scarcely withstand the combined influenves which 
will be at work, for the Cleveland miners are now part 
of the federation. 

In South Wales the men are confident that the 
sliding scale will be continued, some proposals to that 
effect having been made. The continuance of the 
scale really is in the hands of the coalowners. If they 
make the slightest concessions, all will be well. If, 
however, they refuse any concession, the men may 
run the risk of a lock-out, notwithstanding the fact 
that they have no adequate funds to maintain a long 
struggle. Then they have still the alternative of 
joining the federation, and of adopting the policy of 
a general stoppage, with the chance of a rise in the 
price of coal, and the consequent chance of going in at 
the old or even at higher rates. The Welsh labour 
leaders are undoubtedly in favour of the scale, in spite 
of recent reductions, and they believe that the men 
will remain true to them in their efforts to re-enact it 
for another year, or to the end of this year. 


THE STEAM DISTRIBUTION IN A FORM 
OF SINGLE-ACTING COMPOUND ENGINE.* 
By F. M. Riss, Pittsburgh, Pa. 


THE mechanical performance of the single-acting engine 
has become well known, but the structural features are 
usually considered to the exclusion of the peculiar method 
of steam distribution which has been introduced in its 
compound type. Moreover, the treatment which this new 
method has received has been too superficial and discon- 
nected to be acceptable as an analysis. This paper will 
therefore consider the engine as an economic study only, 
the steam distribution being entirely independent of 
single-action or other mechanical features, and will serve 
incidentally to satisfy a very natural curiosity regarding 
the remarkably uniform efficiency under extreme varia- 
tions of conditions. 

It is necessary to note briefly the character of previous 
work, to understand properly the nature of the departure 
made in this new type of compound. Broadly stated, all 
compound engines, with this single exception, may be 
considered under two heads: Those having an inter- 
mediate receiver between the cylinders, each with a 
complete valve, or system of valves, interposed between 
it and the receiver; and those (known as the Woolf) 
having no such receiver, but so designed that a port shall 
periodically act as a passage between the cylinders. 
All the energy of inventing engineers since the design 
of the first compound, has been expended in the develop- 
ment of these two forms. The patent records are per- 
haps the best indication of the amount of thought given 
to the subject ; and the almost unending claims, based 
on the arrangement of cylinders either in tandem or side 
by side, with cranks in line or at an angle, oscillating or 
otherwise, and with valves from one to eight in number, 
are but variations upon the fundamental principles which 
distinguish one type from another. Very often a designer 
has felt justified in securing capital to promote an unim- 
portant improvement or develop some ingenious though 
valueless mechanism. In other cases some established 
concern has found it necessary to build a line of com- 
pounds, without the ability to do them justice or in the 
least understanding the laws governing the efficiency of 
such steam distribution. That many of these forms can 
scarcely be considered improvements, and that others are 
positive’failures, is but natural and to be expected; but 
the great majority give much better results than the 
same class of simple engines, assuming both under good 
conditions for the comparison. 

Of the two types, the receiver is better known, although 
it is necessarily the more complicated. The general 
choice may be explained by the fact that each cylinder 
may be treated by the designer as an independent simple 
engine, with its own complete system of valves. and with 
the receiver acting as a secondary boiler. While the 
Woolf type permits a simpler construction, the difficulties 
attending a proper steam distribution, especially under 
varying conditions, have prevented a general adoption, 


* Read at the San Francisco meeting (1891) of the 
American Society of Mechanical Engineers, 


In fact, its occurrence is so rare as to be practically | Design an engine compounded, whose individual cylinders 


unknown. p 

To better appreciate the difference in the action of the 
steam in the two types, ideal comparative diagrams are 
given, with the distinguishing features in each noted 
(Figs. land 2). With the aid of these cards, let us trace 
the objections to each system as a preliminary to the 
reasoning which led to the correction of the faults in the 
new type. 

In the Woolf engine the resultant enormous compres- 
sion in the high-pressure cylinder with small clearance 
and early low-pressure cut-off, or the great loss through 
clearance with a moderate compression, and the inability 
of any construction to maintain its efficiency under even 
ordinary changes of conditions, has effectually prevented 
the development of this type. ; 

Tt has been perfectly possible to design a special form of 
Woolf compound which should be highly econominal, but 
the design invariably possessed no elasticity in its apphica- 
tion and rapidly lost in its efficiency with a change of 
load or pressure. The receiver type, however, is much 
more flexible in this respect, and will allow more varia- 
tion in construction and conditions of operation, without 
unduly increasing the rate of steam consumption, until 
the range of conditions becomes considerably greater. In 
all engines of this class, however, free expansion into the 
receiver, as illustrated in the ideal card, means propor- 
tional loss in economy. The receiver is really a clearance 
space, causing a loss greater or less according to its capa- 
city and to the rise in pressure during the exhaust of the 
high-pressure cylinder. The argument that the energy 
lost in this expansion is absorbed by the remaining steam 
in the receiver is in accordance with the conservation of 
energy, but it is wasted energy, as it is not afterward 
returned to the engine. Under constant conditions the 
same amount of steam which leaves the high-pressure 
cylinder must enter the low-pressure cylinder, and if the 
initial pressure of the latter be less than the terminal of 
the former, there is a difference of potential energy in 
these two conditions that nosubsequent manipulation can 
recover. Another source of loss in the receiver is the 
change in pressure and temperature to which it is sub- 
jected. There can be no doubt that the laws relating to 
condensation and retarded re-evaporation hold true with 
the receiver as with the cylinders. An increase in the 
size of the receiver increases the area of condensation and 
radiation, so that, all other things being equal, the increas- 
ing consumption of steam must keep pace with the capa- 
city of the receiver. 

Recent practice seems to be in favour of the smaller 
receiver, so that the steam distribution more nearly 
approximates that of the Woolf type, but the margin of 
conditions under which the engine can be operated econo- 
mically is reduced exactly in proportion as the high 
economy incident to the Woolf engine is approached in 
this manner. 

For a considerable over-load or under-load the engine 
must be re-designed with respect to its steam distribution 
or operated at a much lower efficiency, as is the law in a 
greater degree with the Woolf engine. Inasmuch as it is 
the exceptional case where an engine is exactly suited to 
its work, the average commercial performance is far from 
what can be obtained under test conditions. The evil is 
more marked with light than heavy loads ; and in work 
demanding extreme variations of power the high-pressure 
cylinder is frequently forced to supply all the power, and 
in addition drag along with it the low-pressure piston, 
whose cylinder indicates negative work. The indicator 
card (Fig. 3) will illustrate this action perfectly, and 
show that the proper division of temperature between 
the cylinders was possible only with the load for 
which the engine was intended. As the whole range 
of temperature is covered in the high-pressure cylinder 
the economy of the engine approaches that of a simple 
engine, but the net result is a considerable loss over 
what could be realised from the single cylinder alone, 
on account of the additional friction and enormous 
internal negative work of the low-pressure cylinder. 
It has been but a short time since this question de- 
manded consideration. Heretofore, compound engines 
have been built for particular kinds of work where load 
and steam pressure were maintained nearly uniform ; 
while any considerable increase in the original plant was 
quickly followed by the installation of an engine of suit- 
able power. 

Since the rapid development of electrical industries, a 
demand has originated for an engine of high and com- 
paratively constant economy under the widely different 
conditions incident to this service ; and it was particu- 
larly true in the case of electric railways, where the 
average horse-power might correspond with the engine’s 
rating, yet the actual working load would range far above 
or below this amount the greater part of the time. So 
great is this commercial loss with high-class compounds 
under such conditions, that it is still an open question 
with engineers whether simple engines in a sub-divided 
form and maintained at a uniform load, are not more 
economical than centralised power, in the form of a com- 
pound, subjected to such varying loads. 

The objections which have been considered are general 
in their nature, and 5 elt to all compounds in degree 
according to the type they represent. They are wholly 
independent of the speed or any other distinguishing 
feature that characterises a particular style of engine. 

From the limitations thus described, it will appear that 
the problem to be solved was reduced to the following : 

Given an extreme range of conditions as to load or 
steam pressure, either or both, to fluctuate together or 
apart, violently or with easy gradations, to construct an 
engine whose economical performance should be as good 
as though the engine were specially designed for a 
momentary condition—the adjustment to be complete and 
automatic, Technically, this may be reduced to read: 


shall be subjected to a constant range of temperature, 
under constant limiting pressures, with different loads, 
and whose governor shall automatically readjust the 
division of the total range of temperature with different 
pressures at either extreme of the cycle, and at the same 
time regulate the speed. This sounds worse than the 
first presentation, but it may readily be explained graphi- 
cally by the diagram (Fig. 4). 

A represents total range of temperature. 

B represents range of temperature in high-pressure 
cylinder. 

C represents range of temperature in low-pressure 
cylinder. 

The total range of temperature due to fall of pressure, and 
represented by the distance A, must at all times, whatever 
the conditions, be automatically divided between the cylin- 
ders on the intermediate line D in the predetermined pro- 
portions represented by the distances B and C, which are 
nearly inversely proportional to the surfaces subjected to 
the partial ranges of temperature. The element of time, 
however, introduces a factor having no connection with 
the speed of the engine, but with a direct reference to 
the relative rapidity of the fall and recovery of tempera- 
ture in each cylinder. More properly the line D should 
be located in accordance with the expression 


ri ieee 

> tan «dx 
where « is practically constant, and includes in its com- 
position the ratio of the exposed surfaces; while & is the 


sign of summation and eras represents the rapidity 


ot 
of recovery of the change of temperature. 

With our modern high boiler-pressures, neglect of the 
proper correction for the difference in the rate of change 
of temperature becomes quite noticeable in its effect on 
the economy of the engine. Thus corrected, however, 
the line D falls very slightly in the early cut-offs and 
rises in the later ones, and except for this slight amount 
its position must be unchangeable with the load ; but 
with a change of pressure and consequent temperature at 
either extreme, it must as quickly move to a new position, 
still maintaining its proportional distances B and C of 
the whole distance A. For instance, in case of a failure 
of vacuum, the line will rise, or with a fall of boiler- 
pressure it will likewise fall, always, however, maintain- 
ing the same relative position between the lines EK and F 
under constant load. 

It may be readily believed that the fulfilment of this 
self-imposed contract was not an easy matter, so that the 
successive steps in their order of development may be 
interesting. 

At first expansion curves alone were considered and 
discussed, with, however, no idea of the development of 
a distinct type of engine. In fact, quite contrary to the 
usual plan, the form of the engine was not determined 
until after the steam distribution was developed. The 
objections to the older forms were recognised, but for a 
long time no means were discovered to correct them. 
Hither seemed to require such a complicated system of 
valve gear to obtain a proper distribution of steam, that 
it became very doubtful if a commercially better article 
than already existed could be worked out. The Woolf 
engine seemed unsuitable, for reasons already explained, 
although long consideration was given it. In_ the 
receiver engine the little line which marks the fall of 
pressure between the cylinders was a stumbling bleck that 
obstinately intruded itself. 

After several months of investigation, the discovery 
was made of the peculiar value of a recetver of predeter- 
mined volume which should also act as a clearance cham- 
ber for compression in the high-pressure cylinder. This 
can be better understood by reference to the fragmentary 
indicator card (Fig. 5). 

It may be stated in general that an engine may be 
designed that will cut off at any convenient point A in 
the high-pressure cylinder, and through process of expan- 
sion reach the point B, the cut-off in the low-pressure 
cylinder, from which point the steam can be compressed 
to boiler pressure in the high-pressure cylinder, and 
expanded to a proper terminal in the low-pressure. We 
have so many unknown quantities that we are at liberty 
to vary any one or several at will, without altering the 
results. For instance, if the clearance which allows a 
proper compression in the high-pressure cylinder be 
changed, we are at liberty to change the point of cut-off 
in the low-pressure cylinder so that the same degree of 
compression is maintained. If, however, it be stipulated 
that the cut-off in each cylinder shall be equal, 
then the high-pressure clearance can no_ longer 
be altered, but must be a certain definite quantity. 
If, again, the distribution be effected by a single valve, 
driven by a shaft governor, the cut-off in each cylinder 
must be equally variable, and the point B will follow a 
path according to the law of its production, and depen- 
dent on the proportionate parts of the engine. The 
particular discovery that proved so valuable was, that 
under these last conditions, the point B (Fig. 6) fol- 
lowed the path practically of a hyperbola, and that with 
a proportional clearance equal to the ratio of the cylinders, 
this path might be made to coincide with the hyperbola 
of the compression curve. 

A variation in the cut-off of the high-pressure cylinder 
varies the point B to or from the atmospheric line ; while 
a variation of the low-pressure cut-off changes its position 
in a direction parallel to this line, A simultaneous varia- 
tion of both cut-offs makes the resultant movement of 
the point upon which so much depends, and which is 
determined by the clearance of the high - pressure 
cylinder. 

With an independent valve for each cylinder, it would 
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be easy with any convenient clearance to so vary the cut- 
off in the low-pressure cylinder, that the variation of 
pressure at this point, due to varying cut-offs in the high- 
pressure cylinder, should cause the point B to fall on any 
high-pressure compression curve that should be deter- 
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mined on; but with a single eccentric valve gear these 
points of cut-off must always be equal and similarly 
variable, so that the discovery was really essential to the 
simplicity that was attained. 

It seems a lucky chance, although it is really part of the 
law which controls the movement of this point, that, as 
the pressure changes and the high-pressure compression 
varies, the point B leaves the path to which it has so 
closely adhered, and adopts a new one—still a hyperbola 
—which cuts the steam line at the same point of admis- 
sion (Fig. 7). So far, all considerations have been with 
the seemingly eccentric behaviour of the point B, and 
the reduction of its locus to a law which has been turned 
to important practical use, while the results have been 
obtained with a form of valve which has but one lip 
between the two cylinders. 

In the course of the investigations, the proper amount 
of high-pressure clearance to suit the various points of cut- 
off was graphically determined, and a rather curious result 
obtained at the limiting full stroke and zero cut-offs. 
With steam carried full stroke in both cylinders, the high- 
pressure clearance must obviously be zero, to compress to 
boiler pressure in the high-pressure cylinder ; while with 
zero cut-off in both cylinders, the clearance may be any- 
thing to accomplish this result. These unsatisfactory 
and indeterminate volumes were, however, caused by the 
error of considering conditions that are impossible in 
practice. Any intermediate position of the cut-off gives 
a positive value to the clearance chamber, varying but 
slightly (Fig. 8). 

The average cut-off of one-half declares that the amount 
should be such a percentage of the high-pressure cylinder 
as the high-pressure cylinder is of the low-pressure 
cylinder ; and at cut-offs on each side of this point to the 
limiting practical positions, the clearance volume 
departs so little from this amount that the error can 
be corrected by the very slight shifting of the valve 
through a coincident varying angularity of the eccentric 
rod. That is, under shorter cut-offs a little greater clear- 
ance is required, and on longer cut-offs a trifle less is 
necessary; and to balance this error the angularity of 
the eccentric rod can be made to introduce a counteract- 
ing error, by which the high-pressure cut-off changes 
more rapidly than that of the low-pressure. In practice 
the error measured in pounds of steam consumed is so 
slight as to be unnoticeable; and, in fact, for other 
reasons which shall appear, these varying dependent cut- 
offs are caused to depart from one another in exactly the 
opposite direction. Although the compression in the 
high-pressure clearance space to initial pressure is theo- 
retically correct and advisable, yet certain narrow depar- 
tures from this degree may be allowed without materially 
altering the economy, if by means of this a much greater 
gain can be made at some other point in the steam dis- 


offs and rise again with the longer ones. Fortunately we 
have still the low-pressure compression with which to 
make a fit finish to the usually tiresome work of correc- 
tion. 

Under the influence of a single-valve variable cut-off, 
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tribution. If the distribution of steam were entirely | the low-pressure compression rises from a constant pres- 
dependent on the truth of the point B to the path in| sure, but with a period varying almost as rapidly as the 
which we have constrained it to move, then the line D | cut-off. 


(Fig. 4), would in reality fall slightly with shorter cut- 


exhaust closure with the lighter loads to prevent undue 
radiation to the condenser, and to raise the temperature 
of the cylinder so that there will be no surface condensa- 
tion when the steam port reopens. 

In the later cut-offs the water of condensation is re- 
evaporated to a great extent before the point Bis reached, 
and a considerable portion of the original steam is 
recovered for compression in the high-pressure cylinder ; 
but, in the earlier cut-offs, re-evaporation does not begin 
until the high-pressure cylinder is shut off from the low- 
pressure, so that it is important there shall be little or no 
secondary initial condensation. The amount of heat 
radiated during exhaust is dependent somewhat on the 
speed of the engine, and nearly proportional to the time 
the exhaust port is uncovered ; so that an early compres- 
sion with a short cut-off is valuable in reducing the total 
radiation to the condenser, thereby making the percentage 
of loss more nearly constant, as well as reheating the 
cylinder to prevent initial condensation. 

To the very natural question as to the reason for 
neglecting the radiation in the longer cut-offs, the answer 
is that the gain in power sinks the percentage of loss 
from this cause to such a small amount that the engine 
really effects a net gain by ignoring that factor. More- 
over, the variable low-pressure compression acts as a 
corrective influence over the point B, which, if left to 
follow the course subject to the equally variable cut-offs 
in the two cylinders alone, would too rapidly lower the 
line D (Fig. 4). 

The variable low-pressure compression would, however, 
overdo the work we have indicated, were the angularity 
of eccentric-rod not interposed as an anti-corrective mea- 
sure, and the progression of the low-pressure compression 
retarded, while the point B, thrown slightly from the 
path to which we have assigned it, varies the high-pres- 
sure compression a little on each side of the constant 
curve of its true path (Fig. 9). 

The diagrams (Figs. 10, 11, and 12), reproduced from 
actual cards, and representing light, medium, and full 
loads respectively, illustrate the practically constant 
division of temperature between the cylinders, and are a 
graphic proof of the successful application of the new 
method. 

The practical results in fuel consumption are repre- 
sented by the tabulated water rates under different con- 
ditions, both condensing and non-condensing. 


Water Rates, by Tests, under Varying Loads. 


Horse-power. 210 | 170 140 | 115 | 100 80 50 


Non-condensing..| 22.6 | 21.9 | 22.2 | 22.2 | 22.4 | 24.6 | 28.8 
Condensing 18.4 | 18,1 | 18.2 | 18.2 |- 18.3 |-28.3-| 20.4 


It would be insufficient to dismiss with so brief a men- 
tion the subject of radiation to the condenser, and the 
influence of the variable low-pressure compression as a 
partial correction for this loss and a factor in the develop- 
ment of the constant economy under varying conditions 
that has been accomplished. 

A properly variable low-pressure compression may be 
regarded only secondary in importance to the practically 
constant high-pressure compression; and as this design 
has undoubtedly originated the principle of overcoming 
by a proper compression the otherwise great waste of a 
large high-pressure clearance chamber, so it is also be- 
lieved to be the first to practically acknowlege and control 
the heat of radiation during low-pressure exhaust by a 
properly variable low-pressure compression. 

After the detailed explanations it will be interesting to 
note, as an evidence of the remarkable flexibility of the 
practical engine, that the valve adjustment may be set so 
far from true that the shape of the indicator cards are 
considerably altered without materially affecting the 
economy of the engine. The explanation is that the line 
D does not depart from its position unless the valve error 
be excessive, because the error introduced by such re- 
adjustment on one cylinder is ina measure corrected by a 
balancing error on the other cylinder. It must be under- 
stood that the whole economical result of the engine is 
directly dependent on the path of the point B, and that, 
in the finished locus of the point, every part of the engine 
has an influence, greater or less. 

As a type the engine must be considered as a union of 
the two older ones, partaking of the nature of each, yet 
with the objections to either eliminated and the good 
qualities of both retained. 'The receiver is so disguised as 
to be scarcely recognised ; and, as a clearance cavity to 
the high-pressure cylinder, absorbs all of the compression 
instead of only a part. On the other hand, the single 
dividing lip of the valve reduces its functions to resemble 
those of the Woolf type. 

Ordinary possible derangements have little or no in- 
fluence in changing the division of temperature and the 
consequent economy of the engine; yet a radical change 
in dimensions, such as the shape of the valve which con- 
tains the clearance space or in the proportion of the 
cylinders, would necessitate an entire new design, in 
which every other part should reconform to the single de- 
parture.* 


Tur Surz CaNau.—The transit revenue collected by 
the Suez Canal Company last year was 2,978,390/., as com- 
pared with 3,336,8827. in 1891, and 2,679,360, in 1890. 
The number of vessels which passed through the canal 
last year was 3559, as compared with 4208 in 1891, and 
3389 in 1890, 


* See also ‘‘The Economic Limit of Large Power 
Units” in ENGINEERING, vol. lii., page 654, vol. liii., pages 


The benefit in this case of such a peculiarity is in early |57 and 141. 
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‘© ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compitep By W. LLOYD WISE. 


TRACTS OF RECENT PUBLISHED SPECIFICATIONS 
i a UNDER THE ACTS 1883—1888. 


number of views given in the Specification Drawings is stated 

c each ale si none are mentioned, the Specification is 
not illustrated. 

Where Inventions are. communicated from pbroad, the Names, 
é&c., of the Communicators are given in vtalies. : 
Copies vs Specifications may ar cheated at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 

uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


377. W. C. Farnum, Arlington, Vermont, U.S.A., 
and H. E. Bodley, Mortlake, Surrey. Indicating 
Apparatus for Engines, &c. [9 Figs.) January 7, 1892.— 
This invention relates to indicating apparatus for ascertaining, 
by diagrams registered on ‘‘ cards,” the variations of pressure in 
engine cylinders and other pressure vessels. The indicator piston 
being placed in communication with atmosphere on both sides, 
and a spring § in equilibrium, which is indicated by the index F, 
a drum V with its card is oscillated in unison with and in propor- 
tion to the engine stroke, contact between the pencil and card 
being then made by turning the eccentric part of the spindle R 
and the atmospheric line drawn. Then the pencil contact is 
broken, and, air being excluded, steam pressure is admitted to the 
inclosed side of the indicator piston, which is accordingly de- 
pressed. This depression moves a lever L on its fulcrum so as to 
cause the pencil to again make contact with the card, and simul- 
taneously effects a minute extension of the spring § ; the point 
of the pencil continuing in contact with the card during that 
portion of the engine stroke in which the steam pressure on the 
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indicator piston exceeds the tension of the spring. Then by 
turning a traversing screw so thata slider T is moved outwards, 
the drum V with its card is travelled endwise, and the spring 
simultaneously extended. The continued endwise movement of 
the drum brings unused portions of the card under the pencil 
point, and each successive increase of tension of the spring tends 
to break contact between the pencil and card at an earlier part of 
the engine stroke. Thus in an expansive engine, at each stroke, 
lines are produced and registered of varying lengths, and eventu- 
ally the tension of the spring is increased until it is sufficient to 
overcome the highest steam pressure acting against the indicator 
piston, when the lever L is pulled against a stop H and held 
motionless against the steam pressure on the piston, and in so 
doing breaks contact between the pencil and card, holding the 
former entirely off the latter ; but the moment these conditions 
are reversed, so thatthe tension of the spring is sufficiently 
lowered to be overcome by the steam pressure on the piston, the 


pencil again makes contact with and marks the card, (Accepted 
January 11, 1898). 
17,889. J. Kemp, Govan, Glasgow. Expansive 


Fluid-Pressure Engines, [7 Figs.| October 7, 1892.— 
This invention relates to fluid-pressure engines, and the object is 
to apply the quadruple-expansion principle of driving. The four 
pistons are connected in pairs by their separate piston-rods to 
one crosshead, from which the power is transmitted by a connect- 


W889 


ing-rod to the crankshaft. Each pair of cylinders, which are 
thus connected to one crosshead, are placed alongside one another. 
The centre line of action of the piston-rods and connecting-rods 
are placed’at any required angle to the crankshaft, and the centre 
Jine passing through each pair of cylinders alongside of one 
another, which act on the one crank, is also at any required angle 
to thecrankshaft. (Accepted January 11, 1893), 


5352. J. Burden, Birmingham. Pressure Gauges. 
[6 Figs.) March 18, 1892.—This invention relates to pressure 
gauges of the ‘‘Bourdon” type. At the lower underside of the 


edge of the drum-shaped casing a hollow boss is formed , Screwed 
upon its outside, and having a hole up its middle equal in bore to 
the outside diameter of the gauge stem. This stem forms the 
entrance to the steam box of the inflexion tube, and is externally 


screwed at its lower end, upon which a nut takes and screws up 
to the underside of the casing stem ; this stem is also screwed on 
its outside, and takes within a sleeved and hollow nut, whose 
lower and shanked part takes into the upper end of the steam 
pipe, hence the connection of the gauge through the casing stem 
to the steam pipe by a shanked and interposed hollow nut. (Ac- 
cepted January 11, 1893). 


5321. A. F. Yarrow, London. Reducing Vibration 
in Marine Engines. [3 Figs.) March 17, 1892.—The object 
of this invention is to reduce the vibration caused by the up- 
and-down strokes of vertical marine engines. On the engine 
shaft at each side of the main crank eccentrics are provided, 
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which are linked to vertically-guided weights. These weights 
are proportioned to the unbalanced moving weights of the engine, 
and counteract the tendency of the bed to move up and down, 
and thus the vessel remains steady without sensible vibration due 
to the working of the engines, (Accepted January 4, 1892), 


3121. R. G. Brooke, Blackpool, Manchester. 
Locomotive Boiler-Feeding Apparatus. [6 Figs.] 
February 17, 1892.—This invention relates to the arrangement of 
an exhaust injector on a locomotive. An exhaust injector 1 is 
arranged to work in co-operation with a supplementary steam in- 
jector 2, the live steam supply to which is turned on and off auto- 
matically. The exhaust steam supply pipe runs horizontally 
along the engine from the smoke-box to a point above the ex- 


haust injector, and thence by abend and a vertical length of pipe 
to the top of the latter, the regulating spindle of which is 
operated by a vertical rod capable of being worked from the 
foot-plate of the locomotive. A livesteam supply pipe is adapted 
to be placed in communication, by a separate outlet, with the 
exhaust steam injector, so that live steam can be admitted to 
the exhaust, as well as the supplementary injector, when desired. 
(Accepted January 4, 1893). 


GAS, &c., ENGINES. 


4189. J. H. Hamilton, Sandiacre, Derbys. Gas 
Motor Engines. [4 Figs.) March 3, 1892.—This inven- 
tion relates to gas motor engines. When the valve operating lever 
rises after being pushed down to its lowest position by a cam 20, 
it brings the parts into a position (Fig. 2) in which both of the 
pins are in contact with the ends of the slots in the tumbler. 
Immediately before arriving in this position a pin only was in 
contact, and asit is above the line joining the fulerum of the 
valve operating lever to the centre of a pin 16, a weight 19 will be 
descending. Immediately after the parts arrive in the position 


(Fig. 2) a pin 14 only is in contact, and the weight 19 is rising. The 
result is that the pin 14 strikes the end of the slot, and by its impact 
instantaneously reverses the direction of motion of the lever 17 
and weight 19. If the pressure on the pin 14, due to this, is 
sufficiently great, the push-piece is thrown to the right and enters 
a notch 12, while if it is less, it overcomes the pull of a spring, 
and the push-piece engages with a notch 11. The speed is 
lowered by moving the weight 19 towards the end of the governor 
lever 17 and increased by moving it towards the tumbler. (Accepted 
January 11, 1898). 


3417. H. T. and J.D. Humpidge and G. E. Snoxell, 
Stroud, Gloucestershire. Gas Motor Engines. 
(7 Figs.) February 22, 1892.—This invention relates to means of 
labricating the main piston by an air-tight reservoir filled with 
oil. A reservoir A is filled with oil through a hole in the top, 


which is closed by a plug B. A spindle works in a hole bored in 
the bottom of the reservoir, and has a small chamber D in its 
periphery. This chamber fills with oil through the passage E, 
and the air previously contained therein rises to the top of the 
reservoir. On rotating the spindle, the oil flows away through 


the pipe to lubricate the engine, as required, and the air takes 
its place, being admitted through a small hole F. In any inter- 
mediate position the oil chamber is closed, and as it is impossible 
for any to escape from the reservoir until it is replaced by a corre- 
sponding volume of air, no oil can get away, whether the spindle 
fits perfectly or not, unless the latter is rotated. To make the 
supply of oil automatic, the spindle C is connected to the working 
mechanism of the engine, which imparts to it a constant rota- 
tion or an oscillating motion, and the oil is then supplied as long 
as the engine is in motion. No oil can escape when the plug 
is taken out for the purpose of filling, as there is no communica- 
tion between the reservoir and the outlet except by means of the 
chamber D, (Accepted January 4, 1893). 


1814, R. G. Schwarz, London. Gas Engines. [7 
Figs.) January 29, 1892.—This invention has for its object to 
provide a starting apparatus for gas engines, which is actuated 
by power mechanically stored during the previous running of the 
engine, 80 a3 to avoid the necessity of turning the flywheel by 
hand power at starting. The friction clutch being in gear, and 
the brakes L being applied by the spring O, the shaft A runs in 
the direction of the arrow and winds up the power-storing spring 
through the medium of the friction clutch and sleeve, the brake 
L acting as an abutment, and pawls slipping idly over the ratchet 
teeth. If, in the winding up of the spring, the engine is stopped, 
the pawls and ratchet prevent the spring unwinding by turning 
the engine backwards, but if the engine continues running when 
the spring is wound up, the brakes slip; the handing lever Q 
being moved to its mid-position in order that the engine shall 
continue running, thereby disengaging the dogs from the drum 


without, however, engaging them with the rim, the spring being 
prevented from unwinding by pawls and ratchet-wheel. In order 
to apply the stored power to restart the engine at any time, the 
handing lever Q is moved to the left, thereby first throwing the 
dogs into gear with ratchet teeth, and then by means of cams 7 
releasing the brake shoes I. from the rim, and so permitting the 
latter to rotate the shaft A in the direction in which it was pre- 
viously running, Should, however, the dogs happen to come 
against the tops of the teeth, the motion of the slide-rod R, 
necessary to enable the cams to release the brakes, is still per- 
mitted by the yielding of the spring-supported fulcrum of a 
lever, and as soon as the brakes slacken the rim begins to rotate, 
the dogs are thrown fully into gear with the teeth by the action 
of a spring, and are returned to the mid-position and the 
brake shoes applied to the brake drum when the engine is fairly 


started. (Accepted January 4, 1893), 
ELECTRICAL APPARATUS. 
10,466. Sir C. S. Forbes, Bart., London. Tele- 
phone, [9 Fis.) June 1, 1892.—This invention consists in a 


telephone combination for domestic, &c., use. When the tele- 
phone is notin use, the bent end of a lever 16 rests against an 
inactive stop 24, and all connection with the other end of the line 
is severed. In order to speak, a tube 21 and ear trumpet are 
lifted out of a fork 23 of the lever 16, a spring now forcing the 
bent arm of this lever against a contact, and since the switch lever 


at the kitchen end of the line is resting against a bell contact, the 
current from the battery flows through a microphone 9, the coils 
of magnets 2 and those of the bell causing it to ring. The atten- 
dant now lifts both ear tubes out of the forks, and the spring 
reacting forces the bent end of the lever 16 against the contact 26, 
thereby putting the microphone and telephone into the battery 
circuit, when conversation can be carriedon. (Accepted January 
11, 1893). 


3538. R.J.Charleton and H,. Walker, Newcastle- 
upon-Tyne. Controlling Electric Currents in Mines, 
&c. [2 Higs.) February 23, 1892.—This invention consists in a 
method of distributing electricity in mines, petroleum stores, &c. 
The large concentric cable A and the small separate wire B form- 
ing part of the outer conductor are disposed close together, 
the latter one being rigidly and firmly fixed, whilst the main 
cable A is so fixed that in case of accident it would be 
carried away from its supports without breaking, and would 
fall to the ground, whilst the small one being firmly fixed would be 
instantly broken. The result would be that one circuit round the 
solenoid would be broken, and the balance therefore being destroyed 
the current round the other circuit would at once exert a pull on 
the iron core D, and this bringing the contact-maker into 
action, would “‘ short-circuit ” the main leads, and at the same 
time release the trigger and cut-off by the switch, the main 
circuit, and so stop the flow of current without any spark at the 
point of damage. If neither the separate single wire B nor the 
centre wire of the main cable is broken, but the remainder of the 
conductors are damaged and reduced in numbers, an increase in 
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the strength of one circuit round the solenoid over the other 
occurs, which destroys the balance between the two, and so causes 


the core to be attracted and operate to break the circuit, when 
the spring supporting it would restore it to its normal position 
ready to act again. (Accepted January 11, 1893). 


18,025. A. B. See and W. L. Tyler, Brooklyn, 
King’s County, New York. Electric Elevators. 
[2 Figs.] October 10, 1892.—This invention relates to electric 
elevators and to means for stopping and starting them. An 
electric circuit supplies current to the motor, which is controlled 
by an electric responsive apparatus in a separate circuit, this 
apparatus being governed by a switch. A wheel carries a device 
arranged to throw the switch, and connections are made from the 


car to the wheel, so that the litter can be turned to move the 
switch. The switch and rheostat are in the motor circuit, and 
are moved by a solenoid in a separate circuit, this solenoid being 
controlled by a retarding device and mechanical connection from 
the car to the switch in the solenoid circuit. A pole changer is 
also in the motor circuit, a wheel being provided which carries 
two pairs of devices, one devic2 of each pair arranged to throw 
the pole changer, and the other to throw the switch. (Accepted 
January 11, 1893). 


3366. T. L. Hemming, Birmingham. Dynamo- 
Electric Machines. [1 #7.) February 20, 1892 —This in- 
vention relates to dynamo-electric machines, and its object is to 
provide in one machine the combined property of simultaneous 
use for electric lighting and the electro deposition of metals. 
The armature is connected up to a collector 3. This winding is 
now covered with an insulating material 4, upon which a second 


coilirg 5 is made, quite independent to the first and connected up 
to a second commutator 6. When the armature is rotated in the 
magnetic field of a dynamo-electric machine a separate current is 
induced in each of the coils 1, 5, and thence in each of the com- 
mutators 3, 6, according to the size and length of the windings, so 
that each current can be used independently of the other. (Ac- 
cepted January 4, 1893). 


MINING AND METALLURGY. 


5307. J.Schneider, Triebschitz, Bohemia, Austro- 
Hungary. Rock-Drilling Machines. [3 Figs.) March 
17, 1892.—In this invention the machine is mounted in an iron 
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rame supported by wheels adapted to run on rails. 


The drilling | from it blocks, &c., to form the subaqueous structure. 


socket, having aswelling at the lower part. The drilling mechanism 
is carried by a toothed wheel, upon the square of whose shaft is 
fitted the conical socket,while its lower tapering part restsin a plate. 
This plate is capable of being moved upwards and downwards by 
means of screw spindles supported by the walls of the frame, These 
screw spindles, together with the bevel wheelssecured thereon, re- 
ceive motion from the driving shaft, through the medium of the 
graduated pulleys, a second shaft, toothed wheels gearing this 
shaft with a third shaft, on which bevel wheels are firmly secured. 
To enable the drilling spindles to rotate, in addition to their up- 
and-down motion, each of the wheels supporting the drilling 
mechanism engages with a ribbed cylinder provided with a bevel 
wheel at the lower part, this cylinder being operated from a wheel 
mounted on the ‘‘second” shaft and conveying the rotary motion 
to the roller. The shoulder on each of the drilling rods allows of 
the first rod, measuring several metres in height, being sup- 
ported by means of catches when the drilling gear is being 
lowered for placing in position a fresh rod, or while a super- 
fluous one is being removed. (Accepted January 4, 1893). 


MISCELLANEOUS. 


1978. E. L. Newsome, Blackpool, Lancs. Manufac- 
turing Aerated Waters. [2 Figs.) February 2, 1892 — 
This invention relates to the manufacture of aérated waters, and 
its object is to provide means in which the motive power, such as 
steam, is largely dispensed with, and the pressure of the gas 
generated utilised to actuate the apparatus. The gas is gene- 
rated in the vessel A, and is maintained therein at a high pres- 
sure, and when it falls below the required pressure the piston of 
the regulating valve E also falls, and the valve D opens, allowing 
afresh supply of acid to enter the generator. The gas passes 
from the generator A by a pipe to the purifier F, where it passes 
up through the water contained therein, and any impurity carried 
forward with the gasis washed out. From the purifier the gas passes 
through a flexible pipe f to a hollow plunger I, and the cylinder 
of the accumulator, and the pressure of the gas therein forces 


the plunger up. The upper cylinder H being filled with water, 
the same action forces the latter from the cylinder through a pipe 
h into the mixing chamber K. When the plungers I and J have 
finished their upward stroke, a crosshead I! engages with the 
collar on the upper end of a rod 014 and moves a chin O!, thereby 
closing a valve. As the gas and water are drawn off from 
the chamber K by the bottling machine, the gas flows from 
the plunger I through a pipe 7, constant pressure being maintained 
by the weight upon the crosshead, the downward movement of 
the piston J filling the cylinder H with water at the same time 
from a cistern. When the plungers have finished their down- 
ward stroke the crosshead engages with the collar at the lower 
end of a rod oll moving a chain O! in the reverse direction, and 
opening the valve, when the reverse actions again takes place. 
(Accepted January 11, 1893). 


3730. J. Hutton and E. Doggett, Greenhithe, 
Kent. Millstones. [3 Figs.) February 25, 1892.—This in- 
vention has reference to the stones used in mills for grinding 
corn, &c., and has for its object to provide ones which can be 
adjusted when worn, without necessitating cutting or chipping. 
The sections A form the runner stone, and are furnished witha 
number of grooves @ for leading the substances to be ground to 
the periphery of the stone. A layer of concrete B forms the 
upper part of the stone, ard serves to support the ring ©, which 
is also secured to the stone sections by lugs and bolts. The 
inner annular box D is supported from lugs on the lining by 
means of bolts, screwed and adjusted by nuts ¢ fixed at the bottom 
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in the flange d. The face-plate Fis rigidly attached to this flange, 
and is furnished with grooves forming continuations .of the 
grooves a Thecrossbar G for revolving the stone is supported 
in a box forming part of the metal frame. The central part is 
formed of a large plate K having a box kat the centre, forming 
a bearing for the shaft driving the runner stone. On this, and 
fixed to it, is aface-plate having a hole at the centre to allow the 
top of the box & to pass through, and grooves / opening into other 
groovesh. The plate K is supported by arms fixed on the bed- 
plate, which also serves to carry screws by which the stone is 
ena its proper level as itis worn away. (Accepted January 
? ). 


3785. J. Imray, London. (The Channel Bridge and 
Railway Company, Limited, Paris) Facilitating Erection 
of Structures in Deep Water. [1 Fig.] February 26, 
1892.—This invention relates to the construction of a platform for 
carrying cranes, machinery, &c., and to means of supporting, 
erecting, and fixing it firmly in position, and of guiding down 
A metal 


mechanism consists of round smooth iron rods, each provided | platform is carried on four columns, which consist of hollow 


at the top with a square pin, and below with a shoulder and conical ' girders made water-tight. 


This platform is floated off entire by 


‘ 


barges, and the columns are gradually submerged by admitting 
sufficient water. The columns are clamped in the sockets of the 
platform through which they pass, thereby securing a rapid fixing 
of the latter. When lengths of columns have been added in suffi- 
cient number for the ends to reach the bottom, the platform is 
allowed to descend and the ends of the column to imbed them- 


selves, by admitting water ballast into the lighters. Each of the 
lowest lengths is provided with a spring plunger to operate as a 
buffer when it meets the bottom, and so prevent or deaden shocks. 
After the columns have taken their bearing the platform is levelled 
by hydraulic jacks and the lighters floated away. (Accepted 
January 4, 1898). 


2168. G. E. Donisthorpe and T. Burrows, London. 
Breaking, &c., Flax and Rhea. (4 Figs.) february 4, 
1892.—This invention relates to machinery for treating flax, rhea, 
&c. The fibre is gripped firmly, and held by the slowly revolving 
pressing and feeding rollers, and thus held is presented to and 
passes between these rollers, the open set and then the closely set 


blades of which act alternately and repeatedly on each part of the 
crushed stems as they are slowly advanced by the feed and crushing 
rollers, and thus gives a varying rubbing and scraping action on 
the fibre. This rapidly alternating varying action strips off the 
pellicle from end toend of the stalks in passing once through the 
machine. (Accepted January 11, 1898). 


15,148. P. Fraser, Bridgwater, Plymouth, Mass., 
U.S.A. Making Spiral Springs. [31 igs.) August 23, 
1892.—This invention relates to machines for making wire springs 
for furniture, &c. The operator presses with his right heel on 
pedal wu, which by means of links, Jever, rock shaft and another 
lever and link draws the belt-tightener pulley tight against 
the belt of C2 and O5, and starts the machine. The wire is 
then pressed close to the left-hand shoulder of the cone D! and 
the thumb latch L is pressed down. Asa collar revolves and 
the inclined key strikes the bar S, a lever T draws out a mandrel 
W and a piece attached to it, enough to let the end of the wire 
enter the notch in the piece. When the key passes by the 
bar S a spring throws back the mandrel and the piece into 
their former position and the wire is caught. When the operator 
feels the wire is caught the thumb latch is released. The operator 
still holds ir. his hand the wire, which follows the grooves in the 
two cones until it reaches the right-hand shoulder of D, where it 
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is cut by the cutter which has already been placed in operative 
position, the cut-off wire, which has now become a spring, being 
held: by a basket E until its rebound is ended. The operator 
then presses on a pedal attached to a rock shaft and lever 
arm, which operates the lever combination operating mecha- 
nism actuating a clutch on a countershaft, and setting in 
motion a loose pulley to which one end of a round belt is attached. 
When this pulley is put in motion, a wheelI is moved to the left 
and, by its arm link, draws back the cone D1 to the left, allowing 
the spring to drop into the compressor, which is immediately 
under it. The pressure is then removed from the pedal when 
the pulley o isno longer actuated and the cone D! is returned to 
its former position by the round belt being wound upon a spring 
wheel, thus reversing the previous action of the wheel I and an 
arm link. This allows the spring to drop down into the com- 
pressing cradle when the compressing operation takes place. 
(Accepted January 11, 1893). : 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United S:ates of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


PENSACOLA AND CuBA.—A new line of steel steamers is 
tobe run between Pensacola and Cuba by the Louisville 
and Nashville Railroad Company. 
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THE NICARAGUA OANAL, 


Tr seems hardly necessary to furnish an apology 
for devoting space to a consideration of the Central 
American Canal question at a time when the col- 
lapse of the Panama scheme is brought so forcibly 
into the foreground, but if any apology be neces- 
sary, it will be amply sufficient to point out that 
such a canal will practically do away with the geo- 
graphical obstacles involving the necessity for the 
circumnavigation of Cape Horn, will place the ocean 
coasts of the United States 10,000 miles closer to 
one another, and throw the neutral competing zone 
in the Pacific for the Atlantic seaborne commerce 
of the United States and Great Britain, from the 
land side of the Pacific coast of South America 
right across to Western Australia, and from the 
land side of the Pacific coast of North America to 
well within the Pacific coast line of China, This 
enormous alteration in the position of the neutral 
competing zone for the Atlantic seaborne com- 
merce of the two countries cannot fail to profoundly 
affect the future prospects of that commerce. And 
if it be already possible for American industries on 
the Atlantic seaboard to compete with British in- 
dustries in Australasia, China, and Japan, adversely 
handicapped as they now are by an extra sea car- 
riage, amounting, on an average, to the width of 
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Millions of 
Pounds. 
1. Pacific Coast of South and Central 

America ... a nie es me 4 
2. Pacific Islands 1 
3. China fe 11} 
4, Japan 4 
Total 262 


or nearly 5 per cent. of the total foreign trade of 
the United Kingdom (551? millions of pounds). 
But the competition in the Australian and other 
colonial trade will be far more serious, for the 
amount jeopardised bears a heavier proportion to 
the total colonial trade of the United Kingdom, 
being 65} millions out of 193 millions, or over 
33 per cent. The net result is that through 
the opening of a Centra] American canal, no less 
than directly one-eighth, and indirectly probably 
one-fourth, of the whole trade of the United 
Kingdom may be menaced by and eventually taken 
from her by the United States, Per contra, how- 
ever, some portion of the advantages accruing to 
improved communication along the western trade 
route of commerce cannot fail to be reaped by the 
nation which does over 50 per cent. of the carrying 
trade of the world, so long as that carrying trade is 
sufliciently safeguarded by sea to prevent its being 
voluntarily or involuntarily turned over to other 
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Nicaragua is more likely than ever to be success- 
fully carried through. 

The accompanying map, showing the easterly and 
westerly trade routes of the world from Great 
Britain as a centre, will show at a glance how 
important is the advantage to be reaped by Ameri- 
can trade through the opening of a Central 
American canal, and the way in which the neutral 
competing zone will be shifted thereby from the 
extreme west to the extreme east. 


INTEROCEANIC Route Across NICARAGUA. 


Physical History.—Nicaragua, more than any 
other portion of Central America, possesses 
physically the most promising features for the 
establishment of an interoceanic waterway. These 
features are wholly exceptional, as here the moun- 
tain backbone of the American continent (the 
dividing ridge between the two oceans) attains its 
least elevation, and is pierced by the valley of the 
San Juan River. 

The inland lakes of Nicaragua and Managua, 
now draining into the Atlantic, both geologically 
and geographically belong to the Pacific, and were 
both, at one time, portions of an inlet communi- 
cating with that ocean, surrounded and shut 
off from all communication with the Atlantic by 
the encircling mass of the Central American 


in 


= 


AN 


» 


BOX, 
ate « 
Upas: 


tae, 


EN 


the Pacific, how much more will they be able to do 
so when the adverse handicapping is entirely done 
away with, and the sea carriage of the two countries 
to the markets of the far east is practically equalised. 
Already the extra cost entailed in the carriage of 
cotton staple from the fields of the Mississippi 
Valley to the mills of New England has reacted 
unfavourably against the permanency of those mills, 
and the tendency has been to remove them nearer 
to the cotton fields, just as the extra cost for the 
sea carriage of the staple from India has caused 
many mills to be removed from Lancashire to the 
far east. It needs, indeed, little foresight to 
realise that when the cotton manufactures of the 
Mississippi Valley are placed between 2000 and 
4000 miles closer to Australia, China, and Japan, 
the circumstances adverse to the continuation of 
the Lancashire cotton industry (i.e., extreme dis- 
tance from the cotton fields and from the markets 
for cotton goods in the far east) cannot fail to be 
intensified, and will then more than outweigh the 
advantages of existing facilities for manufacture 
springing from lavish investment of capital, here- 
ditary training of labour, cheap fuel, and climatic 
peculiarities (if any) which have made Lancashire 
what she has been in the past and still continues to 
be in the present. Without being at all pessi- 
mistic, there can be no reasonable doubt that the 
economic conditions of British cotton and other 
manufactures must be and will be largely altered 
for the worse, and those of the United States for 
the better, by the opening of a Nicaragua Canal. 

How vast the commercial stake of Great Britain 
is, which will be thus largely jeopardised, can be 
easily seen by reference to the following figures, 
which show the amount of total import and export 
trade between the United Kingdom and : 


nations ; but as far as the immediate labour ques- 
tion in the British Isles is concerned, a question 
already so difficult and complicated as to make the 
future outlook gloomy in the extreme, the impulse 
which will be given to American manufactures 
by the improvement of the western trade route 
will furnish an additional unfavourable factor 
which cannot but proye disastrous. 

The question of a canal across Central America 
is, however, not only a commercial, but also a 
historical, political, and engineering question of 
supreme interest, so we propose to deal with it in 
detail under the following heads : 

1. Physical and political history of Nicaragua 
from the point of view of interoceanic communica- 
tion—origin of the idea and history of the enter- 
prise from the Spanish discovery to the present 
time. 

2. Probable effect of opening the Nicaragua 
Canal on (a) the commerce of the world, (b) the 
trade of the United Kingdom and the United States. 

3. Who will use the canal most, and who control 


t? 

4, What are the physical difficulties in the way 
of successfully carrying out the enterprise ; what are 
the proposed engineering devices to overcome them, 
and what the probable cost ? 

5. What has the American Canal Company done 
from 1887 to 1890 and to the present time ? 

6. What are the future prospects of the scheme ? 

The reason why it is proposed to limit the con- 
sideration of the question of an interoceanic canal 
in Central America to one across Nicaragua is sufti- 
ciently obvious, as the only other feasible com- 
peting scheme (the Panama Canal) is as dead as 
the proverbial door nail, while the Convention at 


Andes, which creeted a mountain-locked basin for 
this inlet, shut in on all sides in a north-west 
direction, where it communicated with the Pacific. 

As Humboldt has pointed out, ‘‘there is no spot 
on the globe so full of volcanoes as this part of 
America from the 11th to the 13th degree of north 
latitude,” and we may add so subject to earthquake 
convulsions. The physical history of this portion 
of the American continent must therefore have 
been most varied and most convulsive, and the in- 
ference to be drawn from geological evidence, 
strictly corroborated by early Indian tradition, is, 
that in the recent geological history of the Pacific 
inlet we have spoken of above, the first change was 
wrought by an earthquake convulsion which thrust 
up the present basin of the Lake of Nicaragua some 
150 ft. or 200 ft. above sea-level. This upheaval was 
caused or accompanied by the formation of all the 
volcanic cones now existing in that basin—i.e., 
Omotepa, Madera, and Zapatera in the lake, Mom- 
baccio and Massaya at the north-west end, and 
eight smaller cones to the north and north-east 
of the present lake. For a comparatively short 
time the portion thus detached from the Pacific 
inlet must have drained the Tipitapa and Lake 
Managua into the Pacific. A subsequent convul- 
sion in the dividing ridge to the eastward of the 
lake produced the valley of the San Juan River 
through the dividing ridge down the junction with 
the Serapiqui, which was originally the main river 
of the hydrographic system that has become part 
of the San Juan River since the piercing of the 
dividing ridge. 

The probability is that for many centuries a 
continuous waterway existed, as stated by the 
Indians to the early Spanish explorers, from the 


New Orleans last year has proved that its rival of | Gulf of Fonseca along the line of the ‘‘ Estero 


210 


ENGINEERING. 


[Fes. 24, 1893. 


Real” (the remains of the Pacific inlet), through 
Lake Managua and the channel of Tipitapa, through 
Lake Nicaragua and the newly-formed gorge of the 
San Juan River, through the old valley of the Sera- 
piqui into the Atlantic, the drainage being con- 
ducted both ways from the bigger lake. Subse- 
quently, and at a period not far removed from the 
epoch of the Spanish discovery of America, a fur- 
ther volcanic convulsion occurred, by which the 
communication with the Pacific was cut off by the 
nine volcanoes of the Marribios Range (e.g., Momo- 
tombo, &.); the two lake basins were raised, and 
were compelled to drain solely in the Atlantic direc- 
tion. Gradually the channel of the San Juan River 
through the dividing ridge was worn down by the 
water, the rent deepened by further volcanic action, 
and the level of the lakes has been gradually but 
permanently lowered, but the flow between the 
lakes being less erosive, has remained permanently 
the higher of the two by 20 ft. to 30 ft. The area 
of the lakes has also shrunk gradually but consider- 
ably, and the edge of the water, instead of reaching 
right up to the foot of the encircling mountain range, 
has receded in places 20 and 30 miles, leaving fertile 
terraced plains in evidence of its former occupation, 
and this, again, is confirmed by Indian tradition. 
The fact recorded by the Spanish chroniclers that 
previous to 1530 there was only one set of rapids 
on the San Juan River, and that since then the 
number has been gradually increasing, till now 
there are nine sets, and a comparison of the levels 
taken in 1781, when Lake Nicaragua stood at 
133 ft. 1l in. above mean Pacific level, with those 
taken in 1851 (and since), when it stood at only 
103 ft. 10 in.—the permanent level of the lake 
being lowered some 30 ft. in 70 years—shows con- 
clusively that the lowering of level and shrinkage 
of area has been steadily going on in comparatively 
recent epochs, and will, unless checked, render the 
navigation of the San Juan River year by year 
more difticult, and the interoceanic water transit 
more difficult. 

Political History.—The historical period of the 
interoceanic route across Nicaragua is comprised in 
the last 400 odd years, 7.¢., since the discovery of 
America down to our own time. 

During this period the history of this portion of 
South America has been always mixed up with the 
question of interoceanic communication ; even the 
discovery of Nicaragua by Columbus in his fourth 
voyage (1502-1503) was due simply to his desire to 
discover the ‘‘ secret of the channel” which he had 
heard of as dividing Central America, and uniting 
the oceans on either side, from the Indians in his 
previous voyages, and thus securing the hoped-for 
passage to India, which would neutralise the blow 
to Spanish commerce which the doubling of the 
Cape of Good Hope by Vasco di Gama in 1497- 
1501 had inflicted. 

On September 14, 1502, Columbus doubled Cape 
Gracias & Dios and discovered the Atlantic coast of 
Nicaragua ; he visited Rio Grande de Matagalpa 
and Rio Rama, but missed the Rio San Juan; he 
then went farther down the coast to the Isthmus 
of Darien, whence, without discovering any trace 
of the ‘‘secret channel,” he returned to Spain 
(1504) sick and disheartened, and died two years 
later. Thereupon (1509) Alonso de Ogeda (an- 
other skilled navigator) was appointed Governor of 
New Grenada (now Colombia) to continue the 
search for the secret channel, and his lieutenant, 
Vaco Nuiiez de Balboa, while acting governor in 
1513, crossed the Isthmus of Darien in 27 days, 
and saw the Pacific for the first time on September 
29, just 11 years after the discovery of Central 
America. He called it the Southern Sea to dis- 
tinguish it from the Atlantic, which in Central 
America was called the Northern Sea, 

The exploration of both coasts with a view to 
finding the secret channel was continued actively 
by the new governor, Pedrarias Darien, who 
founded the City of Panama in 1514; and his 
lieutenants, Fernando Ponce and Bartolome’ Fur- 
tado (1516), discovered the Gulf Chira or San Lucar 
(now Nicoya), and were the first to get definite 
information about the great interior lakes of 
Nicaragua, which the natives said afforded com- 
munication from sea to sea. 

The discovery of Mexico (New Spain) and the 
expedition of Fernando Cortés, in 1519, to conquer 
it, stopped for the time being all further explora- 
tion. In 1520 Fernando de Magellanes discovered 
the straits bearing his name at the extreme south 
of the continent, but Charles V., in 1521, con- 
sidering this interoceanic route too far south, 


« —— - 
un SE =a 


ordered Cortés and Pedrarias to renew the search 
for the secret strait in Central America. Early in the 
same year Gil Gonzales de Avila arrived in Panama, 
specially commissioned by His Catholic Majesty 
to continue the exploration along the west coast. 
He started from the Gulf of San Miguel (Panama), 
with Furtado as pilot, and proceeded 100 leagues 
to the north-east, but was obliged to return to refit, 
and then tried an inland expedition and penetrated 
into Orotina (now Nicaragua), made treaties with 
several Indian chiefs, among others one Nicarao, 
who ruled near the site of the present city of 
Grenada, and saw the great lake of Cicibolea, with 
the twin volcanoes ‘‘Ometephl’”’ (Ometepe and 
Madera) and called the Lake Nicarao-agua 
(Nicarao’s water), which has been contracted to 
Nicaragua, and given its name to the whole 
country. 

Gil learned that this lake drained into the 
Atlantic and communicated to the north-west with 
another lake Xolotlan (Managua), which was said 
to communicate with the Pacific ; inter-tribal 
wars prevented him from exploring the connec- 
tions, but he discovered the Gulf of Chorotiga 
(Fonseca), which he mistook for a third lake. The 
natives of the coast told Gil that Lake Xolotlan 
(Managua) used to drain into the Gulf of Chorotiga 
(Fonseca) along the Estero Real till an eruption of 
a volcano (Momotombo) had closed up the channel 
and forced it to drain into Lake Cicibolea (Nicara- 
gua) through Tipitapa. But Gil did not explore 
further owing to being put on another scent by an 
erroneous native tradition that water communica- 
tion existed between the Gulf of Fonseca and the 
Gulf of Honduras, so he returned to Panama in 
1522 without making any further discoveries. 
Gil and Pedrarias quarrelled, and Gil appealed 
to the Court at San Domingo. A triangular war 
ensued between Francesco Fernandez de Cordova, 
lieutenant to the Governor of Panama, who occu- 
pied Nicaragua; Gil, who claimed Honduras and 
Nicaragua by virtue of his imperial warrant ; and 
Cristoval de Olid and Pedro de Alvarado, lieu- 
tenants despatched from Mexico by Cortés with 
orders to annex all the country down to Panama. 
The final result of this war was the appointment of 
Salcedo as independent Governor of Nicaragua and 
Honduras by the Crown. He took possession at 
the end of 1526, and established his authority by 
violence and governed by terror. His instructions 
from Spain were to explore the rivers issuing from 
the lakes with a view to discovering an inter- 
oceanic waterway ; but Salcedo did not do much 
in this direction, and was turned out of Nicaragua 
the following year (1527) by his rival Pedrarias 
(Governor of Panama), and died in Honduras. 
Then ensued a period of atrocious cruelties and 
massacres, by which Pedrarias effected the final 
subjection of the Indians of Nicaragua. These 
Indians, which Las Casas states numbered over 
two millions at the time of the Spanish discovery, 
were reduced by war, massacres, famine, and pes- 
tilence in 1531 to some 200,000. Per contra, 
Pedrarias introduced cattle, horses, asses, pigs, 
goats and fowls, and sugar cane into Nicaragua, 
and had the Rio San Juan thoroughly explored 
by one Machuca, who gave his name to the only 
rapids then existing, and called the mouth San 
Juan de las Perlas. 

Then followed a very turbulent period, in which 
a first attempt was made by Contreras to throw off 
the Spanish yoke ; but this and other similar at- 
tempts were finally suppressed in 1568, when Nica- 
ragua became one of the five provinces under the 
Chancellorate of Guatemala, to which it remained 
attached till the final separation from Spain in the 
present century. 

(To be continued.) 


AMERICAN INDUSTRIES AND 
BRITISH COMMERCE.—No. VII. 


Rattway DeveLorpmenr*—continued. 


Durine 30 years, 230 millions sterling were ex- 
pended in railway construction in the United States ; 
before the end of this period, competition had grown 
very keen, and dividends on the older lines had 
diminished ; but away west, in Illinois, for instance, 
10 to 15 per cent. was still earned. A halt was called 
by the war of secession, and, as Diagram No. 14 


* The diagrams for this article have been prepared 
from statistics in Poor’s Manual and from Census 
Returns, 


shows (page 185 ante), the additions to railways 
during some time were relatively small. But this 
only lasted for three or four years, and in 1866 the 
upward movement again began. Away in the 
north-west, beyond Lake Erie and Lake Michigan, 
the railways commenced to extend in all direc- 
tions ; 4400 miles had been constructed in that dis- 
trict and in Missouri. Lines were constructed 
from Kansas City away into the 100th meridian, 
carrying the population with them. In the far west 
the work of constructing railways had been stimu- 
lated by the development of the Californian gold 
mines, of the Oregon timber fields, of the silver 
mines of Colorado, and of the Mormon settlement 
at Utah. Of subsequent railway development and 
the opening of the several routes to the far west, 
all is within personal recollection, and our diagrams 
record the progress. It is a story of continuous 
enterprise and energy, of great rivalries and freight- 
cutting, of the operations of pools to minimise com- 
petition, resulting only in renewed and keener re- 
ductions in rates; of associations with beneficial 
results ; of legislative action in the passing of the 
State Commerce Act of 1887 to minimise all these 
evils; of improvements in plant and railway faci- 
lities, resulting in economies that have reacted 
favourably on the cost of transport. But with all 
these points we do not intend to deal—the evils 
will in time bring their own cure, and in the mean- 
time the tendency is always towards a higher 
standard; towards greater speed, better track, 
lower rates, improved rolling stock, heavier 
trains. It is sufficient for our purpose to show 
how the national prosperity, nay, its very existence 
and growth, have been dependent on railways. 

The development of American railways, which 
we have so briefly traced, has certainly been un- 
paralleled. No vast territory in the world has 
been populatedso rapidly. The two facts reflect on 
each other. The Diagram No. 14 shows the steady 
increase in the length of railway constructed, and it 
likewise shows that the amount of money invested 
in railways has gone up on astill steeper grade. But 
this is very largely due to the system of ‘‘ water- 
ing” stocks which has been followed so extensively. 
This growth of capital is, indeed, quite another 
matter from the actual cost, which averages about 
16,0001. amile. In comparing the railway develop- 
ment of the United States and that of the United 
Kingdom, it is necessary to bear in mind that the 
area of the latter is but a thirtieth part of the 
former, so that if we measure the mileage by area, 
we find that the United Kingdom advanced at even 
a greater ratio. We have shown this on Diagram 
No. 15, from which it will be seen that in this 
ratio we are about forty years in advance of the 
States ; such a comparison, however, while of 
interest, has no value. We have on the same 
diagram shown the relation of mileage to the area 
of actual settlement, including that in the far west, 
and it is instructive to no‘e that the grades agree 
generally with that of the United Kingdom. 

The vast scale of the United States has naturally 
demanded more railway mileage per million of 
population than this country. These islands, as we 
have already shown, are densely populated as com- 
pared’ with the United States, where vast tracts 
separate each great centre of population—America 
is a country of distances-—so that the extent of rail- 
ways per million inhabitants has not so much signi- 
ficance. But it is interesting to show that the rail- 
way system is much more than keeping pace with 
the growth in population, remarkable as that growth 
has been. This indicates further that the companies 
do not shirk the duty of connecting the far-sepa- 
rated towns or the distant fields of industry and 
agricultural produce with the seaboard, for it is 
in the matter of trunk lines and in opening up 
the interior that progress in recent years has been 
so marked. Thus we find, by reference to Diagram 
No. 17, that while the original States in the Union 
have made great progress in view of their restricted 
area, it is in Illinois, Ohio, Michigan, and neigh- 
bouring central, northern, and north-western States 
(Minnesota, Iowa, Nebraska, and Wyoming), and 
in the south-western States, including Missouri, 
that the greatest advances have been made. 

Almost from the commencement of railway his- 
tory, one fact stands out in great relief; the fore- 
sight and energy of promoters and constructors in 
running lines into districts in advance of the popu- 
lation and industries of those districts. Poor 
affairs they were, undoubtedly, at the commence- 
ment, but so long as communication was estab- 
lished, the object in view was attained. As time 
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went on, and traftic grew, the construction of the 
lines and rolling stock was improved, and this 
process is still going on. In this respect the 
history of English railroads finds no parallel in 
the history of those in the United States. The 
Diagram No. 18, showing the working of American 
railways for the past 20 years, would seem to indi- 
cate that traffic generally, as indicated by freight 
and passenger payments, grew at a lesser ratio 
than the mileage ; but as we showed on Diagram 
No. 13, page 154 ante, freight rates have been 


| Massachusetts, and some of the large interior lines 
had 1250 tons per mile ;* now, after the lapse of but 
30 years, it has increased to 704 million tons, or 
4288 tons per mile of railway, a comparison which 
/shows that traftic increased at a greater ratio than 


whereby rates were reducible without profit being 
decreased to the vanishing point. The tonnage 
moved in 1860 was equal to 164 cwt. per head 
'of population, against 11j tons now. There is 
‘more duplicating now, so that the increase must 


Diag™N°/7 . Total Mileage of 

Railways in Groups of States. 
38. 
36 
34 


Certra/ Northera 


railroads, and throws some light on the means) 


petition has actually resulted in these and other 
lines presenting each year for the advancement of 
commerce, an enormous sum, measured in the New 
York Central by this difference between actual and 
possible earnings. The cause, competition, with 
its attendant, forced economy, and its inevitable 
effect of smaller profits, is shown on the diagram 
giving the results per train mile, Diagram No. 21. 
The analysis of the figures of one or two of the 
principal States indicates that the railway carry- 
ing trade of America is now done for less than 
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steadily decreasing, and now rates on the principal 
lines are only half what they were 20 years ago. We 
give on another diagram (No. 19) the gross freight 
returns per ton per mile in five different divisions 
of the States, which indicates that in all cases there 
has been a marked decrease in rates up to 1880, 
and that since that time the charges have been on 
the down grade, but not to the same extent. This 
being so, we find that the curve showing the ton 
mileage on American railways rises on a grade much 
steeper than the total mileage. In 1860 it was 
estimated from the data in the returns made to 
the State governments of Massachusetts and New 
York, that the total tonnage transported on Ameri- 
can railways was 26 million tons, or 850 tons 
per mile open—it was 1700 tons in New York and 
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not be regarded as wholly an increase in products 
moved. ‘The same applies to passenger payments, 
although in a slightly lesser degree. The great 
significance of the decrease in freight charges is 
more vividly brought out by Diagram No. 20, which 
shows what the New York Central actually earned 
for freight-carrying up to 1880, and what it would 
have earned had the rates of 1854 been continued. 
The difference between the actual and possible 
earnings is now more than in 1880, as rates have 
been slightly reduced—from .87 cents to .67 cents, 
while since 1870 the decrease has been from 1.88 
cents. Onthe Pennsylvania Railroad the decrease 
has been from 1.55 to.65 cents. The effect of com- 


* See ‘‘ Development of Transportation Systems in the 
United States,” page 165. 


a half of the sum charged 20 or 30 years ago. 
As a great proportion of the tonnage moved con- 
sists of bread-stuffs—corn, wheat, and dairy pro- 
duce make up more than half—it is easy to see that 
this cheap transit, by reducing the cost of living, 
has an important bearing on industrial problems, 
but consideration of this question may be deferred. 
Meanwhile it is interesting to ask how the American 
railways have effected their economies. An ex- 
amination of the rolling stock used suggests that 
more work is being got from plant. Diagram No. 
18 shows that the gross earnings have increased at 
a greater ratio than the mileage of railway, not- 
withstanding the reduction in rates. The ton- 
mileage, however, has gone up at a greater ratio. 
From Diagram No. 22 it will be seen that the 
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motive power has not increased at anything like 
the same ratio as the ton-mileage. It is true that 
in 1877 there was one locomotive to each five 
miles of railway, as there is now—probably less 
than in any other country. It is not possible to 
ascertain the number of goods as distinct from 
passenger locomotives, but taking the total for 
each year, we find that now a locomotive on an 
average does work equal to hauling close upon 
2,400,000 tons of freight one mile, whereas 15 years 
ago it only did half that work, and in addition 
each locomotive now hauls 39,000 passengers one 
mile—as great a difference in comparison with 15 
years ago as in goods traffic. Lach of the five loco- 
motives now must therefore be much more efticient. 
The reductions in freight ratesand passenger fares 
have materially affected the earnings of locomotives, 
and these, notwithstanding that double the work is 
done, earn rather less, the proportion of gross re- 
ceipts to each locomotive being now 6300/. a year. 
The great increase in freight carried has not re- 
quired a corresponding addition to cars, or rather 
these are constantly increasing in capacity, so that 
here again economy results, for the deadweight 
does not increase in the same ratio as the carry- 
ing capacity. There are now 6.5 freight cars 
to each mile of railway, while 15 years ago there 
were five, so that each car now carries slightly 
over 73,000 tons one mile, whereas 15 years ago 
it was 52,500 tons. But withal each car now 
earns over 200I., rather less than fifteen years ago. 
The conclusion is decided that there is a saving 
to commerce of fully 50 per cent. on the rates of 
20 years ago. This question of the cause of high 
efficiencies of American railroads is, however, a 
vast and very complicated one; a great deal too 
extensive to be attempted in this series of articles, 
and one on which we expect much light will be thrown 
bythe Transportation Exhibits Building at Chicago, 
which has been so admirably organised by Mr. 
Willard A. Smith, the chief of that department. 


THE BERNE COMPRESSED AIR 
TRAMWAY. 
By C. S. Du Ricuz Pretipr, M.A., Ph.D., 
Assoc. M. Inst. C.E. 

THe city of Berne, picturesquely situated on a 
long and narrow rocky eminence, 1760 ft. above 
sea level, and 115 ft. above the River Aare, by 
which it is almost completely surrounded, does not 
easily lend itself to the working of tramways, and 
the numerous suburbs on the other bank of the 
river can only be connected with the town by high 
and costly bridges, the difficulty being enhanced by 
the very uneven ground on both sides. When, there- 
fore, after several abortive attempts, a concession 
for a system of urban and suburban tramways was 
at last granted by the local and Federal authorities 
in the year 1889, the Swiss company, formed to 
carry it out, instituted a careful inquiry with the 
view of determining once for all the mode of me- 
chanical traction best suited to local conditions, 
seeing that the rising and falling gradients of 5 
to 6 per cent. precluded horse traction a priori. 
Cable traction would have been not only too costly, 
but unsuitable on other grounds, and the same 
objection applied to electric traction by under- 
ground conductors; whilst the local authorities 
declined to allow overhead wires, and traction 
by electric accumulators was, by general consent, 
as it is to this day, recognised to have proved 
a failure. Under these circumstances, the com- 
pany adopted Mekarski’s system of traction by 
compressed air motors, which had already been 
applied at Nantes, and more recently on the Paris, 
Vincennes, and Nogent suburban road railways. 
These two lines, however, are essentially level, 
whereas the Berne tramway is the first instance of 
the compressed air system being put to the test on 
steep grades, and has, therefore, deservedly 
attracted considerable interest among engineers, 
the more so as it claims to have effectually solved 
the problem of noiseless and smokeless street car 
motors without the inconvenience attending steam 
cars, as well as overhead or underground conductors. 
The main line within the town, traversing the latter 
lengthways (Figs. 1 and 2), is on the metre gauge, 
and constitutes the nucleus of the system.: It 
was opened towards the end of the year 1890, after 
considerable delay caused by the novel conditions 
to which the compressed air system had to be 
adapted ; and the recently published official returns 
of a complete 12 months’ working, admit of a correct 
opinion being formed as regards the merits claimed 


for the system per se, as well as the first cost and 
working expenditure of the line and compressed 
air plant, all of which the writer recently had 
occasion to thoroughly investigate. 

Principles of System.—The leading principle of 
Mekarski’s system is to use as motive power 
atmospheric air, which, after being compressed by 
stationary air pumps, is mixed with steam and 
then loaded into storage cylinders which are carried 
under the floor of the motor cars, and whence the 
air passes into and actuates a pair of outside 
cylinders, whose piston rods are coupled with the 
driving axles, and thus propel the car. Hence the 
name ‘‘ automobile” given to these motor cars. 

The maximum pressure under which the air is 
thus used on the Berne Tramway is 30 kilos. per 
square centimetre (30 atmospheres), equal to 440 lb. 
per square inch. The addition of a certain quan- 
tity of steam, which is a distinctive feature of 
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Mekarski’s system, is effected for the purpose of 
maintaining the air at a constant and sufliciently 
high temperature, whereby the expansion of the 
compressed air is governed by, and takes place 
pretty nearly according to the law of isothermal 
alteration. Without this admixture of steam, the 
temperature of the compressed air would, according 
to Poisson’s formula of the relation of the initial 
volume(V') and the final volume(V”) of air duringits 
273 xtemp. V! _ ra) 
273 x temp. V” NE 

drop so rapidly that for purposes of motive power 
it would be practically useless. The requisite 
temperature is obtained by the compressed air, on its 
way to the working or motor cylinders, being made 
to pass through water heated up to 165 deg. Cent. 
During this process, the air, taking particles of the 
superheated water along with it, becomes saturated 
with steam, which subsequently partly condenses, 
so that its latent heat is absorbed by the com- 
pressed air as it expands. In this way any appre- 


process of expansion ( 
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ciable cooling of the temperature is effectually pre- 
vented, and the tractive force of the motors is con- 
siderably increased. 

Primary Motive Power.—The motive power for 
driving the compressors is supplied by the new 
hydro-electric works of the Berne Corporation, 
which are situated about 400 yards above the load- 
ing dépét or terminus of the tramway (Fig. 1), 
and utilise the water power of the River Aare to 
the extent of 20 cubic metres per second at a fall of 


20 x 2 x 1000 f 
75 


0.7 = 370 horse-power on the main shaft. Of the 
three 120 horse-power Jonval turbines, two drive 
the dynamos for the electric lighting of the town, 
while the power of the third is let to the tramway 
company at the rate of 100 frances or 41. per horse- 
power perannum. This power is transmitted to 
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the compressing station, situated about 70 yards 
higher up the river, by a main shaft 60 metres in 
length and 12 centimetres (4.71 in.) in diameter. 
Compressing Station (Figs. 3 and 4). —The 
main shaft of the turbine station drives the main 
shaft of the compressing station by four belts, 
one to each of the four air pumps, the tur- 
bine shaft making 130 revolutions, and the main 
shaft of the compressing station, of the same dia- 
meter, making 207 revolutions per minute. 
this latter, each of the four compressing pumps is 
actuated by separate pinion gearing, and by means 
of friction couplings on the turbine as well as on 
the pumping main shaft, the air pumps can be 
worked separately or jointly according to require- 
ment. The number of strokes of the horizontal 
pumps is 80 per minute, and the motive power 
required by each works out at 35 horse-power. 
Each pump has two single-stroke cylinders placed 
lengthways, one after the other ; the first, whose 
piston, 380 centimetres or 11.8 in. in diameter, 
presses the atmospheric air into a spherical-shaped 
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air chamber, which surmounts the cylinder, at a 
pressure of 5 atmospheres, or 73 1b. per square 
inch; and the second, smaller cylinder, whose 
piston, on the same axis as the first, but only 
13.5 centimetres, or 5.3 in., in diameter, com- 
presses the air at the forward stroke to the maxi- 
mum of 32 atmospheres, or 469 lb. per square inch, 
This maximum is two atmospheres, or 29 lb. per 
square inch, in excess of the maximum at which the 
cars are loaded at the dépdt, the margin being 
allowed for loss during the passage from the com- 
pressing to the loading station, so that at the latter 
the cars may be loaded at the full pressure of 30 atmo- 
spheres, or 440 lb. per square inch. As the tempera- 
ture of the air increases during the process of com- 
pression in thesame ratio as it falls during the process 
of expansion, provision is made for cooling the air 
as it passes through the cylinders, and this is done 
by slightly mixing it with water in the first and 
larger cylinder, whilst in the second and smaller 
cylinder the cooling is effected from outside by a 
water casing, the same water serving for both 
cylinders. By this means the temperature of the 
air on emerging from the pumps is kept within 
40 deg. Centigrade. The pressure in the two 
cylinders is regulated by a safety valve to each ; and 
the quantity of air compressed by each pump per 
hour is about 160 kilogrammes, or 352 lb., equal to 
an efficiency of 88.5, or about 90 per cent. It was at 
first estimated that two pumps equal to 70 horse- 
power, or 320 kilogrammes of air, would suflice for 
the ordinary ten minutes’ service of the tramway ; 
indeed it appears that Mons. Mekarski’s own 
estimate was only 50 horse-power, and conse- 
quently the installation consisted originally only of 
two pumps with an additional third as reserve ; 
but the official trials showed that at least 60 
kilogrammes, or a margin of about 25 per cent., 
was necessary to cover the deficiency of pressure 
and insure the regularity of the service under 
unfavourable conditions. Accordingly a fourth 
pump was added to the installation, and three 
compressing pumps, equal to 105 horse-power, are 
now kept working for the ordinary service, a 
fourth being kept in reserve. 

On leaving the pumps, the compressed air passes 
first through two upright drying chambers 48 
centimetres or 18.9 in. in diameter, for the 
purpose of being freed from water, this being 
effected by a series of obstacles which cause the 
water to separate from the air on its passage 
through the chambers. From here the compressed 
dry air passes into two adjoining iron-plate reser- 
voirs 80 centimetres or 31.4 in. in diameter, and 
1.25 cubic metre or 44.15 cubic feet capacity, 
where it is stored for the purpose of equalising 
any difference of pressure due to the pumps, thus 
insuring that the pressure of the air, when arriving 
at the loading station, is practically constant. The 
wrought-iron main, 3.3 centimetres or 1.3 in. in 
inside diameter, which conveys the air from the 
eompressing station on the left bank to the loading 
station on the right bank of the River Aare, crosses 
that river by an iron bridge 52 metres in length, 
erected for the purpose, and then runs underground 
and with arise of 5 per cent. along the right bank, 
the length being 530 metres and the difference of 
level 25 metres, or 83 ft. For the better protec- 
tion against frost, it is covered with a lead casing, 
and on the bridge is, moreover, imbedded in an 
ashpan. This main has been substituted for the 
original wrought-iron pipe of the same diameter, 
which was laid partly underground along the left 
bank of the river, but, being covered only with 
gutta-percha at the joints, gave rise to frequent 
interruptions during the first winter season, owing 
to ice forming inside the pipe. This old main now 
serves as reserve. The air-compressing pumps, as 
well as the mains, were tested for pressure up to 
35.5 atmospheres or 522 1b. per square inch. 

Accumulator and Boiler Station (Figs. 5 and 6).— 
This is situated at the eastern terminus of the 
line at the back of the car shed, and contiguous 
to the loading station. The so-called accumulator 
battery is Composed of six upright circular chambers 
or reservoirs, arranged in two sets of three reser- 
voirs each, which are of riveted iron plates 1.4 
centimetre or 0.52 in. in thickness. Like the two 
reservoirs in the compressing station, they are 80 
centimétres or 31.4 in. in diameter, and of 1.25 cubic 
metre or 44,15 cubic feet capacity. They are 
tested for a pressure up to 40 atmospheres or 
588 lb. per square inch, and serve, on the one 
hand, to store the surplus air supplied by the 
compressing station and not required for immediate 
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consumption by the cars, and, on the other, to 
equalise the pressure of the residue air contained 
in the cylinders of the cars returning for reloading. 
This equalising process has to be effected every 
time before a car is reloaded direct from the com- 
pressed air main. 

The accumulator room further contains three 
upright boilers, of which the two smaller ones 
have a heating surface of 3.2 square metres or 35.5 
square feet each, while that of the third and large 
one is 9 square metres or 97 square feet, all three 
being constructed for a pressure up to 7 atmo- 
spheres or 103 1b. per square inch. They supply 
the requisite steam and water for the upright 
heating chamber, which each car carries on the 
front platform for the purpose of mixing the air 
with steam, and thereby maintaining it at the 
required temperature. Of the three boilers, the 
two smaller, or the large one, are alternately used 
for the ordinary service. The original installation 
consisted only of the two small boilers, of which 
one was used as reserve; it was, however, found 
that, especially in the morning, when all the cars 
in service have to be loaded simultaneously, one 
boiler was inadequate, and hence a large third one 
had to be added. 

Car Shed and Loading Station (Figs. 6, 7, and 8). 
—The car shed, to which are attached a repair 
shop and the company’s offices, contains four 
parallel lines of rails provided with a cleaning pit 
each, and intercommunicating by a travelling plat- 
form, and a turntable, there being no outside space 
for sidings. Of the four lines of rails, three are 
loading lines, two being used during the day 
exclusively for the cars running in for loading and 
out for service, while the third line of rails is used 
for one or two cars standing always ready loaded 
in case of accident or special service, and the fourth 
line serves for the empty reserve cars and those 
undergoing repair. 

The loading station (Figs. 7 and 8) is placed at 
the end of, and transversely to, the three loading 
lines of rails—viz., contiguous to the wall which 
separates the accumulator and boiler room from 
the car shed. It consists of four superposed hori- 
zontal pipes of 3 centimetres or 1,2 in. inside dia- 
meter running along the wall, and of the gauge, 
regulator, and valve apparatus surmounting them, 
and fitted in the centre. The uppermost of the 
pipes (A) connects direct with the main from the air- 
compressing station, which passes through the accu- 
mulator room, and there also connects with the 
accumulator battery. The second pipe (B) connects 
with the accumulators, but is also connected with 
the compressed air main ; the third (C) is the steam 
pipe, and the fourth (D) the water pipe, both con- 
necting with the boilers in the accumulator room. 
The discharge from these pipes—viz., the loading of 
the cars—takes place through upright connecting 
pipes and two valves governed by two correspond- 
ing sets of regulators marked ‘‘ Water” and ‘ Air’ 
respectively, the pressure in the compressed air, 
accumulator, and steam pipes being registered by 
three corresponding pressure gauges fitted above 
the valves and regulators. It may be added that, 
there being only one valve regulator and gauge 
apparatus for the three lines of rails, one car only, 
stationed on one or other line, can be loaded at the 
time, the connections of the other two lines being 
cut off in the meantime. This is a disadvantage, 
especially when an increased ordinary or an extra- 
ordinary traffic on special occasions requires the 
despatching of several loaded cars in quick succes- 
sion; and to meet this contingency, each line of 
rails should be provided with its own regulator, 
valve, and gauge apparatus, so as to enable two or 
three cars to be loaded simultaneously. 

Motor Cars (Fig. 9).—The car, with its front and 
back platforms, rests on two iron frames, an out- 
side and inside centre one. The lower edge of the 
outside frame, composed of girders and angle 
irons, with diagonal bracing, is 15 centimetres 
or 5.9 in. above the head of the rails, so that the 
compressed air cylinders, as well as the motors, 
are effectually concealed and protected. The 
smaller inside centre frame serves for the axle 
bearings, the motor cylinders being placed between 
the two frames. 

1. Motors.—The engine is constructed on the 
model of an ordinary steam locomotive, and drives 
two coupled axles, the wheel base being 1.6 metres 
or 5.2 ft. It has a pair of outside horizontal cy- 
linders, and its leading dimensions are as follows: 
Diameter of wheels, 70 centimetres or 27.5 in.; 
length of stroke, 22 centimetres or 8,6 in.; and 
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diameter of cylinders, 13 centimetres or 5.1 in. 
The total weight of the car when full is about 9.5 
tons ; the authorised speed is 11 kilometres per 
hour, or 3 metres per second. Taking the resist- 
ance due to the grooved tramway rails and to 
curves under unfavourable conditions at 14 kilo- 
grammes per ton of car weight, the engine has to 
overcome on the steepest (5.2 per cent.) grade sec- 
tion of the line, a total resistance of 9.5 x (52+14)= 
627 kilogrammes, or about 0.63 ton, and has to 


develop Or 205 horse-power. At the maxi- 


mum authorised working pressure in cylinders of 

12 atmospheres or 176 1b. per square inch, the 

13? x 22 o 
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12=636 kilogrammes, or 0.64 ton ; this maximum 
is, therefore, just sufficient to take the car up the 
5.2 per cent. grade, whilst on the flatter sections 
of the line the working pressure does not exceed 
5 to 10 atmospheres or 73 lb. to 147 lb. per square 
inch. Sand has to be frequently used to increase 
the adhesion on the 2 to 5 per cent. grades. 

2. Storage Cylinders.—Between the two car 
frames are suspended ten horizontal compressed 
air storage cylinders, varying in length according 
to the available space, but of uniform inside dia- 
meter of 45 centimetres or 17.7 in., composed of 
riveted 7 millimetre or 0.27 in. sheet iron, and 
tested for pressure up to 40 atmospheres or 588 lb. 
per square inch. These 10 storage cylinders have 
a collective capacity of 1.82 cubic metre, or 
64.25 cubic fect, which, according to M. Mekarski’s 
estimate, should have been sufficient for a double 
journey (6 kilometres) over the line. The trial 
trips, however, showed this estimate to be inade- 
quate in practice, and two further small storage 
cylinders had therefore to be added of 25 centi- 
metres or 9.8 in. inside diameter, and of 0.15 cubic 
metre or 5.3 cubic feet capacity each, tested for 
pressure up to 50 atmospheres or 735 lb. per square 
inch. These two cylinders, which, owing to want of 
space within the car frames, had to be placed length- 
ways under the seats of the car, bring the total 
cubic contents of the 12 storage cylinders per car 
up to 2.12 cubic metres or 75 cubic feet, divided 
into two groups, the working and the reserve bat- 
tery, the former of 1.38 cubic metres or 49 cubic 
feet, the latter of 0.74 cubic metres or 26 cubic 
feet capacity, the total corresponding to 80 kilo- 
grammes, or 177 lb., of compressed air under a 
pressure of 30 atmospheres or 440 lb. per square 
inch, and to 28.5 kilogrammes, or 63 lb., when the 
air has expanded to 10 atmospheres or 147 lb. per 
square inch. The division of this supply into a 
working and a reserve battery of 1.38 x 37.7 = 
52 kilogrammes, and 0.74 x 37.7 =27.9 kilogrammes 
respectively is made in order to insure a sufficient 
supply being always left for the last section of the 
return journey. This last section, from the ter- 
minal stopping place to the loading station at the 
dépét, haga rise of 2.5 per cent., and lies in a curve 
of only 30 metres or 1.5 chain radius, necessitated 
by the want of space between the river on the one 
side and the steep slope on the other. Having 
regard to the grooved rails and the severe curve, 
the tractive force required for the empty car of 
7.5 tons is here 7.5 x (25+ 20) = 387 kilos., 
which corresponds to a pressure in cylinders of 
about 6.3 atmospheres. It was, however, found 
that at the end of one of the trial trips the remain- 
ing available pressure was insufficient to take the 
car up to the dépdt, and that the supply would 
therefore have to be increased. The deficiency 
could have been met by loading the cars at a 
pressure exceeding 440 lb. per square inch, but 
as a preferable alternative, the Federal Railway 
Department prescribed the addition of the two 
small cylinders already referred to. 

3. Heating Chamber.—This is placed in the 
centre of the front platform reserved for the 
driver. It has the form of an upright cylinder 
with a dome-shaped cap, is 35 centimetres or 
13.8 in. in inside diameter, and consists of sheet 
iron 1 centimetre or 0.4 in. in thickness, with an 
outer casing of the same material and an inter- 
mediate felt coating to prevent rapid cooling, the 
cap having, moreover, a bright polished brass casing, 
which gives the chamber a neat and pleasing appear- 
ance. Into this water and steam cylinder, which 
has a capacity of 100 litres or 3.53 cubic feet, and” 
is tested under hydraulic pressure up to 50 atmo- 
spheres or 735 lb. per square inch, the compressed 
air, contained in the working and reserve batteries, 
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is admitted through an orifice at the bottom, and 
after rising through the water and steam, passes 
through the pressure valve into the working cylin- 
ders of the motors or the brake cylinders. The 
pressure valve of the regulator is kept down by a 
thin metallic plate, which is governed by a wheel 
and screw handle placed on the top of the cylinder 
cap and worked by the driver, there being, more- 
over, asafety valve to prevent the maximum work- 
ing pressure of 12 atmospheres or 176 lb. per square 
inch from being exceeded under any circumstances. 
A pressure gauge fixed to the cylinder indicates to 
the driver at all times the pressure to which the air 
inside the valve-box has expanded, while by means 
of a three-way valve the air, under reduced pressure, 
is allowed to pass either to the cylinders of the 
motors or to those of the brakes, or is entirely cut 
off, On the right of the driver there are fixed to 
the heating chamber three other valves, of which 
two, E and F, used for loading air and steam, 
correspond to the two valves E and F at the load- 
ing station ; and a third, G, placed above the other 
two, by which the air coming from the loading 
station is admitted into the working and reserve 
storage cylinders or batteries of the car, the 
pressure in these batteries being registered by two 
pressure gauges, one to each battery respectively. 

4. Brakes.—Kach car is provided with an air 
brake, consisting of a pair of small cylinders into 
which compressed air is admitted by the three-way 
valve already mentioned, and whose pistons act 
upon the brake blocks. Besides this air brake, 
each car carries a single-acting hand-screw brake, 
which is used when the car is stationary or in the 
case of the air brake being defective. 

5. Car.—There are 16 seats inside the car, 
and 12 standing places on the back platform, 
making 28 passengers, or, together with the driver 
on the front platform and the guard, at 75 kilo- 
grammes or 165 lb. each, a load of 2.25 tons. 
The weight of the car, including compressed air, is 
7.25 tons, the total weight therefore 9.5 tons, while 
the width is 2 metres, or 6,56 ft., and the total 
length 7 metres or 23 ft., the wheel base being 
1.6 metre or 5.25 ft. The overhang of the back 
platform of 2.65 metres or 8.65 ft, is decidedly ex- 
cessive, the more so as the load of 12 passengers 
and the guard which it has to support equals 
nearly 1 ton, or 45 per cent. of the entire passenger 
load, and is insufticiently balanced by the heating 
chamber and passenger load in the front part of the 
car, Onthe other hand, the closed part of the car, 
with only 16 seats, is too small, and the car as a 
whole can certainly not be said to be well propor- 
tioned. The noiseless motion of the car renders a 
loud and effective caution signal necessary, and 
this, instead of the usual bell or whistle, consists of 
a bellow horn, the car showing, moreover, at night, 
large red and green lights on the right and left, 
and two large white lights with reflectors on the 
front or driver’s platform, on which is also placed 
a small coke stove which supplies hot water for 
heating the car during the winter season. The cars 
are fitted with two buffers in front, and a coupling 
bar at the tail for attaching a trailing car, which, 
however, is never done on the Berne line. 

Loading of Cars (Fig. 8).—This operation may 
be briefly described as follows: When a car has 
been brought into position at the buffer bar of the 
loading station, the corresponding two air and 
water orifices of the car and of the station are con- 
nected by intermediate spiral copper pipes. Owing 
to the condensation of steam in the heating 
chamber of the car, the chamber generally contains 
a sufficient quantity of water at about 70 deg. 
Centigrade except in the morning. When this has 
been ascertained, or the chamber has been refilled, 
steam is passed into the water under a pressure of 
about 6 atmospheres or 88 lb. per square inch, to 
bring the temperature up to 165 deg. Centigrade. 
At the same time, by means of the three-way valve 
E of the loading station, the storage and reserve 
cylinders of the car are connected with the accumu- 
lators in order to equalise the pressure of the 
residue air in the former. This done, the connec- 
tion with the accumulators is cut off, and the same 
three-way valve is brought into position to admit 
the compressed air from the pumping main into the 
car batteries for loading. When the air in the car 
batteries has reached the maximum pressure of 
30 atmospheres or 440 lb. per square inch, which 
_ is indicated by a pressure gauge, it overflows, izes 
is turned off, automatically, into the accumulators 
for storage, thus preventing an overloading of the 
ear batteries, and enabling at the same time the air 
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pumps at the compressing station to continue 
working without interruption. This turning off is 
effected by two overflow valves under hydraulic 
pressure, one to each of the two sets of accumu- 
lators, which are fitted to a pipe connecting the 
compressed air main with the accumulators at H, and 
begin to play—viz., open automatically—as soon as 
the pressure in the compressed air main and in the 
car batteries exceeds 30 atmospheres or 440 lb. per 
square inch, as mentioned above. In order to 
insure the play of the valves taking effect at the 
right moment, the pressure in the accumulators 
has always to be kept somewhat below the maxi- 
mum pressure in the compressed air main. At I 
there is another subsidiary connection between 
the latter main and the accumulator pipe, to be 
used in case of necessity, while at K and L two 
cut-off valves are placed in case of a similar emer- 
gency. The steam, air, and accumulator pipes are 
provided with registering gauges of ample size for 
reading off the pressure in each. With an experi- 
enced staff, the operation of completely refilling and 
loading an empty car in the morning and getting it 
ready for service takes about 30 minutes ; that of 
reloading and turning a car during the day occupies 
about 15 minutes, the work of reloading, properly 
speaking, being performed in about eight minutes. 
Each car in its turn remains at the depdt cne day 
out of seven for the cleaning of the machinery and 
the regulating of the brakes. 


(To be continued.) 


LONDON SOCIETIES.—No, XXXV. 
Royat Instirution—continued, 

In 1857, 1858, and 1859 Dr. Tyndall continued 
his researches upon the glaciers of the Alps, visit- 
ing Switzerland each year, and in 1859 twice. The 
second time he reached Chamouni on Christmas 
night, travelling through deep snow, and two days 
later succeeded in reaching Montauvert, where he 
remained for nearly three days working with his 
theodolite amidst blinding snow. In spite of all 
these difficulties, he nevertheless succeeded in 
determining the rate of motion in winter of the 
Mer de Glace. 

These expensive journeys were undertaken en- 
tirely at his own cost, although the salary paid him 
by the Royal Institution was only 2001. a year ; so 
that Dr. Tyndall may, even at this early period of 
his connection with the Institution, be considered 
as following in the footsteps of his great prede- 
cessors, and giving back to the Society far more 
than he received. 

The Royal Institution defrayed all his laboratory 
expenses, and provided him with an assistant, but 
he frequently engaged and paid an extra assistant 
himself, 

The part taken in the discussion of the various 
glacier theories by Professor Forbes’s friends at 
this time is now hardly worth noticing. His sup- 
porters were numerous, not always discreet, and 
gave verbal assistance where experiment could be 
the only real answer to the onslaughts of Dr. Tyn- 
dall, who on his part announced nothing in contra- 
vention to the then accepted views, without pro- 
ducing at the same time physical demonstrations, 
often of a very striking character. The weakness, 
combined with the virulence of the counter-attacks 
made upon him, in fact, urged him on to examine 
each of Professor Forbes’s propositions seriatim. 

For example, and to continue our history: the 
dirt-bands of the Mer de Glace were first observed 
by Professor Forbes. He says*: ‘‘My eye was 
caught by a very peculiar appearance of the 
surface of the ice, which I was certain I now 
saw for the first time. It consisted of nearly 
hyperbolic brownish bands on the glacier, the 
curves pointing downwards, and the two branches 
mingling indiscriminately with the moraines, pre- 
senting an appearance of a succession of waves 
some 100 ft. apart (dd, Fig. 1).”” The bands are ac- 
counted for by Professor Forbes thus: ‘I at length 
assured myself that it was entirely owing to the 
structure of the ice, which retains the dirt diffused 
by avalanches and the weather, on those parts 
which are most porous, whilst the compacter por- 
tion is washed clean by the rain, so that these 
bands are nothing more than visible traces of the 


direction of the internal icy structure. 


Dr. Tyndall, not agreeing with Professor Forbes, 


proposed to explain the formation.+ “These bands, 


* Forbes, ‘‘ Travels in the Alps,” page 162. 
+ Royal Institution Proceedings, yol. ii, page 326, 


wherever they have been observed, are, it is 
believed, first developed at the base of an ice 
cascade. The dirt, scattered by winds and avalanches 
over the upper regions of a glacier, is redistributed 
by the passage of the glacier through a precipitous 
gorge, where the ice is shattered and the dirt 
broken up into detached patches. On reaching the 
bottom, where the force becomes one of longitudinal 
compression, the patches of dirt are squeezed 
longitudinally and drawn out laterally, being thus 
converted into stripes of discoloration, which, 
owing to the speedier motion of the centre, are 
convex towards the lower extremity of the glacier.” 
Later on he devoted several days to the especial 
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examination of these bands, and traced their origin 
more definitely.* The ice cascade of the Géant as 
it descends the fall is broken into a succession of 
precipices. The glacier appears to have its back 
broken periodically at the summit of the fall 
(a, Fig. 1), and forms a series of vast chasms sepa- 
rated from each other by cliffy ridges of correspond- 
ing size. These, as they approach the bottom of the 
fall, become more and more toned down by the 
action of sun and air, and at some distance below 
the base of the cascade they are subdued so as to 
form transverse undulations. These undulations 
are more and more reduced as the glacier descends, 
and long before the foot of the Tacul is attained 
every sensible trace of them (d, Fig. 1) has disap- 
peared. 

On examination, Dr. Tyndall saw that the base 
and frontal slopes of the undulations were covered 
with a fine brown mud. These slopes were also, 
in some cases, covered with snow, which the heat 
of the weather had not been able entirely to remove. 
At places where the residue of snow was small its 
surface was exceedingly dirty; so dirty that it ap- 
peared as if peat-mould had been scattered over it, 
its edges particularly were of a black brown. It 
was perfectly manifest that this snow formed a re- 
ceptacle for the fine dirt transported by the in- 
numerable little rills which trickled over the 
glacier. 

The snow gradually wasted, but it left its sedi- 
ment behind, and thus each of the snowy bands 
contributed to produce an appearance antithetical 
to its own. The frontal slopes of the undulations 
have a northern aspect, and Dr. Tyndall thinks it 
is this circumstance which causes the retention of 
the snow upon them. 

Irrespective of the snow, the mere tendency. of 
the dirt to accumulate at the bases of the undula- 
tions would also produce bands, and, indeed, does so 
on many glaciers ; but the precision and beauty of 
the dirt-bands of the Mer de Glace are to be 
mainly referred to the interception by the snow of 
the fine dark mud above referred to on the northern 
slopes of its undulations. 

At the place where the three welded tributaries 
of the Mer de Glace squeeze themselves through 
the Straits of Trélaporte, the bands undergo a con- 
siderable modification in shape. Near their origin 
they sweep across the Glacier du Géant in gentle 
curves, with their convexities directed downwards; 
but at Trélaporte these curves, the chords of which 
a short time previous measured 1000 yards in 
length, have to squeeze themselves through a space 
495 yards wide ; and, as might be expected, they 
are here suddenly sharpened (Fig. 1, dd, dd, ee). 
The apex of each being thrust forward, they take 
the form of sharp hyperbolas, and preserve this 


* Dry. Tyndall, ‘The Glaciers of the Alpe,” page 371, 
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character throughout the entire length of the Mer 
de Glace. 

By these observations and experiments Dr. 
Tyndall finally disposed of Professor Forbes’s 
theory that the glacier is composed of a series of 
alternate segments of hard and porous ice, in the 
latter of which the dirt found a lodgment. 

A glacier descending between mountains washed 
by rains, dislocated by frost, swept by storms, has 
constantly showered down upon it rocks, shingle, 
and débris of all kinds. Thus the glacier is inces- 
santly loaded along its borders with the ruins of 
the mountains which limit it ; and itis evident that 
the quantity of rock and rubbish thus cast upon the 
glacier depends upon the character of the adjacent 
mountains. Where the summits are bare and friable 
copious showers descend ; where they are resistant 
and protected by a covering of ice and snow, the 
quantity will be small.* 

As the glacier moves downward it carries with it 
the load deposited upon it. Long ridges of débris 
thus flank the glacier, and these ridges are called 
‘‘lateral moraines” (Fig. 1, b b). Where two 
tributary glaciers join to form a trunk-glacier their 
adjacent lateral moraines are laid side by side at 
the place of confluence, thus constituting a ridge 
which runsalong the middle of the trunk glacier 
(Fig. 1), and which is called a ‘‘ medial moraine” 
(Fig. 1, ¢c). The rocks and débris carried down 
by the glacier are finally deposited at its lower ex- 
tremity, forming there a ‘‘ terminal moraine.” 

A very pleasing experiment came as an interlude 
between the more serious branches of the research. 
It is also worthy of note as being the first paper in 
which Dr. Tyndall noticed the ‘‘dark” rays of the 
spectrum, and spoke of ‘‘sifting” the beam from 
the electric lamp ; it may be taken, in fact, as the be- 
ginning of his inquiry into the nature of ‘‘ radiant 
heat.” 

In 1858+, being desirous of examining how the 
interior of a mass of ice was affected by a beam of 
radiant heat sent through it, he availed himself of 
the sunny weather in the autumn of the year. The 


* Dr. Tyndall, “‘ Glaciers of the Alps,” page 263. 
+ Royal Institution Proceedings, vol. ii., page 454, 
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sunbeams being condensed by a lens, the concen- 
trated beams were sent through slabs of ice, the 
arrangement being usually so made as to cause the 
focus to fall within the substance. 

The path of sucha beam through the ice was seen 
to be instantly studded with lustrous spots, which 
increased in magnitude and number as the action 
continued. On examining the spots more closely, 
they were found to be flattened spheroids, and 
around each the ice was so liquefied as to form a 
beautiful flower-shaped figure possessing six petals 
(Fig. 2), From this number there was no devia- 
tion. 

At first the edges of the liquid leaves were clearly 


3. 


defined ; but a continuance of the action usually 
caused the edges to become serrated like those of 
ferns. 

Dr. Tyndall, who, in whatever research he was 
engaged, was always on the look-out for facts bear- 
ing on glacial phenomena, conceived that this was 
the cause of the beautiful flower-like figures ob- 
served in glacier ice, some of which have been 
drawn by Agassiz in his ‘‘Systéme Glacier,” 
Plate IV. 

When the ice was caused to move across the 
beam, or the beam caused to traverse different 
portions of the ice in succession, the sudden genera- 
tion and crowding together of these liquid flowers, 
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with their central spots shining with more than 
metallic brilliancy, was exceedingly beautiful. 

In the lecture theatre of the Royal Institution 
the phenomenon was shown thus ; A slab of ice was 
prepared, and placed in front of an electric lamp ; 
by a lens placed in front of the slab, the latter was 
projected upon a screen ; on sending a beam from 
the lamp through the ice, the formation of the 
flowers was rendered visible to the whole audience. 

In almost all these cases the flowers were formed 
in planes parallel to the surface of freezing ; it 
mattered not whether the beam traversed the ice 
parallel to the surface or perpendicular to it. 

The general appearance of the shining spots at 
the centres of the flowers was that of bubbles of 
air entrapped in the ice. To examine whether they 
contained air or not, Dr. Tyndall immersed por- 
tions of ice containing flowers in warm water. The 
ice surrounding the cavities melted, the latter in- 
stantly collapsed, and no trace of air rose to the 
surface of the water. 

A vacuum, therefore, had been formed at the 
centre of each spot, due, doubtless, to the well- 
known fact that the volume of water in each flower 
was less than that of the ice, by the melting of 
which the flower was produced. 

The associated air and water cells, found in such 
numbers in the ice of glaciers, and observed also 
by Dr, Tyndall in lake ice, have been accounted for 
by an hypothesis started by Agassiz, reproduced 
and subscribed to by the Messrs. Schlagintweit, 
and, until Dr. Tyndall’s researches, accepted gene- 
rally as the true one. This hypothesis attributes 
them to the absorption of the sun’s heat by the air 
bubbles, and the consequent melting of the ice 
which surrounds them. 

Dr. Tyndall argued that if the water in the cells 
be due to the melting of the ice, the associated air 
must be in a rarefied condition, because the volume 
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of the liquid is less than that of the ice which pro- 
duced it ; whereas, if the air be simply that of the 
snow entrapped in the mass, it will not thus be 
rarefied. 

Portions of ice containing these compound cells 
were immersed in hot water, the ice around the 
cavities being thus gradually melted away. When 
a liquid connection was established between the 
bubble and the atmosphere, the former collapsed 
to a smaller bubble. Dr. Tyndall found that in 


many cases the residual bubble did not reach the 
hundredth part of the magnitude of the primitive 
one. There was no exception to this rule, so that 
by this experiment he proved that the first part of 
Agassiz’s hypothesis is correct—that the water of 
the cavities is really due to the melting of the 
adjacent ice. 

From the second part of the hypothesis—the 
absorption of the sun’s heat by the air bubbles—Dr. 
Tyndall totally dissented. The argument and 
experiments by which he supported his own views 
are of special interest, as being the real commence- 
ment of his celebrated researches into the nature 
of ‘‘ radiant heat,” 


Comparing equal weights of air and water, ex- 
periment proves that to raise a given weight of 
water 1 deg. in temperature, as much heat is needed 
as would raise the same weight of air 4 deg. 

Comparing equal volumes of air and water the 
water is 770 times heavier than the air ; conse- 
quently for a given volume of air to raise an equal 
volume of water 1 deg. in temperature, it must part 
with 770 x 4 = 3080 deg. 

Now the quantity of heat necessary to melt a 
given weight of ice would raise the same weight of 
water 142.6deg. Fahr. intemperature. Hence to pro- 
duce, by the melting of the ice, an amount of water 
equal to itself in bulk, a bubble of air must yield 
up 3080 x 142.6 or upwards of 400,000 deg. Fahr. 

This is the amount of heat which, according to the 
hypothesis of Agassiz and Messrs. Schlagintweit, is 
absorbed by the bubble of air in a short time under 
the eyes of the observer. That is to say, the air is 
capable of absorbing an amount of heat, which, had 
it not been communicated to the surrounding ice, 
would raise the bubble to a temperature 160 times 
that of fused iron. 

Did air possess this enormous power of absorp- 
tion, it would not be without inconvenience for 
the animal and vegetable life of our planet ; but, as 
Dr. Tyndall clearly proved, a bubble of air on the 
earth’s surface is unable, in the slightest appre- 
ciable degree, to absorb the sun’s rays, for those 
rays before they reach the earth have been per- 
fectly sifted by their passage through the atmo- 
sphere. 

The following experiment was used by Dr. 
Tyndall to illustrate the point : 

The rays from an electric lamp were condensed 
by a lens, and the concentrated beam sent through 
the bulb of a differential thermometer. The heat 
of the beam was intense, still not the slightest 
effect was produced upon the thermometer, 


218 


ENGINEERING. 


In fact, all the rays glass could absorb had been 
absorbed by the lens, and the heat consequently 
passed through the thin glass envelope of the ther- 
mometer and the air within it without imparting 
the slightest sensible heat to either. 

The bubbles observed by Dr. Tyndall, and those 
which occur in the deeper portions of glacier ice, he 
supposes to have been produced by heat which has 
been conducted through the substance without 
melting it.* 

Regarding heat as a mode of motion,+ Dr. Tyn- 
dall showed that the liberty of liquidity is attained 
by the molecules at the surface of a mass of ice, 
before the molecules at the centre of the mass can 
attain this liquidity. Within the mass each mole- 
cule is controlled in its motion by the surrounding 
molecules. But if a cavity exist at the interior, 
the molecules surrounding that cavity are in a con- 
dition similar to those at the surface, and they are 
liberated by an amount of motion which has been 
transmitted through the ice without prejudice to 
its solidity. The conception is helped by calling 
to mind the transmission of motion through a series 
of elastic balls, by which the last ball of the series 
is detached, while the others do not suffer visible 
separation. 

Moreover, the experiment just described in 
which the beam of the electric arc was sent through 
a block of ice and producing the ‘‘ ice-flowers,”’ 
proved that the interior of the ice may be liquefied 
by an amount of heat which has been conducted 
through the exterior portions without melting 
them. 

Precisely the converse of this takes place when 
two pieces of ice at 32 deg. Fahr., with moist sur- 
faces are brought into contact. Superficial por- 
tions are by this act transferred to the centre, 
where a temperature of 32 deg. is not sufficient to 
produce liquefaction. The motion of liquidity 
which the surfaces possessed before contact, is now 
checked, and the pieces of ice freeze together. 
This appears to furnish a complete explanation of 
the phenomenon of re-gelation. 

Moisture must be present, and that the same 
agent is necessary in the conversion of snow into 
glacier ice was proved by the following experiments. 
A ball of ice was cooled in a bath of solid carbonic 
acid and ether, and thus rendered perfectly dry. 
Placed in a suitable mould, and subjected to 
hydraulic pressure, the ball was crushed ; but the 
crushed fragments remained as white and opaque 
as those of crushed glass. The particles, while 
thus dry, could not be squeezed so as to form 
pellucid ice, which is so easily obtained when the 
compressed mass is at a temperature of 32 deg. 
Fahr., and has moist surfaces. 


BRIDGE OVER THE MISSISSIPPI AT 
MEMPHIS, TENNESSEE. 

WE publish this week, on pages 216 and 217, 
further illustrations of the splendid bridge recently 
erected over the Mississippi at Memphis, Tennessee, 
to the designs of Mr. George 8. Morison, of Chicago. 
The structure ranks in point of size as the third of its 
typein the world, its greatest span being 790 ft. 5 in., 
as compared with 820 ft. in the Sukkur Bridge, India, 
and 1700 ft. in the case of the Forth. The following 
Table shows some of the principal particulars of the 
bridge : 


Weight 
Span. Length, | of Iron Height. 
and Steel. 
ft. in. Ib. ft. in. 
East of anchorage| 101 0 66,700| Highest point to 
Anchorage span ..| 225 10 | 1,603,000) bottom of lower 
Channel + 790 65 | 4,699,300} chord ab -. 80 6 
Central 621 0} 5,274,300) Lowest chord to 
West 621 Of} 3,518,800} high water Petit | 
Deck % 338 9 | 1,073,000) High water to low 
West viaduct ../2290 73) 3,306,600) water ae - 84 7 
Deepest foundation 
below low water.. 96 3 
Total ..|4988 9 | 19,541,700 286 8 


The illustration which we published in our issue of 
February 10 last gave a very good idea of the ap- 
pearance of the structure in its finished state, though 
the photograph from which that engraving was pre- 
pared was taken shortly before the actual completion 
of the structure, and it will be seen that some of the 
erecting gear is still in position. A view at a still 
earlier date is shown in Fig. 1, where the method of 


* Faraday made an ice lens with which he fired gun- 
powder, lit matches, &c, 

+ This happy. phrase Dr. Tyndall afterwards used as 
the title of perhaps the best known of his scientific works. 
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building out the cantilevers is clearly indicated. The 
material was brought up in barges, and lifted into 
place by the gantries at the ends of the finished parts 
of the span. The method of erecting the shore spans 
on staging is shown in Fig. 2, whilst Fig. 3 shows 
some of the staging for the anchor span of one of the 
cantilevers and one of the shore piers. It will be noted 
that in this instance the staging is without diagonal 
bracing, a practice which, though not uncommon, can- 
not be recommended, and has led, quite recently, to 
some serious accidents. 

The eastern end of the bridge, where there is an 
anchor span for the cantilever, rests on a rocky bluff, 
which is said to be that from which De Soto, the dis- 
coverer of the Mississippi, first gazed on its mighty 
waters. The western approach is over low-lying 
marshy ground, requiring, as shown in the above Table, 
a viaduct 2290 ft. long. The cantilever span is over 
the deepest part of the stream, and is the second in 
order from the eastern shore. The whole of the river 
piers were sunk by the pneumatic process, the depth 
of the bottom of the curb varying, in different cases, 
from 434 ft. to 964 ft. below low-water mark, the 
latter being 34 ft. 7 in. below high water. The caissons, 
five in number, were, as usual in American practice, 
built of timber, every stick used being cut to drawings 
furnished the timber merchants, and the work of con- 
struction was thus greatly lightened. The following 
figures show the dimensions of these caissons : 


Pier 1. Caisson 70 ft. long, 30 ft. wide, 51 ft. high. 


” 2 ” 92 39 47 ” 60 ” 
” 3 ” 92 ” 47 9 4 ” 
» 5 Pe ey) 22 BON, 


The bed of the river at the point where the bridge 
crosses consists of 40 ft. to 50 ft. of coarse sand, which 
is very subject to scour. To prevent such taking place 
round the caissons whilst they were being sunk, 
mattresses of willow and brush was first made and 
sunk on the site of the future pier. The caissons 
were then sunk on the bed thus formed, and the 
water being expelled from the air chambers, men 
were sent down who cut through the mattresses and 
began the work of sinking. The mattresses formed a 
perfect protection to the river bed, and no trouble was 
experienced from tilting of the caissons, which would 
otherwise have been likely to arise owing to scour. 
When the sinking was completed, the mattresses 
were not removed, but left in position, rip-rap being 
thrown on them to forma further protection to the 
pier. The spoil from the working chamber was re- 
moved by forcing it up pipes. The greatest air pres- 
sure used was 47 lb. per square inch, at which the 
men worked in shifts of 45 minutes only, there being 
three shifts in the 24 hours. In spite of the care 
taken, four men died from caisson disease during the 
progress of the works. The whole of this work was 
done under the direct supervision of Mr. Morison and 
his representative, Mr. A. Noble, without the inter- 
vention of a contractor. The work was done very 
rapidly, as the following progress Table shows : 


for the former of which wrought iron was used, 
whilst the pedestal plates were of cast iron. Three 
different grades of steel were used, viz.: 1. High 
grade steel in all the principal truss members, 2, 
Medium steel in the floor system, laterals, portals, 
transverse bracing, and the latticing of the truss 
members. 3. Soft steel used only for rivets or at the 
option of the contractors in place of wrought iron, 
where the latter was specified. The steel had to 
satisfy the following laboratory tests : 


| 
Medium | 


—— High Gite Steel |Soft Steel. 
| Ib. per sq. |lb. per sq.\lb. per sq. 
| inch inch inch. 

Tensile strength, maximum . 78,500 72,500 63,000 
A op minimum .. 69,000 64,000 55,000 
Minimum elastic limit .. 40,000 37,000 30,000 
per cent. | per cent. | per cent. 
a elongation in Sin. | 18 2 28 
a3 reduction at fracture 38 44 60 


No punching was allowed in the case of the principal 
truss members, save as regards the lattice bars. In 
the case of the members of medium steel, punching was 
allowed, provided the holes were punched less than 
their finished size and reamed out afterwards. The 
eye-bars were specified to have their heads formed 
by upsetting. No welds were allowed. The heads 
were not to be more than +; in. thicker than the 
body of the bar, and on test the bar was to break 
always in the shank and not in the head. Twenty 
full-sized bars were to be selected from time to time 
and tested to destruction in the large testing machine, 
Athens, Pa. Under these tests the bars were specified 
to develop an average stretch of 12 per cent. anda 
minimum of 10 per cent. before breaking, the stretch 
to be measured on a 20-ft. length, including the frac- 
ture. The elastic limit was specified to be not less 
than 32,000 lb., and the ultimate strength not less 
than 62,000 lb. The total amount of steel used, as 
shown by the Table, was about 8724 tons. The 
field riveting amounted, it is estimated, to about 
100,000, which is, of course, a mere fraction of what it 
would have been in a riveted structure. With the 
exception of the cantilever span, all the spans were 
erected on false work. The cantilever arms are 
169 ft. 43 in. long, thus making the intermediate span 
451 ft. 8in. long. The expansion appliances are based 
ona range of temperature of 140 deg. Fahr. 


LOCOMOTIVE FOR THE MERSEY 
RAILWAY. 

We illustrate this week by our two-page engray- 
ing a six-wheeled coupled tank engine with leading 
and trailing radial axle-boxes, one of a type now 
running on the Mersey Railway, of which line Mr. C. 
A. Rowlandson, M. Inst. C.E., is the resident engi- 
neer and traffic manager. 

The boiler and firebox shell plates are made of the 


Pier 3, 


oe Pier 1. Pier 2. 
Began building December 1, 1889..) May 17, 1889 
Launched Built in place ..| July 29, 1889 


Placed at pier site i 


j December 21, 1889 


September 23, 188 


Pier 4. 


Pier 5. 


..| July 30,1889 
..| October 26, 1889 .. 
»» 28, 1889 .. 


Began filling with concrete| January 1, 1890 re 25, 1889) November 5, 1889.. 
Building completed .| March 8, 1890 October 24, 1889 ..| December 11, 1889 
Filling a PEMOST SOOM EEE: 5, 11,1889 ..| November 27, 1889 
Sinking commenced January 10, 1890 .. e 10, 1889 ..| December 16, 1889 
a completed. . April 18, 1890 as 16, 1889 ..) August 24, 1890 
Sealing commenced x, 18, 1890 a 16,1889 .. = 18,1890 .. 
Rt completed.. : », 22, 1890 a 24, 1889 ..| September 4, 1890 
Masonry commenced .| March 10, 1890 “4 26, 1889 ..| December 12, 1889 


November 24, 1888 
December 15, 1888 
a 17, 1888 

Be 23, 1888 
January 10, 1889 .. 
95 10, 1889 .. 
December 27, 1888 


.| February 6, 1889 .. 


Ht oe6 alseous 
ae 10, 1889.. 
August 27, 1889 


April 25, 1890 
Built in place 
April 25, 1890 
May 8, 1890 
» 27, 1890 
»» 80, 1890 
» 8,1890 
June 8, 1890 
», 8, 1890 
»» 12, 1890 


.| No masonry, cylin- 


9 completed .| June 23, 1890 April 25, 1891 


ders May 28, 1890 


-| January 24, 1891 ..} September 3, 1890..| Set coping, May 15 
1891 


The masonry portion of the piers varies in different 
cases from 93 ft. to 158 ft. in height. The masonry 
consists of a limestone backing, faced with granite, 
dimension stone being used throughout. The east 
abutment, to which the anchor arm of the cantilever is 
attached, is founded at a depth of 50 ft. below ground 
level, and contains 2500 tons of masonry. The follow- 
ing are the levels of various points of the piers, high- 
Behe being 216.2 ft. and low-water mark 
181.6 ft. 


— Pier 1. | Pier 2. | Pier 8. | Pier 4. | Pier 5. 
Elevation cutting 
edge of caisson ..| 137.85 88.09 85.39 | 122.94 | 124,93 
Elevation top of ‘ 
caisson ..| 190.69 | 147.29 | 125.01 | 173.88 | 204.93 
Elevation top of ma- 
sonry --| 283.17 | 283.17 | 283.17 | 288.17 | 241.91 


Coming to the ironwork, it will be noted that the 
structure is pin-connected throughout. The trusses 
are spaced 30 ft. centre to centre, and the maximum 
height at any point is 77 ft. 742 in. between centres 
of pins. Steel was used almost exclusively, the ex- 
ceptions being nuts, swivels, and wall pedestal plates, 


best Yorkshire iron, the barrel being telescopic, and 
consisting of two plates, single-riveted in the circum- 
ferential joints and double zigzag riveted in the longi- 
tudinal butt joints. The sides of the firebox shell are 
stiffened by four cross-stays. The firebox is of copper, 
and the crown plate stayed by through stays of York- 
shire iron, this arrangement giving great accessibility 
for washing out. The four front rows of sling stays 
are arranged, as shown in the longitudinal section, to 
allow for the expansion of the copper tubeplate. Steam 
is taken from the dome by an internal pipe 53 in. in 
diameter, and to each cylinder by pipes 4 in. in dia- 
meter. 

The cylinders, which are outside the frames, are 
194 in. in diameter by 26 in. stroke, and the coupled 
wheels are 4 ft. 74 in. in diameter on tread, the trac- 
tive force being thus 178 lb. for each effective pound 
per square inch of steam pressure on the pistons, 

The valve - chests are between the frames, and 
balanced slide-valves are used. Metallic packing is 
provided for the piston - rods and valve spindles. 
The valve motion is the Stephenson type, with centre 
suspension and screw-reversing gear. : 

All the wheels are of cast steel, the coupled wheels 
(leading and trailing) being provided with Gresham 
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and Craven’s steam sanding apparatus. The front and 
hind wheels are provided with radial axle-boxes, and 
have also a water jet for use on the sharp curves in the 
line. 

To obtain the necessary strength and elasticity in 
the springs for the radial wheels, the short laminated 
springs are assisted by Timmis’s helical springs, which 
come into work only under extreme conditions of 
strain. 

The engine illustrated, and all others on the Mersey 
Railway, are fitted with the Vacuum Oil Company’s 
sight-feed lubricators, which have produced great 
economy in oil, reduced wear and tear upon the 
motion and slide valves, and are much appreciated by 
the drivers. The automatic vacuum brake and also a 
powerful hand-screw brake are provided, and act on 
all the coupled wheels. 

The boiler is fed by two brass pumps worked by the 
crosshead pins and also by one of Gresham and Craven’s 
No. 9 combination injectors fixed on the back of the 
firebox. The smokebox is extended to allow the 
American type of spark arrester and baftle plate to be 
used ; these have greatly reduced the amount of dust 
and dirt ejected into the tunnel in ordinary working. 

Intercepting valves are provided, whereby the ex- 
haust steam from the cylinders can be turned into the 
side tanks and condensed to keep the tunnel clear of 
steam so that the signals can be seen. To facilitate 
the emptying of the tanks a very large discharge valve 
is provided, as shown in the longitudinal section. 

The principal dimensions are given on our two-page 
engraving, and the distribution of weight in working 
condition, and fully loaded, is as follows : 


Tons Cwt. 
Front wheels (radial)... er a8 oC G 
Leading ,, (coupled) ... ie Loe Ib 0 
Driving ,, A ta Lan6 
Trailing ,, - co = oA 15 10 
Hind ip (radtal)s 22 Fee . 19138 
Total weight af uss e +A 62°59 
Adhesive weight ... Sas es 45 10 
When empty the total weight... 55 16 
The heating surface is as follows : 

Sq. Ft. 
Firebox : ike ae ae bd 122.78 
Tubes ws ee ~ Bc cee LOST 
Total es oy 1157.55 
Grate area ... 24.98 - 


189 tubes 2 in. outside diameter. 

Working boiler pressure, 1501b. per square inch. 
Fuel capacity, 110 cubic feet. 

Total capacity of tanks, 1382 gallons. 

In working condition, 1170. 

Which allows for an air space of 94 in. 

The engines we have been describing have been 
built by Messrs. Kitson and Co., Leeds, under the 
supervision of Mr. Trevor Keene, assistant engineer 
to the Mersey Railway Company. 


ELECTRIC LIGHTING STATION AT 
GLASGOW. 

Tue Board of Trade granted the Corporation of 
Glasgow a provisional order for the electric lighting of 
the city, the approval of Parliament having been 
given during the Session of 1890; but so keen was the 
discussion on the relative merits of the high and low- 
tension systems, that it was not till December of 1891 
that any decisive resolution to proceed with the work 
was adopted, The construction and equipment of the 
station and the laying of the mains have been com- 
pleted, and a preliminary trial of the machinery was 
made on January 19 last. The station will be opened 
to-morrow. This, however, is not the first introduction 
of the electric light into Glasgow. Several years ago 
Messrs. Muir, Mavor, and Coulsonconstructeda station, 
and have been lighting the post office, royal exchange, 
city municipal buildings, and several large establish- 
ments. Their principal station was worked on the over- 
head wire high-pressure system, while a small station, 
with two 50 horse-power engines and six dynamos, was 


»worked on the low-tension system. The machinery in 


both stations was equal to running 6000 eight candle- 
power lights, there being two 200 horse-power engines 
and two Ferranti dynamos. The Corporation have pur- 
chased both stations for 15,0000. 

When the question of a new station came to be de- 
cided upon, the Town Council had several lively dis- 
cussions. Lord Kelvin had, by invitation, met fre- 
quently the special committee appointed to consider 
the matter, and had decidedly expressed the opinion 
that the direct-current system, with its great simplicity 
and its thoroughly convenient and economical use for 
power as wellas light, was the most suitable for densely 
populated districts. It was stated, too, by the com- 
mittee that whereas the coal’consumption per unit was 
under 9 lb. for the low-tension system, they had not 
been able to trace a high-tension station where the 
consumption was under 15 1b. per unit. The council 
decided by a majority of 56 to 7 votes in favour of the 
low-tension current, and Professor A. B. W. Kennedy, 
London, was engaged to act as consulting electrical 
engineer to the Corporation for the purpose of work- 
ing out a complete scheme of mains for the compulsory 
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area, which comprises the central business part of 
Glasgow, and also for certain defined parts outside 
the compulsory area, including the arrangement of 
the machinery and plant inside the central station and 
the preparation of specifications and the superinten- 
dance of the works. Mr. William Arnot, formerly 
with the London County Council, was appointed 
electrical engineer for the city, and has acted under 
Professor Kennedy during the construction of the 
works. 

The station is situated on a site within the compul- 
sory area at Waterloo and the Mains streets. It covers 
900 square yards, for which the Corporation paid 8000/. 
over and above the feu duty of 75/. 7s. 4d. Thereon 
buildings of brickwork, with little pretensions at archi- 
tectural embellishment, have been constructed at a 
cost of 12,000/., the masonry contractor having been 
Mr. John Porter, Glasgow, and the contractor tor the 
ironwork in the roof Mr. George Baird, of the Temple 
Works, Glasgow. The accommodation provided is 
sufficient for plant to run 45,000 lights ; but for the 
present the machinery is for 12,000 lights, and it is 
expected that the machinery will be fully taxed from 
the commencement, owing to the large number of 
applications received for current. 

There are five boilers, all of the marine type, the 
mean diameter being JO ft. and the mean length, 
12 ft. They have been constructed of mild steel, 
supplied from Beardmore’s works at Parkhead, the 
small water-space stays and the larger longitudinal 
stay-bars being also of Siemens steel. The boilers 
were constructed to comply with the rules of the 
Board of Trade for a working pressure of 160 1b. to 
the square inch, and were built under the inspection 
of the Board. Each boiler has two furnaces of the 
Purves type, supplied by Brown, of Sheffield, with 
separate combustion chambers, from which lap-welded 
tubes lead to the front end of the boiler. There is a 
horizontal steam receiver on the top of each boiler 
connected to the shell of the boiler by a welded and 
flanged neck-piece of Lowmoor iron. Two spring- 
loaded safety valves, placed on a wrought steel seating 
block, are fitted upon the shell of each boiler, while 
two stop valves are fitted upon each steam receiver. 
These valves are 5in. in diameter, and are set on 
specially-made seatings of steel plate stamped by 
hydraulic pressure to suit the curvature of the re- 
ceiver, and with a flat surface on the upper side to 
receive the flange of the stop valve. Wright’s feed 
heaters are in use, and each boiler has two feed- 
check valves combined with a stop-cock for the regu- 
lation of the feed-water supply. ‘The two water-level 
cocks are of Richard’s design. All the mountings 
have spigots upon their flanges, which fit faucets in 
the seating blocks. To facilitate testing at any time 
there is a cock provided for attaching a hose pipe 
from a test pump, and another cock for an indicator. 
For the present the boilers will be worked with 
natural draught, and are fitted with ordinary firebars 
and furnace doors of the Martin balanced type. There 
is the usual smokebox and uptake, the chimney 
stalk, constructed of brick, being 144 ft. high. The 
boilers, which, with their mountings and flues, 
weigh 130 tons, were lowered in parts into the 
basement 15 ft. below the street level. They 
are set clear of the ground or floor on cast-iron 
cradles resting on concrete foundation blocks, so 
that inspection of the external surface can easily be 
made. The boilers and flues are covered with non- 
conducting incombustible composition. The boilers 
being of the marine type, the Board of Trade approved 
of the design, and inspected the material and work- 
manship, testing the boilers to 320 1b. to the square 
inch, and granted a special certificate for each. Messrs. 
Lindsay, Burnet, and Co., of the Moore Park Boiler 
Works, Govan, who supplied the five boilers, have 
fitted similar boilers for millowners and steam users on 
land, some of which have been tested up to 420 lb. by 
the Board of Trade for working under a pressure of 
over 200 Ib. 

The engines for working the dynamos are of the 
Willans central-valve compound type, the design of 
which is now well known. There are seven such 
engines, two of GG type of 80 horse-power when 
running at 400 revolutions per minute, two of HHS 
type of 150 horse-power when runniug at 380 revolu- 
tions, and three of IIS type of 250 horse-power at 
350 revolutions. Dynamos are coupled direct to each 
engine. They are of the well-known Westminster 
type, and have been constructed by Messrs. Latimer 
Clark, Muirhead, and Co., Limited. The two dy- 
namos coupled to the 80 horse-power engines have 
an output of 400 ampéres, 120 volts, when run- 
ning at a speed of 450 revolutions per minute. 
These dynamos are also capable, when required, 
of giving 330 ampéres at 140 volts without undue 
increase of speed. Two of the dynamos have an 
output of 400 ampéres, 230 volts, when running at a 
speed of 380 revolutions per minute with the 150 
horse-power engines. Three dynamos have an output 
of 670 amptres, 230 volts, when running ata speed of 
3950 revolutions with the 250 horse-power engines. The 
two small dynamos, coupled to the 80 horse-power 


engines, are capable of running steadily with an 
electromotive force of 100 volts up to the maximum 
specified, and the large dynamos with an electromotive 
force of 200 volts to 250 volts. A resistance is pro- 
vided for the shunt in all the dynamos, so that the 
regulation of the inachine is carried out by the altera- 
tion of the field. This resistance has in each case not 
less than 20 contacts. The dynamos carry their full 
load without sparking, and the temperature of ro 
part of the armature or field exceeds 70 deg. Fahr. 
above the temperature of the surrounding air when 
measured on bare copper after a continuous run of six 
hours under the maximum specified load. The 
efficiency of these machines is expected to be not less 
than 92 per cent. 

There have been provided 114 of Ciompton-Howells 
accumulators to meet any sudden demand upon the 
station. The storage capacity of these is equal to 
1000 ampére-hours. The switchboard has been pro- 
vided by Messrs. Blakley, Emmott, and Co., Limited, 
Halifax, the instruments in use being those of Lord 
Kelvin, 

The street wiring is to be bare copper strip; but 
the culverts are of cast-iron troughing, the upper part 
slipping over lips on the edge of the bottom troughs, 
and forming a water-tight joint. Little buttons have 
been cast on the bottom of the troughs, and the insu- 
lators are made to slip over the buttons, which thus 
keep them in position. These troughs are laid imme- 
diately under the Caithness flags which form the foot- 
paths of the great majority of Glasgow streets, so that 
the work of inspecting the wires only involves the 
lifting of the flags and uncovering the troughs. At 
the corner of the streets there are special manholes. 


COLUMBIAN HBXPOSITION NOTES. 


THE ceremonies connected with the opening of the 
Exhibition on May 1 are to be held in the open air, pro- 
bably on the parade ground east of the Government Build- 
ing. It seems they will not be of an elaborate character, 
but will be arranged to accommodate the public as far as 
possible, 


Mr. Willard A. Smith, Chief of the Transportation Ex- 
hibits Department, will receive an interesting steam 
engine relic. This engine is of 90 horse-power, and was 
built by James Watt, in 1815. It was sent over to 
Georgia and erected in a rice mill, where it has been 
working ever since. The owners, John Rourke and Son, 
of Savannah, intend to exhibit it as a well-preserved 
piece of machinery, and it is no doubt one of the oldest 
now in existence in the United States. 


Sir Henry Truman Wood, Secretary to the British 
Royal Commission, and Chief Executive Officer of the 
British Section, left for Chicago on Wednesday last to 
take charge of the executive details connected with the 
section. Mr. Lloyd, assistant secretary, has been in 
Chicago for some weeks attending to British exhibits, 
which are now beginning to arrive. While on this sub- 
ject, we may say that Messrs. Pitt and Scott, forwarding 
agents, are despatching a steamer freighted with exhibits, 
on the 25th inst. Messrs. Pitt and Scott’s men in charge 
of this cargo will accompany it to Chicago and deliver it 
within the Exhibition. 


The State of Missouri has an area of 3240 square feet in 
the Agricultural Building, and one of its chief exhibits in 
this department will be atrophy composed of the cereal 
productsof theState. This trophy isin the form of a pagoda, 
the base composed of a wooden framework arranged in 
circular form and surmounted by a triangular structure. 
In the sides of this triangle will be worked, in grains and 
grasses, the Missouri coat of arms, the seal of the United 
States, and a Columbian medallion. From this will arise 
a shaft of grain, which in turn is to be surmounted by a 
silken globe with a map of the world on which the State 
of Missouri is conspicuously exaggerated. The pageda 
will contain a miniature lake stocked with fish and sur- 
rounded by a garden of plants and flowers, and various 
designs of grains, grasses, and plants will ornament the 
structure’s entire exterior. 


One of the most prominent and attractive sites in Jack- 
son Park has been reserved by the Exposition authori- 
ties for occupancy by the State House of New York. 
The length of the building is 154 ft., or including porticos 
214 ft.; the depth of the main building is89 ft.; including 
terrace and steps the extreme depth is 142 ft. The height 
from ground to main cornice is 63 ft, 2in., and to the 
apex of the roofs 96ft. The building has been planned 
with a view to its being a place of resort for the citizens 
of New York visiting the Fair, and as a centre for the 
dissemination of information regarding New York ex- 
hibits. It is intended for the comfort, accommodation, 
and convenience of the people, the meetings of State 
associations. specially interested in any of the great de- 
partments of the Exposition, and as a place where re- 
ceptions can be given to New York societies and to the 
representatives of other States, 


Visitors to the Exhibition will not be dependent for 
their supply of drinking water upon Lake Michigan. The 
enterprising company owning the famous Hygeia Springs 
of Illinois, are laying a continuous pipe-line from the 
springs to Jackson Park, where it will be distributed by 
mains to 200 kiosks and counters, and be retailed at one 
cent a glass. Cooling apparatus will be provided to 
reduce the water to a low temperature, and the genuine- 
ness of the quality will be fully guaranteed. It is esti- 
mated that the demand will average 1,500,000 glasses per 


220 
day, and the Exhibition will receive half the gross 
receipts. In carrying out this contract the company are 


expending 1,000,000 dols, All the machinery for the 
cooling plant and pumping station has been completed, 
and in a few weeks water from the springs will flow 
into Jackson Park. The representatives of the company 
and the Fair officials are confident that visitors will prefer 
to drink mineral water rather than take chances with the 
much-abused article that comes from Lake Michigan. 


The Columbian Rolling Chair Company is now en- 
gaging college students for attendance in charge of the 
chairs. The rates fixed by the Exposition authorities 
are as follows: For chair carrying one person, 75 cents 
per hour, 40 cents per half hour; two persons, 1 dol. per 
hour, 50 cents per half hour; one person, when chair is 
taken for a period of not less than 10 hours, 6 dols. for 
the first 10 hours and 40 cents an hour for the time over 
10 hours; carrying two persons, 8 dols. for the first 10 
hours and 75 cents an hour after that. In employing 
men as attendants for the chairs the company are follow- 
ing the instructions of the Exposition authorities in 
giving the first chance to college students. The roll will 
be completed March 1, and 1600 men will then be em 
ployed to report for duty May 1. The attendants will 
be furnished with comfortable lodgings near the Fair 
grounds, free of charge, and will be paid 25 per cent. of 
their gross earnings, or will be paid 1 dol. per day and 10 
per cent. of their gross earnings. The chairs will be 
mounted on bicycle wheels with 1}-in. rubber tyres and 
full ball bearings, and will be the only vehicles allowed 
in the Exhibition buildings. 


Various yacht owners have expressed their intention 
to bring their vessels to Lake Michigan, and thus to find 
a comfortable floating home near Jackson Park during 
the Exhibition. A recent article in Forest and Stream 
will probably cause those who entertain such intentions 
to make further inquiries on the subject. The writer in 
the paper just referred to says ‘‘there is no harbour for 
yachts at Chicago except behind the breakwater at, say, 
about foot of Van Buren-street, and there is not room 
there for a large number, even if the necessary alterations 
proposed are made. Besides, this is five or six miles from 
the Exposition, and in such nor’eastersas Lake Michigan 
is quite capable of—the whole lake front is a lee shore 
in gales from the N. to E.—no yacht could lie at anchor 
in the open water off the Exposition grounds, or make 
a landing should she be quite weatherly enough to run 
down from the breakwater in a gale. The writer has seen 
some of the largest vessels on the lakes go ashore there 
more than once, despite all the mud hooks they could hang 
out, and he hopes something may be done for a harbour, 
or there is little use of many yachts taking their fine 
yachtsmen there. No one would think of entering 
Chicago River with a yacht, and the only other place he 
knows of would be the Calumet River, at South Chicago, 
where some might be taken care of. The nearest harbour 
deserving the name is Kenosha, 55 miles north of Chicago, 
and it looks if the Eastern yachtsmen will have to sail 
there in a Pullman car, leaving their yachts at home.” 


Commenting on the above, a writer in the Chicago 
Inter-Ocean says: ‘‘Is Chicago willing to let such infor- 
mation as this be circulated among so large a number of 
her invited guests? Must she allow it to be truly said 
that if yachtsmen value their boats, not to mention their 
own personal safety and comfort, they are warned not to 
come within 55 miles of her inhospitable coast next 
summer? or will she recognise the humiliating fact that 
in all the 20 miles of her water front there is not one 
fit place for a yacht to lie in safety or to land its pas- 
sengers, and with her characteristic energy set about 
with vigour to provide some suitable shelter for pleasure 
craft and make the lake accessible for both her guests and 
her own citizens ?” f 


The British Royal Commission have suffered a grievous 
and irreparable loss in the sudden and untimely death of 
Colonel George E. Grover, R.E., who since early last 
year till a few weeks ago, was the able and much-valued 
representative of the Commission at the Exhibition. 
Colonel Grover died suddenly on January 28 last, and 
was buried with much honour on the Ist inst. Indeed, 
the one consoling feature about this sad event is to be 
found in the heartfelt and full sympathy expressed by 
the many friends he had made in Chicago, and the 
unanimous testimony to his worth paid by the American 
officials with whom he was thrown in contact. His 
funeral was attended by representatives of the foreign 
governments in Chicago, and conspicuously by the Expo- 
sition Executive, who testified their sense of the loss 
which Colonel Grover’s death was to the Exposition 
authorities. Speaking at the mortuary chapel, the Hon. 
Walker Fearn, Chief of the Foreign Department, said: 
“Tt having pleased the Almighty God to remove from 
our midst our late associate, Colonel George Edward 
Grover, of the Royal Engineers, the official representa- 
tive of the British Commission to the World’s Colum- 
bian Exposition, we desire to record our appreciation of 
the worth and high character of this distinguished gen- 
tleman ; of his brilliant abilities as an executive officer, 
and of his singularly lovable personality ; and we tender 
to the Royal Commission the assurance of our deep sense 
of the common loss, and to his afflicted widow and family 
our heartfelt sympathy and lasting condolence.” 


GERMAN METALLURGICAL INDUSTRY.—The production of 
pig in the south-west of Germany last year was 1,014,867 
tons, as compared with 883,649 tons in 1891. It will be 
seen that the output increased last year 121,248 tons, or 
about 14? per cent. It is stated, however, that stocks 
considerably increased last year, 
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SNYER’S ELASTIC COUPLING. 


CONSTRUCTED BY MESSRS. COWLISHAW, WALKER, AND CO, 


ETRURIA. 


On this page we illustrate a form of clutch or 
coupling which is now being introduced into this 
country by Messrs. Cowlishaw, Walker, and Co., 


engineers, Etruria, Stoke-on-Trent. Essentially the 
clutch consists of two discs, one of which is keyed to 
the driving shaft, and the other to the shaft or wheel 
to be driven. The face of one of these discs has fixed 
to it a number of toothed steel plates, whilst the 
opposing face of the other disc carries a series of 
brushes of flat steel wire, which, when the discs are 
pressed together, engage with the serrations on the 
other disc, forming a firm but elastic connection 
between the two. It is claimed that with these 
couplings there is no shock in starting even a high- 
speed machine. Thus, at the works of Messrs. 
Cockerill, Seraing, a couple of these clutches transmit 
250 horse-power each to the dynamos lighting the 
works, the speed being 200 revolutions per minute. 
The dynamos are started with the engines running at 
full speed, and for about 5 seconds slipping takes 
place, at the end of which the dynamo has reached its 
proper speed. In another case one of the clutches, 
running at 2000 revolutions per minute, is used in the 
same way. We areinformed that the clutch has been 
used for some years past on the Continent, where some 
13,000 horse-power are transmitted by its means, 


GOEHRING.—Messrs. J. M. Bennett and Sons, timber 
merchants, Manchester, are now introducing into this 
country a method of wood carving by machinery, which 
gives excellent results. The patterns are naturally 
geometrical, but in their well-got up catalogue just issued, 
they show that very fine effects can be obtained on ceilings, 
counters, &¢., by the use of this mechanically carved panel- 
ling. The panels are very cleanly cut and the patterns are 
of great variety. The material is known as ‘‘ Goehring,” 
from the name of the inventor. It has already been used 
in America for the interior decoration of railway cars, 
wainscottings, doors, &c., and it is, of course, much 
cheaper than handwork. Full prices and many prac- 
tical hints as to its use will be found in Messrs. Bennett’s 
fine catalogue. 


Macctesrierp Sewacr Disposai.—A Local Govern- 
ment Board inquiry was held at the Macclesfield Town 


Hall, on February 7, to consider an application from the 
corporation for a Provisional Order to purchase compul- 
sorily about 200 acres of land for sewage disposal pur- 
poses. Mr. Arnold Taylor, C.E., was the presiding 
inspector. Mr. Balfour Browne, Q.C., instructed by the 
town clerk, appeared for the corporation, and Mr. Addi- 
son, Q.C., M.P., and Mr. E. Sutton appeared for the 
owners of the Adlington and Mottram estates, in oppo- 
sition to the granting of the order. Mr. W. H. Rad- 
ford, C.E., of Nottingham, is the engineer to the scheme, 
and he explained in his evidence that it was proposed to 
take about 200 acres of land below Prestbury on the 
Adlington estate. The land was light and gravelly, and 
particularly well adapted for the purpose. It was 546 
yards from Mottram Hall, and 375 yards from Bonishall. 
It was sufficiently removed from all the population. 
After passing the sewage through settling tanks for 
extracting the rough solids, it was proposed to purify the 
sewage by broad irrigation. This would involve a much 
less annual costthan any precipitation tank scheme. Inter- 
cepting sewers would be laid through the town to collect all 
the small sewers which now discharge into the river Bollin 
and its tributaries. An outfall sewer 2 ft. in diameter 
would convey the sewage to the farm about three miles 
below the town. All the sewage would flow by gravita- 
tion. It was proposed to admit such manufacturers’ 
refuse as would not damage the sewers or the means of 
disposal on the land, or cause a nuisance. The dry 
weather sewage amounted to 800,000 gallons aday, and 
the manufacturers’ liquids to about 200,000 gallons a day. 
Mr. Radford was cross-examined at length with the object 
of showing that the admission of manufacturers’ liquids 
would probably cause a nuisance on the land, but he re- 
plied that the corporation would not be obliged to admit 
such refuse if it were likely to cause a nuisance on the 
land, and they would consider each case on its merits. 
Mr. John Newton, C.E., of Manchester, gave corrobora- 
tive evidence in favour of the scheme. Mr. Beloe, C.E., 
Mr. Priest, and Dr. Angel, gave evidence for the oppo- 
nents, and they contended that it would be better to take 
a site higher up the river, and deal with the sewage by 
precipitation on the ‘‘International”’ system. Mr. A 

Fowler, 0.E., of Stockport, thought precipitation would 
be better inthis case. In cross-examination, it was ad- 
mitted that Mr. Beloe and Dr. Ange] had some connection 
with the International Sewage Purification Company, 
and that Mr. Fowler and Mr. Beloe were unsuccessful in 
the Macclesfield competition. The inspector viewed the 
land, and said he would report in due course, ‘ 
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CONSTRUCTED BY MESSRS. TANGYES’ MACHINE TOOL COMPANY, 


LIMITED, ENGINEERS, BIRMINGHAM. 
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THE accompanying illustrations represent the 10-in. 
size of the new series of lathes now being made by 
Messrs. Tangyes’ Machine Tool Company, Birmingham. 
These machines are made from new patterns, 9-in., 
10-in., 12-in. and 14-in. centres, and differ from the 
list design in the following particulars : 

The fast headstock, of which a section is given, has 
the usual reversing motion placed inside the casting 
instead of outside, allowing the feed cone for driving 


the backshaft to be on the reversing spindle at the same | difficulty in securing work at remunerative prices. The | decision could be arrived at. 
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and doubtful debts and contingencies, and providing for 
extensions now in progress, shows a net profit of 29,421/., 
which, added to 9,227/. brought forward from last year, 
gives a total for dividend of 38,6432. Although the 
amount of work done has been equal to that of the pre- 
vious year, the general lowering of prices which has taken 
place during the period to which these accounts refer, has 
not enabled the profits for the two previous years to be 
sustained. For the past few months there has been a 
scarcity of orders, and there is at the present time much 
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market against west Coast producers by about 4s. per ton 
the former enjoying cheaper freights. The call for high- 
class qualities of bar is only limited, but better than at 
the opening of the month. Medium makes are selling 
fairly well for export, principally to mining countries. In 
the steel trade an early accession of orders for railway 
material is looked for, as a result of the recent conces- 
sions in prices. What are the actual amounts of reduc- 
tions has not been allowed to transpire, but it is under- 
stood they average about 5s. per ton in carriage and 
wagon tyres and axles. Orucible steel makers are 
doing an all-round steady trade. Though the de- 
mand from the United States is weaker, there is an 
increased call for best tool qualities from South Africa, 
Chili, Northern Europe, and Australia. Armour plate 
and ordnance manutacturers are receiving no further 
encouragement from Government, and the distress 
amongst the mechanics dependent upon these branches is 
now very great. There is an improvement to note in the 
cutlery, file, saw, mining tool, and agricultural implement 
departments. 


The Coal Crisis.—Great excitement exists amongst the 
colliers of South Yorkshire owing to the proposal of the 
local officials of the Miners’ Association to stop the pits 
fora month. Meetings of the men are being held daily 
in the district. Two thousand miners employed at the 
Birley Collieries, near Sheffield, considered the matter 
this week. Mr. Gould, a miner, on behalf of a ijarge 
section of the men, protested against the action of the 
council, expressed an opinion that they were taking a 
wrong step, and said they were not going to be so easily 
led. He hoped the meeting would pause before passing 
such a ‘‘ diabolical proposal” as the one before them. No 
The opinion of the men of 


time as the first change wheel ; this enables the lathe | directors propose to pay a dividend of 124 per cent., | Yorkshire will have to be settled by ballot. In Derbyshire, 


to be changed from screw-cutting to sliding or surfacing 
without the man leaving the saddle, unless to change 
speeds or reverse the feeds. 

The feed cones are interchangeable, and give four 
feeds from ,, in, to zyin. per revolution of lathe 
spindle, while if other feeds be required the change 
wheels may be used, 

Another feature is the clutch motion for quick 
thread screws ; by pushing in the knob at the end of 
the spindle the feed gear is connected with the lathe 
cone pulley, instead of with the lathe spindle, giving 
in double gear a speed of exactly nine times that of the 
lathe spindle, By this motion the lathe will cut quick 


which, with the interim dividend of 74 per cent. 
already paid, will make 20 per cent. for the year; to 
rib: to the reserve fund 12,000/., and to carry forward 
6487. 


South Yorkshire Junction Railway.—The chairman of 
this company states that it has an agreement with the 
Hull and Barnsley Company, providing for a 34 per cent. 
dividend, which has priority over all the debenture stock 
of the company. An additional security is that the 
Denaby Main Company has undertaken to send a mini- 
mum of 310,000 tons per annum over the lines—sufficient 
to pay 3} per cent. on the separate undertaking—and 
with the development of the Cadeby Colliery the tonnage 
will be increased to 1,600,000. It is expected that col- 


pitch screws, without the usual heavy gearing up and | lieries will be opened along the entire length of the new 
straining of the reversing wheels; screws 44 in. | line. 


pitch can be cut with equal wheels on the reversing Water Supply 0, Gainsborough.—The local authorities 
spindle and guide screw, while if the clutch be in gear | of this town have reaclvel to PRE the services of Mr. 
with the lathe spindle, instead of the lathe cone | Jabez Church, of Westminster, to carry out the work of 
pulley, the same wheels will only cut 4-in. pitch | deepening the bore at the artesian well and enlarging the 
screws. This motion, of course, governs the back- | well itself. The estimated expense of the work is 80001, 


shaft as well, giving four extra speeds. 

The lathe beds are 1} to 1 times their previous 
width, giving much greater support to the saddle 
under heavy cuts, gap-work, &c. The saddle and 
loose head are of the firm’s usual pattern, The lathe 
shown weighs complete about 56 cwt. 


NOTES FROM SOUTH YORKSHIRE. 


Suerrmip, Wednesday. 
Brown, Bayley’s Steel Works, Limited.—The annual 


but asa new engine-house will have to be built, and 
other improvements carried out, it has been decided to 
apply to the Local Government Board for power to 
borrow 10,0002. 


The Heavy Trades.—Great depression is still experi- 
enced in the iron and steel industries, but in some depart- 
ments of the steel trade prospects are a little brighter. 
The pig-iron market is very flat, though recovering a little 
as to sales. Consumers, recognising that the bottom 
figure has been touched, are buying for stock, Ordi- 
nary Lincolnshire forge is selling in Sheffield or equal 


report of the directors of this company:states that the|at 40s. to 41s., and foundry iron from 41s. to 42s, 


year’s trading, 


without doubt, 30,000 miners will stop work for whatever 
length of time the federation may determine. Mr. E. 
Cowey, president of the Yorkshire Miners’ Association, 
speaking at Leeds on Saturday last, said that stoppage 
was the only trade weapon that had served their purpose 
in all their past efforts. If they sat quietly by, what 
would be the result? It would be that the owners would 
want areduction. If they got it it would do them no 
good, as they admitted. If the miners had to have a 
fight at all they meant to have it now, when they were 
strong-and united and with some money inhand. Stocks 
of coal at the local pits are enormous, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was 
numerous attendance on ’Change, but again the market 
was in a most depressed state, and exceedingly little 
business was done. Buyers were very backward, hold- 
ing off in the expectation of even lower rates than those 
quoted at present, ruling before long. It was reported 
that the local consumption of pig iron was very small and 
shipments poor, yet the production has been very little 
reduced, and consequently stocks are rapidly increasing. 
Makers were not inclined to take less than 36s. for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron, 
pointing out that the cost of production prohibited any 
further reduction, but there were merchants willing to 
dispose of the ruling quality at 34s. 9d., and one or two 
parcels changed hands at the latter figure. Some buyers 
endeavoured to purchase at as low a price as 34s. 6d. 
No. 4 foundry was down to 34s., and grey forge to 33s. 3d., 


after making full allowance for bad | North-east coast makers of hematite are carrying the | but there were sellers who held out for 3d. per ton more 
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for these qualities. There was little or nothing doing in 
Middlesbrough warrants, which opened 34s. 9d. and 


closed 34s. 74d. cash buyers. Hematite pigiron was pretty | 


steady at about 43s. for mixed numbers of makers’ east- 
coast brands. Spanish ore was unchanged, rubio being 
11s. 74d. to 11s. 9d. ex-ship Tees. To-day affairs were 
particularly flat, and prices all round were a trifle easier, 
but were hardly quotably altered excepting for Middles- 
brough, which fell to 34s. 6d. cash buyers, with sellers at 
34s. 74d.; few, indeed, however, if any, transactions 
occurred. 


Manufactured Iron and Steel.—These two important 
industries continue in a most unsatisfactory state. Some 
establishments are closed, and others are only poorly 
employed, but one or two firms keep pretty busy. Pre- 
sent quotations, however, can hardly be remunerative, 
yet where there is an odd order to be obtained competi- 
tion for it is keen. Common iron bars are put at 5/., 
best bars5/. 10s., iron ship-plates 4/. 15s., iron ship-angles 
4l, 12s. 6d., steel ship-plates 5/., and steel ship-angles 
4l. 17s. 6d.—all less 24 per cent. discount for cash. Heavy 
sections of steel rails are 3/. 17s. 6d. net at works. 
Orders, however, might be placed at rather less than the 
foregoing low quotations. 


The Fuel Trade.—Coal is quiet and the demand is 
limited, though in one or two cases rather more is being 
sent out on contracts. On Newcastle Exchange the 
general price mentioned for best Northumbrian steam 
coal is 8s. 6d. f.0.b. S2cond-class coal may be had at 
&s,, and small steam at 3s. 3d. The demand for gas coal 
is declining somewhat. Bunker coal is very depressed. 
Coke isa little easier. Here good blast furnace qualities 
can now be bought at 12s. 3d. delivered at Cleveland 
works, 


Cleveland Institution of Engineers.—On Monday even- 
ing a large number of gentlemen attended a meeting of 
the Cleveland Institution of Mngineers and attentively 
listened to a paper by Mr. James I’Anson, of Darlington, 
on the ‘‘ Washing and Treatment of Coal by the Liihrig 
Process.” A description of a 28-in. steel mill with shears 
and subsidiary plant for the New British Iron Company, 
Limited, of Birmingham, was given by Mr. Jeremiah 
Head, of Middlesbrough, limelight illustrations, which 
were introduced, adding materially to the effect of the 
description. 


Shipbuilding and Engincering.—Shipbuilding is slack, 
but some of the yards present a fairly busy appearance. 
It is reported that Messrs. Palmer and Co. have secured 
an order or two recently. There is no new feature in the 
engineering trade. Some firms are anything but well off 
for contracts. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Again there was no busi- 
ness done officially in the warrant market last Thursday, 
that being the fourth day in succession on which no busi- 
ness was recorded. There was one buyer, however, who 
offered 48s. per ton cash in the forenoon, but no seller 
came forward. Intheafternoon buyers were down to 44s. 
cash, but still there were no sellers. Some lots were sold 
ex-officially—one for February 27 at 41s. 1ld. per 
ton, and another for three months fixed at 4ls. 8d. 
Cleveland and hematite iron remained unchanged in 
price. The closing settlement prices were—Scotch iron, 
44s, per ton (being a decline of 4s. 9d. per ton on the day) ; 
Cleveland, 35s. 13d.; hematite iron, 45s. 9d. per ton. 
The feature of the market on Friday was the further ad- 
vance in the price of Scotch warrants, buyers asking 
48s. 9d. per ton cash. It was rather a surprise to the 
local brokers that 500 tons had been ‘‘ covered” on Thurs- 
day in London at 54s. per ton, and at Friday’s forenoon 
meeting of the ring they offered 49s. 9d., as against 44s. on 
the previous afternoon. But there was no official business 
recorded. It was reported, however, that between markets 
1500 tons were ‘‘ covered” at 53s. 34d., 54s., and 55s. cash. 
At the close sellers were only asking 50s. Forward 
business was done at 41s. 6d. per ton March 1, and at 
41s. 6d. three months fixed. At the close the settlement 
prices were—Scotch iron, 48s. 9d. per ton; Cleveland, 
35s.; hematite iron, 45s. 9d. per ton. The market was 
somewhat excited on Monday fo-enoon. Two lots of 
Scotch—each of 500 tons—brought 50s. 6d. and 51s. 
cash, the highest official figures reached from the 
commencement of the ‘‘squeeze,” and buyers of 1000 
tons remained over at 5ls. On forward account 
one of two lots of Scotch iron were done at 41s. 6d. 
March 1 fixed, and 41s. 74d. three months fixed. 
Cleveland and hematite iron were neglected. It 
was reported on Monday that a large quantity of iron 
was going into store that day. Some 18 scales were 
weighing iron in, each at the rate of 100 tons per day. 
Between hours, it was said, some 1500 tons of Scotch 
iron were dealt in privately at 52s. 6d., 52s. 9d., and 53s. 
per ton to square accounts, Makers were also under- 
stood to have met the requirements of dealers by selling 
warrants at 53s. per ton. Not a single official transac- 
tion was done in the afternoon, but the position of quota- 
tions was quite altered from that of the forenoon, there 
being sellers at 50s. 6d. cash, with no buyers. The 
settlement prices at the close were—Scotch iron, 50s. per 
ton; Cleveland, 35s.; hematite, 45s. 9d. per ton. It would 
almost seem as if the ‘‘squeeze” in Scotch pig iron by the 
London syndicate had reached its climax on Monday, for on 
Tuesday a lot of 500 toms was sold through the market at 
47s. per ton, and a similar lot was offered at the same 
price, but was not taken up. In the afternoon sellers 
were asking 46s., and buyers were offering a shilling loss 
per ton. That was a fall of 7s. per ton from the highest 
price reported as paid on Monday, and sellers’ closing 


price was 4s. 6d. under their price of Monday. The Jarge 
quantities of new iron that had been stored since the 
quotation rose above 45s. per ton—said to be over 20,000 
tons—and especially during the five business days end- 
ing with Tuesday, the quotations rising from 47s. to 
5ds. per ton, must have been a considerable benefit 
to the makers. Special brands were also put up 
for warrant purposes, and makers, it is said, raised their 
guotations for these from 2s. to 5s. per ton. However, 
the ‘‘squeezo” has not lasted long enough to suit the 
makers, although it has beena long and severe strain upon 
the ‘‘bears,” who have been caught over-sold. The 
‘* corner” has done considerable injury to legitimate trade 
—raising prices on the makers of finished iron, reducing 
shipments, and almost stopping business in the iron 
market proper. While 47s. per ton was paid on Tuesday 
for iron at cash inside the market, 41s. 44d. was accepted 
for iron fixed for delivery on March 1, and 41s. 73d. per 
ton for delivery three months forward, Cleveland iron 
declined in price 43d. per ton, and hematite iron 3d. per 
ton, but the only business done through the market was 500 
tons of hematite iron at 45s. 6d. No business was re- 
ported this forenoon ; Scotch iron, however, was easier, 
sellers offering to take 44s, 6d., but there were no buyers 
over 42s. 6d. per ton. In the afternoon fully 10,000 tons 
of warrants changed hands at 41s. 24d. down to 41s. 14d. 
for one month fixed. The closing settlement prices were 
—Scotch iron, 42s. 6d. per ton; Cleveland, 34s. 6d. ; 
hematite iron, 45s. 44d. per ton. The following area few 
of the market quotations for No. 1 special brands of 
makers’ iron: Gartsherrie, 503. 6d. per ton; Calder, 51s. ; 
Summerlee, 52s. ; Langloan, 54s. 6d. ; Coltness, 55s.—all 
the foregoing shipped at Glasgow ; Glengarnock (shipped 
at Ardrossan), 50s. ; Shotts (shipped at Leith), 52s. 6d. ; 
Carron (shipped at Grangemouth), 53s. per ton. There 
are at present 66 blast furnaces in actual operation, as 
compared with 78 at this time last year. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
3611 tons, against 6278 tons in the corresponding week of 
last year. They included 100 tons for South America, 
299 tons for Italy, 350 tons for Holland, 100 tons for 
Belgium, smaller quantities for other countries, and 
2561 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood yesterday 
afternoon at 348,128 tons, as compared with 339,925 tons 
yesterday week, thus showing for the week an increase 
amounting to 8203 tons. 


Clyde Iron Works.—Messrs. R. and J. Dempster, of 
Manchester, are now well forward with the installation of 
their ammonia recovery plant at Clyde Iron Works, Tol- 
cross, and it is expected that work at the stills will be 
commenced shortly. The same firm are about to lay down 
a similar plant at the Andeer Iron Works, Ayrshire, 
belonging to the Glengarnock Iron and Steel Company. 
The execution of the contract will extend over a consider- 
able period. 


Dull Trade at Coatbridge.—A notice has been posted 
at the Summerlee Iron Works, belonging to the Summer- 
lee and Mossend Iron and Steel Company, intimating 
that the engagement of all joiners, moulders, and other 
tradesmen would be terminated at the end of 14 days. 
Itis also stated that a notice to a like effect has been 
posted at Calder Iron Works, belonging to William 
Dixon and Co., Limited. At the Vulcan Engine and 
Foundry Works all the unbound apprentices are under 
notice to quit. At the other works in the district trade 
isso bad that the machinery is running little more than 
half-time. 


Finished Iron and Steel Trades.—The following are 
about the current prices of Lanarkshire steel and malle- 
able iron: Ship-plates, 5/. 13s. 9d. to 6/. 2s. 6d. per ton ; 
angle bars, 4/. 16s. 8d. to 5/. 2s. 6d. ; boiler plates, 67. to 
6l. 10s. ; sheets, singles, 7/. 7s. 6d. to 7/. 15s. ; doubles 
and lattens, the usual extras; bar iron, 5/. 15s. upwards 
to 61. 7s. 6d., as to quality ; nail-rods, hoops, and fancy 
sections, all about the usual—all subject to 5 per cent. 
discount for delivery on the Clyde and in the Glasgow 
district. There are a few good orders in hands, but not 
many of the works are running full time. 


Long Shoot Dredgers.—A paper on this subject was read 
on Monday night at the usual fortnightly meeting of 
Glasgow Associated Students of the Institution of Civil 
Engineers, by Mr. H. C. Lobnitz, of Renfrew, whose 
father has been for many years engaged in the construc- 
tion of dredging plant for canals, &c., abroad. A discus- 
sion took place, in the course of which much valuable in- 
formation was communicated to the meeting, regarding 
the dredging operations on the Clyde and the cost of the 
same. 


West of Scotland Iron and Steel Institute.—The fourth 
ordinary meeting of the session was held in the Ander- 
sonian Buildings. Glasgow, last Friday night, Mr. James 
Riley, the president, in the chair. A discussion took place 
on Mr. James L, Biggart’s paper on ‘‘ The Adaptation of 
Hydraulic Power in the Manufacture of Iron and Steel,” 
which had been read at the previous meeting. Mr. 
Norman M°Culloch read a paper on ‘‘A New Scheme of 
Analysis in the Estimation of Alumina, Lime, and 
Magnesia in Iron Ore, &c.” The chief feature of the pro- 
cess is inthe construction and use of a steam-pressure 
vessel by which the physical conditions of elevated tem- 
perature and pressure are brought under easy command, 
and employed to facilitate the separation of lime and 
magnesia from iron precipitates. The chemical exami- 
nation of hematite ore may thus be effected more 
conveniently and accurately than by the methods in 
common vogue. This ingenious piece of apparatus 
was exhibited and described. The President read 
a memorandum on ‘‘Ingot Moulds.” Mr. EK. J. 
Duff, Wh. Sc., Blochairn, read a paper on ‘‘Rolls for 
Iron and Steel Rolling Mills, with special reference 


to a new Composite Roll.” He investigated the strains 
to which rolls are subject, and the influence which these 
considerations should have in fixing the dimensions in 
their design, in what manner the metal took and resisted 
these strains, and how the use of cast iron in rolls left 
special opening for largely increasing their strength and 
lengthening their life. This, Mr. Duff hoped, from the 
results of experimental rolls at work, he had secured 
by the arrangement illustrated of casting a number of 
wrought steel bars through the barrels near the outer 
circumference. The paper was of a most interesting 
nature, and was illustrated by numerous drawings and 
diagrams. 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinary meeting of this Institution was held last 
night, Mr. Robert Dundas, C.H., President, in the 
chair. Aninteresting discussion took place on Mr. Sin- 
clair Couper’s paper (read at the January meeting) on 
“The Return Tubular Marine Boiler for High Pres- 
sures.” ‘The speakers were Mr. James Gilchrist, Mr. 
James Mallison (of Lloyd’s), Mr. A. Cleghorn, Professor 
Barr, Mr. R. D. Munro (Scottish Boiler Insurance Com- 
pany), and Mr. W. C. Wallace. The further discussion 
of the subject was postponed till next meeting, so as to 
allow of two new papers being read—one by Mr. H. A. 
Mavor on ‘‘ Belting for Machinery,” and the other by Mr. 
W. Carlile Wallace, Port-Glasgow, on ‘‘Some Causes of 
Failure in Tunnel Shafting.” A number of new members, 
associates, and graduates—nine in all—were elected. 


Stability of Vessels at Sca.—The first of a course of six 
lectures on ships’ stability, &c., was given last Thursday 
evening in the Government Navigation School, Leith. 
Mr. Bolam, presided, and the lecturer Mr. Thomas 
Walton, of the shipbuilding drawing office staff of 
Messrs. Ramage and [erguson, at the outset emphasised 
the importance to seamen and those who had to do with 
loading, of a thoroughly practical knowledge of stability. 
Ignorance of stability, he said, explained the loss of many 
a good ship and many precious lives. Experience and 
close observation might teach sailors the sea qualities of 
their vessels, but that was not sufficient for the intelli- 
gent seaman of to-day. Continuing, the lecturer showed 
how, when a vessel was lying at anchor in perfectly still 
water, it might be enduring excessive strain by an un- 
equal distribution of the cargoin relation to the buoyancy 
of the vessel at different portions of her length. Hence, 
he said, the necessity for an intelligent method of load- 
ing. The lecturer then went on to describe the various 
strains that were put on a vessel. 


New Hopper Barges.—Messrs. Simons and Co., Ren- 
frew, and Messrs. Fleming and Ferguson, Paisley, have 
each booked orders for two 1250-ton hopper barges for 
the Clyde Trust, 


NOTES FROM THE SOUTH-WEST. 
Another Cruiser.—The construction of a second-class 
cruiser, to be named the Talbot, is in contemplation at 
Devonport. The Talbot is is be similar in design to the 
Astrea class, but she is to be 50 ft. longer. She is to be 
built on the slip from which the Bonaventure was recently 
launched. Her armament will consist of five 6-in. 
and six 4.7-in, quick-firing guns, eight 6-pounder and 
one 3-pounder Hotchkiss gun on recoil mountings, four 

Maxim machine guns, and four 18-in, torpedo tubes. 


The Spithead Forts.—The hydraulic machinery of the 
guns mounted in these forts is to be renewed. The 
machinery now in use was designed in 1876. The im- 
provements contemplated will probably be carried out 
under the supervision of Captain Bate, R.E. 


The Electric Light at Pontypool.—The electric light is 
being introduced at Pontypool. The contractor is Mr. 
Howard, of Llanelly. The town is expected to be par- 
tially lighted with electricity by the end of May. The 
work is being carried on by a company which has placed 
about four-fifths of its share capital. 


Windsor Slipway Company.—The directors of this 
company have issued their report for the past year. The 
balance available for dividend is returned at 3973/., and 
the directors recommend a dividend of 3 per cent., a final 
balance of 654/. being carried forward. The whole cost 
of raising the slipways has been written off. 


South Wales Coal Contract.—Some Government con- 
tracts of South Wales coal have been placed, the Dowlais 
Company receiving an order for 41,000 tons, and the 
Ocean Company an order for about 51,000 tons. The 
contract prices are stated to be low. 


Drainage at Monmouth.—The Local Government Board 
has refused to sanction an application made by the Mon- 
mouth Town Council for authority to raise a loan of 
85002, for sewage works. The objections of the Local 
Government Board to the application were the discharge 
of the sewage into the Wye in a crude state without 
having been subjected to any process of purification, and 
the omission of the Wyecham district from the scheme. 


The Tinplate Trade.—The Dafen Works have been 
closed for more than a month, in consequence of changes 
in the partnerships, but it is expected that a re-start will 
be made at an early date. The Landore Tin Works are 
also likely to be re-started. 


Cardif.—Steam coal has been inactive; the best 
qualities have made 9s. 6d. to 9s. 9d., while secondary 
descriptions have been quoted at 9s. to 9s. 3d. per ton. 
The demand for household coal has shown less activity 3 
No. 3 Rhondda large has made 10s. 9d. to 11s. per ton. 
Patent fuel has been in moderate request. Coke has ex- 
hibited little change; foundry qualities have made 17s. 
to 18s., and furnace descriptions 15s. to 16s. per ton. The 
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manufactured iron and steel trades have presented little 
variation ; if anything, however, rather less activity has 
prevailed at some points, 


Severn and Wye Railway.—The directors of this com- 

any have issued their report for the half-year ending 
Discaher 31. The directors regret that depression in the 
Forest of Dean coal trade, which has seriously affected 
the company’s receipts, prevents the payment of any 
dividend on the preference stocks. The receipts for the 
past half-year show a decrease of 1615/., and the expenses 
a reduction of 828/., compared with the corresponding 
period of 1891. The proportion of expenditure to receipts 
is 635 per cent. A sum of 4697, has been carried to the 
reserve fund, which still requires additionsto be made to 
it, to provide for renewals of rolling stock. This fund 
now stands at 2890/. In the course of the past half-year 
the following expenditure was made on capital account : 
141/. for additional machinery at the locomotive engine 
shed, and 1124/. for other works. 


Dowlais.—There has been a slight improvement at the 
Dowlais Iron and Steel Works. Nearly the whole of the 
Lower Works have been started, rails and tin bars still 
bsing the chief products. At the Upper Works business 
has been less brisk. 


Wages in Wales —A joint conference of representatives 
of the coal trades of South Wales and Monmouthshire, 
and delegates representing 100,000 colliers, was held at 
Cardiff on Friday under the presidency of Sir W. T. 
Lewis, for the purpose of forming a new sliding scale 
agreement regulating colliers’ wages. A lengthened dis- 
cussion took place, and three of the workmen’s delegates 
left the room before the decision was arrived at, refusing 
to sign an agreement on the same basis as the scale of 
1892, but the majority accepted it, and the new scale is 
to beginon March 1. The federationists declare the scale 
not binding on the workmen, as it was not signed by all 
the workmen’s representatives, 


Penarth Shipbuilding and Ship Repairing Company, 
Limited.—The directors have issued their report for 1892, 
from which it appears that the profit on the year’s work- 
ing was 4069/., which, with 6517. brought forward from 
the previous year, made a total of 47201. An interim 
dividend at the rate of 5 per cent. per annum paid in 
August last, absorbed 1122/., leaving a disposable balance 
of 3598/7, The directors recommend for the past half-year 
a dividend at the rate of 7} per cent. per annum, which 
will require 1683/., leaving a balance of 19147. To meet 
the depreciation of the works and machinery, and bearing 
in mind the somewhat exceptional profit on the past 
year’s work (which accrued in the first six months), the 
directors propose to place 10007. to the credit of the 
reserve fund, and to carry the balance of 914. to the credit 
of the current year. A large outlay has been incurred 
in repairs required to the slipway. Advantage was taken 
of the opportunity to increase its strength, and it is now 
capable of receiving much larger vessels than previously. 


Rhonida and Swansea Bay Railway.—The accounts 
submitted show that the gross receipts for the half-year 
ending December 31, 1892, were 15,437/., and after de- 
ducting working expenses and other charges, including 
the interest on debenture stock, there remains a net 
revenue of 3314/. The directors recommend that after 
providing for the dividend on the preference shares, the 
available balance should be applied to the payment 
of a dividend on the ordinary shares for the past half-year 
at the rate of 4 per cent. per annum, a sum of 245/. to be 
carried forward to the next account. The general de- 
pression in trade—and especially the continued stoppage 
of the extensive iron and steel works at Cwmavon—has 
affected the receipts for the past half-year. The works 
at the Neath Bridge are being proceeded with, and the 
directors have entered into contracts with Sir W. Arm- 
strong and Co., Limited, Newcastle-on-Tyne, for the 
necessary hydraulic machinery, and with Messrs. Finch 
and Co., Limited, Chepstow, for the ironwork, all to be 
completed by the end of the year. 


Torpedo Tubes.—An order has been received by the 
torpedo department at Keyham for the construction of 
two 18-in. above-water torpedo tubes. These tubes are 
to be forwarded later on to the Thames Shipbuilding 
Mei ea Blackwall, for use on the first-class cruiser 

eseus, 


Barry Railway —The Barry Railway Company having 
found that its supply of fresh water from Ely for its 
works at Barry has become inadequate, has determined 
to lay a tributary main. 


The ‘‘ Antelope.’—Ten railway trucks containing 
machinery for the Antelope, now building at Devonport, 
have arrived at Keyham. Only four of the boilers have 
at present arrived. 


MISCELLANEA. 

We learn that Dr. Nansen’s boat for the Polar expe- 
dition will be fitted with Holden’s system of liquid fuel 
burning, Messrs. Taite and Carlton having received the 
order for the apparatus from the builders, 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended February 12 
amounted, on 16,4544 miles, to 1,243,713/., and for the 
corresponding period of 1892, on 16,379 miles, to 
1,284,674/., an increase of 75} miles, or 0.4 per cent., and 
a decrease of 40,961/., or 3.1 per cent. 


Messrs. Jackson Brothers, Limited, of 50, Call-lane, 
Leeds, are now introducing a reservoir drawing pen. 
This pen consists of an ordinary hinged nib drawing pen, 
having a hollow metal handle, into which fits a cylinder 
intended to contain the indian ink. A fine tube connects 


this cylinder with the point of the pen. The cylinder, 
we should add, is fitted with a plunger by means of which 
the ink is forced out into the pen when required. 


Asa simple means for forming a rough estimate of the 
power to ba expected from an engine, a writer in the 
American Machinist gives the following rule: 


fre Ca ): 


This rule is correct for a mean effective pressure of 42 lb. 
per square inch and a piston velocity of 500 ft. per 
second. It should, however, be noted that the smaller 
sized engines seldom run at this speed. 


In a recent number of Le Genie Civil M. Delauncy 
gives his experiences with rope gearing, the results being 
very unfavourable to it. He states, taking into account 
the greater wear with ropes than belts, that they cost at 
least three times as much as belts. Further, to transmit 
the same power, the weight of the ropes is 2.64 times that 
of belts. TVinally, in transmitting the same net horse- 
power to a machine, the loss in transmission was found 
to be 5.77 per cent. with ropes as against 1.44 per cent. 
with belts. 


Referring to the question of strengthening old bridges 
by adding plates to their flanges, Herr Alois Schneider 
remarks in the Zeitschrift of the Austrian Society of En- 
gineers and Architects that this practice has usually 
been considered unsatisfactory, because if the plates are 
added whilst the bridge is under its dead load, its various 
members will be under a certain stress, whilst the new 
plates added will be free from stress. Hence, when com- 
pleted, the parts added will not take their fair share of 
the work. To avoid this, it is necessary during the 
repairs to relieve the bridge of its own weight by support- 
ing it on scaffolding, and if this is properly done he 
claims that the various members of the bridge can be 
satisfactorily strengthened without difticulty. 


M. Zipirnowski’s plan for an electric railway between 
the capitals of Austria and Hungary is again attracting 
attention. The railway is torun from Vienna along the 
right bank of the Danube, vid Wieselburg and Raale to 
Budapest. The central stations are to be about 38 miles 
distant from the termini, and are to supply the current to 
the motors. The carriages are intended to convey 40 pas- 
sengers each. The carriages are to be lighted by incan- 
descent lamps, with powerful arc lamps for signal lamps, 
capable of being seen at a couple of miles distance. The 
wheels are to be specially constructed so as to avoid de- 
railment, and the signalling system is to be quite a 
novelty. The requisite power for a carriage is calculated 
at 800 horse-power. The length of the line is estimated 
at about 150 miles, and the cost will be some 10,000,0002. 
to 12,000,0007. 


A new nickel steel, the secret of the manufacture of 
which has, it is said, been secured by Herr Krupp, of 
Essen, has been experimented with at Meppen. Two 
3.4-in. shells, each containing 6 oz. of picric acid, were 
placed, one in a gun of ordinary Krupp steel, and the 
other in a gun of the new nickel steel, at a distance of 
12 in. from the muzzle. Upon the shells being exploded, 
the muzzle of the gun of ordinary steel was blown into 
anumber of pieces, but the only effect produced upon the 
nickel steel gun was a local enlargement of the bore to 
the extent of tin. In the next experiment a 3.7-in. shell, 
containing 6.3 oz. of picric acid, was burst in a nickel 
steel gun at a point 19.5 in. from the bottom of the bore. 
The results were an enlargement to the extent of 4 in. 
and a fissure 3in. in length. Trials of plates of this 
Beara steel have also been made and have given satis- 
action. 


Under the auspices of the Institute of Marine Engi- 
neers, and closing the literary and educational courses of 
its present session, Mr. J. Adamson, jun., a member of 
the well-known Rothesay firm of marine photographers, 
delivered a lecture at the Stratford Town Hallon Friday, 
February 17, on ‘t A Century’s Progress in Shipping and 
Shipbuilding.” The lecture was illustrated by some 250 
limelight views, and formed a complete history of the 
growth of the different branches of shipping and ship- 
building, especially on the Clyde, including river steamers, 
deep-sea steamers, sailing ships, and yachts. Most of the 
views of the older vessels were from old pictures and 
prints, gathered from all sources, the newer ones being 
from photographs by Messrs. Adamson themselves, and 
the whole series proved most interesting, as showing the 
gradual but remarkable improvement that has taken 
place in ship construction. 


Messrs, A, C. Wells and Co., of Midland-road, St. 
Pancras, London, and Manchester, have brought out a 
waste oil filter. Users of small engines, especially gas 
engines, waste a large quantity of oil through not having 
a cheap and handy means of cleaning it over and over 
again. These filters can be stood on a bench or hung 
upon the wall in an engine-room, and the dirty oil put 
in from time to time, the clean oil being drawn off as 
required. The smallest size made holds about three 
gallons, but Messrs. Wells also make a larger siz3 to 
hold about eight gallons. The filtering material is con- 
tained in a stamped steel receptacle, and the oil is led 
to the centre of this filtering material through a pipe 
leading from an oil cistern above, and flows upwards 
through it, finally falling into a second oil cistern below. 
The top half of the filter can be lifted out, when the 
whole of the filtering material is removed in its box. 
This can quickly be renewed, so that the whole apparatus 
forms a very compact and inexpensive arrangement. 


_ From recently published statistics it appears that the 
list of Danish towns possessing water works is annually 
increasing, The Danish towns which have most recently 


been furnished with water works are Fredericia, Korsiir, 
and Nykjiébing on theisland of Falster. A table, corn- 
prising a number of provincial water works, shows that 
the average consumption has been 24 gallons per head per 
day in towns with water works more than 10 years old, 
and 12 gallons per individual in towns with water works 
less than 10 yearsold. In towns with more than 10,000 
inhabitants the consumption averaged 25 gallons per head 
per day, and in towns with less than 10,000 inhabitants 
16 gallons. The consumption was largest in such towns 
as had filtered surface water, the average being 25 gallons 
per head; whilst in towns with subterranean water 
supply the average was only 17 gallons per head. The 
cost of the water has, in the different towns, varied from _ 
2.45d. per 1000 gallons to 8.08d. per 1000 gallons, the average 
being 4.46d. The water is cheapest in the largest towns. 
In about half the towns the water works show a surplus, 
and in the other half a loss. 


Atan ordinary meeting of the Owens College Engi- 
neering Society, held on Tuesday, February 14, Mr. 8. 
Dunkerley, B.Sc., in the chair, a paper on ‘‘ Russian 
Mill-dam Constrnction,” by Mr. R. H. Lunn, B.Se., was 
read by Mr. J. T. Lunn. ‘The author first referred to the 
difficulties engineers have to contend with in the construc- 
tion of mill-dams, viz.: Severity of the climate, absence 
of stone in central Russia, and the flatness of the country, 
together with the gentle gradients of rivers, which neces- 
sitates a large tract of land being flooded to obtain the 
necessary head of water. The greatest difliculty is the 
annual break-up of the ice in spring, dams in consequence 
being subjected to great strain. ‘The mill-dams, there- 
fore, were built of wood, of which there was a great quan- 
tity. The author then divided dams into two classes, 
viz. : Those on log foundations, and those on foundations 
of sheet piling. The log foundation consisted of fresh fir 
trees minus the branches laid along the bed of the stream 
covered with alternate layers of clay and manure. The 
banks were of fascines packed with clay or gravel. For 
large heads of water, pile foundations were necessary. A 
coffer dam was driven in winter, holes in the ice acting as 
guides. Where quicksands or underground springs occur 
four transverse rows of sheet piling have to be driven. 
The essential parts of this kind of dam are: Rising floor, 
supported by two lines of sheet piles; then the sluices, 
behind which a floor extends horizontally for a distance 
equal to breadth of roadway over it ; then a sloping floor 
or apron, dipping into the water, with sides of round logs. 
The author finally described a more expensive form of 
dam in which two rows of brick in Portland cement were 
built across the gap. A discussion followed the reading 
of the paper. 


LAUNCHES AND TRIAL TRIPS. 

On Monday, February 6, the Cork Steamship Com- 
pany’s steamer Rallus proceeded on her official trial, after 
having had her machinery converted to triple-ex pansion, 
and a new high-pressure boiler fitted, the work having 
been carried out by Messrs. David Rollo and Sons, 
Liverpool. The new boiler is of steel, 15.3 in. in diameter 
by 10 ft. long, fitted with three furnaces. The cylinders 
are 18 in., 28 in., and 44 in. in diameter respectively, the 
stroke being 30 in. A new propeller has been fitted to suit 
the altered conditions. The whole of the machinery has 
been approved by Lloyd’s for a working pressure of 150 lb. 
On the trial everything worked in the most satisfactory 
manner, the engines running 81 revolutions per minute, 
and giving 690 indicated horse-power, the average speed 
of the vessel being 11 knots. The Rallus has had a very 
extensive overhaul, new decks, &c., being fitted, while a 
ballast tank of Jarge capacity has been built, on the double- 
bottom principle, forward of the machinery space. 


On Thursday, the 16th inst., there was launched from 
the yard of the Sunderland Shipbuilding Company, 
Limited, a steel screw steamer, built to the order of 
Messrs. Marty and D’Abbadie, of Haiphong, and intended 
for the Haiphong and Hong-Kong passenger and mail 
service under the French flag. The dimensions of the 
steamer are as follows : Length between perpendiculars, 
240 ft. ; breadth of beam, 32 ft. ; depth, moulded, 19} ft. 
The ship will be lighted throughout with electricity. 


Messrs. Fleming and Ferguson, shipbuilders and engi- 
neers, Paisley, launched on February 20 from their 
Merksworth yard a steel screw yacht, for the Foyle and 
Bann Fishery Board. She has been built to Board of 
Trade and Lloyd’s requirements from designs by Messrs. 
G. L. Watson and Co., Glasgow, who have also superin- 
tended her construction. 


A steamer, named the Chelmsford, intended for the 
Great Eastern Railway Company’s Harwich Continental 
service, was launched from Messrs, Harle’s yard, at Hull, 
on Tuesday, February 21. This vessel is a steel twin- 
screw steamer 300 ft. in length by 344 ft. beam, fitted 
with two separate sets of triple-compound engines, which 
are expected to develop 4500 horse-power. The builders 
have guaranteed a speed, when fully loaded with pas- 
sengers and cargo, of 174 knots per hour. She is fitted 
for about 200 first-class passengers, and is intended for 
the new route to the Continent from Harwich vid the 
Hook of Holland, which is expected to be opened on 
June 1 next. 


Tur Unirep Starrs Navy.—Plans for four new tor- 
pedo boats, each to cost about 15,0002., will probably be 
approved and the contracts given out before the present 
American administration goes out of office. The new 


torpedo boats will be fitted with quadruple expansion 
engines, 
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THE ARGENTINE CRUISER “NEUVO DE JULIO.” 


CONSTRUCTED BY SIR WILLIAM G. ARMSTRONG, MITCHELL, AND CO., LIMITED, ELSWICK. 
(For Description, see Page 229.) 


xa 


ne See eA” 
y cnseaiadenic: 


f— 


Psa 
‘Tt y 


7 
‘ 
‘ 


¢ 


o Ge 9) ste balla ie sig; nG > Pea 


7 vi 
motile 


4 


; ry »i 
li Aixct SANS th oe owe an 


o O74 


ENGINEERING, Fesruary 24, 1893. 


TANK LO G O3MEOMEeIY = 


CONSTRUCTED BY MESS 


SS 


i 
i 
H 


a 


A\e 


7 


, 


(eee See a ee ee 


“435) 7 


1 SSS ares er gto es Se 


Qo coon en eense een 


4 } N, 
1 

: specnchgencpe meee 

ebbeemnnene!: 


5 he aaa 


eee ites 


ee a 


ee 


XP: 


~ ee uag sajlog 0 jiny woty 


See 


ei 


-....Front Cylinder to Cen. of Driving * Ascle. 10 


0 


! 


pase 20 2 


ane 
Bh OGL, Sead eee aero Aare (oh, 


2 ae satekige 
i ob 


ame 


36: 2% 


Over BuFfers 


$74 


l 
2b Saumuy sMjag i ik 
[v2 


pi ua0y 01g JaAg 


S> 


4, 
ie 
N 


S| 


Sts 


ith 
LL 


y 
i 


SLL LILL STL ELITL SES TPED 


S 


E93 ssapuyhy 


Serre 


Sf : 


"Bb souty| 
“ 


NS 


SESS 


SS 


N 
s 


Meee ERSEY RAILWAY. 


D CO., ENGINEERS, LEEDS. 


ige 218.) 


—TUBES. — 


NUMBER, DIAM. 
1892” 


— HEATING SURFACE, — 
FIRE BOX 122-78 5Q. FF 
TUBES 1034.77 * * 


TOTAL 1157-55 SQ. FE 
= GRATE AREA 24.98 Sq.Ft 


ff 
in 


To blaw oFF at 
'50 Ibs per sq. in. 


| 
| 
| 
| 
| 
| 
Pr Pe ee Rese 


0 — CYLINDERS, — 

DIAM. STROKE CENTRES. 

19.5° 26° 6. Be 
GAUGE 4.8%. 


(aA 


(i. —— | 
e 


-...9. 96 


rl 


DP) 
“qi Wo a 
Ft ef ol 


t as Ss ee —v-—O. y= — > : sar ovale : He ipa yp os poh ———_ 
OE ut. Tanks | 12! . zs 2 i NG zi 
lene 1 a/-o | fe) fo) io} --7y- nn SONNY: 


i ch 2a) recs 
\, Of: 0 —o- $6 | 
hae toe “6 avo <6. 0) “¢ i “i 
4 |” & Copper stays. wis S 
ee Threds per basa ZI Ry 


cease enc wens 4 himparre | fi 1 | FUEL CAPACITY 1/10 CUB; FT 
t UL : | WATER © » 4 1382 GALLONS. 


tf 


‘til waa 
ly 


oe, ra Wee 
str ESSER 


oy 


e = 


fe ah ae Sa ire TS rai i OR tit ht | tee es (eee eee ad 
eel Base. (Fixed) Il. 6 _.. 
Se eo 


BT. 7-18. Light 55.— 16. ! 
: /4 — 16. 10-39. Sémi Loaded 63.— 17. \ 
nahin es esinata min nine Senin aeneeeinm a etme = 150 - SPCR Sea etree I ete oS onan enna nena nena +42=43—=--—-. toadeg —.=.. 09 eo A of 


Y ~ wa OG See 
YUU ay ie 7} == ~~ 
Ry ey 


Th E 
eS ES a, Mere ae SS 


INN SS : WH I INS Zz 
YN ——) 7/7/77 [jp Bi ee see 7 


owes 3 


Taiey & Price Eng’? 


tee ae a , a> Ty he a ae f 
LIBRARY 
; OF THE 
. UNIVERSITY OF ILLINOIS 
. ; 
a 


~~ 7 : 


Fes. 24, 1893. | 


AGENTS FOR “ENGINEERING.” 


Austria, Vienna: Lehmann and Wentzel, Kirntnerstrasse, 

Carg Town: Gordon and Gotch. 

EpinsurRGH: John Menzies and Oo., 12, Hanover-street. 

FRANCE, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue dela Banque; M. Em. Terquem, 31bis Boulevard Haussmann. 
Also for Advertisements, Agenve Havas, 8, Place de la Bourse. 
(See below.) 

Germany, Berlin: Messrs. A. Asher and Co.,, 5, Unter den Linden. 

Leipzig: F. A. Brockhaus., 
Mulhouse: H. Stuckelberger. 
Giascow: William Love. 
Inp1A, Calcutta: Thacker, Spink, and Co. 
Bombay : Thacker and Oo., Limited. 

Iraty: U. Hoepli, Milan, and any post office, 

LiverPoo.: Mrs, Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate, 

New Sourn Wauss, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street. Gordon and Gotch, George-street, 

QUEENSLAND (SouTH), Brisbane : Gordon and Gotch. 

(Norrs), Townsville: T, Willmett and Co. 

RorrerRDAM : H. A. Kramer and Son. 

Sourn Austraia, Adelaide: W. C. Rigby. 

Unite States, New York: W. H. Wiley, 53, East 10th-street 

Chicago: H. V. Holmes, 44, Lakeside Building. 

VictrortA, MELBouRNE : Melville, Mullen and Slade, 262/264, Collins- 

street. Gordon and Gotch, Limited, Queen-street. 


NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GitBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States, Mr. W. H. Winky, 53, East 10th-street, New York, 
and Mr. H. V. Holmes, 44, Lakeside Building, Chicago. The 
prices of Subscription (payable in advance) for one year are: For 
thin (foreign) paper edition, 1l. 16s, Od. ; for thick (ordinary) 
paper edition, 2/. 0s, 6d., or if remitted to Agents, 9 dollars for 
thin and 10 dollars for thick. 


ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line, The line 
averages seven words, Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m, on Thursday. In consequence of the necessity 
for going to press early witha portion of the edition, 
alterations for standing Advertisements should be 
received not later than 1 p.m. on Wednesday after- 
noon in each week. 


The sole Agents for Advertisements from the Con- 
tinent of Europe and the French Colonies are the 
AGENCE HAVAS, 8, Place de la Bourse, Paris. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the publisher, 
free for Twelve Months at the following rates, payable in 
advance :— 


For the United Kingdom................41 9 2 
», all places abroad :— 

Thin paper copies ............£1 16 0 

hick noe uae COUsOnOonueD £2 0 6 


Allaccounts are payable to the publisher, Mr. CHARLES GILBERT. 
Cheques should be crossed ‘‘ Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

When foreign Subscriptions are sent by Post Office Orders 
advice should be sent to the Publisher. 


Foreign and Colonial Subscribers receiving 
Incomplete Copies through News-Agents are re- 
quested to communicate the fact to the Publisher, 
together with the Agent’s Name and Address. 

Office for Publication and Advertisements, Nos. 
35 and 36, Bedford-street, Strand, London, W.C. 


TrELHGRAPHIC ADDRESS—ENGINEERING, LONDON. 
TELEPHONE NUMBER—3663, 


ENGINEERING is registered for transmission abroad. 
READING CasEs,— Reading cases for containing twenty-six 


numbers of ENGINEERING may be had of the publisher or of any 
news-agent. Price 6s. each. 


CONTENTS, 


PAGE 

The Nicaragua Canal (JJ- 
Wustrated) .....c-cccecce 209 
American Industries and 
British Commerce. No. 
VII. (Illustrated) ........ 210 

The Berne Compressed Air 
Tramway (Illustrated) .. 212 
London Societies. No. 
XXXY. (Illustrated) .... 
Bridge over the Mississippi 


PAGE 
ee Mercantile Marine in 
Steam Trials of ‘9 de 

Julio” (Illustrated) .... 229 
The Practical Measurement 

of Alternating Electric 

Currents (llustrated).... 230 
231 
232 
|The Commercial Aspect of 


at Memphis, Tennessee |_ an Engineer’s Training .. 232 
(itttrstrated) 2.0 e0s+ oe 218; The Inventor of Gutta- 
Locomotive for the Mersey Percha Covered Wire .... 232 
Railway (Illustrated) .... 218 |/Thornycroft’s Screw Tur- 
Electric Lighting Station at | bine Propeller ...... Sone or 
MATABQOW. oe cis een ==". 9.6 219 | Triple-Screw Steamers .... 232 
Columbian Exposition Notes 219 |/The Liverpool Overhead 
Snyer’s Elastic Coupling Railway. <ebelorns ads ceded 32 
(Tilustrated) , 2... 26.06. 220 || Mr, Stretton’s List of Loco- 
Ten-Inch Lathe (Illus.) .... 221|/ motives ..........eee008 232 


Notes from South Yorkshire 221 


‘Compound Express Loco- 
Notes from Cleveland and 


motive for the Northern 


the Northern Counties .. 221| Railway of France (JI- 
Notes from the North...... 222| lustrated) ..... eicicharmoe, 
Notes from the South-West 222 | Industrial Notes .......... 235 
Miscellanea..............08 223 | The Physical Society ...... 236 
Launches and Trial Trips .. 223 | ‘* Engineering” Patent Re- 
Marine Boilers (Illustrated) 225 | cord (Illustrated) ...... 237 
Gilbert’s ‘‘De Magnete” .. 227 


With a Two-Page Engraving of « TANK LOCOMOTIVE 
FOR THE MERSEY RAILWAY. 


ENGINEERING. 


225 


NOTICES OF MEETINGS. 


Tue INSTITUTION OF C1vIL ENGINEERS.—Tuesday, February 28th, at 


8p.m. Ordinary meeting. Renewed discussion upon the paper 
by Dr. Edward Hopkinson on ‘ Electrical Railways.” 
to be read—time permitting—‘‘ On Plant for Harbour and Sea 
Works,” by Mr. Walter Pitt, M. Inst. C.E.—Students’ meeting, 
Friday, February 24th, at 7.30 p.m. Paper tobe read: ‘‘ On the 
Methods usually adopted in Devon and Cornwall for Dressing 
China-Clay and Tin-Ore,” by 
Inst. C.E. ‘ 
Students’ visit, March 1st, at 4 p.m., to the Houses of Parliament, 
to inspect the Clock Tower and the ventilating and lighting 
arrangements. 


Paper 


Mr. R. Hansford Worth, Stud. 
Mr. T. J. Bewick, M. Inst. C.E., in the chair.— 


Cremican Socrety.—Thursday, March 2nd, at 8p.m. ‘‘ Notes 


on Optical Properties as Indicative of Structure” (postponed), 
by Mr. H. E, Armstrong. 
Inactive Glyceric Acid,” by Mr. P. Frankland and Mr. J. 
MacGregor. 
the Losses of Gold incidental to it. The Volatilisation of Gold,” by 
Mr. T. R. Rose. ‘‘ The Interaction of Alkali-Cellulose and Carbon 
Disulphide, Cellulose Thiocarbonates,” by Mr. C. F, Cross, Mr. 
E. J. Bevan, and Mr. C. Beadle. 


“The Ethereal Salts of Active and 


“Limits of Accuracy of Gold Bullion Assay and 


A new atomic diagram and 
periodic table of the elements. , 
Socimry or ArTs.—John-street, Adelphi, London, W.C. Arrange- 


ments for the week ending March 4th, 1893.—Tuesday, February 


28th, at 8 p.m. Foreign and Colonial Section. ‘* Russia as a 


Field for Tourists,” by Sir Edward Braddon, K.C.M.G. Sir 


Philip Cunliffe-Owen, K.C.B., K.O.M.G,, C.I.E., will preside. 
—Wednesday, March 1st, at8 p.m. Ordinary meeting. ‘‘ Tele- 
Photography,” by Mr. Thomas R. Dallmeyer. 


ENGINEERING. 


FRIDAY, FEBRUARY 24, 1893. 


MARINE BOILERS. 


THE correspondence which has been carried on 
in our columns during some weeks past indicates 
the interest taken by engineers in the marine 
boiler problem. The Admiralty Boiler Committee 
has now finished its work, and the report has been 
published, together with the evidence of the various 
witnesses, in blue-book form. Comment on this, 
however, is debarred from the fact that it is 
marked ‘‘ Confidential,” but any good reason for 
this prohibition we are quite unable to suggest. 
Of course it is easy enough to formulate bad 
reasons, and the Admiralty have but themselves to 
blame if the public attribute unworthy motives for 
the suppression ; supposing, of course, secrecy be 
ultimately insisted upon. It is, however, im- 
possible to keep these matters entirely secret, and 
those who take the trouble can get the information. 
A good number of copies have been struck off, and 
to divulge secrets which are printed in a book does 
not prick the average conscience overmuch. No 
doubt this is what is intended. So long as news- 
paper criticism and questions in Parliament are 
avoided, the Admiralty are content. It need not be 
supposed that the witnesses examined would 
object to publicity, as there is no more in the 
evidence of the majority than details of engineer- 
ing practice which they would communicate in 
conversation to any of their colleagues or com- 
petitors ; for, to the credit of engineers, it may be 
said that professional interest is nearly always 
stronger than commercial rivalry. In the present 
instance, as we have often said, the professional 
officers at the Admiralty need not be ashamed nor 
fear ; but officialism is always timid.. Perhaps, 
however, the report and evidence may be ultimately 
made public, and British engineers will reap the 
benefit of a most valuable and interesting mass of 
facts collected at public expense. 

The recent correspondence in our columns was 
opened by Mr. H. Benbow with along and able letter 
which appeared in our issue of October 21 last, 
The writer’s long practical experience in the Navy 
entitles him to the respectful attention of the engi- 
neering profession, and it is satisfactory to us that 
he echoes many of the sentiments we had formerly 
expressed. He deprecates the adoption of larger 
and heavier boilers, which, he says, would be de- 
scending the ladder we have set ourselves to climb ; 
and although difficulties have arisen owing to want 
of experience, he is quite certain they will be over- 
come, and trusts this country will not be second in 
the race. The Admiralty ferrule, he continues, 
‘*can, at the best, only be looked on as a make- 
shift . . . . and it is in the direction of design that 
we must look for improvement.’”” We have pre- 
viously described the ferrule as ‘‘an expedient,” 
and we think the term well fits the situation. 
Nevertheless, expediency demanded some device 
to render available a large number of existing 
boilers in warships, and from this point of view 
the Chatham ferrule may be claimed as eminently 
successful. For these reasons both Mr. Benbow 
and ‘‘Chief-Engineer, R.N.,” who appear to 
join issue on this matter, are in the right. The 


new ferrule is cheap—we believe the cost is about 
8d. apiece—and will last a fairly long time with 
moderate ratio of fuel combustion, whilst it enables 
a forced draught trial to be run with complete 


success. That is a good record for ‘‘a makeshift,” 


but we are sure engineers will agree that boilers 
ought not to be designed in a manner that makes 


them dependent on such an expedient. 
In our issue of October 28, Mr. James Patterson, 


of Linlithgow, describes another form of ferrule 


which he recommends. In this the composition is 
plumbago ganister and fireclay. ‘* These ferrules 
extend 8 in. inward and considerably outwards, 
having a bell mouth very much turned over, thus 
forming an air space around the contact joint of 
tube and tubeplate, and will withstand any degree 
of heat that can be put upon them by hot or cold 
air forced draught, and will last for a considerable 
time.” Before we could accept this device as suc- 
cessful we should like a definite value put upon 
Mr. Patterson’s ‘‘considerable time.” All who 
have had experience in the use of refractory 
materials subjected to currents of heated gases 
know how difficult it is to get them to stand for 
long. The cutting action of the stream of gases 
and particles carried by them would be ex- 
tremely trying on the ferrules. We have no 
experience in such situations of the particular mix- 
ture adopted by Mr. Patterson, but in the absence 
of trial data we should be rather inclined to rely 
on the ‘‘ malleable cast’ Chatham ferrule, if only 
because it would be more easily put in position. In 
a subsequent issue (December 16) we were able, by 
the courtesy of Messrs. Murray and Patterson, to 
publish an illustration of the arrangement. By 
this it will be seen that not only are ferrules placed 
in the tubes, but they extend some distance out- 
ward, and support ‘‘ a fireproof protective shield,” 
which stands out from the tubeplate, thus leaving 
an air space between. In this way the whole of 
the tubeplate and tube ends are shielded from the 
impact of the flame, and we can easily believe that 
the tubes would not leak even under extreme con- 
ditions of forced draught so long as the brickwork 
remains intact. But there is the further serious 
difficulty from ‘‘ bird’s-nesting’”’ with anything like 
a good forced draught. The whole of the tubeplate 
surface, as heating surface, and the first 8 in. of 
the tubes is lost—at least, so it appears to us 
according to our reading of the drawing, although 
another of our correspondents says such is not the 
case. The question arises whether the advantages 
claimed could not be attained by more simple 
means, and we think Mr, Patterson will agree that 
it is undesirable to build up a masonry structure 
in the combustion chamber, if it be possible to do 
without it. Itshould be stated that Mr. Patterson 
also adopts what he describes as a ‘“ firebrick 
retort-arch,” which has the good effect of protect- 
ing the junction of the furnace end and the tube- 
plate, and directs the current of heated gases upon 
the back plate of the combustion chamber, so that 
they have some of their sting taken out before 
entering the tubes. Our correspondent does well 
to call attention to this vulnerable part in the 
anatomy of the return-tube boiler. 

If the tubeplate has to be protected by a shield 
of fireproof material, probably the most practical 
way of attaining this end yet proposed is that de- 
signed by Mr. EH. A. Cowper, and illustrated by us 
on page 795 of our issue of December 23 last. Mr. 
Cowper’s arrangement consists of cheap units easily 
fixed and readily renewable locally if necessary. 
As we said when describing this arrangement, it 
appears well worth a trial. 

Mr. Benbow has evidently studied with advan- 
tage Mr. Yarrow’s remarkable paper read before 
the Institution of Naval Architects in 1891, or he 
has arrived at similar conclusions by independent 
investigation, for these two engineers are at one 
upon many details. The former points out that 
the difference in temperature between the inner 
and outer surfaces of the tubeplate causes the latter 
to become convex towards the fire, and on this 
score he is naturally an advocate of thin tube- 
plates. On the other hand, Mr. Patterson, in con- 
junction with Mr. Murray—who joined him in his 
last letter to us—is ‘‘ of opinion that thin tubeplates 
will be short-lived.” It would be interesting to 
hear the reasons our correspondents have for arriv- 
ing at this conclusion. The facts that have come 
before our notice point to a directly opposite result; 
provided, of course, the tubeplate be given fair 
play. For our own part we look on the thickness 
of the tubeplate as the crucial point in the 
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design of boilers to be used with forced draught, 
and this for the following reason. If a tube- 
plate, say, of 4 in. thickness, can be made to 
withstand the steam pressure—of course with- 
out complication in the matter of stays, &c.— 
then it is at least on an equal footing with the 
thicker tubeplate, unless Messrs. Murray and 
Patterson can substantiate their assertion that it 
will not endure. Now Mr. Yarrow tells us—and 
his assertion is not a matter of surmise, but of hard 
practical experience—that there is no difficulty with 
his tubeplates as regards safety. We know he is 
directly opposed to stay tubes, believing them to be 
a fruitful source of evil, and holding that the stay- 
ing of the ordinary tubes is more than sufficient for 
the purpose. If that be the case, and our own ex- 
perience thoroughly endorses Mr. Yarrow’s view, 
the virtues claimed for thin tubeplates are all clear 
gain. There is no contra account, and for this 
reason the primary course of experimental research 
should be in the direction of thinner tubeplates. 
With regard to ordinary tubes acting as stays, even 
when loose in their holes, Mr. Yarrow, in a com- 
munication which appeared in our issue of Septem- 
ber 23, 1892, in reply to a question from the late 
Dr. Kirk, which was contained in a previous letter 
to us, makes a significant statement. Dr. Kirk’s 
inquiry was as follows: ‘‘ Perhaps Mr. Yarrow would 
give his experience of how far tubes that have 
become leaky can be relied on to continue to act as 
stay tubes, as I am sure a full and clear statement 
from him would go far to restore confidence in every 
tube its own stay.” Mr. Yarrow’s reply was to this 
effect : ‘‘ As regards the necessity of using stays or 
stay tubes to resist the strains to which tubeplates 
are subject, for many years we have never adopted 
them, although, as is well known, our boilers are 
forced to an abnormal extent, and we have never 
had the slightest indication of any want of strength, 
which would certainly have been apparent in some 
cases, considering that severa] hundreds of boilers 
have passed through our hands. This is our ex- 
perience, not only in cases where no leakage 
occurred, but also with tubes which in old times 
leaked to a very serious extent. The above facts, 
I submit, indicate that, notwithstanding leakage 
of tubes, they can be relied upon to continue to act 
as efficient stays if suitably spaced, and assuming 
the workmanship and materials to be of the highest 
class. . . . It must be borne in mind that, although 
when a boiler cools down after trial, the tubes are 
often found loose in their holes to an extent which 
would lead to the supposition that there was con- 
siderable risk, the same amount of looseness 
between the tube and plate does not exist when 
the boiler is under steam ; and experience points 
to the fact that the steaming power of the boiler 
has stopped long before a dangerous condition of 
things is reached.” We do not forget that Mr. 
Yarrow’s experience is with the loco-marine type 
of boiler, but his argument bears nevertheless 
upon the action in a return-tube boiler. 

Mr. Durston does not look for salvation in thin 
tubeplates. His contention is that all trouble 
comes from overheating ; that, be tubeplates thick 
or thin, tube ends will leak if the evaporation be 
rapid, unless circulation of water against the tube- 
plate be unobstructed. We think this is the posi- 
tion taken up by the engineer-in-chief, if we have 
interpreted his statements aright. Now itis evident 
that between Mr. Durston and Mr. Yarrow—and 
they both have influential supporters—it is a 
question of degree. Both are right within cer- 
tain limitations, and the practical problem is 
where to draw the line. Where does the ‘‘ hot 
tubeplate man’”—to use Mr. Morcom’s expressive 
term—cease to be reasonable; what are the 
limitations of the ‘‘thin tubeplate man”? Our 
readers will not expect us to dogmatise on this 
knotty point. To settle it must be a question of 
experiment, by which alone the proper compromise 
can be determined. There is, however, the advantage 
already referred to with which the thin tubeplate 
school start in the contest. If they prove their 
case, they add nothing to the boiler; on the con- 
trary, they reduce its weight. To provide more 
efficient circulation it seems almost a necessity 
something must be added, and that addition is 
necessary whether the circulation be made more 
efficient by a greater volume of water being swept 
over the tubeplate,. or by reducing the evaporative 
efliciency of the latter and the tube ends; for 
circulation of water must always be read in terms 
of the rate of heat transmitted through a given area 
of surface. The Admiralty ferrule acts on the 


latter principle—i.e., reducing the transmission of 
heat—and it is certainly an addition. Another 
method advocated is the ‘‘ plastering of the tube- 
plate,” or protecting it by fire tiles, in the manner 
suggested by Mr. Cowper, and referred to by 
us above. These methods also entail very sub- 
stantial additions, not only in themselves, but 
also as necessitating increase in the size of the 
boiler, for they mask a considerable area of heating 
surface which should be very effective. Of course 
this surface is not effective for steam generation if 
water be not brought in contact with it, and it is 
for this reason that we look on the increased circu- 
lation principle as the more logical course of pro- 
ceeding of the two. The most obvious manner of 
increasing circulation is to space the tubes wider ; 
and in connection with this must be considered the 
area through the tubes for the passage of the heated 
gases. This is another addition to the boiler in 
size and weight. In the new designs it has, we be- 
lieve, resulted in the addition of about 20 per cent. 
to 25 per cent. to the boilers. 

Mr. F. C. Marshall has found great advantage 
in one mode of arranging tubes as compared with 
another, and his experience in this matter is 
worthy of attention. In two vessels engined by 
his firm, H.M.SS. Bellona and Barham, the tubes 
were placed in zigzag rows arranged as in Fig. 1. 
In some other vessels built for foreign governments 


the tubes were also arranged in zigzag rows, but 
the spacing was different, as shown by the less 
familiar form in Fig. 2. It will be noticed that in 
each case the tubes may be considered in lozenge- 
shaped groups of four, but in the English vessels, 
Fig. 1, the lozenge is horizontal, whilst with the 
foreign ships the longer axisof the lozenge is vertical. 
On the trials of the Barham and Bellona leakage 
of the tubes occurred in every case immediately 
on fires being started, although the air pressure 
did not at any time exceed 1 in. of water. A large 
number of tubes had to be removed. With the 
other boilers there was not the slightest trouble. 
The Barham’s boilers had 37 per cent. of the plate 
occupied by the tubes and 63 per cent. covered by 
water, the tube ends being 12 in. in diameter by 
25in. pitch. In the other design there was 42 per 
cent. of the plate occupied by tubes and 58 per cent. 
covered by water, the tubes being 13 in. in dia- 
meter and 2;%; in. pitch. Mr. Marshall accounts for 
the superior performance of the foreign ships’ 
boilers in the following manner*: ‘Steam leaves 
the surface on which it is generated in the direc- 
tion of least resistance, that is always vertically. 
The arrangement, therefore, which leaves the 
greatest amount of free space above the generating 
surface must be better than one in which obstruc- 
tion presents itself almost immediately after the 
steam leaves the surface. In the cases under con- 
sideration we have in the vertical plan (Fig. 2) 
33 in. from the top of one tube to the bottom of 
another ; in the horizontal (Fig. 1) we have only 
fin. It stands to reason that the first must pre- 
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sent less resistance to free movement of water and 
steam; whilst in the other very great obstruction 
is put in the way of free movement ; in fact, there 
will be no water at all against the tubeplate, owing 
to the steam rising from the top of the tube com- 
pletely occupying the space. But, in addition to 
this, we have in both cases the intense heat passing 
through the plate area between the tubes. If, then, 
this area is already in both cases filled with steam, as 
we believe it to be, the steam must be superheated 
to a greater degree in the smaller space, and the 
plate and tube ends, therefore, will be more in- 
tensely heated than in the boiler where this space 
is larger. Hence the overheating of both when the 
space is so limited between tubes in the vertical 
direction, as in the boilers of the Barham and 
Bellona.” 

Mr. Marshall’s reasoning is not quite conclusive, 
however, or at least not so completely so as he 
appears to think. It is no doubt true that steam 
bubbles rise vertically, if possible, when generated, 
but in both arrangements illustrated they meet with 
obstruction to vertical movement in the shape of 
the tubes above, and this to a greater extent in 
Fig. 2than in Fig. 1. Although in Fig. 2 there is 
more room vertically, in Fig. 1 the converging 
streams of steam bubbles, deflected sideways by the 
obstruction of the tubes, would not be so likely 
to interfere with each other in passing. In order 
to illustrate this matter further, we have added to 
the diagrams of the tube arrangement the imagi- 
nary course of two bubbles of steam supposed to 
be generated at the summit of the tube imme- 
diately below the points A. In Fig. 1 this bubble 
would, we will say, rise from the spot on the tube 
where it was generated until it met the obstruction 
of the tube above. It would then be free to follow 
a direct course to the surface of the water so far as 
any interference from the tubes would be con- 
cerned. On the other hand, in Fig. 2, a bubble of 
steam starting from a corresponding point A would 
have to bound from tube to tube. Of course our 
imaginary bubbles would not be able to pursue 
their calm and natural courses according to their 
individual volition, but would be jostled, impeded, 
and whirled around by myriads of other bubbles 
all struggling to the surface. The arrangement 
shown in Fig. 1 is advocated by Mr. Yarrow, 
in accordance with locomotive practice, as wound- 
ing the tubeplate less than the ordinary spacing of 
the marine boiler. The latter, of course, affords a 
still more direct and unobstructed passage of the 
steam bubbles to the surface. Mr. Marshall has, 
however, actual results on his side, and these cannot 
be gainsaid, supposing the conditions to be similar 
in other respects. We believe, however, that the 
boilers of the English and foreign ships were not 
alike. Certainly if we make a gain by just turning 
the lozenges end for end, as Mr. Marshall claims, 
it is all profit and no loss. It should be added, 
however, that, as Mr. Marshall states: ‘‘ Kvery 
care was taken to provide for due expansion in all 
these boilers. . . . and, with the exception that 
in those of Her Majesty’s Navy stay tubes were 
more fully introduced, the boilers should have 
given equally good results.” The tubeplates were 
7s in. thick, which is a sixteenth in excess of that 
which Mr. Yarrow laid down, in his paper before 
referred to, as the maximum thickness. 

In a recent issue (see page 760 of our last volume) 
Mr. Maxim suggests the revival of a device for 
accelerating the flow of water in the neighbour- 
hood of the tubeplate. He proposes to throttle 
the feed so as to gain additional pressure, and then 
direct it across the surface of the tubeplate, 
thereby inducing a current. His statement that 
he has found advantage from this arrangement 
there is no difficulty in accepting ; but we are 
under the impression that his experience has been 
gained in the circulation through the down-cast 
pipes of a water-tube boiler. That, of course, is a 
very different matter to accelerating the flow 
amongst tubes and over a tubeplate. How far 
the device would go towards curing leaky tube ends 
in a return-tube boiler running with forced draught 
is a matter that requires examining closely. An 
overplus of 50 1b. pressure on the pump side of 
the check valve is what Mr. Maxim proposes, and 
the volume of feed, he says, would induce a current 
in ten times the volume of water in the boiler. 
That may be true, but it would be at the expense 
of velocity, and to what extent the advantages of 
the current so formed would compensate for the 
additional work thrown on the pump, and the con- 


sequent necessity for extra strength in pump and 
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fittings, has to be treated quantitatively and ex- 
perimentally. Perhaps Mr. Maxim has data on 
this point. Other devices of a somewhat similar 
nature—such as a propeller in the boiler delivering 
a stream of water on the tubeplate, and worked by 
an engine outside by means of a shaft passing 
through a stufling box, or pumps taking water 
from the colder positions and delivering on the 
tubeplate—have been tried, not altogether with 
success so far as our information goes. 

Circulation plates are the next expedient we may 
notice, and several arrangements have been sug- 
gested by our correspondents. The circulation 
plates demand attention if only from the fact that 
the first of the cruisers having double-ended single 
combustion chamber boilers made successful trials, 
whilst other vessels of the same type, not having 
circulation plates, have failed under forced draught. 
Dr. Kirk’s success with the early cruisers, the 
Australia and Galatea, has been attributed to cir- 
culation plates so arranged that the up and down 
currents of water were divided and not allowed to 
clash and obstruct each other ; in fact, the principle 
of the Field tube was applied on a large scale. 
There is this to be said in favour of circulation 
plates, that they are not expensive, and are easy to 
fit. There are various arrangements. ‘‘W. W.,” 
in our issue of October 21 last, shows how they may 
be hung on the bottom row of stays, hanging ver- 
tically besides the nest of tubes over each furnace, 
so that they divide each nest from its neighbours 
throughout the entire length of the tube. Where 
the evaporation is most rapid over the furnaces 
and among the tubes, there is an unimpeded 
upward current, and the steam bubbles are 
swept to the surface in a continuous proces- 
sion, whilst the downward flow required to 
balance this ascending current takes place in the 
parts where there is solid water, unpierced 
by tubes. This device our correspondent ‘‘W. W.” 
introduced in the year 1864 in two mail steamers, 
for the purpose of curing the boilers of priming. 
In this respect the arrangement was successful, 
although every other device the author could think 
of had been tried without good result. Mr. Thom, 
in our issue of November 18, and Mr. Peter Jack, 
in our issue of December 2, illustrate other methods 
of arranging circulation plates. ‘‘W. W.” has no 
transverse division, but our other two correspon- 
dents place a plate a few inches from the tube- 
plate and parallel with the latter, so that the tubes 
have to pass through it. This device has also 
been tried elsewhere. Mr. Thom builds up his 
complete plate by a number of parts, but this is 
simply for the convenience of erection. In both 
cases there are side plates as well, so that the water 
space through which the first few inches of tube 
pass is boxed off from the rest of the boiler. The 
object is the same as that aimed at by the former 
device —namely, to allow an interrupted upward 
flow to the water where generation of steam is 
most rapid ; but in the first described arrangement 
the whole length of the tubes is embraced ; in the 
latter two it is considered desirable to concentrate 
the action to the vicinity of the tube ends and the 
tubeplate, undoubtedly the crucial part. It is not 
necessary to point out the differences in detail 
which distinguish the proposals of Messrs. Thom 
and Jack, as we have not particulars of results in 
working, further than to state that the latter arranges 
his circulation plates so that the steam evaporated 
by means of the top of the furnace is diverted from 
the tubeplate, and the circulation plates are carried 
above water-level. Mr. Thom says that his circu- 
lating plates are ‘‘now being made for a vessel 
worked continually under high pressure with forced 
draught.” We hope the italics are an indication 
that he will give our readers the benefit of his 
experience, whether it be favourable or otherwise. 
It is details of working, not generalities, for which 
the marine engineer is most grateful at the present 
time of difficulty and uncertainty. 

The method of fixing tubes in their plates has 
led to some discussion, and there seems a pretty 
generally unanimous opinion that under modern 
conditions greater care, at any rate, should be 
taken in making the joint, even if a new departure 
should not be originated. Mr. Yarrow dealt with 
this matter very completely in his paper con- 
tributed to the Institution of Naval Architects. 
He showed the evil effects of a taper mandrel in a 
parallel hole, and the necessity for a good fit anda 
clean tube end. Mr. Benbow, in his letter of 
October 21, lays the greatest stress on this point. 
He says: ‘‘ Lastly, most important of all, is the 
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method of fixing the tubes at the combustion 
chamber end. The old rough-and-ready method of 
simply expanding the tube ends in place must be 
discarded as being inadequate to meet the increased 
strain consequent upon the use of forced draught, 
and special tubes as stays be done away with, as 
they only tend to distort the tubeplate, causing 
the others to leak. Hvery tube ought to be 
of equal thickness and form a stay of itself by 
being properly fitted and secured in place as 
follows: When the holes in the tubeplate are 
bored they should be faced on the inner side to 
form a seating of about <3; in. wide anda groove 
formed around the hole on the outer side of the 
plate ; the ends of the tubes should be upset to admit 
of a shoulder being turned on them to bear against 
the seating, then lightly rolled in place, and the 
ends riveted over and beaded into the groove. This 
would secure a perfect metallic joint, and the con- 
necting surface between the tube and tubeplate 
would be considerably increased, which is a most 
important consideration for the free and rapid 
transfer of heat, and it would prevent the ends of 
the tubes being burnt away. The other ends of 
the tubes could be fixed either by expanding and 
beading in the usual way, or by screwing, the 
holes in the plate being made large enough to 
allow the shoulders on the other ends of the tubes 
to pass through.” Mr. Cabena does not approve of 
this arrangement, and has an alternative proposal 
of his own, which was illustrated in our issue of 
November 4 last. The criticism of the latter on 
Mr. Benbow’s letter led to a controversy on this 
question, which further helped to bring forward 
the various points raised. 

A point to which none of our correspondents 
have alluded, but one which we ourselves regard 
as of considerable importance, is that the tubes 
should be free from rust or scale at the points where 
they come into contact with the tubeplates. We 
consider that in the case of iron or steel tubes 
these portions of the external surface should be 
thoroughly cleaned either by grinding or filing 
prior to the tubes being inserted, and that, more- 
over, every care should be taken to prevent the 
parts so cleaned from becoming rusty prior to the 
tubes being actually fixed. 

A matter of some interest that has arisen in the 
course of this correspondence is whether holes in 
tubeplates expand or contract when the plate is 
heated. Mr. Turnbull put the matter very 
cleverly in his letter which appeared in our issue 
of December 30 last, but he assumes a free tube- 
plate uniformly heated. What are the actual con- 
ditions in service it is difficult to predict, and the 
readings from experimental data are conflicting. 
One high authority says that, as a matter of fact, 
holes do contract ; another, equally trustworthy, 
affirms as a matter of fact they expand. We know 
they are aptto become oval, but in considering these 
matters we must bear in mind the relative thick- 
ness of tube and tubeplate, and the consequent 
relative rapidity with which they heat and cool. 
That the tubes are in intimate contact with the 
plate for the distance they pass through the latter 
is a fact, but, however closely they may be pressed 
together, there isa break of continuity of metal, 
and we know that the transmission of heat is largely 
affected by passage from surface to surface. 

There are many other points of interest involved 
in this momentous phase of marine engineering 
practice. We do not believe engineers are going 
to be beaten by the difficulties that have arisen, 
but that ingenuity and perseverance will again 
triumph, as they have done in the past in even more 
difficult situations, and that we shall have marine 
boilers at once trustworthy, compact, light, and 
economical. In conclusion, we must express our 
appreciation of the efforts of those who have 
endeayoured to help by their communications 
to our correspondence columns, and would impress 
on those who are putting their various inventions 
to practical test the desirability of making public 
actual and trustworthy details of working, for 
which we shall gladly afford space. 


GILBERT’S “DE MAGNETE.” 

Dr. GiLBert’s great work ‘‘De Magnete” was 
published in the year 1600. It cost the eminent 
author 18 years of study, inquiry, and experiment ; 
and all judges admit it to be an original, com- 
prehensive, and masterly production. Although 
it produced a profound sensation throughout 
Europe, and although it was admired by such men as 


Sir Kenelm Digby, Barlowe, Kepler, Galileo, and 
Humboldt; though Priestley calls Gilbert ‘‘the 
father of electrical science,” and Poggendorff ‘‘ the 
Galileo of magnetism,” yet nearly 300 years were 
allowed to elapse before ‘‘De Magnete” founl a 
translator, and that not in this country, but on the 
other side of the Atlantic. 

It is true that a ‘‘ Gilbert Club” was formed in 
London in 1889 for the laudable purpose of 
clearing English science from the reproach of appa- 
rent neglect of one of England’s greatest worthies ; 
and in consequence of this revived interest in Gil- 
bertiana we havea scholarly memoir of Dr. Gilbert 
from Mr. Conrad W. Cooke, which was published 
some time since in our columns (see ENGINEERING, 
vol. xlviii., pages 717, 729), and an interesting 
magazine article from the pen of Dr. W. B. Richard- 
son. But the long-promised translation, the 
ostensible purpose for which the ‘ Gilbert Club” 
was formed, has not been issued, and, indeed, its 
publication now would seem to be superfluous. 

For our Transatlantic friends have been before 
us, and they have sent us as a token of their 
admiration of Gilbert’s genius, a carefully-made 
translation of the life-work of the Colchester philo- 
sopher. 

To turn into elegant English an ode of Horace, or 
an epistle of Ovid, or an oration of Cicero, is an 
undertaking worthy of a student for University 
honours ; but it requires more than familiarity 
with the Latin tongue to do justice to Gilbert. 
The phenomena and experiments he describes are 
for the most part novel, and he himself is often 
driven ‘‘to employ words new and unheard of,”’ 
not to veil things in pedantic terminology, but 
that ‘‘ these things may be plainly and fully pub- 
lished.” It is not surprising, then, that Mr. Mot- 
telay, the able translator of ‘‘ De Magnete,” found 
his task to be one of ‘‘no ordinary difticulty,”’ 
and that, despite the aid of ‘‘many literary and 
scientific friends,” he was left to do much close 
thinking and prolonged comparative research ; for 
‘* De Magnete” requires the erudition of a scho- 
larly interpreter rather than the literary facility of 
amere translator, 

The six Books into which ‘* De Magnete’’ is 
divided are preceded by 54 pages of explanatory 
matter. From them we gather that Gilbert led a 
quiet uneventful life while pondering over his 
magnum opus. He instinctively realised that study 
and research cannot be carried on in the glare of 
society, in the throbbing excitement of public life, 
or even amid the multiplied cares of a professional 
career. When honours came to him, and he was 
made Physician to Queen Elizabeth, he struggled 
hard to continue his researches, but almost in vain. 

Gilbert discovered for himself that real scientific 
knowledge must be based upon experiment and 
observation. He tells us in his preface, with a 
little vein of pathos, of ‘‘the pains and sleepless 
nights and great money expense” his treatise cost 
him. His was, indeed, a true inductive method. 
‘* He speaks of phenomena like a genuine inductive 
philosopher,” says Whewell,* ‘‘reprovingthose who 
before him had ‘ stuffed the booksellers’ shops by 
copying from one another extravagant stories con- 
cerning the attraction of magnets and amber with- 
out giving any reason from experiment.’” For 
instance, he reproves Baptista Porta, an eminent 
Neapolitan, for saying that iron rubbed with dia- 
mond turns to the north, and then proceeds to say 
(page 218) that he experimented with 75 diamonds 
in presence of many witnesses, employing a number 
of iron bars and pieces of wire, manipulating them 
with the greatest care while they floated in water 
supported by corks; and he concludes by saying 
that ‘‘it never was granted to me to see the effect 
mentioned by Porta.” 

The same spirit leads Gilbert (on page 47) to 
regret that men are ‘‘deplorably ignorant with 
respect to natural things;” and the only effective 
way he sees to remedy this is to make them “ quit 
the sort of learning that comes only from books, 
and that rests on vain arguments from probability 
and upon conjectures.” Again (on page 82) he 
affirms that ‘‘men of acute intelligence, without 
actual knowledge of facts, and in the absence of 
experiment, easily slip and err.” 

It is evident that in his system of working, 
Gilbert departed from the traditions of his times. 
He felt that experiment must ever be the touch- 
stone of theory. He addressed himself direct to 
nature, as did Roger Bacon, the Franciscan friar, 


* “History of the Inductive Sciences,” vol, iii., page 7, 


228 


ENGINEERING. 


[FrB. 24, 1893. 


centuries before him, and as Galileo was then 
successfully doing in Italy. The Italian savant 
aimed at overthrowing the misleading authority of 
Aristotle ; the philosopher of Colchester frequently 
refutes the theorising of the Stagirite ; both were 
pioneers of the new philosophy. To them much 
more than to the author of the ‘‘ Novum Organum ” 
belongs the credit of inaugurating the inductive 
method of study and research. Bacon (Sir Francis, 
erroneonsly called Lord) was ignorant of mathematics 
and at best only an amateur in science, yet he 
did not hesitate to legislate, and to draw up a code 
of rules to be followed in scientific investigations. 
He even sneeringly criticises ‘‘ De Magnete,” say- 
ing that its author ‘‘has attempted to raise a 
general system upon the magnet, endeavouring to 
build a ship out of materials not suflicient to 
make the rowing pins of a boat.” Yet the very 
work so reviled by Bacon is held universally to-day 
to be ‘‘ one of the finest examples of inductive 
philosophy that has ever been presented to the 
world.” 

It may be that the English Chancellor did not 
find Gilbert’s treatise to conform rigidly to the 
canons he had laid down ; but Bacon’s rules have 
never heen followed by any eminent investigator ; 
and, indeed, Draper aftirms that not one important 
physical discovery was ever made by the Baconian 
instrument. Doubtless the schoolboy will continue 
to revere Bacon, and the man of letters to praise 
him ; but no man of science will owe allegiance to 
the over-estimated author of the ‘‘ Advancement 
of Learning.” 

A few paragraphs upon this very relevant matter 
from the erudite pen of Mr. Mottelay would have 
been better even than the laudatory address of 
Edward Wright, and certainly more useful than 
the prolonged discussion about the various editions 
of ‘‘De Magnete,” and the existence or non- 
existence of any specimen of the author’s hand- 
writing. We must say emphatically that we dis- 
approve the biographical memoir, which is unsatis- 
factory, and contains at least one ridiculous blunder, 
that disfigures the whole of the introduction. We 
should strongly recommend Mr. Mottelay, in a 
subsequent edition, to adopt the memoir by 
Conrad Cooke, above referred to, and which is in 
all respects the best, most complete, and most 
painstaking of the modern (or indeed of any) pub- 
lished biographies of Gilbert. 

In reading over the six Books of this great work, 
one cannot fail to be struck by the variety of the 
author’s accomplishments. He writes in Latin, 
and intersperses his pages with frequent Greek 
quotations ; he is familiar with poets, historians, 
and philosophers, and discusses with clearness and 
fulness all the chemical and physical knowledge of 
previous ages. The work is truly monumental. 
It also contains Gilbert’s own numerous, valuable, 
and costly contributions to magnetic science. First 
among these is his grand generalisation, ‘‘ the new 
and till now unheard-of view” that the earth is a 
great magnet ; and he is not afraid to say that this 
novel view ‘‘ will stand as firm as aught that ever 
was produced in philosophy, backed by ingenious 
argumentation or buttressed by mathematical de- 
monstration”’ (page 64). 

Actuated by the searching spirit of the philo- 
sopher, he inquires into the cause of our terrestrial 
magnetic conditions, and he finds it to his satisfac- 
tion in the interior parts of our globe, which 
‘* possess a magnetic homogenic nature” (page 69), 
due in great measure to the abundant distribution 
in the crust of the earth of ‘‘pure native iron” and 
the loadstone. 

To this magnetic action Gilbert attributes ‘‘the 
variation” (declination) of the compass. He shows 
it to differ with the locality, but erroneously states 
it (page 240) to be constant in any given place. 
He quaintly says: ‘‘ As the needle hath ever in- 
clined towards east or towards west, so even now 
does the are of variation continue to be the same 
in whatever place or region, be it sea or conti- 
nent ; so, too, will it be for evermore unchanging, 
save there should be a great break-up of a continent 
or annihilation of countries, as of the region of At- 
lantis, whereof Plato and ancient writers tell.” 
After this statement, Gilbert sets to work with his 
“‘ terrella” (a spherical magnet), ‘‘ versorium” (bar 
or needle mounted on a point), and satisfies himself 
that he has proved: the constancy of ‘‘the varia- 
tion.” With the same little appliances he probes 
the cause of this deviation, and is sure that it ‘is 
due to inequality among the earth’s elevations” 
(page 235), 


The dip, too, is known and extensively discussed. 
In Book IV. he describes in great detail an instru- 
ment for determining the ‘‘variation;” and in 
Book V. he pictures and explains an elaborate dip- 
circle of his own invention, which very closely 
resembles those used at the present day. He 
concludes some experiments on magnetic dip 
with a sentence which every first-year student 
will appreciate: ‘‘Thus may we see the level, 
oblique, and perpendicular positions of the needle 
on a terrella” (page 282). 

The magnetisation of iron bars by the earth’s 
influence, and, indeed, all the varied phenomena of 
induction, are fully stated. Hespeaks of the field 
of force (orbis virtutis) that surrounds a magnet, 
and even shows how previous investigators esti- 
mated the strength of magnetised bars by using.an 
ordinary balance. He dwells upon the first law of 
electrostatics, and points out how it also applies 
to magnets. The action of heat in weakening 
needles and the complete disappearance of mag- 
netic power at a red heat, as well as the discharge 
of electrified bodies by flames, are all described 
without any ambiguity, and their causes eagerly 
sought after. 

Gilbert devised the pivoted-needle electroscope 
and used it in the remarkable electrical experiments 
described in Book II. ; he insists upon the distinc- 
tion between electric and magnetic bodies, as also 
between magnets and magnetic substances. To him 
we owe such terms as electrics, magnetics, polarity, 
poles, equator ; but nowhere do we find the abstract 
terms electricity or magnetism, though Dr. Lodge, 
in his ‘‘ Pioneers of Science,” page 140, says: 
‘* Fle it was who invented the name electricity.” 
Gilbert’s poles are ‘‘not mathematical points, 
but natural points,” and his equator is ‘‘a natural 
line of demarcation between the two poles” (page 
67). The pole in our hemisphere he terms North, 
Boreal, or Arctic, and calls the north - seeking 
end of his needle by the opposite names of South, 
Austral, or Antarctic. He is, however, wrong 
when, writing about the earth’s magnetic axis, he 
says: ‘‘Just as it passed through mid-earth in 
the very beginning of the moving world, so 
to-day it tends through the centre to the same 
points of the superficies ; for not, save with a vast 
demolition of the terrestrial mass, may these 
natural bounds be altered” (page 315). He like- 
wise lapsed into error in identifying the magnetic 
and the geographical equator. 

It is nevertheless marvellous that in a work so 
extensive and so suggestive, based on observation 
and experiment, the errors should be so few. 

Gilbert was familiar with the whole literature of 
his subject, and it is interesting to notice how he 
deals with earlier writers. He admits that Thomas 
Aquinas, ‘‘with his godlike and perspicacious mind, 
would have developed many a point had he been 
acquainted with magnetical experiments” (page 5). 
Scaliger is found to be too metaphysical, using 
‘‘abundant verbiage, and crowning this with many 
subtile observations ” (page 10). Avicenna is vigor- 
ously dealt with on page 58, where we read: ‘‘ But 
mistakenly and old-womanishly does Avicenna de- 
clare that the true antidote of this ferric poison is 
a drachm of loadstone taken in a draught of the 
juice of dog’s mercury or of beet-root.” Lactantius 
is lashed on page 326 on account of his opposition 
to the antipodes, ‘‘ for, like the most unlearned of 
the vulgar, or like an uncultured bumpkin, he 
treats with ridicule the mention of antipodes and 
of a round globe of earth.” In reading this we 
must bear in mind that, unlike his contemporary 
and critic, Sir Francis Bacon, Gilbert was a staunch 
Copernican. As to the causes of magnetic move- 
ments assigned by certain philosophers, he quietly 
leaves them ‘‘ for roaches and moths to prey upon” 
(page 104). 

We give the above extracts to show some of 
Gilbert’s views and his mode of treatment, and at 
the same time to afford an idea of Mr. Mottelay’s 
version of ‘‘De Magnete.” We must add that 
we have compared quite a number of chapters with 
the original; and though here and there we 
found a term and sometimes a passage which 
we should have endeavoured to turn differently, 
we justly admire the fidelity and closeness of 
the translation. We do not pretend to say 
that the fidelity is verbal; we might expect that 
from a schoolbcy, but not from a scholar. Mr. 
Mottelay seeks to give the meaning of his author 
in clear and characteristic English, and to do so 
he rightly permits himself the necessary latitude 
of amplification in dealing with the text. All 


the figures and diagrams of the original reappear 
in their peculiar, quaint form. Gilbert’s sin- 
gular mode of differentiating between a great 
discovery or experiment and a minor one, viz., by 
a large or a small marginal asterisk, is retained. 
Copious footnotes and references are added by Mr. 
Mottelay, which will be found very helpful. It 
would have been a useful feature if the original had 
been followed in giving at the head of each page 
the number of the book and chapter. The fac- 
similes of the title-pages of various editions of 
‘“‘De Magnete” are reproduced at the end of the 
volume. They will be found to offer many points 
of interest. Book I. is preceded by an explanation 
of some technical neologisms, and the work closes 
with an excellent general index. 

The thanks of all lovers of science are due to Mr. 
Mottelay for giving us in a popular form this great 
work of Dr. Gilbert, a work which marks the real 
beginning of electrical and magnetic science, and 
fittingly inaugurates the new era of experimental 
philosophy ; and they are equally due to the eminent 
firm of New York publishers, Messrs. W. H. Wiley 
and Sons, who have spared no pains or expense in 
producing a book the sale of which, under ordinary 
circumstances, must have been very limited. Con- 
siderable interest in the work has, however, been 
created by the widely-published strictures (to use 
no harsher term) passed by Professor Thompson 
on the publishers of Mr. Mottelay’s translation. 
We can understand the lively disappointment of the 
joint secretary of the ‘‘ Gilbert Club” on hearing of 
the approaching publication ; of his sense of morti- 
fication on knowing that the work for which a 
society of eminent Englishmen with very eminent 
secretaries had been convened to do collectively, had 
been promptly and efticiently done by one man, and 
that man an American. But it is not logical to 
abuse the publishers (Bernard Quaritch for this 
country). No doubt Professor Thompson will get 
over his disappointment, and regret his hasty 
utterances. Meanwhile an admirable opportunity 
offers itself to the ‘‘ Gilbert Club” for supplying 
the ‘‘long-felt want” of its subscribers by pur- 
chasing Mr. Mottelay’s volume —the price of 
which, in America at all events, is 16s.—and 
delivering it in place of the ‘‘authorised ver- 
sion,” which is now really superfluous. 


THE MERCANTILE MARINE IN WAR. 


Tue effect of a serious naval war upon the mer- 
cantile marine in this country is a matter the im- 
portance of which can hardly be exaggerated. It 
may be it is the seriousnessof the question which has 
prevented it being adequately discussed ; although 
it is more probable a vague opinion that the matter 
is too remote to require immediate attention is at 
the root of this neglect. It is a mental attitude 
akin to that of those shiftless persons who do not 
insure their houses or their lives, and so go under 
hopelessly when the day of disaster arrives, or 
who die leaving a helpless family to an inheritance 
of poverty and woe. A paper read by Lieutenant 
W. C. Crutchley, R.N.R., at a meeting of the 
Royal United Service Institution of last Wednes- 
day week, brings the question to our notice. The 
author is particularly titted to discuss the problem, 
as he is himself in employment of one of our most 
important shipping corporations, and has had con- 
siderable training 'in the Reserve. His previous 
communications have shown him to be a man of 
thought who has devoted serious attention to this 
imperial question. 

The great British Public has a general idea that 
vast preparations have been made for converting 
our ocean liners into armed cruisers, for our 
Admiralty does not always do good in secret, 
and is apt to blow a trumpet, even as are less 
august corporations. Mr. Crutchley, however, is 
of opinion that much remains to be done. ‘‘ The 
points which still possess undue prominence,” he 
says, ‘‘are the urgent necessity for the partial 
arming of our swift merchant steamers-on the 
long over-sea routes, and the necessity of an efti- 
cient scheme for the whipping-in of our scattered 
commerce on the outbreak of war with an enemy 
powerful enough to trouble us on the sea.” These 
are matters too serious to be still allowed to be pro- 
minent as neglected duties. Mr. Crutchley makes 
some pertinent remarks about the lessons to be 
learned from past history. There is a phrase of which 
we have heard a good deal of late in regard to naval 
policy and naval warfare. ‘‘The teaching of 
history ” is in itself a good phrase and useful, but 
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it has been reiterated time and again, until one 
could almost think the horoscope of coming wars 
could be plotted by a study of James and 
even older naval historiographers. To too many 
Britons the ‘‘teaching of history” is simply 
that ‘‘ we won before and therefore we shall win 
again.” Thatis the danger of the former expres- 
sion, which is unexceptionable when properly 
used. Lieutenant Crutchley does good service in 
this respect by pointing out the different condi- 
tions under which an Alabama of to-day would 
operate ; although we must remember that the 
Confederate cruisers, of which the Alabama was 
the chief, practically destroyed the American mer- 
eantile marine, so far as over-sea trade was con- 
cerned, and gave us in England once more our 
ancient undisputed supremacy on the oceans of 
the world. That supremacy we still hold; it 
is the backbone —indeed, almost the entire 
framework—of our existence as a power amongst 
nations. It is threatened from time to time by 
peaceable methods. These we can meet without 
fear—or, at any rate, if we succumb to them, 
it will be slowly, and through the decadence of a 
race no longer fit to stand in the foremost rank. 
But the cataclysm of war may cause almost in a 
day what a generation of peaceful striving would 
fail to effect. British engineers might be as skilled, 
British shipowners as enterprising, and British 
merchants as energetic as ever, and yet our mer- 
chant ships might be driven from the sea by the 
supineness of one public department. Whether 
England could exist without her ships, as America 
has done, is a question we need not discuss. 
Lieutenant Crutchley points out that the Alabama 
was practically a sailing vessel, and so had the power 
of keeping the sea for long periods of time. The 
vessels she preyed upon were also sailing vessels, 
and one other point in her favour was that tele- 
graphic communication was very inferior at the 
time. This gave her an advantage that might not 
be possessed now, but of this there is no certainty, 
for it is impossible to say to what extent ocean 
cables will be destroyed in future wars. As the 
paper points out, however, the destruction of 
cables would tell against us far more than against 
any enemy at sea. The Alabama had no base to 
which she could send her prizes, and she therefore 
destroyed them. This may or may not apply to 
the raider of to-day, but itis hardly possible that 
we shall be able to blockade all our enemy’s ports, 
and therefore the ships taken may be fitted out to 
prey upon our own commerce. The author starts 
with the assumption that in a possible hostile com- 
bination against us, 30 fairly fast merchant steamers 
are at the disposal of the Power or Powers resolved 
upon trying conclusions with us. He assumes that 
our own Navy would dispose of the hostile 
war vessels--a very large assumption, as a matter 
of fact, although perfectly admissible for the 
sake of arguing the matter on a purely mer- 
cantile standpoint. France and Russia combined 
possess about 1000 steamers. Taking into conside- 
ration the steamers of the Messageries Maritimes 
alone, it cannot, the author says, be said that 30 is 
at all too great a number to be used against us. 
With nearly three-fourths of the trade of the world 
to amuse themselves with, the question asked in the 
paper is, ‘‘ How long would it be before these 
vessels were caught, and what amount of damage 
would they have done in the meantime?” Such 
vessels need not have a speed of above 16 knots, 
and would each carry four 5-in. guns. They would 
have a fuel capacity which would render them 
independent of any station, as they would steam 
round the world, if necessary, without coaling. 
Their power for destruction until they kad to 
fight would be incalculable. The author uses the 
expression ‘‘to fight” because he assumes that 
were a merchant vessel to chase another armed 
with a stern gun, she would in all probability re- 
ceive such damage as would shorten her career 
considerably. Having created his depredators, the 
author next proceeds to ask what we have to meet 
them. The ships of the Royal Navy are too few 
for the purpose, considering the other duties for 
which they would be required in the case of a 
serious naval war. As the work would have to be 
done on the open sea, large ships would be required, 
and it remains to inquire what can be done with 
vessels on the Admiralty list. To send one ship to 
look for another which has a roving commission 
is, as the author points out, a rather hopeless 
task. The chasing vessel would probably make 
for where shipping was thickest, but, even if the 
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depredator had gone to the same spot, she would 
not stay long, and there is a wide choice of likely 
districts all over the world. Lieutenant Crutchley, 
speaking for the mercantile marine, says that the 
man who has spent his life at sea looks with an 
eye of suspicion on fixed trade routes patrolled by 
men-of-war as a means of keeping the sea clear of 
raiders ; unless men-of-war were in far greater 
excess than we now have them or are likely to 
have them. The author’s views on this subject 
are of value as expressing the opinion of a class 
far too little heard in these discussions. Naval 
officers, naval constructors, and parliamentarians 
have many opportunities of expressing their ideas, 
but the merchant seaman—not much given at any 
time to writing or speech-making—has been 
markedly absent from the controversy. The 
author’s views in regard to the value of protected 
trade routes as against convoys are somewhat on 
these lines: ‘‘Is it better,’ he asks, “to en- 
deavour to hold along line of communication by 
many weak detachments which are liable to attack 
by an enemy at any point of the line, rather than 
to keep a movable column together which is capable 
of absolute defence against any force that is likely 
to be brought against it?’ He inclines to the 
latter alternative ; in fact, the matter does not 
appear to him to admit of argument. 

The considerations that can be used against arm- 
ing merchant vessels to take part in their own 
defence are stated to be three only, as follows: 

1. The questionable right to fire a shot in self- 
defence only, or to bein possession of arms. 

2. The extra weight of those arms being always 
carried. (The so-called shipowner’s argument. ) 

3. The want of training and ability on the part 
of officers and men to use modern weapons in their 
own defence. 

The first point is one upon which the author 
does not offer an opinion. It is one of the first 
importance to this country. It is pointed out 
in the paper that merchant vessels have always, to 
a greater or less extent, been armed until recently ; 
certainly long after the Declaration of Paris. With 
regard to the second point—the extra weight of 
armament—the author has more to say. He 
assumes that for an armed mail steamer the 4.7-in. 
quick-firing gun would be selected ; although he 
is of opinion that 4-in. guns would be big enough. 
Two guns and mountings he puts down at 10 tons ; 
spare gear and 200 rounds of ammunition would 
be 10 tons more. With a vessel of 4000 tons gross 
tonnage this would mean an extra immersion of 
$in. Even supposing it were 1 in., the author 
asks, ‘* Would it be seriously worth talking about ?” 
There are very few trades where the constant 
carriage of 20 tons would mean the loss of 501. 
per annum ; and in a passenger service this would 
probably far more than recoup itself by the popu- 
larity it would insure. The one real difficulty, the 
author anticipates, would be initial cost. This the 
shipowner would never bear, unless after the out- 
break of war. The figure estimated by the author 
for the entire outfit would be ‘‘ something con- 
siderably under 2000/.” The estimate appears 
small for the work, but doubtless Lieutenant 
Crutchley does not speak without authority. To 
equip 50 vessels at this figure would mean100,0001., 
and that the author thinks would be but a small 
sum for the Government to find, considering the 
benefits that would accrue. The third point 
raised, that of manning the ships with men capable 
of affording guns’ crews, the author does not con- 
sider in detail, but later on points out the use to 
which Reserve men could be put. 

The inference drawn from the remarks in the 
paper is that raiders coming across an armed 
merchantman would not tackle her if their object 
were plunder only. If, on the other hand, they 
meant simply destruction, they would have to pay 
dearly for all they did. The argument applies 
with greater force, the more powerful and less 
cumbrous the means of destruction become. 

The passenger difficulty is also referred to. 
It is one which has more weight in such discus- 
sions as these in times of peace than it would 
have after war had been declared. If our country 
become engaged in any great naval war, we may 
be sure that the travellers by sea will be re- 
duced to those having weighty considerations for 
making voyages across the ocean. Even with an 
amount of success such as the most sanguine 
would hardly expect, the country will be reduced 
to sore straits until we have reduced our enemies to 
practical subjection, Those who venture afloat 
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must be prepared for risks, and no consideration 
for the susceptibilities of passengers must be allowed 
to stand in the way of protection of national pro- 
perty, such as steamships would then become. 
The most that could be done would be to appoint a 
position below water-line for all who were over- 
anxious about their own safety. 

We will conclude this brief account of Lieutenant 
Crutchley’s suggestive paper by the following quo- 
tation from it: ‘‘ We hear it said that we are to be 
prepared to make torpedo attacks, &c., on an 
enemy’s fleet and harbours the first night after war 
is declared. If that is to be the sort of pace at 
which the warfare of the future is to begin, does it 
not at least seem probable that an enemy would be 
similarly prepared to touch us on our most vulner- 
able spot? That must surely be admitted, and, as 
things at present are, we expose to the risk of cap- 
ture, before they can reach port, the very vessels on 
which we rely to supplement our cruisers.” 


STEAM TRIALS OF “9 DE JULIO.” 


THE steam trials of the ‘‘9 de Julio” were inade off 
the coast north of the River Tyne a short time since. 
The vessel has been constructed by the firm of Sir 
W.G. Armstrong, Mitchell, and Co., Limited, from 
designs by their naval architect, Mr. Philip Watts, 
and in this vessel the firm has again broken the 
record for high speed in warships. 

Sir W. G. Armstrong, Mitchell, and Co. may 
fairly claim to have initiated this class of vessel in 
the high-speed cruiser Esmeralda, and they have 
maintained the lead they then took, down to the 
present time. Of the last three cruisers of high 
speed constructed at Elswick, viz., the Piemonte, 
25 de Mayo, and the 9 de Julio, whose steam trials 
have just now been made, each has in succession 
attained a greater speed than its predecssor, and at 
the present time these three vessels are the fastest 
warships afloat. 

By the courtesy of Admiral Howard, the chief of 
the Argentine Naval Commission in this country, 
we have been favoured with particulars of the 
trials of the 9 de Julio and of the vessel itself. 

The vessel is in the main similar to the Argentine 
cruiser 25 de Mayo, which left the Tyne about 
the middle of 1891. She is 350 ft. long between 
the perpendiculars, 44 ft. broad, 164 ft. mean 
draught, and her load displacement is 3500 tons. 
These dimensions are repeated in the Table given 
below with the dimensions of the 25 de Mayo 
and other vessels, so that they may be readily 
compared with one another. 

Her contract powers with natural and forced 
draught were 9000 indicated horse-power and 
14,500 indicated horse-power, respectively; and, as 
will be seen below, the former of these was more 
than realised, and the latter might have been con- 
siderably exceeded if it had been desired to do so. 
The contract speeds with natural and forced 
draughts were 214 knots and 224 knots respec- 
tively, and these also have been much exceeded on 
the trials. 

Her armament consists of four 6-in. quick-firing 
guns, three of which fire right ahead and one right 
astern; eight 4.7-in. quick-firing guns, 12 3- 
pounder Hotchkiss guns, and 12 1 - pounder 
Hotchkiss guns. She is also provided with 
five torpedo tubes for 18-in. Whitehead tor- 
pedoes. Her propelling machinery, which has 
been manufactured by Messrs. Humphrys, Ten- 
nant, and Co., consists of two sets of triple-expan- 
sion four-cylinder engines driving twin screws, and 
she has eight single-ended boilers. Each set of 
engines has two low-pressure cylinders, each 66 in. 
in diameter, one intermediate cylinder 60in. in 
diameter, and one high-pressure cylinder 40 in. in 
diameter, the length of stroke being 30 in. in each 
case. The whole of her machinery and magazines 
are below the water line, and are protected by a 
strong armour deck, which extends the whole length 
of the ship. This deck has sloping sides of steel 
44 in. and 34 in. thick, while the horizontal parts 
are 1? in. thick. She is also provided with a raft 
body extending her whole length to a height of 4 ft. 
above the water line amidships, which may be 
packed with water, excluding material, thus insur- 
ing to the ship buoyancy and stability when riddled 
in action. 

She carries 350 tons of coal as her normal supply, 
i.e., the quantity of coal corresponding to the load 
displacement above stated, but the bunkers are 
capable of carrying nearly 800 tons, which would 
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give the vessel a radius of action probably exceed- 
ing 10,000 knots at the most economical speed. 

The steam trials included a continuous run of six 
hours’ duration with open stokeholds, and in order 
to secure daylight for this trial the count was com- 
menced some time before the engines had attained 
their maximum power; notwithstanding this during 
the six hours the port engines indicated 53,827 
revolutions and the starboard engines 52,932 re- 
volutions, which gave a mean of 148.3 revolutions 
per minute. The speed corresponding to this 
number of revolutions obtained from a curve of 
revolutions and speed was 21.94 knots. In 
the course of this trial a number of runs upon 
the measured mile took place, the mean revolu- 
tions per minute during these runs being 149.2, 
and the mean speed, taken in accordance with the 
British Admiralty practice, was 22.028 knots. The 
mean indicated horse-power developed during the 
six hours’ trial reached approximately 10,300 horses. 
The curve of revolutions and speed above referred 
to had been obtained by a series of progressive 
trials previously male. The vessel was run on the 
measured mile a number of times at various speeds, 
and a diagram was constructed by plotting the 
mean revolutions corresponding to each series of 
runs upon abscissve representing the corresponding 
mean speed, and a curve was drawn through the 
points thus obtained. It was thus demonstrated 
that the vessel had maintained a speed of practi- 
cally 22 knots over the six hours’ run. 

As in the case of the 25 de Mayo, the Argentine 
Commission attached very little importance to the 
forced draught trial, and no endeavour was made to 
ascertain the utmost speed that could be attained 
by the vessel under such conditions. At the close 
of one of the days’ steaming, however, with very 
little additional pressure (about one-half of what 
would be permitted by our own Admiralty) several 
runs on the measured mile were made, when a power 
of about 14,500 indicated horse-power was de- 
veloped, and notwithstanding that the ship was 
run in somewhat shallow water, a mean speed of 
22.74 knots was attained. There can be no doubt 
that under Admiralty rules and conditions a speed 
considerably exceeding 23 knots per hour might 
have been reached. 

The trials of the ship included the firing of the 
guns to test the strength of the structure of the 
hull and fittings. In the first place three rounds 
were fired from each gun, one with extreme forward 
training, horizontally, one on the beam with ex- 
treme depression, and one with extreme training 
aft, and with extreme elevation. Broadsides were 
also fired frum each side, and the 6-in. guns 
mounted on the centre line on the forecastle and 
poop were fired horizontally right forward and 
right aftrespectively. Severe as these trials were, 
no damage was done to the vessel or fittings. 

The guns and their mountings, which are of the 
most recent Elswick pattern, worked perfectly, 
and no hitch of any kind occurred throughout the 
trial. 

For purposes of comparison we give the follow- 
ing Table of particulars of the performances of 
similar cruisers of high speed. 
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THE PRACTICAL MEASUREMENT OF 
ALTERNATING ELECTRIC CURRENTS. 

Dr. Fiemine’s concluding Cantor lecture, de- 
livered before the Society of Arts last Monday 
evening, dealt with meters. These, he said, were 
of two kinds, ampére-hour meters and watt-hour 
meters. The simple forms, like the Mengariniand 
the Holden instruments, described in a previous 


lecture, gave a graphic indication by aid of a pen 
and rotating paper drum. The ‘‘card”’ obtained 
had to be integrated, and the result was obtained 
in ampere hours or kilowatt hours, according to the 
nature of the meter. 
the integration was a disadvantage, however. Next 


The necessity of performing | to the first polar axis. 


coil about one quarter of a period behind itself. It 
also created a magnetic field having a polar axis on 
a line at right angles to itself. The secondary 
current magnetised the disc on an axis at an angle 
Consequently attraction 
and repulsion were exerted by the poles of the coil 


in the order of simplicity came the self-integrating | upon the magnetised disc, and it revolved, driving 


meters, of which the Shallenberger was a good type. 


the counting train. The force driving the disc 


This consisted of a little transformer and a rotating | was proportional to the square of the current in the 


iron dise (Fig. 1). The current to be measured 
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circulated in the primary coil of the transformer, 
which embraced the remainder of the apparatus. 
The secondary coil was closed on itself and was 
placed at an angle of about 45 deg. to the primary. 
Within this second coil was an iron disc on a vertical 
spindle ; the top of the disc was geared tothecounting 
train, while the lower part carried vanes or paddles 
revolving inair. The effect of the current in the 
primary coil was to create currents in the secondary 


primary coil, and this was resisted by the vanes 
moving in the air, their retardation being almost 
exactly proportional to the square of the speed of 
revolution. It therefore followed that the revolu- 
tions varied asthe current. This meter needed to be 
adjusted to the frequency of the current for which 
it was used ; this was done by varying the angle of 
the secondary coil with the primary. In a test of 
an ordinary commercial meter it was found that the 
greatest deviation from accuracy did not exceed 
3 per cent. This meter, the lecturer said, was 
simple, cheap, and easy to set up. 

Another self-integrating meter was the Wright- 
Ferranti (Fig. 3). This consisted of a copper disc, 
partly embraced around its edge by polar extensions 
of:twoelectro-magnets. These poles weresurrounded 
at intervals by copper bands. The alternating cur- 
rent to be measured was sent through the coils of 
the magnets, and the disc made to revolve, driving 
a train of wheels and a retarding windmill. Pro- 
fessor Fleming explained the action by placing a 
hard steel bar (Fig. 2) across the poles of an electro- 
magnet, traversed by an alternating current, and 
then holding a copper disc at an angle to it. Im- 
mediately the disc commenced to revolve.* At 
the top of the magnet, he said, the polarity was 
constantly changing from north to south, and at 
each change the pole was driven outwards along the 
polar extension. The copper bands, however, re- 
tarded its progress, in consequence of the currents 
set up in them, the result being that the poles fol- 
lowed each other, and exerted a dragging action on 
the disc, which put it into rotation. Tests of a 
20-ampére commercial meter gave a maximum devia- 
tion of 1.8 per cent. from accuracy. Both the 
Shallenberger and the Ferranti-Wright meter gave 
the amperes only, and if the watts were required the 
current must be multiplied by the mean pressure. 
Their indications would be vitiated by the friction 
of the spindle and train, were it not that a shunt 
coil was added to those already mentioned, having a 
current passing through it almost strong enough to 
put the meter into motion. By this device the 
current to be measured had practically no retarda- 
tion to meet except that of the airvanes. Another 
simple form of meter was the Forbes.+ In it a coil 
heated by the current gave rise to air currents 
which drove a delicately centred wind motor, and 
thus actuated the counting train. Here again the 
driving force was proportional to the square of the 
current, and the retarding force proportional to the 
square of the velocity. The lecturer had not heard 
that this meter had been practically adopted. 

Turning to watt-hour meters, the lecturer 
noticed the Frager and the Cauderet. The Frager 
meter consisted, he said, of an electrodynamometer, 
whose deflections afforded a measure of the energy 
consumed, a clockwork arrangement which registered 
at stated intervals the energy consumed, and a train 
of wheels which showed ona dial the product of 
energy and time. The dynamometer consisted of a 
fine wire movable shunt coil, and a thick wire series 
coil. The clockwork mechanism was governed by 
a spiral spring seconds pendulum, whose motion 
was maintained by electricity, which came into 
action as the motion of the balance began to die 
away—that is, every few oscillations, and not con- 
tinuously. At certain intervals the clockwork train 
was moved through an amount that depended on 
the indication of the watt-meter, and these move- 
ments were added together by the counting 
mechanism and could be read off on the dials. 

In continuously recording meters that of Elihu 
Thomson was a good example. It consisted of a 
motor opposed by the retarding effect of Foucault 
currents in a rotating copper disc. The inducing 
coils of the motor (Fig. 4) were compound, and were 
wound on two rectangular frames. The thick wire 
was traversed by the total current; the fine wire 
was connected in series with the drum armature, 
and an additional non-inductive resistance of 1000 
ohms, and was placed in shunt across the house 
terminals. The compounding served to produce a 


* ENGINEERING, vol. ]., page 203. 
+ Ibid., vol. xliv., page 345, 
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couple equal to that caused by friction. The main 
couple was proportional to the watts being used at 
any instant. The opposing couple was produced 
by Foucault currents developed in a copper disc 
mounted on the same vertical axis as the armature, 
and embraced by steel permanent magnets. 
meter was independent of the frequency of the 
current. The objection to it was that the retard- 
ing force might change with alteration in the per- 
manent magnets, but this was met by ageing them 
with alternate boilings and magnetisations. By 
adjusting the external resistance the constant of 
the meter could be controlled. The lecturer con- 
cluded this part of his subject by short descriptions 
of the Brilé and Aron meters, and then gave the 
following classification : 

Self-integrating watt-meters. 

«. Constant shunt; Thomson, Ayrton, Aron. 

b. Intermittent shunt ; Cauderay, Frager, 
Richard. 

c. Independent driving ; Kelvin. 
meter ; Mengarini. 

d, Ampere hour meters. 

Self-integrating ; Ferranti - Wright, 
berger, Forbes. 

Graphic ; Holden, Richard. 

Dr. Fleming then explained a method he had 
worked out of measuring both the energy and power 
passing out of central stations on to inductive cir- 
cuits (Fig. 5). In the main circuit, carrying, say, 
2400 volts, there are interposed in series a watt- 
meter and an integrating watt-meter, the former 
showing the energy at each instant, and the latter 
the power during a given interval of time. The 
series coil of each is traversed by the current. The 
shunt coil is fed from a transformer, as explained 
in the last lecture, the current being reduced to a 
pressure of 100 volts. An ammeter is interposed 
in the main circuit and a volt-meter in the shunt cir- 
cuit, and from the product of these indications the 
apparent watts can be obtained. The watt-meter 
gives the true watts. Dr. Fleming said that he 
had made a very careful four hours’ test at a central 
station of an integrating watt-meter, the dynamo- 
meter watt-meter being read against it every 
quarter-hour with the following result : 

Units sent out in four hours, measured 
by observation with dynamometer 


Graphic watt- 


Shallen- 


watt-meter ey: ae # 66.924 
Units sent out in four hours, measured 
by Thomson recording watt-meter ... 66.940 


In conclusion, Professor Fleming pointed out 
the features to be sought in an electric meter were, 
constancy, cheapness, ease of erection, and non- 
liability to change from atmospheric causes. 


NOTES. 
Premiums ror Mute Carts. 

Tue Secretary of State for India offers five 
prizes, varying from 7501. to 125/., for designs for 
mule-carts adapted for military purposes in India. 
Such carts would be largely employed on unbridged 
and unmetalled tracks, newly opened along hill- 
sides and stony river beds. They would be subject 
to the roughest handling, and would have to face 
scorching sun, freezing wind, and temperatures 
from 185 deg. Fahr. to minus 15 deg. Fahr. It is 
stated that wood is not suited to fulfil these condi- 
tions, except, perhaps, in poles, shafts, floor- 
boards, and sides. Suitable limits of weight for 
an empty cart are between 492 lb. and 656 lb. 
Two mules will be employed, and the pole system of 
harnessing, adapted to animals 13.1 to 13.3 hands in 
height, is recommended. Meshes are allowable in 
the floor and sides, as the packages to be carried are 
large and rectangular. The most convenient height 
for the floor is from 2 ft. 9 in. to 3 ft. 3in.; the ex- 
treme width 4 ft. 6in.; the outside diameter of 
wheel from 4ft. to 5ft.; width of tyre 2% in. 
to 3 in. The packing room should measure 
5 ft. 6in. by 3ft. 3in. by 1ft. 9in. The cart now 
in use costs about 190 rupees (about 12/.) The 
Government of India are prepared to place con- 
tracts for 2000 carts of the approved design. 
Drawings, specifications, and models must reach 
Calcutta not later than September 30 of this year, 
and the fullest particulars as to the kind of cart 
required can be obtained from the Director-General 
of Stores, India Office, Westminster, London, and 
from secretaries of Embassies and Legations 
abroad, 

Heavy Ratts. 

In spite of the fact thatthe English type of rail- 
road, with its bull-head rails and chairs, is acknow- 
ledged to be the best in the world, the Furness 


This ; 


Railway has been trying whether as good and safe 
a permanent way cannot be obtained by the use of 
Two years ago, on 


flange rails of sufficient weight. 
the main line, near Barrow, one mile of 100 lb. 
flange rail, as designed by Mr. C. P. Sandberg in 
1886, was laid down beside the usual type of road. 
The rails were rolled at Barrow Steel Works, and 
they have stood a traftic of 2,000,000 tons without 
any measurable wear, as shown by impressions 
from rails taken up and compared with the original 
section. 
the two types, and the run at high speed is even 
smoother on the flange rail than on the English 
rail, with no knocking of loose rail joints. 
experience continues to be equally favourable, the 
object of the trial will be reached, viz., to 


show whether as good a permanent way can 


be had with flange rails as with the bull- 
head and chair, if equal weight be given it. 
Everywhere railway speeds are being increased, 
and in America velocities have been attained which 
a few years ago were deemed impossible. But 
before rapid running can become universal most 
foreign roads will need to be relaid with heavier 
rails, and it is certain that the flange section will be 
maintained on them. The present is a most favour- 
able opportunity for preparing for the altered con- 
ditions, for steel rails can be bought for less than 
41. per ton, while the worn-out rails fetch about 
half that amount. The past severe winter has 
shown that steel rails will stand temperatures down 
to the freezing point of mercury much better than 
iron rails, especially if they are fairly heavy. 


Tue FortHcoming AmMERicA Cup Yacutr Race. 
The three new cutters of the first class now 
building on the banks of the Kelvin at Glasgow 
evoke much interest among yachting men in Scot- 
land, in view of their close association with the 
forthcoming international race for the America 
Cup. One is for H.R.H. the Prince of Wales, 
another for Lord Dunraven, while a third is for a 
syndicate, mostly Glasgow gentlemen. The Val- 
kyrie and Britannia are both in frame, the 
latter even planked to the bilges, and are being 
constructed on the same site as the Thistle, now 
owned by the Emperor of Germany. We had an 


opportunity of witnessing the casting of the keel of 


the syndicate cutter in Messrs. Inglis’s yard at 
Pointhouse the other day. This huge block of 
lead weighs about 75 tons, and is of course moulded 
as an integral part of the hull of the vessel on 
the plan first introduced, as far as we know, b 
Mr. John Inglis in a small cutter built by him 
more than 20 years ago, and now generally adopted 
in racing vessels. The method of making the cast- 
ing differed from that ordinarily adopted in other 
works. The keel was cast in one piece. The 
metal was melted in a furnace specially erected in 
the neighbourhood of the building slip, so that the 
unwieldy mass might have to be shifted as little as 
possible. The temperature of the furnace was such 
that the lead charged at one end ran out at the 
other almost immediately in a white-hot stream, 
and the mould, notwithstanding its great size— 
45 ft. long by about 43 ft. deep—was thus com- 
pletely filled with fluid metal, insuring a casting of 
great density—an important matter in a racing 
yacht. The framing of the yacht was all ready to 
be put in place as soon as the keel could be laid on 
the building slip, and within this week these frames 
have been erected in position. 


ACCIDENTS AMONG WORKMEN IN AUSTRIA. 

According to the Austrian law for insurance 
against accidents, an accident to a workman is one 
which causes immediate death, or brings about 
subsequent death or three days’ disablement. The 
official statistics are only of a very recent date, and 
they do not comprise the less dangerous or smaller 
industries, where no boilers or motors are used; 
nor do they apply to agriculture, &c., where 
hydraulic or other power isnot used. During 1891 
there were 131,328 factories which furnished 
statistics, which came under the Accidental In- 
surance Act, and of these 78,133 were connected 
with agriculture and forests, and 53,195 with other 
manufactures. The total number of persons 
employed in these factories amounted to 1,236,125, 
of which 337,176 belonged to agriculture and 
forests, and 898,949 persons came under the head 
of manufacture, &c. The latter figure comprises 
865,694 male persons, and 33,255 women. The 
wages paid to these persons amounted to close 
upon 24,000,000/., of which the small sum of only 
about 160,000/, was paid to persons engaged in 
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agriculture, &c. The whole number of accidents 
reported was 15,439 (125 per 1000 persons insured), 
of which 8698 (561 per cent. of the total) recovered 
within four weeks, and came upon the insurance 
fund against sickness. Of the remainder, 4600 
required more time than four weeks to recover, 
but did not suffer any permanent disablement. The 
number of cases which resulted in partial disable- 
ment amounted to 1493 (22 per cent.); those which 
brought about complete disablement amounted to 
100 (or about 14 percent. ), and 548 (or rather more 
than 8 per cent) resulted in death. The greatest 
number of claims, comparatively speaking, were 
caused by accidents arising from the use of prime 
movers, viz., 2096 (or 31 per cent.), and the 
smallest, viz., 45 (or # per cent.), were due to 
boiler accidents, &c. Of the 1593 cases which 
resulted in partial or permanent disablement, 774 
(or about half) were caused by machinery, whereas 
of the 548 deaths the greatest number, viz., 131 
(or 24 per cent.), arose from falls from ladders, 
stairs, &e. The amount of compensation paid 
amounted to about 225,000/. for 6741 cases, of 
which 944 per cent. came under the heading of 
manufacture, &e. 


Tue Law as to LocomorivE Sparks AND Firn- 
RalIsinc. 

The House of Lords, sitting as an Appeal Court 
on Tuesday, defined the law as to the liability of 
railway companies for fires caused by sparks from 
their locomotives. The case was raised by a Port- 
Glasgow Sailcloth Company against the Caledonian 
Railway Company, the Court of Session having 
decided in favour of the railway company. The 
issue was really between fire insurance corpora- 
tions and railway companies. It was agreed that 
the fire which consumed the Sailcloth Company’s 
flax store, and involved 12,000]. damages, was 
caused by a spark emitted from Locomotive No, 85 
while passing along the Caledonian line contiguous 
to the stores ; but the Lord Chancellor, in giving 
judgment for the railway company, laid it down 
that the railway company, having statutory power 
to run along the line with locomotive engines, which 
in the course of their running are apt to discharge 
sparks, it was necessary to prove that the power 
given was not reasonably and properly exercised, 
and this the Sailcloth Company had failed 
to do. The mere fact that the destruction 
by fire was caused by the spark did not involve 
liability ; the point really was whether the railway 


Y | company had, as was their bounden duty, used the 


best practicable means, according to the then 
state of knowledge, to avoid the emission of sparks. 
The Sailcloth Company failed to prove to the con- 
trary. The offending locomotive, No. 85, belongs 
to a type adopted in 1888. Prior to 1882 the 
engines of the Caledcnian Company were fitted 
with a spark-arrester—a grid in the uptake or 
funnel to prevent embers escaping with the ex- 
haust steam. The new type, on the other hand, has 
the vortex blast and not a spark-arrester. It was con- 
tended in evidence in supportof the greater efficiency 
of the new arrangement, that in the old arrangement 
the lower tubes got blocked up and required a 
greater draught in the upper tubes to maintain the 
steam-raising power of the boiler. Consequently 
the spark-arrester was required, owing to the enor- 
mous increase of draught. With the vortex blast 
arrangement, on the other hand, the draught is 
more equally diffused. The consequence is that, 
as the lower tubes do not get blocked, combustion 
is more complete, and it is alleged fewer embers 
are likely to leave the firebox. It was, therefore, 
held by their lordships that the modern engine, 
even without the spark-arrester, was more efficient 
than the earlier type with the spark-arrester. 
As to the contention that an extra precaution 
might have been taken by adding the spark-arrester, 
even in the vortex blast engine, there was con- 
flict of testimony as to whether this would not 
militate against the other advantages mentioned, 
while the necessity was not clearly established. 
The Lord Chancellor also admitted that negligence 
or carelessness on the part of the engine-driver 
would involve the liability of the railway company; 
but the fact that sparks issued from the funnel did 
not indicate negligence or carelessness. On the 
other hand, the engine-driver was proved to be an 
experienced man, and there was no suggestion why 
he should have departed on this occasion from the 
ordinary mode of working the engine. The five 


lords sitting on appeal all agreed in the decision 


in favour of the railway company with costs, 
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SHALL MACHINERY BE TAXED? 
To THE Epiror oF ENGINEERING. | 

Srr,—Will machinery users fall into line with the 
labour party and rating authorities, and answer this ques- 
tion for once and for all? The second reading of Mr. 
W. H. Holland’s Bill exempting machinery from taxation 
stands as first order on Wednesday, March 8. E 

All manufacturers should write their representatives 
in Parliament to be in the House to support the Bill, 
pointing out that its object is not to remove an authorised 
rate of long standing, but simply to clearly define the law 
and to put an end to irritating and costly litigation. — 

Much has already been done, and prospects are bright. 
A little more energy promptly displayed by all interested 
will secure a triumphant victory on March 8, 

Yours faithfully, 
G. Humeureys- Davies, Secretary. 
8, Laurence Pountney-hill, Cannon-street, H.C., 
February 22, 1893. 


THE COMMERCIAL ASPECT OF AN 
ENGINEER’S TRAINING. 
To THE Eprror or ENGINEERING. , 

Sir,—Your article of February 17, on the commercial 
aspect of an engineer’s training, goes to the bottom of all 
substantial success in a profession which deals with pro- 
duction. Without counting the cost, engineering alone 
can at most command a succés d’estime. In reference to 
your proposal that some knowledge of prime cost, as 
well as principles, should be taught in technical schools, 
you may be interested to hear that at the Central Institu- 
tion of the City and Guilds this has already, to some 
extent, been given in the electrical department. It 
occurred to me, with some others, that this might well be 
extended to the instruction in the mechanical depart- 
ment, and in preparing designs which formed part of the 
course we voluntarily added an estimate of the prime cost 
of the work, based on such outside information which 
could be procured by us. 

Such a spontaneous effort points, I would submit, to 
the practical necessity of such additional instruction as 
you advocate. 

I am, Sir, your obedient servant, 


J. EK. THORNYCROFT. 
Chiswick, February 22, 1893. 


To THE Eprtor OF ENGINEERING. 

Srr,—Y our leading article on an engineer’s training in 
last week’s number will be read with interest by many 
young engineers like myself, who imagined they were 
following the proper course of instruction, and then, at 
the end of their training, wonder why they cannot obtain 
a situation. I started by serving an apprenticeship of 
three years, during which time my evenings (three or 
four out of every week) were spent in attending classes 
at a technical college. Then I went into the works of a 
first-class manufacturing firm as an improver for nearly 
four years, starting at six o’clock in the morning. And 
now for the past five or six months, with good testi- 
monials, I have been persevering to obtain a situation, 
but cannot. The only attainment my evening work, 
with the subsequent certificates, seems to have obtained 
for me has been to secure admittance as a student into 
the Institution of Civil Engineers. 

Yours faithfully, 
Harp TiMzs. 
February 21, 1893. 


THE INVENTOR OF GUTTA-PERCHA 
COVERED WIRE. 
To THE EDITOR OF ENGINEERING. 

Srr,—Mr. A. Siemens has drawn my attention to the 
correspondence which has lately taken place in your 
columns as to the inventor of gutta-percha covered wire. 

As I was living with my brother Werner when he re- 
ceived the first sample of gutta-percha from London, I 
am, perhaps, better able than Mr. A. Siemens to deal 
with the letter of Mr. F. H. Danchell in your issue 
of the 17th inst. 

This sample was sent by my brother William immie- 
diately after he had received it at the meeting of the 
Society of Arts, when gutta-percha was first brought to 
the notice of that Society. 

In my presence Werner began to cover a copper wire 
with the gutta-percha, and remarked that it seemed suit- 
able for insulating purposes. 

I never heard at the time of any one else bringing the 
gutta-percha to the notice of the Prussian Government ex- 
cepting my brother Werner, and a report from the Com- 
mission to the Prussian Treasury Department, dated 
September 7, 1847, declares my brother to be the first 
inventor. 

This report, among other documents, was laid before 
the American Commission as a proof that my brother was 
the inventor of gutta-percha insulation. 

Mr. Danchell brings no proof whatever in support of 
his assertion that he made similar proposals to the Prus- 
sian Government, and without these I do not see how he 
can substantiate his claim to priority. 

My brother Werner has throughout his life claimed to 
be the first inventor of gutta-percha insulation, and has 
publicly made his claim in articles contributed to various 
scientific reviews. Among these I will only mention a few, 
viz.: ‘‘Mechanic’s Magazine,” January, 1849; English 
Patent, No. 13,062, 1850 ; ‘‘ Poggendorf annalen,” 1850, 
vol. lxxix., page 481; Académie des Sciences, Paris, April 
15, 1850; Royal Academy of Science, Berlin, July 2, 
1874; Monthly Report of Royal Academy of Science, 
Berlin, December 7, 1874. 

The model of the original machine constructed by my 


brother was exhibited at Vienna in 1873 by the Prussian 
Telegraph Office, and is now to be seen in the Museum 
of the German Post Office. oi 

Dr. Edm. Hoppe, in his ‘‘ Geschichte der Elektricitit,” 
published in 1884 at Leipzig (Joh. Ambrosius Barth), ex- 
pressly states (page 584) that my brother Werner is the 
inventor of gutta-percha insulation. 

Under these circumstances it appears very strange that 
Mr. Danchell never heard of my brother’s claim to the 
invention, as he asserts in his letter, but the facts and 
references quoted above prove that it is nob my brother’s 
friends who now claim it for him, but that the scientific 
world generally bas always acknowledged his claim, and 
Mr. Dauchell can scarcely expect that these proofs can be 
met by nothing stronger than his unsupported assertion 
to the contrary. 

With regard to the last sentence of Mr. Danchell’s 
letter, my brother, as a Government official, neither took 
a patent for the covering machine nor derived any benefit 
from its application, all contracts for underground cables 
being carried out by the firm of Fonrobert and Pruckner, 
in which my brother had no interest whatever. 

It is not necessary, therefore, to comment upon the 
reflections Mr. Danchell chooses to make on the friends 
of my brother. 

Iam, Sir, your obedient servant, 
CaRL SIEMENS. 
12, Queen Anne’s-gate, Westminster, S.W., 
February 20, 1893. 


THORNYCROFT’S SCREW TURBINE 
PROPELLER. 
To THe Epiror or ENGINEERING. 

Sir,—In a letter of mine on Thornycroft’s turbine guide 
blade propeller in your last issue (February 17), your 
compositor made me say, end of second paragraph, ‘‘ but 
in this improved propeller Mr. Barnaby not only advocates 
a reduction of cross-sectional area of steam destroyed,” 
instead of “‘ discharged.” 

Yours truly, 
A. VOGELSANG. 

94, Huskisson-street, Liverpool, February 18, 1893. 


To THE Epiror oF ENGINEERING. 

Sitr,—Having read with much interest your account of 
Mr. Thornycroft’s latest adaptation of the turbine pro- 
peller in your journal of February 10, and alsp two letters 
in last Friday’s issue, perhaps I may be allowed to make 
a few remarks thereon. 

It seems to me that Mr. Vogelsang takes Mr. Barnaby’s 
theories too seriously, for he surely knows that no re- 
ceived screw propeller theory ever led to a new discovery 
or afforded efficient help towards the design of any single 
screw. No theories areof any good that cannot be prac- 
tically applied, and in nothing has this been more con- 
spicuous than in the floundering theories anent screw 
propulsion, wherein practice has always been ahead of 
theory. 

If the diameter of a screw be reduced, and its velocity 
augmented sothat the same end pressure is given upon 
the main shaft, no direct waste of power occurs so long 
as the same rate of progress is maintained. 

But as the reverse current is always driven back per- 
pendicularly to the screw blades, there is an important 
indirect loss arising from the reduction of diameter, 
because a much greater twist is given to the column, and 
this is the real cause of excessive losses with smaller pro- 
pellers driven faster. 

The cosine of the angle of obliquity stands for the 
proportion of the total propelling power that remains 
to work advantageously, and this decreases with accele- 
rating rapidity as the diameter of a screw is diminished 
and its revolutions increased. 

The function performed by guide blades is to divert 
this oblique current back again into a straight line aft, 
recovering a large percentage of the power otherwise 
wasted upon giving rotation to the cylindrical reverse 
current. 

My experiments on the turbine propeller made some 
30 years ago showed most conclusively that its greatest 
advantages were obtained from small fast-driven pro- 
pellers, and that although progress ahead was the first 
consideration, yet that backing was about the same 
proportionate badness as with any ordinary propeller, 
and what more has a sailor any right to expect? 

Even large propellers gain considerably when driving 
against head winds. One of my guide blade propellers 
fitted on the s.s. Coraya gave remarkable results, It was 
12 ft. in diameter, and enabled this vessel to overtake 
others which had previously beaten her. This was only 
against head winds, but no advantage (or loss) as to speed 
occurred in ordinary weather. Vibration, however, 
wholly disappeared, and the captain told me he could fill 
up his glass of whisky without any being upset! The 
vesse], too, made a true course without the tiller being 
set a few points over. 

Your correspondent ‘‘ Non Libet” finds fault with Mr. 
Thornycroft’s two screws as being ‘‘complicated.” Con- 
sidering there are no loose parts, the ‘‘ complication” 
cannot compare with that of an adjustable blade pro- 
peller, and it is hard to know what such an exigeant 
correspondent expects. If he takes a lesson from Parson’s 
steam turbine or an American ‘‘ double” water turbine, it 
will be obvious that there may be some great advantage 
derivable by having two screws, one behind the other, 
Many experiments, indeed, have been made in this direc- 
tion, and more are yet to follow. 

My own numerous experiments on this class of pro- 
peller were made with screws running about 120 revolu- 
tions or less per minute, and from 3 ft. to 12ft. in diameter, 
but never at the more modern high speeds. The results 
I attained from encased propellers neyer led me to love 


them, and although your correspondent seems inclined to 
condemn turbine propellers generally, yet no other type 
has yet been designed which so greatly facilitates the use 
of high-speed screws. If its performance shows the un- 
certainty common to all hydraulic arrangements, this is 
more the fault of our having no proper theory, and having 
still to regulate our experience on the good old ‘‘ rule-of- 
thumb” fashion, and nobody in the kingdom properly 
understands screw propellers, 
I am, Sir, yours faithfully, 
London, E.C. ARTHUR Raa, 


TRIPLE-SCREW STEAMERS. 
To THE Eprror or ENGINEERING. 

Sre,—I lately read in the ‘‘ American Shipbuilder ” an 
article taken from ENGINEERING describing the arrange- 
ment of the engines and propellers of the triple-screw 
steamer Triplet, built for the Bombay Steam Navigation 
Company, and engined by Messrs. Dunsmuir and Jack- 
son, of Glasgow, I take a lively interest in this matter 
for this reason, when, after repeated experiments, ex- 
tending over a long period, I came to the conclusion that 
a ship having more than one screw, such as twin or triple- 
screws, could be made safer in every respect, and a 
better investment for shipowners, by having their shafts 
connected together by an extra set of connecting-rods and 
cranks. I had a working model photographed, and sent 
a copy of it, together with a description, to the London 
Engineer ; it was published in the issue of January 23, 
1891. It apparently did not receive much favour from 
some persons, judging from their remarks, but I am 
pleased to see that the idea has borne fruit already, and I 
dare to predict that it will soon be used on far larger 
ships than the Triplet. The passenger who pays the 
dividends will demand some protection against such 
accidents and delays as lately befel the Umbria and 
Spree, and the competition for trade will grasp this as 
the most feasible method of combining safety with 
efficiency in passenger steamships. 

Respectfully, 
JAMES HAMILTON, 

111, Brook-street, Bridgeport, Conn., U.S.A., 

January 31, 18938. : 


THE LIVERPOOL OVERHEAD RAILWAY. 
To THE EDITOR OF ENGINEERING. 

Str,—In the notice on the above railway in your 
issue of February 10, page 163, it is stated that that 
line “‘is the only electric railway in the world in which 
each vehicle carries its own motor,” and, further, that it 
is ‘‘ the longest railway worked by electricity.” 

I beg to point out that, although in the United States 
a trailer is generally attached to the motor car, there are 
several electric lines on the Continent which are worked 
entirely by vehicles carrying their own motors, for in- 
stance, the Florence and Fiesole (Italy) steep-grade 
electric line, with which I am intimately acquainted, and 
which is worked by 12 such cars; also the Vevey and 
Montreux in Switzerland, as well as the Gera and the 
Halle electric lines in Germany. 

Again, the length of the Vevey line is 11 kilometres or 
seven miles, viz., the same as the Liverpool Railway, in 
which latter, moreover, the greatest distance of line from 
the central supply station is only 4.5 miles, which is the 
same as on the City and South London line. In pointing 
out these inaccuracies in your notice, I do not, of course, 
wish to detract in the least from the conspicuous merits, 
and notably from the admirable automatic signalling and 
general arrangements of the Liverpool railway per se. 

Iam, Sir, your obedient servant, 
C. 8S. Du Ricue PRELuER. 

18, Margaret-street, Cavendish-square, W., 

February 13, 1893. 

[We are glad to publish Mr. C. S. du Riche Preller’s 
correction as to other electric railways in which every 
vehicle is fitted with a motor. As to the length of the 
line, Mr. Preller has omitted to notice that we said the 
‘longest overhead railway,” and not ‘‘the longest rail- 
way,” as he quotes our words. We may add that in the 
case of the City and South London line the distance 
yorker from the central supply station is 33, not 44 miles, 
—Eb. 


MR. STRETTON’S LIST OF LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 

Srr,—It has already been explained that the North- 
Eastern Railway Company, in addition to its standard 
number of locomotives, possesses a certain number of 
old duplicate engines, which are practically worn out 
and are gradually being broken up. My figures are 
based upon information signed by the chairman and 
secretary of the company, and I ask what higher autho- 
rity can be required ? 

Mr. John H. Ravenshaw calls my list in question, but 
it is very doubtful if he has seen it. I duly posted to 
him acopy of my ‘‘ Locomotive List,” but it is returned 
through the Dead Letter Office marked ‘‘ Not known at 
Ryton-on-Tyne.” 

If Mr. Ravenshaw will send his address, I shall be 
happy to send him the list in question. 

Yours faithfully, 
CiemMeEnT EK. Strerron, C.E. 

Saxe-Coburg House, Leicester, February 18, 1893. 

[We can insert no further letters on this subject. —Ep. E.] 


INDIAN GOLD.—The production of gold in British India 
appears to be making a slight progress. The value of 
the output in 1888 was 133,878/.; in 1889, 304,217/. ; in 
1890, 418,6507, ; in 1891, 503,420/. ; and in 1892, 623,146/, 
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COMPOUND EXPRESS LOCOMOTIVE FOR 
THE NORTHERN RAILWAY OF FRANCE. 


As promised in our issue of February 10, when 
describing the construction of this locomotive, we now 
give details of the very complete set of tests. From 
experiments it appears that these engines get up 


speed varied very little with profile of the line. On the 
next page we show copies of 15 sets of diagrams chosen 
from a number taken during the trials made on March 
17 and 22, 1892. They show the steam distribution 
in very varied conditions of working. Table II., page 
234, shows the pull on the tender drawbar, and the 
results of an analysis of the diagrams with particular 
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speed very quickly, and will easily take up a con- 
tinuous gradient of 1 in 200 and 124 miles long, either a 
train of 140 tons weight, exclusive of engine and tender, 
at a speed of 53 miles an hour, or one of 200 tons at a 


TABLE I.—Trwes, Sprep 


~ 


162-3 170-1 (74-4 180.3 
2 > € &) 
S 5 3s > 
: Exe BS 3 
“i rs q sat 


reference to the total indicated work, and its division 
betwen the two sets of cylinders, 

The diagrams were taken by a Deprez and Garnier 
‘indicator, which gives the curve by points, indicating 


8S, AND WEIGHTS oF TRAINS. 


_ Train. — Depart. _— Arrive. 
Ist day..|15 bis} Paris -./11.40 a.m.| Amiens 1.23 p.m 
0 ,,| Amiens ..| 5.27 p.m.) Paris T1003 

2nd ,, Bs Paris ++|10.10 a.m.| Amiens ../11.56 ,, 
30 | Amiens 3.7 p.m.| Paris «| 5.25 p.m 

3rd day | 5 bis | Paris -| 8.15 a.m.} Mons 12149735 

48 | Mons -.| 7.36 p.m.| Paris TLS3) .,, 

4th ,, | 83bis} Paris ../ 6.20 ,, | Mons ..10.46 »” 

6th ,, 16 ,, | Mons . 8.36 a.m.| Paris me LOSS) 9s 

6th ,, 15 | Paris 11.30 ,, | Amiens WL Loom ya 

oO Amiens ..| 3.58 p.m.| Paris iY ae 

jth ,, 11 | Paris 8.0 a.m, | Lille 11.58 ,, 

46 | Lille 7.25 p.m.| Paris Maho sp 

8th ,, Cc, Paris Ribs, Amiens ..| 5.5 ,, 
" C, | Amiens ..| 9.4 p.m.| Paris 10.47 p.m 
9th day |17 bis! Paris ea L2.55.-,; Amiens 3.17 p.m 
% Amiens ..' 5.17 ,, | Paris 7.0 as 

10th day (not running) 
Total distance run in ten days = 


Average perday .. oo 


oo . on on 


speed of 464 miles per hour, 


minutes. The second took two hours 
to St. Quentin, a distance of 954 miles, 


Speeds, Miles per Hour. 
Distance. Load 
Paris| Creil Tons 
Creil | Amiens, a ies 
110 
81.2 49.7 50.3 to 
150 
81.2 62.8 51 110 
$1.2 47.2 49.7 100 
81.2 42.9 44,7 oe ae we 140 
Creil | Tergnier| Busigny | Aulnoye 
Tergnier | Busigny | Aulnoye Mons 
1548 44.1 47.8 41.6 47 2 34.8 175 
154 8 44,1 44,7 46 0 49.1 41.0 160 
154.8 46.0 47.2 42.9 47.8 387.3 145 
154.8 42.3 47.2 45.4 46.0 37.9 115 
Paris| Creil 
Creil | Amiens 110 
81.2 49.7 60.3 { to 
150 
§1.2 49.7 47.8 ae ae Bc 100 
Amiens Arras Douai 
Arras Douai Lille 120 
156 42.9 46.0 48.5 49.7 38.5 to 
170 
120 
156 47.2 49.1 49.7 49.7 44.1 { to 
150 
$1.2 46.6 46.0 145 
, 145 
81.2 52.8 51 {is 
200 
81.2 39.1 46.0 145 
81.2 52.8 61 110 
1743.2 
174,32 


p ; ir. The first train did the | exactly the pressure of the steam corresponding to 
distance from Paris to Amiens (814 miles) in 1 hour 30. definite positions of the piston. 


An exception should 


to go from Paris be made for Diagram 1, which was taken as the a ee 
In both cases the started, and hence at a very slow speed, and w 


ich 


shows a very good steam distribution. The collection, 
taken as a whole, shows that the steam pressure is 
well maintained during the period of admission. This 
is particularly noticeable in Diagrams 6 and 15, which, 
taken at high speeds, show a lower fall of pressure 
than is usual with locomotives in such conditions. 
Diagrams 9 and 10, taken with a cut-off of 45 per cent. 
in the low-pressure cylinders, correspond to the least 
fall of pressure in the intermediate receiver. The 
greater falls of pressure which a longer cut-off gives 
result in a small loss of work, but it is preferable to 
admit this loss rather than the much greater one 
which arises from excessive compression in the high- 
pressure cylinders, and causing, also, trouble in the run- 
ning of the engine at high speeds. In this connection 
it should be noted that the excessive compression in 
the high-pressure cylinders, visible in some of the 
diagrams, is partly due to the fact that in these 
instances the back pressure has been steadily rising 
during the exhaust. 

The dynamometer with which the pull on the draw- 
bar was ascertained was carefully calibrated before the 
trials, and its indications can be relied on. The figures 
obtained show that the horse-power at times exceeded 
1000, a result which has been obtained on all the trials 
without forcing the engine in any way, the water level 
and pressure being maintained at their normal value ; 
nor was any special fuel used. It will also be noted 
that the power is pretty evenly divided between the 
two sets of cylinders. Of course, as the driving axles 
are coupled together, there is no advantage in this so 
far as adhesion is concerned; but the maximum 
stresses on the separate parts are thereby reduced, As 
regards the efficiency of the mechanism, it will be noted 
that the pull on the drawbar has been corrected for 
the acceleration of the engine and tender. This is 
necessary, as, when the speed is increasing, the work 
done in imparting a higher velocity to the engine and 
tender would otherwise be available at the drawbar, 
and similarly, when the speed is decreasing, the work 
already stored in the engine and tender increases the 
pull on the drawbar. 

To form a fair idea of the capabilities of the engine, 
such trials as the above are insufficient, for in them 
the engine for obvious reasons is run under as favour- 
able conditions as possible, and hence it is necessary 
to ascertain what the engine can do under ordinary 
working conditions, During the months of February, 
March, and April the engines 2121, 2122 have worked 
the express service (first series) from the La Chapelle 
station according to the speed schedule (Table I.), 

In deducing the average speeds in the above schedule, 
the following allowances are deducted from the total 
time, as well as the stops : one minute for starting, 30 
seconds for stopping, and one minute for each slowing 
at junctions, swing bridges, &c. In the above cases 
the engine-drivers have frequently used the great 
power of their engines in making up wholly, or in part, 
time lost at starting, or through slows or stops on the 
journey. 

Very good results were got on the 0.8 per cent. grade 
shown in Fig. 13, with train O of November 6, 1891. 
The train had 27 axles and weighed 140 tons, ex- 
elnding the engine and tender. The time made was 
as follows: 


ne 105 
Calais Ville, departure 2 59 
Caffiers x 3 14 


Hence the distance was run in 15 minutes, including the 
time lost by slowing at the junction shown. The speed 
up the 0.8 per cent. grade was about 43.5 miles per 
hour. Good results have also been obtained on less 
heavy but longer inclines, such as that shown in Fig. 
14, The maximum grade on this line is 0.5 per cent. 
The train load was 110 tons, and it will be seen from 
the diagram that the speed line is nearly straight, 
being but little affected by the inclines, 

Comparing the two new engines with two older ones, 
viz., Nos. 2876 and 2887, which work on the same ser- 
vice, the returns for the months of February, March, 
and April show the following results ; 


Fuel, Pounds per Mile. | Oil, 
Numbers of | _ 
Engines. s 
. unces per 
Briquettes. Coal. | Total. Mile. 
2121, 2122 6.055 26.962 82.017 .880 
2876, 2887 6.811 30.616 37,427 982 


The coal used in these express engines consists of the 
following mixture ; 


Per cent. 
Run of mine, 25 per cent, bituminous 50 
Small bituminous coal... 20 
Small steam coal 30 


The figures above show, as will be seen, a saving of 
14.45 per cent. with the new engines. It should, how- 
ever, be noted that the total consumption as given 
above includes in each case the constant quantities re- 
quired for lighting up and maintaining the fires at the 
station, To eliminate these constants, the value of 


234 


ENG BNIE:E R ENG; 


[FEB. 24, 1893. 


TABLE II, RESULTS OBTAINED FROM TRIALS OF COMPOUND LOCOMOTIVES ON NORTHERN RAILWAY OF FRANCE. 
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far from negligeable, trials were made of the water used i4 per sg ii 
by engine 2121] and engine 2863, this latter being a 
simple engine, with cylinders 18.llin. in diameter, 
the working pressure being 156.4 lb. per square inch. 
The engine was in very good condition. These engines 
were put to draw the same load, viz., 180 tons, at = 0 
similar speeds and under identical atmospherical con- Ere : 
ditions. € = &— . 
The consumption, as determined on the run from Atmospheric line Atmospheric line. Atmespheric line 
; Abra) : p P 
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showing an economy for the latter of 23.28 per cent. 
It also appears that the oil consumption of the 
compound was comparable to that of simple engines. 
The amount used was divided up as follows ; 5 
14 axle-boxes (engine and tender) ms 341 . : _ SS === 
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i ide ms ; : 4 
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The different parts are very accessible for oiling, all 
important parts being easily got at. Automatic lubri- 
cators are used for the cylinders and slide valves, and 
the other arrangements are so effective that runs of 
155 miles can be made without requiring more than a 
five minutes’ stop for oiling up in the course of the run. 

In accordance with the usual practice of the com- 
pany, the fire is started with briquettes or large 
coal, being afterwards maintained exclusively with 
coal of the composition given above. The fireboxes 
of these engines, being deeper at the back than those 
of the ‘‘Outrance” type previously built, have some 
advantages. When the draught is strong the coal 
is not varried forward, and at the end of a run, when 
the grate is already covered with a certain thickness of 
cinders and clinkers, a sufficient thickness of bright fire 
can stillbe obtained. When first put to work both en- 
gines had Tenbrinck water bridges. In consequence 
of leakage, this bridge on one engine was dismounted 
and repaired. Since then it was worked quite satisfac- 
torily. That of engine 2121 has, however, been re- 
placed by a firebrick bridge, and the change seems to 
have made no difference in the steaming qualities of 
the engine, but a longer experience is required to fix 
definitely the value of the water bridge. 

The boiler is fed by two injectors of the Sellars type, 
the one on the left-hand side being a 74 mm. injector, 
and that on the right a 94mm. In ordinary running 
the left-hand injector is kept at work nearly con- 
tinuously. In spite of the high boiler pressure (200 lb. 
per square inch), both these injectors have worked 
very well, the temperature of the water in the tender 
being about 122deg. Fahr. It is true that the lift 
only becomes high, viz., from 2.6 ft. to 4.26 ft., when 
only 2 cubic metres of water remain in the tender, 

All the handles required for working the engines 
are arranged so as to make the handling as easy as 
possible. The driver has close to hand the regulator, 
the reversing gear, the handle regulating the ex- 
haust from the high-pressure cylinders, that admitting 
steam direct to the low-pressure cylinders, and that 
of the Gresham sanding apparatus, together with 
the valves regulating the vacuum brake. The stoker 
on his side finds the whistle gear, the damper 
gear, the blow-off cocks, and the blower. When the 
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engines had run 37,000 miles, the whole of the running 
gear was carefully examined and found in perfect con- 
dition, a fact which shows that the cost of maintenance 
will be low. 

In conclusion, it may be of interest to say a word on 
the use of coupled wheels, the plan of giving the high- 
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pressure cylinders an alternative exhaust up the blast 
pipe, and the system of independent cut-offs in the two 
sets of cylinders. The coupling-rods were removed 
from engine 2121 for some days in March, 1892, and 
during that time it ran, on March 3, the trains Ci, 
weighing 145 tons, and C,, with 170 tons, The rail 
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was in very good condition, but slipping occurred at 
every start and even sometimes on the inclines. Down 
rade the speed was the same as with the rods in place. 
= short, under these very favourable conditions no 
advantage was found in the running of the engine, 
whilst, on the other hand, the starting power was 
reduced, and, moreover, the vibration at high speeds 
was considerably increased, due to the fact that the 
relative position of the cranks was no longer main- 
tained, 

As regards the plan of providing an alternative 
escape up the blast pipe for the high-pressure cylin- 
ders, this arrangement increases the starting power, 
the tractive effort being then capable of reaching 10 
tons. It should, however, be noted that to utilise this 


: : : 1 
great tractive power a coefficient of adhesion of 5; 


would be required, which is difficult to obtain even 
with the Gresham sanding apparatus. By means of the 
special regulator with which these engines are pro- 
vided, it is, however, possible to work the engines at 
starting at very nearly their limit of adhesion, Fur- 
ther, the arrangement in question has this further 
advantage, that, in case of breakdown, either set of 
cylinders can be worked independently of the other. 
Thus, with train 17 bis of December, 1891, the front 
cylinder cover of one of the low-pressure cylinders of 
engine 2121 broke at kilometre 70 between Clermont 
and St. Just, but the driver took the train on to Amiens 
(kilometre 131) with the high-pressure cylinders only. 
This run of 61 kilometres (38 miles), 104 of which 
were up a 0.4 per cent. grade, was done in one hour; the 
average running speed was 46 miles per hour, the load 
being 150 tons. If necessary, the engine could have 
taken the train beyond Amiens. 

A compound engine previously built by the company, 
viz., No. 701, did not run down grade as well as the 
simple engines, but the new engines, when working 
compound, have attained speeds of 62 to 75 miles per 
hour under these conditions. This easy running is 
partly due to the large size of the various steam pipes, 
but also to the independence of the two sets of expan- 
sion gears. [Experience has shown that, owing to this, 
the pressure in the intermediate receiver can be 
lowered by giving a late cut-off to the low-pressure 
cylinders, which facilitates the running of the engine 
at high speeds. The following trials were made with 
trains 17 bis of December 5 and 7, 1891, weighing 140 
tons. On the first occasion the cut-off was made the 
same in the two cylinders up to kilometre 111, and 
then changed. On the second occasion the reverse was 
the case. 
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This independence of the expansion gears also facili- 
tates the running of the engine with one set of cylinders 
in case of a breakdown, 


INDUSTRIAL NOTES. 

Tue Memorandum prepared by the Labour Corre- 
spondent to the Board of Trade states that there was 
a slight increase in the number of strikes as compared 
with the previous month, but the term ‘‘ slight” seems 
inappropriate, for the number increased from 24 to 88, 
or over one half the total. For the most part, how- 
ever, the new disputes were not serious, and the 
number thrown out of work thereby was not large. 
The principal strikes are thus classified: Iron and 
steel trades, six; shipbuilding, six ; dock labour, six ; 
coal mining, four ; and building trades, four; the re- 
maining twelve being in connection with various other 
industries. The returns of the chief trade unions 
show a slight improvement in trade, judging by the 
number out of employment. But the increase in the 
number employed is rather by reason of the fact that 
the temporary causes, which augmented the number at 
the close of last year and the beginning of the present 
year, have ceased to operate, the result being that the 
percentage out of work and on the vacant books of the 
several unions has decreased. In all 23 unions, having 
an aggregate of 279,577 members, sent in returns; of 
these 27,845 are out of work. Last month the total 
out of work in the same unions was 28,453, a decrease 
of 608. The proportion this month is 9.96 per cent., 
as against 10.2 per cent. last month. No hopeful 
anticipations can be based upon so slight a change 
in the industria] sityation, The improvement is 
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mainly confined to the branches of engineering, while 
the shipbuilding trades and the building trades remain 
about the same. The industries depressed are the 
cotton and clothing trades, at least three-fourths of the 
former being affected by the cotton dispute. A large 
number of miners and agricultural labourers are out 
of work. Of the 23 unions of skilled trades only 
three report trade as good, six as moderate, and 14 as 
bad. On the whole, the prospects are not cheering, 
the signs of improvement being very few indeed. 


The monthly report of the Boilermakers and Iron 
Shipbuilders gives no real indication of improvement 
in this most important industry. The total number of 
members in receipt of benefit was 8614, as against 
8608 last month, an increase of only six all told. But 
if the figures of those out of work are taken, apart 
from sick members, the result is different. The 
number on superannuation increased by nine, but the 
total on donation, signing the vacant book, and taking 
travelling cards was 6984, or 18 per cent. of the entire 
members. This is an enormous percentage, and has 
continued for over two months. It speaks well for 
the Boilermakers and Iron Shipbuilders’ Society that 
it is able to sustain the strain of over 8600 members, 
and their families, during the present pressure, at a 
cost of nearly 2000/. per week. The members are re- 
minded that no more overtime is to be worked than is 
absolutely necessary, and that all should share the 
work as far as practicable, In consequence of the very 
large demands upon the benevolent fund, the execu- 
tive have been obliged to stop the grants, and com- 
plaints are made of applications in cases not intended 
by the rules to be relieved from that fund. Taking 
the several districts, it appears that trade is depressed 
in London, Liverpool, Birkenhead, Staffordshire, and 
some other places. On the Clyde it is not so bad, 
and in South Wales there is some slight improvement, 
and in Birkenhead also the prospects are better. On 
the Tees there is just an indication of a slight move- 
ment for the better. It may not be out of place to 
mention that Mr. Robert Knight was pressed by the 
President of the Board of Trade to accept a post in the 
new Labour Department, but Mr. Knight refused to 
leave the post with which he has been so long asso- 
ciated. It is not saying too much to add that not only 
would the members of this union regret the loss of 
their secretary, but that the employers would also have 
regretted any such change, His conduct is appreciated 
by all parties connected with the trade. 


The condition of the engineering trades throughont 
Lancashire has varied but little of late, but it is satis- 
factory to find that it is not worse, if it cannot be 
reported to be much better. Several of the principal 
firms continue to be fairly well employed, but they 
are not securing new orders of any considerable weight, 
while the generality of firms are very indifferently sup- 
plied with orders. A few of the large machine-making 
firms are moderately busy, but chiefly on work taken 
on special conditions, or at very low rates. The re- 
mainder are very short of orders, and are only 
able to keep going by resorting to partial working 
or short time. There is a moderate amount of work 
stirring in the boiler-making departments, and 
some of the establishments are fairly well engaged, 
although the new orders are competed for at very low 
figures. Heavy stationary engine builders are also 
tolerably well employed, but locomotive builders are 
short of work, as are also machine toolmakers, In 
the more general departments of the engineering 
branches of trade there is very little going on, the 
state of trade being unsatisfactory, and the out- 
look not very encouraging. In the marine centres, 
and in marine shops generally, there are but few 
signs of real improvement. On the Liverpool side 
of the Mersey trade is at a low ebb. There are 
some orders on hand, but there seems to be no great 
haste in commencing them, Repairs have been scarce, 
but some vessels are expected to be docked for repairs 
shortly. On the other side of the Mersey things are 
better; the great firm of Messrs. Laird Brothers have 
prospects of a busy year, in addition to the fitting and 
putting in order the Inman line of steamers prior to 
taking departure for Southampton. The boiler shops 
are busy, the prospect being full employment at rather 
high pressure for some time. Other establishments 
which were on short time, have started full time, and 
there isa healthier tone. There are no disputes of 
a serious character in any of these branches of trade, 
and it is hoped that any further decline in wages will 
be averted. There is very little improvement in the 
general condition of the iron and steel industries, 
though some new orders have been booked. 


In the Sheffield and Rotherham district the signs of 
improvement in several branches have become more 
manifest. The cutlery branches have received an 
impetus during the last few weeks, but the output is 
still below the average of busy times. The manufac- 
turers have a difficulty in finding new and free markets 
for their goods. The exports of cutlery to the United 
States have fallen off by one-half since the McKinley 


tariff came into operation. ‘The file trade is not in a 
flourishing condition, and a dispute has arisen at one 
firm as to the price to be paid to makers of ‘‘ machine 
cuts.” Trade at the foundries is not brisk, but the 
rolling mills, tilts, and forges are still moderately 
active. The threat of the miners to stop the pits will 
probably force the manufacturers to get in a good 
supply in case the stoppage becomes general, ‘There 
is a better demand for Bessemer material, but the 
prices are said to be unremunerative. The dispute in 
the glass bottle industry continues, the strike having 
lasted about six weeks, and there are no signs of a 
settlement. The stove grate trade is dull, and there 
are very few forward inquiries to any large extent. 
The coal trade continues dull, notwithstanding the 
attitude of the miners, an attitude condemned in the 
Sheffield district generally as one cause of industrial 
disturbance. 


The condition of trade in the Cleveland district 
does not appear to improve; on the contrary, things 
are worse. The price of pig iron has touched a point 
at which it is said that the manufacturers are losing 
2s. on every ton produced. In view of this state 
of things it is expected that many furnaces will be 
blown out. The Eston Steel Works generally are 
idle, and many families at South Bank and Grangetown 
are ina state of great privation. The condition of 
things is regarded as deplorable. For three months 
last year this district was the scene of distress and 
poverty arising from the Durham strike. Then there 
was a brief period of activity; then again stocks 
accumulated, and now the men are threatened with 
a period of idleness and almost starvation. The 
threatened dispute of the ironstone miners and the 
ironmasters has been postponed, if not averted. The 
latter gave notice of a reduction of 8? per cent. in 
wages. The men averred that such notice was con- 
trary to the understanding that such reductions should 
not take place except at the usual quarter-days of 
the year. The employers persisted in their demand, 
and the matter was placed before the miners’ lodges, 
the vote being against the proposed reduction. At the 
recent conference of the employers and the men’s 
representatives this decision was communicated to the 
masters. After some discussion the employers con- 
ceded the point, so that wages remain as they are till 
the end of March. Thereupon the employers put in a 
claim for 10 per cent. reduction at the end of March, 
and a conference is to be held on March 9 to hear the 
decision of the lodges. Thus the proposed 8? per cent. 
reduction is postponed, but in lieu thereof 10 per cent. 
is to be substituted at the end of March. The men 
are now associated with the National Federation of 
Miners, so that the policy of the latter will to some 
extent control the action of the Cleveland ironstone 
miners in this instance. 


In the Clyde district the matters in dispute in con- 
nection with the shipyards had been arranged, in so 
far as the iron and steel branches are concerned, and 
also as regards the shipwrights, by a consent to agree to 
a reduction of 5 per cent. on piece rates, and of 4d, per 
hour on the time wages of shipyard workers, but not 
of boilermakers. This reduction was postponed for a 
time by the president of the employers’ association, 
on his own responsibility, in consequence of difficulties 
pointed out by the men’s representatives, for which 
consideration he was thanked by the workmen. But 
the ship joiners and others refused to accept the 
reduction, and struck work, After a rather severe 
struggle the men have been successful, and have re- 
turned to work at the old rates, The reason for this 
appears to be that trade is not so bad as was alleged, 
and that there is a considerable amount of work on 
hand which cannot be much longer postponed. The 
situation is uncertain, rather than bad. 


Taking the general state of the iron and steel indus- 
tries of the kingdom, matters appear to be bad and to 
be getting worse. This is so in the north of England 
and in the midlands, with only here and there a gleam 
of hope as regards the near future. In the Cleveland 
districts several establishments have not yet resumed 
work since the Christmas holidays. In South Wales 
several of the large works have suspended operations 
almost entirely, At Barrow only about one-third of 
the plant is in operation. In Cumberland not more 
than one-fourth of the blast furnaces are at work. At 
Workington notices have been posted announcing the 
stoppage of the works indefinitely. At Wigan notices 
have been issued for the stoppage of the works before 
the end of this month; the majority of those employed 
at the blast furnaces are to be discharged. These 
stoppages are serious, for even when work is resumed it 
will take a long time to get again into full working 
order. At the Cleator Moor Iron Works another blast 
furnace has been blown out; at the Lowther Iron 
Works the notices expired on Saturday. Already 
there were only 34 in blast, as against 42 last year, 
All these facts indicate a very considerable depression. 


Here is an item of a more encouraging character, 
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At most of the slate quarries in North Wales, includ- 
ing those belonging to Lord Penrhyn, notices were 
posted at the close of last week announcing an increase 
of 5 per cent. in wages, in consequence of the improved 
state of trade. For some time past the building trades 
of the country have been fairly prosperous; a good 
deal of building is still going on in various parts of the 
country, and the demand for slates, as well as for 
other building materials, has been increased corre- 
spondingly. In some branches there has been a lull, 
but the weather and the season of the year generally 
will account for the falling off in these branches. 


The dispute of the cotton operatives is entering upon 
a more acute stage. The Bolton employers have stood 
aloof from the federation hitherto, but they have now 
decided to throw in their lot with the other Lanca- 
shire employers, and to insist upon a 5 per cent. reduc- 
tion. This is to be done in the first instance by 
running the mills short time—30 hours per week—and 
thus crippling the supplies of funds to the operatives 
in their struggle. On all hands the pluck and en- 
durance and the general conduct of the men on strike 
have been commended, even by those who think the 
policy unwise. The most severe period of that struggle 
is at hand, when the payments will be reduced almost 
to nil in some of the branches. 

The factory operatives of Lancashire have asked 
the Government to support an Hight Hours Bill on 
their behalf. The Bill of the miners will no doubt be 
largely supported, and it is probable that the Govern- 
ment may make it an open question for their followers, 
and for members of the Government. It is by no 
means clear that the Bill will pass the second reading, 
but if it does not, it will probably carry a very large 
vote, Something will depend upon the policy of the 
federation meanwhile. 


The sliding scale in the South Wales coal trade has 
been adopted, though at the last moment there ap- 
peared to be a chance of its rejection. The scale is 
the same as that of last year, at 8% per cent. So 
strongly were some of the men averse to going below 
9 per cent., that three of the delegates left the con- 
ference and refused to sign theagreement. It appears 
that the employers consented to forego or postpone the 
proposed reduction over which the rupture arose, in 
recognition of Mr, W. Abrahams’ conduct and difficul- 
ties in bringing the matter toa successful issue. The 
new scale is to last two years. The total number of 
men affected in South Wales is about 100,000. Of these 
the delegates representing Monmouthshire and the 
South Wales Federation, an active branch of the 
National Federation, together about 40,000 miners, 
refused consent to the agreement, leaving about 
60,000 as represented by the Sliding Scale Committee. 
Whether those two bodies will interpose any active 
opposition to the scale remains to be scen, but the dif- 
ficulties of the situation render such a course of pro- 
ceeding improbable. It seems that under the new 
arrangement there is to be a reduction from March 1 
in anticipation of the audit now to be taken, and upon 
that audit will depend the rates from April 1. 

Great anxiety is manifested at the result of the 
ballot of the Northumberland miners with respect to 
the proposed reduction, the revised proposal being re- 
jected by about two to one.- The wages at present are 
20 per cent. above the scale rate of 1879. In October, 
1890, the rate was 31} above that of 1879, having 
risen from par in February, 1889. The reductions com- 
menced in February, 1891, the first being 14 per cent., 
then followed5 per cent. reduction inJanuary, 1892, and 
5 per cent. in November, 1892, The proposed reduc- 
tion now would bring the wages to 15 per cent. above 
the rate of 1879, and the par rate of 1889. The ad- 
vance in 1889 amounted to 274 per cent., or a net in- 
crease over the 1879 rate of 20 per cent. Then fol- 
lowed three advances in 1890, making a total of 11} 
per cent. in that year. There was one reduction of 
1} per cent. in 1891, and two of 5 per cent. in 1892, 
total 114 per cent. 

The Yorkshire miners at the recent meeting of the 
executive proposed a stoppage for one month. A 
ballot of the men is being taken upon that proposal. 
There are about 60,000 minersin Yorkshire, and there- 
fore the ballot will be awaited with some interest, as 
the result will probably influence the men in other 
districts of the federation. Generally the coal trade 
is dull, so that the coalowners and merchants may 
not altogether dread the proposed action of the federa- 
tion. 


THE PHYSICAL SOCIETY. 

Ar the annual meeting of the Physical Society, held 
on February 10, 1893, Mr. Walter Baily, M.A., Vice- 
President, in the chair, the reports of the Council and 
treasurer were read and approved, copies of the balance- 
sheet being distributed to members. From the former it 
appears that the Society now numbers 871 ordinary 
members and 12 honorary members. During the past 
year the Society has lost six members by death, viz., the 
Rey. S. Pelham Dale, D. J. T. Hurst, B. Loewy, C. E. 
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Walduck, G. M. Whipple, and P. W. Willans. Obituary 
notices accompany the report. 

The treasurer’s statement shows the financial condition 
of the Society to be satisfactory. A cordial vote of thanks 
to the Committee of Council on Education for the use of 
the rooms and apparatus of the Royal College of Science 
was proposed by Mr. Shelford Bidwell, seconded by Mr. 
Blakesley, and carried unanimously. A similar vote was 
accorded to the auditors, Mr. H. M. Elder and Mr. A. 
P. Trotter, on the motion of Dr. Gladstone, seconded by 
Professor S. P. Thompson. Professor Ramsay proposed 
a vote of thanks to the officers of the Society for their ser- 
vices during the past year; this was seconded by Pro- 
fessor Fuller and carried. Professor Perry responded. 
The following gentlemen were declared duly elected to 
form the new Council: President, Professor A. W. 
Riicker, M.A., F.R.S. Vice-presidents, Walter Baily, 
M.A.; Major-General KE. R. Festing, R.E., F.R.S. ; Pro- 
fessor J. Perry, D.Sc., F.R.S.; Professor 8. P. Thomp- 
son, D.Sc., F.R.S. Secretaries, H. M. Elder, M.A., 50, 
City-road, E.C.; and T. H. Blakesley, M.A., M. Inst. 
C.E., 3, Eliot-hill, Lewisham, S.E. Treasurer, Dr. EH. 
Atkinson, Portesbery Hill, Camberley, Surrey. Demon- 
strator, C. Vernon Boys, F.R.S., Physical Laboratory, 
South Kensington. Other members of Council, Shelford 
Bidwell, M.A., LL.B., F.R.S.; W. E. Sumpner, D.Sc. ; 
Professor G. Fuller; J. Swinburne; Professor J. V. 
Jones, M.A.; Rev. F. J. Smith, M.A. ; Professor G. M. 
Minchin, M.A.; L. Fletcher, M.A., F.R.S.; Professor 
O. Henrici, Ph.D., F.R.S.; James Wimshurst. 

In response to invitations for suggestions regarding the 
working of the Society, Professor S. P. Thompson said all 
must appreciate the efforts of the late council, and parti- 
cularly of the honorary secretaries, in making the Society 
better known. But he could not help thinking that there 
were many persons amongst teachers of physics and scien- 
tific amateurs, whose active sympathies it was desirable 
to engage, who were not yet associated with the Society. 
Perhaps the time of meeting was not convenient for all, 
but he thought much might be done by freely circulating 
particulars of what was going on at the meetings. The 
daily papers merely announced the meetings, but said 
nothing as to the place of meeting or the papers to be 
read. In his opinion the Society did not take the position 
in the scientific world to which it was entitled, and he 
wished to inspire members with a determination to bring 
its claims prominently forward. f 

Mr. Blakesley pointed out that almost all the scientific 
and technical papers gave full announcements of the 
meetings and of the papers to be read. 

Mr. W.F. Stanley said Friday afternoon was not con- 
venient for scientific men engaged in trade. 

The meeting was then resolved into an ordinary science 
meeting, and Mr. C. EK. Grove was elected a member of 
the Society. 

Dr. J. H. Gladstone, F.R.S., read a paper on ‘‘ Some 
Recent Determinations of Molecular Refraction and Dis- 
persion.” The paper relates to the new metallic carbonyls, 
the metals indium and gallium, sulphur, and to liquefied 
oxygen, nitrous oxide, and ethylene. The carbonyls were 
found tu be extremely refractive and enormously disper- 
sive. For iron pentacarbonyl, Fe (CO;), the molecular 
refraction for the line a of hydrogen was found to be 
about 68.5, and the molecular dispersion between y and a 
of hydrogen 6.6. For nickel tetracarbonyl, Ni(CO,), the 
corresponding numbers are 57.7 and 5.93. In discussing 
the results it was pointed out that if the molecular refrac- 
tion of CO be taken as 8.4, the value expected in organic 
substances, then the atomic dispersions of nickel and iron 
come out greatly in excess of the known value as deter- 
mined from solutions of their salts. The author considers 
themost probable explanation of these excessive refrac- 
tions and dispersions of the carbonyls is to be sought in 
the peculiar arrangement of the CO, and on optical as 
well as chemical grounds accepts the ring formule indi- 
cated by Mr. Mond in his lecture at the Royal Institu- 
tion, viz. : 
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On this supposition the molecular refraction of CO comes 
out 11.9 from the nickel compound and 11.3 from the iron 
ore, whilst the molecular dispersion (y—a) is about 1.3 in 
each case. 

For indium and gallium the molecular refractions, cal- 
culated from latest data, are 13.7 and 11.6 respectively. 
Sulphur has been examined in the states of solid, liquid, 
and gas, and also in simple chemical combination, and in 
solution, all the resulting numbers for its atomic refrac- 
tion being remarkably concordant. ‘For the line C this 
isabout16. The dispersions in all the different states are 
also in close agreement. Numbers relating to carbon and 
chlorine are also given. 

The specific refractions of oxygen, nitrous oxygen, 
and ethylene in the liquid states had been recently 
determined by Professors Liveing and Dewar. For 
liquid oxygen the refraction equivalent (3.182) differs 
little from that deduced from gaseous oxygen at ordinary 
temperatures (3.0316), and also corresponds fairly closely 
to the 3.0 obtained by Landolt from organic compounds. 

Liquid nitrous oxide gave 11.418 and 11.840 as the mole- 
cular refractions for the red ray of lithium and the line 
G respectively. In discussing these numbers it was 
pointed out that nitrogen in nitrous oxide was not in the 
game condition as nitrogen in ammonia. 

The latest determinations with liquid ethylene gave the 
molecular refraction for the line A as 17.41, the theoretic 
value being 17.40, thus showing very close agreement. 
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Mr. E. C. C. Baly made a communication on ‘‘ Separa- 
tion and Striation of Rarefied Gases under the Influence of 
the Electric Discharge.” On examining with a spectro- 
scope a vacuum tube containing. a small quantity of 
hydrogen, the author noticed that the hydrogen lines were 
strongly visible in the negative glow, but could not be 
seen in the body of the tube. This observation was con- 
firmed by examining other tubes, and seemed to point to 
a separation of gases in the tube. From subsequent ex- 
periments it also appeared that the strize were due to this 
separation. By using a double tube and a mixture 
of carbonic dioxide and hydrogen, whose parts were 
connected by a narrow neck which could be sealed and 
the parts detached, the gases were fractionated by the 
discharge. After sealing off, the spectra of the two 
parts were examined; the one that had formed the 
positive pole showed only a trace of hydrogen, whilst the 
other showed it brilliantly. Other mixtures gave similar 
results, and the separation was found not to depend on 
the relative molecular weights of the gases. A ver 
close connection between separation and strize was noticed, 
the two phenomena always occurring together. On using 
a tube with a very minute negative electrode to avoid the 
negative glow, neither striation nor separation took place, 
but on reversing the current so as to make the large elec- 
trode the negative one, both phenomena became well 
marked. If the author’s views were correct, a pure 
vapour or gas should not striate. Pure mercury vapour 
gave no striz, but on allowing a small quantity of other 
gas to pass into the tube they at once appeared. Pure 
vapours of iodine, sulphur, arsenic, and mercuric iodide 
gave similar results. Attempts to prepare a tube con- 
taining pure hydrogen which should not striate were not 
perfectly successful, but the striations usually seen in 
hydrogen tubes were reduced so as to be barely distin- 
guishable. The author therefore concludes: 1. When an 
electric current is passed through a rarefied mixture of 
two gases, one is separated from the other and appears 
in the negative glow. 2. That strize are caused by the 
separation of the two gases, and do not occur in a single 
pure gas or vapour. 

Mr. Blakesley read a communication from Dr, W. 
Crookes relating to Mr. Baly’s paper, and pointing out 
that in his Presidential address to the Institution of 


Electrical Engineers in January, 1891, he had given ~ 


reasons for believing stratification due to the gas not 
being homogeneous. He had also shown that the charac- 
ter of the stratification depended on the potential of the 
discharges. Professor Ramsay said no proof had been 
given that electrolysis occurred in such tubes, and it was 
an open question whether molecules could convey elec- 
tricity as ions do. So far as was seen, no ions existed in 
vacuum tubes, Possibly the stratification resulted from 
collisions of molecules giving higher temperatures at some 
parts of the tube, but this was doubtful. 

Mr. Enright thought the analogy with electrolysis was 
not quite clear, for in a mixture of simple gases the 
elements were not combined chemically, and electrolysis 
involved the splitting up of chemical compounds. 

Professor 8. P. Thompson hoped the author would 
continue his important work and clear up the doubtful 
points in vacuum tube phenomena. Some difficulty 
existed in classifymg the separation of the gases with 
electrolysis, for in the latter the effects were only visible 
at the electrodes, and not in intermediate portions of the 
substance. The question whether vacuum tube discharges 
were strictly analogous might be tried by fractionating 
through more complicated tubes. Professor Schuster had 
considered the analogies in his Bakerian lectures and pub- 
lished some important results, some of which tended to 
show that wandering ions existed in vacuum tubes 
through which discharges were being passed. 

Referring to Professor Ramsay’s remarks about mole- 
cules not carrying electricity, he (Professor Thompson) 
said that electric winds were phenomena which pointed 
to the opposite conclusion, Similar convective action 
also occurred in turpentine and other insulating liquids, 
He wished to know whether the author had tried if a low 
voltage (say 100 volts), applied for a long time to a vacuum 
tube, would produce separation of the contained gases. 

Porret’s phenomenon of electric osmose seemed to have 
some bearing on the subject, as also Faraday’s observa- 
tions on the movements of scraps of silk in turpentine, 
and showing that in non-conducting liquids there were 
phenomena somewhat analogous to electrolysis. 

Professor Ramsey said that if indigo be put in a poor 
conductor, such as distilled water, and the mixture sub- 
jected to electrolysis, all the blue colour became concen- 
trated about one electrode, whilst if arsenic sulphide be 
similarly treated, the colour went to the other pole. On 
mixing the two solutions all coagulates and goes down. 
He could give no explanation of these remarkable effects. 

Mr. Blakesley inquired whether tubes which had been 
kept some time showed the same phenomena as imme- 
diately after sealing. 

In his reply Mr, Baly said the strize in some tubes had 
very peculiar shapes, some showing discs, and others 
showing cones alternately base to base and apex to apex. 
He had tried the experiment with complicated tubes, as 
suggested by Professor Thompson, but the result was not 
conclusive. 


Hampurc.—In the course of last year 3758 ships, of an 
aggregate burthen of 3,083,116 tons, entered the port of 
Hamburg. The corresponding number of entrances in 
1891 was 3616 ships, of an aggregate burthen of 2,967,624 
tons; in 1890, 3495 ships of an aggregate burthen of 
2,680,034 tons; in 1889, 3420 ships, of an aggregate bur- 
then of 2,468,242 tons; and in 1888, 3199 ships, of an 
aggregate burthen of 2,261,157 tons. In the course of 
last year 1695 ships, of an aggregate burthen of 1,242,300 
tons, cleared at Hamburg. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
CompiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACIS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specijication is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
pive notice at the Patent Office of oprosition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


2043. W. H. Eastwood, Penarth, Glamorgans. 
Metallic Packing for Steam, &c., Engines. [4 Figs.] 
February 2, 1892.—This invention relates to metallic packing for 
steam, &c., engines, and consists in a combination of metallic and 
ordinary packings, the former comprising two metal rings over- 
lapping each other, the ordinary packing being laid between them. 
The two metal rings d are of the same size and section, and their in- 
ternal faces fit close tothe rod and have their backs to each other ; 
their internal angles consequently face in opposite directions, one 
towards the gland and the other towards the bottom of the box. 
These rings are made to fit steam-tight to the rod and to each other, 
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by being formed in segments, the parting planes of which are 
arranged in a diagonal or zigzag direction. The intermediate 
packings / are of a material such as asbestos, so that when the 
gland is screwed up, the packing is forced up tightly against the 
box, and, in its turn, presses the rings d against the rod. The 
rings ¢ are made in segments to facilitate their being fitted into 
the box. Each ring stands when it is in its place facing the 
internal angle of the ring d, and has an annular recess formed in 
its adjacent face adapted to receive that portion of the respec- 
tive ring d which lies upon the rod. (Accepted January 18, 1893). 


4268. E. Makin, Manchester. Smoke-Consuming 
Apparatus for Steam Generators, (1 Fig.) March 4, 
1892.—This invention relates to smoke-consuming apparatus for 


9268 


steam generators. Some of the heated gases issuing from the 
flues 6 are induced to enter the chamber d, from which they are 
conducted back through pipes g to the front of the boiler, and 
there led into the furnace flues. (Accepted January 18, 1893). 


4607. L.J.Todd, London. Mid-Cylinder Exhaust 
Steam Engines. [6 Figs.) March 8, 1892.—This invention 
relates to single or double-acting engines described in Patent 
No. 2132 of 1886, and consists in means for facilitating the start- 
ing. Valves adapted for manual operation are arranged so as to 
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enable the engine to be worked at starting with a terminal ex- 
haust, After the engine has been set to work, and agood vacuum 
is available, the communication between the terminal ports and 
the exhaust passage is closed, the exhaust thereupon taking place 
exclusively through the mid-cylinder ports. The valves for 
effecting this may be arranged in passages formed in the body of 
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the cylinder, and communicating, by way of the main slide-valve, 
between the ordinary inlet passages and the exhaust passage. 
(Accepted January 18, 1893). 


GAS, &c., ENGINES, 


4735. J.E.Weyman, A. J.and J. A. Drake, Guild- 
ford, Surrey. Gas, &c., Motors. [4 igs.] March 10, 
1892. —The object of this invention is to deaden the noise caused 
by the exhausted gases as they escape from the cylinders of gas 
motors into the atmosphere. Chambers are provided into which 
the exhaust from the cylinder passes before it is discharged into 
the atmosphere. These chambers are formed and placed so as to 
receive the gases as they are exhausted from the engine cylinder ; 
between the first and second is a passage controlled by a valve 
worked by the engine co as to open and close the communication 


between the first and second chamber at intervals corresponding 
with the strokes of the engine, the passage being closed during 
the time the exhaust from the cylinder passes into the first 
chamber and opened immediately afterwards, when expansion of 
the exhaust gases in the chamber has taken place. The exhaust 
gases are thus allowed to pass into the second chamber and thence 
intothe atmosphere without noise. To provide for explosions, which 
might occur in the first chamber, the valve which controls the pas- 
sage between thet wo chambersis constructed witha spring by which 
the gas finds vent through the passage independently of the ordi- 
nary action of the valve. (Accepted January 18, 1893). 


2862. F. W. Crossley, Openshaw, and H. W. 
Bradley, Chorlton-on-Medlock, Manchester. Gas, 
&c., Engines, (3 Vigs.] February 13, 1892.—This invention 
has reference to means for starting and igniting gas or oil en- 
gines. The space in the cylinder, behind the piston in a some- 
what advanced position, is charged with gaseous combustible 
mixture, and the charge is ignited by a light applied at an aper- 
ture provided with a check valve. Back pressure is relieved 


during several compressing strokes by allowing escape of part 
of the charge undergoing compression into the chamber and 
passage of the supply valve. Not only the cylinder space, but 
also the chamber and passage of the supply valve is charged 
with combustible mixture ready to form part of the supply 
during the next suction stroke ; a charging pump, shut-off valve, 
and igniting opening and valve being provided. (Accepted 
January 18, 1893). 


2854. H. H. Leigh, London. (J. Spiel, Berlin, Ger- 
many). Liquid Hydro-Carbon Engines. [15 Figs.) 
February 13, 1892.—Thisinvention relates to liquid hydro-carbon 
engines, and to means for supplying, vaporising, and aérating the 
liquid hydro-carbon. The spindle within the distributing shaft is 
adapted to be driven by and also released from the governor, and 
connection is made between the plunger of the pump and the 
spindle distributing shaft parallel with the crankshaft, spur gear- 
ing connecting the two shafts, and a governing mechanism being 
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provided within that wheel of the gearing which is pivoted upon 
the distributing shaft. An incandescent asbestos igniter is pro- 
vided, and a port establishing a communication between its in- 
terior and the engine cylinder. A pair of flyers are pivoted 
upon the side of a wheel eccentrically and symmetrically with 
reference toits axis, the wheel being made fast upon a hollow dis- 
tributing shaft by which the position of the flyers due to the normal 
speed of the engine are kept in operative contact with a device 
connected with thesupply pump. (Accepted January 4, 1893.) 


GUNS, &c. 


17,157. T. R., J. R., T. R., and W. H. Morgan, 
Alliance, Stark, Ohio, U.S.A. Mounting Ordnance. 
{5 Figs.) September 26, 1892.—This invention relates to mortar 
mountings, the object being to store the energy of the recoil in 
hydraulic cylinders, and utilise the weight of the carriage to 
restore the gun to the position it occupied before firing. The gun 
located on a carriage has upper plungers in operative connection 
with it, and adapted to be actuated by the recoil. These upper 
plungers move in hydraulic cylinders, a cylinder and plunger 
being located below the carriage and fluid passage-ways between 
the upper and lower cylinders. The fluid is prevented from 
returning to the upper cylinders by a check valve in the passage- 


way. The cylinders have a fluid under pressure, and are so con- 
nected that when the plungers, which are actuated by the recoil 
of the gun are forced into their cylinders, the fluid in the latter 
is forced into the lower cylinder and the carriage elevated above 
its seat, and when the lower cylinder is opened for the escape of 
the fluid therein, the weight of the elevated carriage forces the 
latter into the upper ones, thereby elevating the gun. A ring, 
having an inwardly projecting horizontal flange, has the gun 
carriage seated within it and resting on the flange, a cylinder 
and plunger being located below the carriage, and means actuated 
by the recoil of the gun for forcing the liquid into the cylinder. 
(Accepted January 18, 1893). 


934. H. H. Grenfell, London. Sighting, &c., Ap- 
paratus for Ordnance. [2 Figs.) January 16, 1892.—This 
invention consists in the combination of a range indicator with 
a straight sight-bar by means of an arrangement of gearing, 
whereby, notwithstanding the varying lengths of movement of 
the bar to correspond with equal increments of range of the gun, 
the indicator discs are operated so as to give correct indications 
of equal clearness for all ranges. While the velocity ratio of 


the straight sight-bar C, with respect to the spindle D, is constant, 
that of the indicator spindle M, with respect to the spindle, is 
variable ; and the varied movements of the bar OC, which corre- 
spond with the different angles of elevation of the gun for 
similar increments of the range, coincide with a constant move- 
ment of the indicator disc J, and the range, therefore, in every 
position of the gun is correctly recorded on the indicator. (Ac- 
cepted January 18, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


18,980. A. and N. Drucbert, Paris, France. Lubri- 
cating Machinery. [2 Figs.] October 22, 1892.—This invention 
relates to means for oiling machinery and driven by the machine 
to be lubricated. The chain b is fixed to the machinery, which is 
able to produce an up and down movement of it and of the lever 
B and its pawl ©, which turns the ratchet wheel D. This ratchet 


wheel isrevolved untilone of its studs 0 operates the lever G, which 
thereby lifts the piston I of the pump J which draws the oil into 
the pump cylinder. When the stud o leaves the lever G the 
latter is moved back by a weight N, the oil being driven within 
the valve-box L, and from there through the pipe m to the part to 
be lubricated. (Accepted January 11, 1893.) 


MISCELLANEOUS, 


ruary 23, 1892.—This invention relates to power hammers capable 
of varying the force of the blow to suit the workin hand. The 
hammer-head is mounted to play in guides in the frame, in which 


238 


ENGINEERING. 


[Frp. 24, 1893. 


are mounted at the front and rear side the upper and lower links 
G, G! respectively, the upright tie-bar H being coupled at its 
ends to the free ends of the links, A connecting-rod joins the 
crank on the power shaft to the lower link G1, and the helve 
J has its front end embraced between cushions in the hollow 
of the hammer-head, tie-bolts connecting the convex T-shaped 
head of the helve to the bar H. Means are provided for imparting 
an up-and-down motion to the bar H. A stud k in the latter en- 
gages a recess in the convex face of the helve, which has apertures 
at its extremity. Cushions in the hollow of the hammer-head 
embrace the end cf the helve, which is coupled to the hammer- 
head and cushions bya pin. (Accepted January 18, 1893). 


5004. W. P. Thompson, Liverpool. (P. Erichsen, 
Lunien, Alsen, Germany.) Regulating Valves for Water 
Inlets, [2 Figs.] March 14, 1892.—This invention relates to valves 
arranged in a conduit under pressure, or in a tank from whicha 
number of vessels are fed, the object being to close the feed as soon 
as the liquid has reached a determined level, A vessel E is placed 
inside the tank A upside down, and communicating with the 
outer atmosphere by a pipe p. The bottom of this vessel is pro- 
vided with a valve which is connected to a floatS; this valve, 
when closed, preventing the liquid passing from A into the vessel 
E, and, when open, allowing it to flow; the bottom part under 
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the valve being open and supported by studs uw. The inner space 
of the vessel E is in free communication with the conduit o, 
through which the trough Z, &c., are fed. If the liquid in one 
of the troughs Z is decreased, the level in E sinks correspond- 
ingly, the float S opens the valve so that a new supply from the 
tank A can flow in till the normal height is reached again, when 
the ascending float intercepts the flow. The normal height of 
liquid is predetermined by screwing the float S on its rod. 
Access to the inner parts is obtained by unscrewing the top of 
the vessel E. This vessel is besides inserted into tank A so 
that it can be withdrawn for the purpose of cleaning. (Accepted 
January 18, 1893). 


4780. T. N. Robinson, Rochdale, Lancs. Self- 
Acting Cross-Cut Saw Benches, [2 Figs.) March 11, 
1892.—This invention relates to cross-cut saw benches, in which 
the spindle of the circular saw is mounted on a carriage in slide- 
ways on the machine frame, and consists in means whereby the 
screw and positive driving for the traverse in both directions of 
the saw carriage are dispensed with. The spindle of the circular 
saw is fitted on a carriage in slideways in the machine frame, stops 
mounted on a rod being employed to regulate the travel and 
stoppage of the saw at any required position. To the saw carriage 
a rope is attached which passes over and is secured to a pulley 
mounted on aghaft carrying a friction wheel at the feed end of 


the machine. Below this shaft is a friction wheel mounted on a 
shaft in bearings carried by a pivoted treadle lever, under the con- 
trol of the operative; and on this shaft isa pulley driven by a 
band from the driving shaft placed near the other end of the 
machine. To start the machine the treadle lever is depressed, 
and the friction wheels thereby brought into contact, and the first 
shaft being set into motion the rope wound on its pulley and the 
saw drawn in its carriage toward the fence on the topof the 
bench. As soon as the carriage meets the stop on the rod, the 
treadle lever is released and the friction wheels moved out of con- 
tact, thereby stopping the feed motion and allowing a weight at 
the other end of the machine to draw back the saw carriage ready 
for making afreshcut. (Accepted January 18, 1893). 


1840. H. Brown, South Garesfield, Durham, Load- 
ing Coke from the Ovens. [3 Figs.) January 30, 
1892.—This invention relates to means for loading coke into 
trucks and for separating from it the broken and crushed 
inferior material and refuse in transferring it from the oven 
to the truck. The range of ovens O (Fig. 1) having been 


' originally built with a platform from which the coke is trans- 
: ferred to the wagons, it is necessary to construct a trench A, the 
ovens being supported by a retaining wall B, excavated to allow 
the coke as it is drawn from the ovens to fall on to a screen C 
and to be discharged into the wagon D, the small coke falling 
through the screen bars into a shoot E and thence into the 
wagon trench. The platform is carried upon cross-girders F 
resting upon the retaining walls of the ovens and upon a side- 
wall G and covered metal flat sheets H, some of which are open 
grated for light and ventilation. The inclination of the screen 


C, as also of the shoot E, can be adjusted by chains accessible 
through openings, an opening being provided through which 
scars or slag from the oven can be thrown into the trench. The 
range of ovens (Fig. 2) is built above the ground level sufficiently 
high to allow the screens to discharge the coke into the wagons, 
and the cross-girders F of the platform are supported upon a 
longitudinal girder carried over metal columns, water service 
pipes with branch connections for cooling hose being provided 
along the range of ovens. (Accepted January 18, 1893). 


3577. J. Just and J. Burlat, Montverdum, France. 
Metal Rolling. [1 Fig.]_ February 23, 1892.—The object of 
this invention is to enable nails, &c., to be made and finished in a 
single operation. A rolling mill is employed, with rollers A, the 
diameters of which are varied according to the length, shape, and 
the number of the articles to be made during one revolution. 
With four rollers, having their peripheries partly bevelled, rec- 
tangular rods may be obtained, if the bevels of the rollers are 


straight. With three rollers rods of triangular section are made, 
the exact shape varying according to that of the bevels. The 
rollers act by compression, and the pressure ofall of them being 
exercised on thesame point, the metaliscompressed and shaped 
without being damaged. The rollers are also arranged so that 
the edges will not be chipped in adjusting them, and they are 
each mounted on aspindle C and against a carrier D, which enables 
them to be chabged at will, according to the nature of the 
articles. (Accepted January 18, 1893). 


4358. J. Y. Johnson, London, (La Compagnie Fran- 
caise. des Métaux, Paris, France.) Internally-Ribbed Metal 
Tubes. [3 Figs.] March 5, 1892.This invention relates to 
machinery for manufacturing drawn tubes of metal, such as steel, 
without weld, the tubes being provided internally with ribs ex- 
tending either in the direction of the generating line, or arranged 


at an angle to it so as to form a helix. The drawing action is 
obtained by means of rotary compressing cylinders which roll the 
metal and draw it over a central grooved mandrel, the rolls, 
actuated by toothed gearing, being provided with means for ad- 
justing them radially and at the reyuired angle relatively to 
the axis of the tube. (Accepted January 18, 1893). 


5707. O. Imray, London. (6. Liihrig, Dresden, Germany.) 
Tramway Vehicles Driven by Motor Engines. [3 
Figs.) March 23, 1892.—This invention relates to the construc- 
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tion and arrangement of the motor engines and driving gear of 
tramway vehicles, this driving gear being carried by only two 
bearers, together with which they can be raised as a whole from 
below, towards the framing of the carriage, in order to be fixed to 


the transverse bearers thereof by four screws. The motor engines 
run cor tinuously, and the motion of their crankshaft is trans- 
mitted by wheels A, A! to a shaft B. The wheels H, Q thereof 
being locse, however, the other toothed gearing stands still. By 
turning a hand-wheel to the right a friction clutch is put in gear, 
but no motion takes place. For starting at a slow speed, a clutch 
G is moved over so as to gear with a wheel H by moving a lever h 
under the handwheel tothe right. The motion of the shaft B is 
thus transmitted to another shaft K and thence to a wheel M. In 
consequence of the proportion of the diameters of H and J, the 
speed of rotation of the shaft K is proportioned to that of shaft B. 
The carriage, however, still does not start, as the wheels M, P 
are loose on the shaft N. By moving over a second lever to the 
right, a clutch O is made to gear with the wheel M for the forward 
motion, whereby the shafts N and G! are rotatedin the same 
direction as the shaft B. To increase the speed the lever h is 
moved over to the other side, soas to bring the clutch G out of 
gear with a wheel Q, the shaft K then running at the same epeed 
as B in consequence of the equal diameters of Q and R. A rota- 
tion of the hand-wheel to the left, while at the same time applying 
the brakes, causes the friction clutch S, S! tobe put out of gear 
£0 as to bring the vehicle to a standstill, it being for this imma- 
terial whether the vehicle is running forwards or backwards. 
(Accepted January 18, 1893). 


18,518. F. S. Manton, Providence, Rhode Esland, 
U.S.A. Crank Windlasses. [3 Figs.) October 15, 1892,— 
This invention has reference to crank.windlasses. In a central 
hub of the base 5, which has an annular ratchet 8, a shaft 10is 
secured, a barrel 11, having pivoted pawls 111, being journalled 
on the shaft and provided at the upper end with a ratchet 20 and 
internal gear 21. A cross-plate 22 is keyed to the shaft 10, and 
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carries idle pinions 23 engaging with the internal gear 21, anda 
central pinion 25 is journalled on the shaft above the cross-plate, 
and has an annular ratchet 27. The windlass head 35 is keyed to 
the upper end of the shaft 10, and horizontal crankshafts 
journalled therein carry gears 39, a gear-plate 28 journalled on 
the shaft 10 having the gear 30 and provided with pawls 31, 33, a 
pawl tripper being adapted to raise the pawl 33 from engagement 
with the ratchet 20, (Accepted January 11, 1893). 


4342. E.and S, Tweedale and J. Smalley, Castle- 
ton, Manchester. Insuring Differential Motion on 
Slubbing and Roving Frames. [1 Fig.) March 5, 1892.— 
This invention consists of an apparatusin which one of the bevel 
wheels is dispensed with, the weight lessened, and centrifugal 
action reduced toa minimum, The driving shaft A commencing 
to rotate, carries the cross-shaft C together with the bevel whee 


D around with it, and if the bevel wheel F, which is driven from 
the cone drums, is stationary, one revolution of the driving 
shaft A, causes the wheel D on the cross-shaft C to give two re- 
volutions to the bevel wheel G, and the spurwheel I in the same 
direction asthe driving shaft, the diameter of the sputwheel 
being thereby reduced one-half its usual size and the number 
of bevel wheels lessened by one. (Accepted January 4, 1893). 


371. G. E. Donisthorpe and T. Burrows, London. 
Treating Flax, &c. [2 Figs.) January 7, 1892.—This inven- 
tion relates to means for softening and opening flax, hemp, &c. 
The fibre is fed between rollers a, b and pierced by the pins of the 
gill-box, and thereby dragged forward. After the feed rollers have 
revolved forward a certain distance they are reversed for about 
half the distance, fed forward, and thereby drag back the fibre on 
the gills, an effective ‘‘lacking” opening and softening action on 


the fibre being thereby obtained. The fibre is again fed forward 
between « and 0 for acertain distance and again pulled back 4 
part of the way. The feed rollers may be made to crush and 
soften the straw or woody part of flax, or to soften china grass, 
&c., or special rollers for this purpose may be added. The fibre 
is drawn from the gills ¢ by quickly revolving rollers f, and it is 
caused to lap round a drum, and then as the ‘‘lap” accumulates 
it is removed from this ‘‘lapper” from time to time by the 
pete without stopping the machine. (Accepted January 1, 


UNITED STATES PATENTS AND PATENT PRACTICE. 


Descriptions with illustrations of inventions patented in the 


United States of America from 1847 to the present time, and 


reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. j 
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| tended that great advantage would accrue to inland 


AMERICAN INDUSTRIES AND navigation, and in particular on the Mississippi 
BRITISH COMMERCE.—No. VIII. and Ohio Rivers, ‘‘ where the God of Nature knew 
AMERICAN SHIPPING.* their banks could never be traversed with horses, 

Just over one hundred years ago, Fitch, who had and has laid in astore of fuel on their head waters 
made his first experiments with steamboats, re- sufficient to last for the latest ages, for the very 


than 100 dols. (20/.) per man per trip, which must cost 
3000 dols. (600/.) to transport 30 tons to and from New 
Orleans to the Illinois. Now, I say, could I be enabled 
to complete the experiment, I will obligate myself to 
make a boat of 60 tons burthen, with the engines and all 
complete for the voyage, for 2000 dols. (400/.), and as 
that could work double the hours as men at oars—it could 
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poached the people of the United States for their| purpose of navigating their waters by fire.”’* He 
axity in developing steam navigation. He con-| submitted at the same time (1787) an estimate as 
= 2 Sse follows : 

“Tt takes 30 men to take a boat of 30 tons burthen from 
New Orleans to the Illinois, Their wages, provisions, 
taffy, and other perquisites cannot be estimated at less 


| * See Fitch’s Biography, by Mr, Thompson Westcott. 


* The diagrams for this article, Nos. 23 to 30, have been 
prepared from ‘‘ Commerce and Navigation of the United | 
States,” 1891, ‘‘Internal Commerce of the United 
States,” and ‘‘ Census Bulletin,” No. 179—all Govern- 
ment publications, 


The figures between'10 Yo are assumed 


go in half the time—and transport 120 tons in the same 
time that the other would 30 tons, which, at the rate they 
now charge, would pay for itself and clear 10,000 dols. 
(20002.) whilst one boat could make one trip—and larger 
boats could be made to greater advantage. It would also 
raise the value of land in the western territories in pro- 
portion.” 

It was not, however, for a long while that Fitch’s 
idea was developed, it being left for Fulton 20 
years later to awaken the eyes of the people to a 
due appreciation of the great advantage of facilita- 
ting transport by steamers. As to the measure of 
that advantage and the progress made, it is worth 
mentioning that whereas freights from Illinois to 
New Orleans were, according to Fitch’s showing, 
201. a ton, they do not now amount to more than 
15s. a ton for grain. 

The first commercially successful steamer was 
probably the Clermont, plying on the North River 
in 1807.* The first steamboat on western rivers 
was the Enterprise, subsequently called the New 
Orleans. It was built at Marietta, fitted with 
engines at Pittsburg, under an arrangement with 
Fulton, and started running in 1811; but it was 
wrecked in 1814. The vessel was between 300 
and 400 tons burthen, and cost 40,000 dols. (80001. ) 
It was not, however, till 1817 that steam navigation 
was fairly introduced upon the Mississippi and its 
tributaries. About that time there were 12 steam- 
boats, of an aggregate carrying capacity of 2235 tons. 
Now there are 1114 steamers, carrying ten million 


* It is claimed that the engines of this pioneer steamer 
were designed by William Murdoch, the British engineer, 
of gas-lighting fame (see ENGINEERING, vol. ly., page 101). 
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tons a year! But it is not our intention to trace the 
evolution of the steamboat, or to adjudicate on the 
relative claims of Fitch, Rumsey, Fulton, or the early 
marine engineers on this side of the Atlantic. The 
early efforts at navigation by means of canoes, rafts, 
barges, &c., having been referred to in a previous 
article, it is enough to know that so soon as steam 
propulsion was an assured success, it was largely 
adopted, although, for various reasons, Britain out- 
stripped the States, and, indeed, all other nations, 
in the growth of steam shipping. 

The first steam vessel that navigated the chain 
of American lakes was of 240 tons, and was built at 
New York in 1817.* By 1818, they had started 
steamer building above Lake Ontario, the ‘‘ Walk 
in the Water” being the first steam craft built. It 
was launched in May, 1818. By 1820, 128 steamers 
of 25,797 tons had been constructed, while in the 
next 10 years the total was more than tripled, 
making 90,000 tons.t From this point onwards 
there was steady progress, as seen on the Diagram 
No. 23, which shows not only the steady rise of the 
steam and sailing tonnage in the United States 
mercantile navy, but also the tonnage engaged in 
foreign and in coasting trade. The remainder of 
the tonnage is the whale, cod, and mackerel fishing 
craft. The tonnage engaged in foreign trade, of 
which nine-tenths belong to the Atlantic and Gulf 
ports, has decreased since the advent of ocean 
steamers. Steamers were found on all the rivers 
and down the Atlantic coast at the close of the 
second, or beginning of the third, decade, and 
certainly in the absence of railways they helped 
to solve the distribution problem. In 1813 a stern- 
wheel steamer had indeed penetrated as far inland 
as the Fort Snelling, near the Falls of §:, Anthony, 
while in 1817 a steamer explored the Missouri be- 
yond St. Louis, when population had only just 
crossed the Missouri. The restless activity of the 
residentg on the shores of inland rivers, and their 
need for means of transport to the exporting centres, 
resulted in greater progress on these rivers than 
in seagirt States ; consequently we find that on 
the Mississippi and its tributaries there were more 
ships built in five years, from 1825 to 1830, than in 
the New York, Philadelphia, and Baltimore districts 
in 10 years. By 1835, with 100,000 tons of steam 
shipping on the rivers and lakes, there was no 
further question of their utility, and progress has 
been pretty rapid since that time. Now the 
records of American shipping would almost seem 
to indicate that again towed barges are more 
favoured than steamers for river traffic; but these 
barges are flats with capacious holds, not unlike 
the Thames barges, and depend for movement on 
powerful tugs, the ubiquity, smart movement, and 
‘snorting’ of which are so pronounced a feature in 
every American port. In estimating the carrying 
efficiency of those craft they must therefore be 
regarded as steam-propelled. Besides, they now 
carry 43.9 million out of the total of 172 million 
tons of freight. 

This leads us naturally to a consideration of the 
composition of the shipping fleet of the States. It 
cannot compare with the British mercantile marine 
for size. The immense area of America, the large 
waterways which intersect it, and the great inland 
lakes made an internal system of navigation ne- 
cessary before the age of railways; but now the 
great transporting medium is the railroad, the 
river craft acting: in large measure as feeders. 
They are, moreover, in almost every direction com- 
petitive; and the consequence has been very 
beneficial in the reduction of freights. The re- 
lation of the tonnage carried by American railways 
and shipping in 1891 is as above : 


* It may be stated that a French navigator in 1534 
sailed through the Straits of Belle Isle and up the St. 
Lawrence, discovering Canada. In 1603-1615 Champlain, 
another French voyager, explored the lake to which he 
gave hisownname, and went as faras Lake Huron. Mis- 
sionaries and fur traders before 1678 had gone to the 
western shores of Lake Superior and down the Fox and 
Wisconsin Rivers and Mississippi as far as the Arkansas ; 
but it was not till 1679 that there were regular trading 
boats on the lakes, the first being then built on the upper 
lakes and in the following year lost on her return 
trip from the Green Bay. From 1700 to 1756 building 
was confined to Lake Ontario, but in 1759 the English 
began to build sailing vessels upon Lakes Erie and Ontario. 
Little progress, however, was made till after the revo- 
lution. In 1818 the fleet on Lake Ontario numbered 
60 vessels, but the other lakes were far behind. The 
Americans started building on Lake Erie in 1797, and by 
1816 the tonnage was 2067 tons, the largest vessel being of 
134 tons. 

+ Chicago had her first arrival—a schooner—in 1834, 


Tons. 
Railways, 704.39 million 
Shipping, 172.11 4p 


The probabilities are, however, that in the case 
of ships the tonnage was only moved once, whereas 
on railways each ton may, in many cases, have 
done duty on more than one railway to swell 
the grand total as given above. The relation of 
traftic is, as shown above, about one to four 
in the case of railways, and it is interesting to 
note that the capital and debt of railways is im- 
mensely greater than the commercial value of 
the vessels—10,000 million dollars in the case of 
railways and 215 million dollars in the case of ships. 
As the conditions of traffic are in great measure 
similar as regards ‘‘haul,” it follows—rates being 
equal—that to meet this increased capital expendi- 
ture there must be a saving in working cost, or that 
capital must be satisfied with a smaller divisible 
profit. The enormous turnover of the railways 
means a much less cost per ton, for departmental 
charges are about the same ; an accession to traffic 
does not involve a corresponding increase to ex- 
penditure—that is to say, an extra wagon or two 
may be added to a train load, whereas a boat when 
full can carry no more. Besides, it is a maxim 
that the greater a concern, the greater the latitude 
for increasing production without increasing cost 
in the same ratio, and here distribution may be 
classed as aproduct. The more efficient the machi- 
nery or organisation, the better the return, and 
here again large organisations are the more likely 
to succeed. Certain it is that, although railways 
have to pay on a much larger capital, they do 
their work very cheaply relative to river freights. 
This will be seen by reference to some diagrams 
given of freight rates from Chicago to New York, 
and from St. Louis to New Orleans and New York 
(Diagrams Nos. 24 and 25). Referring to the 
former diagram, the marked drop in railway rates 
was to be expected from what we have already 
written, and it is because of the practice of rate- 
cutting that the lines show such fluctuations. The 
reader will note how the rates of all the routes 
from Chicago to New York synchronise in their 
movements from competition, and how, in recent 
years, when probably minimum rates have been 
reached, the fluctuations have been less pronounced. 
The relation between shipping and railway rates 
might almost be said to be practically the same as 
the relation of the amount of capital required on 
the respective systems. 

It might be interesting to enlarge on the 
growth of the inland river and coasting traffic, but 
there are reasons for passing on; not the least 
important being that the reader may be satisfied 
by a reference to Diagram No. 26, showing the 
tonnage engaged on coastwise trade on the Mis- 
sissippi and western rivers, the lakes, the Pacific 
coast, and the Atlantic and Gulf coasts. It is 
significant of the development of railways that the 
tonnage on the western rivers shows a decreasing 
tendency, while the explanation of the slow upward 
movement on the Pacific coast fleet may be found 
in the fact that there is comparatively little coast- 
wise traflic. 

The growth has been most marked on the great 
lakes, and some reference to the extent of the ship- 
ping may be made. Between 1850 and 1863, the ton- 
nage more than doubled, while the value increased 
from something like 14 to 2.4 millions sterling, the 
increase being mostly in sailing vessels. In other 
words, the tonnage increased 136 per cent. and the 
value 50.77 per cent. ; the decreased cost of pro- 
duction largely accounting for this difference in 
ratio. Since 1863 the steam tonnage has grown 
at a very much greater rate than sail tonnage, 
and now very considerably predominates. The 
increase in the past five years has been equal to 
37.24 per cent. in tonnage and 86.47 per cent. in 
value (see Diagram No. 27). The value of the 
steam vessels in the five years has more than 
doubled, the increase being 124.72 per cent., while 
the tonnage has increased by 72.49 per cent. 
Again, the dimensions of vessels have greatly 
increased. In 1859 the average size of steamers 
was 700, the largest 980 tons, and now many of 
the vessels exceed 2500 tons. Exceeding 1500 
tons there are 272 vessels, while on the seaboard 
and rivers there are only 207 vessels of that size 
(see Diagram No. 28). Of course this great fleet of 
over 14 million tons has involved much expense— 
7$ millions sterling have been spent on channel 
and harbour improvements. The nine leading 
ports in Erie can discharge 75,000 tons of coal per 


day. Granaries have had to be erected, and in the 
four leading ports these store 65 million bushels, 
Chicago having capacity for 283 million bushels, 
while New York, the only city which approaches 
it in the facility for handling grain, can store 27} 
million bushels. The tonnage of the steamers, 
however, does not by any means represent the 
work they do. In 1890 the total freight dealt with 
was over 30; million tons, the value being esti- 
mated at 69 millions sterling.* Chicago, West 
Superior, Duluth, Toledo, and Detroit are the 
great ports, sending forth 92 per cent. of the bread- 
stuffs. Buffalo is the great entrepdt of distribution. 
She receives almost the whole of the grain and 
sends it forward, and again she receives and dis- 
tributes to the lake ports many of their imports, 
Chicago is the great port, however. The whole 
fleet, as Diagram No. 29 shows, seems to visit it 
five times a year, in addition to paying like honour 
to many other ports. The entrances and clearances 
therefore make up 10; million tons. Buffalo has 
94 million, London has double the trade of Chi- 
cago, and Liverpool 50 per cent. more. On the 
same diagram we give the tonnage of American 
and foreign vessels clearing from some of the other 
United States ports, from which it will be seen 
that Chicago approximates closely upon New York, 
and is far ahead of Boston, Philadelphia, Baltimore, 
and we might add San Francisco, which occupies a 
position next to Boston, and New Orleans, which 
is seventh, following Baltimore. Some idea of the 
growth of traftic on the lakes may be appreciated by 
reference to the Diagram No. 30, showing the 
freight passing through the Sault Ste. Marie Canal, 
one of the toll-bars on this great ocean highway. 
It will be seen from this that in 10 years the 
value has increased more than fourfold, notwith- 
standing that in the same period the value per 
ton has decreased from 4/. to 3l. In other words, 
the commerce passing has increased in 10 years 
from one million tons freight to nearly 10 million 
tons, the ships’ tonnage increased fivefold to 8? 
million tons; the tonnage through the Suez Canal 
is but 6.89 millions. The average voyage by these 
lake steamers was 800 miles. The Detroit River 
again passed 21 million tons of shipping, about 
equal to the United States Atlantic foreign trade. 

The remarkable growth in lake tonnage is 
significant, but must be regarded largely as feeders 
to the railways. It pays to take the cargo part of 
the distance by steamer and the remainder of the 
distance by rail, notwithstanding the extra hand- 
ling, owing to the very low freight rates on the lakes. 
Taking the freight rates of the tonnage passing 
through the Sault Ste. Marie Canal, we find that one 
ton is carried 100 miles for 6d., whereas four years 
ago the rate was ls. The average rate per bushel 
of corn from Chicago to Buffalo was 8d. in 1859, 
3d. in 1871, and is now barely 1d. Thus the 
saving on freight alone in taking the entire traflic 
over the lakes and from Buffalo or other port, and 
thence by rail, instead of all the way by rail, is 
put at 27 millions per annum+ (Diagram No. 24). 
The great part, therefore, goes overland by rail 
from Buffalo and other ports. This is shown by 
the fact that of the total grain, flour, and meal 
landed in New York, more than two-thirds come 
by rail. This growth in tonnage on the lakes isa 
clear proof of the advance of manufactures and 
agriculture in the north-central and_ north- 
western States. 

It is interesting to note also that while the 
Mississippi apparently has the most extensive 
fleet, its commercial value cannot compare with 
that of any of the other ports.t The lake ton- 
nage is worth about 53 dols. (10/. 12s.) per ten, 
that on the Atlantic coast 46 dols. (9/. 4s.), on 
the Pacific 52.5 dols. (101. 10s.), probably due 


* Of this total over aine millions tons was iron ore, 
6,869,660 tons of lumber, 52 million tons of coal, and 
4,192,260 tons of breadstuffs. 

+ See ‘Internal Commerce of the United States,” 
page 44 and Appendix. 

+ The following figures from Census Bulletin No. 179 
give totals : 


Value | Freight) Wages 

-— ee Rs soa ) Dols. | carried | Paid 
se ail -) 11 = 10001 = 1000/1 = 1000 

a Fe tons dols. 

Atlantic Coast ..| 12,453 | 2,794,440 |123,874 | 77,597 | 18,862 
Gulf of Mexico ..| 1,008 77,562 | 3,851 | 2,865 | 1,215.7 
Pacific Coast 1,842 | 441,939 | 23,067 | 8,818 | 6,127.7 
Great Lakes 2,784 926,355 | 48,941 | 53,424 5,322.7 
Mississippi 7,453 | 3,393,380 | 15,335 | 29,405 5,338.8 

Total .. .| 25,540 | 7,633,676 215,069 172,110 | 36,867 
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to higher cost of construction ; on the Gulf of 
Mexico 50 dols. (10l.), and in the Mississippi 
Valley it is not a tenth of these figures. This is 
due to the extensive use of barges, barely one per 
cent. being steam, although these barges are towed 
by steam vessels, whereas on the lakes and on 
the Pacific, steam tonnage predominates, although 
on the Atlantic but a fourth of the total tonnage is 
steam. Something like the same relation is estab- 
lished when the number of tons of freight per ton 
of shipping is considered, each ship ton on the lakes 
moving from 50 to 60 tons of freight per annum. The 
wages paid per employé are, as was to be expected, 
higher on the Pacific coast, being 77/.10s. per annum ; 
on the lakes they are 67/., on the Mississippi slightly 
less, while on the Atlantic they are 68/. 15s., the 
mean for the whole of the American fleet being 
691. 5s. In steamers they are about 77/., and in 
sailing ships about 581. 

At the present time America has but a poor 
fleet of foreign-going vessels. The steam and 
sail tonnage is fairly divided, with a slight ad- 
vantage in favour of the latter, as will be seen 
from Diagram No. 28, showing the sizes of the 
vessels in the Atlantic and lake fleets. It was 
well with America when ships were built of wood, 
for then there was unlimited, and we inight add 
unrivalled, supply of material, and builders could 
command workmen ; but iron and steel were intro- 
duced before America was prepared for them. 
British plant was quickly prepared, her workmen 
had the start in experience, and with her peculiarly 
fayourable insular position raw materials could 
easily be got. Free trade clearly assisted in the 
development indirectly, as well as directly, for 
the cost of living having been lessened, wages were 
lowered. Besides, the mechanics here having been 
more intimately associated with the steam engine 
and with boilers, more readily adapted themselves 
to the working of iron and steel, so that contract 
ptices were lower. Thus a satisfactory beginning 
was made in this country, and America has not yet 
been able to retrieve her position. The shipping 
industry of America has, to the vast benefit of 
England, been choked by protection, and the 
change that is at hand may well give us ground for 
serious thought. 

America now is largely dependent on other 
nations, principally Britain, for the carriage of her 
foreign trade. On this we shall enlarge in our next 
article ; but it may be pointed out that on Diagram 
No. 25 we show the rate of freight between St. Louis 
and New York and New Orleans, and thence to 
Liverpool. These show that Atlantic freights have 
been reduced quite as much as, if not more than, 
rail or river rates in the interior. A bushel of 
wheat in bulk is now on an average charged 32d. 
freight from St. Louis to New Orleans, while it can 
be taken from the former port to the Mersey for 
8d. From St. Louis to New York the freight by rail 
is 145d. per 100 1b. wheat, while a bushel (about 
523 lb.) costs but 119d. from St. Louis to Liver- 
pool, vid New York, so that for the 3000 miles by 
steamer the charge is not double that of the land 
journey, which is only about a third of the dis- 
tance. 

Another evidence was recently provided of the 
cheap working of Huropean ships. Section 4347 
of the revised statutes provides : 

No merchandise shall be transported under penalty of 
forfeiture thereof from one port of the United States to 
another port of the United States in a vessel belonging 
wholly or in part toa subject of any foreign Power, but this 
section shall not be construed to prohibit the sailing of 
any foreign vessel from one to another port of the United 
States, provided that no merchandise other than that 
imported in such vessel from some foreign port and which 
shall not have been unladen shall be carried from one 
port to another in the United States. 

This provision has doubtless been the means of 
maintaining a fleet on the Atlantic and the Gulf; 
but it is probable that thereby commerce may have 
been hampered, or rather that foreign merchants 
may have succeeded in ousting native products. A 
case involving a supposed infringement of this sec- 
tion came recently before the courts. In order to 
avoid the heavy railway freight between New 
York and San Francisco, and finding the freights 
of United States vessels heavy, since to accomplish 
the voyage they would require to pass round Cape 
Horn, a number of New York shippers decided to 
send 250 kegs of nails in a Belgian vessel con- 
signed under regular bills of lading to a commercial 
house at Antwerp, thence to be shipped to San 
Francisco by sailing ship. The kegs were dis- 
charged at Antwerp and reshipped ina British vessel 


under bills of lading signed by the master to the 
second ship, and brought to San Francisco, being 
there entered at the Custom House as a manufac- 
ture of the United States. Jt is not part of our 
purpose to discuss whether or not this was an in- 
fringement of the section—the lower court decided 
in favour of the shippers, no fraud or concealment 
having been practised in the importation from 
Antwerp—but it is significant that the rates wa 
Antwerp were barely half the freights charged for 
direct transportation vid Cape Horn.* The infer- 
ence is strong that British ships can be more 
economically worked. Certainly they are more 
universally employed, and while it would be a 
mistake to underestimate the present efforts in 
the States to build up a merchant marine, it is 
satisfactory to note that this dependence on the 
Old World for carrying their trade has been 
the means of assisting rather than retarding 
the great advance of the mechanical producing 
power in the States, while our ships, that pass 
between this land and that, are ‘‘ like the shuttle 
of the loom, weaving the web of concord among the 
nations.” 


NOTES ON IRONSTONE MINING IN 
CLEVELAND. 


By J. C. P Anson, C.E., Saltburn-by-the-Sea. 
(Continued from page 654, vol. liv.) 

Iy a previous article the application of drilling 
machinery to ironstone mining in Cleveland was 
described, principally with reference to the use of 
the Walker drill. Although that is the machine 
which is most generally adopted, and from which 
the most successful results have been obtained up 
to the present time (no less than 34 being at pre- 
sent in use in the district), it is not, as has been 
already stated, the only one which is being applied 
to the getting of ironstone. The other machine 
drills at present in use differ more in the motive 
power used than in any material alteration in the 
construction of the drill itself, and may be con- 
sidered rather as modifications of Mr. Walker’s 
patent, so as to utilise other sources of power, than 
as distinct machines of a different type. 

Walker’s drill being driven by compressed air, 
there is a considerable cost incurred in the first 
instance in conducting the air from the top of the 
shaft of the mine, by means of mains, to the face 
where the stone is being worked, and in distributing 
it to the different districts of the mine through 
smaller mains or pipes. In doing this a certain 
loss is necessarily experienced by leakage, &c., and 
to obviate this, and endeavour to secure a more 
economical application of the drilling appliances, 
two other motive powers are at present being 
used to a limited extent, viz., those of oil-gas 
and water. The third motive power, or that of 
the electric motor, is being applied for the 
same purpose by one of the firms of mine-owners 
in the Cleveland district, Messrs. Bell Brothers, 
Limited, from the designs of their chief engi- 
neer, Mr. A. L. Stevenson; and at a meeting 
of the Federated Institute of Mining Engineers 
in London, the members were invited to see what 
was being done in this direction at the works of the 
engineers who have been entrusted with the carry- 
ing out of Mr. Stevenson’s design. The motor is 
driven by a steam engine placed at the top of the 
shaft; but it is premature to discuss it in any further 
detail. tis to electricity asa means of distributing 
power that many engineers look to supersede the 
present arrangements of air, water, and gas; and this 
is no new idea, as it has been already successfully 
applied to rock drilling in many instances. Where 
a plentiful supply of water is available near at 
hand for driving a turbine, it would no doubt take 
the place of steam as a more economical applica- 
tion of initial power to drive the electric motor. An 
electrical boring machine has been constructed by 
Siemens on the percussion principle, and a rota- 
tion boring machine by Taverton, the latter of 
which is thus described in ‘‘Electricity in the 
Service of Man,” edited by R. Wormell, D.Sc.,M.A., 
and translated from the German of Dr. Alfred 
Ritter von Urbanitzky (1886) : 

“For borings in hard rocks, by the rotation 
machines, as a rule, diamonds are fixed in the 
borer, because steel points are not sufficiently 


* American vesssels get 30s. freight per ton from New 
York to San Francisco, and British ships would be glad 
to carry the cargo for 15s. per ton, which is as much as 
they can get for coal or iron from a British port. 


durable. . . . Tayverton solders the diamonds, and 
coats them with a layer of copper for the purpose. 

The boring machine and the motor are 
arranged upon separate frames on wheels. The 
borer is fastened to a nozzle, which can be moved 
along the bar to which it is fastened. The front 
piece is made to rotate by means of pulleys. The 
driving rope is not taken direct over the pulley 
which turns the borer, but first goes over another 
pulley, which allows the borer to be turned without 
disarranging the driving rope. As motor or secon- 
dary machine, a Gramme machine is used, which 
has also to work a pump. Upon the same frame a 
vessel is placed which conveys water under pres- 
sure to the holes in order to wash away the loose 
sand.” 

Leaving the application of electricity as ihe 
motive power, we may here remark that much is to 
be said in favour of the use of compressed air, 
apart from first cost and maintenance, in that its use 
brings aquantity of fresh air into the working places 
of the mine, and thereby materially assists the venti- 
lation. Before the introduction of Walker’s drills at 
the Liverton Mines,a large Guibal fan wasintroduced, 
about 30 ft. in diameter, for the ventilation of the 
mine, and it was found necessary to run this at the 
rate of about 50 revolutions per minute to insure 
efficient ventilation, At the present time, although 
the face of the workings is from 1} to 13 miles 
further from the shaft than it was when the fan 
was erected, it is not found necessary to run it 
more than about 20 revolutions per minute, owing 
to the introduction of the compressed air for drivir g 
the drills. This is a very important element in 
the comparison of air, gas, water, and electricity as 
motive powers for rock-drilling machinery. It is 
this which mainly determined one large firm in the 
Cleveland district to adopt the compressed air 
system in preference to any other at present extant. 

On the other hand, the application of the oil 
engine (Priestman’s) to the drilling machine kas, 
doubtless, under some circumstances, where tke 
exhaust products cannot be quickly carried away, 
the disadvantage of introducing these into the 
working places of the mine, thereby producing 
a certain smell which is certainly objectionable. 
As against this it is claimed for the oil engire 
that there is an economy in first cost, as 


also in actual working, and that it brings 
the means of producing the motive power 
into comparatively small compass. It is the 


Priestman oil engine which is at present em- 
ployed by Messrs. Bell Brothers to a limited 
extent in their Lumpsey Mine, near Brotton, ard 
its employment has been, on the whole, attended 
with very satisfactory results. Of the Priestman 
engine itself it is unnecessary to give any detailed 
account, as it has been already fully described in 
ENGINEERING. Of its special application for driving 
rock-drills, however, we may give some particulars. 
The construction of the drill itself does not mate- 
rially differ from that of the Walker drill, and 
may, indeed, be considered a modification of tke 
latter. Instead of reversing the engine to with- 
draw the screw-auger, a split nut is used, which, 
when opened, enables the driller to take the auger 
out by hand. As with koth this system and 
Walker’s, it is found necessary to begin the hole 
with a short auger, and after that has done its 
work to introduce a longer one to complete the 
operation, and enable the hole to be made to a 
depth of about 5 ft., so as to obtain the maximum 
results from the explosion of the charge. We had 
the opportunity last year of inspecting these drills 
at work in the Lumpsey Mine of Messrs. Bell 
Bros., Limited, on the occasion of the visit of the 
** Société des Ingénieurs sortis de 1’Kcole Provin- 
ciale d’Industrie et des Mines du Hainault,’ on 
July 1, and it appeared to us that the reversal of 
the engine (as in the Walker drill) is the best form 
of the appliance. It saves time, as compared 
with the withdrawal by hand, which is necessarily 
a slower and more cumbrous method. Although 
the total weight of the machine, inclusive of the 
oil tanks, &c., is greater than that of the engine 
and drill driven by compressed air, it is not so 
greatly in excess of the latter as to render it too 
cumbrous and unwieldy, and it can be moved from 
one face to another without much inconvenience or 
extra cost being entailed. It is noticeable, however, 
that the extra weight, combined with the inducement 
to keep the oil engine running as long as possible 
without stoppage, has brought about a system of 
drilling a larger number of holes in one face than 
is customary cr eccnomical when the Walker 
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drillis used, once the machine is fixed and the oil 
engine started. Messrs. Bell Brothers, Limited, 
have ordered six of these engines for use in their 
mines for driving the drills already described, and 
of which we give an illustration. 

The application of hydraulic power in place of 
compressed air for drilling purposes has been tried 
experimentally by the same firm, at their Lumpsey 
Mine, and we were shown a drill driven by water 
power, and which was open to inspection on the 
day of the visit of the Belgian mining engineers, 
above referred to. A sufticient pressure of water 
having been obtained, it is conducted in pipes to 
the drilling machine, where it drives a small tur- 


machine at present at work at their Lumpsey 
Mine. 

Another form of drill which has been in use for 
a considerable number of years at the Slapewath 
niines of Sir Bernard Samuelson and Co., Limited, 
iy that of a hand auger, which has been used with 
such considerable success, that the firm have not 
seen suflicient inducement in the economy effected 
by the use of either of the machine drills already 
described, to warrant them in substituting any one 
fotm of them for the hand augers now in use. 
The whole of the ironstone in the Slapewath mines 
is at present being got by the hand-auger drill. 
This is in the form of a large ratchet brace with a 


in mines where ordinary hand drilling alone is 
practised. This, however, must be taken in con- 
nection with a system which is in use in this mine 
of throwing on one side the band of shale, which is 
found there about the centre of the seam of iron- 
sbone, as in the adjacent mine of Stanghow, and at 
Liverton as already described. Instead of sorting 
she shale from the stone on a belt, Mr. Charlton 
prefers the system of throwing out the shale in the 
mine, and thus obviating the necessity of bringing 
to bank a very large tonnage of worthless material 
which has to be taken to the spoil heap. In dis- 
cussing the relative merits of the two systems of 
working, it must be borne in mind that by daylight 


bine wheel immediately below the gearing attached 
to the drill. One disadvantage in connection with 
this application of power is the introduction of a 
large quantity of water into the workings, which 
necessitates the running of the pumping engine 
for a considerably greater number of hours in the 
twenty-four than would be otherwise necessary. 
The application of hydraulic power has the ad- 
vantage of a lighter machine than either the Walker 
or oil engine drill, but the additional facility for 
moving it from place to place thus gained is more 
than counterbalanced, apparently, by the drawback 
of the waste water. We could not learn that it is 
the intention of the firm to extend the application 
of the hydraulic drill beyond that of the one 
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rather quick-threaded screw, which, when fixed in 
its place, enables the miner to drill the necessary 
holes in any direction or to any depth required, 
with apparently much more ease and in less time 
than can be done where the ordinary hand-jump- 
ing drill is used. The men appear to prefer the 
hand auger to the usual hand drill, and in a 
recent visit to the mine, over which we were most 
courteously conducted by Mr. William Charlton, 
Sir B. Samuelson and Co.’s mining engineer and 
manager, we were satisfied that there was much 
to be said in favour of this method. The advan- 
tages, however, are not so great over ordinary 
hand drilling as to warrant the firm in paying a 
less rate of wages per ton to the miner than obtains 
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or by the electric light it is possible to sort the 
shale from the stone more efficiently than in the 
comparative darkness of the mine, surrounded, as 
the men must necessarily be, with powder smoke, 
and with only the light of candles or lamps to assist 
them. ‘This is obviously the case, as it is found 
necessary at Slapewath, after the ironstone is tipped 
into the railway wagons, to have a certain number 
of men there to separate any remaining shale from 
the stone as it is tipped from the tubs into the 
trucks. 

We are not prepared to go into the matter eco- 
nomically, except so far as to say that at present 
Sir B. Samuelson and Co., Limited, have no inten- 
tion of substituting the system of compressed air, 
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or other drills and a belt, for that at present in use 
in their mines, and which they appear to be satis- 
fied can be worked with as great economy as any of 
the other systems in vogue. 

We propose now to leave the question of drilling, 
and refer to other mechanical appliances in use in 
the Cleveland mines. Walker’s detaching hook is 
one of these, and is now in use in every mine in 
Cleveland. It is the invention of Mr. William 
Walker, of Saltburn, and its object is, in case of an 
overwind, through accident or negligence, to pre- 
vent the cage and its contents, whether human or 
otherwise, from being drawn over the pulleys, and 
precipitated into the shaft of the mine or colliery. 
These hooks have been applied successfully in so 
many instances, that it is impossible to enumerate 
them; but from its first introduction by Mr. 
Walker, about twenty years ago, until the present 
time, it may be safely said that the demand has 
steadily increased, both in this country and in almost 
all parts of the world, including Australia, Japan, 
France, Russia, Norway, Sweden, South America, 
India, and Africa. 

Since the hook was first designed, several im- 
provements have been made in its construction, 
and on the opposite page we give illustrations of it 
in its present form. That shown was supplied 
to the Harris Navigation Company in South Wales. 
At this colliery an output of 1000 tons per day has 
been reached, and the load brought up in each cage 
has been increased, inclusive of tubs, cage, &c., to 
15 tons. When this was done the old form of 
hook made of iron plates was abandoned, and pre- 


ference given to Mr. Walker’s system. We are 
indebted to Mr. Walker for the following descrip- 
tion of the hook and its action. 

Fig.9 shows the hook just entering the supporting 
ring. Fig. 10 shows the position after detachment. 
The lifting rope is attached to the shackle A, and 
the load to the bottom link B. The supporting 
ring C, shown in section, is a flat steel plate fixed 
on baulks of timber or iron girders, at the pit top. 
The hook consists of a pair of jaws D, D, working 
on a centre-pin in such a manner that the weight 
of the load has a tendency to open the upper limbs, 
which clip the strong centre-pin of the shackle A. 
The upper limbs are formed with external jaw 
hooks F, F. The jaws are kept together and made 
to retain their hold on the shackle-pin by means 
of the steel clamp H, which is held in position by 
the upper pair of the four pins seen in the en- 
graying. 

In case of overwinding, the jaw hooks pass freely 
into the ring C, but the projections K, K of the 
clamp, coming in contact with the underside of the 
said ring, hold the clamp stationary while the jaws 
are being pulled through, the result being that the 
pins are sheared off, the lower pair being cut just 
as the jaw hooks reach the top of the ring, when, 
by the combined influence of the weight of the load 
and the action of the clamp on the lower limbs, the 
jaws are forced open and hook on the top of the| 
supporting ring C, as shown in Fig. 2, the rope) 
passing harmlessly over the pulley, while the clamp | 


so locks the lower limbs that the upper limbs can- | 
not possibly shake themselves free, however great | 
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the shock. Since 1882, a large number of hooks 
for loads of 8, 10, and 15 tons have been made 
for different collieries and mines on the above 
principle. 

(To be continued.) 


THE NICARAGUA OANAL. 
(Continued from page 210.) 

In 1570 the Atlantic coast of Central America 
(Spanish Main) began to be infested with bucca- 
neers, whose depredations diverted for the time 
being the whole trade with Spain from the Atlantic 
to the Pacific coast and round by Cape Horn. In 
1579 Drake found his way through the Straits of 
Magellan and ravaged the Pacific coasts to such an 
extent that the Port of Realego (Corinto) had to be 
fortified against him (1583), and the Spanish trade 
to be carried once more from Grenada as a centre 
vid Lake Nicaragua and the Rio San Juan to 
Nombre de Dios and Carthagena. This, however, 
greatly enriched Nicaragua, which then became for 
the first time the chief transit route between the 
two oceans. This result was aided by the intro- 
duction of negro labour from Africa (1586) to re- 
place the deficiency caused by the partial ex- 
termination of the Indians. The buccaneers then 
made their head-quarters at Pearl lagoon and Blew- 
fields, and proceeded to harry Spanish trade by 
blockading the San Juan River and desolating the 
interior with raids into Chontales conducted by 
their allies, the so-called Zambo and Mosquito 
Indians. The buccaneers were of British, Dutch, 


244 


PENG PINE ER ENG: 


| Marcu 3, 1893. 


and French nationality, chiefly the former, broken 
waifs and strays of the wars for maritime supre- 
macy of that period, led by those lawless and ad- 
venturous spirits who delighted in war for its own 
sake and would not acknowledge any authority but 
their own fighting power. Their allies were 
Mulattoes or Mestizoes, the Zambos, a cross between 
runaway negro slaves and Caribbee Indians, the 
Mosquitos, a cross between the latter and the 
buccaneers themselves, a hereditary aptitude to a 
warlike seafaring life being transmitted to the 
Mosquito Indians from both sides, the effects of 
which are still to be seen to a striking extent in 
their modern representatives. Grenada, as the 
centre of Spanish transit trade, attained its most 
flourishing epoch between 1592 and 1605, and 
attempts were made at fortifying the course of the 
Rio San Juan and a fort built at the lake mouth 
(San Carlos). Matters remained more or less in 
statu quo, while the buccaneers gradually trained 
and organised their Indian allies at Blewfields and 
up the rivers connected therewith, but the blockade 
of the SanJuan and the perpetual desultory fighting 
culminated in 1643-44 with several inland expeditions 
under Morgan and other buccaneer captains, who 
sacked, burned, and destroyed several of the moreim- 
portant inland towns. At this time sailing vessels of 
from 80 to 120 tons regularly traded up and down 
the San Juan River between Grenada and Nombre 
de Dios and Cadiz, in Spain, but three additional 
sets of rapids made their appearance between 1648 
and 1651, in consequence of earthquakes, and the 
navigation was much impeded. 

Immediately after the capture of Jamaica by the 
British in 1655, systematic efforts to control the 
transit trade through Nicaragua were made by 
the Jamaica Government by treaty, &c., with the 
Indian chiefs of the Atlantic coast, by the establish- 
ment of wood-cutting settlements between Cape 
Gracias 4 Dios and Boca del Toro (in Costa Rica), 
and by protecting and encouraging the Blewfields 
buccaneers, with a view to gradually, though 
indirectly, paving the way for a British protecto- 
rate. 

In 1665 a body of 140 buccaneers, under Edward 
David, ascended the Rio San Juan in canoes, 
stormed Fort San Carlos, and sacked and burned 
Grenada. This expedition completely revealed to 
the British the value of this lake route for inter- 
oceanic communication, and was the beginning of 
endless attempts to capture and control it. Edward 
David is reported to have stated ‘‘that he valued 
the treasure captured in Grenada no more than 
a barrel of wine in comparison to the know- 
ledge he had obtained of the lakes and the 
country between the two oceans, and that he 
purposed returning to occupy the island of 
Ometepe, to open the communication between the 
Northern and Southern Seas, and control it there- 
from.” But the navigation of the Rio San Juan 
was very shortly afterwards (1667) rendered more 
dangerous by the Spaniards casting in rocks at the 
rapids, and its control more difficult by their 
erecting towers at Santa Cruz (Castillo Viejo) and 
Taura (Toro Rapids) and re-establishing a military 
post at San Carlos. In 1670, however, another 
piratical expedition under a _ buccaneer nick- 
named Gallardillo penetrated once more into Lake 
Nicaragua, and was repulsed with some difficulty. 
This led to further fortification of the River San 
Juan under the superintendence of an engineer 
called Fernando de Kscobedo, who, with the object 
of diverting some of the superabundant water 
from the main channel, and thus rendering the navi- 
gation of the San Juan more difficult, was foolish 
enough to open the mouth of the Brazo Colorado 
(now Rio Colorado). This short-sighted act has, 
in the course of two centuries, brought about the 
utter destruction of the then magnificent natural 
harbour of San Juan del Norte, and will now have 
to be undone at enormous cost before the re-crea- 
tion of a fairly good harbour there, will become 
possible. 

Though the San Juan River was now so difficult 
to navigate, and so well fortified that the bucca- 
neers dared no longer ascend it, they still continued 
to blockade its mouths. Interoceanic transit was 
once more practically stopped, and a successful 
piratical raid under L’Olonnois, who marched on 
Grenada from the Gulf of Fonseca, sacked and 
burned it in 1685, gave Spanish commerce along 
this route its coup de grdce. The invading buccan- 
neers finally retreated from Central Nicaragua in 

1688, leaving in canoes by the Rio Coco for Cape 
Gracias x Dios; This invasion was followed by an 


expedition under Dampier (1689-90) against Leon, 
which ascended the Estero Real, but was only par- 
tially successful. The history of Nicaragua for a 
long time after this is merely a chronicle of oft- 
repeated attempts by the British to seize the 
country. The Jamaica Government, it is true, no 
longer protected the buccaneers, but it established 
permanent settlements along the Atlantic coast, 
attached the natives (especially Zambos and Mos- 
quitos) to its interests by promises of milder treat- 
ment and the abolition of forced labour, and finally 
during the wars of 1707 and 1740 completely and 
efficiently blockaded the whole coast. 

In 1701 a British factory with aregular governor 
was established at Blewfields, and this became the 
centre of the perpetual attempts for seizing the 
interior. 

In 1709 the British allies, the Zambos, seized and 
held Chontales. 

In 1740 Commodore Handyside attempted to seize 
Realego (Corinto), and La Condamine, the French 
astronomer, reported to the Academy of Sciences of 
Paris upon the practicability and desirability of an 
interoceanic canal through Nicaragua. In 1744 all 
interoceanic communication was interrupted by the 
war with Great Britain. In 1748 the British seized 
San Juan del Norte, but restored it on the signature 
of the treaty of peace of Amiens. 

During the peace an unofticial war was still car- 
ried on by the British with a view to seizing the 
transit route from Blewfields, with the aid of 
their Indian allies, and contraband trade was 
utilised on a large scale as a means for extending 
British influence. This unofficial war culminated 
in 1760-62 in the utter ruin of all the outlying 
departments of Nicaragua by the Indians, and much 
indignation against the feeble Spanish rule was 
aroused throughout Central America as a conse- 
quence. The San Juan River was temporarily 
seized by a regular expedition of British troops 
from Jamaica in 1769, but this did not penetrate 
beyond Castillo Viejo. The growing spirit of 
revolt in Central America was calmed for the time 
being by the liberal ordinances of Charles III. (of 
Spain) in 1778, and, in consequence of these, two 
Spanish royal engineers, Yzasiand Alexandre, made 
a survey through Central Nicaragua to determine 
the practicability of an interoceanic canal ; this 
survey party was accompanied by two English 
colonels (Hodgson and Lee), who on their return 
to England published a most enthusiastic account 
of the scheme. In 1780 Governor-General Dalling, 
of Jamaica, actively set about carrying out a pro- 
ject, formed the preceding year, to seize Fort San 
Juan at the mouth of that river, to make himself 
master of the lakesand the cities of Grenada and 
Leon, and thus sever their possessions in North and 
South America, and control the chief Spanish line of 
communication between the two oceans, as he 
was persuaded ‘‘that here a canal between them 
could be most easily formed, and that this work 
would be more important in its consequences than 
any which had ever yet been effected by human 
power.” 

Karly in 1780, 500 men were conveyed by Nelson, 
then captain of the Hinchinbrook, from Port Royal 
to Cape Gracias & Dios; there they were joined bya 
party of the 77th Regiment from Black River, but 
unfortunately before proceeding down the coast the 
troops were encamped in a very low unhealthy spot, 
where they contracted the seeds of the fever and 
dysentery which, within three weeks, began to 
decimate them. Here they were awaiting the 
gathering of the Mosquito and other Indian allies 
who were to furnish canoes for the expedition. The 
San Juan was not reached till March 24 (too 
late by two months) ; 200 men were then embarked 
in pit-pans and the Hinchinbrook’s boats, and 
started for the interior. But the river was already 
low, as the dry season was at its height, and the 
spring rains not yet commenced; constant portages 
were necessary, and the fortified island of San 
Bartolomeo was only reached on April 9, but at once 
‘taken by the board.”’ The expedition reached Fort 
San Juan (Castillo Viejo) on the 11th after most 
fatiguing and trying experiences. ‘Ten days were 
then wasted by the commander, Major Polson, 
against Nelson’s earnest advice, who recommended 
it to be taken like San Bartolomeo by the board, in 
organising a regular siege. In the interim the rains 
set in, and with them fever and dysentery ; these, 
added to extreme fatigue, privation, and exposure, 
so reduced the besiegers, that had not the fort 
surrendered on the 24th, the siege must have been 
raised; Insanitary and insufficient accommodation, 


disease, want of medical stores, and bad food, so 
attacked the invaders for the next five months in 
possession of the Spanish fort, that they are said to 
have no longer had even the heart to bury their 
dead, and out of 1800 men who were sent to Castillo 
Viejo from various quarters on this unlucky expe- 
dition, only 380 ever retraced their steps. 

Of the Hinchinbrook’s complement of 200 men, 
87 took to their hammocks in one night, and out of 
the whole crew not more than 10 eventually sur- 


vived. Nelson himself was only saved from death — 


through fever and dysentery by timely removal to 
the coast the day before the fort surrendered, 
and was so ill that he could not take command of 
his new ship, the Janus; he had to be carried on 
shore in his hammock at Port Royal and go to 
England on leave. This he passed in constant 
suffering from ‘‘rackbone ” (chagres) fever 
and dysentery, was three months at Bath for the 
waters, and his constitution was so undermined 
by the effects of these tropical plagues that he 
never properly recovered to his dying day. 

In 1781 the Spanish Government sent a royal 
engineer, Manuel Galisteo, to take levels acros 
the Isthmus of Rivas from the Gulf of Papagallo 
to Lake Nicaragua ; he made out the distance to be 
15 geographical miles, and the difference in level 
133 ft. 11 in. ; and as locks were badly understood 
at that epoch, he reported that it was impossible 
to place the lake in communication with the 
Pacific by a canal. : 

In 1785 the Spanish fleet made a survey of the 
west coast of Nicaragua, and on the surveys being 
published a company promoter of the name of 
Martin de la Bastide started a scheme for placing 
the lakes in communication with the Pacific by 
widening a natural waterway which he asserted 
existed between Lake Nicaragua and the Gulf of 
Papagallos. This was really the Rio Sapoa, which 
he mentioned, and proposed to join on to the Gulf 
of Nicoya. The outbreak of the French Revolution 
caused these proposals to be completely forgotten 
in France, while the British, so vitally engaged else- 
where, relaxed their hold on Mosquitia. In 1788 
the Mosquito Indians were conciliated by matri- 
monial alliances and the missionary efforts of the 
Church of Nicaragua, and San Juan del Norte was 
once more settled, and made into a port of entry in 
1789. In 1803, the Atlantic coast being again 
menaced by the British, Mosquitia was by Royal 
edict incorporated in the province of New Grenada 
(Colombia), but the edict was never carried into 
effect, though the recent Colombian claims to the 
suzerainty of the coast up to Cape Gracias 4 Dios 
are founded thereon. 

In 1804 Humboldt published an account of the 
comparative merits of the inter-oceanic routes 
across Central America, and the Nicaragua Canal 
question. 

The Spanish Cortes in 1814 decreed that the 
canal should be surveyed and built, but the suc- 
cessful insurrection of the Spanish colonies put an 
end to the proposal, though Spain continued to hold 
the Atlantic coast for some years longer, and even 
went to the trouble of fortifying San Juan del 
Norte in 1821. 

In 1823 the Congress of the United States of 
Central America decreed the cutting of an inter- 
oceanic canal through Nicaragua, and granted a 
concession to John Baily, a civil engineer, repre- 
senting Messrs. Barkley, Richardson, and Co., 
bankers, of London, but this fell through the same 
year, and a new concession was at once given to 
a Mr. Beneski, representing Messrs. Palmer, of 
New York, but this likewise lapsed. 

In 1824, the Spaniards having evacuated San 
Juan del Norte, five Englishmen, residents of 
Blewfields, with some Indians, seized the port in 
the name of the King of the Mosquitos. 

The Congress of Panama took place in 1825, at 
which the canal question was hotly discussed, and 
General Werweer, the representative of Belgium, 
was so taken with the idea of a Nicaragua Canal 
that on his return to Europe he endeavoured to get 
up a company to carry it out. 

Between 1825 and 1829 several American (United 
States) schemes were proposed, but all came to 
nothing, and in 1829 General Werweer returned to 
Nicaragua to treat for a canal concession in the 
name of King William of Holland; the scheme 
was then as near execution as it ever has been 
since, and a company was formed to carry out 
the scheme on the basis of Manuel Galisteo’s sur- 
vey ; but the revolution of 1830 which separated 
Belgium from Holland put an end to the company, 
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grammes or 350 lb. of compressed air (about 45 
kilogrammes per horse-power) per hour each, while 
the third delivers from 50 to 100 kilogrammes or 
110 lb. to 2201b. per hour to make up the re- 
quired total net supply (allowing 10 per cent. for 
loss in transmission) of 340 to 385 kilogrammes per 
hour, which varies according to the traftic, to the 
condition of the road, of weather, and to the more 
or less efficient working of the motors. 

From the results of six official trial trips, of 
which the details were published at the time by 
M. A. Bertschinger, C.E., of the Federal Railway 
Department,* the writer has worked out the vary- 
ing pressure and the mean consumption of air 
during a double journey per motor car as follows : 


In 1835 the United States Senate passed a resolu-, ing stations, car shed, repair shop, oflices, passenger 
tion in favour of building the Nicaragua Canal, huts at stopping places, and 10 motor cars (15,000 fr. 
but the death of the agent sent by General Jack- | each complete), was 460,000 fr. or 18,400/., equal 
son to negotiate for a concession prevented any-| to 153,000 fr. per kilometre, or 9792/. per mile. 

thing from being done. The works of the line were carried out under 

In 1836, Morazan, the President of the Central , contract by M. Anselmier, of Berne, while the com- 
American Confederation, determined to carry out | pressed air plant and motor cars were supplied by 
the idea himself, and appointed two engineers, |the Berne Maschinen Fabrik, from the designs of 
Messrs. Baily and Bates, to survey the canal on|M. Mekarski, of Paris. The inadequacy of the 
behalf of Government, and as a necessary prelimi- | calculations and estimates in some important parti- 
nary sent a force to expel the Mosquito (British) | culars, in relation more especially to the supply of 
occupants of San Juan del Norte. This port for | compressed air and to the tractive force of the motor 
the next 12 years was constantly taken and retaken | cars, entailed during the execution of the works a 
alternately by the Nicaraguan Government and the | good many modifications and consequent delays, to 
Mosquitos. which reference has already beer made. 

Messrs. Baily and Bates surveyed the harbour of} Working.—Besides the manager and the fore- 
San Juan del Sur (Pacific), on which they reported | man of the loading station, the staff of the line is 
most favourably, and a route from thence to Lake | composed of 40 men, or 20 men per mile, this high 
Nicaragua over the dividing ridge and down the| rate being accounted for not only by the present 


Working Battery, Reserve Battery. 


: ; Storage Cylinders, | 
valley of Las Lajas. By this route there was a| short working length, but by the new Swiss regu- SP aes be cone ert Nene Sua 
rise of 284 ft. above mean sea-level in the first | lations for Sunday rest, which involve an increase spheres. Square spheres. Square 
5880 yards, then to 615 ft. at the summit of the| of the staff by one-third. The wages of the drivers | tach, | Inch. 
divide in the following 904 yards; then a rapid} and guards are 4.50 fr. and 4 fr. (3s. 6d. and 3s. 2d.) | brescure of air on sarin geetle a roe a a 


respectively per day, both for their working and their 


” », at end of up | 


descent to 295 ft. in a further 8664 yards ; and in 


12,960 yards more, along the Lajas valley, to a|52 holidays perannum. For the present 10-minute | , Journey-;, Phe at Spo ead 176 18 260 
height of 128 ft. 3in. at the edge of the lake—| service seven motor cars are required, of which six| gown journey... ....| 7 | 103 2 | «#176 
total length, 164 miles. The Lajas River was] are constantly on the line, and two ready loaded | Consumption of air during kilos. | Ib. 

found to be from 1 to 3 fathoms in depth and from] in the dépdt, while the remaining two cars are kept Re ae Baer Se be jot ss kilos, 
25 to 100 yards wide ; Lake Nicaragua, 90 miles|as reserve or undergoing repair. One journey] downjourney.. ..  ..| 14 31 ee 


over the line takes 20 minutes, equal to a mean 
speed of 9 kilometres or six miles per hour, includ- 
ing five stoppages, the speed between the stopping 
places varying from 11 to 15 kilometres, or 7 to 
10 miles per hour. 


long by an average of 30 miles wide, and 
15 fathoms in average depth; the River San 
Juan, 79 miles long, the only obstructions being 
rapids with 3 ft. to 4 ft. drop. This survey was in- 
terrupted by the fall of President Morazan and the 


This has been fully confirmed by the working 
experience of 1891, when the consumption of air 
per motor car and double journey was as follows : 


disruption of the Central American Confederation, } The number of single journeys made per day of MAAR ce { 47 ite Sng lt =8 Ellog. pér car. 
but was subsequently continued for the indepen-|14 working hours is 160, equal to about 500 car- : Me Wiican “S161 ib = 19 kloan per 
dent Republic of Nicaragua. kilometres, or 300 car-miles, the mean number of Maxims 6355 -- { car-kilom. = 42 1b. per car-mile. 


56 kilos. = 123 1b. = 10 kilos. per 


AP be continued, ) car-kilom, =35 lb, per car-mile. 


passengers in the year 1891 being 3140 per day, or 
about 20 per car-journey. The carrying capacity 
of 28 passengers per car was therefore utilised at 
the mean rate of about 60 per cent. The popula- 
tion of the city of Berne being 50,000, the traftic 
on the line was equal to 23 passengers per head of 
population, which is a fair criterion for the first 
working year on similar tramways. The autho- 
rised fares are at the rate of 6.6 centimes per kilo- 
metre, or ld. per mile, the gross earnings in 1891, 
which are greatly in excess of the original esti- 
mate, amounting to 40,634 fr. per kilometre, or 
26001. per mile, equal to 50/. per mile per week. 
During the whole year the service was carried on 
with the greatest regularity, except during the 
severe frost in the winter of 1890-91, when it 
was occasionally interrupted, owing to the supply 
of compressed air failing, consequent upon ice 
forming in the old main pipe. This ice had to be 
dissolved by the pipe being embedded in hot sand. 
The removal of snow from the line after an excep- 
tional fall was speedily effected by a salt trolley 
provided for the purpose. The working expendi- 
ture works out as follows: 


Mean .. an 4 


The daily average of 500 car-kilometres requires, 
therefore, from 5 to 6 tons of compressed air. 
The three pumps working at full power can de- 
liver in 14 hours, 3 x 160 x 14= 6720 kilogrammes, 
or 6.7 tons less 10 per cent. loss, or 6 tons at the 
loading station. It is seen that this supply barely 
suffices for the ordinary full 10-minute service, and 
provides no margin for increasing or doubling the 
service, unless the fourth pump were also working, 
or air was stored by night pumping in the six ac- 
cumulators, whose total capacity of 7500 litres or 
7.5 tons is, however, equal to only 2.5 tons of 
air under a pressure of 30 atmospheres or 440 lb. 
per square inch. 

Conelusion.—The principal advantage of the com- 
pressed air system for urban and suburban tram- 
way traffic as worked at Berne consists in the 
pleasing appearance of the motor cars, if properly 
proportioned; in the absolutely smooth and noise- 
less motion; in the total absence of smoke, 
steam, or heat, of overhead or underground con- 
ductors, of the more or less grinding motion 
of most electric cars, and of the jerky motion to 


THE BERNE COMPRESSED AIR 
TRAMWAY. 
By C. S. Du Ricuz Pretier, M.A., Ph.D., 
Assoc. M. Inst. C.E. 
(Concluded from page 215.) 

Line and Equipment (Figs. 1 and 2, page 212 ante). 
—The main line traverses the town of Berne from 
east to west, and measures 3 kilometres, or 2 miles, 
within which, being a single line, it has eight passing 
places about 60 metres, or 66 yards, in length each. 
The curves, whose minimum radius is 50 metres or 
2.5 chains on the main line, and 30 metres or 1.5 
chain in passing places and terminal sidings, repre- 
sent 27 per cent. of the whole length, the steepest 
grade, as already mentioned, being 5.2 percent. The 
permanent way consists of M grooved ‘‘ Demerbe’”’ 
rails and automatic turnouts, without transverse 
sleepers or longitudinal bearings. The rails rest 
direct on a gravel foundation or on concrete 
where the soil is loose, and are kept to gauge by 
flat iron ties 2 metres apart. It is surprising 
that this type of tramway rail should have been 


adopted, seeing that it is everywhere being replaced re Pere. | which underground cable traction is subject. On 
by the Phoenix girder rail, or the Harmann or — Kilo- si Kilo- oe Per all these grounds the system has fully vindicated 
the Marsillon system (double Vignoles rails). The metre, we | metre. eo iacens its claims as being preferable to any other so far 
ege lati soe Nba et oat ene ae ie £ aes ] known system of mechanical traction for street 

pth g © Vemerbe rail go a long way | Administration meal 2,706 173 4.85 | 0.74 8.3 |tramways. Its disadvantages, on the other hand, 
to account for the considerable extra resistance aaa oe of line pare Ae 0.33 8.7 | consist in the extremely delicate adjustment of the 

: raffic hes ne 52 80 1.50 16.7 ee . . 
which the cars at Berne have to Uversome; MOS! Motive power --| 21,698 | 1889 | 3835 | 5.87 | 66.0 | different parts of the system, in the comparatively 
especially in curves where the grooved rail, more-|Sundries ..  . | 1,768 | 113 3.15 | 0.48 5.3 | small supply of air carried by one motor car, which 
over, precludes the gauge being widened. As the 2.910 ; necessitates the car returning to the dépdt for re- 
We Gia last in the conte of tt ahead 32,910 | 2106 | 68.30 | 8.92 | 100.0 : Saale eae 

e1s being le e centre of the paved roadway, filling after arun of only four miles or 40 minutes, 


the outer rail is not raised, except in a few places 


sree ; ] t and is lines th : 
where the super-elevation is 2.5 centimetres, or See agen ee ono Paris lines the-¢ars 


0 , y, f . ; 
Motive Power which are, moreover, larger, and carry the outside 


Per Car- Per Car- 


eal ‘fay Sa oe ats me de pen feb Kilometre. Mile. passengers on the top, run seven miles, and the 
nWway 18 2 metres, OF 0.00 1t., tO a depth o Warea } cents d. loading pressure is 45 atmospheres or 547 lb. per 
25 centimetres, or 10 in. The weight of the rails ge cea: eee cee, 20-00 2.93 inch ai ly 30 at I 
is 33 kilogrammes, that of the permanent way, in Turbine power, 47, per horee- square inch as against only 30 atmospheres at 
cluding fastenings, 71 Eipgrimned er lineal ate : Marea candaneen is ions ee lg ee eres ee the samme i dirce tion 
5 88, ere IY ODES; Tent and would involve either more powerful motors, a larger 
or 66 1b, and 142 1b. per lineal yard respectivel are dom toe es oat SSE bse ete ; 
The extensions will be laid on one side hs the esd plete gles) BaP a ea ee ee rer Rae Doneeane Hy 
with heavy and deep-grooved Pheenix girder rails 38.35 5.87 Bee or nung stations cverytommon seven 
ps & ) ; 5 miles; and in this respect the system is manifestly 


although on suburban roads single Vignoles rails, 
with guard rails in sharp curves and at cross roads, 
would be at once more efficient for adhesion, and 
more economical, seeing that the present cost of 
Pheenix permanent way is, including laying, 26 fr. 
per metre lineal (19s. per yard), as against only 
20 fr. per metre (15s. per yard) of line laid with 
40 Ib. to 44 1b. Vignoles rails. Pending the erec- 
tion of the requisite new compressed air plant, the 
suburban extensions are to be worked with 17-ton 
steam locomotives. 

The total cost of the main line, including turbine 
transmission, compressing, aceumulator, and load- 


As the gros3 receipts were 70 cents per car-kilo- 
metre or 10.7d. per car-mile, the working ex- 
penses are equal to 83 per cent. of the former, 
and the net earnings of 6904 fr. per kilometre or 
4311. per mile represent already in the first work- 
ing a return of 4.4 per cent. on the capital cost of 
the undertaking. The expenditure on account of 
hydraulic primary motive power amounted to 
8000 fr., which, at the rate already mentioned, of 
100 fr. per horse-power per annum, is equal to 
80 horse-power. This power was used by three air 
pumps generally at work, two of which, at their 
full power of 35 horse-power each, deliver 160 kilo- 


inferior to electric traction, which easily admits of a 
line of 10 to 15 miles in length being continuously fed 
from one central station without the loss of time 
and expense caused by reloading. The working 
expenditure at Berne was, in 1891, 8.6 centimes or 
0.7d. per passenger, the gross receipts being 10.4 
centimes or ld. per passenger, so that lower fares 
than those charged, viz., $.6 centimes per kilometre, 
or 1d. per mile, would not be remunerative. More- 
over, the percentage of working expenditure can be 
kept within 83 per cent. only by the low cost of 


* “Schweiz. Bauzeitung,” vol. xvi. 
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THE NEW CARDIFF MARKET. 

TuHEnew market, the foundation stone of which was 
laid by Alderman David Edgar Jones, M.D., on 
August 7, 1890, and which was opened to the public 
on May 8, 1891, by the Most Hon. the Marchioness of 
Bute, stands on the site (somewhat extended) of 
the old market built in the year 1836. The general 
arrangement of the market is shown by Figs. 1 to 4,* 
and a good idea of the appearance of the interior may 
be formed from the perspective view on page 243, which 
has been prepared from a photograph taken from the 
end gallery next St. Mary-street by Mr. Diggens, of 
Cardiff. 

On reference to the plan (Fig. 1) it will be noticed 
that a rectangular hall about 200 ft. by 81 ft. has been 
cut out of the somewhat irregular site, leaving spaces 
on either side of varying widths which are covered by 
flat asphalte roofs, forming butchers’ shops on the 
ground floor and shops for the sale of sundry goods on 
the gallery floor. The flat roof is also carried at the 
same levelalong the ends of the main building. This 
arrangement has one obvious advantage, viz., that of 
allowing of the introduction of a belt of clerestory 
windows over the gallery shops, which are again sur- 
mounted, in the case of the gables, by vertical glazed 
screens. At the Trinity-street end a fish market has 
been formed, about 87 ft. wide and 28 ft. mean depth, 
divided off from the general market by a 14-in. brick 
wall, and provided with an iron-framed roof in three 
spans. A new and more commodious fish market is 
contemplated, in which case the present fish market 
will be used for the sale of poultry and eggs. 

Details of the sides of the main building are given 
in Figs. 5, 6, and 7, The main columnsare 24 ft. 6 in. 
centre to centre, and evenly spaced between these are 
light cast-iron stanchions of square section with pro- 
jecting ribs to receive the ends of the half-brick par- 
tition walls of the butchers’ shops. These stanchions 
also support the longitudinal gallery girders. 

As the same amount of accommodation was not 
required in the gallery shops as in the butchers’ shops 
below, the wrought-iron stanchions which support 
the main roof, instead of being fixed directly over the 
ground floor columns, are set back a distance of 
2 ft. 6in., and are carried by wrought-iron transverse 
girders, one end of which is built into the outer wall, 
while the other end is continued over the head of the 
column in the form of a tapered cantilever. Rolled 
steel joists (12 in. by 5 in.) connect the outer ends of 
the cantilevers and form a continuous facia, to which 
the gallery parapet is secured. 

The counter fronts of the lower shops are of cast 
iron, having ornamental fretwork panels for ventila- 
tion, while similar panels, with moulded frames, are 
also inserted in the webs of the longitudinal gallery 
girders immediately over the cornices of the shops. 
The back wall is lined with, and the partition walls are 
built of, white enamelled bricks to a height of 6 ft. 
from the ground floor; above this is a course of choco- 
late coloured enamelled bricks, and the remainder of 
the walling to gallery floor is constructed with ordi- 
nary buff pressed bricks. 

Figs. 8 to 14 show general details of the main roof. 
The principals are simple Belgian trusses (Fig. 11) 
having rafters composed of wrought-iron lattice 
girders 1 ft. 8 in. deep, riveted together at the crown by 
solid wrought-iron web plates. The foot of the rafter 
has also a solid web, and is strengthened by the addi- 
tion of an extra flange plate on the top, and on the 
under side by the two angles forming the flange of the 
spandril bracket. The struts are formed of four 
angle irons back to back, with distance pieces riveted 
between at intervals; the top of the strut is formed 
by turning the angles two up and two down the rafter 
for a short distance and inserting malleable cast-iron 
brackets, while a suitable forging at the foot of the 
strut connects it to the ties by means of a turned pin. 
The ties consist of flat steel eyebars, such as are used 
in pin-connected bridge girders; these bars were 
rolled by the Steel Company of Scotland, and sent to 
New York to have the eyes formed on them bya 
system of upsetting the end of the bar, as in the case 
of the ties of the Clarence Bridge by the same engineer. 
(See ENGINEERING, February 13, 1891, page 185.) 
The flat eyebars as roof-ties, with their neat connec- 
tions, have been much admired. A little ornamental 
scrollwork at the foot of the king rod relieves what is 
otherwise the most bare and awkward- looking connec- 
tion in the truss (Fig. 11). The scrolls are held in 
position by forked clips made to grip the horizontal 
ties and two collars around the king rod. 

The purlins (Fig. 12) are formed of lattice girders 
corresponding in depth to the principal rafters. The 
purlin is divided into three bays by two inter- 


* Many of the illustrations for this article have already 
appeared in previous issues. Figs. 1 to 7 are on pages 64 
and 65 in issue of January 20; Figs. 8 to 21 are on the two- 
page plate in issue of January 27; Figs, 22 to 27 on pages 
203 and 204 in issue of February 17, and Figs. 28 to 42 on 
the two-page plate in the same issue ; the remaining‘figures 
are on the two-page plate and pages 243 and 254 of the 
present issue, 


mediate rafters (Fig. 9) consisting of two [’s placed 
back to back, in. apart, riveted together with 3-in. 
washers between at intervals of about 2ft. The ends 
of the intermediate rafters are kneed between each 
purlin and the connection stiffened by the insertion of 
malleable cast-iron ornamental brackets, thus helping 
materially to keep the purlins in their proper position, 
normal to the plane of roof. Owing to the fact that 
the distance trom the eaves to the first purlin is 
greater than that from purlin to purlin, a semi-inter- 
mediate rafter was inserted in this bay of roof, the 
span being too great for the ordinary wood rafter used 
in all other cases, This is shown in elevation in 
Fig. 10 and plan Fig. 13. The ventilator framing is of 
light L-iron with malleable cast-iron fillings. The 
vertical lantern lights are all hung on pivots at the 
centre, and a flat gangway, covered with lead, is pro- 
vided along each side of the ventilator, from which the 
lights can be opened as required. The gangway is 
also useful for giving access to the ventilator for 
repairs, &c., avoiding breakage of slates, which so 
often occurs when workmen have to traverse the 
slating. Access to the gangway is obtained by means 
of the lead gutter formed over each gable principal as 
shown in Tigs. 22 and 23. Figs. 15 to 24 show the 
construction of the gable screens. The girders forming 
the rafters are of ‘‘ box” section, composed of two 
ribs placed 18 in. apart, the inner rib having a lattice 
web similar to the ordinary principals, while the outer 
one has a solid plate web. These two ribs are braced 
together on the under side by lattice bars (Fig. 16), and 
on the upper face by a lacing of somewhat wider 
bars (Fig. 15). The end ventilator principal is similar 
to the ordinary ones, and rests on the inner rib of the 
gable rafter, this arrangement making all the connec- 
tions of purlins, &c., to the gable principal the same as 
the ordinary ones. The horizontal tie-girder, forming 
the base of the screen, is also of box section, with two 
solid plate webs, the upper and under sides being com- 
posed of lattice-work, as shown on Figs. 20 and 21. 
The vertical members of screen are composed each of 
two T-irons, with light lattice webs, and the horizontal 
members are formed of |_-irons stiffened by an arched 
chord, as shown by Fig. 19. The whole forms a very 
rigid structure, well adapted to resist wind pres- 
sure. The gables and skylights are glazed with Heli- 
well’s patent system, having steel ‘‘ King’s Cross” bars 
with zinc caps. 

Fig. 25 gives enlarged details of the clerestory win- 
dows. The reference letters on the various sections 
refer to section lines indicated on Fig. 17. The side 
windows are identical with the gable windows. Two 
of the semicircular casements in each 24-ft. bay open 
for ventilation (page 204 ante). 

Figs. 26 and 27 show the general arrangement of 
the fish market roof. The raised ventilator is sup- 
ported by cast-iron principals bolted to the top of the 
arched roof trusses. It is slated, and has fixed glass 
louvres in the sides. The roof boarding is laid dia- 
gonally across the wood purlins and not horizontally, 
as shown in the longitudinal section (page 203 ante). 
Fig. 26 also shows the section of end gallery to main 
building, with flat concrete roof over, as previously 
mentioned. 

Figs. 28 and 29 are enlarged details of the main 
columns, and Figs. 30 and 381 of the intermediate 
stanchions. Channel iron grooves screwed to the 
cdlumns form guides for the revolving wood shutters, 
the boxing to receive which, when rolled up, and the 
section of the wood moulded cornice, are clearly indi- 
cated on Fig, 31 (two-page plate, February 17). 

Figs. 32 to 43 are enlarged details of the roof of the 
main building. What has already been said as to the 
construction of the roof will render any detailed re- 
ference to these figures unnecessary. They show 
clearly the connections of the various parts. 

Figs. 44 and 45 are details of the four corner stan- 
chions at the angles of the main building. The stan- 
chions are of a box section, 18 in. square, having solid 
webs of ;';-in. plates. They rest on brickwork piers 
surmounted with stone caps, the caps being of the 
same height as the heads of the ordinary columns, and 
are moulded to correspond therewith, as shown in 
Fig. 54 (two-page plate in present issue). 

Figs. 46 to 57 show details of the iron girders, &c., 
supporting the gallery and the staircases leading 
thereto. As before stated, transverse girders having 
their tail ends built into the outer walls, are con- 
tinued over the heads of the ground floor columns 
in the form of tapered cantilevers, and these sup- 
port the wrought-iron stanchions which carry the 
roof. Details of the connections of these girders 
will be found in Figs. 46 to 48. The facia joists 
supporting the gallery front are in lengths of 24 ft. 
6 in, jointed over each cantilever, the joints being 
covered by ornamental cast-iron trusses (Fig. 46). 

Figs. 49 and 52 show similar details for the end 
galleries, in which case the wrought-iron stanchions 
are placed 6 in. to the front of the cast-iron columns, 
and the transverse gallery girders take the form of 
double-ended cantilevers, so as to allow of the passage 
of the sliding gates which close the main entrance. 

A diagonal cantilever occurs at each corner of the 


gallery (Figs. 54 to 57), which rests on the brickwork 
pier previously mentioned. The tail end of thig 
cantilever is prevented from tilting by being securely 
riveted to a girder which carries one of the area walls 
(see x on plan, Fig. 1). The connection to this girder 
is made close to the corner stanchion, and to prevent 
any possibility of this girder being moved out of its 
place, a hole is cut in the foot of the stanchion and the 
end of the girder inserted and securely fixed thereto, 
This arrangement is fully shown in plan (Fig. 55) and 
elevation (lig. 44, section C C). 

Fig. 50 is an enlarged detail of the gallery stalls. 
The cast-iron brackets shown are placed two under 
each 6-ft. table, and are firmly bolted to the facia joist 
and a wooden block inserted between the flooring 
joists before the concrete floor was laid, the concrete 
paving over the foot of the bracket making it addition- 
ally secure. To these brackets the gallery front is 
attached by means of bolts, and the table tops are 
supported on wood bearers bolted to the brackets, 
The shelf under the table top runs continuously from 
end to end of the gallery, arid forms, between the 
stalls, seats for the stall-holders. Fig. 51 shows the 
connection of the gallery shop fronts to the wrought-iron 
stanchions, the section B B giving the connection to 
the stanchion of the wooden partitions dividing the 
shops. The grooves shown are for the revolving 
shutters by which the shops are closed. 

Fig. 53 is a plan with enlarged details of one of the 
staircases. The steps have cast-iron risers with 
moulded nosings, the steps themselves being formed 
in cement concrete faced with ‘‘ Adamantine” paving. 
The space between the staircase and end wall occurs 
only at the St. Mary-street entrance, and is to 
provide for the opening of the sliding gates. The 
Trinity-street facade is built in buff brick and grey 
Forest of Dean stone, having three gabled pediments 
corresponding with the three spans of the fish market 
roof. The pediments, which are wholly in stone, are 
supported on fluted stone pilasters (see plan, Fig. 1), 
dividing the facade into three equal portions. The 
central portion contains the entrance, 17 ft. wide, 
secured with one of Bostwick’s patent folding gates. 
On either side are large cast-iron windows 12 ft. wide 
by 15 ft. high, with semicircular heads. A half-eleva- 
tion and section of one of these windows, with enlarged 
details, is given in Fig. 58. The heavy central mullion 
and the transom are cast separately and built into the 
stonework. The portion below the transom is cast in 
four frames of six lights each, jointed as shown in 
section H H. The outer ring of lights in the semi- 
circular head is jointed as shown, and held together 
by two wrought-iron bars, one on the inner and one 
on the outer edge of the lights. The central portion 
is cast in one piece, and being hinged to the transom, 
can be opened for ventilation. 

The construction of the central row of provision 
shops, which are made wholly of wood, is shown by 
Figs. 59, 60, and 61, while that of the butchers’ and 
greengrocers’ stalls is shown in Figs. 62 and 63, and 
the enlarged cross-section in Fig. 64 (page 254). 

On the perspective view of the interior (page 243) 
will be noticed an office for the market superinten- — 
dent, occupying a position in the centre of the market, 
and having its floor level with the tops of the adjacent 
provision shops. It has windows on all sides. since 
the photograph was taken a clock turret has been 
added to the roof of the office and fitted with a first- 
class clock by Messrs. T. Barry and Sons,-of Cardiff, 
which shows the time on four dials 2 ft. 6 in. in 
diameter. The space under the office is used for the 
accommodation of public weighing machines. The 
flooring of the avenues and the gallery is executed 
in ‘‘Adamantine” concrete paving, the speciality of 
Mr. James Hartnell, of Cardiff. 

The ground floor paving has a fall of 6 in. from the 
centre to the sides of the building, and cast-iron hollow 
channels with movable chequered covers are inserted 
in the floor at the edges, and connected at intervals 
with the drains, so as to carry off all water after the 
market has been washed down. In the fish market, 
where water is of necessity used more frequently, 
perforated gratings take the place of the movable 
chequered covers, and thus allow of water passing 
freely away atall times. 

For taking up goods to the gallery an hydraulic lift 
has been provided in one corner of the building, the © 
motive power being obtained from the town mains. 
The lift is of the direct-acting type, capable of lifting 
5 cwt., and was supplied and erected by Messrs. R. 
Waygood and Co., of London. : 

The system of gas lighting adopted is very complete 
and effective, and is carried out upon the principle of 
Messrs. J. Stott and Co., Manchester, known as the 
Stott-Thorp Patent Reflex Gas Sunlight. The body 
of the hall is lighted by fourteen 16-jet pendants hung 
from the connecting-pins at the feet of the struts of 
the roof trusses. A three-light pendant is hung from 
the cornice of each shop, which throws a good light on 
to the goods exposed for sale; and by this means 
lights inside the shops, which are a source of danger, 
are dispensed with. The fish market, staircases, &c., 
are lighted in a similar manner with pendants carrying 
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from 5 to 12 lights each. The total number of burners 
is 720. The pressure of gas is regulated and controlled 
by Stott’s patent self-acting governor. The positions 
and appearance of the various pendants mentioned will 
be readily understood by reference to the perspective 
view. 

Mr. William Harpur, M. Inst. C.E., the borough 
engineer of Cardiff, was the engineer and architect of 
the market. Messrs. A. Handyside and Co, of 
Derby, were the contractors for the ironwork, and Mr. 
James Allan, of Cardiff, the contractor for the general 
builder’s work. The total cost of the market was 
17,0610, 


PROPOSED BRIDGE OVER THE 
MISSISSIPPI. 

We abstract from the Chicago Herald the following 
description of the proposed great bridge across the Missis- 
sippi at New Orleans, the design of which has been pre- 
pared by Mr. C. Corthell, of Chicago, engineer of the 
Bridge Company : 

“The opening of the mouth of the Mississippi River 
by the construction of jetties by the late Captain Eads has 
made New Orleans a very important ocean terminal ; it 
now stands next to New York in its annual exports. 

“There are two important railroads on the west, 
approaching the city parallel to the river, and two on the 
east. ‘There are also two other main lines coming from 
the north-east, one from Louisville and the other from 
Cincinnati. These six railroads have their own isolated 
passenger stations. About four years ago it became 
apparent that something must be done in the near future 
to free the traffic conditions by connecting the railroads 
across the river by a bridge; building a union passenger 
aati and a belt railroad, for more easy transfer of 

reight. 

*“Mr, E. L. Corthell was requested by the city of New 
Orleans in the fall of 1888 to make a thorough examina- 
tion of the commercial and physical conditions, and to 
present a report accompanied by plans and estimates. 
After six months of examination the report was presented 
to the city. 

**The railroad interests, recognising that the bridge 
was a key to the entire situation, arranged for the organi- 
sation of a bridge company under the laws of the State of 
Louisiana, and for the introduction of a bill in Congress 
authorising the construction of a bridge above the city of 
New Orleans. 

“Tt is confidently expected that the construction of 
this bridge will be of great benefit to the city of New 
Orleans and to the railroads, freeing the river front of the 
city from a large amount of traffic, which, being inter-state 
traffic, should not be thrown upon this portion of the city, 
but should be transferred between the railroads outside of 
the city. It will also expedite the movement of local 
se. by freeing the tracks in the city from unnecessary 
traffic. 

‘**The Mississippi River near New Orleans, at the pro- 
bable site of the bridge, is about one half-mile in width, 
about 100 ft. deep at high water in the deepest part, and 
its current at inaximum stage is about 6 ft. per second 
—four miles per hour, and the river carries a volume 
of about 1} millicn cubic feet per second. The bed 
of the river is to a great depth composed of alter- 
nate strata of sand and clay, being the silt which the 
river itself has brought down in past ages to fill up what 
was formerly a great estuary of the Gulf of Mexico. The 
land on each side is very low, probably 10 ft. below the 
flood level of the river. The country is protected by 
levees, 

“The location proposed, although not final, is about 
three miles above Carrollton, or about one and one-half 
miles above Southport, which is the ocean terminal of 
the Mississippi Valley Railroad. 

‘* According tothe Act of Congress there can be but two 
piers placed in the river; the main channel span must be 
at least 1000 ft. in the clear at low-water level, and the 
entire bridge must be at least 85 ft. above extreme high 
water. The following are the probable dimensions and 
main characteristics of the work : 

“The foundations will probably need to go at least 
150 ft. below low water in order to find a stratum of 
material sufficiently compact for supporting the immense 
weight of the piers and superstructure. 

‘““The superstructure will not be less than 100 ft. in 
height. The probable entire height of the structure, from 
the foundation to the top of the superstructure, will be 
350 ft. The grade descending from the bridge on either 
side to the level of the present railroad tracks will pro- 
bably be 14 per cent. The steel structure will extend on 
either side until a height of about 40 ft. above the land is 
reached. This will give a continuous steel structure about 
11,000 ft. long, making it the longest steel structure in the 
world. The length of the Cairo Bridge over the Ohio 
River comes next. The longest river span in any rail- 
road bridge in the United States at present is the 790-ft. 
channel span at Memphis, in the bridge over the Missis- 
sippi River at that city. This, however, is not longer 
than the side, or secondary, spans at New Orleans, which 
will be about 800 ft. in length, while the central span will 
probably be nearly 1100 ft. 

“Careful calculations, made from preliminary surveys 
and examinations, make the total cost of the double 
track bridge and approaches, with connections with the 
adjacent four railroads, not to exceed 3,000,000 dols.” 


GERMAN Coat.—A Rhenish Westphalian coal syndicate 
has been organised. The syndicate is virtually a joint 
stock company, with a capital of 45,000/. 
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Tus gross receipts of the 23 principal railways of the 
United Kingdom for the week ended February 19 
amounted, on 16,4542 miles, to 1,227,506/., and for the 
corresponding period of 1892, on 16,379} miles, to 
1,236,9391., an increase of 754 miles, or 0.4 per cent., and 
a decrease of 9433/., or 0.7 per cent. 


We are requested to remind intending exhibitors at 
the ‘ Royal” Show, to be held at Chester from the 17th 
to 23rd June next, that applications for space in the 
implement department at that meeting must be made by 
Saturday, April 1, 1893. The entries in the various 
departments of live stock, poultry, produce, &c., must be 
made by Monday, May 1, 1893. 


An American has devised a method of signalling by 
incandescent lights, by which the whole letter is shown 
at once, in place of instalments as usual with the Morse 
code. The apparatus consists of a narrow box, open on 
one side, containing a row of 106 incandescent lamps. 
Two of these lamps represent a dot, and 10a dash. The 
signals, it is said, have been successfully read at a distance 
of 10 miles at night, and four miles in daylight, but the 


plant seems somewhat cumbrous. 


Some experiments have been made by M. E. H. Amagat 
in the laws of the compressibility of liquids; deforma- 
tions of the piezometers were investigated and allowed 
for, and the pressure carried as far as 3000 atmospheres. 
The liquids operated upon were ether, alcohol, carbon 
bisulphide, acetone, the ethyl halides, and chlorides of 
phosphorus. The coefficient of compressibility was in 
every case found to decrease regularly as the pressure in- 
creased. At 3000 atmospheres that of water was reduced 
by almost one-half its ordinary value, that of ether by 
two-thirds. This diminution, again, is greater the higher 
the temperature. The ratio of the difference of the co- 
efficient to the corresponding difference of temperature 
decreases rapidly as the pressure increases. 


A very neatly made revolution counter, of watch shape, 
is now being introduced by Messrs. O. Berend and Co., 
of Fore-street, London, E.C., under the name of May’s 
revolution counter. The instrument in appearance re- 
sembles a somewhat large nickel watch, with the milled 
head of the stem wind replaced by a steel spindle with a 
pyramid head. This head is pressed against the centre 
of the revolving shaft, and causes the hands of the instru- 
ment to revolve. The instrument has two hands, one of 
which registers the units and the other the hundreds, 
and it will count up to 1000 revolutions. The hundreds 
are marked by bold figures, and by an ingenious but 
simple device these figures change over, according to the 
direction of rotation. The instrument is of very handy 
form and size, and appears to be well and strongly made. 


In a recent issue of Le Génie Civil, M. Charles Rabut, 
engineer of the Western Railway of France, deals with 
the question of handling mortar in frosty weather. 
Having tried mixing alcohol and marine salt with the 
water, he has now finally adopted common soda, which 
gives good results in reducing the liability of the mortar 
to freeze. One pound of soda reckoned in its anhydrous 
state is used per gallon of the water with which the 
mortar is mixed, and the increased cost due to its use is 
said to be about 1s. 6d. per cubic yard of masonry, an 
amount which is often small when compared with the 
saving effected by avoiding a stoppage of work. The use 
of the soda causes efflorescence in the walls of the build- 
ing, but the white blotches thus arising disappear after 
some months, 


In a recent paper read before the American Society of 
Civil Engineers by Mr. F. Lewis on ‘‘ The Results 
obtained from Tests of Full-Sized Steel Eyebars,”’ the 
author makes the following remarks: 1. In spite of the 
fact that practically every bar gave a lower ultimate 
strength in a full-sized test than that obtained from 
small specimens, still every one gave results which were 
acceptable to the engineers responsible. 2. The large 
losses in strength occur with high figures in the specimen 
tests, and the low losses with lower figures. Arguing 
from the above premises, he concludes that the high 
specimen tests did not accurately represent the average 
value of the material, but part of the discrepancy is also 
due to the fact that the eyebars were annealed. The 
main cause of the loss is, however, he considers, to be 
found in the fact that in a long eyebar any want of homo- 
geneity in the original ingot will affect the results. As 
regards the elastic limit, this was also found to be lower 
in full-sized bars than in specimens, the discrepancy 
being even greater than in the case of the ultimate 
strength. An analysis of the results obtained with dif- 
ferent-sized eyebars showed that on the average the loss 
did not vary greatly with the section of the bar. 


A second Harveyised 6-in. solid steel armour-plate, 
manufactured by Messrs. Vickers and Co.. Sheffield, was 
tested on board the Nettle target-ship at Portsmouth on 
Tuesday afternoon. The plate was of the usual super- 
ficial area, and was fired at by the6-in. breechloader at a 
range of 30 ft., with various charges of powder, but with 
projectiles weighing in each instance 1001b., and with a 
maximum muzzle velocity of about 1710 ft. per second. 
Five shots were discharged at the plate. The first round 
consisted of a Holtzer shell and a charge of 30} 1b. The 
projectile penetrated the plate and lodged in the backing. 
In the second round the shot and charge were the same, 
the result being that the Holtzer broke up on impact 
and the point remained imbedded in the plate. The 
third round, which was with a Palliser shell fired with 
364 lb. of powder, penetrated plate and target to a depth 
of over 2ft., measuring from the face of the former to 
the base of the projectile. The fourth round was made 
with a Holtzer, fired with a comparatively low charge of 


244 1b. The shot penetrated about 8 in. and rebounded. 
The last round also consisted of a Holtzer shell, but fired 
with a slightly superior charge, the result being prac- 
tically the same as before. The resistance of the plate 
to the attack was not so satisfactory as in the case of the 
6-in. plate similarly treated at Portsmouth in January, 
owing probably to experimental differences in manufac- 
ture. 


The second annual dinner of the Newcastle-upon-Tyne 
Association of Students was held on Wednesday, February 
22, Sir Benjamin Baker, K.C.M.G., in the chair, and 
there were also present many of the leading engineers in 
the district, including Mr. H. H. Wake, Mr. P. J. Mes- 
sent, Mr. J. Watt Sandeman, and Mr. Wilson Worsdell. 
After the loyal toast, Mr. Wilson Worsdell proposed ‘*The 
Institution of Civil Engineers.” In responding to this, Sir 
Benjamin Baker dilated on the high standing and proud 
position held by ‘‘the Institution ;” even in America it 
was known as such, whilst their own was spoken of as 
the American Institution. A somewhat recent departure 
had proved itself invaluable ; it was the establishment of 
centres in the colonies connected with the Institution, 
keeping members in touch with itself and with one 
another, and supplying to all a large amount of informa- 
tion. Sir Benjamin Baker proposed ‘‘The Newcastle 
Association of Students.” He said more and more was 
required of engineers than formerly; they must not only 
know when other men were doing well, but be able to 
take off their coat and do the work themselves. The old 
régime of resident engineer and contractor was fast disap- 
pearing, and an engineer ought to be able not only to 
design a bridge, but to sit down and write out a list of 
plant that would be required in the erection. Not only 
was industry necessary, but integrity. An example of this 
was near at hand in Lord Armstrong, and a painful con- 
trast in Panama and its unfortunate promoters. He 
urged on engineers to beware of the folly and danger of 
keeping down original estimates in order once to start a 
work which then could not be stopped. 


The total make of steel and ingot iron from phosphoric 
pig iron during the 12 months ending December 31, 1892, 
amounted to 3,202,640 tons, being an increase over the 
make for the previous 12 months of 322,105 tons. Of 
this the basic Bessemer was 2,591,374 tons, and the basic 
open hearth 611,266 tons. Of the steel containing under 
-17 per cent. of carbon the basic Bessemer produced 
2,043,767 tons, and the basic open hearth 428,225 tons; 
770,000 tons of slag were produced with the steel, con- 
taining about 36 per cent. of phosphate of lime, nearly 
the whole of which was used as a fertiliser. The makes 
of the various countries for the 12 months ending Decem- 
ber 31, 1891, and December 31, 1892, respectively, were 
as follows: 


1891. 1892. 
4 Ae | | 
—- With | | With 
|Under .17 | Under .17 
Total. | per Cent, Total. per Cent, 
Carbon. | | Carbon, 
England : 5 436,261 | 350,818; 406,839] 317,5&3 
Germany and Luxem- | 
burg .. ae «.| 1,779,779 | 1,814,781 | 2,013 484 | 1,616,783 
Austria and Hungary 221,214 95,907 288,122} 212 408 
France .. AO = 265,401 178,880 287,528 | 196,190 
Belgium, Russia, and) | | 
United States of | 
America re 187,882 | 111,172 | 206,667 | 129,028 
2,880,535 | 2,046,558 | 3,202,640 | 2,471,992 
| } 


A railway line to be worked by electricity is now actu- 
ally in course of construction between the important 
cities of Chicago and St. Louis. The distance between 
the two is 248 miles, and the line has been laid out almost 
absolutely straight. The whole distance is to be run 
without a stop, the speed being 100 miles per hour, and 
to this end all grade crossings will be avoided. The 
contract has been let for the whole of the work, though 
full particulars are withheld. The line is to be divided 
up into 25 sections of 10 miles each, and the current will be 
cut off, as suggested many years ago by Professors Ayrton 
and Perry, from the sections before and behind any given 
train, thus reducing the possibility of accident. Thecars 
are to have a wedged-shaped front, with driving wheels at 
front and rear, driven by separate motors. These wheels 
will be 6 ft. in diameter. The total weight of a car com- 
plete will be 15 tons. The overhead system will be used 
to supply current to the car. We note that the maximum 
distance to which current will be transmitted from the 
power stations is 55 miles, and that the three-phase alter- 
nating system is to be used, in spite of the dictum of 
Mr. Brown, of Oerliken, who designed the dynamos 
and plant for the Frankfort-Lauffen transmission, that 
this system leads to complication in dynamos, trans- 
formers, and line. The current is to be generated at 
500 volts, in the immediate neighbourhood of coal mines 
owned by the company. This current will be transformed 
to one at 50,000 volts for transmission, and down again 
to 3000 volts at the motors. The city of St. Louisisa 
very large one, and the population of Chicago is now 
approaching one million and a half. The intention is to 
run no night passenger trains, as to provide sleeping 
accommodation heavy Pullman cars would be required. 
Of course the plan is perfectly feasible mechanically, but 
the question as to whether it will pay is one on which 
we should prefer to reserve judgment. 


SourH AMERICAN TELEGRAPHY.—A submarine cable on 
the west coast of South America, and extending to Peru, 
is to be duplicated, 
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STEAM STRIKER. 

We illustrate on this page a new appliance which 
is being introduced by Mr. S. W. Allen, of the Ex- 
change-buildings, Bute Docks, Cardiff, with a view to 
lightening the heavy labour of the ‘‘ Oliver” man. 
This appliance he has called a steam striker. The 
general appearance of the machine is well shown in 
Fig. 1, whilst details of its construction are shown in 
the remaining engravings. As will be seen, it consists 
of a metal anvil, having a bracket cast on the back of 
it. This bracket serves to support a vibrating arm 
carrying the hammer-head. The anvil block is provided 
with all the usual fittings for bolt and rivet-making, 
&c. Onthe right-hand side of it is a treadle connected 
with a regulating valve inthe steam pipe. A screwed 
rod passing through a lug cast on the anvil block is 
connected to the treadle by a pin, as shown. A spiral 


spring on this rod, compressed between the upper 
fly nut and the lug, keeps the treadle lever normally 
in the raised position in which steam is cut off. At the 
same time a fly nut below the lug can be used as a 
stop, limiting the rise of the treadle to a point such that 
the steam will not be entirely cut off, but sufficient 


will be supplied to keep the hammer in the raised posi- 
tion. A section through the steam cylinder is shown in 
Fig. 2 and also in Fig. 7. From the latter it will be 
seen that this cylinder is in shape a sector of a circle, and 
the piston vibrates toand fro init. This piston is in one 
piece withthe main shaft, to the outer ends of which 
the side arms carrying the hammer-head are keyed. 
Stuffing-boxes are used to keep this shaft steam-tight 
in its bearings. The piston, as indicated in Figs. 5 and 
6, is packed with brass strips forced against the walls 
of the cylinder by spiral springs. The valve is of the 
piston type, as shown in Figs. 3 and 4, and is worked 
by a short lever moved by an arbor, which passes 
through a stuffing-box (Fig. 2), and carries on its other 
end a couple of cam followers (Fig. 1). These followers 
bear againsta couple of cams fixed on the outer end of 
the main shaft, and the stroke of the hammer can be 
regulated from 3 in. up to 2 ft. 6 in, by shifting these 
cams relatively to each other. With steam at a pres- 
sure of 35 lb. or 40 lb. per square inch, it is said 500 
blows a minute can easily be made by the striker. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 24, 1893. 

Tur orders of the past ten days have aggregated 
180,000 tons of rails, plates, shapes, and bars, the 
largest ten days’ business for a year or more. The 
market is in hourly expectation of additional 
large orders for rails and finished material. Should 
this activity continue until advance orders reach five 
hundred thousand tons, a general improvement in 
prices would probably follow. Buyers were never 
more on the alert than at this time, because of this 
possibility. Pig iron is freely offered at all producing 
centres at prices equivalent to 13 dols. for forge and 
15 dols, for No. 1 foundry at tide water. The finer 
brands have in some instances been advanced 25 cents. 
Merchant iron and nails are low and abundant. Steel 
billets sell only in small lots in eastern markets. Ship 
steel contracts foot up 30,000 tons. Large pipe con- 
tracts will be given out in a few days, and cast pipe 
orders are coming in freely. The improving tone will 
no doubt continue, as it is known there is a great deal 
of additional business to be placed this month and next. 
The low range of prices is the only undesirable fea- 
ture, but there is no immediate remedy visible or pro- 
bable. Should the incoming Administration quiet 
apprehensions on tariff matters, large railroad orders 
will be placed by New York promotors. 


CompouND Express LocomMoTIvE ror THE NORTHERN 
Rattway or France: ErratumM.—In the Table giving 
the results of the experiments on this locomotive on page 
234 of our last issue, the decimal points in the column 
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showing the grades have been, by a printer’s error, dis- 
placed, making the grades ten times too great. 


Nova Scorran Coau.—The Legislature of Nova Scotia 
has passed a Bill authorising the colonial Government to 
grant special privileges to any coal mining company 
coming forward with sufficient strength to carry on coal 
mining operations upon a large scale. In response to 
this invitation, certain Boston capitalists have formed a 
coal-mining company with a capital of 1,400,000/., and 
have secured a 99 years’ lease of coal lands and mines in 
Cape Breton, with the privilege of a renewal of the lease, 
if desired, for an additional period of 20 years. 


Frenco Rartways.—The length of first-class railways 
in operation in France at the close of 1892 was 22,1142 
miles, showing an increase of 4524 miles, as compared 
with the corresponding length of line in operation in 
December, 1891. The length of second-class railways— 
known by the Freneh as ‘‘lines of local interest”—in 


et 


Fi 


operation in France at the close of 1892 was 2043 miles, 
as compared with 2053? miles in working at the close of 
1891. ‘The length of railway in operation in Algeria at 
the close of 1891 was 18334 miles, showing an increase of 
273 miles, as compared with the corresponding length of 
line in working in French Africa at the close of 1891. 


BomBay, Baroda, AND CENTRAL INDIA RAtLwAay.—The 
cost of the fuel consumed in the locomotive department 
of the Bombay, Baroda, and Central India Railway in 
the first half of last year was 34,829/., as compared with 
41,3311. in the corresponding period of 1891, In these 
totals coal figured for 34,472/. and 41,028J. respectively. 
The quantities of coal consumed were 26,941 tons and 
25,789 tons respectively. Theaggregate distance run by 
engines in the first half of last year was 1,632,843 miles, 
as compared with 1,578,029 miles in the corresponding 
period of 1891. The total cost of locomotive power in the 
first half of Jast year was 105,977/., as compared with 
103, 2727, in the corresponding period of 1891, 
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WE illustrate above a very ingenious little inte- 
rating instrument, now being introduced by the 
Globe Engineering Company, Limited, of 38, Vic- 
toria-buildings, Manchester, and specially intended 
for working out indicator diagrams. As our illus- 
tration shows, the instrument consists of an arm 
_ having at one end a tracing point, and at the other 
end a hardened spindle running in a brass groove as 
shown, The arm carries a graduated wheel, which 
runs on a prepared paper surface, the conditions 
being thus more favourable than with an ordinary 
planimeter, where the registering wheel runs on 
common drawing paper. The axis of rotation of 
this wheel is, of course, parallel to the line 
joining the tracing point and spindle in the groove. 
To use the instrument, the diagram is placed 
in two clips, one of which—viz., that shown to 
the right in the figure—is movable, whilst that on 
the left is fixed, its edge coinciding in direction with 
the centre of the groove, in which one end of the arm of 
the instrument runs. To fix the diagram in place the 


tracing point is placed against the fixed clip and the 
diagram moved (keeping its atmospheric line hori- 
zontal) till its extreme left point is under the tracer. 
The tracing point is now moved to the extreme point 
of the diagram on the right, and the movable clip 
brought up against it. The distance between the clips 
is now, of course, equal the length of the diagram. 
By pressing, a slight indentation is made on the paper 
with the tracing point, and theroller having been set 
to the zero mark, the pointer is then moved com- 
pletely round the diagram clockwise and brought back 
to the indentation. The wheel then indicates the area 
of the diagram. But if now the tracing point is 
moved vertically upwards against the edge of the 
movable clip until the wheel again reads zero, and a 
fresh indentation made by pressing it on the card, the 
distance between this point and the previous indenta- 
tion will be equal to the average height of the card, 
and, measured on the same scale as that for which the 
diagram was taken, will give, of course, the mean 
pressure. 

The theory of the instrument is simple. In the 
diagram, Fig. 2, let A) B, denote the initial position of 
the straight line joining the tracing point of the instru- 
ment and the point which runs in the groove. Let L 
be the length of this line, and suppose the point B, to 
move horizontally to B, Then the area moved 
over by the line is, of course, the rectangle A, B, 
B, A, which is on the same base and between 
the same parallels as the rectangle B, B, B, B,. Let 0 
denote the angle between the line A, B, and the hori- 
zontal. Then the area swept out is also equal to 
L sin @ x S, where S denotes the horizontal displace- 
ment of the pointer, and in this case equal to B, By, 
and L is the distance Ao Bo, i.¢c., the length of the arm 
of the instrument. Now the axis of rotation of the 
measuring wheel of the instrument is parallel to the 
line A, By, and hence the wheel will rotate in exactly 
the same way as if its axis of rotation coincided with 
A, B,, and it will be convenient to consider its axis as 
thus coinciding. Thus let W represent this wheel, then 


when A, B, has been displaced to A, B,, W will have been 
displaced to W;. Let us resolve this displacement along 
the bar and at right angles toit. The first will be ob- 
viously S cos #, and this component, being parallel to 
the axis of the wheel, cannot cause rotation. The other 
component will be S sin @, and being in the direction 
of rotation of the wheel, will cause the latter to turn 
round as it moves over the paper on which it runs 
through a length of its circumference equal to this. But, 
as shown above, the areaswept out by the bar was Lsin 
@ x S, and therefore the area swept out is also equal to 
Lx the rotation of the wheel. Now consider the tracing 
point tomovefrom B, toB,. During this period the wheel 
willrevolve through a certain angle, say?. Onreaching 
B, let the tracing point be moved up to B,. The 
motion now is parallel to the axis of the bar, and 
hence the wheel does not revolve. Finally let the 
tracing point move back to its original position B). 
During this motion the wheel will obviously revolve 
through the same angle that it did in moving from 
B, to By, but in an opposite direction, thereby cancelling 
the rotation then added. Hence the final reading of 
the wheel at By is proportional to S sin @. But, as 
already shown, the area B, B, B. B, is equal to L sin 
6x §. Hence the reading of the wheel is propor- 
tional to the area swept out by the tracing point when 
this area is a rectangle, the gist of the proof being that 
it is only horizontal motions of the tracing point in 
Fig. 2 which leave a permanent record on the wheel, all 
the vertical motions cancelling each other’s effect on 
the wheel when the pointer is brought back to its 
initial position. 

Next take the case of a figure having one or more 
curved sides, such as B, C; Cy B, B;. Then approxi- 
mately the area of this figure is equal to that of the 
rectangles shown, and will be exactly so if we take 
the rectangles small enough. Then for convenience 
assume that this time we start from the point B,, 
and move the pointer round the small rectangle 
B; By) D, E, back to B,, then it follows, from 
what has gone before, that the reading of the wheel 
will now give us the area of this small rectangle, but 
the motion from E, to B, is in the direction of the axis 
of the wheel and does not cause it to rotate, hence the 
wheel will read the same at E, as at B;. Let 
this reading be Ry. Bring back the tracing point 
to E, and describe the rectangle E, C, D. E,. ‘Then 
on the pointer reaching E, the additional reading R, 
will be the area of this rectangle, and the total reading 
will be equal to the total area described from the com- 
mencement. Proceeding in this way for the remaining 
rectangles, it is obvious that when the pointer is 
brought back to E, the reading of the wheel is propor- 
tional to the total area described by the point, and 
bringing this point up to B,, the point at which we 
first started, does not, as already explained, affect the 
reading. Now, as already explained, horizontal 
motions of the tracing point leave no permanent record 
on the wheel when the instrument is brought back to 
its original position. Hence we should have got the 
same results if the tracer had been taken along the 
course B; By D, C; C2 Ds Cs C, Bz B,, and by choosing 
the rectangles small enough this course can be made 
to coincide with the curved course along B, C,. Hence, 
finally, when the tracing point is moved over the 
boundary of an area, the reading of the wheel is pro- 
portional to the area, 

The reason why moving the instrument up from its 
final position, as described in explaining its use for 
indicator diagrams, against the movable clip till the 
reading of the wheel is cancelled, gives the mean 
height of the diagram, is obvious. As the tracer 
moves up, the arm, as explained above, will describe 
a parallelogram, the area of which is equal to the 
reading cancelled on the wheel. And, as shown above, 
this parallelogram is on the same base and between 


the same parallels as the rectangle formed by drawing 
horizontal lines from clip to clip, through the two 
indentations made by the pointer. This rectangle 
therefore is equal in area to the diagram and has the 
same length, viz., the distance between the clips. 
Hence its height is equal to the mean height of 
diagram, 


FROST VALVES FOR HYDRANTS. 

WE illustrate on this page an automatic valve now 
being patented by Mr. W. Lewis Baker, Hargrave, 
St. Neots, for draining off automatically any water left 
in a hydrant when the water is shut off from it, which 
otherwise might result in cold weather in a breakage. 

In Fig. 1 is represented a longitudinal section of an 
ordinary hydrant pit completed at the footpath level, 
with a cast-iron frame a and cover); c is the hydrant 
sluice valve-box, and m the service pipe to which it is 
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connected. The elbow delivery pipe d is shown in 
section, and is fitted at top with a gun-metal screwed 
hose junction coupling 0. The position in the deli- 
very pipe of the self-acting frost valve is shown at/f. 
The arrows indicate the direction of the current when 
the hydrant isin use. Tig. 2 is a vertical section of 
the weighted frost valve / and its box g, and Fig. 3 is 
a sectional plan through the valve-box and the weight 
h. The lower part of the valve-box terminates down- 
wards with a taper spigot pipe 7, which is driven into 
a corresponding taper opening in the heel of the 
delivery pipe. When the hydrant valve is closed, 
and the pressure of water inside the delivery pipe is 
thereby reduced to that merely due to the height of 
that pipe, the weight / will open the valve i, and so 
drain off into the hydrant pit through the spigot + 
the water standing in the delivery pipe. The grating 
1 forms a stop and protection for the valve. When 
the hydrant valve is open, and the hydrant in use, 
the increased water pressure lifts, and thereby closes, 
the weighted valve, and so prevents any waste of 
water that would otherwise take place. 

A loop or ear p (Fig. 2) is cast upon the gun-metal 
valve-box for the insertion of the hooked end of a rod, 
by means of which the valve can be moved through 
the hydrant nozzle o (Fig. 1). The cover of the valve- 
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box has an eye x by which it may be unscrewed by 
the hook end of this rod, and the valve weight may 
be taken out. Lastly, the grating / at the foot of the 
valve-box may be removed with the point of the 
hooked end of the rod, and the valve itself may be 
removed for cleaning, &c. 


LOCOMOTIVE FOR THE MERSEY 
RAILWAY. 
To THE Eprror or ENGINEERING. 

Srr,—Admitting that the design of Messrs. Kitson’s 
locomotive exhibits considerable advance upon that of 
its predecessors on the above railway, exception may still 
be taken to certain details in the arrangement of the 
running gear, which, though unique, appear to entail 
somewhat undesirable features. 

It is certainly open to question whether the general ex- 
p2rience of ‘‘ unexplained ” derailments with the ordinary 
English type of eight-wheeled radial arrangement should 
not have counselled some modification in extending the 
system to the 273-ft. base of a 10-wheeled engine; the 
fact that the London and North-Western Company have 
reverted, in their recent eight-wheeled goods engine, to 
the unfashionable equaliser, emphasises the courage of 
the builders in turning outa 10-wheeler with independent 
points of support. , 

The provision of auxiliary springs on the radial axles 
shows that an increase of load, due both to vertical irregu- 
larities and to the deflection of the end axles on a curve of 
correct supereleyvation, was duly foreseen. The majority 
of designers prefer, however, to maintain a constant dis- 
tribution of the load by the provision of single-lever con- 
nections between the springs, and thus overcome the in- 
convenience usually resulting from the displacement of 
the axles, and shown by the different angles made by the 
projection of their centre lines on a transverse vertical 

lane, 
: Possibly, however,these engines do not in practice show 
aliability to hot boxes, broken springs, or derailments ; in 
which case the addition of equalisers and modification of 
the design of radial box are equally undesirable. 

February 28, 1893. Dig sa Ls 


MARINE BOILERS AND LEAKY TUBES. 
To tHE Eprror or ENGINEERING. 

Str,—I have read with interest your admirable sum- 
ming up of the case on the leaky tube question—truly 
‘*a momentous phase of modern marine engineering 
practice,” considering, specially as regards our Navy, 
the enormous outlay involved. : 

Although the matter is yet, perhaps, far from being 
‘in a nutshell,” the ground has been greatly cleared and 
the issues considerably reduced by the investigations of 
those who have interested themselves in it. It appears 
to me, therefore, that, if tubular boilers are still to be 
used, the question is not so much, ‘‘ How are we to con- 
struct them so that they shall not leak?” as, ‘‘ How are 
we to prevent the causes arising which bring about this 
leakage?” Remembering that the tubeplate and a very 
short length of the tubes contribute more than half of 
the work of the boiler, the desideratum is that the tube- 
plate and tube-ends shall not become overheated. If a 
tubeplate be exposed to a greater temperature on the fire 
side than has been found to be easily dealt with before 
the introduction of forced draught, then the temperature 
on the water side must be correspondingly reduced 
so as to maintain the same mean temperature of 
plate. The only certain way of securing this is to stop 
ebullition for a certain distance away from the plate and 
tube-ends, so as to insure a stream of water (not steam) 
flowing up the plate and around the tube-ends. If 
a considerable space behind the plate be filled with 
steam gas of an extremely high temperature, it is not 
too much to say that, whatever methods be adopted for 
securing those tubes in their plate, however perfect the 
means of construction, and whatever proportions be 
adopted for them, these joints are in a parlous state. 

Superheaters have long been abandoned, principally 
owing to the danger involved in their use; yet we have 
in the plate and tube-ends of a boiler under forced draught 
not one or two, but thousands of them; not riveted 
strongly together, but depending on expanded joints, 
and all exposed to a temperature many times greater 
than any superheater ever condemned. ‘The Admiralty, 
as proved by a series of brilliant successes, have secured 
in their ferrule one of the most ‘‘ eminently successful 
expedients ” ever adopted, and engineers would do well 
to keep before them the causes which have led to these 
successes in their search for a simpler method of fulfilling 
the conditions required. 

I remain, Sir, yours truly, 


To THe Eprror or ENGINEERING. 

Sir,—The remarks on circulation in boilers in your 
last issue are of the greatest interest to engineers, especi- 
ally those referring to the necessity of the currents being 
definite in direction, and vigorous. An excellent example 
is given by you, viz., the Field tube, in which the whole 
of the contained fluid is in motion. 

To my mind due prominence is not given to the im- 
portance of the ‘‘tidal” or ‘‘end to end” currents 
(noticed by Wilson in his work on boilers). Thiskind of 
current must always be present in any boiler of ordinary 
marine type, cylindrical or ‘‘ loco,” and sets in a direction 
from the most active portions of the heating surface to- 
wards the cooler portions of the boiler. In the cylindrical 
return tube type this direction will be from the combus- 
tion chamber towards the front tubeplate at or about the 
water level. When circulating plates, as usually fitted, 
are present, they encourage a circulation in several parts 


in a direction at right angles to this tidal current. The 
effect is probably somewhat conflicting, and, though it 
may result in adecided set of currents, does not seem to 
favour a current impinging on the back tubeplate, as the 
tidal one might if it were encouraged to complete its 
circuit. 

In marine boilers of ‘‘loco” type the ‘‘ tidal” or end-to- 
end current probably develops more decidedly, owing to 
the shape of the boiler and its greater length as compared 
with diameter, but as the barrels are short in proportion 
to those of actual locomotives, the current is not so de- 
cided as in railway practice. 

A good illustration bearing on this subject is afforded 
by the Flaman locomotive designed for express service on 
the Eastern Railway of France (noticed about a year ago). 
The boiler for this class of engine is made with two 
barrels ; the lower one, containing the tubes, is consider- 
ably below the water level, so that circulation is only 
possible in this barrel by means of the necks connecting 
the upper barrel to it. This appears to insure a steady 
current being directed in the best possible way against 
the firebox tubeplate. The circumstance of these engines 
being placed on express service seems to show that they 
give satisfaction. It would be interesting, however, to 
hear particulars of the performance of the Flaman boiler 
as to durability of the tubeplates after extended trial. 

As the tubeplates next the fire in marine boilers seem to 
be the weak parts, it seems necessary not only to insure 
circulation generally, but to so direct the currents that 
they may impinge in the best possible way against the 
tubeplate. With this intention the circulation will prove 
more effectual in preventing damage from overheating if 
it is arranged so as to include the largest possible amount 
of the water in the boiler in one steady current. 

By encouraging the flow in the end-to-end direction 
by design or circulating plates, preferably by the former 
method, a steadier performance may be expected at sea 
than where various local currents are relied upon, these 
being very liable to disturbance by the motion of the 
vessel among waves. 

I am, Sir, yours obediently, 

London, February 28, 1892. TRIPLEX. 


To THe Eprror or ENGINEERING. 

Srr,—I have read with great interest in HNGINEERING 
of the 24th inst. your excellent article on that most im- 
portant subject, ‘‘ Marine Boilers.” 

In your final remarks you express a ‘‘ belief that engi- 
neers are not going to be beaten by the difficulties that 
have arisen,” &c. ; 

Tam therefore induced to offermy suggestionsas to fixing 
the tubes in the combustion chamber tubeplates ; for this 
purpose I propose to form, on the water-side of the tube- 
plate, projections which are bored out to receive the tube 
ends ; these projections are surrounded by water, and so 
formed externally that their thickness is in no part more 
than that of the tubeplate, but gradually reduced until 
they are little more than the thickness of the tube itself ; 
this plan allows the usual amount of bearing for the tube- 
end, which can be beaded over and ferruled as usual. 

By this arrangement the tube-end is thrown sufficiently 
into the water to prevent its being affected by any unequal 
expansion of the tubeplate, which I propose to make 
thinner than usual. 

In conclusion, I may state that this method is already 
protected by patent. ; 

Tam, Sir, your obedient servant, 
JOHN PHILLIPS. 
4, Corona-road, Burnt Ash Hill, Lee, S8.E., 
February 27, 1893. 


1 To THE Epitor or ENGINEERING. 

Si1r,—I have had my attention drawn to a letter in 
your number of November 18, 1892, from Mr. John 
Thom, of Glasgow, which no doubt was written by Mr. 
Thom not knowing that the means for promoting cir- 
culation as shown in his sketch had already been 
patented. 

In his letter he says: ‘‘ With reference to ‘ Chief 
Engineer, R.N.’s,’ letter in your last number, where it is 
mentioned, ‘ Till the circulation on tubeplates can be 
improved there will always be leaky tubes,’ I inclose a 
sketch of circulating arrangement for tubeplates now 
being made,” &c. 

As the inventor, patentee, and proprietor of this plan 
of promoting circulation, I would point out that I am not 
aware of anything of the kind being made on this parti- 
cular plan, and that it certainly is not being done with 
my knowledge, sanction, or recommendation. Experience 
has shown me the great danger of adopting this plan of 
circulation in the manner sketched by Mr. Thom, where 
it practically fails; and also, that instead of preventing 
leakage between the tube-ends and the tubeplate, it adds 
to the trouble; and further, should any such plan be 
adopted, except through me or my representatives, I 
shall protect my rights. 

Referring again to ‘‘ leaky tubes,” experience has led 
me to entirely put on one side the idea that they will be 
cured by any means of circulation. 


> 


J JAMES DaGLisH. 
48, Arundel-avenue, Liverpool (late Newcastle-on-Tyne), 
February 26, 18938. 


To THe Epitor or ENGINEERING. 

Sir,—Your excellent article hereon infers that you 
(rightly) consider the new ferrule and other suggested 
means of preventing leakage by stopping the direct action 
of the flames upon the surfaces referred to, to be a mere 
makeshift. 

It is with considerable deference that I take the liberty 
of making the following remarks. It is very evident that 
we must allow for expansion and contraction, especially 


under such extreme variations of temperature as are usual 
where forced draught is employed. 

As I understand it, Mr. Yarrow approves thin tube- 
plates and no stay-rods (¢.e., such as would be acted upon 
‘unequally ” with the tubes). Where (or if) thic’xer plates 
are necessary or desirable—or in any case—why not use 
tubes of a ‘‘ corrugated,” or partially corrugated, section? 
I know the idea is old, and have myself mentioned it 
before ; but we now use corrugated furnaces, and a very 
different description of boiler ‘‘feed,” and the cleaning 
needed would be toa very much slighter extent, and of 
a very different nature, to that of old. We should 
obtain more heating surface, and could consequently space 
the tubes a little further apart (a possible desideratum ?) ; 
and elasticity, expansion, and contraction would be fully 
provided for under any extremes of temperature. 

As to the difficulty of keeping the tubeplate covered 
with water, why not try “‘ canting” it, and so shaping 
the boiler that the tendency of the ‘‘ pressuré” (hydro- 
static and other) would always tend towards keeping the 
tubeplate covered, and the circulation in the desired 
direction ? 

Placing the tubeplate at an angle would also allow the 
steam bubbles formed to rise vertically (as you so ably 
point out that they should do) with much greater ease ; 
for the bubbles rising from the plate end of each tube 
lower than the one above it would all have a more direct 
and unimpeded course upwards (near the tubeplate where 
the heat impinges). 

Perhaps, after all, the ‘‘ water-tube” will be the marine 
boiler of the future. What do your readers think? If 
boilers must be kept as they are, let it be all forced 
draught, or none. In a warship, a few hours of one, and 
a few months of the other, with the same boiler, will fail on 
emergency ; and the boilers are the very life of the ship. 

Your obedient and obliged servant, 
Ropert McGuasson, 
Selhurst, 5. E., February 28, 1893. 


To THE EprIToR or ENGINEERING. 

Srr,—I read with much interest your able résumé of the 
letters that have recently appeared in ENGINEERING in 
connection with marine boilers, 

I was particularly struck with Mr. F. C. Marshall’s 
experience in connection with the arrangement of tubes, 
but on thinking over the matter, in connection with the 
circulation of the water, the arrangement in Fig. 2 seems 
to be the better one, as I will now proceed to show. 

With regard to the actual path followed by the mixed 
water and steani, it is of course impossible to dogmatise, 
but as the mixture must have a considerable velocity in 
the region of the tubeplate, it is safe to say that the 
momentum of the steam has as much todo with deter- 
mining the path followed as the tendency of the steam 
bubbles to rise upwards. 

Figs. 1 and 2 are a reproduction of those given in the 
leading article of your last issue. The dotted lines show 
with more or less approximation the stream lines. An 
examination of these certainly seems to be in favour of 
the vertical plan (Fig. 2). As the stream ‘‘ washes” over 


e : \ 


nearly the whole of the top of the tubes, and as the ten- 
dency of the steam is to keep at the top, the probability 
is that the water in contact with the tops of the tubes is 
fairly solid. The stream lines, as shown in Fig. 1, are 
perhaps more unfavourable than is actually the case, but 
certainly the tendency of the streams B, B is to keep away 
from C, and even if we take the stream lines as shown 
by the thick dotted lines at A, it is evident that this is a 
much more forced circulation than that shown in Fig. 2. 

I have not said anything about the tnbeplate, but it is 
evident that if the circulation is better for the tubes, it is 
better for the tubeplate. As regards Mr, Yarrow’s con- 
tention about wounding the tubeplate, it surely cannot 
affect its strength if the direction of the long way of 
lozenge is altered without altering the pitch of the tubes. 
Apologising for trespassing so much on your space, 

I am, Sir, yours faithfully, 
: Robert Dumas, 
Barrow-in-Furness, February 27, 1893, : 
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BRITISH TRADE IN INDIA. 
To THE Epiror oF ENGINEERING. 

Si1r,—One reads now-a-days a great deal about the 
decadence of British enterprise, trade depression, and the 
collapse and possible extinction of our commercial supre- 
macy. Of course in all this there is a great deal of 
exaggeration, but it has more than once seemed to me 
that the British manufacturer does not avail himself 
sufficiently of the opportunities that India affords for 
pushing his wares. Cheap, simple, substantial labour- 
saving machines, not in the hands of zamindars, but 
worked by a syndicate, would, if introduced in Upper 
India, prove a profitable investment. 

Not many years ago, two Englishmen, Messrs. Mylne 
and Thomson, introduced a cheap efficient sugar mill; any 
one with half an eye saw what its potentialities were. 
Government ordered it to be tried. To an unprejudiced 
observer its superiority was placed beyond all doubt in 
ten minutes’ working. The rude, clumsy, heavy native 
machine, demanding a maximum of motive power and 
giving out a minimum of useful effect, was nowhere along- 
side the ‘‘ Behea” mill—a neat, handy, powerful imple- 
ment. 

Mylne and Thomson’s machine could be worked by 
four bullocks (for a whole day’s work). The native mill 
was almost useless under anything short of 12 bullocks. 

Mylne and Thomson’s mill gave about 65.68 lb. juice 
per 1001b. of crushed cane. The native mill never gave 
more than 50 per cent., and, what wasa point by no means 
unimportant, the juice expressed by the Bshea had a 
higher density (varying from 1.5 deg. to 2.0deg. Beaumé) 
than the juice turned out from the native mill. 

The ordinary country machine has been discarded, and 
in the sugar-producing districts of the Punjab, Pardas- 
pur, Hoshiaspur, Amritsar, Lahore, Jallandhar, and 
Ambal'a, the Behea, and its imitations, are now to be 
seen by thousands. Native capitalists are manufacturing 
these implements in increased numbers yearly, and lease 
them out at a fixed rate per mensem to all sugar growers. 

I merely quote this as an instance of what can be 
effected by a little enterprise and inventive skill. q 

Some few years ago, in addition to my duties as engi- 
neer in charge of roads, bridges, buildings, &c., I had to 
run an experimental farm. Turning to some notes and 
reports I drew up, I find the results of some carefully- 
conducted experiments, showing the cost of threshing 
and cleaning wheat, The figures are: 


Ta. Ds 
One pair of bullocks for two days LOMO 
Wages of one man for two days 05 0 
33 two men for one day ... (Oy toy 
ip one woman for one day OL 5G 
Total Delian 

Out-turn, Maunds 
‘*Bhusa”’ (chopped and bruised straw 7.0 
Wheat screened and dressed ... ee 4,9 


or, in other words, it cost 9.6 rupees to thresh and prepare 
for the market 1ton of grain. I may also add that this 
experiment was carried out under favourable circum- 

stances, a fair wind was blowing steadily all the time ; had 
the wind died down we should have had to wait again 
until Alolus came to our assistance. In the meantime the 
grain would have had to remain outside mixed up with 
the ‘‘ Bhusa”’ and chaff at the mercy of the elements. 
I will not go into British currency, but give my figures 
in the vanishing rupee. 

If I had had a steam engine and threshing machine I 
could have turned out in one working day of 10 hours (our 
agriculturalists out here work hard during the harvest) 
with an engine of 10 horse-power about 520 bushels, or 13.9 
tons of wheat, a day’s working expenses being: 


Ty a. ps 

One engine man at 30 rupees per 
mensem .., es bs3 ay fe ak Oy 
One fireman at 15 rupees per mensem.,. 0 5 0 

Wood fuel, say 20 cwt., at 5 rupees per 
ton ... aa ae ee LF mo) 0 0 
Oil grease and waste es 0 
Water (one water carrier) _ 0420 
Coolies, at 2.5 each, six men, say On. 0) 
9 4 0 


which means something like 11 annas per ton. By the 
ordinary process of using bullocks the cost would have 
been 133 rupees, to say nothing of loss by insects, an 
occasional dust storm, or shower of rain. Apart from 
this the process is a filthy one, the droppings of the 
animals must, though removed at once, cause a certain 
deterioration of the grain. 

Tn this part of India the wheat harvest generally begins 
about April 15, and owing to the tedious barbarous 
methods of extracting the grain the wheat is not, as a 
rule, garnered and stored much before June 1. Dust storms 
and thunderstorms, with rain causing serious damage, are 
of frequent occurrence in the meantime. On an average 
the zamindar in this part of the Punjab gets his harvest 
in about one month before the monsoon sets in. From 
middle of April to end of May labour and carriage are 
not available at anything like ordinary rates, owing to 
high wages paid for harvest labour. 

do not suppose from my knowledge of the native that 
any zamindar would purchase a threshing machine, and 
the engine required to work it, but any cultivator with 
his few acres of wheat would gladly avail himself of the 
use of these machines, paying, either in kind orin money, 
for the privilege of having his whole crop threshed for 
him, say in three or four hours, instead of aving to wait 
perhaps as many weeks before he can call his crop his 


own, incurring numerous risks from rain, wind, dust- 
storms, and, it may be, fire in the meantime. 

Of course, in introducing machines of this nature the 
peculiarities of the agriculturist would have to be studied, 
otherwise he would adhere to the practices of his fore- 
fathers. 'The machine would have to be designed so as to 
completely bruise and reduce to the smallest possible 
dimensions every single stalk of straw. This chopped and 
broken straw is called ‘‘ Bhusa,” and constitutes the bulk 
of the fodder consumed by the farm animals throughout 
the year. The bulk of the wheat exported from India 
comes from the north-western portions of the empire, and 
the trade from the wheat-producing centres to Bombay 
and Karrachi is scarcely greater, if as much, as in the case 
of American wheat carried by rail to the Atlantic ports. 

The actual cost of production is, I should imagine, 
lower than in the States. What raises the price is the 
cumbrous and expensive methods of converting the raw 
article into a marketable commodity. If British enter- 
prise could eliminate this negative quantity, Indian wheat 
could compete on more favourable terms than at present 
with the American and Russian staple. ee 

Another branch of industry into which British enter- 
prise might enter, even in Northern India, is the rice 
trade. In the Punjab the sub-colline districts—Hoshias- 
pur, Pardaspur, and Sialkot—grow rice of an excellent 
quality to a great extent, whilst Kangra, almost along- 
side of the tea gardens, has an export trade in this grain 
of many thousands of tons. 

The cost of husking a ton of rice averages 6.55 rupees 
by manual labour, what it would be by machinery I do 
nob know. An engine of 25 horse-power will, I am in- 
formed, turn out about 12 tons of clean rice in a working 
day of eight hours. In the Kangra district, direct under 
the snowy ranges, and in the centre of the rice-growing 
track, there are scores of perennial streams with untold 
water-power running to waste. Such localities afford 
unusual facilities for erecting and working rice machinery 
under very favourable terms. 

Native capitalists alone are not likely at present to 
invest in such enterprises, but with English assistance 
and skill forthcoming, I think there are many keen busi- 
ness men among the native community who would gladly 
take up scrip in such a concern. 

One or two recent failures in Upper India, more or Jess 
pronounced, and due to absence of experienced manage- 
ment in both cases, have led the native investor to look 
somewhat askance at such undertakings, but that there 
is room for enterprise on the lines I have indicated no one, 
with any knowledge of the country and its requirements, 
will deny. 

I have the honour to be, Sir, 
Your most avodiont ey 


Punjab, January, 1893. Q. R. 


THE DEVELOPMENT AND TRANSMISSION 
OF POWER FROM CENTRAL STATIONS. 
To THe Eprror or ENGINEERING. 

Srr,—Trusting that you do not object to a discussion 
in your columns of these excellent lectures by Professor 
Unwin which you have published lately, I venture to 
make a few remarks on the subject of power distribution 
by means of compressed air, wherein I have had consider- 
able practical experience. 

Stage Compressors.—As far back as 1829 a patent was 
taken out for these by William Mann, of Brixton, He 
gives correct rules and tables for finding the relative sizes 
of the compressing cylinders for as many as six stages, 
He does not, however, make any provision for cooling the 
air, though he describes intermediate receivers between 
the cylinders. In 1858, an American, Mr. W. Atwood 
Royce, of Newburgh, New York, patented a stage com- 
pressor with very elaborate cooling arrangements, consist- 
ing of coils of copper pipe round the compressing cylin- 
ders, and coils for cooling the air on its passage from one 
cylinder to the next ; he also claims the distribution of 
compressed air to factories in towns and villages from a 
central compressing station. 

Discharge of Air from Compressors.—I have tested a 
large number of compressors without water injection, by 
observing the rise of pressure on a standard pressure gauge 
while forcing air into a large receiver, and at the same 
time noting the revolutions made by the compressor by 
means of acounter. The receiver had in all cases a suffi- 
ciently large surface to cool the air down to the tempera- 
ture of the engine-room, and there was practically 
no leakage from the receiver. I find that well-constructed 
dry compressors are able to give far better results than is 
commonly believed, especially if the air to be compressed 
is taken from a cool place outside the building. tested 
one of the Thom’s patent compressors a few days ago, 
which, while the air pressure rose from 15 1b. ta 201b, 
gave over 99 per cent. of the volume described by the 
piston in free air forced into the receiver. The compressor 
had two cylinders 15 in. in diameter, 24 in. stroke, and 
made 75 revolutions per minute. The difference in 
temperature between the outside and the compressed air 
was about 20 deg. Fahr. 

Compressed Air Works in Birmingham.—I take a very 
special interest in these works, as I was the primary 
cause of their erection. The preliminary report published 
by Spon in 1883 was based entirely on my figures and 
calculations. I venture to say that the fate of the works 
would have been different if this report had been followed 
more Closely, but it was deviated from in almost every 
particular by the engineers who subsequently carried out 
the work. I believe that Professor Unwin is misinformed 
when he calls the construction of the air mains the most 
serious engineering mistake. This form of main was 
adopted at the recommendation of Sir Frederick Bram- 
well, and I understand that he had used this form of 
main for very high pressures with good results. The 


mistake was that the pipes were subjected to a constant 
and extreme variation in temperature. They were laid 
in shallow concrete troughs, covered only by a stone slab, 
and they, therefore, assumed the temperature of the 
atmosphere as soon as the compressing engine stopped at 
night, and every morning they were heated to 220 deg. 
Fahr. for a long’ distance by the compressed air which 
was discharged into them without being cooled first. The 
daily expansion and contraction of the pipes would, 
therefore, often amount to close upon in. for each 14-ft. 
pipe. I do not believe that indiarubber joints would 
stand the constant friction caused by this continuous 
movement of the pipes any better than lead joints. I 
have had considerable experience with lead joints when 
the pipes have been well buried in the ground, and when 
the air has been properly cooled before entering the pipes, 
and have found that the lead joints have answered 
remarkably well under these circumstances. ; 
Velocity of Air through the Valve Apertures,—I inclose 
a copy of an air compressor diagram taken with a Crosby 


N°I."Shone" Compressor. Cylinder I5"diam 24" Stroke. 
Revolutions 75 per Min. Valve area /4-1 egw neg 
Lift of Valve 34)". Receiver pressure 18% (6§ per sq.inch. 


Barometer 29 9. 


184 lbs 


above Atm 


Seale 1°40 i$ 

Atm Line 

N22 “Atkinson” Compressor Cylinder 14" diam 1444" Stroke 
Revolutions 1/4 per Min: Lift of Valves 4," (single acting, 


14-0 lbs 
outs above Atm. 


Scale /"=25 (6% 


Atm 


1494 Receiver pressure 14 16§ per sg: inch. 


indicator from the air compressor mentioned above. The 
indicator gear was a carefully-designed pantograph 
motion. The diagrams from opposite ends of the cylin- 
ders cover one another perfectly when put back to back 
and held against the light, and they may therefore be 
considered quite correct. The velocity of the air through 
the valve apertures, at the time this diagram was taken, 
was 64 ft. per second. The delivery line shows a slight 
“dancing” of the delivery valves, but otherwise the 
diagram is perfect, and proves that this velocity is not 
excessive. Diagram No, 2 is from an Atkinson air com- 
pressor, and in this case the air velocity is 100 ft. per 
second, showing that even this velocity does not cause 
any excessive friction beyond what is necessary for lifting 
the valves. The inlet valve in Diagram No. 1 has a posi- 
tive movement ; the other valves in both diagrams are 
automatic, 

Professor Reidler’s Valves.—While fully admitting that 
these valves work well and give good results, I am of the 
opinion that indiarubber flaps are not sufficiently durable 
and reliable to be used in air-compressors for power dis- 
tribution on a large scale. Such valves have not proved 
a success in ordinary air pumps where they are immersed 
in water, and where the pressure and temperature are 
comparatively low, and there is no reason to believe that 
they will do nearly so well for air compressors. Nor do 
I see that there is any necessity for using such valves, as 
it is quite possible to get a sufficiently quick opening 
and closing by means of ordinary slide valves worked by 
eccentrics, and stil] to keep the clearance spaces within 
2 or 3 per cent. of the cylinder volume. 

I trust Professor Unwin’s valuable lectures will draw 
public attention to the importance of compressed air as a 
medium for transmitting power, and that London and 
other large English towns may not remain behind Paris 
and second-class German and Swiss towns in having 
efficient systems for cheap and convenient power trans- 
mission. 

Yours truly, 
ALFRED HANSSEN, 

East Dulwich, February 21, 1893, 


To THE Epiror oF ENGINEERING. a 

Str,—In reference to your report of Professor Unwin’s 
lecture it may be interesting to mention that in an engine 
(of which an account has not yet been published) I have 
lately used velocities three times those used in former 
engines, which I may mention were already three times 
those ever used before in machines on this principle, 

The engine of which you published an account in 1889 
has now been running for three years, and recent reports 
received about it entirely confirm the reports previously 
published. 

The efficiency of this engine is very high, and the more 
recent engine I have referred to shows that the velocities 
used can be increased without any difficulty, and the 
efficiency of the engine even be increased in large sizes. 

Yours truly, 
H. D. Prarsatn. 

16, Willow-road, Hampstead, London, N.W., 

February 21, 1893. 


NewcasTLeE Coat in SwepEN.—The administration of 
the Swedish State Railways has contracted for the supply 
of 100,000 tons of Newcastle engine coal at 12s. 6d. per 
ton delivered at a Swedish port. These terms are pseathed 
as unusually low, 
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THE NAVY ESTIMATES. 

THE publication of the Navy Estimates for the 
naval year now close upon us, opens up an important 
era in the organisation and government of our first 
line of national defence. Unhappily our political 
system prevents such a question of first imperial 
importance being adequately considered and legis- 
lated upon. Somehow the Navy has become a very 
unimportant pin in the game of skittles played at 
Westminster under the name of legislation. The 
First Lord of the Admiralty is, politically, but a 
back-corner item, so that if he tumble down he 
pulls no one to earth with him. By a happy 
chance, many of the men who have been appointed 
on promotion to this politically inferior position, 
have turned out parliamentary successes, and the 
office has been somewhat exalted by the individual. 
Mr. Goschen, the late Mr. W. H. Smith, who went 
a comparatively unknown man to the Admiralty, 
and Lord George Hamilton, who has made his re- 
putation entirely by his liberal and sagacious policy 
during his long tenure of office at Whitehall, may 
be taken as instances. The present First Lord can- 
not come within this category, as his name is 
far too well known already for it to acquire 
additional publicity by any procedure he may 
adopt in the government of the Navy. His 
appointment to the office can, according to the 
existing standard, hardly be accounted promotion 
for one who has served his chief so well and risked 
so much as Lord Spencer. The standard is false, 
it is true, for the proper administration of the 
Navy is one of the highest services a statesman 
can render to this country, and, as none but the 
most able men should be chosen for its fulfilment, 
so the position should be one of greatest honour. 
At present it is a trial ground for testing coming 
politicians, or a Cabinet refuge for those who cannot 

uite be put upon the shelf, but who are not of 
the calibre of the front rank, whatever the re- 


quirements may be for that distinction. Men of 
Lord Spencer’s stamp, however, have never been 
asked in vain to sink personal considerations—which 
they find easier to do as they so much lack petty 
vanity—and accept such positions as may be allotted 
to them with greatest benefit to the country. 

However, these things will continue so long as 
the berth remains a pawn in the political game, and 
the country must run itsrisk. For the present the 
time is important from the fact that we are now so 
fast approaching the completion of the period over 
which the Naval Defence Act of 1889 extends. We 
ignore party considerations here as far as possible, 
trying to forget such terms as Conservative or 
Liberal, Whig or Tory—a plague on both their houses 
so far as the Navy is concerned !—but we cannot be 
oblivious to the fact that those who are now, as it 
were, Lord Spencer’s superior officers opposed that 
Act very strenuously. It becomes a matter of 
interest, therefore, to see how far the ‘‘ wet 
sponge” may be used, and a most valuable, and 
indeed necessary, piece of legislation may be re- 
newed. Of that we do not get a clue in Lord 
Spencer’s ‘‘statement”’ which has just been 
issued ; but there is yet another set of estimates 
to be voted upon and discussed before the 1889 Act 
will have expired. 

Turning to the programme of the coming year, we 
find nothing startling either one way or the other. 
The total amount of the estimates is almost the 
exact figures of those of last year, the difference 
is but 1001. less; the total for 1893-4 being 
14,240,100/. The proposals of the late Board with 
regard to a more efficient manning of the Navy are 
being taken up by Lord Spencer. The subject 
is one outside those things in which our readers are 
more especially interested —excepting so far 
as the status of engineer officers and artificers 
is concerned—but it is one of such funda- 
mental importance that no one can fail to give 
it consideration. The great feat of Lord George 
Hamilton was the reconstruction of the fleet— 
a task which he was enabled to all but com- 
plete in actual fact, as he did in effect. There 
was every indication that had he remained at the 
Admiralty he would have seen our Navy not only 
efficient in matériel, but in personnel also. How- 
ever, Lord Spencer has given earnest that he 
intends to follow up this part of the work ; it is to 
be hoped he will not neglect the other branch of 
efficiency in its pursuit. 

During the Admiralty year, which commences on 
the Ist of April next, it is proposed to lay down in 
the dockyards two first-class battle-ships, three 
second-class cruisers, and two sloops. To this list 
must be added two first-class cruisers to be built by 
contract, and 14 torpedo-boat destroyers of an im- 
proved type. The engines and boilers for the dock- 
yard-built cruisers and sloops are to be constructed 
in the dockyards. We think there will be few to 
dissent from the view that the programme of 
contract work is unsatisfactory in the extreme. 
At the present time there is prospect of a 
period of slackness intervening in the ship- 
building and marine engineering trades. It is, 
we know, a popular thing for naval administrators 
to say, ‘‘ We have nothing to do with the pro- 
sperity of the shipbuilding trade ; it is our business 
to provide for the efficiency of the Navy.” The 
latter half of the statement may be accepted in 
its fullest integrity, but it is incompatible with the 
former part of the proposition. The efticiency of 
the Navy cannot exist apart from the prosperity of 
our shipbuilding industry. There is no fact more 
firmly established than that when our mercantile 
navy dwindles our military navy will also decay. The 
latter is founded on the former, and without both 
England would repeat the history of many ancient 
States that were great and have become small. 
Nevertheless, one cannot expect the First Lord of 
the Admiralty always to step in to level down the 
inequalities in shipbuilding output caused by the 
fluctuations of trade and the devious ways of the 
speculative shipowner. Still there is a direct 
appeal to self-interest in ordering warships when 
merchant vessels are not in request—namely, that 
the contracts may be placed very advantageously 
as regards price. The Admiralty is in such 
bad odour with shipbuilders just now, that 
were there much work of another nature to be 
obtained, it is doubtful whether Lord Spencer would 
be able to place his orders at all with high-class 
firms without considerable modifications of the old 
form of contract. But the proverb tells us ‘‘ beggars 
must not be choosers,” and when an owner or 
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managing director has heavy establishment ex- 
penses going on, he is glad to pocket affronts, and 
take any sort of order to keep his men together 
against better times. It is for these reasons that it 
would have been wise to have made tke contract- 
built programme much heavier than two ships, 
even if they are to be big ones. 

In the present programme, however, it is not 
only the shipbuilders that have been left out in the 
cold ; the engineers are even worse treated. For 
many years the propelling engines of Her Majesty’s 
vessels were never made in the dockyards, the 
Royal engine factories being supported entirely 
by repairs. There were many excellent reasons 
for this course, and these reasons are as potent as 
ever, although the policy appears in the course 
of being reversed. The change began with 
the manufacture at Devonport of the engines 
for some small vessels. Some people, wise, it 
appears, in their generation, thought it the thin 
end of the wedge, but it was explained at the 
time that this course was only adopted in order to 
find the dockyard hands in work, and we were told 
the instance was by no means to be taken as a pre- 
cedent. There are, however, now over a dozen 
ships the engines of which have been constructed 
in the dockyards; and this list is to be increased by 
five more vessels in this year’s programme. Pre- 
cedent or not, there appears likely to be but little 
thin end to this wedge. ‘The practice is unwise for 
many reasons. Firstly, the Admiralty has, under 
the new—or perhaps we skould say the old—system, 
the whole engineering talent of the country to 
draw upon. It is improbable that a few salaried— 
and very low-salaried—ofiicials in the public service 
should show the same enterprise and fertility in 
design which those will possess who have the spur of 
self-interest and competition to urge them on. Sup- 
posing we take this to be true—and we think it will be 
acknowledged that experience bears the statement 
out—there would be a strong argument against Ad- 
miralty designs for engines, but the private designers 
outnumber the Admiralty men twenty to one, so that 
with equality in other respects the Government 
officials would have the law of averages against them. 
There is, however, a stronger argument than even 
this. The country, in its wisdom, pays its profes- 
sional officers so inadequate a salary that the best 
men get out of the service, and are snapped up by 
the contractors almost as soon as they arrive at posi- 
tions of importance and have a chance of showing 
their ability. The Engineer-in-Chief to the Royal 
Navy receives but 13001. a year. The next in rank 
in the engineering branch of the great British Navy 
receives a Salary of 738/. per annum. After this 
we come to two engineer inspectors, who batten on 
the princely income of 4007. to 500/. a year, and so 
on down to an assistant engineer with the stipend 
of 240]. per annum, there being but 13 of these 
gentlemen all told in the engineering branch, includ- 
ing the chief. It would be going too far out of our 
way to compare these figures with those corre- 
sponding to them in other departments, but it may 
be stated that in the Secretary’s department we find 
the permanent Secretary receiving 20001. a year, his 
assistant and principal clerk 1200/., about a dozen 
other clerks 7001. to a 1000/. each, besides the 
mere ‘‘clerks ” and ‘‘ clerks of the second division,” 
with salaries of 350/. to 6001. respectively. To 
compare the salaries paid to our Admiralty engi- 
neers with those who hold similar positions in 
private establishments will show how hopeless it 
is to expect to get good men as designers, for it 
will be easily understood that the Engineer-in-Chief 
and those in the higher positions have other things 
to do besides plotting arrangements of machinery. 
It is said, however, that this is not of consequence; 
the Admiralty engineers, or draughtsmen, have, at 
least, the talent necessary for tracing, and the de- 
partment could always command any number of de- 
signs by asking for tenders. Sucha policy, however, 
would be fraught with danger to the service, and 
the fear that designs submitted for tendering might 
be more or less appropriated by the department 
causes builders to hesitate before competing. 

It would be most desirable for the department to 
dissipate this suspicion by giving guarantees that 
designs sent in will be always treated strictly in 
confidence, and made no use of unless the tender is 
accepted. If this is not done, engineering firms 
will be more than ever, reluctant to spend large 
sums in the preparation of designs which—rightly 
or wrongly—they fear, might be adapted to their 
own detriment. All that is wanted to remove 
these doubts is a suitable undertaking by the de- 


partment that the interest of makers shall be pro- 
perly safeguarded. 

To return, however, to Lord Spencer’s proposals. 
We find that the two new battle-ships are to be of 
the type of the Royal Sovereign, ‘‘with certain im- 
provements.” There will be four 12-in. breech- 
loading new type guns, ‘‘mounted in a manner 
that will give substantial advantages over any pre- 
vious mountings.”” That mounting will be looked 
forward to with great interest, for there is doubt- 
less much required in the method of mounting of 
heavy guns, although many of the details connected 
with them are very beautifully carried out. In 
secondary armament these two ships will be 
superior to that of all existing battle-ships in both 
power and protection. That is promising a good 
deal, and as secondary armament has advanced 
enormously within the last two or three years, 
we can easily credit the statement, knowing 
something of the work that has been done 
in this direction of late. The second-class 
cruisers are to be improvements on the Astrea 
class. They are to be more powerfully armed 
than the latter class of vessel, and, in addi- 
tion, are to be better protected, and are to 
possess large coal endurance. This is all very 
pleasant, but these descriptions always read so 
well in the statement. The two sloops are to be 
improvements on the gunboats of the Goldfinch 
class, on which, we are told, favourable reports 
have been received. These sloops are much 
wanted to take the place of older vessels on foreign 
stations. 

The two cruisers to be let out to contract are not 
described further than to say they are ‘‘ to embody 
the results of experience gained with our existing 
cruisers, particularly of the Blake and Edgar class.” 
We are, however, assured by the statement that 
‘‘in speed, coal supply, armament, and defence 
they are to surpass any cruisers built or building.” 

The Renown, which is the new battle-ship lately 
commenced at Pembroke under the directions of 
the late Board, is briefly referred to in Lord 
Spencer’s statement. She is described as an 
improved Centurion. Her length is to be 380 ft., 
and extreme breadth 72 ft. The displacement will 
be 12,350 tons. With natural draught on the eight 
hours’ contractors’ trial, a mean speed of 17 knots 
is anticipated. With moderate forced draught a 
maximum speed of about 18 knots will be reached. 
This vessel’s armament will consist principally of four 
10-in. breechloading guns carried in two barbettes, 
and mounted similarly to those of the Centurion— 
that is to say, in barbettes. Her secondary arma- 
ment is described as ‘‘ extremely powerful,” includ- 
ing ten 6-in. quick-firing guns. In the protection 
of the secondary armament the arrangements of the 
Renown are more eflicient than those in any pre- 
ceding battle-ship. The armament of submerged 
torpedoes will also be more extensive than in 
any other battle-ship. The barbette armour 
will be somewhat thicker than that in the Cen- 
turion. The hull armour will be arranged on an 
entirely different principle from that which has 
been adopted in the Centurion, and associated with 
a different arrangement of the protective deck. 
This point has received the most careful attention ; 
and it is considered by the authorities that the dis- 
position and thickness of hull armour adopted, 
together with the improved qualities of armour now 
obtainable, will make the ship well adapted for 
close action. Like the Centurion and the Barfleur, 
the Renown will be wood-sheathed and coppered, 
and will be capable of passing through the Suez 
Canal. 

The 14 torpedo vessels which are proposed will 
not be ordered just yet. The estimates of the 
present year included a provision for 10 first-class 
torpedo-boats, .and it was proposed to spend upon 
them only 20,000/. A larger scheme, we are now 
told, had been previously under consideration, 
the carrying out of which was dependent upon 
financial considerations. Early in the financial 
year the Admiralty decided, with the concurrence 
of the Treasury, to begin the construction of these 
vessels, and to accelerate the progress of the first- 
class boats. Orders for the latter were therefore 
given to certain private firms, and these boats are 
now fairly forward owing to the exceptional activity 
with which the contractors have taken up the work. 
In speed and power of keeping the sea they will be 
superior to all their predecessors—at least, so we 
are informed by the statement, which evidently pre- 
tends to some prescience in these matters. 

In addition to the first-class boats, six torpedo- 


boat destroyers of new type have been ordered with 
a guaranteed speed of 27 knots per hour. The 
orders have been placed with three private firms of 
high reputation, and it is anticipated that in speed, 
armament, and sea-going capability these vessels 
will be superior to any yet built. It is proposed to 
complete and try the first examples of the new 
type next summer, and subsequently to order 14 
other vessels of the class from private firms during 
1893-4. 

With regard to reconstruction and repairs, we 
are told that the Téméraire, Ajax, Bellerophon, 
Osborne, Kingfisher, and Bramble will be com- 
pleted in 1892-93 at the home yards; the repair 
of the Agincourt and Northumberland has been 
commenced. The reconstruction of the Rupert 
and Hercules will be completed in 1892-93, and 
that of the Devastation in 1893-94. The Monarch 
will be well advanced in 1893-94, so as to admit of 
her completion early in 1894-95. The Sultan has 
also been taken in hand during the present year, 
and will be completed in 1894-95. The bringing 
of these antiquated but perfectly sound vessels into 
line again. is one of the best steps taken of late at 
the Admiralty. There is, we believe, a saying 
that if one keeps anything for 21 years a use is 
sure to arise for it during that period. The law 
seems to apply to war vessels, the changes in arma- 
ment bringing back to use types and arrangements 
that have become obsolete. 

In regard to ‘‘ Boilers and Machinery,” which 
supply a sub-head in the ‘‘statement,” there isa 
more jubilant note than has been heard of late. 
This is, of course, due to the ‘‘ Chatham ferrule,’’ 
a simple device which has brought more peace of 
mind than many a grander and more elaborate 
mechanical invention. The statement notes with 
satisfaction that the failure of some double-ended 
boilers of the common combustion-chamber type 
has not led, as it was at one time thought likely, 
to the necessity of ordering new boilers, at a very 
heavy cost, for the Devastation, Thunderer, and 
Vulcan. Experiments, we are told, happily resulted 
in the discovery of the simple device of a capped 
ferrule, or short tube, placed inside the mouths 
of the boiler tubes, which enables the heat gene- 
rated to be more effectually distributed through 
the tubes, and so prevents local over - heating. 
The reference is, of course, made to the now 
well-known ferrule which was evolved at Chat- 
ham, and was, as stated in the report, first 
fitted to the ill-fated Barracouta. The result, as 
we have already stated, was that the full power 
was realised, the statement being made that they 
could not make the tubes leak if they tried. From 
an Admiralty point of view the ferrule has been a 
stupendous success. It has bridged a difficulty 
which was of a very serious nature. That it does 
not satisfy orthodox—perhaps ‘‘ old-fashioned ”— 
engineers is doubtless a small matter, because the 
ships can now run their trials, and what more 
can be asked? The ferrules, we are told, were 
also ‘‘ fitted to the Thunderer, which vessel, after 
going through her natural and forced draught trials 
most satisfactorily, steamed to Madeira and back 
at about four-fifths natural draught power. The 
boilers of the Devastation and Vulcan and all 
boilers of this type are being so fitted. These 
ferrules may be found useful also in the case of 
boilers of other types, as it is expected that they 
will prove a valuable adjunct in preventing the 
leakage of tubes resulting from the accidental or 
other accumulation of grease or other deposit on 
the heating surfaces of the boilers.” 

Reference is made also under the same heading 
to the steps that have been taken to introduce 
experimentally a water-tube boiler into the Navy. 
It isa matter in which this country is a long way 
behind ; but something—a little—at Jast is being 
done. Messrs. Thornycroft and Co. are building 
the Speedy, a torpedo gunboat, which is to haye 
the Thornycroft boiler. This will be an example 
on a fairly big scale. Messrs. Yarrow and Co. are 
also introducing water-tube boilers in some of the 
craft they are constructing, so that the torpedo- 
boat builders, as is usual, are initiating another 
new departure in marine practice. Messrs. Laird 
have also included water-tube boilers in their con- 
tract with the Admiralty, but they have gone 
abroad for their design. We think that British 
engineers, as a rule, have not very full information 
on what has been done abroad in this branch of 
engineering. Some of the big French ocean- 
going ships have introduced the system, apparently 
with good results, certainly in the matter of speed. 
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If report speak true, a certain big English line finds 
it has been rather ‘‘left” by the French ships 
which have had the tubulous boiler placed in them. 
With regard to this question the First Lord’s state- 
ment contains the following passage : 

‘*Various types of tubulous boilers have been adopted 
abroad during the last few years, and the Admiralty have 
received some interesting reports upon the practical work- 
ing of these boilers as used in large steamers of the mer- 
chant service. Boilers of English and foreign make are 
being fitted in two torpedo gunboats in order to test the 
relative efliciency of the two types.” 

Another matter of interest to boilermakers is 
the reference made by the First Lord to the Boiler 
Committee which sat last year. Nothing is said 
about publishing the results of the inquiry for 
the benefit of engineers at large, and possibly we 
shall have to wait until the United States naval 
authorities give us information on this point, in 
some of their official publications, such as those 
of the ‘‘Information from Abroad” series. We 
hope, however, during the coming debate on the 
Estimates in the House, some hon. member will 
try to draw the Admiralty on this subject, and 
that he will be well supported. It is a discredit- 
able thing that the matter should be hushed up ; 
and, moreover, it is a foolish policy on the part 
of the Admiralty, for whether or not the inquiry 
elicited anything discreditable to the authorities 
who control these matters, the public is sure to 
think that there was something unfavourable, 
otherwise secrecy would not be so carefully insisted 
upon. For our own part we attribute the course 
taken to the old and mischievous policy of keeping 
everything dark, so as to stifle criticism. As we 
say, itis a foolish course. The following is the 
text of the First Lord’s statement : 

**In April last a technical committee, presided over by 
Admiral Buller, C.B., was appointed ‘ to consider exist- 
ing types and designs of propelling machinery and boilers 
for her Majesty’s ships, and to suggest improvements in 
future designs,’ and their report has recently been re- 
ceived. Their recommendations are now under considera- 
tion, but in the meantime it may be stated that their in- 
vestigations, which have covered all practicable ground, 
and have been of a most thorough character, have led to 
conclusions which it is satisfactory to find justify in all 
important respects the recent practice of the Admiralty 
in regard to propelling machinery.” 

The next thing dealt with is one that refers to a 
constructive matter. The statement speaks of the 
armour-plate experiments carried out during the 
past year, and puts the seal of official sanction on 
the success of the Harvey process of hardening the 
face of armour, although the system mentioned is 
only referred to as ‘‘a process originating from 
America.” Perhaps, however, we had better give 
the full text of the remarks on this head in order 
to prevent misconception. The statement is as 
follows : 


“During 1892-3 the experiments on armour have been 
continued, and satisfactory results have been obtained in 
the increased resistance of armour-plates. Improvements 
have been made both in the manufacture of compound 
(steel-faced iron) and steel armour-plates. In the case of 
the compound plates the improvements have followed on 
the lines previously described, which give a very hard 
face to the plate and consequently reduce penetration 
while shattering the tempered steel projectiles. Until 
recently similar results had not been obtained with steel 
plates in this country. One of the leading armour-plate 
manufacturers has, however, produced steel armour 
which has been treated in manufacture by a process 
originating in America, and which on trial has been 
found to combine in a most remarkable manner resist- 
ance to penetration with an almost total absence of 
ones 2 Steps have been taken to carry these experi- 
ments further, and the results may have an important 
influence on future construction.” 


In that part of the report headed ‘‘ Naval Ord- 
nance and Torpedoes,” the chief passage of interest 
is the statement that a 12-in. breechloading steel 
and wire gun of a new design, intended for the 
armament of the new battle-ships, is now under 
manufacture. It is said in the statement to be 
relatively, as regards weight, a much more powerful 
weapon than any previously constructed in this 
country. It will be provided with an hydraulic 
mounting capable of being worked entirely by hand 
power in case of accident or failure of any part of 
the mechanism, and with an all-round loading posi- 
tion, The ability to work by hand is, of course, 
a desirable feature, if it can be obtained with- 
out too great a sacrifice, but the demand for hand 
working may easily be pushed too far. It must be 
remembered that a man (still more a number of 
men) does not provide an indestructible motor for 
gun working. Promise is made of an approaching 


trial of the 4-in. quick-firing gun, a weapon which 
many naval men look on as preferable to the 4.7-in. 
quick-firer. Experiments are also to be made on a 
12-pounder quick-firing ship gun, and a shorter 
weapon of the same calibre for boat and field work ; 
the results given by the former are so promising 
that a number have already been ordered for the 
new torpedo-boat destroyers. 

Favourable mention is made of cordite, the new 
smokeless powder, which is, however, outgrowing 
its newness. The tests in different climates—the 
crucial point with explosives of this class—are said 
to be satisfactory. In regard to small arms, the 
Webley revolver has been accepted. The report 
says it ‘‘is recognised by both services to be the 
most efficient weapon of the kind.” The War 
Office has failed in the matter of the magazine rifle, 
so the proposed re-arming has had to be put off. 

Under the heading of ‘‘ New Works” there is 
nothing of special interest, beyond the construction 
of two new docks at Portsmouth and the dredging 
in the Medway. 

There are remarks on ‘‘ Mobilisation,” ‘‘ The 
Royal Marines,” and ‘‘The Royal Naval Reserve,” 
but these would lead us into quite another branch 
of naval controversy, into which we are not able to 
follow the statement. 

In this article we have not attempted to deal 
with the bulk of the Naval Estimates and details of 
votes, the parliamentary paper containing which was 
issued on Monday last. It will be time enough to 
take up this matter when the votes are brought 
forward in Committee of Supply. 


THE BRITISH MERCANTILE 
MARINE. 

A DIFFERENCE of opinion exists regarding the 
cause of the depression in the shipping trade, and the 
exceedingly low and unremunerative freights now 
offered in all parts of the world. ‘Theorists are 
slow, owing to the absence of reliable data, to 
accept the view of the shipowner that all is conse- 
quent on over-production, a view based on the large 
number of vessels lying idle in almost all ports, but 
official returns, lately prepared by Lloyd’s, seem to 
clearly prove the contention of the owners. ‘Ihe 
total number of vessels on the British register is 
nearly 12} million tons, an increase of about 25 per 
cent. on the total five or six years ago. When it is 
remembered that all other nations have been adding 
to their fleets, at a greater ratio than in previous 
years, by purchase and building, and that the pro- 
portion of foreign tonnage built in this country is 
increasingly great, it will be seen that if our foreign 
trade is increasing, we are doing less of the shipping 
of foreign nations. Besides, the carrying power of 
the tonnage is much greater. Over 70 per cent. is 
steam, and but a fourth sailing ships, and the 
steamers are very large, the average size being con- 
siderably over 1000 tons. In other words, while 
the tonnage of steamers is nearly three times that 
of ships, the number of vessels is in the ratio of 
8 to 13. The greater size of the vessels is brought 
out by the fact that, although the net increase in 
tonnage last year was 550,130 tons, the addition to 
the number of vessels was only one. The figures 
are interesting : 


7,960 steamers of 8,980,203 tons gross 


13,582 shipsof 3,228,558 55 
21,542 total ~=12,203,761 rs 
1 increase 550,130 4 


Last year the number of vessels added to the 
register was 872, and the tonnage 984,670 tons, of 
which 21,000 tons were purchased from foreigners, 
and the removals were equal to 434,500 tons, so 
that the net increase was 550,000 tons; but the 
balance-sheet shows that our sales to foreigners 
were 117,000 tons more than our purchases, so that, 
apart from the tonnage built for foreign owners, 
the actual increase from shipbuilding yards is 
670,000 tons. But the carrying efficiency of the 
Increase 1s enormously greater than is at first sight 
apparent, for 435,000 tons out of the 550,000 tons 
was steam. It is in considering the operations of 
the past six years that the significance of this grow- 
ing preference for steam tonnage is appreciated. 
There have been added to the register in that 
period nearly 4} million tons of steamers, whereas 
only 1.6 million tons have been removed, of which 
latter a large proportion have simply changed flags, 
and still compete with British-owned craft. Of 
sailing tonnage, on the other hand, 913,000 tons 
have been added, and 1,206,000 tons withdrawn, 
so that there are fewer sailing ships now on the 


British register than was the case six years ago. 
The sales of ships to foreigners exceeded by 380,000 
tons the purchases, and of steamers the excess was 
120,000 tons. These ships and steamers, it may be 
assumed, still compete with our vessels. The net 
result on the six years is that 2,395,139 tons have 
been added to the register, but the sailing tonnage 
added does not balance that withdrawn, so that the 
steam tonnage added is 2,688,000 tons. There has 
therefore been an addition of about half-a-million 
tons per annum during the past five years, for in 1887 
the additions only about equalled the withdrawals ; 
but the fact that the addition is entirely steam 
tonnage, ana that part of the old sailing tonnage is 
now superseded to the extent of 300,000 tons by 
steam tonnage, makes the actual increase in carry- 
ing efficiency considerably over a million tons 
per annum, on the basis of one steam ton being 
equal to three sail tons. It is improbable that the 
carrying trade of the world has increased at a suf- 
ficient rate to meet this addition to carrying efli- 
ciency, more especially as we are not now doing the 
same proportion of the carrying of some other 
nations as was the case six or ten years ago. Be- 
sides, as has been already pointed out, a consider- 
able proportion of the tonnage actually deducted 
from the British register has been sold to foreigners, 
and continues in competition with our vessels. In- 
deed, the tonnage sold to foreigners makes up 
549,000 tons of steamers and 428,000 sailing ships, 
in all nearly one million tons, while we only pur- 
chased 130,000 tons of steamers and 43,000 tons 
ships. Norway has been the principal purchaser, 
but the vessels bought by France and Germany, 
being steam craft of modern type, are perhaps of 
more consequence. 


THE WEATHER OF FEBRUARY, 1893. 
TuE climate of the British Islands, it has been 

said, consists of nine. months’ winter and three 
months’ bad weather. According to this ironical 
view, there are yet three months of winter to come, 
but by astronomical reckoning and poetical tem- 
perament— 

The winter’s past, the tempests fly, 

Soft gales breathe gently through the sky : 

The lark, sweet warbling on the wing, 

Salutes the gay return of spring ; 

The silver dews, the vernal showers, 

Call forth the blooming waste of flowers ; 

The joyous fields, the shady woods, 

Are clothed with green or swelled with buds. 
The poet, however, rather anticipates matters ; his 
ideas apply rather to April than March. Never- 
theless, all people recognise that 

The swift and golden fountain 
Of light again is flowing, 
And the infant Year leaps up 
With his visage fresh and glowing. 

‘«This murky clime of ours,” which Cowper said 
was fickle with sullen skies, and ‘‘ the year most 
part deformed with dripping rains, or withered by 
a frost,” is seldom wanting in a healthy amount of 
bright sunshine, which in the month of February 
begins to start into activity. He probably had a 
gloomy fit on when he wrote thus, and forgot how 
immensely favoured the climate is for the geo- 
graphical position. Toscold ahurricane is useless ; 
to be inappreciative of the Gulf Stream is un- 
grateful. The weather of the past month owed its 
mildness, wetness, and storminess to the prevalent 
south-westerly winds passing over the warm At- 
lantic water brought to these latitudes by the Gulf 
Stream. 

The daily general directions of the winds over 
these islands give a resultant from 8. W. by W., or 
from 8.W. by 8. when the estimated strength of 
the wind is taken into account, and W.S.W. 
according to the mean distribution of atmospherical 
pressure, which was uniformly below the normal, 
and hence agrees with the normal resultant. 
There was about a fifth more than the average rain- 
fall, and on a large number of days, except in the 
north ; but as the observations at Stornoway had 
to be used instead of those at Sumburgh Head for 
most of the month, the quantity there may be 
doubtful. The mean temperature slightly exceeded 
the normal value. 

The mean temperature at 8 a.m. for the entire 
area of these islands, at sea level, was 41.5 deg. on 
the Ist, 44.5 deg. on the 10th, 36 deg. on the 12th, 
46 deg. on the 18th, 32 deg. on the 25th, 37 deg. on 
the 28th, figures which show the principal fluctua- 
tions during the month. The highest temperature, 
60 deg., was reported at Loughborough on the 19th ; 
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the lowest, 9 deg., at Braemar on the 13th. At 
8 a.m. of the 5th the temperature at Roche’s Point 
was 49 deg., but at Cambridge only 28 deg. ; 6th, 
Valentia 50 deg., Cambridge 25 deg.; 18th, 
Valentia 48 deg., Nairn 20 deg. ; 26th, Hurst Castle 
44 deg., Wick 18 deg. The winds were comprised 
between N.W. and S. until the 21st; they then 
changed to N.E. light, becoming S.H. stormy on 
the 26th, and changing to N.W. on the 27th. The 
anemograph at Greenwich recorded an unusual 
number of strong winds, 9.7 lb. on the 1st, 10 lb. 
on the 2nd, 7.2lb. on the 8th, 9 1b. on the 9th, 
13 lb. on the 10th, and 9 1b. on the 14th. The 8th 
to the 11th was stormy ; lowest barometer, 28.7 in. 
north of Scotland. On the 14th, with a like low 
pressure north of Ireland, a wind system travelled 
north-eastward to Scotland, and then took a north- 
ward course to the Arctic region. Barometers in 
all parts of the kingdom were falling on the 20th, 
and next morning pressure was at or below 29 in. at 
all stations, 28.7 in. near Barnstaple. At 8 a.M., 
22nd, off the mouth of the Thames, pressure was 
28.8, and nearly uniformly low. On the 23rd pres- 
sure was almost the same, 29.5, at all stations. On 
the 24th it was still uniform, about 29.3. On the 
25th it was about 29.2, with small differences, and 
this was the coldest day. On the 26th lower pres- 
sure generally, 28.8 at Pembroke. On the 27th 
genecally low pressure, 28.8 in latitude 58 deg. N., 
longitude 0. On the 28th pressure had risen gene- 
rally. 

Thus the atmospheric pressure was diminished 
about an inch over the whole area of these islands 
below its normal amount for eight days. What 
became of one-thirtieth of the atmosphere of the 
British Islands? Something may be heard about it 
from Irkoutsk, judging by report from that remark- 
able place, which relates that from January 12 to 
to 16 of this year, barometers in Eastern Siberia 
stood above 31.5, and attained 31.8 in., reduced to 
sea level and corrected for normal gravity. The 
Russian official meteorologists are so given to pre- 
cision that they have lately introduced the pressure 
correction for gravity, probably with the result of 
slightly muddling their observers, and evidently 
without knowing what mischief they are causing in 
barometry. 

The mean pressure and temperature of the atmo- 
sphere at extreme positions to which the Isle of 
Man is central are tabulated below : 


. Mean A 
sas Mean Difference Difference 
Positions. | pressure. | from Normal. peels from Normal. 
in. in. deg. deg 

North 29.438 below 0.29 39 nil 
South 29.76 sw es 46 | above 2 
West 29.54 See ANN) 44 5 
East 29.64 Aa 26 39 nil 
Central 29.57 n3 30 42 above 1 


~ The distribution of rain in frequency and amount 
may be roughly inferred from the following results : 


Places. Rainy Days. Amount. psa ieee 
in. in. 
Sumburgh .. 23 2.03 less 1.16 
Scilly .. 96 25 3.50 more 0.79 
Valentia 24 6.14 meaeeTET9 
Yarmouth .. 19 2.29 x 0.4% 


More storms than usual having prevailed, the 
perplexing question of their intended course is 
again brought forward by the Shipping Gazette: 
‘*When a storm is known to be approaching our 
coasts, the present knowledge of meteorology will 
not admit of any definite forecast of the. path in 
which the disturbance will travel, but there isa 
decided tendency in our islands for storms to follow 
fora time on a similar path, and where once a 
storm cuts out for itself a track, there is a strongly 
marked tendency for subsequent gale systems to 
follow over the same locality. This rule, however, 
entirely fails at times, and it often happens that a 
storm system will follow a most erratic and unex- 
pected course across our islands.” 

The greatest atmospherical pressure, 30.45 in., 
occurred on the 5th. On the 14th, 1.16 in. of rain 
was measured at Valentia, 1.01 in. at Ardrossan ; 
on the 22nd, 1.35 in. at North Foreland ; on the 
27th, 1.03 in. at Shields. 

Aurora was seen in north Scotland on the 4th, 
15th, and 16th. The weather notations show clear 
days to have ranged between six in the east and two 
in the south ; overcast days between 17 in the east 
and 12 in the south district. 

During the four weeks ending the 25th, the dura- 


tion of bright sunshine, estimated in percentage of 
its possible amount, was, for the United Kingdom, 
22 ; Channel Isles, 29 ; Ireland, south-west England, 
and east Scotland, 24; south England, 23 ; north- 
east England, 22; east and central England, 21; 
west and north Scotland, 19; north-west Eng- 
land, 17. 

The mild, wet, unsettled weather of the middle 
of the month soddened the land overmuch for arable 
work and seeding. Farmers are anxious for a dry 
March. The metropolitan death-rate was about 19. 


THE DEVELOPMENT AND TRANSMIS- 
SION OF POWER FROM OENTRAL 
STATIONS. 

In commencing his sixthand last lecture onthe above 

subjectat the rooms of the Society of Arts on Friday, 

17th ult., Professor W. Cawthorne Unwin, F.R.S., 

said that he wished to correct an error he had fallen 

into with respect to the lowest scale of charges of the 

London Hydraulic Power Company. Their lowest 

charge, it appeared, was not 2s. per 1000 gallons, but 

1s. 6d., at which one effective horse-power per annum 
would cost about 35/., and he understood a good deal 
was supplied at this lower rate. Having made this 
correction, he would pass on to consider the ques- 
tion of distribution of energy by steam. Usually 
steam boilers were placed near the engines, but 
in special cases the steam had to be conveyed con- 
siderable distances, as in the case of underground 
pumps in mines, which were sometimes supplied 
with steam from boilers at bank. It would, per- 
haps, have hardly been thought very reasonable to 
use steam in this way for a general distribution in 
towns. It should, however, be remarked that 
steam could very conveniently be distributed for 
heating purposes, and its defects in other respects 
might be balanced by its advantages in this. 

Considerable success had attended the plan in 

America. Its introduction was due to Mr. Holley, 

who adopted it for warming large buildings from a 

central station. The steam before being finally 

discharged into the sewers was taken through a 

series of coils over which air entering the building 

for ventilation purposes was passed, and hence 
most of its heat was taken up before it escaped. 

As regarded the question of a general distribu- 
tion of steam for all purposes, Mr. Emery had 
carefully studied the subject, and concluded that it 
could be successfully done where the distance 

did not exceed half a mile. Stations had been 

built at New York to Mr. Emery’s designs ; the 

largest, which was the first put down, had boilers 
of 16,000 horse-power capacity, and another station 
had since been built to accommodate boilers of 

3000 horse-power, of which one-half was now at 

work. Some 54 miles of main were supplied from 

the down-town station, and about 2} miles from 
the up-town one. The steam mains were 16 in., 

15 in., 18 in., and 11 in. in diameter, and the 

return mains for the condensed water 8 in., 6 in., 

and 4in. The steam was supplied for driving 
engines, working lifts, lighting plant, and general 
manufacturing plant. About 500 engines in all 
were supplied. The charge was based on the 
number of ‘‘kals” supplied, each ‘‘ kal” being about 
1110 thermal units, and about 30 kals going to the 
horse-powerhour. When used for heating, the charge 
was at first based on an estimate of the amount re- 
quired to properly warm the building, a plan 
which had proved not very satisfactory or equit- 
able. For power purposes the charge was similarly 
based on the nominal horse-power of the engines, 
which was also unsatisfactory. It appeared, how- 

ever, that the company had succeeded in finding a 

satisfactory steam meter, which worked on the 

Venturi principle, and gave a graphic record of 

the amount used. The charge at first was 50 cents 

per 1000 kals, equivalent to about #d. per indicated 
horse-power hour, but now a sliding scale had been 

adopted, and to large consumers the cost was 40 

cents per 1000 kals., whilst to small ones it was 

70 cents. These rates corresponded to from 12/. 10s. 

to 7. 10s. per indicated horse-power per annum, 

In the case of certain users who required 

power at night, the charges were still further 

reduced to about 5/1. 12s. per indicated horse- 
power per annum. The pipes were laid in brick 
trenches and were clothed with slag wool, and the 
top of the trench was covered with planking. 

Expansion joints were provided every 50 ft. These 

joints had been the principal difliculty in the 

working of the system. Mr. Holley used stufting- 
boxes, but these leaked and required too much 


plates. 
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attention. Ordinary flat diaphragms did not give 
expansion enough, and so Mr. Emery had designed 
a special joint in which a very thin corrugated 
diaphragm was used. This diaphragm was not 
strong enough to withstand the steam pressure 


unaided, and so it was supported by loose flat 
There were other difticulties of a practical 
kind, but as for these, it appeared that the loss of 
pressure was not serious, whilst the loss from leak- 
age and radiation could, it was believed, be reduced 
to a comparatively reasonable amount—viz., about 
5 per cent. of the carrying capacity of the pipe. 
From the facts he had brought forward in 
previous lectures, it appeared that the cost of the 
distribution was the important point. With steam 
it appeared that a 6-in. main would convey 260 
effective horse-power if the pressure was 45 lb., 
and 400 horse-power if it was 75 lb. per square 
inch. With an 18-in. main at 45 lb. pressure, 
2400 effective horse-power could be conveyed, and 
at 75 lb. pressure per square inch, 3500 effective 
horse-power. 

Another system of distribution of power from a 
central station was by means of gas. This was no 
new problem. In the United Kingdom alone 
60,000,000/. capital had been invested in gas works, 
and the coalused was about 11,000,000 tons per year, 
which furnished 98,000 millions of cubic feet of gas. 
At the ordinary price at which lighting gas was 
supplied, viz., from 2s. to 3s. per 1000 cubic feet, it 
appeared that, taking a gas engine to use 26.5 cubic 
feet of gas per horse- power hour in ordinary 
working conditions, the cost per effective horse- 
power per year would be from 8/. to 121. The price 
of gas as given above included a very large sum as 
the cost of the mains, which were required to 
supply an enormous number of small consumers. 
This large number of consumers also involved a 
correspondingly large number of connections and 
joints, thus leading to increased loss by leakage. 
Ifthe gas were supplied solely for manufacturing 
purposes, simpler mains would be needed, and 
there would be less leakage, The cost would then 
be very much less, even if gas of the same quality 
as used for lighting purposes was supplied. The 
cost of actually producing the gas was about 10d. 
per 1000 cubic feet, and if it was sold at 1s. 6d. per 
1000 cubic feet to cover interest, depreciation, &c., 
an effective horse-power per year would cost about 
6l. At Dessau an electric lighting plant was worked 
in connection with the gas works, about 160 effec- 
tive horse-power being used to generate the cur- 
rent. The gas company by this plan kept their 
old customers, and gained in several other ways, 
and the plan had had very good success. At Pitts- 
burg natural gas had been distributed on a very 
large scale for heating and manufacturing purposes, 
and quite successfully, in spite of the cost of col- 
lecting and conveying it a distance of many miles. 
Good coal at Pittsburg cost from 4s. tod5s. perton, and 
slack coal 2s. to 2s. 6d. per ton. The gas was first 
supplied to Messrs. Carnegie’s works, being con- 
veyed a distance of nine miles from the wells. The 
agreement between the firm and the gas company 
was that the latter should be paid the same that 
Messrs. Carnegie paid for coal, to do the same 
work, until the cost of laying the mains, &c., had 
been recouped, after which the charge should be 
reduced one-half. This was done in 18 months. 
Since then the gas had been conveyed 18 miles to 
Pittsburg, and he believed that afterwards it 
had been taken as much as 100 miles. At the 
ordinary pressure at which lighting gas was sup- 
plied, viz., 24 in. of water, a 6-in. main would 
convey 260 effective horse-power, and a 36-in. 
main 22,000 effective horse-power. If the pressure 
were raised to 2 ft. of water pressure, and the 
velocity of flow to 45 ft. a second, a 6-in. main 
would convey 1200 horse-power and a 36-in. main 
143,000 horse-power. 

Finally, he came to systems of electrical distribu- 
tion. The first suggestion of this was due to Dr. 
Siemens, who stated in a lecture in 1877 that acopper 
rod 38 in. in diameter would convey 1000 horse-power 
for a distance of 30 miles. Shortly after this Deprez 
had conveyed experimentally 3 horse-power toa dis- 
tance of 25 miles, using a continuous current at 2000 
voltspressure. Theefticiency of thetransmission was 
32 per cent. Electricians claimed that they could do 
nearly everything inthe way of running machineryby 
electricity, and it had even been suggested that one 


day the Atlantic ‘‘ greyhounds” might thus be run. 
He was quite ready to admit that they could do all 


they claimed, with one proviso, viz., that they 


were allowed unrestricted expenditure. The world, 
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however, was not managed on these lines. Ina 
good deal of what electricians had said, they seemed 
to have forgotten two things, viz., that for many 
years past it had been quite possible to convey power 
very considerable distances by means of electricity, 
but it had not been done because it was too expen- 
sive ; and, secondly, to be practically successful 
it was necessary that the power should be supplied 
finally at a cheaper rate than it could be generated 
on the spot. 

In certain directions, however, a good deal had 
been done in the matter of electrical distribution. 
In electric lighting a great deal had been accom- 
plished, and the system seemed to be succeeding 
financially, but in such cases as Geneva, where gas 
cost 7s. per 1000 cubic feet, it must be admitted 
that the electric light had not to meet, even on 
the ground of expense, a very dangerous rival. 
Tn other places the beauty and convenience of the 
light had often compensated for its extra cost 
as compared with gas. In one other case the elec- 
trical system had been very successful. He referred 
to tramway traction. At the present time there 
were some 5000 miles of tramways worked by elec- 
tricity in the United States. As far as he could 
discover, however, it did not appear that the cost 
of traction was much less than with horses, but 
greater speeds could be obtained, which was im- 
portant in the case of the widely scattered suburbs 
of American towns. Thus within half a mile of 
the city of Buffalo the tramcars were run at a speed 
of 15 miles an hour. With the exception of a few 
cases, amongst which Buda-Pesth was the most im- 
portant, all the electric tram lines, so far as he 
could discover, which had been financially success- 
ful, had been worked on the overhead system. 
For the working of underground and overhead 
lines, with a three or four-minute train service, 
electricity had also advantages. The motors could 
be distributed over the axles of several carriages, 
and the working cost appeared to be Jess than with 
steam traction. 

In other directions the progress of electrical 
distribution of energy had been much slower. 
Taking the price as 6d. per unit, one effective 
horse-power would cost 60/. per annum of 3000 
working hours, which was much too large, save for 
intermittent machinery. Even at 3d. per unit the 
cost would be 30/. per annum, and above that 
at which the same amount of power could be ob- 
tained in other ways. When the Niagara Com- 
mission met two years ago, there was in Europe 
only one installation where power was developed 
for the purpose of distribution as motive power to 
many consumers. This was at Oyonaz in France, 
not far from Geneva. Turbines of 250 horse- 
power at Charmines generated a continuous current 
of 1800 volts, which was transmitted about 8 kilo- 
metres by overhead wires to Oyonaz, where the 
potential was reduced by motor transformers and 
distributed partly for lighting and partly for sup- 
plying a number of small workshops. Nothing 
could exceed the general look of prosperity of the 
village when he visited it 18 months ago, but at 
that time he understood only about 30 horse-power 
were used for motor purposes, and about 40 horse- 
power for lighting. Another installation of about 
the same date was that at Schaffhausen, where 
eighteen months ago one 360 horse-power and two 
60 horse-power motors were being worked by 
electricity at a cotton mill. Another installation 
was that of M. Hillairet at Domene, near Grenoble, 
where a turbine of 300 horse-power placed in a 
gorge, inaccessible for three months in the year, 
supplied current for working a paper mill 5 kilo- 
metres away, the efficiency of the plant being 65 per 
cent. All these cases were working with con- 
tinuous currents, the source of the energy was water 
power, and the current was conveyed by bare wires 
on telegraph poles. In the future the alternating 
current system might replace the continuous 
current one, but at present electricity was only 
economically used to transmit power where the 
current was generated by water, and bare over- 
head wires were used to convey it. The most 
important plant now at work was at Genoa. 
A water supply for the above town had been 
obtained by leading off water from the Gorzente 
rivulet, an affluent of the Po on the Piedmont- 
Liguria frontier. The head works were situated at 
a point 2050 ft. above the town, and to reduce the 
head three service reservoirs had been constructed. 
At the first of these 730 gross horse-power were 
available, and a similar amount at the second, 
whilst at the third, with a fall of 500 ft., about 1000 


horse-power could be obtained. Three power sta- 
tions had been erected at these points, turbines of 
140 horse-power being, in the first instance, put 
down in 1889 at the reservoir first mentioned, and 
the scheme proving successful, a second station was 
erected, from which power was distributed electri- 
cally to 15 motors in the valley adjacent, and to 
a 60 horse-power motor at the Genoa railway 
station, supplying power for driving dynamos, 
&c. ; 600 horse-power, at the same time, were 
taken off by a teledynamic transmission to drive 
factories in the neighbourhood. From the third 
station power was distributed for driving dynamos, 
the machinery of the repairing shops of the railway, 
and to other factories. The system was a constant 
current, series system, the voltage being varied 
with the demands for power. At the first station, 
where there was a turbine of 140 horse-power con- 
nected to two dynamos by a Raffard coupling, the 
voltage was varied by changing the speed of the 
driving turbines, the range of regulation being 
from 20 to 475 revolutions per minute. There were 
two six-pole generators coupled in series, which 
supplied a current of 47 amperes. At the second 
power station the main dynamos were arranged to 
run at constant speed, but the magnetic field 
was varied, by regulating the exciting current, 
which was supplied by a separate dynamo. 
This dynamo and the 15 horse- power turbine 
driving it, were made with very light moving 
parts, so as to respond quickly to changes of speed. 
The exciting current to this machine was sup- 
plied by still another dynamo used for lighting 
the station, which ran at constant speed, so that 
the magnetic field was kept constant. The 
sluice of the 15 horse-power exciting dynamo was 
controlled by a relay governor, worked by a 
solenoid and core. This solenoid was connected 
with the main circuit, and altered the sluice 
opening by means of the relay, in accordance with 
the demand for power. This plan had given good 
results, but in the new station a return was 
being made to the old plan of varying the speed 
of the main turbines. ‘he current was distributed 
by an overhead conductor consisting of a bare 
copper wire ~ in. in diameter. The total length 
of this conductor was 30 miles. The efticiency of 
the distribution was 72 per cent., which was good, 
but not better than could be obtained by some 
other means. 

Power was transmitted by an alternating current 
on the three-phase system between Lauffen and 
Heilbron. At the former place a cement factory, 
finding they had more water power than they re- 
quired, had erected the necessary plant to convey 
current for lighting and power purposes to Heilbron. 
The dynamos at Lauften, in the first place, gave 
4000 amperes at 500 volts, for transmission 
this was transformed up to 5000 volts, and in 
reaching the town the potential was again lowered 
to first 1400 volts and finally to 100 volts on the 
lamp circuits. The charges were 9d. per unit for 
lighting, and 4d. per unit for power purposes, the 
latter being equivalent to about 421. per year of 
3000 hours per effective horse-power. In November 
last only 11 motors, aggregating 32 horse-power, 
were connected to the mains, As regards the 
three-phase system, Mr. Brown, the designer of 
the dynamos used at Lauffen, had never spoken 
strongly in its favour, holding that it required com- 
plications in generator, line, and transformers. 

Finally it would appear that from a steam station 
electricity could not be supplied for power pur- 
poses under 301. to 401. per working year. 

Its use at this price was necessarily limited. On 
the other hand, in every important case of dis- 
tribution he had been able to discover, and there 
were, in addition to those described, some impor- 
tant mining installations in America, the power 
was initially obtained from water. He had stated 
that there was no immediate prospect of a reduc- 
tion in the cost of electrical distribution. In one 
respect it would seem to a mechanical engineer 
that the cost ought to be increased. Wires on 
wood telegraph posts did not appear to an ordinary 
mechanical engineer to afford adequate security or 
permanence in a great power distribution, on which 
the whole industrial life of a community might de- 
pend. To bring water to Dijon, D’Arcy had built a 
concrete conduit 13 kilometres long, of the mini- 
mum size which would be accessible throughout. It 
cost about 1/. per metre run. It seemed to him 
that the works of a great system of power distribu- 
tion should be carried out in at least as permanent 
a way, but if wires were placed in such a conduit 


something would have to be added to the cost of 
distribution. 

The whole project at Niagara had been so recently 
described in that room that he would not take up 
time by going over the whole ground again. At 
Niagara there was an almost unlimited water power, 
which could be utilised at almost a minimum of 
cost. It was near great industries, and there were 
great facilities for transport either by water or 
rail. The task of utilising this power had been 
undertaken with the greatest boldness and the 
greatest command of pecuniary resources. Lastly, 
the transmission for 18 or 20 miles to Buffalo had 
to be undertaken at the outset, and if an electrician 
had had choice of the conditions of the problem, he 
could not have chosen them better. The distance 
of transmission was just great enough to leave elec- 
tricity with only a single possible rival, and the 
problem of electrical distribution would be worked 
out here under the most favourable conditions. 

In 1886 the small-arms manufacturers of the 
small town of Herstall, Belgium, formed a syndi- 
cate to carry out a large order. The society de- 
cided to erect new workshops fitted up with the 
most modern tools. The operations to be carried 
on involved the construction of a number of dif- 
ferent factories, more or less distant from each 
other, and so arranged as to be capable of future 
extension. In these factories it was found neces- 
sary to arrange for 13 lines of shafting, taking a 
total of 200 effective horse-power, or, allowing for 
losses in transmission, &c., 300 gross horse-power. 
Electric lighting was also decided on, and for this 
an additional 160 horse-power was required. If 
all these lines of shafting had been driven from a 
single steam engine by ordinary mechanical trans- 
mission, the losses would have been large, particu- 
larly when all the machines were not running, 
and it would not, moreover, have been easy to pro- 
vide for future extension. If shafting were used, 
it was found that 40 tons of it would be required, 
as well as 30 tons of pedestals. Hence it was 
finally decided to transmit power from the engine 
to the 13 lines of shafting by electricity, which had 
proved quite successful. 

In conclusion, he would consider the bearing of 
the whole matter on the question of the general 
distribution of power in towns. He thought it had 
been shown by many instances that where power was 
easily and cheaply obtained a demand for it grew up, 
and the advantage to the community was very great. 
Power could be distributed in various ways, at a cost 
which varied partly with the original cost of the 
power and partly with the intereston the distribut- 
ing arrangements. There was no hope that the cost 
of distribution could ever be made small, and the 
engineer was forced, therefore, to study the cheapen- 
ing of the production of the power. Where water 
power was available, it had enormous advantages, 
which in many cases would lead to the transfer 
of industries to new localities. As to steam engines, 
we had probably reached nearly the limit of im- 
provement, and little was to be hoped from any 
direct modifications. With gas engines there was 
perhaps a somewhat larger, but still not very large, 
prospect of reducing the cost at which power was 
produced. He had endeavoured to show that at 
present in central-station working the conditions 
were very unfavourable to the cheap production of 
power, by any form of heat engine. The funda- 
mental difficulty was the variation in the demand 
for power, and the expensiveness of any form of 
storage hitherto tried. There was one method of 
proceeding which would ameliorate these prejudicial 
conditions of central station working, and that was, 
the multiplication of the demands supplied from the 
station. The London gas companies were finding 
the advantage of combining, with their primary 
object of lighting, the supply of power and heat. 
In an address to the Institute of Gas Engineers, 
two years ago, Mr. Trewley stated that there were 
in London alone, 2500 gas engines and 60,000 
heating stovesrented from the gascompanies, besides 
probably 10,000 others privately purchased. Com- 
paring two similar days in June, 1880 and 1890, the 
night consumption between 8 p.m. and 3 4 M., in- 
creased from 13$ to 16 million cubic feet, whilst the 
balance or day consumption increased from 93 to 16 
millions. The night consumption, therefore, in- 
creased in 10 years 20 per cent., but the day con- 
sumption 73 per cent. This meant not only an 
additional output, which in itself was a source of 
economy, but also a better distribution of the out- 
put. Inthe New York steam supply it was a very 
distinct advantage that the double requirements of 
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heating and power could be met, and indirectly 
lighting also, where the steam was taken to drive 
an electric plant. At Zurich and Geneva the costly 
hydraulic works could hardly have been under- 
taken but for the fact that diverse wants could be 
met—viz., water supply, power distribution for 
industrial purposes, and power supply for electric 
lighting. In Paris the compressed air was used 
for power, for refrigeration, for driving an elec- 
tric lighting sub-station, and for ventilation. At 
Cologne the water supply and electric lighting 
stations were combined, so that when power was 
not required for lighting it could be used for pump- 
ing. At Dessau the gas company erected an elec- 
tric lighting station, directly on the principle that 
the use of the gas in driving the gas engines of the 
electric station would add to their profits as gas 
makers, as well by meeting the demand for elec- 
tricity. 

In proposing a vote of thanks to Professor Unwin 
for his lectures, Professor W. H. Ayrton, F.R.S., 
who has presided at all of them, said that such a 
course had long been wanted, and he thought no 
one was better fitted to deliver it than Professor 
, arg He thought the matter had been put 
yefore them with perfect justice, but with regard 
to electricity he thought it should be borne in 
mind that the question of electrical distribution of 
power was in its infancy, whilst the other systems 
had been worked for years. Hence greater im- 
provements were to be expected in the former than 
in the latter. With the gas companies the price 
charged to consumers had steadily gone down since 
the works were inaugurated, and the same would 
ba the case, he thought, with electricity. He 
had just learnt that the City of London Electricity 
Supply Company had reduced their charges to 4d. 
per unit, or only one-half of what was charged a 
short time ago. 


NOTES. 
Tue PNEUMATIC GuN. 

OrrictAt trials of the pneumatic guns of the United 
States dynamite cruiser Vesuvius were begun at 
Port Royal, 8.C., January 31, by a board consisting 
of Captain M. Sicard, Captain A. S. Barker, and 
Lieutenant A. P. Nazro. This vessel carries three 
paeumatic guns, as described in ENGINEERING, 
vol. xli., page 158, and vol. xliv., page 426, and the 
trials were made to determine their efticiency on 
board ship. ‘The first day’s trial consisted in firing 
six unloaded projectiles ata range of 2000 yards, and 
six at 1500 yards. With the exception of the first 
two shots from the starboard gun, none fell more 
than 20 yards from the required range. No target 
was used, but the results were observed with 
theodolites. It is stated that there was no trouble in 
working the gunsor in controlling the shell, by the 
wind vanes. The first two shots from the starboard 
gun fell about 100 yards short, but the gun was badly 
trained, and when properly adjusted acted as well 
as the others. In these trials the vessel was securely 
moored toawharf. On February 3 seven more 
shots were fired, six of which were declared to be 
“ perfectly satisfactory. The conditions of firing 
were the same as on the previous occasion, and the 
trials were principally to determine the effect of 
different settings of the air valve. On February 6 
the weather was very stormy, and but five shots 
were fired, two at 1500 yards and three at 2000 
yards. All fell within ‘‘ satisfactory ” range, and the 
lateral divergence did not exceed more than two or 
three yards. 


TesteNG ALTERNATORS. 

The testing of alternating current dynamos has 
been a very serious matter for their manufacturers. 
It is seldom that an engineer’s shop requires a 
large amount of power for driving the tools, and 
consequently special engines and boilers must be 
laid down if electrical machines of considerable 
cipacity are to be properly tried in the usual 
manner. As these machines may require several 
hundred horse-power to generate their full output, 
the plant is both expensive and cumbrous. To avoid 
this outlay, Mr. W. M. Mordey has devised a modifi- 
cation of Dr. John Hopkinson’s method of testing 
direct-current dynamos in order to render it applic- 
able to the alternators which bear his name, and are 
constructed by the Brush Electrical Engineering 
Company, of London and Loughborough. In these 
the armature is stationary, while the field magnet 
revolves.* To effect a test at full load the armature 


* See ENGINEERING, vol. liii., page 316. 


circuit is, as Mr. Mordey explained ina paper read 
before the Institution of Electrical Engineers on 
February 23, divided into two portions, so con- 
nected together that one has a higher electro- 
motive force than the other. The stronger portion 
acts as a generator, absorbing power from the 
engine, and drives the current through the weaker 
portion, which acts as a motor, returning the 
power to the generator portion, less the losses. 
The two portions of the armature can be made of 
unequal electromotive force by dividing the arma- 
ture into two unequal portions. By running the field 
magnet excited any required current may be made 
to circulate round the whole armature. The cur- 
rent is measured by an ammeter put in any part of 
the circuit. The volts of each coil, or the volts across 
the junction of the two portions, may be taken in 
the usual way. When the full current is cir- 
culating, with the full field and full speed, the 
machine is working at full load, as far as in- 
ternal mechanical strains and electrical losses are 
concerned, and the power required to drive it is 
merely that necessary to make up for the mecha- 
nical and electrical losses. In the test of a 250-kilo- 
watt alternator it was found that the indicated 
kilowatts of the engine (one indicated kilowatt 
equals 1.34 indicated horse-power) were three more 
when the machine was excited than when not ex- 
cited. This power was lost in eddies. The arma- 
ture was then joined up in two portions, and a 
current 60.25 ampéres circulated, with a potential 
difference of 1656 volts across the junction of the 
two. This was equivalent, as far as internal losses 
were concerned, to an output of 1656 x 60.25 x 2 
= 199.5 kilowatts. The power absorbed was 
6.37 kilowatts more than when not excited. As 
the power wasted in eddies was 3 kilowatts, the 
loss due to the circulation of the current was 
6.387 — 3 = 3.87 kilowatts. The excitation of the 
field magnets required 1.865 kilowatts, and the 
friction was assumed at 3 kilowatts. The results 


were: 
Horse- : 
power. Kilowatts. 
Friction aes Res aes zt 3 
Excitation... 1.83 1.365 
C2R and eddies 8 54 6 37 
14.37 10.735 
Output 267.47 199.5 
Commercial efficiency 199.6 = 0.9489 


199.5 + 10.735 


It will be seen that this method of testing, while 
perfectly accurate, is also a very practical one, as 
might be expected from its author. 


Tur Wor.p’s GoLp AND SILVER. 

We have no desire to lose ourselves in the fogs 
and quicksands of bimetallism; but, at the same 
time, it may be interesting to glance at the pro- 
duction of gold and silver throughout the world 
during the last 20 years. Im the quinquennial 
period embraced between 1871 and 1875 inclusive, 
the aggregate production of silver was 295,882,327 oz. 
In the next quinquennial period, between 1876 and 
1880 inclusive, the output rose to 356,135,053 oz., 
and, in the next five years, it advanced to 
437,907,539 oz. Between 1886 and 1890 inclu- 
sive, there wasa further advance to 557,551,745 oz, 
The production of 1891 was 140,835,902 oz., while 
that of 1892 was 139,733,936 oz. It will be seen 
that there has been an extraordinary increase in 
the production during the last 22 years, and this 
has led to a gradual decline in the value of the ore 
raised. For the quinquennial period between 
1871 and 1875 inclusive, this value was 78,608, 4831. ; 
in the next five years, 94,616,114/.; in the next 
five years, 116,338, 6437. ; and in the next five years, 
148,127,453/. It will be seen on reference to the 
figures previously given that while the increase in 
the production was nearly 88 per cent., the in- 
crease in the value was only about 50 per cent. 
It is in the United States and Mexico that the pro- 
duction of silver has made the greatest progress 
during the last 22 years. Between 1871 and 1875 
inclusive the American output of silver was 
121,262,248 oz. ; in the next five years the pro- 
duction advanced to 157,622,000 oz. ; in the next 
five years to 182,900,000 oz. ; and in the next five 
years to 230,980,000 oz. The production of 1891 
was 58,330,000 oz., while that of 1892 was esti- 
mated at 58,000,000 oz. The Mexican silver out- 
put was 98,289,915 oz. between 1871 and 1875 
inclusive ; 98,433,240 oz. between 1876 and 1880 
inclusive ; 124,002,584 oz. between 1881 and 1885 
inclusive ; and 150,519,519 oz. between 1886 and 


1890 inclusive. The production of 1891 was 
34,838,348 oz., while that of 1892 was 37,066,382 oz. 
The production of silver is increasing in importance 
in Australasia, but is still a long way behind that of 
Mexico or the United States. The substantial fact 
certainly remains that as the production of silver has 
increased, the intrinsic value of the ore raised has 
declined. The production of gold throughout the 
world hasremained practically stationary. In the 
five years between 1871 and 1875 inclusive, gold 
was raised to the extent of 28,026,514 oz. ; in the 
next five years, to the extent of 26,349,054 oz. ; 
in the next five years, to the extent of 24,567,749 oz. ; 
and in the next five years, to the extent of 
27,080,4380z. The output of 1891 was 6,055,189 oz. ; 
while that of 1892 was 6,615,611 oz. The value 
has, of course, corresponded to the output, having 
been 119,051,026). in the five years between 
1871 and 1875 inclusive ; 111,925,510/. between 
1876 and 1880 inclusive ; 104,358,883/. between 
1880 and 1885 inclusive; and 114,819,8931. be- 
tween 1886 and 1890 inclusive. The value of the 
output in 1891 was 25,721,232I., and that of 1892 
28,101,792. The production of gold in Austra- 
lasia between 1871 and 1875 inclusive amounted to 
10,533,131 oz. ; between 1876 and 1880 inclusive 
to 7,526,912 oz. ; between 1881 and 1885 inclusive 
to 6,909,642 oz. ; between 1886 and 1890 inclusive 
to 6,885,653 oz. ; in 1891, to 1,470,585 oz. ; and in 
1892, to 1,550,000 oz. The United States produced 
9,475,723 oz. of gold between 1871 and 1875 inclu- 
sive, 9,530,510 oz. between 1876 and 1880 inclusive, 
7,730,324 oz. between 1881 and 1885 inclusive, 
8,070,221 oz. between 1886 and 1890 inclusive, 
1,604,840 oz. in 1891, and 1,650,000 oz. in 1892. 
The gold production of Russia is not without im- 
portance, but is sensibly smaller than that of the 
United States. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Miners’ Conference at Chesterfield.—One of the most im- 
portant conferences ever held in connection with the 
Derbyshire Miners’ Association took place at Chesterfield 
on Saturday. It was resolved ‘‘that this conference is 
in favour of restriction by playing two or three days 
weekly according to the state of the market, the same to 
be ordered by the general conference in Birmingham ; 
and, further, this conference pledges itself to remain 
loyal to the decision arrived at by the federation con- 
ference.”? The members were also in favour of an im- 
mediate arrangement with the employers for ‘‘a restric- 
tion that shall prevent a further fallimg in prices or 
reduction of miners’ wages.” 


Federated Institute of Mining Engineers —On Friday 
an interesting ceremony took place at the Shipley Col- 
lieries, the occasion being the starting of a new pumping 
engine recently erected by Messrs. Harvey and Son, of 
Hayle, Cornwall. Upwards of 60 members of the Fede- 
rated Institute of Mining Engineers assembled to witness 
the proceedings. The engine, which is one of the largest 
of its kind in England, has a high-pressure cylinder 45 in. 
in diameter, while the low-pressure is 80 in. in diameter, 
with a stroke of 10 ft. The working pressure is 100 lb. 
per square inch, supplied by four boilers 30 ft. by 8 ft. 
on the forced blast system. The firebars are two-thirds 
of the depth in water. The winding engines consist of a 
pair of 34-in. cylinders with a 5-ft. stroke, and upwards 
of 1000 tons are raised per day. On descending the Cop- 
pice Colliery the visitors witnessed the getting of coal 
by compressed lime cartridges and other work in con- 
nection -with these collieries. 


Waste in the Manufacture of Coke.—Mr. F. W. Martino, 
of Sheffield, has addressed a letter to the president of the 
local Chamber of Commerce, in which he says: ‘‘The coal- 
owners of this district turn into coke millions of tons of 
coal per year. The gases which this carbonising process 
engender are allowed to escape. They carry with them 
three valuable by-products-— benzine, anthracene, and 
sulphate of ammonia. This latter alone is in greater de- 
mand every year as a substitute for nitrates in agricul- 
ture, and represents an enormous sum which should be 
made out of it yearly. The gases containing these three 
valuable by-products serve at present only to poison the 
atmosphere. But while this loss of millions is going on 
we have to purchase from abroad these identical products, 
and pay thousands for them; no doubt we have to 
pay to the foreign importers a handsome profit for 
what we ought to make ourselves. We can do it 
better than the foreign maker, because we have better 
coal—coal which would yield these by-products in larger 
quantities at the same cost, so much so, that if this 
industry were taken up by the coalowners, even at this 
late stage, the English maker would take the lead owing 
to this larger yield.” Mr. Martino goes on to say that in 
France, Belgium, Austria, and Germany he has seen these 
waste gases profitably utilised, and he suggests that plant 
should be put down in this country for accomplishing the 
same purpose. 

Huge Forging Press.—Messrs. H. Vickers, Sons, and 
Co., of the River Don Works, Sheffield, are erecting a 
forging press which, it is stated, will exert a pressure of 
6000 tons when completed. Having finished the new shaft 
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for the Umbria, this firm is manufacturing one for the 
Etruria. 


Tron, Steel, and Coal.—If anything, there is a slightly 
improved demand for best and medium quality irons, but 
the pig market is very flat, forge fetching 41s. to 42s. per 
ton, and foundry 43s. The heavy steel trade is very 
depressed, but manufacturers believe the late reductions 
in prices will lead to an early extension of business. Bes- 
semer billets are realising 5/. 5s. to 5J. 15s., and Siemens 
61. per ton. No alteration for the better in the armour- 
plate and ordnance departments. The coal market is 
very dull, even the prospect of a colliers’ stoppage failing 
to rouse it to activity. 


Had/jield’s Steel Foundry Company, Limited.—At the 
general meeting of this company, held in Sheffield yes- 
terday, a dividend of 74 per cent. for the year was 
declared. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — Yesterday the weekly 
market here was fairly well attended, but the tone was 
very depressed, and buyers were not at all inclined to do 
business, expressing the opinion that by waiting they 
would be able to purchase at even less than the low and 
unremunerative prices now quoted. What business was 
done was only for immediate delivery and for small 
quantities. Many merchants were quite willing, and in 
fact rather anxious, to sell No.3 g.m.b. Cleveland pig 
iron at 34s. 6d. for prompt f.o.b. delivery, and a few 
parcels changed hands at that figure. Makers, as a 
rule, held out for 35s., but buyers would not listen to any 
such price, and in some cases attempts were made to 
secure the ruling quality at as low a figure as 34s. No. 4 
foundry was put at 33s. 9d., and grey forge at 33s. 3d. 
Middlesbrough warrants closed 34s. 2d. cash buyers. 
Hematite pig iron was pretty stiff, mixed numbers of 
makers’ east coast brands being difficult to secure under 
43s, Spanish ore was unaltered at 11s. 74d. ex-ship Tees 
for rubio. To-day the market was very weak, and hardly 
any business was recorded. For makers’ iron sellers 
would not reduce their quotations, but Middlesbrough 
warrants fell to 33s. 9d. cash buyers. This quotation, 
however, was purely nominal. 


Metal Mixers.—In the northern district metal mixers 
are now being worked with very satisfactory results at 
some of the iron and steel works. Messrs. Bolckow, 
Vaughan, and Co., Limited, at the Eston Steel Works, 
have had one in operation for some time, through which 
a large tonnage has passed, and so advantageous has the 
system proved that they are erecting a second, which is 
nearly completed. The North-Eastern Steel Company 
at Middlesbrough will shortly have a mixer in operation. 
We learn from the metal mixer syndicate that during 
the last quarter 124,000 tons of pig iron were treated by 
their process, which has for its object the desulphurising 
and equalising of the chemical composition of the crude 
metal after it leaves the blast furnace and before it is 
further utilised. 


Manufactured Iron and Steel.—There is really nothing 
n2w in these two important industries. (uotations are, 
if anything, tending downwards, but producers are by no 
means disposed to reduce their prices below the unre- 
munerative rates mentioned last week—viz., for common 
iron bars, 5/. ; iron ship plates, 4/. 15s. ; steel ship plates, 
5l. ; iron ship angles, 4/, 12s. 6d. ; and steel ship angles, 
4l. 17s. 6d., all less the usual discount for cash, Heavy 
steel rails are put at 3/. 17s. 6d. net at works. 


Shipments at Middlesbrough.—The clearances of pig and 
manufactured iron for the month of February are a fair 
average compared with the figures for the past few years. 
The total clearance reached 74,211 tons, being a few hun- 
dred tons better than January, and about 1000 tons below 
February, 1892. Pig iron shipments reached a total of 
50,817 tons, of which 33,082 tons were for home con- 
sumption, and 17,375 tons for foreign. The total is 
over 4000 tons above January, but almost 5000 tons below 
the corresponding month. It is satisfactory to note that 
there has been a very marked improvement in the quan- 
tity of pig iron shipped to ports in the United Kingdom, 
and mainly to Scotland. The quantity of manufactured 
iron shipped off was 7223 tons, and steel 16,171 tons, both 
being below the figures for the previous month. 


The Fuel Trade.—Fuel is weak. Good blast furnace 
coke can now be obtained at 12s. 3d. delivered at Cleve- 
land works. 


NOTES FROM THE SOUTH-WEST. 

Milford Docks.—The directors of the Milford Docks 
Company state in their half-yearly report: ‘In No- 
vember a deputation, consisting of the leading represen- 
tatives of the county of Pembroke, and introduced by 
General Laurie (formerly member of the Canadian Par- 
liament), had an interview with Sir Charles Tupper, 
Bart., High Commissioner for Canada in England, upon 
the subject of the terminal port in this country for the pro- 
posed Canadian mail steamship service. The claims of 
Milford Haven were duly urged, and a statement repre- 
senting the advantages possessed by Milford over other 
ports, was handed to Sir Charles Tupper on the part of 
this country. The question, however, will have to be 
considered by the Canadian Parliament (which is now 
= arg before the selection of any particular port can be 
made.’ 


Cardif.—The steam coal trade has been quiet; the 
best descriptions have made 9s. 6d. to 93. 9d. per ton, while 
secondary qualities have brought 9s. to 9s, 3d. per ton. 


Tiouschold coal has been in moderate demand. No. 3 
Rhondda large has made 10s. 9d. to 11s. per ton, Patent 
fuel has been dull. Coke has shown little change. 
Foundry qualities have brought 17s. to 18s., and furnace 
ditto 15s. to 16s, 6d. per ton. A slight improvement is 
reported in the manufactured iron and steel trades. Tin 
plates have presented little variation. 


The Rhymney Valley.—Trade has been fairly brisk in 
this district. The Tynewydd pits, Pontlottyn, are making 
steady progrsss. The Rudry Merthyr Works at Rudry 
have resumed operations. 


Pembroke and Tenby Railway.—The half-yearly report 
of the directors of the Pembroke and Tenby Railway has 
been issued, and shows that the receipts were 15,419/., 
against 15,204/., being an increase of 215/. The expendi- 
ture of the half-year was 7446/., as compared with 7131/., 
an increase of 315/., the additional outlay having been 
mode on locomotive and wagon repairs. The working 
charges for the past half-year were 48.30 per cent. of the 
traffic receipts. 


Gas at Gloucester.—The directors of the Gloucester Gas 
Light Company state that, owing to the increased cost of 
coal and to the low prices received for residual products, 
the profits of the company have been so seriously affected 
that they are obliged to advance the price of gas by 3d. 
per 1000 cubic feet. To pay the usual statutory dividends 
they will also have to take 15637. from the undivided 
profits of previous years. 


Proposed Harbour Trust for Cardiffi—A proposal to 
form a harbour trust, to include the docks at Cardiff, 
Penarth, and Barry, is receiving support and encourage- 
ment. There is little to prevent the scheme being carried 
out, as the Marquis of Bute is willing to cooperate. A 
new dock is required, but the trust would decide whether 
it should be at Cardiff or Barry. The capital involved 
would be very large. Lord Bute’s interest alone would 
represent nearly 5,000,000/, 


The *‘ Devastation.”—The turret ship Devastation is 
being thoroughly renovated at Portsmouth. New 
engines and boilers are being supplied by Messrs. 
Maudslay and Field, and should give the vessel a speed 
of 16 knots per hour. The original turrets have been 
utilised for the mounting of 10-in. breechloaders, which 
are workable by hand as well as by machinery. The 
guns protrude further out of the turret ports than the 
old muzzle-loading weapons, and to counteract this dis- 
tribution of the weight, it has been decided to store 
upwards of 200 projectiles on the opposite side of the 
turrets. 


Water at Clevedon.—The Clevedon Water Works Com- 
pany has held its annual meeting. ‘The directors’ report 
and balance-sheet for the past year showed that the 
revenue amounted to 22551. The expenditure was 10401., 
leaving a balance of 1215/., of which it was proposed to 
apply 1020/. to a dividend at the rate of 6 per cent. per 
annum. 


The Electrie Light at Bristol.—The Electrical Com- 
mittee of the Bristol Town Council met on Friday and 
agreed to raise 66,0007. for electric lighting purposes. 


The ‘‘ Jackal.”—The Jackal, special service vessel, 
went outside Plymouth Breakwater on Monday for a 
trial of her machinery ; at the same time trials of her 
capstan and mountings for her new guns were carried 
out with satisfactory results. 


Oficial Appointments.—Mr. R. J. Tench, staff engi- 
neer, and first assistant to the chief engineer of Devon- 
port Dockyard, has been appointed to the Hibernia as 
chief engineer of Malta yard, in the room of Mr. J. Mel- 
rose, inspector of machinery, who is appointed superin- 
tending engineer at Bermuda. Mr. W. L. Wishart, staff 
engineer and first assistant to the chief engineer of Ports- 
mouth Dockyard, has been appointed to the Vivid as 
successor to Mr. Tench at Devonport; but Mr. Wishart 
being engaged at the Admiralty for duty in connection 
with machinery building by contract under the Naval 
Defence Act, Mr. J. P. Thomas, staff engineer of the 
Thunderer, has been appointed acting staff engineer 
during his absence. 


Clevu.don Pier.—This pier is to be reopened on Easter 


Monday. There is to bea public demonstration upon 
the occasion. 


The “‘ Empress of India.” —The Empress of India will 
carry four 67-ton guns, as well as an auxiliary battery of 
ten 5-ton quick-firing guns and 19 smal! quick-firing guns. 
Two steel tubular masts have been stepped on board. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The ‘‘corner” in Scotch 
pig iroa showed a further collapse last Thursday fore- 
noon, when there was a considerable amount of activity. 
Business was done at 42s., which was 6d. per ton above 
buyers’ closing price on Wednesday, but 1s. 6d. below 
sellers’ closing price on the same day. The supply of 
Scotch warrants at command was yery liberal, with the 
result that several brokers became eager sellers and came 
down 6d. in their quotations, but buyers receded to 
41s. 3d. per ton. Sellers got quit of something like 
60,000 tons during the forenoon and afternoon sittings of 
the ‘‘ring ;” indeed, some 20,000 tons changed hands in 
one line at 41s. one month open, with five days’ notice. 
One lot brought 42s. per ton cash, but the bulk of the 
dealing was at 41s. one month fixed, 41s. 14d. to 41s. 2d. 
three months fixed, and 40s, 9d. to 40s. 104d. cash in a 
week. Gartsherrie and Eglinton Nos. 1 and 3 brands 
were reduced in price 2s. per ton. The closing settle- 
ment prices were—Scotch iron, 41s, 3d. per ton; 


Cleveland, 34s. 4$d.; hematite iron, 45s. 43d. per ton. 
There was a quiet market on Friday, and, as on 
the preceding day, the business done was chiefly outside 
the official market record. Transactions in Scotch 
iron at 41s. cash and one month open were recorded, 
but the largest business was done at 41s. 1d. in a 
week and three months fixed. While the closing price 
with buyers was the same as on the previous afternoon, 
sellers came down 5d., to within 1d. of buyers. A lot of 
5000 toss was reported as being on offer at one to three 
months fixed at 41s. 1d. perton. Cleveland and hematite 
irons were idle, but no changes were made in prices. The 
settlement prices at the close were—Scotch iron, 41s. per 
ton; Cleveland, 34s. 44d.; hematite iron, 45s. 44d. per 
ton. In Monday’s warrant market there was again very 
little business reported. At the forenoon meeting of the 
ring some 15,000 tons of Scotch warrants were sold, 
mostly for cash, from 40s. 114d. down to 40s. 94d., the 
close showing a drop of 34d. per ton from Friday. The 
market was quiet in the afternoon, only some 2000 or 
3000 tons of Scotch warrants being dealt in, and at the 
close sellers were offering at 40s. 74d. per ton, or 
2d. under the forenoon price. The transactions that 
took place were done at 40s. 103d. and 40s. 9d. one 
month open, and 40s. 114d. a month, three days’ notice, 
with 1s. forfeit in buyer’s option. One or two lots of 
hematite iron changed hands, the prices being 45s. 6d. 
three months fixed, and 45s. 3d. three months, with 2s. 
forfeit in seller’s option. At the close the settlement 
prices were—Scotch iron, 40s. 74d. per ton; Cleveland 
34s. 43d ; hematite iron, 45s. 7$d. per ton. A fairly good 
business was done in the warrant market on Tuesday in 
all classes of iron. About 6000 tons of Scotch warrant 
iron changed hands at from 1d. to 2d. per ton decline 
the close being a decline of 2d. on the day. About the 
same quantity of Cleveland iron changed hands, and the 
closing quotation was 1d. per ton down on the day. 
Hematite iron was dealt in during the forenoon at 45s. 6d. 
to 45s. 5d. per ton cash, but the close found buyers offer- 
ing 13d. per ton more than at the close on the preceding 
day. Upwards of 20,000 tons of the different irons were 
disposed of during the day. Theclosing settlement prices 
were—Scotch iron, 40s. 44d. per ton ; Cleveland, 34s. 3d. ; 
hematite iron, 453. 7$d. per ton. To-day’s market was 
very quiet. During the forenoon only some 3000 tons 
of Scotch iron were sold at 40s. 64d. to 40s. 5d. 
cash, and 40s. 93d. one month fixed, with 1s. forfeit 
in buyer’s option. In the afternoon the market was 
steady. About 4000 tons were sold at 40s. 7d. cash. 
A transaction took place at 40s. 9d. one month open. 
The following are the current quotations for several 
No. 1 brands of makers’ iron: Gartsherrie, 48s. 6d. per 
ton ; Calder, 50s. 6d. ; Summerlee, 51s. ; Langloan and 
Coltness, 54s.—all the foregoing shipped at Glasgow; 
Glengarnock (shipped at Ardrossan), 50s. ; Shotts (shipped 
at Leith), 52s. ; Carron (shipped at Grangemouth), 53s. 
per ton. There are 65 blast furnaces in actual operation, 
as compared with 78 at this time last year. Last week’s 
shipments of pig iron from all Scotch ports emounted to 
4219 tons, against 5129 tons in the corresponding week of 
last year. They included 119 tons for the United States, 
150 tons for Australia, 350 tons for Italy, 180 tons for 
Germany, 540 tons for Holland, 100 tons for Spain and 
Portugal, smaller quantities for other countries, and 2602 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood at 352,090 tons 
yesterday afternoon, as compared with 348,128 tons 
yesterday week, thus showing for the week an increase 
amounting to 3862 tons. 


Contract and other Industrial Notes.—Terders are in- 
vited for the construction of a wrought-iron pier at Rose- 
neath, on Gareloch. Messrs. Mackie and Thomson, ship- 
builders, Govan, have just contracted to build six steam 
trawlers fora Grimsby firm. There is at present in the 
market an order for 30 locomotive engines for the Man- 
chester, Shettield, and Lincolnshire Railway, and as there 
is a great scarcity of that kind of work in the Glasgow . 
district, it is understood that the local firms will compete 
keenly for the order. The machinery and plant of the 
old-established business carried on at the Phenix Pipe 
Foundry, Glasgow, are for sale on lease. Pipes up to 
5 ft. in diameter can be manufactured at this foundry. 
The adjoining foundry, where the manufacture of railway 
chairs, sleepers, &c,, was formerly carried on, is also in 
the market. The Glasgow Corporation Gas Commis- 
sioners are in want of some small locomotive engines at 
their three manufacturing stations, and they have asked 
several local firms to tender for them. They are to be of 
an extra small type, being only 24 tons in weight, and 
measure somewhat less than 6 ft. to the top of the 
funnel. Messrs. Hugh Smith and Co., Possilpark, are 
constructing an hydraulic machine for shearing the ends of 
heavy angle and channel bars for Messrs. William Denny 
and Brothers, Dumbarton. It is said that the machine 
will cut bars from 7 in. to 15in. broad, 4 in, deep, and # in. 
in thickness. 


Honour to Sir Lowthian Bell.—It is proposed by the 
Senatus Academicus of the University of Edinburgh to 
confer the honour of Doctor of Laws upon Sir I. Low- 
thian Bell, Bart., F.R.S. When he wasa very young 
man the distinguished ironmaster was a student in the 
science classes of that famous university. 


Clyde Shipbuilding Trade: Launches in February.— 
During the month which closed yesterday there was a 
very poor output of new sbipping—some eight vessels of 
a total of rather over 14,700 tons, while of that total 
the Lucania, the big Cunarder, made up 12,500 tons. The 
February output of new shipping was even considerably 
less than the total in 1888, when it only amounted 
to 4980 tons; but in other corresponding months the 
output has reached 31,000, 35,000, and even 38,000 and 
odd tons. It is somewhat satisfactory to know that the 
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contracts for new work placed during the month made a 
higher total than the month’s output. 


Electric Lighting in Glasgow.—Several of the leading 
thoroughfares of the central and west central districts of 
Glasgow were lighted by electricity last Saturday evening 
for the first time. The Lord Provost switched on the 
light toone circuit, and the Convener of the Watching 
and Lighting Committee of the Police Board did the same 
for the othercircuit. Lord Kelvin and other well-known 
citizens, and nearly all the members of the Town Council, 
were present at the ceremony. Subsequently the central 
electric lighting station was inspected, and several 
speeches were called forth by the occasion. Some 71 arc 
lamps are now receiving current from the station, and are 
successfully diffusing a brilliant light to the wayfarers. 
About 37 lamps have yet to be erected in the line of 
Argyle-street, where, for the present, no electrical work 
can be done owing to the operations connected with the 
construction of the Central Railway. 


Electric Lighting in Dundee.—The Dundee Gas Com- 
missioners have this week successfully started their 
scheme of electric light supply to consumers in shops, 
hotels, public offices, &c., on the incandescent system. 
By and by High-street (and possibly other portions of the 
city) will be lighted by means of are lamps. 


FOREIGN AND COLONIAL NOTES. 

Irrigation in Wyoming and Nebraska.—An irrigation 
company has been formed in Wyoming with a capital of 
1,000,000. to build a canal 120 miles long, so as to bring 
under cultivation 224,000 acres recently purchased from 
the Union Railroad Company. In Nebraska the Platte 
River Canalis about to be made, at a cost of 400,000/. 
The length of this canal will be nearly 40 miles; its depth 
10 ft. 


Shears for the Charleston Navy Yard.—Large steel 
shears, manufactured in Philadelphia for the Charleston 
Navy Yard, have been raised into position. They are 
112 ft. high, and weigh over 45 tons. 


Spanish Iron Minerals.—The exports of iron minerals 
from Bilbao in the ten years ending with 1892 inclusive 
were as follows: 1883, 6,378,234 tons; 1884, 3,155,432 
tons; 1885, 3,295,982 tons; 1886, 3,160,047 tons ; 1887, 
4,170,422 tons ; 1888, 3,591,637 tons; 1889, 3,885,612 tons ; 
1890, 4,272,918 tons; 1891, 3,316,464 tons; and 1892, 
3,918,544 tons. It will be seen that the exports have 
fully held their own during the past twelve months. 


Trieste.—The Austrian Lloyd despatched four steamers 
in the first half of December from Trieste. The destina- 
tions of these steamers were Bombay, Calcutta, Colombo, 
Singapore, Hong-Kong, Shanghai, Kobe, and Rio de 
Janeiro. 


Canadian Anthracite. —The mines of the Canadian 
Anthracite Coal Company are being fast developed at 
Canmore and Anthracite, near Banff, on the Canadian 
Pacific Railway. The coal raised is being largely used 
upon the Canadian Pacific Railway, as well for loco- 
motive as for heating purposes. It is also used upon the 
Canadian Pacific steamers between Japan and Van- 
couver, British Columbia. 


French Shipbuilding.—The Loire Workshops and Ship- 
building Company reports that it has orders on hand at 
present to the aggregate amount of 2,720,000/. 


Buying up Street Railways.—A syndicate of New York 
and Philadelphia capitalists, who have been buying up 
street railways in several American cities for some time 
past, have purchased the Atlantic-avenue Railway in 
Brooklyn for something like 600,000/. 


The Delaware.—It is proposed to utilise the waste 
water power of the Delaware by damming the river 
somewhere near Bristol, Pennsylvania. There is an 
available power equal to 12,000 horse-power for every 
10 ft. of fall in the river, The fall between Easton and 
tide-water is 152 ft. 


Mexican Coal.—Mr. C. P. Huntington has purchased 
extensive coal mines at Fuente, Mexico, from the 
Southern Pacific Railroad Company. 


Rolling Stock on the Baltimore and Ohio.—Orders for 
100 locomotives for the Baltimore and Ohio Railroad are 
being placed with different builders. Altogether the 
expenditure proposed to be made by the company for 
rolling stock this year will amount to about 500,000/. 


Canadian Salt.—A bed of solid salt 40 ft. thick has 
been discovered at Windsor, Ontario, but it is 1200 ft. 
below the surface. The Canadian-Pacific Railway officials 
state that they will erect at Windsor one of the largest 
salt plants in the world. 


Great Indian Peninsula Railway.—The cost of loco- 
motive power upon this system in the first half of this 
year was 402,288/., as compared with 444,962/. in the 
corresponding half of 1891. The aggregate distance run 
by trains in the first half of this year was 5,677,428 miles, 


faa miles less than in the corresponding period of 


Petroleum at New York.—The exports of petroleum 
from New York amounted last year to 372,033,932 gallons. 


The corresponding exports in 1891 were 350,528,279 
gallons. 


LAUNCHES AND TRIAL TRIPS. 

_THE new battle-ship Repulse made her contractors’ 
eight hours’ trial under natural draught on February 28, 
The ship was in command of Captain Burnell, of the 
Portsmouth Steam Reserve. The Repulse is one of the 
eight first-class battle-ships, of 14,150 tons displacement, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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Norz.—FEach vertical line represents a market day, and each horizontal line represents 1s. in the 


case of hematite, Scotch, and Cleveland iron, and 1l. in all other cases. 


The price of quicksilver is 


per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal prices are per ton. 


Heavy steel rails are to Middlesbrough quotations 


which were authorised to be built under the Naval 
Defence Act, and she is the third of the class which has 
been sufficiently advanced to undergo her steam trials. 
The mean results of the eight hours’ steaming were as 
follows: Steam in boilers, 152.5 1b.; vacuum, 284 in. in 
both condensers; revolutions, 99.4 and 99.3 per minute ; 
indicated horse-power, 4967 starboard and 4566 port, 
thereby giving a collective indicated horse-power of 9533 
horses, or 5383 beyond the stipulated power. The mean 
air pressure in the stokeholds amounted to .45in., and 
the mean speed of the ship, as measured by the Cherub 
log, was 17.78 knots. The trial was in every respect a 
success. 


The s.s. Northern Light, built by the Naval Construc- 
tion and Armaments Company, of Barrow, was taken 
for trial at sea upon the 15th ult. She is the first 
steamer designed for the conveyance of petroleum in bulk 
which has been constructed in Lancashire; she was 
ordered by Messrs. Lane and Macandrew, of London, 
and built under the inspection of their consulting engi- 
neers, Messrs. Flannery, Baggallay, and Johnson, 
London. The leading dimensions are: Length, 347 ft. ; 
breadth, 45 ft. 6 in. ; depth, 28ft. 6in. She has 14 tanks 
for conveyance of oil, two holds for general cargo, and 
six tanks for water ballast, one of which can be used for 
storage of water for main boilers when needful. She is 
fitted throughout with electric light, powerful pumping 
apparatus capableof dealing withabout400tonsof cargo an 
hour, and steam ventilating apparatus. The engines, by 
the same builders, have cylinders 26in., 424in., and 69in. 
in diameter by 45 in. stroke, taking steam at 1601b. pres- 
sure from three large boilers; she also carries two auxi- 
liary boilersfor purposes of cargo and ballast. Her trial 
proved in every respect satisfactory, two runs of about 
one hour each being made in opposite directions, the 


mean speed as observed over a known distance being fully 
Finan with rather more than 5000 tons of deadweight 
on board. 


The first-class torpedo gunboat Circe, built under the 
Naval Defence Act at Sheerness Dockyard, and engined 
by Messrs. John Penn and Sons, Greenwich, completed 
her official machinery trials on the 1st inst. off the Nore. 
At the trials Mr. Oram represented the Admiralty, Mr. 
Pattison the dockyard, and Mr. J. P. Hall the con- 
tracting engineers. The Circe is 230 ft. long, 27 ft. beam, 
and has a displacement of 830 tons at 8 ft. 9 in. draught. 
On Monday, February 27, the vessel underwent a natural 
draught trial of eight hours’ duration, with the following 
results: With steam at 140 lb. pressure per square inch, 
vacuum 27 in., and air pressure in stokeholds .8 in., the 
engines attained a mean speed of 223.8 revolutions per 
minute, and developed a mean of 2618 indicated horse- 
power, the speed of the vessel by log being 18.27 knots. 
The boilers having been examined and tubes swept on 
the previous day, the vessel proceeded on a continuous 
three hours’ forced draught full-power trial in very heavy 
weather ; but the contract power of 3500 horses was con- 
siderably exceeded, although the engines and boilers 
were, through the heavy sea that prevailed, very severely 
tested, but even under these adverse circumstances the 
trial was considered highly satisfactory. 


Pic 1n Betcium.—The production of pig in Belgium 
last year amounted to 768,321 tons, as compared with 
684,126 tons in 1891. The total of 768,321 tons represent- 
ing the output of last year was made up as follows: 
Casting pig, 74,500 tons ; refining pig, 458,002 tons; and 
pig for steel, 235,819 tons. There was a general progress 
last year all along the line; 
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ON THE BREACH IN THE EMBANKMENT 
OF THE YELLOW RIVER. 


By G. James Morrison, Memb. Inst. C.E. 


On September 29, 1887, the Yellow River burst 
through its southern embankment near Chéng Chow, 
about 40 miles west of Kai Fong Fu, the capital of 
the province of Honan. The water passed through 
the breach with great velocity, entirely washing 
away the embankment for a length of nearly 5300 ft., 
and flooding the adjacent country. It then found its 
way eastward toward the Hong Ise Lake, inundating 
the country for a width of many miles (the extreme 
width being variously estimated at from 20 to 50 miles), 
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Ata later date some suggestions were made by M. 
Thevenet, an engineer of considerable experience at 
the head of the French Syndicate in China, These 
suggestions were founded on a survey by members of 
his staff, and, therefore, must not be classed with the 
other proposals, but, in spite of all advice, the Chinese 
did not deviate in a single detail from their own 
established methods. 

The Chinese authorities proceeded vigorously with 
their work of closing the breach by rebuilding the 
embankment from both ends, and in spring these new 
banks had approached so close that they spoke con- 
fidently of completing their work before the floods 
came about the end of June. 
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carrying away houses and villages, and even in some 
cases, parts of walled cities. From the Hong Ise 
Lake most of the water found its way through the 
Grand Canal and through the Kao Yao Lake to the 
Yangtsze, a portion being allowed to flow out through 
sluices in the east bank of the Grand Canal and thus 
find its way to the Yellow Sea. ; 

The Chinese authorities were immediately inun- 
dated with proposals of all descriptions, some for 
closing the breach, some for regulating and conserving 
the river in its new course, leaving the old bed to 
be cultivated, and some for conserving the river 
generally, , 

It is needless to say that those who knew anything 
of river engineering abstained from giving any advice 
until after a survey of some sort had been made, and 
consequently the suggestions made to the Chinese, 
chough possibly in some cases containing the germs of 
feasible schemes, were of such a crude character that 
the authorities appear to have taken no notice of 
them, but to have resolutely set to work to close the 
breach by their own methods, 
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The floods, however (though not so high as usual), 
made their appearance before a closure was effected, 
with the result that some of the work was washed 
away, and it was generally reported in the newspapers 
that the whole of the new work had been utterly 
destroyed and the whole of the money spent on it 
(about 2,000,000/.) entirely wasted. 

Under these circumstances Messrs. Jardine, Mathe- 
son, and Co. applied to the author’s firm in Shanghai 
(Morrison and Gratton), saying that they were anxious 
to know what was the true state of affairs at the 
breach. If it was true that the Chinese were in a 
hopeless state of difficulties, it was exceedingly likely 
that they would be prepared to listen to any reason- 
able suggestions for adopting some different methods. 
They had, in fact, promised to give facilities for a 
survey, and it was possible that a great deal of good 
might result froma visit. It was eventually arranged 
that the author should visit the breach and report on 
the whole question, receiving a sum estimated to be 
sufficient to cover his direct and indirect expenses. 
This short account is necessary to explain how the 


author came to visit the breach with the approval 
of the Chinese authorities, though not on their 
behalf. 

A passport was granted, and letters were written to 
the local officials requesting them to provide the author 
with quarters, and with such assistance and protection 
as he might require, and accompanied by Mr. Hillier, 
of the Hong-Kong and Shanghai Bank, he arrived at 
the breach on September 27, 1888, the journey from 
Tientsin, a distance of 450 miles, having occupied 14 
days. 

The first cursory view of the works showed that 
the statements in the newspapers were so exaggerated 
as to give an entirely wrong impression. ‘The signs of 
the accident which had occurred were hardly notice- 
able, while one could not but be impressed with the 
magnitude of the work which had been accomplished 
by the Chinese. 

The accompanying plan and section from survey and 
levelling done by the author show the state of affairs 
at the date of his visit. The width of the breach had 
been decreased from 5300 ft. to about 400 ft., and the 
current through did not appear to exceed 7 miles per 
hour. It was, however, so full of eddies, some of 
which were occasionally sufficient to carry a boat right 
up the breach near the west side, that the author 
could make no measurement, but could only judge by 
the apparent speed of boats passing down. Standing 
at the breach and looking towards the country, all to 
the south and east was under water, only one small 
bank a few inches above water level being visible. 
To the west of the breach the country was dry, being 
protected by a low embankment. 

The new embankments for closing the breach were 
constructed of millet stalks and earth. The millet 
stalks were those of the Kao Liang or large millet; they 
were about 8 ft. long and under | in. in diameter, and 
were made into rough fascines, They were very deficient 
in strength and decayed rapidly, but when compressed 
by a heavy load they formed a comparatively water- 
tight mass, and were on this account preferred by the 
Chinese to willow and similar materials, which, though 
stronger, allow the earth to be washed away. 

The earth was principally sand, with scarcely any 
cohesion, and its loose character formed one of the 
great difficulties the Chinese had to deal with. 

At the time of the author’s visit work at the ends of 
the embankment was temporarily stopped, but work 
was going on in some places at the sides and on top, 
so that the system was clearly seen, and as regards the 
direct advance of the banks the mode of procedure, as 
explained to the author, was as follows. A boat is 
securely fastened some little distance from the end of 
the bank, A large number of ropes are then laid over 
the end of the bank and over the boat. When the 
bank is low, straw ropes are used, but when it is any 
height hemp ropes are employed. On top of these 
ropes layers of millet stalks are placed loaded with 
stones and filled in with earth. Layer upon layer is 
added, the mass being gradually lowered by the ropes 
from the bank and from the boat, untilit rests on the 
bottom. The ropes from the boat are then brought 
over the mass and secured by stakes to the bank. The 
mass, during construction, is from time to time bound 
together by ropes passing through it and fastened to 
cross-pieces of wood at each side. After several of 
these masses have been lowered, the portion above 
water is made continuous, so as to bind all together, 
In order to obtain millet stalks, notices were posted up 
all over the country saying that they would be bought at 
the works, ata price corresponding to $d. perlb. Carts 
containing stalks might be seen travelling towards the 
breach at great distances, and the author saw many 
cases of men wheeling barrow-loads at a distance of 
over 20 miles from the works. The stalks, as they 
were received, were built up in stacks. When they were 
to be used gangs of coolies went to the stacks, and each 
man received a load which he carried to the works, 
receiving so many cash as he passed through a wicket. 

Tn the case of earth any one brought a barrow-load 
from anywhere he liked clear of the works, and received 
cash in the same way as he passeda wicket. A barrow, 
containing about two-thirds as much as a navvy’s 
barrow, was paid for at the rate of 30 cash, at present 
exchange equal to about a penny. 

The waste of time and power by this system was 
appalling. The men might be seen waiting in hundreds 
for their turn to go through the wicket, and the author 
was informed that a man could not take more than 
three barrow-loads of earth to the works per day, 
though if he had not to waste time in waiting his turn 
to get in he might take nine or ten. 

While one cannot condemn too strongly this reckless 
waste of human labour, one cannot help admiring the 
indomitable perseverance which enabled the autho- 
rities to carry out such a large work in such a short 
time. The western embankment was about 250 ft. 
wide, and the eastern one about 350 ft. They were both 
about 25 ft. above water level all along, and towards 
the ends they rose to more than 40 ft. above that level, 
while they went down at that place 60 ft. to 70 ft. below 
the water. The only defective portion was towards the 
end of the western embankment, where the irregular 


264 [Marcu 3, 1893: 


ENGINEERING. 


the bed of the river, while with a slope half that of the 
river it would have to be cut 30 miles; that the idea | 
that water would run up hill was preposterous, and | 
that if a canal was to be cut it would be better to cut , 
it shallower and wider, but that in any case a canal to n } 
do any real good would be an undertaking of such jmewer shape. The position is already somewhat 
magnitude that there was no use considering it asan,changed. The resistance all along has been against 
auxiliary to works which were to be completed in|a5 percent. reduction. After a long struggle came 
three months. These arguments, however, appeared | a proposal to accept 23 per cent. reduction ; then an 
to have no effect. The author mentions this to show | offer to restart the mills at 24 per cent. reduction now, 


easy feeling abroad which may indicate possible 
complications in the near future. The dispute in the 
cotton industry has drifted into curious complications, 
the effect of which will either be the speedy end of 
the dispute, or an extension in other directions in some 


outline indicated the effect of the accident in summer, 
but this was being rapidly made good. Thesoundings 
on the plan show that the breach was from 60ft. to 70ft. 
deep, and that it had eaten out a deep basin for some 
distance inside and outside. More soundings would 
have been taken, but the only boats available were large 
flat-bottomed sailing boats, which could only go witha 
fair wind, and which were helpless in a current, and 
even when the author was enabled to get a sounding 
where he wanted it, he often found it impossible to fix 


the position before the boat had drifted a considerable 
distance. As an instance of the difficulty of managing 
these boats, the author had to wait for a day and a 
half to cross the breach, although the weather was 
perfect, with a slight west breeze, because the boats 
could only cross with an easterly wind. 

The section presented some very interesting features. 
The Yin Ho, or relieving canal, shown in the middle 
of the bed, was an artificial channel made to divert some 
water from the breach, but although a large amount 
of money was expended on it, the author looked upon it 
as far too insignificant a work to do any real good. 
About a mile lower it was only 150 ft. wide. The water 
in this canal was almost exactly on a level with the 
lowest part of the natural bed of the river, and near 
the breach there was one place where the river water 
was only a few inches lower than the bottom of the old 
bed. The water covering the flooded country outside 
was 18 in. lower. As the whole country was covered, 
there was a distinct proof that it was all more than 
18 in. lower than the old bed of the river, and the 
author is of opinion, from soundings he took, and 
from information he received, that the flood water was 
on an average 2ft. Gin. deep, and that the general 
level of the country may be assumed to be at least 
4 ft. lower than the bottom of the river bed ; it was thus 
apparent that the closing of the breach must, under 
any circumstances, be a work of extreme difficulty. 
Inmediately inside the breach the bed of the river had, 
of course, been scoured out to about the level of the 
country outside. 

The water of the Yellow River falls every year 
until about October 23, from which date it remains 
low and free from floating ice for about three months. 
It was the intention of the officials to wait for that date, 
and then to proceed as rapidly as possible with work 
on the same plan as they had followed hitherto. The 
author had no hesitation in stating to them that he 
considered, under the circumstances, that they were 
acting wisely, and, while the risk of failure was great, 
a successful termination of their endeavours was not 
hopeless. 

It would have been simply impossible to get any 
quantity of piles, or any such materials, to the works 
during the next three months, or to drill the men in 
their use, and therefore to determine to employ any 
means except those already used, would have been to 
throw away the best three months of the year. 

Moreover, as the author was informed in reply to 
careful inquiries, the bottom of the breach was practi- 
cally at the same level as it was when the flood water 
was running through it two months before, and the 
water then was purticularly low, even for that time 
of year, and the velocity possibly not more than half 
what it was at time of flood. It was probable, there- 
fore, that the breach could be considerably narrowed 
before any scouring took place. The new banks were so 
high and wide that, after the breach had been narrowed 
somewhat, a serious slip in the end of either of them 
might send such a mass of material into the breach 
that it might hold together long enough to enable per- 
manent work to be constructed, and both officials and 
workmen were so well drilled in their own methods 
that they could easily take advantage of any such 
opportunity. No doubt these were not the chances any 
engineer would propose to rely upon in commencing a 
new work, but the Chinese officials, feeling perfectly 
confident of success, were entitled to be allowed to try, 
and deserved full credit for their work if they suc- 
ceeded. If new methods had been introduced at that 
juncture the officials would not have worked willingly, 
but would always have thought they would have been 
successful themselves, while, with everything in their 
favour, if they failed, their failure would be complete, 
as a more favourable combination of circumstances was 
impossible, and they would, therefore, be less likely 
to offer opposition to fc reign methods. 

The Imperial Commissioner, Wu Ta Chéng, ex- 
plained to the author that with a view to diminishing 
the flow of water through the breach, he intended tem- 
porarily to close the mouth of the Yin Ho and make it 
15 ft. deep for a mile or a couple of miles down the 
river. He also intended to construct an embankment 
or groin to divert the flow of the water towards the 
Yin Ho, and then to cut away the temporary bank. 
He said he believed the rush of water would be so 
great that it would carry everything before it and con- 
tinue to flow down the old bed. Theauthor explained 
that he had taken levels down the river for more than 
eight miles, and had found the fall on the surface of the 
water to be almost exactly 1 ft. per mile; with such 
a fall, a canal 15 ft. deep near the breach, even with 
a level bottom, would have te be eut 15 miles toreach 


the extreme difficulty of dealing with Chinese officials, 
even when they are considered of sufficient ability to 
be placed in supreme command of important works. 

The author proposes to touch but lightly on his own 
suggestions for closing the breach had the Chinese 
attempt failed. His plans have but an academical 
interest in the existing state of affairs. He will, there- 
fore, only refer to them in outline. He was opposed 
to attacking the breach, because he considered that 
it had been allowed to scour too deep already. 
He therefore suggested one of two plans. One was to 
construct a new work in the form of a crescent inside 
the breach. This might have been carried out so far 
as not to get into water deeper than 22 ft. A certain 
portion of this would have been constructed with iron 
piles, so arranged as to admit of stones being slid down 
between them, the remainder of the work being solid. 
As the stones were slid down there would no doubt have 
been great scouring, andthe stones would have settled 
into the bottom, more being added on top till they 
came to a bearing. There would have been an outer 
and inner row, and the space between would eventually 
have been filled with earth and millet stalks. 

The author understands that the French engineer’s 
proposals were founded on something like this basis. 
The objections to the scheme were the enormous difhi- 
culty of getting a supply of large stones. The present 
quarries could not produce them, and it would have 
taken a long time to open new ones. Large stones 
could be had on the Wei River, but a temporary rail- 
way of 70 miles would have been required to transport 
them to the works. 

The scheme which the author looked upon with most 
favour was to build a row of sluices stretching between 
the points marked C and D on plan. The water there 
was shallow, and if the site had been surrounded by a 
temporary bank the foundation could have been put 
in in lengths without much trouble. 

The author proposed to find by trial at what depth 
he could put the sills without excessive pumping, and 
then to construct sluices with such waterway that 
there would be no tendency to scour deeper, and he 
estimated that 1200 ft. would be sufficient. The 
character of the soil caused the only real difficulty, and 
the author proposed to trust to making the foundation 
sufficiently water-tight by sheet piling, each pile being 
composed of three planks, each 3 in. thick, bolted 
together, a form of pile he had found very cheap and 
most efficacious in Shanghai. He proposed to build 
the piers of stone, because a sufficient supply both for 
piers and for concrete could be had from the Chinese 
quarries 50 or 60 miles up the river, only a small 
supply of large stones being requisite. On the other 
hand, a sufficient supply of large timber to construct 
all the sluices of that material would have been unpro- 
curable, but the timber required for the scheme as 
proposed could have been obtained and brought up 
over the flooded country. 

After the sluices were completed the surrounding 
banks would have been removed and the water trained 
through the sluices by an embankment from E to D. 
The first set of grooves in the sluices would then have 
been closed by logs slipped down them, and the second 
set by water-tight doors. 

The essential difference between the two schemes 
was that in the first the closure was effected against the 
natural bottom of the river, while in the second it wes 
effected against a solid foundation, but the strong 
arguments in favour of the second were founded on the 
fact that time was of great importance, and as the 
materials could be more easily got for the second 
scheme than for the first, and the whole of the work 
in it was of a kind with which the Chinese are quite 
familiar (such sluices being common all over the 
country), the second scheme, though more elaborate, 
would, the author felt confident, have been carried out 
in much less time than the other. The author fully 
considered the many difficulties connected with the 
scheme, but will not at present enter into more detail. 
He was, however, satisfied on two points, viz., that if the 
breach could be closed by constructing embankments to 
meet each other, the Chinese could do it themselves 
without foreign assistance, and that if they failed 
the only hope of success lay in dealing with a larger 
opening, and closing from the bottom instead of from 
the sides. 


(To be continued.) 


INDUSTRIAL NOTES. 
THERE is considerable unrest in various industries 
at the present time, though the number of actual dis- 
putes has not largely inereased, But there is an un: 


and 24 per cent. further reduction at the expiration of 
three months. The latter, in a modified form, was 
accepted by the operatives, and a number of employers 
have practically accepted the later terms of the opera- 
tives, namely, to reopen the mills at 23 per cent. re- 
duction, without the condition of a subsequent 
reduction, unless it is then found that a further 
reduction is absolutely needed. Some 300,000 spindles 
were set going in the Oldham district on those terms, 
and notices were issued to the men in other districts 
that they might resume work at the 25 per cent. re- 
duction, Many of the federation employers are 
annoyed at the compromise under which the mills 
have restarted. But the fact is, yarnis now so scarce 
that thousands of looms are idle through the stoppage 
of the spinning mills, and yet the weavers are not 
really involved in the dispute. In Burnley only about 
16,000 looms out of a total of 50,000 are regularly at 
work, and in Rochdale some 5000 looms are idle. 
In Padiham things are nearly as bad. The distress in 
some districts ismost acute, and the employers testify 
that the conduct of the workpeople throughout the 
dispute has been most exemplary. The fact is that 
all are agreed upon one point, namely, that the state 
of the cotton trade is deplorably bad. The employers 
think that a reduction in wages will help them to 
continue producing; the operatives say that the re- 
duction will scarcely affect the cost of production, and 
that it is not fair to reduce the cost at their expense. 
The resistance is a painful experiment in a falling 
market. 


The engineering trades throughout Lancashire show 
no appreciable signs of improvement, nearly every 
branch of the industry being in an unsatisfactory con- 
dition. Some of the firms engaged upon specialities 
continue to be fairly well employed, but the generality 
of engineering firms are slack, and no orders of any 
weight appear to come forward at the present time. 
Locomotive builders complain that trade is ex- 
tremely depressed, while the machine tool makers are 
but indifferently supplied with work. On the other 
hand, there appears to be a good deal of work stirring 
in the boilermaking branches, and heavy stationary 
engine builders are mostly well employed. Some of 
the machinists have also a fair amount of work on 
hand, mostly orders for abroad. The iron trade is 
very dull, competition is keen, and prices are low. 
Some fairly good inquiries are upon the market for 
pig iron, but makers are shy of orders at lower rates. 
The steel trade is still depressed, but a lessened pro- 
duction has caused firmer prices for some kinds of steel. 
The business in manufactured iron is still very slow, 
mostly from hand to mouth purchases. There is an 
absence of labour disputes generally in all the engi- 
neering and cognate branches, and also in the iron and 
steel industries. Messrs. Mather and Platt have 
started on the eight-hours system at the Salford Iron 
Works upon the initiative of the firm. It appears that 
proposals were made to the men, but the latter did not 
readily respond to the new suggestions, and made no 
alternative proposal. But it seems that the Amalga- 
mated Society of Engineers have endorsed the experi- 
ment for a year, in order to see its working. The men 
are often as averse to new methods and new arrange- 
ments asemployers, but every successful experiment 
in this direction will help to strengthen the eight-hours 
movement on voluntary lines, by mutual arrangement 
between the employers and the workers. Further ex- 
periments of this kind will bring the eight-hours system 
well to the front, 


Mr. William Allan, the pioneer in the eight-hours 
system in the engineering trades, has been returned for 
Gateshead as a member of Parliament, in the room of 
Mr. James, now succeeding to a title and a seatin the 
House of Peers. Mr, Allan, of the Scotia Engine Works, 
isa Radical in politics and on most social questiors. 


For a considerable time past there has been a move- 
ment, or a series of movements, originating in different 
centres where Government carries on its work, such as 
the Arsenal at Woolwich, the small-arms factories at 
Enfield and Birmingham, the clothing factories, and 
the various dockyards, for an improvement of the 
status and wages of Government employés, and for a 
reduction in the hours of labour. Some improvement 
has been introduced in different branches and grades 
of the service, but the complaint is that it is not 
uniform in its operation, and that it does not advan- 
tageously affect the poorer class of workers, and that 
the artisans and mechanics are at a disadvantage as com- 
pared with those of private firms, The contention of the 


Marcu 3, 1893. | 


KNGINEERING. 


265 


last and of former Governments has been that the 
regularity of work, the payment for holidays, and the 
superannuation allowances or pensions, have compen- 
sated, and more than compensated, for any slight dif- 
ference in wages, and that on general grounds the 
condition of the Government employ¢s is better than 
that of the workmen of the same class and grades in 
private firms. This is apparently conceded by the 
workpeople, if we may judge by the keen competition 
of workmen for Government employment, But a new 
principle is apparently about to be introduced, which, 
if carried, will have an important influence upon 
wages, hours of labour, and other conditions in all 
industries carried on by the Government of a competi- 
tive character—that is, those in which private firms 
are also engaged, such as engineering, shipbuilding, 
clothing, the manufacture of fire-arms, accoutrement- 
making, and the rest. Sir John Gorst has given 
notice of a motion to the effect that no person shall be 
employed in Government establishments at wages insuf- 
ficient for a proper maintenance, and that the condi- 
tions of labour, hours, wages, insurance, and pensions 
shall be such as to afford an example to private em- 
ployers throughout the country. If this resolution is 
carried and is thoroughly put in force, it will have the 
effect of establishing a minimum wage in all such 
industries, and will be so interpreted in the courts of 
law when questions arise, 


The temper of the new House of Commons, as 
regards labour questions, is almost bewildering in 
many important respects. The advancement of legis- 
lation upon such questions is no longer left to a small 
but earnest group of a dozen labour representatives, 
but it is promoted and advanced by ardent reformers 
on both sides of the House, or rather by all sections of 
the House, for ‘‘ both sides” is a misnomer, and no 
longer applies to the parties which sit in the House of 
Commons. Moreover, the Government has produced 
a batch of measures, more extensive than was ever 
formulated in any previous session in our history, per- 
taining to labour and social questions generally, as 
contradistinguished from purely political measures. 
In the group of labour questions must be placed the 
creation of the new Labour Department, the appoint- 
ment of the Poor Law Commission, the reduction of 
the qualification of poor law guardians and of repre- 
sentatives on other local bodies to enable work- 
ing men to be returned, the Hours of Labour Bill 
for railway employés, the inquiry into the condition 
and wages of Government employés in dockyards and 
factories, the amendment of the law of conspiracy as 
regards labour disputes, and the Employers’ Liability 
Act Amendment Bill. All these are Government mea- 
sures, or have the sanction and support of the Govern- 
ment, Others may also be placed in the latter cate- 
gory. As regards the Employers’ Liability Bill, Mr. 
Chamberlain has proposed a very curious amend- 
ment, in the first stage of the Bill, the effect of 
which would be to throw upon the employer a 
liability for unpreventible accidents, causing injury 
to the workpeople, as, for example, the result of 
a hurricane or an eaithquake, provided that the 
workman was injured while at his work. Let it be 
known that such a proposal does not come from the 
labour members’in the House. If employers are made 
liable for injuries which may be preventible by fore 
sight, by good plant, and by all the ordinary precau- 
tions which it may be possible to make, then we have 
done by law all that is reasonable and just. Mutual 
insurance, either jointly or singly, must do the rest, 
and make provision for all the accidents which are 
possible in the course of industrial enterprise, whether 
on sea oron land. There are many other measures by 
independent members of the House not included in the 
above list. 


Mr. George Howell, the member for North-East 
Bethnal Green, has achieved the honour of carrying 
through all its stages the first Bill in the present Parlia- 
ment. It is a small Bill in size, but it is important 
in its principle and provisions. ‘he measure gives to 
the trade unions of the United Kingdom the same 
exemption from payment of income tax as that enjoyed 
for many years by friendly societies, but itis restricted 
to precisely the same class of provident benefits, and 
to similar amounts paid in any one year to the members. 
The total gross amount is limited to200/. The highest 
sum given in one lump sum is 100/, in case of accidents 
in the best trade unions. The yearly amount is limited 
to 30/. per annum. This sum will also cover the total 
payments under any head either of donation—that is, 
out-of-work benefit—sick benefit, or superannuation 
allowance. A special feature in the Bill is the defini- 
tion clause, defining for the first time the expression 
provident fund or provident benefits, Singularly 
enough, the legislation with respect to friendly societies 
dates back an entire century, but no such definition 
clause has ever before been introduced. The absence 
of such a definition has caused some curious disabilities 
as regards the investments of funds in trustee banks, 
Post Office savings banks, and in other respects. These 
difficulties will now be obviated, Sir Michael Hicks- 


Beach, in objecting to the Bill in the first instance, 
thought that the exemption was too narrow, and sug- 
gested that it might apply to co-operative societies. 
But Mr. Howell explained that, however useful these 
societies were, they were trading societies for profit, 
and asked would he like to so extend the principle. 
He replied that he saw the distinction, and withdrew 
his opposition. Mr, Howell has obtained the consent 
of the Lord Chancellor to take charge of the Bill in 
the House of Lords, so that its passing into law is in- 
sured, and that, too, before the Budget, so that the 
the small reduction in the income tax will be provided 
for in the Estimates, 


The Royal Commission on Labour is now engaged 
in drafting the report. his practically devolves upon 
the Duke of Devonshire, but it appears that the Duke 
has called to his counsels and aid a sub-committee, 
upon which are to be found Mr. Tait, representing the 
railway servants, and Mr, Tom Mann, also a labour 
representative. It is stated that the Earl of Derby 
is not able to take part in the labour of drafting the 
report, as the noble earl’s state of health will preclude 
him from arduous work of this kind for some months 
tocome. This is regretted on all hands, because he 
brings to bear a wide knowledge and a judicial mind 
of great clearness and quick perception. Moreover, 
Lord Derby has always had a kind of sympathy with 
what is called the social question, or labour question, 
This sympathy was not of a pronounced character, as, 
indeed, the noble lord was never very pronounced upon 
any subject whatever, but the tendency of his mind was 
towards social amelioration, and he has often taken a 
leading part in the discussion of such problems. 

Volume II. of the Minutes of Evidence taken before 
Group C of the Royal Commission on Labour was 
issued on Saturday last; it deals with the textile, 
clothing, chemical, building, and miscellaneous trades. 
It consists of over 480 pages, and comprises the evi- 
dence of 64 witnesses. ‘The appendix contains numer- 
ous papers on conciliation and arbitration, co-opera- 
tive production, the hours of labour in various trades, 
the condition of chemical workers, and of workers in 
various other industries. Most of these documents 
pertain to and illustrate the evidence of the several 
witnesses. In looking through the mass of evidence 
in this volume, as in the previous volume, one is struck 
with the absence of that keen cross-examination of 
witnesses which is the essence of such an investigation. 
Once a rather curious incident occurred at the Com- 
mission. The Earl of Derby was in the chair, and the 
Duke of Devonshire was consulting him on a matter. 
The witness stopped in his evidence, and when the 
chairman looked up the witness said he thought that 
the chairman ought to pay attention to the evidence. 
The chairman blandly concurred, but the witness paid 
for his temerity by being subjected to a severe cross- 
examination. 

The condition of the mining industry of Great 
Britain, more especially of the coal trade, is regarded 
as extremely gloomy at the present time. In a certain 
modified sense the South Wales crisis is over; but 
there is considerable irritation in various districts, and 
a threat is made in some quarters of repudiating the 
scale. Moreover, a resolution was carried at aconfer- 
ence of 50 delegates to institute legal proceedings to 
recover any money kept back at the collieries for the 
sliding scale fund, All this augurs badly for the 
peaceful continuation of the scale as a means for the 
regulation of wages. Of course, in all these matters, 
a threat made in moments of irritation is not always 
to be taken seriously, but in this case there is a strong 
feeling averse to the scale, and it is presumably grow- 
ing. At the same conference the scale was denounced 
by the delegates, and resolutions condemning it were 
passed. It was alleged that the vote taken was a 
bogus one at many of the collieries. 

In Northumberland the men adhere to their resolve 
to resist the proposed reduction of 5 per cent. The 
matter was reported to the employers, with the result 
that it was again referred back to the men. The 
negotiations in Durham have been conducted with 
considerable secrecy, and no estimate has been prospec- 
tively given as to the final decision of the men. But 
it is no secret that the feeling is decidedly averse to 
any reduction. In all these negotiations the represen- 
tatives of the men are often denounced for their pru- 
dence, the idea being that their action is the result of 
cowardice, or of motives far worse. This is unfortu- 
nate—nay, more, the suspicion is cruel to the men 
who have to bear the brunt of the difficult negotia- 
tions, and bear the resentment of the employers. 

In Scotland reductions have been made in Lanark- 
shire, and in Ayrshire after an ineffectual resistance. 
In Fife and Clackmannan the coalowners are seeking 
124 per cent. reduction, and in Cleveland 10 per cent. 
is to be made from the first pay-day in the present 
month. Rumoured reductions are rife in other dis- 
tricts, so that a coal crisis will apparently be upon us 
during this month of March. 

The conference of the National Federation of Miners, 
which assembled in Birmingham on Tuesday last, met 


under very depressing circumstances, though the dele- 
gates seemed to be fairly hopeful as to the final results, 
The conditions are very different to those under which 
the last stoppage was decided upon and carried into 
effect. In one respect they are more encouraging, 
namely, in the fact that the federation is strengthened 
by the accession of Durham and Cleveland, and by 
the considerable force at its back in North and 
South Wales, and in the county of Monmouth. But 
there is a serious per contra. ‘lrade is not so good, 
Reductions have taken place in Durham after a long 
and painful struggle, in Northumberland, in most of 
the coal districts of Scotland, and large reductions in 
South Wales. Several thousands of men are also out 
of work in various districts of England, owing entirely 
to the depressed condition of trade. These were the 
adverse conditions to be grappled with at the con- 
ference. 

The most pronounced district in favour of a month’s 
stoppage is South Yorkshire, though even in that 
district some favour a fortnight, others a week, and 
many a partial stoppage each week for a time, say 
two or three days’ working per week. The Derby- 
shire and Nottinghamshire men will, it is said, be 
loyal to the federation if a month is agreed to. In 
Lancashire the month is not quite so generally 
favoured. In the Forest of Dean the total stoppage 
seems to be deprecated. In the two northern coun- 
ties it is said that a large section favours a full stop- 
page. Neither Scotland nor South Wales is likely 
to endorse the policy. 

In Scotland the coal trade is suffering reductions 
in wages inall directions. In Lanarkshire the reduc- 
tions are said to amount to 9d. or ls. per day instead 
of 6d. Im Ayrshire the reduction of 5 per cent. has 
been accepted after a brief struggle; this also will 
probably mean 9d. instead of 6d. In Fifeshire and 
Clackmannan the reductions are to be 124 per cent. 
from the middle of this month. These and other re- 
ductions may strengthen the federation in the demand 
for a month’s stoppage, but it will also increase the 
determination of the coalowners to enforce reductions 
in the event of the stoppage in all the districts covered 
by the federation, even in Yorkshire, the best organised 
of all, 


HIGH-PRESSURE HYDRAULIC PRESSES 
IN IRON WORKS.* 


By R. M. Darwen, Dusseldorf, Germany. 


MECHANICAL science is severely tested by the demands 
of the iron manufacture for the varied apparatus needed 
to transport and to treat raw materials and products. 
Water has long been a favourite means of transmitting 
pressure for such purposes, because of its own incom- 
pressibility. Further advances in its use are the more to 
be expected, since mechanical improvements have steadily 
tended to overcome the difficulties formerly encountered 
in the employment of great hydraulic pressures. So 
long as the pressure is not higher than that which 
requires for plungers, &c., only ordinary stuffing-boxes, 
with hemp or other similar packing, the necessary 
arrangements for the production and transmission of the 
water-pressure without leakage are very simple. But 
when this limit (which is, for most purposes, 730 lb. 
to the square inch) is exceeded, new conditions of 
construction arise, which are met in various ways, and 
which justify a primary division of hydraulic presses 
into low-pressure and high-pressure respectively. The 
former are used in lifting and moving weights, and 
employ pressures as high (in extreme cases) as 1460 lb. 
per square inch; but at this point the friction be- 
tween piston and hemp-packing is so great that the 
use of cup-leathers is already preferable. Beyond 
1460 lb. it becomes a necessity. The range of practic- 
able tight packing which follows is considerable, extend- 
ing to about 14,600 lb. ; but ‘high pressure” in practice 
is from 1460 lb. to 8760 1b., and it is to this that the 
present paper applies. 


GENERAL CLASSES AND TYPES. 


Hydraulic transmission at high pressure usually claims 
consideration in case the solid mechanism, such as levers, 
cams, screws, and gear-wheels, would have to be too large, 
would involve too much friction, or could not be suitably 
adapted to the speed requirements of the working tools, 
Since steam is mostly the primary carrier of the energy 
employed, the pressure pumps operated by steam are 
first to be considered ; and we naturally think at once of 
the steam engine with flywheel, since this is best adapted 
to utilise the capacity of expansion. 

The pressure pump, operated by such an engine through 
the prolongation of the piston-rod, and constituting a so- 
called ‘‘central station,” is, in fact, the favourite low- 
pressure hydraulic system. But for high pressure this 
system involves in accumulation, distribution to points 
of use, and control at those points of the high-pressure 
column, serious difficulties, which are especially felt in 
the almost ceaselessly continuous operations of iron 
works. The weighted plungers, which formerly served 
in most cases as accumulators, cause violent shocks in 
the pipe-line when changes take place in the movement 
of the water, so that in many places, in order to avoid 
bursting from this cause, the pipes are made exclusively 
of forged and bored steel. The seats and cones of the 


2 Paper read before the American Institute of Mining 
Engineers and the Verein Deutscher Hisenhiittenleute, 
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metallic valves are cut by the water (at high speed), and 
in such cases only the most careful maintenance can pre- 


vent great losses of power. In consequence of these | 


difficulties, various other arraxgements for high-pressure 
work have come into existence, so that the following 
systems may be described as essentially distinct : 

1. Steam pump with flywheel and accumulator. 
; 2. Steam pump without flywheel and with accumu- 
ator. 

3. Steam pump without flywheel and without accu- 
mulator. 


q A, 4 _ 


the varying demand of the hydraulic plunger for water. 

he accumulator is usually made as large as practicable, 
so that the intervals of rest of the press can be utilised 
to keep up the pressure ; and the dimensions of the pump 
may, therefore, be comparatively small. Moreover, one 
pump may have several accumulators, cf which the one 
nearest the pump automatically shuts off when all are 
filled, and opens when pressing begins. To reduce the 
number of valves, the differential pump piston is em- 


three-throw crankshaft, three water plungers. Fig, 2, 
a cross-section through this shaft, sufficiently explains 
the arrangement.* The dimensions must be adequate to 
the maximum demand for water; the steam consumption 
is correspondingly increased ; and, since the pressure in 
the conducting pipes must be kept constantly high, the 
loss by any leakage would be the same in this ease as in 
Nos. 1 and 2. But the installation is simpler and cheaper. 

4, Single-Acting Steam Intensifier without Accumulator. 


ployed. It has been found that the cylinder, also, should 
be of forged steel when the pressure amounts to 4400 lb. 


—The single-acting steam intensifier (Fig. 3) has a vertical 
steam cylinder A, the piston of which is forced upward 


Fig. 4. \ 
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In these three systems the valve motion of the working 
press is operated in the high-pressure column. This is 
avoided in the following : 

4. Single-acting steam intensifier without accumulator. 

5. Steam pump with flywheel, without accumulator, 
and with pipe circuit. 

6. Steam pump with flywheel, without accumulator 
and without pipe circuit. 

The accompanying engravings illustrate a number of 
types characteristic of this classification. 

Fig. Lis a diagram of the steam pump with flywheel, 
ordinarily used for the production of high pressure. It 
has a differential piston, which sucks on one side and 
presses on both. A is the steam cylinder ; B the piston 
for suction and pressure; C D the pressure piston. The 
valve motion is taken from the piston-rod. Various 
combinations of two such pumps increase the uniformity 
of delivery. 

1. Steam Pump, with Flywheel and Accumulator.—The 
steam pump with flywheel cannot be used without an 
accumulator, because it cannot accommodate itself to 
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to 8800 lb. per square inch. The piston speed is usuall 
kept between 3 ft. 4 in. and 6 ft. 8 in. per second. It 
could be greater for the steam; but this is avoided, 
because it would require the introduction of gear wheels, 
and the double transition from rectilinear to rotary motion 
and back again. 

2. Steam Pump without Flywheel and with Accumulator. 
—By removing the flywheel from Fig. 1, we obtain the 
second system, which may be operated with a smaller accu- 
mulator, because the machine is better adapted to adjust 
itself to the demand for water when the inlet valves of 
the presses are opened. The size and speed of the pump 
are made correspondingly greater. Installation is cheaper, 
but consumption of steam (by reason of the smaller use 
of expansion) larger, than for No. 1. 

3. Steam Pump without Flywheel and without Accumu- 
lator.—A steam pump suited for use without flywheel 
or accumulator (in which manner, by the way, No. 2 also 
can be employed) is one in which uniform water delivery 
is secured by a triple division of its pumping part. The 
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by steam entering below, while the prolonged piston-rod 
B presses upon the water in the cylinder C, in inverse 
proportion to the surfaces of the two pistons. The water 
is conveyed through a pipe to the working cylinder D of 
the press, where it effects the necessary stroke of the 
hydraulic plunger through a distance reduced in propor- 
tion to the increased area. The admission and cut-off of 
steam are regulated by hand, or (if desired) automati- 
cally. In the water column is an automatic valve, 
regulating the velocity of the plungers; and there is a 
similar valve h, admitting water to replace that which 
has been used. Both of these are closed before the high 
pressure is put on. The water already used returns 
from the working cylinder D to the driving cylinder C. 
In the use of this system, not only the accumulator, but 
also the long pipe circuit, is dispensed with, since every 
press generally has its own intensifier, the distribution 
of steam available for such purposes being already 


* Other sections of this triple pump are shown in Stahl 


steam piston-rod operates, by means of a crank and a 


und Eisen, Vebruary 15, 1892, page 156, 


Marcu 3, 1893. | 


ENGINEERING. 


267 _ 


ee 


provided in most works. This transformation of steam 
pressure into water pressure can be carried to an almost 
unlimited extent ; but in order to keep the friction on the 
cup leathers as low as practicable, a water pressure of 
6000 lb. per square inch is not exceeded, unless of 
necessity. It is advantageous to make the stroke of the 
intensifier as long as possible; but this is often limited 
by the available space. ) t 
hydraulic plunger are usually given, the transformation 
is arranged with reference to the available steam pres- 
sure. ‘The short connection between the driving and the 
working cylinder, and the absence of valves to be ope- 
rated between them, permit a high plunger speed, the 
limit of which, perhaps, has not been reached, even at 
10 ft. per second. The greater this speed the earlier 
can steam be cut off during the stroke, and the more 
completely can expansion be utilised—to a much greater 
degree, in fact, than with a steam pump without accumu- 
lator, having a precisely fixed stroke and load. If the 
driving piston is to be stopped at a definite point a mode- 
rate speed is chosen; and, in general, the intensifier 
should be (and within wide limits can be) 
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| moreover, some of the saving in steam is lost again through 
the unused portion of the stroke of the flywheel engine. | 
Piston speed and number of strokes are limited by the | 
rate of flow in the pipes ; and since, therefore, they cannot 
be made very great, the dimensions of the machine must 
be enlarged, which constitutes another condition limiting 
| the application of this system. ; 
6. Steam Pump with Flywheels, without Accumulator, 
and without Pipe Circuit.—This is not the case to so great 
| a degree with the horizontal forging press, patented by | 
_the writer, and illustrated in Figs. 5 to 8 inclusive. Here 
| the driving piston moves in the press cylinder, connections 
are dispensed with, and the press plunger, even when | 
strokes are frequent, must go the pace. Each advance 
of this plunger can thus be made correspondingly small—_ 
'a clear advantage, in connection with the use of low- | 
pressure water, to utilise the full stroke. In this system — 
the driving engine may be far from the press, but the | 
| position of the press cylinder must be such as to permit a 
direct connection with the driving piston and with the 
crankshaft necessary to its operation, On the other 
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requirement of the press. It can also be arranged to 
operate with one double-working cylinder, or with two 
connected cylinders, so as to increase its performance for 
a given time; but the arrangement of water valves is, in 
that case, more complicated. 

Fig. 4 shows an arrangement of the intensifier by which 
a single steam piston A, operating two or more parallel 
driving plungers B, B), having the connections q, q, with 
the corresponding working cylinders C, GC, effects a 
uniform parallel movement of the working plungers. 

The working plunger may be controlled, independently 
of the intensifier, by a special steam piston, accompanied 
with the admission or expulsion of water, or by the dis- 
charge of low-pressure water into the press cylinder. Pro- 
tection against breakage of the press is secured in this 
system to the greatest practicable extent, since the work- 
ing pressure is constantly determined by the steam pres- 
sure, 

5. Steam Pump with Flywheel, without Accumulator, and 
with Pipe Circuit.—The steam pump with flywheel and 
without accumulator, as used by Mr. W. D. Allen, of 
Sheffield, for hydraulic forging,* operates similarly to the 
intensifier, in that the pump cylinder and press cylinder 
are connected by short pipes without valves, and hence 
the working plunger follows on its back stroke the move- 
ment of the driving piston. The flywheel prevents any 
control of this motion by hand, and only the press plunger 
can be controlled by the admission or discharge of low- 
pressure water into the press cylinder, This is an 
attempt to combine the advantages of the intensifier with 
those of the flywheel. Apart from the higher cost of the 
plant, the necessary space is not always available ; and, 


* Tllustrated in ENGINEERING, vol. lii., page 417. 


conducting pipes. Over-passing the maximum of safe 
water pressure 1s prevented by a safety valve. 

In designing this press I acted upon the opinion that 
the form adopted offers increased accessibility of the 
whole machine for handling blooms, changing hammers, 
dies, &c., or for inspection and repairs, while it is also the 
cheapest in first cost. 

A is a double crankshaft with flywheel, driven by a 
steam engine; B a connecting-rod transmitting motion to 
the small plunger C, which, entering the large press 
cylinder D, moves forward the press plunger EH. The 
latter carries the hammer F, opposite to which is fixed the 
anvilG. The mass to be forged, H, is suspended between 
them by chains from the crane roller I. The frameplates 
K, of rolled steel, are fastened to the baseplates L, and 
carry the cylinder D and theanvil G. The small plunger 
N, moving in the cylinder M, is operated with low-pressure 
water by means of a hand lever, and drives the press 
plunger E, the back action valve O being lifted when E 
1s to retire, and allowed to fall freely when E is to be 
driven forward. P and ( are the inlet and oxtlet for the 
low-pressure water. The large press cylinder D is filled 
with water from an elevated tank. R R are rollers, 
mounted on lifting tables, to facilitate the handling of the 
forging. The dies are changed with the aid of the forge 
cranes. 

Specrat Forms. 

The field of application for the systems of producing 
water pressure increases with experience, and with the 
improvements devised to overcome the difficulties en- 
countered in practice. Consequently local conditions are 
becoming more and more decisive in the choice of a suit- 
able system. 

The Pneumatic Accumulator.—The reasons for avoiding 
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the use of the accumulator are partly removed by the 
patent pneumatic hydraulic accumulator of Prott and 
Sulhoff,* which successfully substitutes air pressure for 
a constant weight, so that, in rapid changes of the water- 
speed, the effect of the momentum of a weight, increasing 
seriously the resultant shocks, is eliminated. 

Fig. 9 shows one form of this accumulator. It con- 
sists essentially of an air cylinder A, with plunger a, and 
a water cylinder B, with plunger b, having (for instance) 
one-tenth the area of a. Hence, if, the pressure in A be 
50 atmospheres, and water is forced through e into B so 
as to raise a and b, the pressure in B will be 500 atmo- 
spheres. When water is forced into B, the air in A will 
be compressed ; when water is taken out of B, the air in 
A will expand and drive the plunger down, but without 
shock, even if the speed be high. F F are auxiliary air 
receivers, of which there may be any desired number (the 
large accumulator at Bochum has six), and which may be 
cut off or connected by valves, as at f, as required to 
increase the air space, and diminish proportionally the 
range of pressure in A, and the consequent intensity of 


adjusted to any | hand, these features remove the evils due to shocks in the ' the pneumaticreaction. The cast-steel plunger a is made 
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hollow to give additional air space. The amount of air 
is constant, except for loss by leakage. To prevent thisa 
liquid (preferably oil) is introduced above a (as shown in 
the figure opposite the oil-gauge g), and is allowed to 
penetrate also into the small annular space between the 
walls of the plunger a and a water-tight lining h, of 
wrought-iron plate. The manufacturers say that without 
this protection the best steel casting would not be tight 
under an air pressure of more than 50 atmospheres. Oil 
is introduced through g by means of the valves shown at 
the right of 1, which leads to the air pump. The pump 
is engaged or disengaged by means of m and n. For 
further details, the description in Stahl und Eisen, cited 
above, may be consulted. 

Applications of the Steam Intensifier.—In most recent 
times, improvements in the control of the hydraulic 
column (to be described below) have essentially facilitated 
the use of a central high-pressure generation, with 
or without flywheel, so that this system can now be 
employed for the largest forging presses connected with 
iron and steel works, whereas it was formerly more or 
less confined to establishments having many departments, 
such as bridge shops, shipyards, and boiler manufactories, 
in which the tools for adjusting, cutting, punching, bend- 
ing, and riveting wrought iron were operated by hydraulic 
pressure. The pressure, which formerly seldom exceeded 
1460 lb. per square inch, is now carried considerably 
higher. 

For the presses used in plate mills to bend, corragate, 
cut, and stamp the plates, the simple intensifier, shown 
in Fig. 3, has largely taken the place of the pump with 
accumulator, having already proved its excellence in 


* See Stahl und Eisen, 1891, No. 2, page 132. 
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other directions, as, for instance, in the operation of 
billet shears. 

Fig. 3, already referred to, as illustrating the general 
principle of the intensifier, represents also its applica- 
tion in the patent vertical hydraulic shearing machine, 
with direct steam driver, of Breuer, Schumacher, and Co. 
This machine, designed for shearing hot steel ingots, 
consists essentially of the steam intensifier already de- 
scribed, from which the working cylinder D derives 
(through water or other liquid) the pressure which is 
communicated through E to the blade F. A small steam 
cylinder G, above the shear frame, lifts E, with the upper 
shear F’, after the cut to their initial position. On the 
cylinder A, the steam valve b, operated by the hand lever 
a, directs the steam alternately into G and A. 

When, by depressing the lever a, steam is admitted to 
the large cylinder A, the piston rises, and H, with the 
connected crosshead m, is forced down by the pressure 
of the water forced by B, operating in C. In this down- 
stroke m, gliding upon the curved lever 7, moves (in cor- 
respondence with the curve of 7) the steam slide of b, so 
that, after the cut has begun, the steam is first throttled 
and afterwards cut off from A entirely, leaving the re- 
mainder of the cut to be effected by expansion only. In 
other words, when the resistance of the bloom is highest, 
the steam inlet of A is entirely open, and as resistance 
diminishes, it is proportionally closed. Finally, when 
the cut is finished, m and / automatically reverse, and 
open the outlet for the steam in A, the piston of which 
then returns by its own weight, being suitably cushioned 
by the control, through b, of the steam escape. 

Many devices have been patented for applying to dif- 
ferent purposes the principle of direct transformation, by 
means of the intensifier, of steam into water pressure. 
Among these may be mentioned the use of a counter 
plunger, to regulate the plunger speed by controlling the 
water discharge. In this way it has been found practic- 
able to do away with the otherwise inevitable shock in- 
volved in the sudden stoppage due to resistance—as, for 
instance, in the forging of cold iron. If necessary to 
secure a very large number of strokes in a given time, 
several intensifiers can be made to operate one press. 


(To be continued.) 


COLUMBIAN EXPOSITION NOTES. 
WHILE no official estimate on the loss caused by the 
snow on the roof of Manufactures Hall has yet been 
made, it has been figured that the damage will not exceed 
6500 dols., and may be kept under 5000 dols. 


The Bureau of Admissions has had the form of admission 
ticket under consideration. A design offered by the New 
York Bank Note Company will probably be chosen. It 
is steel engraved, 2} in. wide and 4in. long. The tickets 
will be printed on heavy bond paper, almost as thick as 
Bristol board. 


Mr. Willard A. Smith, of the Transportation Exhibits 
Department, has secured an additional outdoor space, 
48 ft. in width and 350 ft. in length. The addition is 
situated along the north end of the annexe to the main 
building, and will be used for showing special station 
details and pneumatic crossing gates. 


The exhibit of the London and North-Western Rail- 
way Company of England left Liverpool on the White 
Star steamer Runic on the 24th ult. It includes, among 
other articles, a locomotive weighing 47 tons, a tender 
weighing 12 tons, and two cars, the weight of which is 
23 tons each. The exhibit will, on its arrival, be in- 
stalled in the annexe to the Transportation Building. 


From the Watervliet Arsenal gunshops at West Troy, 
N.Y., will be sent for exhibition six guns of different 
calibres. They will include “a 12-in. gun, a 10-in. gun, 
a7-in. howitzer, a 5-in. siege rifle, a 3.6-in. rifle, and a 
3.6-in. mortar. The largest and the smallest gun will be 
mounted alongside each other. The largest is 37 ft. long 
and weighs 52 tons, and the smallest is 2 ft. long and 
weighs 224 lb. 


The first part of the exhibit from the Krupp Works at 
Essen occupied 21 railway cars. The monster gun will 
come as a special consignment, but the first section con- 
tained six large guns with carriages and apparatus in 182 
separate cars. The consignment weighs 400 tons, and is 
valued at 26,0007. These guns were sent from Hssen vid 
Hamburg by the steamer Gardepee, and shipped from 
Baltimore January 26. The first section includes: One 
42-centimetre coast gun, carriage, and accessories; one 
2l-centimetre central pivoting gun, carriage, and acces- 
sories; one 15-centimetre 40-lb. quick-firmg gun, car- 
riage, and accessories; one 12-centimetre 40-lb. quick- 
firing gun, carriage, and accessories; one quick-firing 
gun, carriage, and accessories; one 25-lb. quick-firing 
gun, carriage, and accessories. With the guns camea 
large quantity of packages containing gun carriages, steel 
armour plates, steel tyres, disc wheels, driving wheels, 
iron cables, plates, tools, &c. 


Of course the six months’ life of the Exposition will be 
marked by ‘‘State” days. This is adopted from the 
Centennial of 1876, when one State vied with another in 
the number of visitors. A comparison of the statistics 
between 1893 and 1876 will hereafter be of great interest. 
These special days are expected to greatly increase the 
attendance at the Exposition. The first day assigned is 
May 17, when visitors from the State of Washington will 
swoop down on the grounds and have things their own 
way. Maine folk are going on June 2, and on July 26 
the commercial travellers of the United States will take 
possession of the grounds. Utah day is July 24. Wis- 
consin will rally at the park on May 23. The Indepen- 
dent Order of Foresters chose August 12, and the 
Coloured Peoples’ Association August 17. North Caro- 


linians are going on August 31. The New York crowd 
will be there September 4. Colorado goes five days later. 
Kansas has asked for two days, September 15 and 16. 
Nevada asked for October 31, doubtless ignorant of the 
fact that the Exposition closes the day previous. 


The illuminated fountain display, which will be a 
novelty for most visitors to the Exposition, will be placed 
in the great basin in the Central Court. Water for the 
jets is furnished through 24-in. mains, branching from a 
36-in. pipe connected with the big Worthington pumps in 
Machinery Hall. Highteen water jets are grouped in a 
circle on the outer edge of the basin about the main cen- 
tral orifice, which is to throw a 2-in. stream to the height 
of 150 ft. Immediately around this are seven jets of less 
than an inch in diameter. Next comes another circle of 
six 1}-in. jets intermingled with still another series of 
8-in. pipes. Individual jets, arranged for artistic effect, 
make up a total number of 152 streams in each fountain, 
all of which may be thrown into action at the same time. 
The Edison Company, which undertook the contract for 
the fountains as part of its exhibit, is understood to have 
made an outlay of over 100,000 dols. for the display. The 
cost of operation, including attendants, water supply, 
power for lights, and incidental maintenance, is estimated 
at anywhere from 100/. to 2000. a night. 


In the Government Building the United States Patent 
Office will exhibit about 2500 models, selected to illustrate 
the development of striking inventions. Among these may 
be noticed those referring to mowing and reaping ma- 
chines. The first will be a model of Boyce’s mowing 
machine, patented in England in 1799, and several models 
illustrating early unsuccessful attempts at a mowing 
machine made in the United States. Thestages through 
which the invention advanced will be shown by the 
Hussey mower of 1833; the McCormick reaper, patented 
1834, the Mann harvester of 1850, the first knotter for 
self-binders, and that patented by Behel in 1860. The 
exhibit of the growth of the sewing machine begins with 
the earliest attempt at mechanical sewing devices of which 
there is a clear record—the Greenough machine of 1842, 
and the first machine of practical value, that invented by 
Elias Howe and patented in 1846. The successive steps 
of improvement from their beginning are illustrated, each 
by a working model, to the final development in the per- 
fected machines, manufactured under existing patents. 
In telephones substantially the whole history of the art 
is presented in the exhibit, beginning with the Bell tele- 
phone of 1876, and showing the substantial improvements 
down to the latest telephone used to-day. 


The Chicago Herald speaks in a pessimistic tone about 
the prospect of the 560 ft. spiral electric railway tower 
which it 1s proposed shall be placed at one end of the 
Midway Plaisance. As thus: ‘‘ Nineteen menand a pile- 
driver that coughs hoarsely and sends out dense clouds of 
smoke constitute the working force now employed on the 
great steel tower at the World’s Fair grounds. The 
tower was along while getting under way. Not a great 
deal has been done yet. The pile-driver was brought in 
one day last week and set up just east of the Illinois 
Central tracks, between Fifty-ninth and Sixtieth streets. 
Then a load of coal was dumped on the snow near by. The 
pile-driver was ready for business several days before any- 
thing was brought intopound. . .. . 

‘Tf the company that is putting up this tower gets it 
ready before the opening of the Fair, it will break all the 
records of rapid construction made in erecting the 
buildings of the Exposition. More than a month will be 
required to put down the foundations, and then but two 
months will be left to raise the great steel framework, 
which isto be 560ft. high and 230 ft. in diameter. The 
design of this tower is decidedly unique. The structure is 
formed of enormous uprights of steel, set in the form of a 
cylinder, and latticed together with steel braces. Instead 
of employing elevators to make the ascent, a spiral rail- 
way that runs up a corkscrew track is used.” 


It is stated that a reproduction of the Viking ship, 
found in a royal burial mound at Sandefjord in 1880, is to 
be one of the Norwegian contributions to the Transporta- 
tion Building. Asa reproduction the exhibit will be of 
interest, but this will be greatly enhanced if the idea at 
present entertained be carried out. This is nothing less 
than the navigation of the boat across the Atlantic. It 
is stated seriously that this will be attempted in April, 
and it is hoped to prove that Leif Hrickson might really 
have performed the feat, nearly 1000 years ago, with which 
he is practically credited. 'The dimensions of the ship are 
77 ft. 1lin. over all, 16} ft. beam, while the distance from 
the upper side of the keelson to the railing is 52 ft. The 
bow and stern are higher than amidships, and there is no 
deck of any kind. There are 32 oars and rowlocks, and 
each oar is 17 ft. long ; little sail is carried ; 20 men under 
the command of Magnus Anderson will sail or row the 
ship from Norway. Hight years ago Captain Anderson 
attempted to make the voyage from Norway to the United 
States in an open 18-ft. boat. He got as far as the New- 
foundland Banks, after having had his boat upset three 
times, when he gave up the attempt and was picked up 
more dead than alive by an English vessel. The trip 
will be made to Chicago through the Hrie Canal and the 
Great Lakes, if the boat ever reaches New York. 


The Inter-Occan, commenting on the internal decora- 
tion of the Iowa State Building, says: ‘‘A new style of 
architecture has been discovered, and a new scheme of art 
has been presented to the world. Both are to be seen at 
Jackson Park, and both come from the State of Iowa. 
The architecture is unique, and has much merit. The art 
is bad. The main halt of the Iowa Building is being 
decorated in all sorts of colours and with fantastic 
figures. The materials used in the decorations are Iowa 
grains, grasses, and minerals. Had those in charge con- 
fined themselves to simple decorations, the effect would 


have been startling as well as pleasing. Unfortunately, 
they have attempted several impossibilities, and the 
result will be disastrous. Hntering the main hall the 
visitor sees a magnificent dome hung with corn of every 
colour. The work there has been welldone. On the walls 
of the room are bas-reliefs of agricultural figures done in 
grains and grasses. Then, too, there area number of sup- 
porting columns covered with grains. Here the architect 
has brought into play his originality, and departing from 
the Ionic, has produced a style that is more than half 
good. So far no mistake was made. But then some one 
had to drag in and paste against the ceiling a dilapidated 
ram composed of corn husks. Opposite is the outline of 
what is meant for a coal miner. It would have been 
much better had the decorators gone out on a strike after 
they had completed the simple designs, which are really 
beautiful. However, they chose to go on, and they have 
at least accomplished something unique. As all the 
agricultural products of the State are shown, perhaps the 
object aimed at has been accomplished.” 


Apropos of the cost to visitors for seeing the sights of 
the Exposition, including the entrance charge of 2s., a 
writer in the Chicago Inter-Ocean expresses himself as 
follows: ‘‘In the whole length and breadth of the Plai- 
sance are to be about 50 concessions, They include 
everything, from an electric tower, where a sightseer is 
asked to pay a dollar for a ride, to the street in Cairo and 
the Turkish mosque, where the prices are graded from a 
dime to half-a-dollar, according to the anxiety of the 
visitor and the number of sights he sees. Beginning at 
the east end of the Plaisance, one may pay to walk into 
the Irish village and see the natives make butter and 
lace ; then he may step over to the electric tower and pay 
for a ride to the top and back. With his head whirling 
and his pocket-book getting dizzy, he can come to the 
Bohemian and American glass factories, and pay a 
quarter for a peep at the blowers. Then he comes to the 
animal show, and drops half-a-dollar to see dogs ride 
tigers and lions draw a cart. If these leave him un- 
satiated, he can find two panoramas, a Turkish village 
with dancing girls, a minaret tower filled with curios, a 
street in Cairo—more dances—a Moorish palace and 
restaurant, the Algerian section, the Ferris wheel, the 
ice railway, an old Pompeian house, a Morocco section 
with balloon attractions, an Austrian village, and last, a 
village of Amazons from Dahomey. Fach of these has its 
special features, to which admission is charged by autho- 
rity of the Exposition. In most cases the fee is 25 
cents; in some it is as low as 10 cents, and in others as 
high as 1 dol. In all vases the Ways and Means Com- 
mittee derives a revenue of from 20 to 70 per cent, of the 
gross receipts.” Finally he arrives at the conclusion 
that with economy the whole may be seen for 31, 


Sree Rais In France.—The Paris, Lyons, and Medi- 
terranean Railway Company has let a contract for 
8410 tons of steel rails to the Alais Company at 6/. 17s. 2d. 
per ton delivered. The Paris, Lyons, and Mediterranean 
Company has also let a contract for 1800 tons to the 
Naval Forges Company (Forges de la Marine). The 
contract price in this second instance is 7/. 3s, 1d. per 
ton, delivered in Algeria. 


AMERICAN RAILROAD FoRECLOSURES.—In the course of 
last year 28 American railroads were foreclosed by the 
mortgagees. The corresponding number of railroads 
foreclosed in 1891 was 21; in 1890, 29; in 1889, 25; and 
in 1888, 19. The length of line foreclosed in each of the 
five years was as follows: 1892, 1922 miles; 1891, 3223 
miles; 1890, 3825 miles; 1889, 2930 miles; and 1888, 
1896 miles. The capital involved in these foreclosureg 
was as follows: 1892, 95,898,000 dols. ; 1891, 186,069,006 
dols. ; 1890, 182,495,000 dols. ; 1889, 137,815,000 dols. ; 
1888, 64,554,000 dols. These figures show beyond all 
doubt that many American railroads are constructed 
before they are really required by the districts through 
which they are carried. Later on, however, most of these 
undertakings emerge from their early difficulties with the 
growth of population and general business. 


Exectric Lichtinc or Craic Housz, Eprypurcn.— 
Messrs. Ernest Scott and Mountain, Limited, electrical 
engineers, Close Works, Newcastle-on-Tyne, have secured 
the contract for the electric lighting of Craig House, 
Edinburgh. Craig House is a large private lunatic 
asylum—in fact, one of the largest, if not the largest, 
in Scotland or in England. The installation, we are 
informed, will consist of two Lancashire boilers 25 ft. 
long by 7 ft. 6 in. in diameter ; four horizontal compound 
engines, each capable of giving 60 horse-power ; four Tyne 
compound wound dynamos, each capable of running 400 
16 candle-power lamps, and between 1300 and 1400 incan- 
descent lamps and fittings. Messrs. Scott and Mountain 
have also in hand the lighting of the Co-operative Whole- 
sale Society’s premises at Waterloo-street, Newcastle, 
this installation consisting of three Crossley gas engines of 
25 nominal horse-power, and three 400-light dynamos an 
about 1200 16-candle-power lanips; also the lighting of 
Mr, John Dickenson’s engine works at Sunderland, the 
plant in this installation consisting of two 26-unit com- 
pound wound dynamos, and 39 arc lamps of 2000 and 
3000 candle-power, with about 120 incandescent lamps. 
They have also in hand the lighting of Barnby Manor, 
Newark, the residence of Mr. Frederick Platt, and a 
large mansion in course of erection at Kirkby Lonsdale, 
to be the residence of Dr. T. Paget Tomlinson, and the 
firm are now building two large sets of combined engines 
and dynamos, each of 400 amperes output, for cruisers 
building by Messrs. Sir W. G. Armstrong, Mitchell, 


and Co, 
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** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACIS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


5395. J. Scott, Leytonstone, Essex, Water Gauge 
Fittings for Steam Boilers, &c. [8 Figs.) March 18, 
1892.—This invention relates to means for automatically prevent- 
ing the escape of steam and water from a steam boiler, &c., in 
case the gauge glass breaks. When the upper and lower valves 
are at ‘* Open,” so that neither of the valves e, f in the lower 
fitting or the valve in the upper fitting is upon i's seat, steam 
passes through the upper fitting into a glass and water through 
the lower fitting. To blow steam through the glass, the lever 
handle & is moved so that the pointer thereon is opposite to the 
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letter ‘‘S.” This movement of the handle places the valve e 
upon its seat, and thus prevents the flow of water from the boiler 
through the lower fitting, and at the same time moves the valve 
l away from its seat, so that the steam can pass to the drain pipe 
p. If, however, the lever handle k is moved to place the pointer 
at ‘‘W,” the valve fis brought against its seat so that the pas- 
sage of steam through the glass is prevented, and water allowed 
to escape past the valve e to the drain pipe. Means are provided 
for preventing the valve from moving when steam is being 
drawn off through the lower fitsing. (Accepted January 25, 
1893). 


1620. J.and A. Prentice, Thankerton, Lanarks. 
Engine Governors. [5 Figs.) January 27, 1892.—This in- 
vention relates toa new method of and apparatus for governing 
the speed of engines, The fiuid governing apparatus has a large 
tank A, which forms the foundation of the apparatus, and is 
partially filled with water. The tank A has holesa made in the 
sides, so as to have the interior in free communication with the 
atmosphere; and fitted on the top cover Al are four pump 
cylinders B, B!, C, Ol. Supported on the topof the pumps, Cl! 
isa pressure chamber D, which has fitted on the top, and in free 
communication with it, a cylinder E. Leading from the top of 
the chamber D tothe main tank A is a pipe F haying a controlling 
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cock G on it, pipes H, H" being fitted to the ends of the pressure 
chamber D and communicating respectively with the pumps B, B', 
and pipes I, I! which are in connection respectively with the 
pumps C. Cl. The pumps B, B! are connected by pipes J, J! 
with the side near the bottom of the main tank A, and the pumps 
C C' are also connected with the side near the bottom of the main 
tank A. The rams of the pumps are connected by the link cross- 
heads to the pins of the cranks Q, Ql onthe short cross-shaft R. 
The shaft Ris carried in bearings S, fitted on the cover of the 
main tank. Fitted on the shaft R isa belt pulley driven by means 
of a strap. Ball valves are fitted in the valve casings d. A 
piston ¢ is so connected to the valve for controlling the supply of 


steam, that its outward motion shuts, and its inward motion | the circuit is broken by the cut-out, and further movement of the 
opens, the valve. The piston is also loaded, which normally tends | motor is prevented by the interposition of a high resistance in 


to force it into the cylinder E. (Accepted January 25, 1898). 


3084. W. Naylor, Sheffield. Lubricators. [3 Fiys] 
February 17, 1892.—This invention relates to signt-feed lubri- 
cators. A cone mouth A is formed at each end of the sight glass 
B, the indiarubber ball E being provided within the cone, so 
that in case of the glass B becoming broken, the pressure therein 
being relieved, the balls E are forced into the cone mouths A by 


the inward pressure, and thus the valves are automatically closed 
and only the oil contained within the glass B is wasted. The 
body of the lubricator is provided with a separate condenser and 
with a number of sight glasses. To the valve closing the oil 
chamber arubber ring F is provided, witha metal washer and 
nut for compressing it, thus forming a tight joint at this point. 
(Accepted January 25, 1893). 


GAS, &c., ENGINES. 


3165. A. Harris, Middlesbrough, Yorks. Tubes 
and Apparatus for Igniting Gas, &c., Engines. 
[1 #ig.] February 18, 1892.—This invention relates to means by 
which the ignition of the explosive mixture is rendered certain, 
and the formation of protoxide on the igniting surface is 


obviated. The chamber B is provided with an internal compart- 
ment containing a platinum igniting device, with means whereby 
the latter chamber can be turred to close the ignition tube and 
expose the platinum device to heat, and be again turned to open 
the ignition tube and close the apertures used for heating the 
igniting device. (Accepted January 25, 1893). 


5203. C. W. Pinkney, Smethwick, Staffs. Gas En- 
gines. [6 Figs.] February 18, 1892.—This invention relates to 
means for starting gas engines by one explosion, without the repe- 
titions necessary when the gas and air mixture is at atmospheric 


circuit. On return of the switch handle to zero, the movable 


portion of the cut-out is restored to its original position by mag- 

netic action, and the apparatus is ready to reverse by the move- 

2b, 1898) the switch handle to the other side. (Accepted Janua ry 
: 


MINING AND METALLURGY. 


4853. R. E. Shill, Dulwich, Surrey. Grinding 
Mills for Reducing Ores, &c. [2 Figs.] March 11, 1892.— 
This invention relates to mills in which the grinding is effected 
by means of balls revolving upon a circular track. An outlet is 
provided by which the material to be crushed is delivered near 
the lower part of the balls, and near to the race on which they 
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pressure. A pump forces the mixture of gas and air forming the | revolve, so that it cannot pass to the outlet from the mill without 


explosive charge, into the combustion chamber of the engine, to 
such a pressure that on its being ignited it starts the engine by one 
explosion, a relief valve allowing the pressure above that required 
for the charge to escape, and denoting when a sufficient pressure 
is attained, means being provided for effecting the explosion of 
thecharge. (Accepted January 25, 1823). 


ELECTRICAL APPARATUS. 


3233. W.S, Rawson, London; C. S. Snell, Corn- 
wall; and Woodhouse and Rawson, London. Elec- 
trically Driven Machines. [5 Figs.] February 19, 1892. 
—This invention relates to means for employment in connection 
with electrically driven machines, in which the power developed 
must be arrested at a definite point, and means provided for 
enabling the work to be continued automatically or by hand, either 
in the same direction of rotation or the reverse. The magnetic 
cut-out is fixed in any position with regard to the machine which 
is being electrically operated, the switch being disposed on the 
machine so that the operator, by turning the handle, starts the 
motor, and by cutting out resistance causes it to exert gradually 
Increasing power. As soon as this reaches a predetermined point, 


being first operated upon by the balls. The material is fed 
directly over a mercury bath, and thence beneath the balls. A 
tray containing weights and independent of the drivers is 
mounted so that it bears on the tops of the balls and is free to 
have a rotary motion imparted to it by the balls, whilst it is also 
free to rise and fall. (Accepted January 25, 1893). 


RAILWAY APPLIANCES. 


5358. J. Riddick, Glasgow. Railway Switches. 
(5 Figs.] March 18, 1892.—This invention consists of a re- 
versible tumbler fitted in a parallel position, outside of the rails, 
with the points, The switch points are movable and are attached 
to a pull rod connected to one end of a movable right-angle 


crank, the other end of the crank working in a s'ot hole in the 
bottom of the rack which has teeth on the top side having con- 
nection with a tooth-and-pinion wheel fitted on the axle set in 
bushes, and worked by a lever with sufficient weight upon it to 
close the points to either side. (Accepted January 25, 1893). 


5367. J. A. Carter, J. Hayes, and G. Carter, Brad- 
ford, Yorks. Audible Railway Signalling Appa- 
ratus. [3 Figs.) March 18, 1892.—This invention relates to 
means for giving audible signals on railways. A weighted lever is 
pivoted so that it is operated by a wheel flange of passing trains, 
and is thereby brought violently into contact with a spring sup- 
porting a detonating signal. The detonating signals are fed from 


270 


ENGINEERING. 


[Marcu 3, 1893. 


a hopper one ata time on to the block by means of an endless 
chain actuated by a lever and pawl and ratchet arrangement in 
connection with the spring lever. A catch is provided to engage 


= 


the spring lever each time it is operated, and retain it in the 
position to which the wheel flange forces it out of action until the 
detent is disengaged therefrom by means of an electro-magnet 
provided for that purpose. (Accepted Janwary 25, 1893). 


3167. T. Humphrey, Hurstville, Sydney, New 
South Wales. Air Pressure Brakes for Railways. 
[5 Figs.] February 18, 1892.—This invention relates to means for 
graduating off railway brakes operated by air pressure ; for giving 
the driver an accurate knowledge of the varying pressures in the 
brake cylinder ; and for enabling the brake to be released and 
again applied two or more times in succession on any vehicle de- 
tached from the main source of supply. The pressure registering 
and graduating off valve consists of three cylinders connected 
together, two small ones of the same size, and one larger one 
between the twosmaller ones. In these cylinders work three small 
and one large pistons, two small onesabove the large acting as valves 
to admit and release pressure from the small reservoir. The con- 


stant pressure reservoir is kept in communication with the top 
side of the large piston. These reservoirs are supplied with pres- 
sure from the main train-pipe, and retained by back-acting valve. 
The underside of the large cylinder is placed in communication 
with the pressure from the main pipe when the pressure is turned 
on. Inthe upper small cylinder is an inlet for pressure from the 
small reservoir and outlet to the brake cylinder. The pressure 
from the top small cylinder is also conducted down to the 
lower small one, being assisted by a spiral spring acting on 
the bottom of the piston. The releasing valve is operated by a 
pivoted lever, one end of which receives motion from a small pis- 
ton and cylinder in communication with the train-pipe pressure, 
the other end being moved by hand to effect the release of the 
pressure from the brake cylinder. (Accepted January 25, 1893). 


MISCELLANEOUS. 
3628. J. Harrison, Stamford, Lincolns. Hay- 
makers. (3 Figs.] February 24, 1892.—This invention relates 


to haymakers, and has for object to provide one with tedding 
forks having a feathering action. Upon the shaft b at each end is 
a bush /, at the outer end of which is fixed one part of a clutch, 
and at the inner end of which are two arms m carrying pinions 7, 
engaging with a ring of teeth o formed integral with the cam 
plate 7. The wheels c rotate upon the bush &, and sliding upon 
the hubs of the wheel are the clutch parts p designed to engage 
with the parts 7. Whilst the parts p are out of engagement with 
the parts / the travelling wheels rotate freely upon the bush hk, 


When, however, the parts of the clutch-box are in engagement, 
the travelling wheels are locked to the bush k, so that they 
cause the rotation of the latter. The wheels thus move around 
within the ring of teeth 0, and as they engage with gear-teeth ol 
upon the hub of one of the crosses f of each barrel, cause 
the rotation of the latter. The parts p of the clutch-box are 
operated simultaneously from a lever ¢ mounted upon the front 
bar of the frame @ and connected with the clutches through the 
medium of rods * and bifurcated spring levers engaging in grooves 
in the parts p of the clutches. Means are provided for adjusting 
the height of the barrels relatively with the ground. (Accepted 
Jounuary 25, 1893). 


3876. W.W. Horn, London. (fF. W. Wellhausen, Amite 
City, Louisiana, U.S.A.) Plough. [8 Figs.) February 27, 


1892.—This invention relates toa hand plough. The front cross- 
bar is constructed of metal, and provided at its ends with per- 
forated flanges through which pass screws, whereby it is secured 
to the handles. A central socket is provided, in which issecured, 
by aset screw, a plough standard. This standard is constructed 
of metal, and is curved and connected by braces with the front 


ends of the handles, and it is provided at its lower end with a 
socket, in which is secured a shank of a blade. By means of the 
socket through the front cross-bar, the standard and blade are 
adjusted vertically to regulate the depth of the plough, while a 
socket of the standard permits the blades to be readily removed 
and attached to the standard to enable different kinds of blades 
to be used. (Accepted January 25, 1893). 


4036. P. Pierce, Wexford, Ireland. Seed Drill. 
[3 Figs.] March 1, 1892.—In this mvention the quantity of seed 
delivered from the seed-box is regulated by means of a plate 
having a series of holes of different sizes formed therein, and 
one of which is placed opposite the hole through which the seed 
is discharged. A disc d is pivoted to the seed-box of the seed 


drill, and has formed in it a series of holes of different sizes, so 
that the quantity of seed discharged from the seed-box is regu- 
lated by placing one of the holes in the disc opposite the dis- 
charge opening in the box. A stopper is adapted to be pressed 
against the discharge opening in the box for the purpose of stop- 
ping the flow of seed therethrough, but normally held away from 
the opening by means of aspring. (Accepted January 25, 1893). 


3533. J.B. Bayly, London. (Z£. Reinold, Poona, Bom- 
bay, India.) Sluice Gate. [3 Figs.) February 23, 1892.— 
This invention consists of a sluice gate which moves on wheels. 
The water pressure at the back of the gate is resisted by rollers, 
whereby, in actuating it, all surface sliding friction is avoided, 
and the only resistance to be overcome is due either to axle or 
rolling friction. The face of the gate is provided with a narrow 
rim, the plane of which is at a certain inclination to the plane of 


motion of the gate, The face of the sluice frame is provided with 
an exactly corresponding rim. At the moment of closure these 
two rims are in contact, thus forming a water-tight joint, and 
at the moment of opening they are separated, and thus surface 
friction is obviated. The frame of the gate is provided with stops 
by means of which the contact of the gate with its frame is 
regulated. The rim on the sluice frame consists of loose adjust- 
able strips, which, when the gateisclosed, are merely brought 
into contact with the face of the latter and fixed in that position 
in order to secure a close water joint. (Accepted January 8, 
1893). 


4950. A. Hitchon, Accrington, Lancs. Driving 
Apparatus to the Revolving Flats of Carding 
Engines, [4 Figs.) March 14, 1892.—This invention relates to 
the gearing mechanism of revolving flat carding engines for the 


carding of textile fibres. The pulley 1 turns the first driving 
eccentric 3, and also the broad planet wheel 10, one side of this 
wheel gearing into the circular stationary rack 9, the other side 
gearing with the internal toothed wheel 11. The planet wheel on 
the eccentric boss 12 of the wheel 11 gears partly with a fixed 
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circular rack, and partly with the internal toothed wheel 15 
fast on the shaft 4, so that the speed of the latter is in ratio to 
the speed of the pulley 1 in proportion to the difference in the 
number of teeth in the racks and wheels, thus reducing the speed, 
76 revolutions of the pulley 1 causing the flat driving shaft 4 to 
make only one revolution. (Accepted January 18, 1893). 


5538. O. W. Ketchum, Toronto, Ontario, Canada. 
Gas Producers. [9 Figs.] March 21, 1892.—The object of 
this invention is to provide a gas-producer which may be run 
continuously for lengthened pericds of time without requiring 
to be stopped to remove ashes, &c. The inner jacket f and 
the feed vessel 7 having been filled with water, a fire is started on 
the grate py. When this is properly ignited the fuel reservoir is 
filled with coal and the door made secure. Air is forced into the 
fire by meansof a pipen. The carbon dioxide formed by the com- 
bustion of thefuel in thelower part of the firepot a passes upthrough 
the deep bed of fuel, and is converted into carbon monoxide, 
and the volatile gases in the fuel which is in the reservoir are 
gradually distilled by the heat of the incandescent fuel in the fire- 
pot, and when mixed with the carbonic oxide form a combustible 


gas of uniform quality, which is conveyed away by the off-take 
pipe m. The ashes fall through the large openings t of the upper 
grate p upon the non-open parts of the lower grate g, which has 
the same number of Jarge openings, but these are placed inter- 
mediate between those of the upper grate. As the two grates, 
which are rigidly connected together, are made to revolve by 
means of a wormshaft A, the fixed scrapers v hold stavionary the 
ashes on the lower grate until the large openings wu come beneath 
them, when they fall into the ashpits C. The scrapers attached 
to the upper grate in front of each opening ¢ clean the ashes from 
the outer circumference of the grate and force them into the 
openings, these scrapers being pivoted at their front end, so as to 
enable them to surmount apy irregularity or obstruction. The 
sweeper attached to the lower grate carries the ashes over the 
screw D,so that this removes them. (Accepted January 25, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


AntTWERP.—The number of ships which entered the port 
of Antwerp last year was 4321, of an aggregate burthen of 
4,500,091 tons. The corresponding number of entrances 
in 1891 was 4461 ships, of an aggregate burthen of 
4,693,238 tons; in 1890, 4532 ships, of an aggregate 
burthen of 4,517,698 tons; in 1889, 4356 ships, of an 
aggregate burthen of 4,050,519 tons; and in 1888, 4823 
ships, of an aggregate burthen of 3,974,320 tons. Of the 
entrances last year 3756 were steamers, as compared with 
3773 steamers in 1891, 3879 steamers in 1890, 3608 

| steamers in 1889, and 4047 in 1888, 
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LONDON SOCIETIES.—No. XXXVI. 
Roya Instrrut1ion—continued, 


THe next communication which Dr. Tyndall put 
before the members of the Royal Institution was 
his celebrated paper on the Mer de Glace, the 
result of observations made during two summer 
months at Chamounix. His ‘‘hair-breadth ’scapes” 
and skilful carrying out his designs in face of what 
to most people would have been insurmountable 
difficulties are graphically told in the first part of 
his book, ‘‘ The Glaciers of the Alps.” 

In this paper he critically examined previous state- 
ments as to glacier movement, determined the rate 
with great accuracy, and finally demolished the idea 
that viscosity was the property of ice which allowed 
of the varied changes in form which a glacier 
undergoes during its descent. 

Professor Forbes was the first to establish the 
prime law of glacier motion—viz., that the ‘‘cen- 
tral portions’ always move faster than the 
sides. This was amply illustrated by Dr. Tyndall 
by the deportment of lines of stakes placed across 
the Mer de Glace at several places, and across the 
tributaries of the glacier. The portions of the 
Mer de Glace derived from these tributaries are 
easily traceable throughout the glacier by means 
of the moraines. 

Thus, for example, that portion of the trunk 
stream derived from the Glacier du Géant can be 
distinguished in a moment from the portion de- 
rived from the other tributaries by the absence of 
the débris of the moraines upon the surface of the 
former. The moraines form the boundaries of the 
several glaciers forming the Mer de Glace. The 
commencement of the dirt forms a distinct junc- 
tion between both portions. 

Professor Forbes noticed that the eastern side of 
the glacier in particular is ‘‘ excessively crevassed,” 
and accounted for this crevassing by supposing 
that the Glacier du Géant moves most swiftly, and 
in its effort to drag its more sluggish companions 
along with it, tears them asunder, and thus pro- 
duces the fissures and dislocation for which the 
eastern side of the glacier is remarkable, Of this 
Dr. Tyndall says: ‘‘It was one of those sugges- 
tions which are perpetually thrown out by men of 
science during the course of an investigation, and 
the fulfilment or non-fulfilment of which cannot 


materially affect the merits of the investigator. 
Indeed, the merits of Forbes must be judged on 
far broader grounds, and the more his labours are 
compared with those of other observers, the more 
prominently does his comparative intellectual mag- 
nitude come forward. He would not content him- 
self with saying that the book of Professor Forbes 
was the best book which had been written upon 
the subject. The qualities of mind and the 
physical culture invested in that excellent work, 
were such as to make it, in the estimation of the 
physical investigator at least, outweigh all other 
books upon the subject taken together. But while 
thus acknowledging its merits, let a free and frank 


comparison of its statements with facts be insti- | P 


tuted.” 
Dr, Tyndall began his work by testing whether 
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the Glacier du Géant did move quicker than its 
fellows. Five different lines of stakes were set 
out across the Mer de Glace, in the vicinity of the 
Montenvert, and in each of these it was found that 
the point of swiftest motion did not lie upon the 
Glacier du Géant at all, but was displaced so as to 
bring it comparatively close to the eastern side of 
the glacier (Fig. 2). 

These measurements proved that the hypothesis 
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that the swifter motion of the Géant glacier caused 
the crevassing is untenable. At the place where 
the measurements were made, the glacier turns its 
convex curvature to the eastern side of the valley, 
being concave towards the Montenvert. 

Dr. Tyndall’s training as an engineer and sur- 
veyor in the use of the theodolite here stood him 
in good stead. 

The theodolite was placed on the mountain side 
flanking the glacier, quite clear of the ice. His 
first observation was on the steep slope of the 
Glacier des Bois in the month of July.* Here he 
selected a straight pinnacle of ice, the front edge 
of which was perfectly vertical. In coincidence 
with this edge he fixed the vertical fibre of the 
theodolite, and permitted the instrument to stand 
for three hours. On looking through it at the end 
of this interval, the cross hairs were found pro- 
jected against the white side of the pyramid, the 
whole mass having moved several inches down- 
wards. 

In setting a row of stakes across the glacier his 
proceeding was in all cases as follows: The theodo- 
lite was placed on firm ground, and having deter- 
mined the direction of a line perpendicular to the 
axis of the glacier, a well-defined object was sought 
at the opposite side of the valley, as close as pos- 
sible to this direction ; the object being in some 
cases the sharp edge of a cliff, in others a project- 
ing corner of rock, and in othersa well-defined 
mark on the face of the rock. This object and 
those around it were carefully sketched, so that on 
returning to the place it could be instantly recog- 
nised. On commencing a line the point of inter- 
section of the two spider’s threads within the tele- 
scopet was first fixed accurately upon the point 
thus chosen, and an assistant carrying a straight 
baton was sent upon the ice. By rough signalling 
he first stood near the place where the first stake 
was to be driven in; and the object end of the 
telescope was then lowered until he came within 
the field of view. He held his staff upright upon 
the ice, and, in obedience to signals, moved up- 
wards or downwards until the point of intersection 
of the spider’s threads exactly hit the bottom of 
the baton ; a concerted signal was then made, the 
ice was pierced with an auger to a depth of about 
16 in., and a stake about 2 ft. long was firmly 
driven into it. 

The assistant then advanced for some distance 
across the glacier; the end of the telescope was 
now gently raised until he and his upright staff 
again appeared in the field of view. He then 
moved as before until the bottom of his baton 
struck the point of intersection, and here a second 
stake was fixed inthe ice. In this way the process 
was continued until the line of stakes was com- 
pleted. 

Before quitting the station a plummet was sus- 
ended from a hook directly underneath the centre 
of the theodolite, and the place where the point 
touched the ground was distinctly marked. 

To measure the motion of the line of stakes, Dr. 
Tyndall returned to the place a day or two after- 
wards, and by means of the plummet was able to 
make the theodolite occupy exactly the position it 
had when the line of stakes was set out. 

The telescope being directed upon the point at 
the opposite side of the valley, and gradually 
lowered, it was found that no single stake along 
the line preserved its first position ; they had all 
shifted downwards. The assistant was sent to the 
first stake ; the point which it had at first occupied 
was again determined by the recorded reading of 
the theodolite circle, and its present distance from 
that point accurately measured. The same thing 
was done in the case of each stake, and thus the 
displacement of the whole row of stakes was ascer- 
tained. The time at which the stake was fixed, 
and at which its displacement was measured, being 
carefully noted, a simple calculation determined 
the ‘‘ daily motion ” of the stake. 

Professor Forbes compares the Glacier du Géant 


* Tyndall, ‘‘ Glaciers of the Alps,” page 275. 

+ The theodolite made use of was a simple instrument, 
consisting of a telescope capable of turning up and down 
upon a pivot, without the slightest deviation right or left, 
and also capable of turning right or left without the 
slightest deviation up or down. In each case the 
amount of change of direction can be read off on an 
attached circle. Within the telescope two pieces of 
spider’s thread are drawn across the tube and across 
each other, their point of intersection being exactly in 
the centre of the tube. By means of screws this point 
can be fixed upon any desired object with the utmost 

' precision, 
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to a strong and swiftly flowing river. How would 
such a river behave in sweeping round a curve 
similar to that here existing? The point of 
swiftest motion would lie on that side of the centre 
of the stream towards which it turns its convex 
curvature. If this is the case with the ice, then a 
shifting of the point of maximum motion towards 
the eastern side of the valley should occur, when 
the curvature of the glacier so changes as to turn 
its convexity to the western side. 

Such a change of flexure occurs opposite the 
passages called Les Ponts, and at this place Dr. 
Tyndall tested the correctness of the view enun- 
ciated above. 

He soon ascertained that the point of swiftest 
motion here lay at a different side of the axis from 
that observed lower down. But, to confer strict 
numerical accuracy upon the result, he fixed stakes 
at certain distances from the western side of the 
glacier, and others at equal distances from the 
eastern side. The velocities of these stakes were 
compared with each other, two by two; a stake on 
the western side being always compared with a 
second one which stood at the same distance from 
the eastern side. 

The results of this measurement Dr, Tyndall 
found to be as follows : 


First Pair. 
in, 
West ... 15.00 
Kast ... 12 50 
Second Pair. 

West ... aH 17.25 
East ... aoe =p Ee 15.25 
Third Pair. 

West ... oe ot ans 22.25 
Hast ... 15.50 
Fourth Pair. 

West ... awe a a 23.75 
Hast ... wat a os 18.25 
Fifth Pair. 

West ... o a as 23.75 
East ... 19°25 


In each case the western stake moved more 
swiftly than its eastern fellow-stake ; thus proving, 
beyond a doubt, that opposite the Ponts the west- 
ern side of the Mer de Glace moves swiftest, a 
result precisely the reverse of that observed where 
the curvature of the valley was different. 

Dr. Tyndall thus proved beyond all doubt that 
the point of swiftest motion of the Mer de Glace, 
at the place referred to, is not the centre of the 
glacier. 

The result was not only unexpected, but was 
quite at variance with the opinions up to that time 
held regarding the motion of the Mer de Glace. 

Between the Ponts and the promontory of 
Trélaporte the glacier passes a point of contrary 
flexure, its convex curvature opposite to Tréla- 
porte being towards the base of the Aiguille du 
Moine, which stands on the eastern side of the 
valley. A series of stakes was placed across the 
glacier here ; and the velocities of those placed at 
certain distances from the western side were com- 
pared, as before, with those of stakes placed at the 
same distances from the eastern side. 

Dr. Tyndall found that in each case the eastern 
stake moved faster than its fellow. The point of 
maximum motion had therefore once more crossed 
the axis of the glacier, being now upon its eastern 


side. The numbers were: 
First Pair. 
in. 
West ... 12.75 
East ... 14.75 
Second Pair. 

West ... oe Ss 15.00 
East ... 17.50 
Third Pair. 

West... op sé aa 17.25 
Kast ... 19.00 


He determined the points of maximum motion 
for a great number of transverse sections of the 
Mer de Glace, and uniting these points, obtained 
the locus of the curve described by the point re- 
ferred to. 

Fig. 2 represents a sketch of the Mer de Glace. 
The dotted line is drawn along the centre of the 
glacier ; the defined line which crosses the axis of 
the glacier at the points A, A is then the locus of 
the point of swiftest motion. 

It is a curve more deeply sinuous than the valley 


itself, and crosses the central line of the valley at 
each point of contrary flexure. 


The position of towns on the banks of rivers is 


usually on the convex side of the stream, where the 


rush of the water renders silting up impossible, 
the Thames being a case in point. Dr. Tyndall 
points out that the same law which regulated its 
flow and determined the position of the adjacent 
towns, is operating with silent energy amongst 
Alpine glaciers. 

Professor Forbes, before any observations had 
been made, surmised that the portions of a glacier 
near its bed were retarded by friction. 

A rare opportunity for testing this question was 
furnished by an almost vertical precipice of ice 
constituting the side of the Glacier du Géant,* 
which was exposed near the Tacul. The precipice 
was about 180 ft. in height. At the top and near 
the bottom stakes were fixed, and by hewing steps 
in the ice Dr. Tyndall clambered up the face of the 
precipice and succeeded in fixing a stake at a point 
about 40 ft. above the base. After the lapse of 
some days, the progress of the three stakes was 
measured. Reduced to the diurnal rate, the motion 


was: 
in. 


Top stake... 6.00 
Middle stake ... 4,59 
Bottom stake 2.56 


Thus the top stake moved with more than twice 
the velocity of the bottom one ; while the velocity 
of the middle stake lay between the two. 

The most commanding view of the Mer de Glace 
and its tributaries is obtained from a point above 
the cleft in the mountain range underneath the 
Aiguille de Charmoz. This point Dr. Tyndall suc- 
ceeded in reaching. A Tubingen professor once 


visited these glaciers, and seeing these apparently | 


rigid masses inclosed in sinuous valleys, went home 
and wrote a book flatly denying the possibility of 
their motion. Indeed, nothing can be more cal- 
culated to impress the mind with the magnitude 
of the forces brought into play than the squeezing 
of the three tributaries of the Mer de Glace through 
the neck of the valley at Trélaporte.+ As shown 
by the plan already referred to, glaciers having 
a total width of 2597 yards are forced through the 
Trélaporte gorge, 893 yards wide, with a central 
velocity of 20 in. a day! 

The result is still more astonishing in the case of 
the Léchaud. Before its junction with the Taléfre, 
the glacier has a width of 374 English chains. At 
Trélaporte this broad ice river is squeezed to a 
driblet of less than four chains in width—that is to 
say, to about one-tenth of its previous horizontal 
transverse dimension. 

The question, ‘‘ Whence is the force derived 
which drives the glacier through the gorge?” next 
presented itself. Dr. Tyndall suggested pressure 
from behind, pointing out that other facts also show 
that the Glacier du Géant is throughout its length 
in a state of forcible longitudinal compression. 
Taking a series of points along the axis of the 
glacier, if these points, during the descent of the 
glacier, preserved their distances asunder perfectly 
constant, it would show that there was no longi- 
tudinal compression. The mechanical meaning of 
this term, as applied to a substance capable of yield- 
ing like ice, must be that the hinder points are in- 
cessantly advancing upon the forward ones. 

Dr. Tyndall fixed stakes at three points, A, B, 
C, upon the axis of the Glacier du Géant, A being 
the highest up the glacier. The distance between 
A and B was 545 yards, and that between B and C 
was 487 yards. The daily velocities of these three 
points, determined by the theodolite, were as 
follows : 


in. 
A aes “oe ee vez aye at 20.55 
B me a Rs nos ei eee 15 43 
Cc 4 wee 12:75 


He found that the hinder points of the glacier 
are, as he anticipated, incessantly advancing upon 
those in front, and that to an extent sufficient to 
shorten a segment of this glacier, measuring 1000 
yards in length, at the rate of 8in. aday. Were 
this rate uniform at all seasons, the shortening 
would amount to 240 ft. in a year. 

The exhibition of force thus demonstrated by 
Dr. Tyndall, considering the compactness of this 
glacier and the uniform width of the valley which 


* See ENGINEERING, February 24, 1893, Fig. 1. 
_ t For numerical results showing the immense masses of 
ice which change shape as they pass through the gorges, 
see ENGINEERING, February 3, 1893, page 129. 


it fills, is amazing, and is mainly instrumental in 
driving the glacier through the jaws of the granite 
vice at Trélaporte. 


Other instances of the pressure from behind 
which forces the glacier stream onward were dis- 


covered by Dr. Tyndall in the ‘‘ seams of white ice” 
and the ‘‘blue ice veins.” 


The seams of white ice which sweep across the 
Glacier du Géant in the direction of the ‘dirt 
bands” are more resistant than the ordinary ice of 
the glacier, and sometimes protrude above the 
latter to a height of 3 ft. or 4 ft. Until Dr, 
Tyndall’s investigations, their origin was a diffi- 
culty, and it was at the base of the ice cascade which 
descends from the basin of the Taléfre that he dis- 
covered the key to their solution. 

The ice of a glacier is not of homogeneous struc- 
tute ; the general more or less milky-looking mags is 
traversed by blue veins of a more compact and 
transparent texture. In the upper portions of the 
Mer de Glace these veins sweep across the glacier 
in gentle curves, leaning forward, to which leaning 
forward Professor Forbes gave the name of the 
‘* frontal dip.” Dr. Tyndall observed that at the 
base of the ice cascade above referred to, the veins 
exposed upon the walls of a longitudinal crevasse 
had a ‘‘ backward dip” as well asa ‘‘ frontal dip,” 
—in fact, leaned backwards and forwards on both 
sides of a vertical line, like the joints of stones 
used to turn an arch. 

At the base of the ice-fall a succession of pro- 
tuberances, with steep frontal slopes, follow each 
other, and are intersected by crevasses. Fig. 2 


represents a series of these crumples of the glacier 
with the veins of white ice i, 7,7 at their bases. 
Dr. Tyndall observed that the water which trickled 
down the protuberances, and gushed here and 
there from glacier orifices, collected at the bases of 
the crumples, and formed streams which cut for 
themselves deep channels in the ice. These streams 
seemed to form the exact matrices or moulds of 
the veins of white ice, and the latter he finally 
traced to the gorging up of the channels of glacial 
rivulets in winter by snow, and the subsequent 
compression of the mass to resistant white ice 
during the descent of the glacier. 

He applied the same explanation to the system 
of bands upon the Glacier du Géant, and was thus 
enabled to trace the little arms of white ice which 
once were the tributaries of the streams, to see the 
vein of white ice dividing into branches and uniting 
again so as to inclose glacial islands, and finally 
traced them to the region of their formation. 

The ‘‘backward dip” of the blue veins he 
accounted for in the following way : At the base of 
the cascade the glacier is forcibly compressed by 
the thrust of the mass behind it ; besides this, it 
changes its inclination suddenly and considerably ; 
it is bent upwards, and the consequence cf this 
bending is a system of wrinkles, such as those 
represented in Fig. 3. The interior of a bent 
umbrella handle sometimes presents wrinkles 
which are the representatives, in little, of the pro- 
tuberances upon theglacier. The manner in which 
these crumples tend to scale off speaks strongly in 
favour of Dr. Tyndall’s theory. Fig. 4 is a type 
of numerous instances of scaling off which he 
observed. 

In the lecture theatre of the Royal Institution, 
Dr. Tyndall, by means of various devices, in connec- 
tion with suitable arrangements of an hydrauli¢ 
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press, reproduced all the varieties of glacial ice | trade have steadily decreased, until the aggregate 


structure described above, and also produced a per- | tonnage is now lower than France, Germany, or 

fectly similar scaling off in small masses of ice. Norway. We may, however, safely predict that the 
One consequence of this crumpling of the glacier next 10 years will developa very different condition 

is the backward and forward inclination of the of things. 

veins. The falling backward and forward of the It is at once to us a source of strength and weak- 

veins he also observed on the wrinkles of the ness that we are amongst the most dependent 

Glacier du Géant. He also proved by measure- nations in the world for food supplies, and that for 


ments that these wrinkles shorten as they descend. these we must exchange commodities. It is there- 
‘fore essential that we should own a large share 


‘of the world’s shipping. The advantages of 
our geographical position, amongst other causes, 
have enabled us to do a large proportion of, 
the world’s carrying trade. Diagram No. 33 
WE showed in our last article the growth of the | proves this. It shows the ratio of British ships 
United States fleet by a series of diagrams, indica- to the total tonnage entering and clearing ports 
ting the immense increase in the tonnage, princi- | in foreign countries, and here it may be noted that | 


Diag” N°31 Tonnage of Merchant Navies of 
Various Countries. 


AMERICAN INDUSTRIES AND 
BRITISH COMMERCE. —WNo. IX. 


INFLUENCE OF BRITISH SHIPPING.* 


pendence on British vessels ; but still one-third of 
the tonnage in her ports flies the Union Jack. 
France is about stationary, 44 per cent. of the ton- 
nage frequenting her ports being British owned. 


Our ships visit Italy in increasing numbers. So also 


with Russia, although a decided decrease in the 


| past two years may mean something. Our position 


in Holland is maintained, but not so in Portugal. 
On the principle that absence of advance means 
retrogression, a review of the situation is not satis- 
factory to this country. This is not the place to 
inquire into the causes; but to those who seek tc 
harass shipowners with unnecessarily strict parlia- 
mentary enactments, and to encourage our seamen 
to demand terms which place our ship-owners at 
a disadvantage with rivals of other nationalities, 
the interpretation of some of the reasons may 
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as the totals are only given for 1850, 1860, and 
1875, and from 1878 to 1880, it has only been 
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pally of steamers on the lakes, and we shall now 
complete this part of our subject by a comparison 
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be suggested as a recreation from their labours 
of agitation. 


between this advance in America’s merchant 
marine and that of other maritime nations. 
Diagram No. 31 illustrates this point. It shows 
the interesting fact that so long as ships were of 
wood, and depended solely on sails, the United 
States tonnage, even that engaged in oversea trade, 
advanced in parallel lines with this country ; but 
this condition changed with the introduction of 
steam and the use of iron; moreover, progress in 
the United States was further arrested by the war 
of secession, which resulted in a great decrease 
in the oversea fleet. Since then the tendency has 
been upwards, but the vessels engaged in foreign 


* The diagrams for this article (Nos. 31 to 37) have been 
prepared from the Board of Trade Return No. 227 and the 
Commerce and Navigation of the United States.” 


possible to draw a line indicating the mean rise in 
the earlier period ; but the interesting point is 
as to our present position relative to other nations, 
and the tendency of the past few years. For illus- 
trating this the diagram is sufficient. vena casual. 
glance at this diagram shows that we are not materi- 
ally improving our position—that the upward rise 
ceased 10 to 15 years ago ; but, on the other hand, 
it cannot be asserted that we are losing much 
ground. There necessarily are fluctuations, «but. 
the general trend must be taken as an indication of 
the position. Norway and Sweden still stand by us, 
although the extent of their own trade carried in 
native craft—about seven-eighths of the total—is| 
greater than in the case of any othercountry. Ger- 
many shows a slight tendency to get rid of the de- 


The United States 


is in no more favourable 


position relative to Britain than other nationalities, 
Her steam fleet has grown but slowly when com- 
pared with those of other nations, and it has chiefly 
been placed on the lakes, so that as yet she has 
not entered into competition with our steamers 
for the Atlantic trade. But the first step in the 
new departure has been made, and the stars and 
stripes now fly over some of the finest passenger 
ships in the world. For American interests the 
work could not be in better hands either on this 
side of the Channel or in New York and Philadel- 
phia. .The good management of the Inman and 
International Line has enormously increased the 
popularity of their vessels, and when it is recalled 
that the same management will now be directed to 
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popularise the new American line, there is every 
prospect of success, with all its certain consequences 
to the marine prestige and profit of this country. 
American trade is very extensive, and affords 
much employment for our ships (see Diagram 34). 
Taking the trade between this country and the 
States—the exact amount of that trade we shall 
investigate later—we find that our vessels make up 
8 million tons out of the 8.8 million tons engaged 
in it. That is to say, of the vessels entering or 
clearing our ports coming from or going to America, 
British vessels make up 91 per cent. The United 
States tonnage, on the other hand, makes but 
22 per cent. of the total tonnage, and the question 
whether the Great Republic will continue to permit 
this anomaly can only be answered in the negative. 

More important still is the proportion of British 
vessels trading in American harbours. The Dia- 
gram No. 35 includes in the total the tonnage 
engaged in the lake trade between the United 
States and Canada, in which no British, and not 
a large proportion of Canadian, tonnage takes part. 
But notwithstanding this, we find that British-owned 
tonnage is double American-owned tonnage. The 
stippled part shows the measure of the foreign 
tonnage (excluding British and American), and it is 
noteworthy that while foreign ships made up a 
very small proportion in 1860 to 1870, they have 
since taken a larger share of the trade. The 
diagrams illustrate the fact that while those repre- 
senting the total foreign and the British tonnage 
move in sympathy with the aggregate tonnage, the 
United States was affected by the internecine war, 
and it is only during the past three years that there 
has been an improvement. It will be, indeed, seen 
that the total tonnage has increased distinctly, 
although it has only recovered to the height of 
1881, yet the proportion of United States tonnage 
tothe total has not improved on the ratio of that 
date. Whereas, thirty years ago, the United 
States owned three-fourths of the tonnage frequent- 
ing their ports, they now have barely a fourth, 
while British ships make up nearly a half of the 
total instead of a fourth. The increase in foreign- 
owned tonnage is here shown pretty clearly. The 
diagram showing the tendency of recent years indi- 
cates that Britain’s position is almo-t stationary, 
if not slightly retrogressive, while America moves 
slowly forward. In Diagram No. 36, giving the total 
foreign-bound tonnage and the extent of British 
tonnage thus engaged, it is shown that we take 
a very large proportion of the foreign trade of the 
States, and that we do not appear at present to 
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be losing much ground. The total given in the 
diagram includes. foreign-bound tonnage only— 
that is to say, it excludes the lake tonnage and 
coasting trade. In inter-State trade, as has been 
pointed out, only United States shipping can engage, 
and with expansion of trade must come new vessels. 
This largely explains the increase thus far in the 
American mercantile marine. Of foreign trade we 
take now two tons out of every three. An interest- 
ing question is whether Germany and other Euro- 
pean nations by their increasing energy are modi- 
fying these proportions to our disadvantage. Prior 
to 1880 Continental companies seem, by Diagram 
No. 35, to have annexed part of the trade; but 
lately we have kept our position. If we continue 
to hold our own it will, at least, be satisfactory, 
but the attempts made to wrest our supremacy 
from us are increasingly great. Our opponents 
increase in number and in strength, and our pre- 
eminenc? can only be maintained by increased 
watchfulness and energy. 

It is a natural and laudable ambition of the 
United States to develop her merchant fleet, and 
we may be quite sure that to the attainment of this 
end much will be accomplished during the next 
few years, At present our geographical advan- 
tages secure for us almost as a matter of course the 
supremacy of our merchant fleet. But when the 
Nicaragua Canal is completed much of that ad- 
vantage will disappear, and the rich markets of the 
east will lie nearer t> the American ports than to 
ourown. Is not this of itself a sufficient reason to 
stimulate the revival of the shipbuilding industry 
of the United States? Americans are too practical 
a people to buy their vessels abroad or construct 
them at home without substantial prospect of per- 
manent benefit, and we think that hereafter the last, 
or almost the last, official act of President Harrison 
will be recorded as an historical event. The close 
of the Protectionist régime marked the commence- 
ment of a new era in American industry, a new and 
formidable menace to our supremacy on the sea. 
The President’s words, when he replaced the 
Union Jack with the Stars and Stripes on the great 
steamer New York, may form a fitting conclusion 
to this article: ‘‘During my Administration I 
have joyfully followed the great advances made by 
the American people in the matter of railroads, and 
I have always regretted that ocean transport under 
the American flag was not equal to the railroads. 
Now, however, I am glad to stand on the deck of 
this magnificent steamer, marking the day which is 
the beginning of the renaissance of American 
shipping. I think it is eminently fitting that the 
President of the United States should raise the 
American flag over the finest example of marine 
architecture afloat.” 


THE NICARAGUA OANAL. 
(Continued from page 245.) 

In 1838, Captain Edward Belcher, with H.M.S. 
Starling, entered the Estero Real ; he ascended it 
for 30 miles, and was the first to point out the 
practicability of water communication between the 
Gulf of Fonseca aud Lake Managua. In 1840 
United States Minister H. Squire communicated 
the particulars of Messrs. Bailey and Bates’ survey 
to Mr. Horatio Allen, then engineer to the Croton 
Viaduct, and he prepared an estimate and report 
therefrom. He proposed to rise by locks from the 
Pacific to within 72 ft. of the lake level, tunnel the 
ridge and rise to the lake ; to utilise the lake 
unaltered and canalise the Rio San Juan. He 
stated there were no unusual physical obstacles 
other than those met with on existing cinals 
(e.g. Erie) in the United States. His estimate was 


as follows : 
Million Gold 


Dollars. 
Pacific to Tunnel... 2ton3 
Tunnel to Lake ... 8 to 10 
Rio San Juan 10 to 12 


equal, at 4s, 6d. tothe gold dollar, to from 4% 
to 5 millions sterling. Messrs. Bailey and Bates’ 
report on San Juan del Sur and the Rio San Juan 
route was not published till 1843. 

In 1844, Don J. Castellon, a wealthy Nicaraguan 
gentleman, applied to Louis Philippe to send 
engineers to Nicaragua, but to no purpose, as the 
French King had just sent Garella to report 
on the Panama route. Then Castellon applied to 
Prince Louis Napoleon, then a prisoner at Ham, 
and the latter enthusiastically took up the scheme 


fora Nicaragua Canal from Realejo (Corinto) to 
Lake Managua through Tipitape, Lake Nicara- 
gua, and the San Juan River to the Atlantic. 
In 1846, Prince Napoleon escaped to London and 
published a pamphlet demonstrating the immense 
advantages of the scheme, and in the same year 
the hydrographer to the Admiralty (Admiral 
Fitzroy) reported to the Royal Society most 
favourably on the scheme. The British Govern- 
ment thereupon (1847) advanced claims to the con- 
trol of the proposed interoceanic waterway, one 
end of which had been more or less in the hands of 
the protected Mosquito Indians since 1824. An 
expedition under Captain Lock was despatched, by 
Governor Sir Charles Grey, of Jamaica, to occupy 
San Juan del Norte, the river, and the forts, while 
the Pacific squadron seized the Isla del Tigre, in 
the Gulf of Fonseca, and the Mosquito Indians 
invaded Chontales and Nueva Segovia. In January, 
1848, Captain Lock seized Grenada, and did not 
retire till he had compelled the Nicaraguan Govern- 
ment to sign the ‘‘ Treaty of the Hundred Islands” 
on May 7, by which it undertook to no more molest 
the Mosquito territory nor disturb them in their 
occupation of San Juan del Norte, which was there- 
upon re-baptised Greytown in honour of Governor 
Grey. But the Nicaraguan Government had in 
March, 1848, with the approval and support of the 
United States Government, who were anxious to 
improve their communications with the Pacific 
coast, signed a contract for building a canal on 
the basis of the scheme advocated by Mr. Horatio 
Allen, and recommended in ex-U.S. Minister G. 
Squire’s report, with Messrs. Brown, of New York. 
Tne Brown concession lapsed, but in 1849 a contract 
was signed with Messrs. White and Vanderbilt for 
a regular transportation service across Nicaragua 
from ocean to ocean. This concession to the 
United States, the insurrection in the Bay Islands, 
fomented by the United States, and, lastly, the 
renewed Nicaraguan attempts against the Mosquito 
reserve, also encouraged by the United States, led 
to the renewed occupation by the British of the 
Isla del Tigre, and to an imminent rupture of 
diplomatic relations between Great Britain and the 
United Statesof America. The question was, how- 
ever, finally arranged by the Clayton-Bulwer Treaty 
on April 19, 1850, by which, among other things, 
the neutrality of all and any present or prospective 
interoceanic waterways across Nicaragua was abso- 
lutely guaranteed. 

Vanderbilt had in the meantime established his 
transit service with steamers on the river and 
lake, and coaches running at first from Grenada to 
Corinto, and finally over a fine macadamised road 
from La Virgen to San Juan del Sur. The con- 
struction of a canal was also contemplated, and 
Prince Napoleon’s scheme having been quite 
abandoned by the silting up of Realejo Harbour, 
United States Minister Livingstone proposed 
in 1849 an alternative scheme, vid Pueblo Nuevo 
and Porto Tamarindo. At this time also a rival 
scheme was put forward by the Republic of 
Costa Rica, which was anxious to share in the 
advantages of an inter-oceanic canal; this ran 
from Rio Sapoa to the Salinas, and was surveyed 
by the Danish engineer CHrstedt. In 1851 Van- 
derbilt formed the American Atlantic and Pacific 
Canal Company, and intrusted the survey of the 
scheme from Brito to the Lake of Nicaragua, 
and thence to San Juan del Norte, to Colonel O, 
Childs, U.S. Army, who, assisted by Mr. Fay, 
ably accomplished the task. The particulars of 
this scheme were the following: Canal torun from 
Brito along the Rio Grande Valley to the Tola 
Basin, with 10 locks (including harbour), then down 
the Lajas Valley to the mouth of the river and the 
lake. Summit of divide, 46 ft. only above lake 
level at 9.80 miles from Brito ; lake, 18.30 miles from 
Brito, height 103,80 ft. Lake navigation,56.50 miles. 
Two long jetties at Fort San Carlo to protect river 
mouth and locks, and dams at each of the prin- 
cipal rapids down to the mouth of the Serapigni— 
total, eight locks and six dams. Then a canalon 
left bank, with crossing of the San Juanillo and six 
more locks (including harbour). Grand total, 28 
locks (14 on each side of lake). Length, 194 miles. 

In 1852 Mr. Stephen Bailey renewed Messrs. 
Bailey and Bates’ proposal for a canal from San 
Juan del Sur, but avoiding the Valley of the Lajas 
and following the transit route to La Virgen, and 
ex-Minister G. Squire published his standard book, 
‘* Nicaragua; its People, Scenery, and Inter- 
oceanic Canal” (Appleton), in which he revived 
Captain Belcher’s project from the Gulf of Fonseca 


vid Estero Real, the valley of the Conejo, the 
lakes, &c. 

In 1853 Captain Bedford Pym proposed a railway 
from Punta Mico (Caribbean Sea) to San Miguelito 
on Lake Nicaragua. The profits of this railway 
were to be devoted to extending the railway across 
Nicaragua to the Pacific coast. A company was 
formed, but eventually was converted into a mining 
company for working the Chontales mines, and as 
such has prospered fairly well. 

The wars of the Filibusters under Walker kept 
Nicaragua in a perpetual turmoil from 1854 to 
1860, and put a stop to everything except the 
American transit. But in 1857 a well-known 
French speculator (Felix Belly\, backed up by the 
Government of Costa Rica, tried to resuscitate 
Ciirstedt’s project vid El Sapoa and the Salinas, 
and a convention was signed in May, 1858, with 
the Governments of Costa Rica and Nicaragua, 
to carry this out; but Belly failed to procure the 
necessary financial support in Paris, and the 
scheme came to an untimely end in 1859, 

On January 28, 1860, Great Britain, by the Con- 
vention of Managua, and in pursuance of the 
policy initiated by the Clayton-Bulwer treaty, 
handed over her suzerainty of the Mosquito 
reserve, including San Juan del Norte, to the 
Republic of Nicaragua, which has ever since en- 
joyed and exercised the privileges acquired thereby. 

Between 1860 and 1866 three schemes for inter- 
oceanic communication were proposed, the first by 
a Mr. Loos for a ship railway across Nicaragua; the 
second, by Thomas de Gamond, to turn the Rio San 
Juan into a canal by flooding the side valleys 
below Lake Nicaragua (this idea has been partially 
adopted in the present American scheme) ; and the 
third, by Mr. Samuel, was to make special shallow 
canals and transport vessels through them on rafts. 

In 1866-67 Rear-Admiral C. H. Davis, U.S.N., 
reported to his Government on Messrs. Childs 
and Fay’s scheme, and gave an opinion decidedly 
against a Nicaragua canal on account of excessive 
length, probable excessive cost, and the bad har- 
bour accommodation at Brito, and the superior 
merits of other canal schemes across the central 
American isthmus. 

In 1868 the Nicaraguan Government gave up 
Belly’s scheme as hopeless, and entered into a 
contract with the well-known financier, capitalist, 
engineer, and French senator, Michel Chevalier, 
but even his exceptional position in France was 
not sufficient to carry it through, and the Franco- 
Prussian War in 1870 finally ended the scheme. 

In 1869 the American transit across Nicaragua 
came to an end, killed by the opening of the 
Panama Railway, and the company sold their con- 
cession for the navigation of the river and lake to 
an Italian company, who held itfor 20 years, and 
then sold it to an offshoot company connected with 
the present American Canal Company. 

In 1872 an exploring expedition was sent out by 
the United States Government under Commander 
Crossman (who was drowned crossing the San Juan 
River bar) and Captain Hatfield, of the Kansas. 
This expedition completed the exploration as far as 
the rainy season would permit, and reported on the ° 
various schemes in July, 1872. This was merely a 
portion of the general scheme for the exploration of 
all the various proposed interoceanic routes in 
Gentral America in the interests of the United 
States Government, and the result of the various 
reports was decidedly in favour of the Nicaragua 
route. 

In 1877 the Nicaragua Canal Concession was 
canvassed in the interests of France by a repre- 
sentative of M. Ferdinand de J.esseps, who had 
been induced to turn his eyes to this route instead 
of Panama through the reputation of former 
schemes as well as the representations of the 
Nicaraguan Minister in Paris; but the party in 
favour of the United States was too strong in 
the Nicaraguan Congress, and the concession was 
not granted, so the great Frenchman turned his 
attention to the very disastrous alternative of 
Panama. ; 

Between 1877 and 1887 the United States 
Government have repeatedly endeavoured to in- 
duce the Government of Great Britain to consent 
to the revision of the Clayton-Bulwer Treaty in 
respect to the guarantee of complete neutrality for 
the interoceanic communication across Nicaragua, 
which the former had begun to recognise was 
wholly in favour of the nation who possessed the 
greater sea-power—the nationalisation of the canal 
zone, the erection of forts, and the movement or 
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stationing of troops along the canil being ex- 
pressly prohibited—while vessels of war were free 
to patrol the canal at pleasure, and in any number, 
or to lie in the lake or at the ports at the two ends 
of the canal. But Great Britain wisely declined 
to revise the treaty, though expressing willingness 
to abrogate it and to revert to the stutws quo ante. 
So matters still remain as they have been since 1848. 

In 1886-87 the Nicaraguan Government had 
careful surveys made of the San Juan River and 
Harbour by Messrs. Passmore and Climie, English 
engineers, in their employ, and their report and 
plans in the Government White Book are of par- 
ticular value, being, with those cf Messrs. Childs 
and Fay, the immediate groundwork of the present 
American scheme. At the same time A. G. 
Menocol, C.E. (present chief engineer to the Canal 
Company), of the United States Navy, applied for 
the concession, and this was granted to the Ameri- 
can Company on April 24, 1887. Since this time 
everything has been in the Nicaragua Canal Com- 
pany’s hands, and what has been done will be 
described in detail in Section 5 of this article. 

In 1890-91, ascheme for an interoceanic railway, 
somewhatsimilar in general objects to that initiated 
by Captain Bedford Pym, but far more practicable 
in point of location, was taken up by a British com- 
pany to connect the head of the navigable portion of 
the Blewfields River at Rania with the Lake of 
Nicaragua at San Ubaldo, with the ultimate object 
of joining on to the existing Nicaraguan Railway 
from Momotombo to Corinto, and thus eventually 
completing an interoceanic route. Satisfactory 
surveys for the first portion of the scheme were 
made and work commenced, but the financial de- 
pression incident on the Baring disaster so damaged 
all Hispano-American projects that the scheme has 
been abandoned for the time, and this seems likely 
to prove the last of the many attempts in British 
hands to create and control an interoceanic highway 
through Nicaragua. 

Late telegraphic news of an impending war 
between Costa Rica and Nicaragua, in consequence 
of the occupation of the territory between the 
boundary of Costa Rica, settled by Treaty of 1858, 
and the Lake of Nicaragua, by troops of the former 
Republic, shows that the Costa Ricans are just as 
anxious as ever to secure a share of the advantages 
to be reaped from an interoceanic canal. 

The history of Nicaragua from the point of 
view of interoceanic communication may be sum- 
marised as follows : 

1503-1523.—Spanish search for the Indian tradi- 
tional interoceanic water communication across 
Nicaragua. 

1523-1563. —Spanish conquest of Nicaragua ; 
control and development of interoceanic trade by 
the Nicaraguan route by Spanish governors. 

1563-1693.—Buccaneer (mostly British) attempts 
by land and sea to seize the route and cripple and 
destroy Spanish trade. 

1693-1710.—Direct British attempts to seize the 
route, especially during Spanish War (1707). 

1710-1740.—Indirect British attempts to control 
the route and cripple Spanish trade through their 
Mosquito allies. 

1740-1748.—Renewed direct British efforts and 
temporary seizure of Corinto on the Pacific and 
San Juan del Norte on the Atlantic. 

1748-1780.—More or less unofficial war carri¢d 
on by smugglers and Mosquito allies, and various 
expeditions from Jamaica to control the Nicaragua 
route, culminating in Nelson’s unfortunate expe- 
dition. 

1780-1825.—Attempts by the Spanish Colonial 
Government and the new Republics to restore 
and improve the transcontinental trade route 
through Nicaragua. 

1825-1848.—British, American, Belgian, and 
French schemes for an interoceanic canal through 
Nicaragua. 

1848-1850.—Final British attempt to seize and 
control the proposed waterway, by taking posses- 
sion of its termini ; Clayton-Bulwer Treaty ; water- 
way declared neutral. 

1850 to present time.—Various British, Ameri- 
can, and French projects; establishment of regular 
transit in American hands; consolidation of 
American influence, culminating in present canal 
concession. 

(Zo be continued.) 
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A Study in Municipal Government: i 
Berlin. By James Pottarp, C.A. Edinburgh and 
London: William Blackwood and Sons. 

Tus author, who is chairman of the Edinburgh 

Public Health Committee, and takes a lively interest 

in municipal work generally, has made a sojourn in 

Berlin most profitable. Finding the Berlin corpo- 

ration had been eager to learn from other towns, 

and to adopt whatever improvements they could 
apply to their own affairs, he appreciated the proba- 
bility of a study of their government having bene- 
ficial results.* In the volume before us he enters into 
details on all points, and yet the interest of his narra- 
tive is well sustained. Berlin has multiplied tenfold 
since the beginning of the century, and if present 
annexations are agreed to, the population may at 
one move advance from 1} millions to 3 millions, 
and thus place it second only to London. The 
corporation is presided over by a chief mayor, 
with a salary of 1500/., and a mayor, with 900/. per 
annum. Both are chosen by the town council, but 
need not be members of the council, or even resi- 
dentin the city at the time of their election. There 
are 30 magistrates, also chosen by the town coun- 
cil. Fifteen, with legal training, devote all their 
time to the work, and have salaries of from 
3501. to 7501. The magistrates alone have legislative 
powers, the town council, consisting of 126 mem- 
bers elected on a manhood suffrage, having purely 
administrative duties, although they may suggest 
legislation. In administrative work the magis- 
trates and council work together, and in addition 
to the ordinary functions, as in this country, they 
have the care of the poor, management of common 
schools, the administration of public hospitals, 
water supply, and to a large extent the gas supply. 

The net expenditure for all purposes is raised one 

part by rates on a graduated scale, beginning at 

2 percent. on 10/. rents, and rising to 63 per cent. 

on rents over 50l., while the other part is raised 

from a graduated income-tax, beginning with in- 
comes of 331. per annum. 

In dealing with the water supply, the author gives 
details of the meter system.t Almost all inhabi- 
tants in Berlin, like the residents in Scotch towns, 
live in flats, each tenement having an average of 
four floors, and each floor two, or it may be three, 
separate dwellings. The Siemens meter is situated 
on the ground floor, and the supply for the whole 
tenement is registered on the one meter, the pro- 
prietor paying for the total consumption, so that 
it is to his interest to see that there is no waste 
owing to defective fittings. The works are capable 
of giving only 20 gallons per head of the population 
daily, but the actual consumption is 15 gallons, 
indicating great economy, especially in view of the 
extensive application of baths and water-closets. 
The cost is equal to 4s. per head of the population 
per annum, and the annual profit realised, 108,0001., 
or 34 per cent. of the total revenue, goes to relieve 
the general rates. In other towns in Germany, even 
where the tenement system does not obtain, the 
meter system on similar lines is largely in use. The 
gas concern, which runs in friendly competition 
with the original English company, supplies gas for 
private consumption at about 4s. per 1000 cubic 
feet, and yet gives a surplus of 250,0001., the gas 
actually used being about 94 per cent. of that manu- 
factured. A somewhat novel practice exists of the 
corporation insuring consumers against loss by 
gas explosions, the profit going to a fund for the 
widows of gas employés. 

The sanitary arrangements of Berlin are most 
satisfactory, due in large measure to the efforts of 
Professor Virchow, who has served as a town 
councillor, and here one cannot help remarking 
the great ability of many of the Berlin municipal 
administrators. Descriptions have been given of 
the Berlin sewage system, { with their farms ccver- 
ing an area of 22 square miles, and six to ten miles 
outside the city, which have been converted from 
barren heaths to fields now let to market gardeners 
as fruit orchards; or turnip, potato, and grain fields, 
let to tenants ; or, lastly, to grass-growing farms 
kept in the hands of the corporation, who sell the 
five crops each year, or themselves raise cattle on 
them. The profit, after paying all working ex- 


* Some one has shown his interest in London municipal 
work by presenting each member of the County Council 
with a copy of Mr. Pollard’s work. 

+ See ENGINEERING, vol. lii., p. 684. 

+ See EncInzErRtNG, vol. liii., page 512. 


penses, renewals, and upkeep, is already equal to 
about 3 per cent. on the cost of land and irrigation 
works, the cost involved in the sewage scheme 


The Corporation of ; having been nearly four millions sterling. The im- 


munity from cholera during the recent epidemic is 
regarded as evidence of the efliciency alike of the 
drainage and general sanitary arrangements of the 
town. The corporation act on the prevention 
rather than the cure theory, although, of course, 
their hospital accommodation is alike sufficient and 
so regulated that different zymotic diseases are 
treated in isolated buildings. Indeed, when people 
are inclined habitually to be uncleanly in their 
habits, the corporation take them to shelters, where 
they and their clothes are scrubbed and made clean. 
The workers among them are allowed to go out to 
their daily avocations, and daily they are made to 
cleanse themselves. Food is provided at moderate 
cost. If they are out of employment, they are 
provided with work, and persistent disregard of 
the rules of the shelter is treated as a police 
offence. When cured of their uncleanly habits, they 
are allowed to betake themselves again to a home 
of their own, all the better for the lessons they 
have had. What a boon a system like this would 
be in the East End of London! As to the liberty 
of the subject, the contention of the German 
administrator is almost unanswerable: ‘‘ We respect 
the liberty of the subject, but we deny the liberty 
of the subject to make himself or his home a source 
of danger to the health and life of his neighbour.” 
The same thoroughness characterises the super- 
vision of the meat supply. The Communal Cattle 
Market and abattoirs cover an area of 27 acres, and 
there is a staff of 22 surgeons and assistant surgeons, 
with a large staff of special inspectors, micro- 
scopists (principally women), and stampers, under 
a chief inspector of meat and a veterinary surgeon 
of high qualification. Thus all diseased meat is 
checked and destroyed. 

As to the administration of poor relief, many 
details are given, a commendable system being 
adopted. The department includes 2259 burghers, 
chosen from the municipal divisions of the city, 
with special knowledge of their own localities, and 
formed into small committees of from four to 
twelve members, the members visiting periodically 
the poor in their districts. Thus only deserving 
cases are relieved with grants, and others sent to 
work on the sewage farms. Thereis, too, every care 
taken—a union existing —for the prevention of 
pauperisation. As to education, special reference 
can only be made here to the system of taking the 
day-school pupils on half-holidays weekly or bi- 
weekly on botanical and natural history excursions 
to the gardens and museums ; and to the system of 
trade schools, started ten years ago, where, on the 
payment of a few pence for the session, nearly all 
classes of tradesmen may learn much as to the direct 
work of their craft, and thereby become more intel- 
ligent, productive, and prosperous workmen. In- 
deed, throughout the whole system one finds a great 
and powerful argument against many popularly 
entertained ideas for the betterment of the people. 
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THE CENTRAL MARINE ENGINE WORKS 
AT WEST HARTLEPOOL. 

In the course of our review of the shipbuilding and 
marine engineering trades during the past year we 
had occasion to refer specially to the extensive work 
completed at the Central Marine Works at West 
Hartlepool, and indicated that in seven years the 
total number of vessels engined was 155, the aggregate 
horse-power being 176,500 indicated horse-power. For 
two or three years the average has been over 30,000 
indicated horse-power. When it is remembered that 
the machinery is generally of comparatively low power, 
mostly for cargo-carrying steamers, which, by the way, 
have in many cases given very economical results, 
it will be recognised that this average represents a 
productive power which can only be maintained by 
well-equipped and carefully organised works. Another 
circumstance which makes the establishment of interest 
is the departure made in several directions from ordi- 
nary practice by Mr. Thomas Mudd, the manager of the 
works, who, it will be remembered, described some of 
these departures in an interesting paper he read at 
a meeting of the Institution of Naval Architects. * 
These circumstances suggest that a description of the 
works would not be uninteresting, and in dealing with 
them we propose to describe and illustrate the special 
plant required. The works were originally laid out in 
1884, and the arrangement of the departments had to be 
made to suit the ground, which was almost triangular ; 
but the location of the site more than compensated for 
any disadvantages in its form. The works now com- 
pleted stand along the front of a quay 700 ft. in length, 
on which there is a set of hydraulic sheers 110 ft. 
in height. A dry dock 600 ft. long by 60 ft. wide 
lies close alongside the works on the west, and vessels 
from any of the four shipyards at the port can go 
to the engine works without having to go out of 
the dock system into the open sea. Mr. T. Mudd 
planned the works and superintended their construc- 
tion, and in going about this laid down at once 
certain conditions which were desirable of attainment 
in arranging the departments and the location of the 
machinery. In a paper read before the North-East 
Coast Institution of Engineers and Shipbuilders, Mr. 
Mudd explained these conditions, and his reasons for 
regarding them as desiderata. He also described and 
illustrated the works, showing the accomplishment 
of his desires, and as we have already published this 
paper with the plans,+ we must content ourselves by 
referring the reader to it for particulars of the works 
as they then existed, and confine this article to a brief 
reference to the general arrangement and a detailed 
description of the additions made since Mr. Mudd’s 
paper was read, and of the plant. 

Fig. 1, page 274, is a plan of the works as finally com- 


* See ENGINEERING, vol. li., pages 424 and 444, 
Fra ENGINEERING, vol. xliil., pages 270-274 (March 25, 
4). 
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pleted. The points of interest in the general arrangement 
are that the iron foundries are, as they should be, near 
the engine shops; that the engine and boiler works are 
within easy access of the sheerlegs, the engine fitting 
shed being in direct line with them; that the pattern 
shop is detached from, but has rail communication with, 
the foundry ; that the forge is a satisfactory distance 
from engine works to avoid in the latter vibration from 
the steam hammers ; that the smiths’ shop adjoins the 
forge so as to have one overseer and have rail com- 
munication with engine shop; that the store-house is 
convenient to all departments, having direct entrance 
to the engine works, brass foundry, finishers, &c.; 
these being all alongside the engine shop, and finally 
that departments common to all branches are centrally 
situated. To add to stability the highest building is 
in the centre aad the others range outside according to 
height, the lowest being at either end. 

Since the works were constructed five years ago 
many alterations have been made. The ground behind 
the main buildings has been re-arranged, as the com- 
pany were able to get rid of a line of railway belonging 
to the North-Eastern Company, which ran round a 
semicircular track cutting the works in two parts. 
A large tract of ground has been added to the area of 
the works, which enabled Mr. Mudd to haye his 
original idea of a large forge carried out. All the rail- 
way sidings in the works, too, have been altered and 
the facilities improved, so that materials, &c., now pass 
directly from the main line into the ends of the shops 


WI20 A, 


without the sharp curves which were noticeable on the 
original plan, but which for reasons already stated were 
then unavoidable. At the same time an addition of 
60°ft. has been made to the upper end of the foundry, 
and the boiler shop hasalsohad 60 ft. added to the endof 
both bays, enabling the company tointroduce a number | 
of new and heavy machine tools, to which we will refer 
in detail later. These additions have increased the 
area of ground under cover to nearly five acres. 
Indealing in detail with these additions reference may 
be made first to the forge, of which Fig. 2, page 275, is 
a plan, and Fig. 3, page 274, a cross-section at the site 
of the 7-tonsteam hammer. Thebuilding is 500 ft. long, 
85 ft. wide, and the height to ridge of roof is 75 ft. from 
the ground floor. The walls are supported by wrought- 
iron rolled joists, two joists forming a column. These 
are placed at 16-ft. centres, and rest on concrete 
foundations extending down 13 ft. below surface level.’ 
The roof, which is also of ironwork, with an ex- 
tensive area of glass, is supported on trusses of the 
form shown. ‘The roof work was constructed by the 
Société Cockerill, of Seraing, for the main tran- 
sept of the Antwerp Exhibition, and it also formed 
part of the structure of the Liverpool Exhibi- 
tion. The main building is divided into two parts, 
that to the north-west being given over to the heavier 
work, and there the furnaces are placed at the sides 
and steam hammers in the centre. At the opposite 
end the building is divided longitudinally, one of the 
lengths being arranged as a smithy, and in the other 
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are fitted the large machines required for finishing the 
forgings. ‘Traversing this latter part of the building, 
which is about two-fifths the length but only half the 
width of the whole building, are two travelling cranes. 
These are supported on rows of cast-iron columns, 
placed at 20-ft. centres, and founded on beds of 
concrete. The columns are independent of the walls 
of the building, and carry longitudinal girders on which 
the two 10-ton cranes travel. One of the cranes is 
operated by square shafting and the other by cotton 
rope. ‘These girders are continued through the end of 
the building as shown on Fig. 2. The gable is only 
boarded up, so that it may be removed to allow the 
crane to pass through. The distance the crane may 
travel beyond the gable is considerable, and part of 
the ground beyond the wooden gable is covered 
over, forming a shed 150 ft. by 50 ft. for cleaning 
shafting. 

The raw material enters at the north-western end, 
and passing through successive operations, the machine, 
being arranged consecutively, the forgings leave the 
building by a side door, through which there runs a 
line of rails to all parts of the works. A tram line 
traverses the building. 

Immediately inside the north-western gable is a 
1250-ton hydraulic squeezer. This has been supplied 
by the Hydraulic and Engineering Company, Leeds, 
and of it we give illustrations on the opposite page. 
This press is made to stamp forgings and to ‘‘ jump 
up” shaft ends, previous to collaring, &c. The cylinder 
is of cast steel, having cast on it four lugs, through 
which pass four 9-in. square steel bars. The other 
ends of the bars carry a large cast-steel crosshead. 
Cotter holes are cut in each bar so that the crosshead 
can be moved to and from the cylinder to suit the dif- 
ferent classes of work. ‘The ram is of cast iron, 20 in. 
in diameter by 18 in, stroke, fitted with automatic 
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drawback, The end of the ram is bored up to receiv 
the various dies. The working pressure is 4 tons pe 


square inch, and the press gives a total pressure of 
The crosshead is planed on the face, and is 
also grooved to receive various blocks and dies used 


The valve 


1250 tons. 


for stumping, bending, straightening, &c. 


is of the piston type, and is made of cast steel with gun 
metal piston. 


ing to jump the end for welding on a new piece. 


on to the railway wagons. 

The furnaces are to be arranged on either side of the 
building, but as yet only one row has been laid out. 
The larger furnaces are 6 ft. 6 in. wide, and sufficient in 
length to take in forgings of the largest size for marine 
work. The waste gases from the furnaces are, as 
shown in Fig 3, utilised in heating the feed for the 
boilers supplying steam to the hammers and engines 
working the machinery. The flue passes through the 
feed water, and out of the feed heating boilers at the 
side just below the water level, and enters a vertical 
chimney 75 ft. high. The feed boilers are 26 ft. long 
by 8 ft. 6 in. in diameter, supported on columns. They 
blow off steam at 401b. pressure. The feed water is 
pumped into the ordinary boilers by a Worthington 
pump. The two boilers supplying steam to the ma- 
chinery are placed in one of a group of buildings 
adjoining the forge. They are of the marine type, 


A self-acting stop is provided to the 
valve to prevent the ram from running too far out. 
The squeezer, besides doing ordinary work, is made long 
enough in its range to take in propeller or other shaft- 
The 
advantage of accomplishing such work in a short time 
in such a machine will be appreciated, for the work is 
usually in a hurry, the necessity for repair not being 
noticed until the vessel is docked. Indeed, the whole 
of the plant in the forge is specially adapted for quick 
repair work. Over the squeezing press is a travelling 
crane running across the building for loading forgings 
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double-ended, 17 ft. 6in. by 12 ft. 6 in., oval in 
r 


section, and work at a pressure of 100 lb. 

The 7-ton steam hammer is of the Morrison type, 
having a 32-in, steam cylinder and a 7-ft. stroke. It 
is built on a foundation 20 ft. deep, and under the anvil 
there is a block of 200 tons of concrete and three tiers 
of pitch pine timber. The 5-ton hammer is of the 
Rigby type, by Messrs. Glen and Ross, Glasgow. The 
cylinder is 30 in. and the stroke 5 ft. 6in. The 7-ton 
hammer has two hydraulic cranes of 15 tons capacity 
and two of 12 tons capacity having a sweep from the 
furnace mouths to the anvil, and at the 5-ton hammer 
are four 10-ton steam cranes, two of which are placed 
on towers formed of a boiler shell 8 ft. in diameter 
placed in the ground and filled with concrete. In 
addition to two 40-cwt, and one 20-cwt. and other 
smaller hammers of ordinary type, there is a 20-cwt. 
hammer placed on a beam 37 ft. long with a headway 
underneath of 7 ft. 6in. This is for welding stern- 
frames and rudders and similar unwieldy work. On 
the occasion of our visit a stern-frame of 12 tons was 
being dealt with. There are suitable fires and cranes 
alongside. 

For working the hydraulic cranes, squeezer, and 
a hydraulic lift for raising railway wagons to a siding 
over the coal depét at the furnaces (Fig. 2), there is 
a special set of pumps and accumulators, working to a 
pressure of 1250 lb, to the square inch. 

The machinery for working the forgings is arranged 
in the south-western part of the building, with a tra- 
velling crane overhead, as already described. There 
is a planing machine capable of taking a forging 20 ft. 
long by 7 ft. 6 in, broad and 6 ft. inheight. The table 
is divided longitudinally in the centre, and each half 
has separate driving gear, so that two jobs—stern- 
posts—can be machined at the same time, or one large 
Job, thus economising room, The makers are Messrs, 
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Spenser and Co., Hollinwood, 


spindle drilling machine for stern-frames and rudders, 


two lathes, one 26 in. and the other 16in., for rudder 
posts and shafting, and an 1l-in. lathe for smaller 
work. These and the other machines are all by leading 


makers. 


In juxtaposition to the machine department is the 
smithy, in which there are twelve fires and three steam 
Special attention was paid in selecting 
There are two—a 5-ft. Schiele for keel-bar 
and stern-frame fires, and a 4 ft. 6 in. Powis-James 


hammers, 
the fans. 


fan. These run at 1800 revolutions per minute and 
blow direct into an 18-in. glazed tile blast main, which 
runs ina straight line along the row of fires, and in 
this way loss by frictional resistance at elbows is 
obviated. 

It only remains to be added, in connection with the 
new department, that there is a separate building for 
template work, stores, &c,, and for working drawings, 
which, by the way, are kept most methodically. 


(To be continued.) 


MEASURING AND RECORDING MACHINE 
FOR CLOTH. 

A prece of cloth, whether cotton or woollen, is 
never of an exact length when it comes from the 
loom, and even if it were, the subsequent processes of 
bleaching, dyeing, or finishing would always lengthen 
or shorten it. Cloth has, therefore, to be measured 
before it is sold, and generally afterwards, unless the 
customer has unusual confidence in the seller. After 
a piece has once been cut by the retailer its length is 
no longer known, unless a record is kept of the sales on 
a ticket attached to the piece, a practice which is too 
inconvenient tobe followed, except in special instances. 
At stock-taking every piece has to be measured, at an 
immense expenditure of timeand labour. This is not 
only true of retail shops, but also of large warehouses 
where dresslengths are cut to suit customers. Probably 
every piece of cloth is, on the average, measured 
several times in the course of its existence, at quite 
an appreciable cost, the annual total in a large ware- 
house being a respectable figure. 

The retail seller measures his cloth by the yard- 
stick, unfolding it as he does so, and having, of course, 
to refold it afterwards. In warehouses two methods 
are adopted. In one the cloth is pleated backwards 
and forwards, and at each turn a rod is put into the 
bight, with its ends behind fixed stops. These stops 
are so arranged that the pleats are exactly one yard 
in length, and by counting them at the end of the 
operation, the length of cloth can be ascertained. The 
more expeditious method is to use a measuring 
machine, in which the cloth is run round a roller of 
known circumference geared to a counting mechanism. 
If care be taken to bring the machine to the zero point 
before commencing, and to stop it exactly as the end 
of the cloth goes through, this is a very rapid and 
satisfactory apparatus. It does not, however, obviate 
subsequent measurings when the cloth gets into other 
hands. 

There is now being introduced to the trade a new 
measuring machine, which not only takes the length of 
a piece of cloth, but also records it, yard by yard, on 
the margin. The advantages scarcely need to be 
pointed out. Thechief of them is that the measuring 
never needs to be repeated. ‘The retailer finds the 
piece he buys marked on the wrong side of the selvedge 
through its entire length. When he receives it he has 
only to unfold the last yard to see if the length corre- 
sponds with the invoice, and at any subsequent time 
he can see at a glance how much he has left. The 
whole trouble of remeasuring is done away with, and 
also the risk of making mistakes in cutting lengths to 
supply customers’ needs. The cloth is not damaged 
in any way ; many classes of goods, such as silks, are 
woven with a selvedge that has to be cut off before they 
are made up, while for others an ink is used for mark- 
ing the figures that can be removed as easily and com. 
pletely as the tailor’s chalk from a coat. 

The figures. on page 279 illustrate the machine, 
which can be driven either by hand or power. It 
will be seen that it contains a drum having a cir- 
cumference of one yard, or one metre, around which 
the cloth is fed. Two belts running in contact with 
this drum keep the cloth close to it, and prevent slip- 
ping. These belts can be raised when a fresh piece is 
beingintroduced. There are also two leading-off belts, 
not visible in the figures, which prevent the cloth cling- 
ing to the drum, and being carried round by it. 
Geared to the drum is a circular scale, which revolves 
with it. This is marked in two rows, 1 to 50 yards 
in one, and 51 to 100 yards in the other. When the 
scale has made one revolution, an index finger drops 
and points to the second row of figures, showing on 
which the reading is to be taken, the change being 
made by acam. : 

The recording mechanism, which prints the length 


on the underside of the cloth, is at the left-hand end of 


the drum in Fig. 1, There is a circle of types, giving 


near Manchester. | the numbers 1 to 100, arranged round a wheel. 
There are two slotters, two scarfing machines, a four- 


At 
one place in the circumference of the drum an aper- 
ture is cut, through which each type is extruded in 
turn. The type first comes in contact with an inking 
roller, which runs in contact with a circular inking 
plate, but does not touch the drum. This inking 
roller is situated below the drum. As the drum 
revolves, the type meets the underside of the cloth, 
remaining in contact with it for quite an appreciable 
time, so that the ink has ample opportunity of becom- 
ing transferred from one to the other. After this is 
accomplished the type is withdrawn, the type wheel 
is rotated, relatively to the drum, by an amount re- 
quired to bring the next number opposite the opening 
in the drum, that type is extruded and inked, and 
the next number printed on the cloth. Fixed pro- 
jections in the drum, touching the inking roller as 
they pass it, mark the cloth at intervals of 4 yard, or 
as metre. 

The mechanism for operating the type wheel is not 
complicated. On the side of the wheel is a row of 
crown teeth, gearing into a pinion of two teeth on the 
end of a horizontal spindle. This spindle is always 
carried round with the drum, and its pinion, being 
in gear with the type wheel, obliges this latter to 
share its rotation. At the other end of the spindle is 
a locking device and a partial pinion. At one part of 
the revolution this locking device is tripped by a cam 
path fixed to the frame, and the partial pinion gears 
with a fixed toothed quadrant, and is rotated through 
half a circle, moving the type wheel one number for- 
ward. The extrusion of the types is effected by a lever 
pivoted to the drum. One end of this lever stands 
under the tailpiece of the type which is to be moved, 
and the other carries a roller which engages with two 
fixed paths. The first path causes the inking of the 
type, and the second the printing of the cloth. 

The machine is arranged either to block or to plait 
the cloth after it has been measured. For the former 


purpose it is provided with a friction-wheel-and disc 


motion, the wheel being gradually moved from the 
centre to the circumference of the dise by a ratchet 
arrangement. The plaiting motion is of the usual 
kind. 

It scarcely needs to be pointed out what a revolu- 
tion the machine will create in the warehousing and 
drapery trades. As we have already stated, each 
piece is usually measured several times in the course of 
its existence, and this means an immense labour in 
the aggregate. But this is of less importance than 
the feeling of uncertainty that prevails as to lengths, 
and the irritation that is engendered by ‘‘shorts.” 
We may assume that wholesale houses never intention- 
ally send-short measure, but experience shows that there 
are still ample opportunities for disputes. The length 
of cloth depends on the tension to which it is subject, 
and a man’s views as to what is the proper tension for 
measuring are apt to vary accordingly as he is buying or 
selling. Besides, errors may be made not only in mea- 
suring, but also in copying figures from book to book, 
and in making out invoices, and if they are against 
the buyer they create a bad feeling. 

The facility afforded by the use of this machine for 
taking stock easily and rapidly is, perhaps, more 
valuable than the safeguard it affords against false 
measure. Many a business has become bankrupt 
simply because the proprietor could not afford the 
time, or provide the labour, necessary for stocktaking. 
At best this is an operation that is cordially detested 
by all concerned in it, but when it entails the measure- 
ment and refolding of hundreds of pieces of cloth, and 
the keeping account of all sales between the time of 
measurement and the day on which the final quantities 
are taken, it becomes a most irksome and laborious 
matter. But with the length of every piece to be read 
off at a glance in yards and eighths, three-quarters of 
the trouble will be avoided, and the trader will not 
need to spend half his profit to ascertain exactly what 
he has earned. 

The illustrations will show that the mechanism is 
perfectly simple and strong, and may be expected to 
run for years without any expense other than that for 
afew drops of oil per week. The machine was in- 
vented by M. J. Chevron, of Paris, and is already in 
use in the Government factories and leading houses in 
France. The patent rights for the United Kingdom, 
Germany, and the United States are in the hands of 
the National Machine Syndicate, who have machines 
on view at 8, Hart-street, Wood-street, London. 


THE MANCHESTER SHIP CANAL 
BRIDGES. 

On pages 271 and 286 we give further illustrations 
of bridges in connection with the Manchester Ship 
Canal.* The first, page 271, represents Deviation 
Railway No. 2, over the canal. The remaining two, 
page 286, show the Railway Deviations Nos. 1 and 3. 
These can be located by reference to the plan on page 
126 ante, and the key on page 128. No. 1 carries the 
London and North-Western Railway Company’s Lanca- 


* See pages 125 and 181 ante, 


shire and Cheshire line over the River Mersey, near 
Warrington. The river is crossed by one square span of 
160 ft., with two semicircular masonry arches at each 
side of 25 ft. No. 2 crosses the canal by a single 
span, while No. 3 crosses the canal with one long 
central span and two side spans. All these bridges are 
near together. Inearly issues we shall give detailed 
illustrations of them, with complete explanations of 
their construction. 


THE ENGINES OF H.M.SS. ‘‘ CIRCE,” 
“ALARM,” AND ‘‘LEDA.” 

THE engines which we illustrate in our two-page 
plate, have been built for the first-class torpedo gun- 
boats Circe, Alarm, and Leda, by Messrs. John Penn 
and Sons, Limited, Greenwich. The vessels in question 
were constructed under the Naval Defence Act from the 
designs of Mr. W. H. White, C.B., Director of Naval 
Construction, at Sheerness Dockyard. Their principal 
dimensions are as follows: Length, 230 {t.; breadth, 
27 ft.; displacement, 810 tons; draught, 8 ft. 9 in; 
and they are equipped with two 4.7 in. and four 
3-pounder quick-firing guns, besides torpedoes and 
machine guns. The engines are of the triple-expan- 
sion, vertical, twin-screw type, having cylinders 22 in., 
34 in., and 51 in. in diameter respectively, all with 21 in. 
stroke. The high-pressure cylinders are placed for- 
ward, and are fitted with piston slide valves, the in- 
termediate pressure and low-pressure slide valves 
being of the double flat valve type, and fitted 
with Church’s relief arrangement. The cylinder 
covers and pistons are of cast steel, and the steam 
chest doors of cast iron. The cylinders are carried 
on round forged steel columns both back and front, 
the motion bars being carried from the cylinder 
bottoms and stayed to the columns, and the engine 
is well stiffened with diagonal stays as shown in the 
engravings. The bedplates are of cast steel, strongly 
secured to bearers built in the ship. The piston and 
connecting rods are of Siemens-Martin steel, the 
piston-rods being fitted with the combination metallic 
packing. 

The crankshafts are hollow, and made of steel by 
the Dennystown Forge Company, the cranks being set 
at 120 deg. apart. ‘The surface condensers are made 
entirely of brass, the total cooling surface being 4000 
square feet. The circulating water is supplied by two 
9-in. centrifugal pumps made by the engine con- 
tractors. These pumps are arranged to pump out the 
bilge in the event of a leak at the rate of 300 tons per 
hour for each pump. The reversing gear is of the ordi- 
nary link-motion type, with solid bar links and adjust- 
able working parts. Both steam and hand reversing gear 
are fitted. The air pumps are entirely of brass, and are 
worked from the intermediate pressure piston-rod cross- 
head. They deliver into a feed tank which overflows 
into the ship’s reserve fresh-water tanks. A Kir- 
kaldy’s distiller, in combination with a Weir’s evapo- 
rator, is furnished foreach engine-room, making together 
75 gallons of fresh water per hour. 

The propeller shafting is made of hollow steel 
7i in. in diameter inboard, and 84 in. in diameter 
outside the ship. The boilers are four in number, 
of the marine locomotive type, with barrels 7 ft. 6 in. 
in diameter and 15 ft. 9 in. over all in length; 
they are of Siemens-Martin steel throughout, and are 
designed for a working pressure of 155 lb. per square 
inch, and a proof pressure of 245 lb. per square inch. 
The furnaces are eight in number, the heating surface 
being 6250 square feet, and the grate area 182 square 
feet. The main steam pipes are of 6 in. diameter, and 
are wound with copper wire for greater security. 

The official eight hours’ natural draught trial of the 
Circe took place off Sheerness on the 27th ult., when 
Mr. Oram attended on behalf of the Admiralty, Mr. 
Moon representing the Steam Reserve, Mr. Pattison 
the dockyard, and Mr. J. P. Hall represented the engi- 
neer contractors. The indicated horse-power deve- 
loped was 2620 with 223 revolutions of the engines, 
and .8 in. of air pressure in the stokeholds. The trial 
passed off without a hitch, and was considered highly 
satisfactory. On the lst inst. the official three hours’ 
full-power trial was successfully carried out in most 
unfavourable weather, there being a heavy sea run- 
ning all the time. The indicated horse-power deve- 
loped was 3590 with 249 revolutions and 1.8 in. of air 
pressure in the stokeholds. 


THE WORLD’S COLUMBIAN EXPOSITION. 


Tux following regulations concerning the organisation _ 


of judging committees have been issued by Colonel George 
R. Davis, the Director-General : 

Rule 1.—Conformably to the determination of the Com- 
mission, ‘‘ awards shall be granted upon specific points of 
excellence or advancement formulated in words by a 
board of judges or examiners, who shall be competent 
experts.” 

Rule 2. Board of Judges.—This board of judges, which 
shall be composed, as far as practicable, of competent 
experts, shall be divided into 13 committees, one of which 
shall be assigned to each of the 13 great departments of 
the Exposition, as recognised by the classification adopted 
by the World’s Columbian Commission. The number of 
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judges composing this board, and each committee 
thereof, shall hereafter be determined. There shall be 
one or more women judges upon all committees autho- 
rised to award prizes for exhibits which may be _ pro- 
duced in whole or in part by female labour; and the 
number of women upon such committee shall be here- 
after determined according to the method heretofore 
prescribed by said Commission, after conference with the 
President of the Board of Lady Managers and the 
Awards Committee thereof, 

Rule 3. Individual Judges.—The individual members 
of the said 13 committees shall be, so far as possible, 
competent experts, and shall perform such duties and 
examine such exhibits as shall be assigned them by the 
Executive Committee on Awards. ‘There shall be a 
foreign representation upon each one of these 13 com- 
mittees, and the number of foreign judges will be fixed 
when the character and extent of the participation of the 
various foreiga nations shall have been ascertained. 

Rule 4.—Each committee shall, at the call of the Exe- 
cutive Committee on Awards, organise, by the election 
of a president, vice-president, and secretary, and shall 
keep a record of all returns and reports by the individual 
judges, as hereinafter provided for. 

Rule 5. Duties of Judges.—It shall be the duty of each 
individual judge to make a report in writing, over his 
sigaature, of the result of the examination of each exhibit 
primarily examined by him, as each examination shall 
have been completed ; and as to every exhibit so examined 
which he shall deem worthy of an award, he shall formu- 
late in words the specific points of excellence or advance- 
ment disclosed thereby, and which, in his opinion, render 
it worthy of an award. Every report shall be submitted, 
as soon as possible, to the committee of which such judge is 
amember, for a finding in the premises ; and in every case 
where, by the vote of the majority of such committee, it is 
determined that anexhibit is worthy of receiving an award, 
said committee shall forthwith formulate, in written words, 
the specific points of excellence or advancement which, in 
its opinion, warrant the award, and transmit the same, 
certified by its president, or vice-president, and secretary, 
to the Executive Committee on Awards. And in case the 
finding of the committee shall differ from the conclusion 
of the individual judge making the preliminary exami- 
nation, either as to its being worthy of an award or as to 
the character of the points of excellence or advancement 
it possesses, it shall be so distinctly stated in the report 
of said committee. In every case where the finding of 
the departmental committee coincides with the conclu- 
sion of the individual judge, the said committee shall 
transmit, with such finding, the report of such individual 
judge to the Executive Committee on Awards; and in 
those cases where the finding of the departmental com- 
mittee does not coincide with the conclusion of the indi- 
vidual judge, then the finding in each case shall be 
accompanied by the written report of one of its members 
who shall have examined the exhibit, formulating therein 
in words the specific points of excellence or advancement 
possessed by such exhibit. 

Rule 6.—In every case where the finding of the com- 
mittee is not in accord with the conclusion of the indi- 
vidual judge, it shall be within the power of the Executive 
Committee on Awards, if, in its judgment, justice de- 
mands it, to refer the report back to the committee of 
that department whence it emanated, with the direction 
to review, and further consider the case, and report its 
finding under such review without delay tosaid Executive 
Committee on awards; and such finding shall be con- 
clusive. 

Rule 7. Notice to Forciyn Nations.—This Executive 
Committee on Awards shall communicate, through the 
Director-General of the World’s Columbian Exposition, 
with the foreign Governments which have appointed 
commissions to represent them at the World’s 
Columbian Exposition, or with the said commis- 
sions directly, stating the character of the awards, 
the ground upon which they are to be_ granted, 
and the requirement that all judges shall be, so 
far as practicable, competent experts. And _ the 
foreign Governments shall be invited to recommend, 
previous to March 1, 1893 [time extended to March 15], 
experts in the various departments, and from those named 
the Executive Committee on Awards may make selections, 
The especial attention of foreign Governments shall be 
called to the fact that there will be one class or kind of 
medals, which will be made of bronze and be works of 
art, and bs accompanied by parchment diplomas, on 
which shall be formulated the specific points of excellence 
presented by the exhibit receiving the award. Notice 
shall be given to all exhibitors, whether domestic or 
foreign, that the medals and diplomas to be awarded are 
by authority of the Congress of the United States, and 
are prepared by the Secretary of the United States 
Treasury. 

Rule 8.—Should any exhibitor, domestic or foreign, be- 
come a judge under these rules, his or her exhibit shall be 
excluded from examination for award, but the Executive 
Committee on Awards may cause such exhibit to be ex- 
amined, and a report thereon made, to complete the his- 
tory of the Exposition. 

Rule 9. Right to Examine Exhibits.—Any exhibitor 
may have his exhibit exempt from examination for award 
by notifying the Executive Committee on Awards ; other- 
wise, the Executive Committee on Awards shall have the 
right, through its regularly appointed judges, to examine 
every exhibit, domestic or foreign, whether presented by 
an individual, association of individuals, institution, Go- 
vernment, or department thereof. 

Rule 10. Date of C-mmencing Work.—The work of the 
judges shall commence not later than June 1, 1893, and 
shall progress uninterruptedly until the completion of the 
work assigned them, except in the Department of Live 
Stock, and in those departments where the nature of the 
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exhibits requires renewal from time to time during the 
Exposition. 

Rule 11.—Upon the completion of the work of the 
judges, the results thereof shall be presented by the 
Executive Committee to the full Committee on Awards, 
which committee shall in turn report to the World’s 
Columbian Commission, or, in its absence, to the Board 
of Reference and Control, by whom the formal promul- 
gation of the awards and the distribution of medals and 
diplomas shall be made with appropriate ceremonies. 

Rule 12.—In addition to the reports by the individual 
judges of the various exhibits, each of the 13 committees 
shall present a comprehensive report, signed by the presi- 
dent and secretary, embodying the principal educational 
and interesting features of the groups and classes com- 
posing that department, accompanied by a list of those 
who have received awards, with the reports of the indi- 
vidual judges, giving the reasons and considerations 
thereof ; and this report shall be delivered to the Director- 
General, to be included in, and to form part of, the his- 
tory of the Exposition ; but this shall not be so construed 
as to prevent or interfere with the duty expected of each 
of the department chiefs to prepare and submit, as part 
of the official history of the Exposition, a complete and 
comprehensive report of the work of his department. 

Rule 13.—In the performance of the duties intrusted to 
the Executive Committee on Awards, any member thereof 
shall have the right to be present at the deliberations of 
the committees herein provided for, and in all matters of 
review or other complication the said Executive Com- 
mittee shall have the right to avail itself of the aid and 
service of any member or members of the Committee on 
Awards, and as well of the advice and assistance of any 
competent agency whose aid ought, in its best judgment, 
to be invoked. 

GrorceE R. Davis, Director-General. 

Administration Building, Exposition Grounds, 

Chicago, January 16, 1893, 


LAUNCHES AND TRIAL TRIPS. 


ON the 2nd inst. the new telegraph steamer Norseman, 
built and engined at Leith by Messrs. Ramage and Fer- 

uson, Limited, for the Western and Brazilian Telegraph 

ompany, Limited, London, left the Firth of Forth to 
take up her station on the east coast of South America, 
vié London, where a large consignment of cable is to be 
taken on board. The principal dimensions are: Length 
between perpendiculars, 226 ft.; breadth, moulded, 
31 ft. ; and depth, moulded, 23} ft. ; while the propelling 
power is supplied by triple-expansion engines, having 
cylinders 25 in., 40 in., and 62 in. in diameter, by 39 in. 
stroke, supplied with steam from steel boilers, working up 
to 165 lb. per squareinch. _ The cable-laying machinery, 
supplied by Messrs, King, Brown, and Co., Hdinburgh, is 
on the fore deck, and abaft are the cable tanks. 


The Fairfield Shipbuilding and Engineering Company, 
Limited, launched on the Ist inst. the steamer Hound, 
constructed by them to the order of Messrs. G. and J. 
Burns, and intended for that firm’s accelerated mail 
service between Ardrossan and Belfast, on which she will 
run in conjunction with the steamship Hare. The 
new vessel measures 250 ft. by 32 ft. by 16 ft. 
3 in. moulded. She is fitted up for a large number 
of passengers, having beautifully furnished dining 
and smoking saloons. The propelling machinery is 
of the usual triple-expansion type, with three cylinders 
26 in., 42 in., and 68 in. in diameter, with a stroke 
of 3 ft. 6 in, 

On Saturday, the 4th inst., the Naval Construction and 
Armaments Company launched from their shipbuilding 
yard at Barrow a twin-screw hopper and sand-pump 
dredger named Brancker. This vessel has been built to 
the order of the Mersey Dock and Harbour Board, who 
have been so satisfied with the experiments made in 
cutting a channel through the Mersey Bar, that they have 
determined to proceed with dredging operations there, so 
that steamers of the largest tonnage may be enabled to 
enter the river in any state of the tide. A vessel on a 
gigantic scale was designed by Mr. A. G. Lyster, under 
the direction of Mr. G. Fosberry Lyster, engineer to the 
board, the following being a general description of her 
dimensions: Length between perpendiculars, 320 ft. ; 
breadth, moulded, 46 ft. 10in. ; depth, moulded, 20 ft, 
6 in. ; gross register tonnage, 2560 tons. She is built of 
steel to Lloyd’s highest class, and has amidships eight 
large hoppers, four on each side of the vessel, having a 
total capacity of 3000 tons of sand. A well is formed up 
the centre of the ship between the hoppers to allow the 
working of a sand-pump suction tube, 3 ft. 6 in. diameter, 
through the bottom of the vessel. This tube is raised and 
lowered by hydraulic power, and when lowered can 
dredge to a depth of 45 ft. Two large centrifugal pumps, 
having suction and discharge pipes 3 ft. in diameter, 
capable of raising 4000 tons of sand per hour, are driven 
by two sets of triple-expansion engines. The vessel will 
be able to fill her hoppers with 3000 tons of sand, to 
proceed to the depositing ground, and get back again to 
the scene of operations in one hour. The Brancker is 
the largest dredger in the world. 

The reconstructed armourclad Hercules went out to 
Spithead on the 16th ult. for the trial of her new pro- 
peller. Ever since she was provided with modern triple- 
expansion engines she had been rendered uninhabitable 
by reason of the noise and vibration produced by her 
single screw under the new conditionsof power. Various 
modifications of the original propeller were tried without 
success, and it was eventually decided after experiment 
to try the effect of a modified Griffith with an outward 
bend given to the blades and set back 6 in, further to the 


rear. It consisted of four blades, and had a diameter of 
21 ft. 04 in., and a pitch of 17 ft. 74 in. The results of the 
trial were satisfactory. During the three hours’ run the 
engines were driven at various speeds. Sixty revolutions 
gave 2187 horses, 70 revolutions, 3258 ; 75 revolutions, 
4036 ; 80 revolutions, 5222; 82 revolutions, 5470; and 90 
revolutions, 7685. Two casts of the patent log were made 
during the run, when it was found that speeds of 13.2 
knots were obtained with 82 revolutions, and 14.8 knots 
with 90 revolutions. 


On Saturday afternoon, the 4th inst., Messrs. Craig, 
Taylor, and Co. launched from their Thornaby Ship- 
building Yard, Thornaby-on-Tees, a handsomely modelled 
steel and iron tank steamer built to the same model as the 
s s. L’Oriflamme, recently constructed by the same builders 
for the same owners, but with a somewhat different ar- 
rangement of tanks, two forward and two aft of the engine 
room being carried to the spar deck. Her dimensions are 
343 ft. by 42 ft. by 28 ft. depth moulded to spar deck. 
Triple-expansion engines are being fitted by Mr. John 
Dickinson, Palmer’s Hill Engine Works, Sunderland, 
with cylinders 25 in., 40 in., and 66in. in diameter by 
45 in. stroke. The vessel has been built to the order of 
Mr. John S. Barwick, of Sunderland, for Mr. Alfred 
Suart, of London, and under the superintendence of Mr. 
George Eldridge, of 88, Bishopsgate - street Within, 
London, E.C. 


On the 2nd inst., the s s. Trocas, which has been built 
by Mr. James Laing, of Sunderland, for Messrs. M. 
Samuel and Co.,:of London, for the Eastern oil and general 
cargo trade, was taken out for trial. The ship, designed 
by Messrs. Flannery, Baggallay, and Johnson, of London 
and Liverpool, is 347 ft. long, 45 ft. 6 in. beam, and 28 ft. 
6in. deep, and has 13 tanks capable of stowing over 
5000 tons of petroleum. Special steaming apparatus and 
ventilating fan are provided for purifying the tanks when 
empty, and fitting them for general cargo. The tanks, 
forehold, and ’tween-decks are all available for a return 
cargoof general goods. The engines, built by Messrs. 
George Clark, Limited, have cylinders 26in., 424 in., 
and 69 in. in diameter by 45 in. stroke, and the three 
boilers are 10 ft. long by14ft. lin. in diameter. On 
trial the engines, working easily at 58 revolutions, drove 
the ship at the satisfactory speed of over 10 knots, 5270 
tons deadweight being on board at the time. 


The s.s, Clam, built by Messrs. W. Gray and Co., with 
engines by their Central Marine Engine Works, was 
taken on her trial trip on March 3. She is the third 
ship built by this firm for Messrs. M. Samuel aad Co, 
of London, for the carriage of petroleum in bulk through 
the Suez Canal, and the alternative carriage of general 
cargo in the oil tanks, the ’tween-decks, and holds. The 
vessel was built from the designs and specifications of 
Messrs. Flannery, Baggallay, and Johnson, of London and 
Liverpool, and is 338 ft. by 43 ft. by 28 ft. moulded 
depth, being subdivided into 11 tanks, witha capacity of 
about 4500 tons of petroleum. She is driven by engines 
having cylinders 253 in. by 403 in. by 67 in. in diameter 
respectively by 45 in. stroke, supplied with steam by 
three large boilers. On trial with three of the tanks 
filled with water ballast the speed attained was 10! knots 
at 65 revolutions, with a heavy head swellon, The trial 
being so satisfactory, the ship left at once for Batoum to 
load her first oil cargo for the Hast. 


The Campbeltown Shipbuilding Company launched 
from their yard at Campbeltown (Clyde) on Thursday, the 
2nd inst., a steel screw steamer of 1950 tons deadweight. 
The engines, which are triple expansion, have been 
supplied by Messrs. Kincaid and Co., Limited, Clyde 
Foundry, Greenock. Steam will be supplied by suitable 
boilers working at a pressure of 160 lb. It is expected 
that the steamer will have an average speed of 94 knots 
loaded at sea. She is named the Vanland, 


The Burton, belonging to Messrs. Henry Samman and 
Co., of Hull, had a trial on the 28th February. The 
Burton is a first-class cargo steamer of the partial awning 
deck type, built by Messrs. Edwards’ Shipbuilding Com- 
pany, Limited, Howdon-on-Tyne. Her dimensions are : 
Length over all, 285 ft.; breadth, extreme, 36 ft. 9 in. ; 
moulded depth, 19ft. She is fitted with engines by 
Blair and Co., Limited, of Stockton-on-Tees, with 
cylinders of 203, 334, and 55 in. diameter, with 36 in. 
stroke, and two boilers 12 ft. 5 in. by 10 ft. 3in. A speed 
of 104 knots was obtained on the trial. 

On Friday, the 3rd inst., Messrs. Workman, Clark, and 
Co., Limited, Belfast, launched two steel sailing barques 
to the order of Messrs. W. J. Woodside and Co., ship- 
owners, Belfast. The principal dimensions are : Length, 
211.7 ft.; breadth, 35.3 ft.; depth, 17.2 ft. Registered 
tonnage, about 900. 


ELEVATED RaILways AT CH1cAGo.—The construction of 
the Metropolitan Elevated Railroad of Chicago will be 
commenced in March. A contract with the Carnegie Steel 
Company covers about 10 miles of bridgework, amount- 
ing approximately to 600,000/. The Lake-street Elevated 
Railroad of Chicago has also been placed in the handsof a 
construction company for completion, and it is to bein 
operation by November. Both these lines will cross the 
Chicago, which presents some engineering difficulties, as 
the lines will not be permitted to obstruct navigation. 
The Metropolitan will cross on a fixed bridge at a suffi- 
cient height to enable vessels to pass under it; the Lake- 
street will erect a superstructure on a swing bridge which 
seer spans the river on that street, making it a two-storey 
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THE COLIGNY ROOF LAMP. 

BELow we give an engraving showing a section 
of a new lamp, which is being supplied in large num- 
bers to several of the leading railway companies for 
their new rolling stock. It is made by the Lamp 
Manufacturing Company, Limited, of 12 and 14, 
Leonard-street, City-road, London, E.C., who claim 
that the lamp gives a largely increased illuminating 
power for the same consumption of gas as the lamps at 
present in use. From the engraving it wlll be seen 
that the lamp is of the regenerative type. The gas 
connection is shown at A, from which the gas is led 
by the central tube to the burner G. The products of 
combustion, in a highly heatedstate, passaway fromthe 
lamp up the annular passage H, and finally out through 
the chimney I. The air supply passes in through 
holes in the lamp ring P, down the annular space Q, 


and through other holes into the interior casing C. 
Here the current divides, part passing through the 
passages E and F surrounding the central tube, whilst 
the rest is directed down the surface of the glass globe 
as indicated by the curved arrows, thus keeping the 
globe cool and clean. It will be seen that the incom- 
ing current of cold air passes to the burner through 
chambers on either side of the passage H, up which 
the products of combustion escape, and the air is thus 
considerably heated before it reaches the flame. To 
light the lamp the flue is thrown open as usual, when 
the chain N at the same time pulls over the chimney I, 
which is hinged as shown. The upper part of the pas- 
sage H is then accessible, and the gas being turned on, 
it becomes filled with an inflammable mixture, and on 
lighting this, the flame strikes back to the burner. 


THE DESROZIERS CONTINUOUS CURRENT 
DYNAMO. 

WE present this week an illustration of a type of 
dynamo which possesses some features of marked 
originality, and which has been making rapid strides 
in the estimation of electrical engineers and the public 
on the Continent. 

The inventor of this machine is M. Edouard 
Desroziers, Ingénieur des’ mines et expert prés le 
conseil de la Préfecture de la Seine, well known in 
connection with electric lighting and traction enterprise 
in France, where the dynamo we illustrate has for some 
years past been superseding other types in the leading 
central stations in that country. 

Ashort description will suffice to indicate the striking 
features of this dynamo machine.* Our illustration is 
of a 100-kilowatt machine, which, it will be seen, 
has the general appearances of a multipolar dynamo. 
The special feature is to be found in the armature, 
which is built up without an iron core, and which, 
owing to its large diameter, is well adapted to direct 
driving, now becoming more and more recognised as a 
desideratum for central station and electric traction 
purposes among leading electrical engineers in this 
country. In Fig. 2 the method of winding is shown. 
The core is composed of a round dise of papier-maché, 
which is divided into a number of segments, 32 in 
this instance, Starting from a point R, the arma- 
ture conductor is curved along the circumference until 
it reaches a segment at C, where it is passed through 
the perforated papier-maché disc, and carried radially 
down the other side to the hub, where, at d, it is again 
threaded through the disc. It is then carried along the 
hub until a segment at is reached, whenitis brought 
radially up to the circumference again, and so on until 
the whole armature is wound. The threading of the 
wire through the perforated and recessed disc holds the 


* See ENGINEERING, vol. xlviii,, page 454, 
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conductor rigidly in place, thus disposing of a fruitful 
source of trouble in dynamo machines as ordinarily 
constructed. The papier-maché is cut away, as in 
Fig, 3, finally, thus resulting in thorough ventilation 
for the whole structure, and so enabling a higher 
current density than usual to be employed. Stability 
is given to the whole by ‘‘spiders” of German silver, 
keyed on to the shaft, and preventing displacement of 
the disc and its conductors. 

More than 45 of these machines have been supplied 
to the French Navy, and as many more are in course 
of construction, while the Messageries Maritimes 
and other steamship lines have adopted them largely. 
But it is for the purpose of central station and 
electric traction that these dynamos have made their 
special mark. Four dynamos, with an output of 640 
horse-power, have been installed at the central station 
in the Rue de Bondy, Paris, and the same number of 
equal power at the central station of the Nord. 
Fourteen dynamos aggregating 2200 horse-power have 
been supplied to the Compagnie Parisienne de l’Air 
Comprimé for the Popp central stations in the same 
way. Amongst many private installations those of 
Baron Alphonse Rothschild and Baron Gustav Roths- 
child at the Chateau de Ferriéres and the Chateau de 
la Versine may be enumerated. Many others have 
been supplied to the Governments and private firms in 
Russia and Austria. In all, dynamos aggregating 
about 12,000 horse-power have been manufactured by 
the Maison Breguet, who are the makers of the dynamo 
in France, and it will thus be seen that these machines 
are adapted for all purposes for which continuous cur- 
rent dynamos may be required, 
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We ought to mention that the manufacturing rights 
for Great Britain and the colonies have been acquired 
by the Brush Electrical Engineering Company, who 
have already some of the largest sizes of this dynamo 
under construction. By the acquisition of these 
patents, the Brush Company are now manufacturers 
of continuous-current dynamos, having features similar 
to those of their Mordey- Victoria alternator machines. 
At their works at Loughborough they manufacture 
not only dynamos and other electric appliances, but also 
steam engines and boilers. 


CaTALOGUES.—We have received from Messrs. Johnson 
and Phillips, of 14, Union-court, Old Broad - street, 
London, E.C., a copy of their well-got-up catalogue of 
electrical plant. «This catalogue is fully illustrated by 
well-executed engravings ; the material described ranges 
from large steam dynamos to lamp fittings and telegraph 
insulators, the whole being fully priced. 


First-Ciass TorrEpo Boats.—The 10 first-class tor- 
pedo-boats which were ordered towards the close of the 
last Administration, and the building of which has been 
accelerated by the new Board, are under construction— 
three by Messrs. Thornycroft, three by Messrs. Yarrow, 
three by Mr. White, of Hast Cowes, and one by Messrs. 
Laird, of Birkenhead. The boats are 140 ft. long, 14 ft. 
6 in. broad, and, at a draught of 6 ft., will displace 
about 110 tons of water. The engines will develop 1600 
indicated horse-power, and drive the boat at an extreme 
speed of 24 knots. Thirty tons of coal and 21 officers and 
men will be carried. The armament will consist of three 
torpedo ejectors and three 3-pounder quick-firing guns. 
These boats will be at least one knot faster than any we 
have hitherto possessed. 
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CONSTRUCTED BY MR. W. ASQUITH, ENGINEER, HALIFAX, 
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Our illustration on this page shows a very handy 
form of horizontal drilling and boring machine, made 
by Mr. W. Asquith, of the Highroad Well Works, 
Halifax, and which, in places where it cannot be fully 
employed in boring and drilling, can be used to great 
advantage as a turning lathe for chuck work, or asa 
heavy milling machine for plain milling or for grooy- 
ing shafts. The spindle is steel, 3in. in diameter, 
having a self-acting feed of 30in. It is carried ina 
strong cast-iron sleeve, working in conical bearings, 
and retains its original alignment when required to be 
adjusted. The spindle isarranged with hand and self- 
acting feed in either direction, varying from 90 to 8 
cuts per inch, and there is also a stand for surfacing. 
The direction of the feed can be reversed or stopped 
instantly, and the spindle can be very quickly with- 
drawn or put to any position required. The vertical 
slide, as well as the compound table, is adjustable 
longitudinally, transversely, and vertically, and suit- 
able provision is made for firmly securing it in any 
position required. The machine is also fitted with a 
portable revolving worktable not shown in the illustra- 
tion. ‘The steady bush through which the bar slides 
revolves in conical bearings, keeping perfect alignment 
and preventing wear in the bar. The feed rack and 
pinion are of steel, and machine cut, as is all the other 
gearing in the machine. The weight of the machine 
is 75 cwt. 
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MARINE BOILERS AND LEAKY TUBES. 
To THE Eprrok or ENGINEERING. 

Srr,—After reading your very interesting leading 
article, ‘‘ Marine Boilers,” I beg to submit the following 
proposal for your consideration. In the first place, it ap- 
pears to me, if it be desired to keep a tube which has been 
expanded into a plate perfectly tight when exposed to 
very high temperature and pressure, the tube and plate 
should expand and contract together. In the second place, 
the point of attachment between the tube and plate 
should be some distance from the tubeplate, and conse- 
quently from the first effect of the intensely heated gases : 
but I donot see how these conditions can be fulfilled with. 
out departing somewhat from recent practice. For in- 
stance, take a piece of 4-in. tubeplate, through the centre 
of which drill a }-in. hole, then heat the plate, and drift 
and flange it round the hole until the flange is near the 
size to receive either the plain or screw end of a boiler 
tube, fix the tube into the flange portion, either by ex- 
ee or screwing. Then I think the length of 
ange would be scarcely sufficient to secure expansion 
and contraction of tube and flange together ; but if the 
flange be lengthened into a bush say 5 in. long, and 
this bush be in one piece with the tubeplate, and the 
end of the tube be expanded or screwed into the bush, 
then both bush and tube would expand and contract to- 
gether, with the desired result—that is, a perfectly tight 
Joint under water, when exposed to any variation of tem- 
yaattpe and pressure that might occur in actual practice, 
t will at once be seen that by one alteration—namely, 
extending the flange into the boiler a sufficient length to 
form a bush to receive the end of the tube—both con- 
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ditions are fulfilled—that is, an equal expansion of bush 
and tube, with protection of their point of attachment 
from the highly heated furnace gases. It is quite obvious 
that if a tubeplate were a3 described the bushes would 
have to be welded into the tubeplate, and I cannot see 
that there would be any great difficulty in welding in the 
required number of bushes to make aplate of this descrip- 
tion. To insure a perfectly tight joint, I think it would 
be well to enlarge the tube and hole at the uptake end, 
and tap the holes and screw the tubes at each end slightly 
tapering towards the furnace end, and to heat each bush 
toa black heat before screwing in the tube, so that the 
bush would shrink on to its tube. I think that each tube 
should be screwed in very tight, and the tubes carefully 
caulked whilst the drift is hard in place. If a boiler 
were altered or made with bushed tubeplate and screw tubes 
as described above, I do not think there would be many 
complaints about leaky tubes or unstayed tubeplates, after 
testing with forced draught and high pressure. 

Trusting that you will consider this worth inserting, 
and that the importance of the subject will be sufficient 
excuse for trespassing on the space of your valuable 
journal, 

I am, Sir, your obedient servant, 
J. A. CURLING. 

Leigh House, South Cliff, Lowestoft, 

February 27, 1893. 


To THE Eprror or ENGINEERING. 

Sir,—I have been greatly interested in the correspond- 
ence which has appeared in your columns 7¢ leaky boiler 
tubes, and especially so in your article headed ‘Marine 
Boilers” contained in your issue of February 24, and as you 
express your willingness to publish matter dealing with this 
important question, I beg to lay before you asketch and 
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short explanation of a patent which I have recently taken 
out with a view of overcoming the difficulty referred to, 
and should esteem it a favour if you could find space for 
same mm your valuable journal. 

In studying the question of leaky tubes, the chief diffi- 
culty appears to arise from the distortion of the tube holes 
in the combustion chamber, and as under certain con- 
ditions this distortion cannot be prevented, there seems 
to me only two things to do, i.¢, make the tube ends 


stouter, and so offer more resistance to the distortion of 
tube holes, or make the tube ends flexible, so that they 
will more readily adapt themselves to the distortion. 

In the tubes I am now introducing, as will be seen from 
the accompanying engravings, both cases are provided for, 
in the one obtaining a circular flexibility of tube ends in 
the tube holes, in the other thickening the tube ends, and 
in both getting an end bearing surface for the tubes to 
butt against, thereby making a joint of more than suffi- 
cient width to cover any ovalling of the tube holes. 

In tubing a boiler with the self-expanding or flexible- 
ended tubes (Fig. 1), the tube ends are made slightly 
taper, then driven well home, and the smokebox tube 
ends expanded in the usual manner, no expanding being 
necessary at the combustion chamber end. 

With the thickened tube ends (Fig. 2) the tubes are 
placed in position, and expanded both ends in the usual 
way, care being taken that the tube ends bed in the bottom 
of the recess. 

The advantages of these methods of tubing boilers are, 
that the tubes form a joint at their ends, being to a certain 
extent independent of circumferential fit, that no ferrules 
are required, and that the tubeplate is not weakened so 
much as when the tubes pass through the plate. 

With thanks in anticipation, 
Believe me, Sir, yours faithfully, 
GrorGE Wixson, A.M. Inst. C.E. 
Westminster Chambers, 13, Victoria-street, 
London, 8.W., March 3, 1893. 


To THE Eprror or ENGINEERING. 

Str,—I have read with great interest, in ENGINEER- 
ING of the 24th ult., your excellent article on that 
most important subject, ‘‘Marine Boilers.” In your 
final remarks you express a ‘‘belief that engineers are 
not going to be beaten by the difficulties that have 
arisen,” &c. 

Iam, therefore, induced to offer my suggestion as to 
the tube ends in the combustion chamber tubeplate. For 
this purpose I propose to squeeze the tube ends to the 
size of the ferrules or smaller; this plan allows a greater 
amount of water space on the tubeplate. 

In conclusion, I may state that this method is not pro- 
tected by patent. 

Yours &e., 


March 5, 1893. G.G. T. 

[The plan suggested by our correspondent is not new. 
It has been used by MM. Normand, of Havre, and by 
Messrs. Yarrow.——Ep. E. ] 


To THE Epriror or ENGINEERING. 

Srr,—In your leaders of February 24 and the 3rd inst., 
I notice that you refer to the ferrule that has recently 
been fitted to the boiler-tubes in the Navy as the 
Chatham Admiralty ferrule. 

Will you permit me to point out that this term is unin- 
tentionally misleading, as the device was suggested to the 
Admiralty by a gentleman outside of the service. This 
the Admiralty would, no doubt, acknowledge, were 
ata statement at the present stage considered advis- 
able, 


Tam, Sir, yours respectfully, 


JUSTITIA, 
March 7, 1893. 


284 


ENGINEERING. 


[Marcu 10, 1893. 


TRIPLE-SCREW STEAMERS. 
To THE Eprror or ENGINEERING. 

Sir,—We notice in a recent issue of ENGINEERING that 
Mr. James Hamilton, of Bridgeport, United States, has 
written to you regarding the arrangement of triple-screw 
engines made by us and fitted in the s.s. Wai, of Bombay, 
in 1891, for the Bombay Steam Navigation Company ; 
and he states further that he had a working model photo- 
graphed, and sent a copy of it, with a description, to the 
London Engineer, which was published in January, 1891, 
thereby implying that it was his arrangement, or one 
similar to bis, that was fitted in the above vessel. 

We beg to state that the principle which he claims so 
late in the day was illustrated and published to the 
world by us in the latter end of 1889, and we had a set 
of triple-screw engines at work before his article appeared. 

At the same time we do not admit that his model, as 
illustrated, was a practical working arrangement, or 
exactly similar to what was fitted in the steamer he 
refers to. Yours faithfully, 

DUNSMUIR AND JACKSON. 

Glasgow, Februxry 27, 1893. 


H.M.S. ‘‘BLENHEIM.” 
To tHE Eprror oF ENGINEERING. 

Srtr,—Permit me to make a brief statement supple- 
menting the tabulated results for cruisers appearing on 
page 230 of your issue of February 24. 

The figures for speed appearing against the Blenheim 
do an injustice (which was no doubt unintentional) to 
that vessel. They correctly represent the results that 
have been published, but, standing without comment, 
they are misleading. 

First, as to the performance under natural draught. 
The trial was made between Sheerness and Portsmouth in 
January, 1892, and extended over eight hours. During a 
considerable part of this time the ship was running in 
comparatively shallow water. I need not repeat details 
given in a paper read before the Institution of Naval 
Architects last year, and afterwards published in your 
columns. Suffice it to say that the mean speed for the 
eight hours, taken by log, was 20.4 knots; but that this 
mean was very seriously affected by the ‘‘drag” when 
running in shallow water. For the two hours which the 
ship was running in deep water the speed was 214 knots 
by log, with 15,500 horse-power and 96.5 revolutions. 

I was careful to allude to the possible inaccuracies of 
log measurements in the paper just mentioned, but the 
trials in the Edgar, and subsequent trials of the Blenheim 
on the measured mile, have placed it beyond doubt that 
with the natural draught power, which can be main- 
tained for eight hours, the Blenheim can steam 204 to 
21 knots in deep water. In the design 20 knots was the 
speed named for natural draught. It will be remembered 
that the Edgar lost three-quarters of a knot in speed on 
the shallow measured mile at Stokes Bay, as compared 
with her running in deep water. 

Second, as to the forced draught trial of the Blenheim, 
made in October last. 

This trial was made entirely for the purpose of testing 
the boilers and machinery under the maximum contract 
conditions after the boiler tubes were ferruled, and was 
most successful. 

There was no intention to test the speed by accurate 
measurement. Your table gives 21.6 knots, which is 
simply a log speed, and obviously much below the truth. 

The definite information obtained on this trial was that 
the average horse-power indicated for four hours was 
21,400 horse-power, and the average revolutions per 
minute 105.3. Fortunately, we have been able to deter- 
mine by runs on the measured mile at Stokes Bay the 
relation between revolutions of screw and speed of ship 
from 8 up to 18 knots. At the latter speed the ‘‘ drag” 
of shallow water was becoming marked ; and after our 
experience with the Edgar, it was worse than useless 
to run the Blenheim at any higher speed on the mile. 
Besides these measured-mile results, we have the detailed 
observations made on the eight hours’ trial, and on the 
trials off Plymouth. In deep water 96.5 revolutions gave 
the ship a speed (by log) of fully 21 knots. For the four 
hours the average of 105.3 revolutions, if the slip of screw 
remained the same, would, on this basis, give a speed of 
23 knots, as against the log speed of 21.6 knots. There 
is no reason for anticipating any serious increase in slip 
in passing from 96 to 105 revolutions ; and it will not be 
disputed that the revolutions of the screw furnish a far 
better approximation to the ship’s speed than a small log 
towed in her wake. ; 

Hereafter, when the Blenheim is on service, oppor- 
tunities will occur for testing her speed under more exact 
conditions than have yet been possible, owing to the fact 
that we have no measured mile with a depth of water 
proportioned to her high speed. But it will be admitted, 
I think, in view of the foregoing facts, that the vessel 
has more than fulfilled the estimated speed of 22 knots 
under forced draught. 

So far as can be seen, the true deep-water speed corre- 
sponding to the forced draught performance should be 
223 knots per hour for four hours’ continuous steaming. 

Tam, Sir, your obedient servant, 


W. 4H, WHITE. 
March 2, 1893. 


COMPOUND LOCOMOTIVE FOR THE 
NORTHERN, RAILWAY OF FRANCE. 
To tax Epitor oF ENGINEERING. 

Srr,— Allow me to point out that the safety valves of 
this engine can hardly be considered as being of the 
Ramsbottom pattern. The arrangement adopted for 
some time past by the Northern Railway of France con- 


sists of a pair of Adams safety valves loaded directly, 
each valve being held down by a coiled spring working in 
compression. This arrangement could also be looked 
upon as a combination of two Richardson’s safety valves, 
placed side by side, and having their spring spindles con- 
nected by a horizontal lever in such a manner that the 
upper end of either spindle can act as a fulerum when 
pressure is applied to the free end of the lever which 
projects inside the cab. The valves can thus be tested in 
the same manner as the Ramsbottom. A similar arrange- 
ment is used in Wilson-Klotz safety valves. 
Yours truly, 


ADOLPHE E. GOBERT. 
London, February 14, 1893. 


SALT CUTTING MACHINE. 
To THE Eprtor or ENGINEERING. 

S1r,—I shall be greatly obliged if you, or some of your 
friends, will inform me whether there is any good 
machine that can be used with advantage for cutting salt 
in regular blocks (say 2 ft. by 2 ft.) from the ledge. 

Makers of such machinery are invited to send tenders, 
specifications, and full particulars as to manner of work- 
ing them, to 

Yours truly, 
A. Espinosa, C.E., M.E., Lima, Peru, 8. A. 

Lima, February 6, 1893. 


FROST VALVES FOR HYDRANTS. 
To THE Eprror or ENGINEERING. 

Srr,—-While thavking you for your excellent descrip- 
tion of my automatic frost valve in this week’s issue, 
permit me to mention that it is not “now being 
patented.” That occurred in 1884, and some thousands 
of hydrants fitted under my patent are now in use in 
London and elsewhere. 

W. Lewis Baker. 
Hargrave, St. Neots, March 4, 1893. 


VACUUM JACKETS. 
To THs Eprror or ENGINEERING. 

Srr,—I venture to request you to allow me to ask the 
opinion of your readers on the following suggestions, 
which have been on my notes for some considerable time, 
and were ultimately embodied by me in one of my speci- 
fications. The experiments of Mr. Bryan Donkin, Jun. 
(with whom I have been in communication), and Pro- 
fessor Dewar, fully support some of my conclusions. 

With regard to the application of vacua, an ‘‘ absence 
of medium ” to conduct must mean an ‘‘absence of con- 
duction,” and a top will spin three or four times longer in 
a vacuum than in air. 

The proper application of this principle (by special 
means suitable to the particular engine or motor) would 
insure us against surface condensation, atmospheric 
resistance, dust particles, odour, and a considerable pro- 
portion of the noise from vibration, also against radia- 
tion, &c. 

Then why not ‘‘ jacket” boilers, uptakes, casings, 
steam pipes, cylinders, or any part of any engine, motor, 
dynamo, conducting pipes of any description, or even a 
building—through the walls of which it is required to 
prevent radiation or conduction, to which it may be 
desirable to apply it—by a partial vacuum ? 

Mr. Donkin says: ‘‘I made a connection between the 
barrel jacket ” (only) ‘‘of a single-cylinder experimental 
engine and the condenser, and although there was a differ- 
ence of 130 deg. Fahr. between the temperature of the 
condenser and the steam, practically no heat passed, due 
tothe absence of a medium to convey such heat. The 
cylinder walls remained at a temperature of 264 deg. 
Fahr. with 12.8 lb. vacuum—temperature = 130 deg.—in 
the jacket, and the result in pounds per indicated horse- 
power per hour was better with a vacuum in the body 
jacket than with hot air in all the jackets.” 

Mr. Donkin has also been kind enough to supply me 
with further details, from which I take the following 
comparison: ‘‘Mean temperature of cylinder wall, 
0.06 in. from piston : hot air in jackets, 255.8 deg. Fahr. ; 
water, 250 deg.; body jacket in communication with 
condenser, 266 deg.” 

I respectfully submit that the proper application of 
this would render the lives of furnace and foundry men, 
engineers and stokers, and possibly even householders, 
comparatively happy ; that the system could be employed 
to assist in preventing bunker fires; that it could be 
applied in many ways for the comfort and safety of 
both passengers and crews of ships ; that it could be bene- 
ficially used in connection with locomotive or stationary 
steam, or gas, petroleum, or any other engine or motor ; 
that it would avoid air resistance, and possibly be bene- 
ficial in other ways,* in relation to the casing of dynamos, 
motors, and electrical plant, and generally would insure 
advantages of many kinds in connection with all classes 
of machinery and structures from which it is desirable to 
prevent radiation, conduction, &c., and where it would 
be beneficial to avoid air resistance in any form. 


* May I take the further liberty of mentioning that M. 
Tesla has recently communicated a short article to the 
New York Electrical Engineer, drawing attention to the 
important part that air (or any other ‘‘ discontinuous” 
medium in which the molecules are capable of rectilinear 
motion) may play, especially in the case of high-tension 
high-frequency currents. The fact that air can carry off 
charges by convection may lead in many cases to a loss 
of energy, and M. Tesla considers that in such cases the 
air is fully as important a factor as the metallic resistance 
of the circuit.—R. MoG,. 


I shall be glad to hear from any one who inclines to 
apply the suggestion, and have the honour to be 
Your obedient servant, 
~ Ropert McGuasson. 
39, Dagnall Park, Selhurst, 8. E. 


GAINSBOROUGH WATER WORKS. 
To THe Epiror or ENGINEERING. 

Sir,—We notice in your issue of the 24th inst., among 
‘Notes from South Yorkshire,” a paragraph re Gains- 
borough Water Works which may be read two ways. 
Mr. Church has been appointed the engineer for the pro- 
posed ‘‘new well and pumping machinery;” our tender 
for deepening the artesian well has been ‘‘ accepted.” We 
may say that the well was originally made by us, and 
commenced 21 in. in diameter and terminated 10} in. in 
diameter at 1202 ft. ; it is now intended to deepen it 
100 ft., and then test it with our 114 in. double-action 
bore hole pump fixed to 200 ft., which has for some time © 
been pumping 18,000 gallons per hour, which is below iis 
pumping capacity. 

Weare, yours respectfully, the Executors 
of the late K. Timmins, 
per A. TIMMINS, 
Bridgewater Foundry, Runcorn, February 27, 1893. 


NOVELTY IN PATENTS. 
To tHE Epiror or ENGINEERING. 

Sir,—Mr. Mundella states, in his reply to Mr. Leng, 
that his proposal would involve a radical change in the 
principle and policy of the patent laws. May I be 
allowed to state that the sooner the present policy is 
changed the better. The time was when English manu- 
facturers believed they were under no obligation to the 
ingenuity and inventive talents of others ; they got such 
invention as was indispensable done by their workmen for 
nothing in most cases, the latter being generally too igno- 
rant to desire to maintain their rights or to know that 
they were wronged. Competition with countries where 
manufactures had been developed by the influence of the 
United States patent laws, of whom Germany was chief, 
has within recent years obliged them to modify this view, 
and they now generally admit the inventor cannot be dis- 
pensed with, that he ought to be encouraged to bring out 
his ideas at his own expense, and that only occasionally 
should he reap any reward for his trouble, In the inte- 
rest of this class of manufacturing capitalists, and for the 
above-named purposes, the present English patent law 
has been framed, and the list of four-year patents which 
expire proves how well it does its work. The system of 
no search and low taxes for the first four years draws 
the inventor out of his hole, as it were, and the 
succeeding cannonade of annual fees, gradually getting 
heavier, kills him in the open. The merits of the 
invention are often well demonstrated, and the practical 
difficulties overcome by the energetic, sanguine inventor, 
but unless his scheme suits the book of .some company 
promoter he can get nothing for it, as bond-fide manufac- 
turers feel pretty sure the law will break him down if 
they wait long enough. This policy, which is deliberately 
carried out by the English Patent Office, ought to be 
changed. Apart from the moral view of the rights and 
wrongs of the case, I think it must be considered unwise 
not to be at least equal to competing nations in niatters of 
this description, and that we are behind I should say no 
impartial inquirer can doubt. I have personal knowledge 
of successful men in the States whc left these islands 
purely for these reasons, and there are many such cases, 
like Dirton and Sellers, that all the world has heard of. 

It would be a great day for practical intellect if a 
journal like yours would take up the battle for the in- 
ventors, a class which the position of the Scientific 
American shows is large, wealthy, powerful, and grate- 
ful when the laws of their country protect their pro- 
perty in the same way that they protect the property of 
others. 

I remain, yours very faithfully, 
R. RK, GuBBrys, 
95, Pelton-road, East Greenwich, 8.E., 
February 11, 1893. 


SCREW PROPELLERS. 
To tHE Eprror OF ENGINEERING, 

Srr,—Will you kindly permit me to suggest (with 
reference to your admirable summary of the discussion on 
Mr. Froude’s papers on the Haslar Experimental Works, 
page 156) that it would be desirable—after having ob- 
tained the best (model) lines for the particular class of 
vessel—to calculate the highest practical or desirable 
speed of revolution cf the (intended) engines therefor ; to 
insert clockwork (easily regulated as to speed) into the 
model, and let it drive screws on the running model at 
the intended maximum; to ‘‘form” and ‘‘ trim” those 
screws until the best maximum ‘‘ propulsive area” is ob- 
tained for the (anticipated extreme) conditions of running 
of that particular class of ship, and to then order those 
screws to be fitted, but to be made capable of having 
their developed propulsive area altered while running to 
suit the ship and conditions, in the manner and with the 
assured economy that I have had the honour of being 
permitted to note in your columns. 

The cost of such experiments would entail but very 
little extra expense, and I venture to say that the saving 
to the country would be great. For instance, it might 
be wise to take a model of the Hercules (again referred 
to in page 160, by which paragraph I see ‘that ‘‘wood 
planking has been temporarily fixed on both quarters’”— 
perhaps if the commander were ordered to place wool in 
his ears, or to wear elastic soles to his boots, the ‘‘ vibra- 
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tion” might be still further reduced)—and to act as I 
suggest therewith. With that model—driven as stated 
—before them, a little manipulation, and a telephonic 
arrangement of ‘‘sounder” attached (which would notify 
“thumping,” &c., if present), Mr. White and Mr. Froude 
would recognise the necessary required corrections in a 
very short time. They would also be more certain as to 
the adaptability of the particular two-bladed screw (now 
about to be fitted) to that particular ship, and in that 
very particular position. I respectfully beg that they 
will try the suggestion. j 

With regard to Mr. Thornycroft’s screw turbine pro- 
peller, so admirably described on page 162, I will only 
take the liberty of remarking that abnormal conditions 
may require abnormal treatment, and that very shallow 
water should be an abnormal condition of running to 
screw propellers (speaking generally); that any descrip- 
tion of passage restriction or of friction of any kind is 
harmful to their economical action, while it is possible to 
avoid such by other means ; that when the necessary area 
cannot be put—by reason of shallow draught—into one 
screw, it would pay to secure handy manipulation with- 
out duplicating the engine by driving two tail-shafts from 
one engine-shaft, and applying my gears thereto; and 
that I respectfully suggest that one screw capable of re- 
versal and of suiting any condition, is better than two of 
fixed pitch (only at the best economically suitable to one con- 
dition outof very many) on one shaft. Iam pleased tohear 
that Mr. Thornycroft considers it desirable that the com- 
plication of reversing gear in the marine engine should be 
done away with. It is, as he says, expensive and cumber- 
some ; and is at work (whether wanted or not)during the 
whole time the vessel isunder way. But until we can 
‘*oo under and come up on the other side” we must pro- 
vide the ability to reverse the ship; and my reversible 
propellers reverse nothing else ; not even the direction of 
their own motion. Iam greatly encouraged by reading 
that your reviewers, Mr. Thornycroft and Mr. Barnaby, 
believe there would be fewer accidents if marine engines 
were not reversible ; and a boat now on the Mersey and 
shortly coming to the Thames will help to prove that 
they are right. 

I mentioned Mr. Walker’s paper on ‘’ Propeller Sur- 
face” ina previous letter; but your carefully-executed 
diagrams just published induced me to add a word or 
two. I have frequently called attention to the useless- 
ness and detriment of an exposed ‘‘ inoperative or harm- 
ful space.” If the reader will kindly look at Fig. 10, 
page 149, he will see it well marked out and lettered r. 
On this case Mr. Walker remarks: ‘‘It may be well to 
mention the case of a propeller 10 ft. in diameter, which 
was brought under the author’s notice after some five or 
six months’ continued voyaging to the Mediterranean. 
In Fig. 10 is shown an expanded view of the working 
face, of which the portion p on the leading edge was 
clean scoured ; the part r was covered with marine growth 
some inches long ; while the part qon the after edge had 
a short growth; the greater part of the back of the 
blade was covered with grass. This seems to show that 
only a small part of the area of the blade was effective ; 
and affords an argument in favour of narrow blades.” It 
is more than probable that no part of the space marked r 
had revolved fast enough to propel when at the normal 
speed and revolutions. Again, I take the liberty of 
calling attention to (say) screws B and D. 

The paper says: ‘‘In screw B, Fig. 2, the after portion 
was placed immediately behind the forward.” (As Fig. 8 
I suppose), 

Now the area of the two blades immediately behind the 
other two could not be taken as fully efficient operative 
surface, and yet the comparative calculations are based 
on the same description of surface data, and carried to 
three places of decimals, Why did not the experimenter 
(in case B) take two of the blades off altogether (‘‘let the 
engines out ”) and test the multiple-bladed case that way ? 
His own tables give the thrust of B as one pound more 
than that of D. Has anyone ever tested the real dynamo- 
metrical thrust of a screw that was known to suit the 
vessel on a running boat at different speeds and under 
liffereut conditions of running? Yet we bolt on our fix- 
ture of inefficiency, and base elaborate data (calculated to 
many decimals) on our so-called ‘‘thrust” of that parti- 
cular screw which could but (in any event) suit one condi- 
tion out of very many. The measurement of the thrust 
of a fixed screw revolving (always in the same position) in 
a tank or a dock does not apply to the case of a screw 
running on a vessel at all. And until we really know 
that the screw (the ‘‘thrust” of which is being deter- 
mined) is, as far as possible, suitable to the vessel and 
conditions at the moment—which has been practically 
impossible until now—our ‘‘ data” will be valueless. 

I must not take up more of your valuable space, so will 
only note my grave objection to the following remark: 
‘In a rough sea the advantage of many blades appears 
obvious.” The disadvantage has been only too obvious 
lately. Neptune has frequently corrected this fallacy. 

Mr. Walker deserves every credit for his laborious work, 
but (as Emerson says) in many cases ‘‘the kitchen clock 
is more more convenient than sidereal time.” Had he 
made up his mind to simplify as much as possible, and 
tried a two-bladed screw, begun where it could act with 
advantage—from the root—at the speed of revolution 
(none of the quoted ones did so), arranged the surface so 
that it acted in equilibrio at all points of radius and with 
a3 little friction as possible, revolved it properly, and 
made its developed propulsive area capable of suiting the 
conditions at any time whilst running, it is a unit to (say) 
-001 that he would have at once recognised that some of 
his able arguments and calculations require no straining 
to prove the practical benefit of few blades, but a great 
deal to prove the commercial or engineering value of 
many, 

Propeller surface must in tuture be applied, so that the 
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right quantity (placed in the right position) may act at 
the right pitch and speed of revolution, 7 ¢., combined 
‘developed propulsive area,” at the right time. No 
“ey 2s” (ew wise heads) are of any use in this connec- 
tion. The screws must be made practically capable of 
suiting the vessel and the conditions at the moment on 
the vessel and whilst running. 
I have the honour to be, 
Your obedient and obliged servant, 
Rosert McGuasson. 
Selhurst, S.E., February 11, 1893. 


SCREW PROPULSION WITH NON- 
REVERSIBLE ENGINES. 
To THE Eprror OF ENGINEERING. 

Srr,—The boat referred to in my last (hereon) is now 
on the Mersey, and a visit to the Thames will follow. 
Another boat, fitted with another modification of my 
system, will shortly be on view in the Hull Docks. I 
shall be glad to send all information and an order to view 
to any one desirous of inspecting them. Mr. Bumsted 
(of Messrs. Bumsted and Chandler) is about to fit yet 
another modification of my screws and gears to his 70-ton 
steam yacht. 

After experimenting—as I understand—for very many 
years, Mr. Rigg (in a recent issue) rightly says, ‘‘ nobody 
in the kingdom properly understands screw propellers.” 

How can they, as long as they persist in ‘‘ fixing ” them ? 
The behaviour of a ship is as erratic as—well, that of 
many another ‘‘she.” The conditions of running and sur- 
roundings are also very variable. A fixed screw can but 
‘suit ” one ‘‘condition” out of the very many which have 
to be met in relation to the ship, its conditions and sur- 
roundings, and the screw as a whole. A fixed pitch 
(multiplied by varying revolutions) can never economically 
accommodate itself to them. 

Only those who aim at the ability to suit the screws to 
the vessel, on the vessel, and whilst working, and the 
ability to suit the power to the developed propulsive area 
suitable to the ship at the moment, will attain economical 
screw propulsion. I am sure your readers will appreciate 
that ever-varying conditions cannot be economically met 
by a fixture—and one of so many patterns, too ! 

About 50 years’ experiment; do not appear to have 
enabled us to ‘“‘understand” the screws. Perhaps one 
year’s experimental development in the right direction 
and on an assured basis will enable us to understand that 
combined but very variable factors are necessary to be con- 
sidered and provided for in this connection. 

I have the honour to be 
Your obedient and obliged servant, 
Rosert McGrasson. 
39, Dagnall Park, Selhurst, 8.E. 


HARVEYISED STEEL ARMOUR PLATES. 
To THe Epritor of ENGINEERING. 

S1r,—Under ‘‘ Miscellanea,” page 249 of the current 
number, there is a paragraph apparently taken from the 
Times, commencing with the words, ‘‘A Second Harveyised 
Steel Plate,” &c., which is said to have given results 
inferior to those previously obtained. You may possibly 
have observed under ‘‘ Naval and Military Intelligence” 
to-day a correction of this report, which, however, is not 
complete, and an accurate statement may possess suffi- 
cient public interest to deserve insertion. 

The Admiralty, wishing to ascertain the value of the 
Harvey process, ordered us to make a large plate which 
was to be cut through, one half (that tested in January) 
being Harveyed, the other, to which your report refers, 
being left untreated. The result of the latter test was 
highly satisfactory for an ordinary 6-in. plate, but left no 
doubt as to the superior protective value of the part 
which had been Harveyed. 

Yours truly, 
Vickers, Sons, and Co., Limited, 
Epwarb Reyno.ps, Director. 
River Don Works, Sheffield, March 6, 1893. 


To THk Epitor or ENGINEERING. 

Srr,—Will you kindly contradict the statement in your 
issue of the 3rd inst. as to the trial of a Harveyised 6-in. 
plate at Portsmouth on Tuesday last? The plate was 
not ‘‘ Harveyed.” I inclose you details of the two trials 
of January 19 and February 28, which were conducted 
by the Admiralty officials for the purpose uf comparison. 

Tam, Sir, your obedient servant, 
Puiwie J. D. Linpor, Secretary. 
Improved Steel Syndicate, Limited, 
28, Victoria-street, London, 8S. W., 
March 6, 1893. 


Comparative Trials of Two 6-in. Solid Steel Armour Plates, 
Manufactured from the same Ingots by Messrs. Vickers, 
Sons, and Co., of Sheffield, One Flate Treated by the 
“ Harvey” Process, the other Plate Untreated. The 
object of the trials was to endeavour to ascertain the 
exact additional value of the ‘‘ Harvey ” treatment. 


Harveyed 6-In. Solid Steel Armour Plate Tested on Board 
the ‘* Nettle ” Ship at Portsmouth on January 19, 1893. 

The 6-in. breechloading gun was used, firing Holtzer- 
forged steel projectiles weighing 100 lb. each. The trial 
was of a most unusual kind, the guns and projectiles 
being those regularly employed for testing 104-in. plates. 

Round 1, charge 304 1b. ; striking velocity, 1507 foot- 
seconds ; striking energy, 1575 foot-tons. Projectile was 
pulverised without cracking or injuring plate. 

Round 2, charge 42 1b, (full service) ; striking velocity, 
1815 foot-seconds ; striking energy, 2294 foot-tons. Shot 
again broken up, but plate cracked. 

Round 3, 48 lb. (battering charge); striking velocity, 
1960 foot-seconds ; striking energy, 2664 foot-tons, Pro- 
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jectile just perforated plate and lodged in form of frag- 
ments in backing. 

Round 4, 42 Ib. (full service charge); striking velocity, 
1818 foot-seconds ; striking energy, 2294 foot-tons. Shell 
again broken up without perforation. 


Untreated 6-In. Solid Steel Plate, Tested March 1, 1893. 

Round 1 (Holtzer shell), charge 304 lb. ; striking velo- 
city, 1507 foot-seconds ; striking energy, 1575 foot-tons. 
The shell perforated the plate and lodged in the backing. 

Round 2 (Palliser shot), charge 304 lb. ; striking velo- 
city, 1507 foot-seconds ; striking energy, 1575 foot-tons. 
ied shot was stopped and broken up, point imbedded in 
plate. 

Round 3 (Palliser), charge 364 lb. ; striking velocity, 
1690 foot-scconds ; striking energy, 1979 foot-tons. The 
projectile perforated plate and penetrated backing toa 
depth of 3 ft. 

Round 4 (Holtzer), charge 243 lb. ; velocity not calcu- 
lated. Shell perforated plate, penetrated backing to a 
depth of 2,1 in., and rebounded. 

Round 5 (Holtzer), 274 lb. charge; velocity not calcu- 
lated. Shell perforated plate, penetrated backing 3 1 in., 
and rebounded. 


Gas av Paris.—The revenue collected by the Parisian 
Company for Lighting and Heating by Gas in January 
was 368,460/., as compared with 371,715/. in January, 
1892, showing a decrease of 3255/., or 0.87 per cent., this 
year. 


Bast FURNACES IN THE UniTeD StaTEs.—The number 
of blast furnaces in activity in the United States at the 
commencement of February, 1893, was 251, their aggre- 
gate weekly productive capacity being 171,451 tons. The 
corresponding number of furnaces in blast at the com- 
mencement of August, 1892, was 238 ; their aggregate 
weekly productive capacity being 155,136 tons. The 
corresponding number of furnaces in blast at the com- 
mencement of February, 1892, was 308, their aggregate 
weekly productive capacity being 187,383 tons. The cor- 
responding number of furnaces in blast at the commence- 
ment ofAugust, 1891, was 294, their aggregate weekly pro- 
ductive capacity being 169,576 tons. The corresponding 
number of furnaces in blast at the commencement of 
February, 1891, was 294, theiraggregate weekly productive 
capacity being 146,050 tons. ‘The corresponding number 
of furnaces in blast at the commencement of August, 
1890, was 324, their aggregate weekly productive capacity 
being 164,798 tons. The corresponding number of 
furnaces in blast at the commencement of February, 
1890, was 334, their aggregate weekly productive capacity 
being 173,651 tons. 


Torrepo-BoaT Drstroyers.—The torpedo-boat de- 
stroyer, a new class Of warship, the credit for the intro- 
duction of which belongs to the late Administration, 
holds an intermediate position between the first-class 
torpedo-boat and the torpedo gun-vessel or ‘‘catcher.”’ 
Our first-class torpedo-boats have a displacement not 
exceeding 125 tons, and, though fast in smooth water, are 
too small to maintain a high rate of speed in a seaway. 
Our smallest ‘‘ catchers ” displace, on the other hand, as 
much as 625 tons. Of the new class of destroyers, six 
have at present been ordered, and 14, possibly of an im- 
proved type, are, under the new programme, to be laid 
down when the vessels now under construction have been 
tried. Each of the six is 180 ft. long by 18 ft. 6 in. broad, 
and, at a draught of 5 ft., will displace 220 tons of water. 
The engines, driving twin screws, will together develop a 
maximum of 3400 indicated horse-power, and give the 
vessel the great speed of 27 knots, or upwards of 31 statute 
miles an hour. The bunker capacity will be for between 
55 and 60 tons of coal, and the complement will be 40 
officers and men. The armament, in addition to three 
torpedo tubes, will consist of one 12-pounder and three 
6-pounder quick-firing guns. Two of the vessels are 
being built by Messrs. Yarrow, of Poplar, and two by 
Messrs. Thornycroft, of Chiswick, and are already well 
advanced, 


’ Evecrric Licutine in Papprineton.—On Friday, 
March 8, the Amberley-road electric lighting station of 
the Metropolitan Electric Supply Company, Limited, was 
formally opened. It is situated on the bank of the canal, 
close to the Harrow-road, Paddington, on a site which 
furnishes space for further extension. At present the 
machinery installed comprises five alternate current 
dynamos of 120 kilowatts each, designed by Mr. Gisbert 
Kapp. Each machine is driven through eight ropes 
from a compound engine constructed by Messrs. Hornsby, 
of Grantham. On the occasion of the opening one of the 
alternators was running as a motor, and was driving its 
engine, which had the cylinder covers off in evidence of 
the fact. The frequency of the current is 100 complete 
vibrations per second, the alternators having 20 poles 
each. The armature is composed of a ring of soft iron 
ribbon wound upon itself, under considerable tension, to 
make it solid. Upon this core the coils are wound, the 
whole being mounted on a central boss with arms. Messrs. 
Johnson and Phillips, of Charlton, were the contractors 
for the plant, the exciter engines being supplied by 
Messrs. W. H. Allen and Co., of Lambeth. ‘he build- 
ings were designed and erected by the company’s staff, 
Mr. Mark Judge being the consulting architect. This is 
the fifth station of the company, the others being 
respectively in Whitehall, Sardinia-street, Rathbone- 
place, and Manchester-square, each station having 
machinery differing from that in the other stations. The 
total horse-power at the company’s stations amounts to 
8000, and the present supply is equal to a connection of 
130,000 eight candle-power lamps, the area served being 
4} square miles, 
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RAILWAY BRIDGES ON THE MANCHESTER SHIP CANAL. 
(For Notice, see Page 280.) 


Bripce over River Mersey, Deviation Rartway No. 1. 
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NOTICES OF MEETINGS. 


Tie INSTITUTION OF CIVIL ENGINEERS.—Students’ meeting, Friday, 
March 10th, at 7.30 p.m. Paper tobe read: ‘‘ Methods adopted 
in Constructing the Glasgow Central Railway Works, Bridgeton 
and Trongate Contracts,” by Mr. Charles D. Barker, Stud. Inst. 
C.E. Mr. J. Wolfe Barry, Member of Council, in the chair.—Ordi- 
nary meeting, Tuesday, March 14th, at 8 p.m, Paper to be further 
discussed: ‘On Plant for Harbour and Sea Works,” by Mr. 
Walter Pitt, M. Inst. O.E.—Students’ visit, Wednesday, March 
15th, at 2 p.m., to the East London Water Works, Lea Bridge. 
Train leaves Liverpool-street at 1.35 p.m. At 

CuemicaL Society.—Thursday, March 16th, at8 p.m. ‘ Limits 
of Accuracy of Gold Bullion Assay and the Losses of Gold inci- 
dental to it,” by T. K. Rose. ‘‘ Boiling Point of Liquid Nitrous 
Oxide at Atmospheric Pressure, and-on the Melting Point of Solid 
Nitrous Oxide,” by Mr. W. Ramsay, F.R.S., and Mr. John Shields, 
Ph.D. ‘‘ Isomerism of Aliphatic Aldoximes,” by Mr. W. R. Dunstan 
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‘« Properties of a Benzaldoxime,” by Mr. W. R. Dunstan and Mr. 
M. C, Luxmore. 

Tue CrvyiL AND MECHANICAL ENGINEERS’ SocreTy.—Thursday, the 
16th inst., at the Westminster Palace Hotel. Paper, ‘‘Machinery for 
Drying Brewers’ Grains and other Residues,” by Herbert Coward. 

Royat MrrrorouoaicaL Socrery.—Wednesday, the 15th instant, 
at 25, Great George-street, Westminster, at 7 p.m., a lecture will 
be given by Mr. Shelford Bidwell, F.R.S., on ‘‘Some Meteoro- 
logical Problems,” which will be illustrated by experiments. 

Society or Arts.—John-street, Adelphi, London, W.C. Monday, 
March 13th, at 5 p.m. Cantor Lectures. ‘‘ Alloys,” by Professor W. 
Chandler Roberts-Austen, C.B., F.R.S. Lecture II. ‘‘Advances in 
our Knowledge of Alloys, since the last course of Cantor Lectures 
‘On Alloys,’ was delivered in 1888.”—Wednesday, March 15th, at 
8p.m. Ordinary meeting. ‘‘Technical Education: its Progress 
and Prospects,”’ by Sir Philip Magnus. 

Hut Anp District INSTITUTION OF ENGINEERS AND NAVAL ARCHI- 
TECTs.—Monday, March 13th, at 8 p.m., at the Parochial Offices, 
Bond-street, Hull. Paper by Mr, A. H. Bate, A.I.E.E. (of Swan 
and Edisons, Limited), on ‘‘Some Notes on the Electric Lighting 
of Ships,” 
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THE AMERICAN LINE OF STEAMERS, 


THERE was a peculiar appropriateness in the 
selection of Sir Donald Currie to propose the toast 
of ‘*Success to the new American Line of steamers” 
at the luncheon given on Tuesday to a large number 
of representatives of the commercial world gathered 
on board the New York, to signalise the first visit 
of the steamer to this country under the Stars and 
Stripes, for Sir Donald forty years ago did a similar 
honour on board the first of the Collins liners on 
its arrival in Britain. The superstitious might be 
inclined to draw unhappy auguries, but we are far 
removed from the age when such influenced men. 
Now we consider the prospects of the future by 
experience of the past, and therein consisted the 
appropriateness of the selection we have referred 
to. The American Line, unlike the Collins Line, 
is no new organisation. For forty years the Inman 
Line has sailed their steamers with great regularity 
and with striking success. Their record of pro- 
gress is undoubted, for in their pioneer vessels 
steerage passengers were first carried in steamers ; 
they early adopted the screw for propulsion, and 
iron as the constructive material for regular liners ; 
they introduced at an early period the com- 
pound engine, and at a later stage the triple- 
expansion engine ; first adopted the electric incan- 
descent lamp, and were the first of the great 
companies to recognise the advantages of twin 
screws. Such a record indicates of itself that 
thorough experience which is at once the finest 
basis of success for any scheme. Siw Donald 
Currie, himself a veteran in ship management, 
could recall the times when he and Mr. Edmund 
Taylor, the managing director in this country of the 
Inman, and now of the American Line, were closely 
associated with the early American liners 40 and 50 
years ago. Then, as he told his audience on Tues- 
day, a ship’s bill of lading would only comprise 
about 70 tons, and even the steamers only went 
once a month, but instead of wishing for 5s. a ton, 
they got 5l., 7/., and sometimes even 10/1. Now 
there were many ships every week, and as the 
American Minister, Mr. Lincoln, had previously 
pointed out, the United Kingdom is the greatest 
purchaser of products of the United States, and 
sells to the States more of its products than to any 
other country in the world. The trade and com- 
merce between the two countries is enormous— 
representing something approaching 130 millions 
sterling per annum—and no one will grudge the 
right of America to a share of the carrying of this 
merchandise. 

As to the small extent to which she participates, 
abundant evidence is to be found in the article on 
‘* American Industries and British Commerce”’ in 
another part of this issue. To secure it, and at 


the same time add to the number of armed cruisers, 
the American Legislature passed the Postal Sub- 
sidies Act, under which the City of New York and 
City of Paris inaugurated the American Line, 
and their valuable aid as cruisers has been trans- 
ferred from Britain to America. The company, 
formerly composed very largely of American share- 
holders, is now transferred in name as well as in 
reality to America, although the management con- 
tinues the same, and, so far as the travelling public 
are concerned, the conditions nominally are un- 
changed, excepting perhaps that with the new depar- 
ture there has come a determination to advance. 
The pride of the Americans is justifiable, and their 
arguments as set forth on Tuesday seem reason- 
able. They claim kinship with us. Mr. Lincoln 
remarks that any feeling of hostility is due to 
immigration of foreigners, and is but a small item 
in the great regard for Britain. They inherit the 
British desire for the extension of commerce, and 
thus a competition exists which need not be other 
than friendly. Objection may be taken by some to 
the polizy which is adopted for the furtherance of 
the object desired; but this point was probably very 
fairly put by Mr. Lincoln as representing America 
to Britons: ‘‘You have a restricted territory, 
settled by hundreds and hundreds of years of 
exploited civilisation ; we, on the other hand, have 
almost a limitless territory, unsettled and entirely 
new. It follows that the same considerations can- 
not apply to both cases. But whether or not it 
would have been better for us, or either of us, to 
have adopted another course is a question which I 
do not propose to enter upon here. What we are 
content to look upon are the facts in the case, and 
the facts alone ; and doing so I may sincerely say 
to every Englishman here we are proud of the 
undoubsed commercial supremacy of this country ; 
and that, as Americans, we are equally and sincerely 
proud, and we believe you congratulate my country 
on its unparalleled growth and prosperity, and the 
position it has reached at the end of hardly more 
than the first century of its existence. For many 
years each country has flourished upon and has 
been nourished by the fruit of the other, and each 
has prospered in the prosperity of the other.” 

The American Line is pretty certain to succeed, 
just as the Inman Line has prospered. We have 
shown that there is experience associated with the 
concern, that there is commerce to carry, that the 
Americans are satisfied as to the raison d’étre, 
and it will be easy to show that there is that 
spirit of progress which is essential to success. The 
Paris and New York, the names by which the two 
vessels will now be known, hold a first place on the 
Atlantic. The former has still the credit of having 
made the best passage westward, and the latter east- 
wards—10 of the passages of the two steamers 
last year were under six days. The average has been 
5 days 20 hours10 minutes. Indeed, the average 
of 10 outward passages of the Paris was 5 days 
21 hours 19 minutes. Two new vessels are being 
built at Messrs. Cramp’s, Philadelphia, on the same 
lines as these two vessels, but with  sufticiently 
greater power to enable them to compete with the 
new Cunarders. Three other vessels are to be 
built, which will maintain a service to the Continent, 
calling at Southampton, so that there will be a bi- 
weekly service from Southampton to New York, and 
all the vessels will be of 20-knot speed. The state 
of affairs at the Philadelphia yard will be appre- 
ciated when we state that the contract for the steel 
for the five vessels has recently been let out to 
various makers in America, the total quantity 
ordered being 31,300 tons. The cost is put at 
about a quarter of a million sterling, which works 
out roughly at 81. a ton-——not by any means a large 
sum, although above prices now ruling here. 

An important point connected with the new de- 
parture, is the adoption of Southampton as the 
terminal port in this country. This change has 
been in contemplation for several years on the part 
of the Inman Line, but probably has been hastened 
by the new arrangement, since it is convenient as 
a calling-place for the vessels on their way to the 
Continent. The London and South-Western Rail- 
way Company have done everything to facilitate 
matters, as have also the Southampton authorities. 
The harbour is very convenient for ocean liners, 
for the improved channel affords sufficient water- 
way, and the new Empress Dock,* in which the 
Inman vessels are accommodated, has an entrance 
175 ft. wide and a depth of about 31 ft. at high- 


* See ENGINEERING, vol. l., page 308. 


288 


ENGINEERING. 


[Marcu 10, 1893. 


water spring tide, and of 25 ft. neap tides. The 
railway company, who have acquired the dock, 
have purchased between 40 and 50 acres of un- 
reclaimed land adjoining the dock, and on this 
Messrs. Lucas and Aird are actively engaged con- 
structing a graving dock 700 ft. long and 110 ft. 
wide. They are building with chalk an embank- 
ment round the area, preparatory to beginning 
the construction of the walls. In this way dock 
accommodation will be convenient and sufficient 
for all contingencies, which, itis hoped, may include 
the transfer of other companies to Southampton. 
The railway is carried down to the docks, so that 
passengers have only to cross the platform in the 
shed and board the ship. The railway company, 
too, have constructed a special train of saloon car- 
riages, forming what is called ‘‘The Hagle Train,” 
for transferring the passengers between London 
and Southampton. These are very comfortable 
vehicles running on bogies. There is a main apart- 
ment accommodating 12 passengers, each seated in 
separate ‘‘corners,” with a passage in the centre. 
The interior is in polished walnut, with maple panels 
and brass mountings, while the upholstery is in 
rich brocade. The carriages are specially venti- 
lated from the roof. At one end of the carriage is 
a ladies’ saloon and at the other a smoking-room, 
each with lavatory accommodation. The distance 
between New York and Liverpool is, perhaps, 
rather less than that between New York and 
Southampton, but the railway journey makes a 
material difference in time when the journey is 
between New York and London, the destination of 
the great majority of American tourists. Besides, 
the disadvantages of the Mersey Bar and the want 
of direct communication between the ship berth 
and the railway at Liverpool make the journey vid 
Southampton in many respects preferable. 


MECHANICAL FLIGHT. 


To the average engineer the suggestion of 
mechanical flight raises ideas very similar to those 
which are called up by mention of the philosopher's 
stone or perpetual motion. However far off the 
problem of human flight by mechanical means may 
be from realisation, or at any rate application to 
useful purposes, there are some very beautiful 
physical problems involved in its study. Of late 
the matter has been brought rather more promi- 
nently forward by the terrible things Mr. Maxim 
proposed to put within reach of those whose pro- 
fession is destruction of their fellow - creatures. 
He promised us—or our enemies—a flying machine 
which was to soar away towards the ethereal blue 
and drop tons of dynamite from a safe elevation on 
to such prominent objects as the dome of St. Paul’s 
or Woolwich Arsenal. Mr. Maxim has not publicly 
demonstrated the possibility of his programme up 
to the present, but he has nevertheless produced 
some apparatus which affords beautiful examples of 
mechanicalconstruction. While Mr. Maxim hasbeen 
workingin one direction, another student of aerosta- 
tion has been pursuing his investigations on different 
lines. It will be remembered that about eight years 
ago* we described some very interesting experiments 
made by Mr. Horatio Phillips, now of Wealdstone, 
near Harrow, in order to prove that relatively 
great weights could be sustained in the air by small 
surfaces, provided that such surfaces, or blades, 
were formed of a rigid material and of suitable 
shape. It may, we think, be said that most efforts 
towards mechanical flight have been made by 
endeavouring to force an inclined plane through 
the air. Mr. Phillips proceeds on quite another 
principle, and trusts entirely to producing a differ- 
ence in pressure between the upper and under 
surfaces of the blades, or wooden slats, he employs 
as a means of flight. This he does by induced cur- 
rentsin a wayto bepresentlydescribed. By means of 
numberless experiments extending over a period of 
27 years, Mr. Phillips has found that anything 
approaching a flat surface is useless for supporting 
heavy weights in the air. In small experiments, 
where the weight to be raised only amounts to a 
few ounces, and where a relatively large area 
may be employed, surfaces approximately flat 
may be secured ; but in a flying machine capable 
of raising hundreds of pounds instead of ounces, 
it is impossible, Mr. Phillips maintains, to secure 
plane surfaces for sustainers, having the pro- 
ae of 1 square foot for each pound raised. 

ven supposing a flying machine could be con- 
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structed having a sustainer-area approaching the 
ratio of 1 square foot to the pound, the first 
strong gust of wind would, doubtless, bring it to 
grief, whilst resting on the earth. In speaking 
here of flying machines it will be understood that 
we refer only to such as are supposed to be self- 
lifting, and carry their own motors, not using stored 
energy, excepting, of course, in the shape of fuel. 
It has been found that in order to fly every square 
foot of sustaining surface must support at least 3 lb. 
weight. Mr. Phillips maintains that no flat sur- 
face driven at a practicable angle and speed will do 
anything approaching this, and it is in this respect 
chiefly that previous experimentalists have failed. 
Mr. Phillips has embodied his ideas and the results 
of his experiments ina flying machine of practicable 
size, although not large enough to carry a pas- 
senger. We use the term flying machine advisedly, 
for we had the pleasure of seeing the whole apparatus 
rise in the air a few days ago to the height of 2 ft. 
to 3 ft., and soar for a distance of several feet, 
about 150 to 200. In order to prevent misconcep- 
tion, it should be stated here that the front wheel 
did not leave the ground, but this bears a very in- 
considerable portion of the weight. This point we 
explain later. Unfortunately the day was ex- 
tremely unfavourable, a full gale blowing, and 
it was necessary to conclude the trial very 
shortly after its commencement on account of an 
extra strong gust which nearly carried the machine 
off the track. In order to make it clear why a 
flying machine should require a track, it is neces- 
sary we should give a brief description of the 
apparatus. We hope at a future date to be able 
to illustrate the design, when we shall be able 
to enter more fully into the principles involved 
in its construction. 

The machine consists of the sustainer, the car, or 
rather frame, and the motive machinery. The frame 
is boat-shaped in plan—it is composed principally 
of two bent planks, like the two top streaks of a 
whaleboat—and is 25 ft. in length and 3 ft. 
wide. It is supported on three wheels. It carries a 
small compound engine and boiler, both of which, 
it may be said in passing, are beautiful examples 
of mechanical skill. They are the work of Mr. 
Phillips and his two sons, who, indeed, have carried 
out all the constructive details with their own 
hands. The engine works a screw propeller 
6 ft. 6 in. in diameter, and having a projected area 
of blade surface of 4.5 square feet. Above the car 
is mounted the sustainer. This has the appear- 
ance of a large venetian blind, with the slats 
turned horizontally, the latter fact being necessary 
to be borne in mind, as it constitutes the essential 
part of Mr. Phillips’s design. The sustainer con- 
sists of a number of wooden blades or slats 
mounted, one above the other, ina steel frame. 
They are each 19 ft. long and 13 in. wide. The 
size of the frame is 18 ft. by 8 ft., and the surface 
of the sustainers is 140 square feet. The frame is 
placed in a vertical position, and is arranged trans- 
versely to the line of motion. The weight of the 
whole machine in working order is 360 lb., and 
on the occasion of our visit two 28-lb. shot-bags 
were placed on the frame, making a total of 416 lb. 
It now remains to describe the formation of the 
slats which constitute the sustaining surface. They 
are, as stated, 13 in. wide and 19 ft. long, and 
are of a varying thickness, the maximum thick- 
ness being about { in. The upper surface is 
convex, the curve being struck so that the maxi- 
mum curvature is near the leading edge. The 
under surface is hollow, excepting at the forward 
edge, where there is a slightconvexity. The hollow 
is about js in. deep. The contour of the sur- 
faces has to be carefully plotted, and the proper 
shape has only been arrived at by dint of much 
study and countless experiments. For the pro- 
secution of these experiments a special whirling 
machine, with engine and boiler, has been con- 
structed. The surfaces described afford a lifting 
force by reason of the air which strikes the leading 
edge of the slats (as they lie horizontally in the 
frame) being divided into two deflected currents 
when the machine is impelled by the propeller. The 
air, striking the steep forward curve of the upward 
surface, is thrown upwards, the direction of the 
current curving over towards the after or trailing 
edge of the slat. By means of induction, in this 
way, a partial vacuum is formed on the upper 
surface, and this, of course, tends to lift the 
machine. At the same time the lower current of 
air is drawn up into the hollow surface of the slat, 
so that an excess of atmospheric pressure is pro- 


duced beneath. Mr. Phillips has confirmed these 
theories by means of water-gauge experiments. Mr. 
Phillips has kindly offered us the opportunity of 
witnessing further experiments of this nature, 
and we shall have pleasure in publishing results 
which can hardly fail to be of great interest and 
importance. 

The apparatus is fitted up in a field near 
Harrow, and it need hardly be said that it is 
not allowed to soar away unfettered, as it is 
too small to carry any person to guide its flight. It 
is therefore confined to a circular path 628 ft. in 
circumference by means of wires attached to a cen- 
tral pillar. When it is desired to operate the 
machine, steam is turned on and the propeller is set 
to work. Under its impulse the apparatus soon 
attains a high rate of speed and presently rises 
from the track. In the present instance, however, 
it would not do to allow the machine to rise bodily, 
as there is no means of guiding its flight, and it 
would rise at the end of its radial tether until the 
machine were tilted over. The lifting action would 
then be lost, and the whole apparatus would fall to 
earth. In order to overcome this the forward of 
the three wheels of the truck is so balanced that it 
never leaves the track, and therefore serves asa 
guide to keep the whole in a circular path. This 
wheel has also its guide wire leading to the central 
post. The weight on the forward wheel is, we 
understand, 17 lb., and this should be deducted 
from the lifting moment of the sustainers. The 
fact that the machine runs in a circular course is 
the cause of difficulties in other ways, especially 
if there be much wind. 

Whether Mr. Phillips has solved the problem of 
human flight by mechanical means it would be rash 
to say, but we really do not see why short flights 
should not be made by machines capable of carrying 
a passenger, if one bold enough and skilful enough 
can be found. On this point Mr. Phillips has no 
misgivings, and we can readily acknowledge that 
in the case of a machine with a vertical pull up- 
wards the conditions would be more favourable 
than in one depending simply on the sheering 
action of asingle large plane. Mr. Phillips informs 
us he has succeeded in raising very nearly 3 lb. per 
square foot of wing surface, which we imagine is 
far beyond any result yet obtained, and approaches 
the ratio of quick-flying birds. That he has 
attacked the problem in a proper spirit we have 
no doubt. Inthe light of his experiments much 
that has hitherto been obscure in the flight 
of birds is also made plain, and it may be said in 
passing that a section through one of the sus- 
tainers is very similar to that through the wing 
of an albatross. It is surprising how much the 
mechanic can yet learn from Nature if he have 
but the wit to read her teachings aright. Most 
flying machine inventors have gone to vast planes 
generally of textile fabric, and there is certainly 
no flying apparatus of that kind amongst Nature’s 
designs. It is true that Mr. Phillips has recourse 
to a whirling propeller, which is about as foreign to 
a natural device as anything well could be. The 
neglect of rotary motion as a means of propulsion 
(except in the transference of wave motion) is 
one of Nature’s most unaccountable proceedings. 
If it were not for the beautiful efficiency of her 
nerve and muscle motors, perhaps she would be 
driven to the continuous effort of the screw or 
wheel rather than the flappings and reciprocations 
of wings and legs she now adopts. 

We understand that Mr. Phillips is about to 
give an exhibition of his flying machine, as several 
persons interested in physical and mechanical 
science have expressed a wish to see it at work. It 
is to be hoped that the weather may be more fayour 
able than on the occasion of our recent visit. 


THE NAVY IN PARLIAMENT. 


In our last issue we commented at some length 
on Lord Spencer’s. statement explanatory of the 
naval programme for the coming year, and since 
then the Navy Estimates have come forward at 
Westminster, and been discussed at two sittings, 
those of Monday and Tuesday last. The result 
has been that the first vote was passed without a 
division, but not until the closure had been moved. 
The first vote is for 76,700 men and boys, which is 
the number put forward in the estimates. Mr. T. 
G. Bowles, who is one of the non-professional 
naval members, however, desired to reduce the 
number by one unit, but the Chairman of Com- 
mittee ruled that this was not a substantial reduc- 
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tion, although Mr. Bowles explained his one man 
was ‘‘an admiral at Portsmouth.” We believe no 
precedent has been laid down as to the parliamen- 
tary value for debate purposes of ‘‘an admiral at 
Portsmouth ’”’—say in terms of stokers—or even 
what is the measure of substantiality, so doubtless 
Mr. Mellor was within his right in creating 
this precedent. We now know that the reduc- 
tion of an admiral is not a ‘‘substantial reduc- 
tion,” of course in a Parliamentary sense. Mr. 
Bowles is a new member, and, to that extent, ‘‘a 
dark horse,” so that his opinions on this subject 
have yet to be declared ; at any rate, it would be 
unfair to prejudge them. We shall be curious, 
therefore, to see what were his reasons, which he 
was not allowed to give, for moving the reduction. 
It looks very much as if the hon. member for 
King’s Lynn was going to raise a very substantial 
question. Perhaps he will have au opportunity 
when Vote 8 comes forward. 

The first night of the debate was taken up by a 
labour question, Sir J. Gorst moving a resolution 
with regard to the position of labourers and artisans 
in her Majesty’s dockyards. Nothing could be 
more unexceptionable than the general terms of 
the right hon. baronet’s resolution, but, like many 
noble principles, there is difficulty in carrying it to 
its logical conclusion. The resolution was to the 
effect, ‘‘ That, in the opinion of this House, no 
person should in her Majesty’s naval establish- 
ments be engaged at wages insufficient for a proper 
maintenance, and that the conditions of labour as 
regards hours, wages, insurance against accidents, 
provision for old age, &c., should be such as to 
afford an example to private employers through- 
out the country.” These are excellent sentiments, 
though vague. In these columns we have long 
advocated the same principles in terms certainly 
stronger than those here set forth. The ‘‘starva- 
tion wages” principle no more pays the employer 
than it does the enployed; the difficulty, of 
course, 1s where to draw the line. The House 
was perfectly safe in agreeing to the resolution, 
and, although it was but endorsing a common- 
place, some good was done by putting the matter 
officially on record. To our shame it must be said 
the State does not—even in the present day of 
enlightenment—always treat its servants with even- 
handed justice. However, the matter may well be 
left as it stands until we see the effect of this some- 
what nebulous resolution, which represente1 the 
result of the first day’s talk. 

On the next afternoon, Tuesday last, the Parlia- 
mentary Secretary of the Admiralty, Sir Ughtred 
J. Kay-Shuttleworth—the present First Lord being 
happily within the serene haven of the Upper 
House-—made his explantory statement, in which 
he dealt with the more salient points of the 
programme, and his first point was one for 
which he justly claimed credit—namely, the early 
date at which the estimates were presented. The 
numbers of men and boys contained in the first 
vote were 2600 in excess of those of last yeir—a 
most necessary provision upon which it is needless 
to comment, excepting to congratulate the new 
Board for seeing clearly in this important matter. 
The increase is in accordance with the conclusions 
arrived at by the Manning Committee. A point 
upon which the Board cannot be congratulated is 
the decrease in the number of artificers and the 
taking of their place by stokers. This is a matter 
which we have dealt with at length on a pre- 
vious occasion, and we need here only repeat that 
it is next to impossible for a stoker—not efficiently 
trained to use tools—to take the place of a skilled 
man in the care of that ‘‘expensive and delicate 
machinery of these ships” —we quote the Financial 
Secretary's own words—upon which Sir Ughtred in- 
sisted in his speech. Unfortunately this is a matter 
upon which the average member of Parliament can 
form no opinion, and those who hold the destinies of 
our Navy in their hands are either wilfully and obsti- 
nately determined to do wrong, or are seriously 
misinformed. The fact shows the necessity of a 
better representation of the engineering branch in 
the government of the Navy; or, what perhaps 
would be better, more engineers in the House of 
Commons. 

The increase which is to take place in the number 
of marines is a wise provision, as, indeed, are 
increases in nearly all branches of personnel. The 
additional numbers now voted are said to be sufli- 
cient to more than cover the annual waste of the 
fleet, so that, if we only go on long enough, we may 
—say in 50 or 60 years, or so—have a fairly effec- 


tive personnel. The most unsatisfactory note in the 
Financial Secretary’s speech was that in which he re- 
ferred to the working of the Naval Defence Act. 
“* He was not,” he said, ‘‘ anxious to reopen the old 
controversy as to the Naval Defence Act. It would 
be sufficient for him to say that the Board were not 
enamoured of the policy of Acts of Parliament for 
this purpose. He distinguished between the Naval 
Defence Act and the Naval Defence programme, 
and he admitted that a programme was desirable. 
Probably it should not be too long. The Admiralty 
were proposing a programme for one year. But he 
would not conceal from the House that they had 
examined the effects of their programme on the 
year 1894-5. They were a new Government, how- 
ever, and preferred to restrict their public announce- 
ments—and he believed in the long run it would 
be found that it was politic to do so—to the year 
1893-4, Thishe would say. They fully recognised 
the value of continuity of policy in naval administra- 
tion, and confidently claimed that they had done 
nothing inconsistent with that policy.” 

The curse of politics is, of course, in this part of 
the speech. It happened to be a Conservative 
Government which carried the Naval Defence Act, 
and it was fought to the last by the Opposition, for 
political purposes. We do not see how this can be 
doubted, and we have no doubt that, had the par- 
ties been reversed, the same programme would have 
been gone through. However, the present party 
having so strongly opposed the Bill, they are bound 
to a certain measure of consistency, and for this 
reason a policy, which every sensible business man 
must pronounce a necessity to the effective provision 
for the Navy, cannot be continued. There could 
be no better illustration of the dire effect of making 
the Navy a pawn in the political game that is played 
at Westminster for the profit of a few and the 
amusement of many. It is to be hoped we may 
never be made to smart for our folly, but we 
assuredly shall be if we are ever engaged in a 
serious naval war. There were some other points 
raised in the course of the debate, but they may 
with advantage be left until the matters are more 
fully discussed when the votes come on again. 


A CONCRETE HISTORY OF THE 
RAILWAY. 

In the same year that the Liverpool and Man- 
chester Railway was opened—1830—the first sec- 
tion of the Baltimore and Ohio Railroad was put in 
operation, the two lines being practically contem- 
poraneous, This piece of information will pro- 
bably come as a surprise to most Englishmen, who 
are generally apt to overestimate the part that this 
country has played in the creation and development 
of railways, and to imagine that the scene in which 
the ‘‘Rocket”’ played such a distinguished part, 
occurred some years before railways made a start in 
other countries. The construction of the Baltimore 
and Ohio Railroad, however, was commenced on 
July 4, 1828, the success of the Stockton and Dar- 
lington road, in 1825, having directed much attention 
to this subject across the Atlantic, where distances 
were so much greater than in this country. Al- 
though there may have been previously some local 
tram lines, the Baltimore and Ohio holds the posi- 
tion of the pioneer railway of America. In any part 
of the world this would be a subject for congratula- 
tion, but in the United States it is especially so, see- 
ing that half the railway mileage of the world is to 
be found there, and that the eminent position which 
the people hold in the scale of nations is based on 
their railway system. Had no means of loco- 
motion better than roads and internal navigation 
been devised, the prairies of America would 
still be covered with herds of buffaloes, and be 
peopled by scattered tribes of Indians. Even the 
wonderful energy of the latest and most self- 
reliant of the many swarms thrown off from the 
old Teutonic race, must have quailed before the 
task of developing such an enormous territory. In 
the course of centuries it might have become 
peopled, the population spreading over it for the 
same reasons that they first settled on the seaboard 
—because the wilderness offered easier conditions 
of existence than could be found in the cramped 
life of the older settlements--but the process would 
have been slow, and the rich, strong, prosperous 
America of to-day would have been non-existent. 
It was a favourite saying of George Stephenson, 
‘Tf the country will make the railways, the railways 
will make the country.” True as this opinion has 
been shown to be here, it has been far more 


amply demonstrated across the Atlantic. From 
the 40 miles of the Baltimore and Ohio line 
in 1830 have sprung 168,000 miles, a great part 
of it built not to meet existing needs, but to 
create those very needs by carrying an ad- 
venturous population on to a virgin soil, where 
they could fulfil the command to ‘‘ multiply and 
replenish the earth,” without entailing poverty on 
themselves and privation on their progeny. 

How vast has been the result of the railway 
system of America will be best recognised by those 
who will attend the Chicago Exposition, where much 
space will be devoted to monumental exhibits de- 
signed to illustrate the bulk and value of the products 
of the soil of the different States carved out of the 
enormous territory once spoken of as ‘‘out west.” 
The appreciation of the part played by the railway 
in bringing about this increase of populated terri- 
tory, will be seen in the enormous space allotted to 
the section of transportation, Among the many 
exhibitors in this subject the Baltimore and Ohio 
Railroad will naturally take the lead as the doyen 
of the railways. Not only is it the oldest in 
America, but it stands very nearly at the top of the 
worl’s list, and, therefore, is peculiarly fitted to 
act as the host and representative of foreign rail- 
way interests which do not make an independent 
display. It is evidence of the breadth of mind of 
its directorate that they are sinking their own 
exhibit to very modest dimensions, and are de- 
voting their 6000 square feet of wall space and 
34,000 square feet of floor space to representations 
of everything pertaining to the ‘‘ railway of the 
world,” aud to the evolution of its most important 
features. Here they will show originals and full- 
sized reproductions of historical apparatus, from the 
idea of Sir Isaac Newton, in 1680, of propulsion by 
steam on land, down through the Cugnot, the 
Murdock, the Read, the Evans, to the original 
Trevethick locomotive, with its four modifications, 
together with those of Blenkinsop, Hedley, Brun- 
ton, Stephenson, Hackworth, Seguin, Ericsson, 
Foster, and Restrick. From American sources 
they will take the early locomotives of Cooper, 
Allen, Matthews, Davis, Winans, Campbell, Bald- 
win, Hastwick and Harrison, Jarvis, Mulholland, 
and others. In addition there will be twelve or 
fourteen old locomotives, such as the ‘‘grass- 
hoppers,” ‘‘crabs,” &c., which have been in use on 
the Baltimore and QOhio road for sixty years, an 
old Newcastle engine of 1838, a Baldwin of 1840, 
and a Baltimore and Ohio flexible truck of 1842 or 
1843. On the walls there will be hung photo- 
graphic, lithographic, and original drawings repre- 
senting matériel used in the equipment and 
working of the railways of the world. 

No railway—even one so well situated as the 
Baltimore and Ohio—can produce such an exhibit, 
unless assisted by men influenced by the same 
desire to see a history, written in concrete objects, 
of the origin and development of railways. For- 
tunately there are plenty such ready to respond to 
an appeal from a responsible source, and satisfac- 
tory replies have been received to many of the 
hundreds of direct personal letters sent to all of the 
leading companies of Europe, as well as to locomo- 
tive manufacturers and makers of appliances. 
To those that accede to the request for 
models, drawings, and the like, there is pro- 
mised such a position in the gallery at Chicago 
as will more than justify the small expense they 
will be put to. In such cases, however, it is not a 
reasonable expense that deters people from join- 
ing in an historic display of this kind, but the 
trouble incident to the business. To prevent this 
standing in the way, the Baltimore and Ohio Rail- 
way Company ask for the material to be forwarded 
unmounted and unframed, all the mounting, 
lettering, and framing being done gratuitously by 
them in order to render the gallery uniform 
throughout, and to obtain a general artistic result. 
No doubt many manufacturers who do not intend 
to exhibit personally, will be glad to join in this 
immense collective exhibit in honour of the industry 
with which they are connected, and will second the 
efforts of its promoters by joining them in their 
search for valuable material, both old and new. 

It will interest our readers, particularly those 
who intend to be present in Chicago this year, 
tolearn something of the success which has already 
attended the efforts of Major Pangborn, one of the 
vice-presidents of the Baltimore and Ohio Railway. 
We will give a few examples. Messrs. Stephenson 
have, for the first time, permitted tracings to be 
made from the original drawings by George 
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Stephenson, of some 14 of his earliest locomotives. 
Three of Stephenson’s locomotives—his first, the 
‘* Blucher ” (1816), the famous ‘‘ Rocket” (1829), 
and the highest type of his ‘‘ Planet” class, the 
‘* Mercury” (1830), have been reduplicated full size 
from his original drawings. From measurements 
and drawings obtained through the Conservatoire 
of Paris, full-sized reproductions have been made 
of the oldest examples of steam locomotion in exist- 
ence—the ‘‘ Cugnot”’ (1769), and of the first loco- 
motive in the world with a multitubular boiler, the 
“* Seguin ” (1827). By the aid of information from 
South Kensington there have been reproduced full 
size the ‘‘ Puffing Billy’ (1813), the first locomo- 
tive with smooth wheels for smooth rails, and the 
‘‘ Sans Pareil”’ (1829), the first engine with the 
steam blast. The ‘‘ Puffing Billy” is the oldest 
locomotive existing. Of course these models are 
not to be built with all the weight and rigidity of 
the originals, although they are to be of the same 
size. We do not know what is the material used, 
but Mendes Cohen, President of the American 
Society of Civil Engineers, has pronounced the 
imitation to be wonderful in its accuracy. He is 
reported to have said that he would not have 
believed that iron, brass, copper, and other metals 
could have been so counterfeited, both as to quality 
and appearance of age. The vice-president of the 
Franklin Institute had to test the models with his 
penknife before he could believe they were not 
metallic. To add to the similitude, each will be 
furnished with an electric motor, by which it will 
be driven. 

As an example presenting more difficulties than 
those mentioned above, we may mention the loco- 
motives constructed in response to an offer by the 
Baltimore and Ohio Company in January, 1831, of 
4000 dols. for the most approved locomotive of 
American manufacture, and 3000 dols. for the next 
best. The engine which gained the first award made 
30 miles an hour, and it isa significant fact that at the 
commencement of the history of the road the direc- 
tors should have recognised the difference between 
American and European conditions, and have stimu- 
lated mechanics to meet them by the offer of a 
reward. It was, of course, most desirable to have 
a representation of these engines, but immense 
difficulties had to be overcome before it could be 
attained. The files of the newspapers preserved in 
historical societies and libraries of Maryland, Penn- 
sylvania, and New York were carefully gone 
through, and in order to obtain every possible 
source of information, advertisements were inserted 
in Pennsylvania and New York papers, seeking 
communication with descendants of those who 
designed and constructed the engines. Old 
employés of the company were interviewed, and in 
every way inquiries were pushed until such results 
were obtained to enable the building of perfect fac- 
similes of all the five locomotives that competed 
for the prizes. In the course of this and other 
inquiries it has been found that 6& English locomo- 
tives were imported into America up to 1840. The 
‘* Stourbridge Lion,” built by Foster, was the first 
locomotive placed on a track in America. The 
** America,” built by George Stephenson, was the 
second. 

It is well known that American railway practice 
diverged immediately from Huropean models, and 
proceeded on different lines. The first link motion 
in the world is said to have been on an American 
locomotive ; also the first compounded cylinder. 
In America was produced the first forward truck, 
the first equalising beams, the first locomotive on 
eight wheels, and the first locomotive to ascend 
steep grades. There is thus ample matter to stand 
in rivalry besides the classic examples from this side 
the Atlantic, and dispute with them the merit of 
having done the most for the development of the 
railroad. There will be shown, besides the first 
locomotive in actual service in this country, the 
first locomotive built in America for the first rail- 
road in New York State, the first built by Baldwin, 
the first built in New Jersey, Rogers’s ‘‘ Sandusky,” 
the first built by Ross Winans, the first built by 
the Baltimore and Ohio Company, the father of 
the standard eight-wheel American locomotive, the 
first eight-wheel engine built by Ross Winans and 
the latter’s original ‘‘camel” locomotive, the first 
of the type of big fire-boxes—all in full-size repro- 
ductions and all in: motion, so that they may be 
studied in every detail of construction. 

It would be easy to elaborate the account of this 
wonderful exhibit to great lengths, but we have 
said enough to fire every railway man, and thou- 
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sands who have no direct professional interest in 
railways, with an ardent desire to go to Chicago 
and view this wonderful gallery. Among the 
myriad marvels that will be gathered on the shore 
of Lake Michigan, it will hold a conspicuous place 
in the estimation of those who delight to investigate 
the causes which have produced the particular form 
of civilisation which distinguishes the nineteenth 
century. Beyond all doubt the railway is one of the 
most important of these causes. Civilisation is 
quite possible apart from rapid transit; the Roman 
Empire was an example, and at the present time 
we have China. In both cases we find a society con- 
sisting of a highly educated upper ruling class, and 
an ignorant proletariat exploited by the governors. 
The modern democracy can only exist where the 
dissemination of news and products can be carried 
on with celerity, and in this traffic the locomotive 
and the railroad are the two most important factors. 
Since ‘‘we are all socialists nowadays,” it is inte- 
resting to study our creators. Many men take a 
pride in keeping an account of their genealogy, and 
tracing the various families that have mingled their 
bloods to produce the final stream. But we are 
all as truly the offspring of environment as of 
ancestry, and one of the most prominent and 
powerful features of our environment is the railroad. 
Viewed in this light, it becomes as interesting 
psychically as mechanically, and many an hour’s 
profitable musing will be found in the Baltimore 
and Ohio exhibit by those that can see more in a 
machine than so much metal and paint. It is to be 
hoped that the collection will never be dispersed, 
but will find a home and a protector which will 
give it a national position. 


ALLOYS. 

Last Monday evening Professor W. Chandler 
Roberts-Austen, C.B., F.R.S., commenced a series 
of Cantor lectures on the above subject in the rooms 
of the Society of Arts. In his opening sentences 
Professor Roberts-Austen remarked that this would 
be the third series of lectures he had delivered 
before the Society on the subject of alloys. In 
the first series he had dealt with alloys for coinage ; 
in the second series he had given a condensed 
account of what was known as to the constitution of 
alloys, and some account of their industrial appli- 
cations. In the course he was about to deliver he 
should deal mainly with recent researches. The 
progress made since he last dealt with the subject 
before the Society had not been small. In the 
first place, much had been learnt as to the mole- 
cular grouping of the constituents of alloys, and, 
secondly, new alloys of great scientific and indus- 
trial importance had been discovered. Very success- 
ful attempts had been made to connect the constitu- 
tion of alloys with definite chemicalcompoundson the 
one hand, and with solutions on the other. Much of 
the progress thus made was due to improvements 
in the appliances for measuring high temperatures. 
Indeed, the whole question of ascertaining the 
nature of changes in the molecular constitution of 
an alloy, depended on means of investigating its 
thermal properties. The importance of some means 
of measuring temperature had been recognised for 
centuries, from the time of Geber, in the 8th century, 
who, in his treatise on furnaces, held it to be impos- 
sible to measure temperatures. The thermometer 
was not invented till the middle of the 16th century, 
but with this only low temperatures could be mea- 
sured, though by using an alloy of sodium and potas- 
sium, instead of mercury, Messrs. Bailey and Chorley 
had recently constructed a thermometer capable of 
measuring up to 600 deg. C., ora dull red heat. For 
higher temperatures Newton’s application of the law 
of cooling was for long the only method available. 
Electric pyrometry was due to Becquerel, who sug- 
gested the use of the thermo-couplein1826, butit was 
not until many years later that Sir William Siemens 
invented his electric pyrometer, in which the tempe- 
rature was measured by the increase in the resistance 
of a platinum wire. Siemens wrapped his wire on a 
clay cylinder, but it had been found that under 
such conditions the platinum took up silica from 
the clay, thus altering its electrical constants. This 
difficulty had been overcome by Mr. Callender, whore- 
placed theclay by mica, and with this improvedinstru- 
ment temperatures of 1000 deg. could be measured 
to one-tenth of a degree. Callender’s pyrometer 
was a most admirable one, but there were objections 
to plunging a delicate instrument into a furnace, as 
it was liable to be damaged, and hence the method 
Two 


dissimilar wires were simply twisted together, and 
their free ends connected to a delicate galva- 
nometer. On heating the junction of the wires, a 
current was generated, proportional to the tempe- 
rature, and this current was measured by the de- 
flection of the galvanometer mirror. The wires 
found most suitable by Becquerel were palladium 
and platinum, but he was aware of the fact that two 
platinum wires of different degrees of purity could 
also be used. Palladium had since been found unsuit- 
able, as it absorbed gases. Professor 'I'ait had shown 
that the best results were obtained with a platinum 
wire and a wire consisting of platinum alloyed 
with 10 per cent. of iridium. Discredit had been 
thrown on this couple, but Professor Carl Barus, 
and the speaker's own experiments at the Mint, 
had also shown it to be very trustworthy. How- 
ever, the couple suggested by M. le Chate- 
lier* was very satisfactory. This consisted of a 
platinum wire and a wire of an alloy of platinum 
with 10 per cent. of rhodium, and it was this 
couple he would use that evening. The galvano- 
meter used in connection with this was of the 
Deprez-D’Arsonval type, and was a dead-beat one. 
The mirror and the movable coil were suspended 
from a very fine wire of German silver, so that there 
was complete metallic connection throughout. 

Professor Austen then showed by means of the 
spot of light from the mirror of the galvanometer, 
moving over a graduated scale some 40 ft. long, at 
the end of the room, the boiling point of water, the 
melting point of lead, the melting point of silver 
(which he remarked was not very definite, as silver 
absorbed oxygen), the melting point of gold, that of 
palladium (which, like silver, absorbs gases, in this 
case hydrogen), and finally the melting point of the 
platinum-rhodium alloy forming one of the wires 
of the thermo-couple. In each case the spot of 
light moved rapidly over the scale till the melting 
point of the metal was reached, when it remained 
stationary until the whole of the metal was melted. 
Similarly, on the metal ‘‘freezing,” the spot of 
light remained stationary until the whole mass was 
solid. 

The thermo-couple pyrometer was standardised 
by the aid of certain metals, the melting points or 
boiling points of which had been ascertained in 
other ways. Thus Deville and Troost had de- 
termined the melting point of silver and _boil- 
ing point of zinc by immersing a porcelain bulb 
filled with some suitable vapour in the molten 
metal. This bulb had a fine aperture, which was 
finally sealed with the oxy-hydrogen blowpipe, 
whilst it was at the temperature to be measured. 
Then by finding through careful measurement 
how much of the vapour had been driven out 
at the high temperature, this temperature could 
be ascertained. The boiling point of zinc was 
thus determined to be 940deg. OC. Also by a 
purely calorimetric method the melting point of 
gold had been found to be 1045 deg. C., and that 
of palladium 1475 deg. C. By plotting these 
numbers on squared paper, with the deflection of 
the galvanometer of Le Chatelier’s pyrometer at 
these melting points as abscissee, it was found that 
the points lay on a straight line. There were 
various methods of submitting the thermo-junction 
to the temperature required. One plan was to 
cover it with a thin layer of clay, whilst in other 
cases a crucible of a special form, having a tubulure 
in its base for the reception of the couple, was 
used. 

The temperatuce curves of alloys showed many 
arrest points, similar to that observed on the solidi- 
fying of a pure metal. These arrest points were due 
to the presence of complex groups of metals, each 
with itsown arrest point. Even in pure metals, not 
alloys, complex changes in the molecules took place 
at different temperatures, even after the mass had 
become solid. Iron and steel showed this very 
clearly, and the results were of the highest indus- 
trial importance. As regards the atomic changes, 
he must admit that the evidence was not complete, 
but he thought some simplification took place at 
very high temperatures, and the iron, whose spec- 
trum we saw in the sun, was not in the same state 
as the iron whose spectrum we could produce in the 
laboratory. 

There were other instruments of importance for 
measuring high temperatures, such as the optical 
pyrometer of M. le Chatelier, by means of which 
the temperature of a furnace could be ascertained 
by mere inspection, and with this and the other 
appliances now available, there was every reason to 
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hope for very considerable progress in our know- 
ledge of the constitution of alloys in the immediate 
future. In the next lecture changes in the group- 
ing of the constituent metals of alloys would be 
considered, and the progress in our knowledge of 
alloys generally would be traced. 


NOTES. 
New Docks at PortsMourH. 

Tue construction of the two new docks at Ports- 
mouth, as provided for in the Navy Estimates, is 
to be executed by contract, and the Admiralty will 
shortly call for tenders. The competition is ex- 
pected to be keen, but one of the local contractors 
will, in all probability, be in a position to make the 
lowest tender. The two docks are to be 500 ft. 
in length, and capable of accommodating the 
largest battleships. Most of the older docks at 
Portsmouth, it will be remembered, were built by 
the convicts, but the authorities have long since 
recognised the costliness of convict labour, neces- 
sitating, as it does, such an immense amount of 
supervision by armed guards. Besides this, the 
convict establishment at Portsmouth has been 
greatly reduced of late years, and only two or three 
hundred convicts are now quartered in the dock- 
yard prison. It was hoped in naval circles that the 
Admiralty would have commenced the construction 
of some new docks and basins at Devonport this 
year, but for this no provision has been made. 
The basin space at the western port is miserably 
insufficient, and there is only one dock capable of 
accommodating a first-class battleship. It is con- 
sidered that the lack of docks and basins at 
Plymouth would prove a serious drawback in time 
of war, as crippled vessels would naturally make 
for Devonport after an action in the Channel. The 
attention of the Admiralty has frequently been 
drawn to the matter of late, and last year the plans 
were ordered to be prepared. 


THe BataviaNn EXHIBITION. 

With reference to the recent correspondence re 
foreign trade competition, it is of interest to note 
that so far very few English firms have applied for 
space, so that to all intents and purposes the Ex- 
hibition may be called a German one. Thus 
German firms have proposed to do all the electric 
lighting, and to provide petroleum engines to drive 
the machinery. Messrs. John Birch and Co., of 
10 and 11, Queen-street-place, London, H.C., have 
been asked by the Exhibition authorities to try 
and induce English firms to exhibit, and we are 
informed by them that the following articles 
are suitable for exhibition: Gas, steam, and 
petroleum motors, water wheels and turbines, 
rice, tea, coffee, sugar, tin, cinchona, rameh, 
cotton, and electrical plant. Exhibits should be 
delivered in the port of Batavia before July 31 
next, and will be admitted duty free. No charge 
will be made for transport in the colony, or for 
space in the Exhibition. Applications for space 
should reach Batavia before May 31, Exhibitors 
will be able to transport their goods from Amster- 
dam to Batavia at the uniform rate of 22 florins per 
cubic metre, or per ton, at ship’s option. A reduc- 
tion of 50 per cent. on these amounts will be 
allowed on goods that have been at the Exhibition 
and are again returning to Holland. Packages 
must not exceed 2 cubic metres each in measure- 
ment, nor half a ton in weight, otherwise the in- 
creased tariff for machinery will be applied. Ex- 
hibits will be erected by the Exhibition authorities 
free of cost, but foundations and staging, if re- 
quired, will be charged for. We may add that 
Messrs. Birch have a plan of the Exhibition 
grounds and buildings at their offices. 


Navat ENGINEERS. 

Naval engineers are complaining that the 
Admiralty have somewhat arbitrarily suspended 
the rule, under which officers of this branch of the 
service have hitherto been permitted to retire at 
the age of 50 years. Two or three applications 
have been made recently by fleet engineers above 
the age of 50, but their lordships have declined to 
sanction their retirement. The wording of the 
clause is to the effect that retirement is optional at 
50, and compulsory at 55, for officers below the 
rank of inspector of machinery; but although 
the wording is perfectly clear, the Admiralty 
claim that the option is on their side, and does not 
rest with the officers themselves. A similar quibble 
has prevented lieutenants from retiring at the age 
of 40 ; and those officers are now obliged to con- 


tinue serving till they reach 45 years of age. The 


action of the Admiralty is no doubt directly due to 
the serious deficiency of junior naval engineers. 
Asan example of this deficiency it may be noted 
that the battleship Achilles, which left Portsmouth 


on Wednesday last, taking out a new crew to the 


Mediterranean flagship, had only two engineer 


officers on board. It is no doubt a hardship that 


the senior naval engineers should thus be forced to 
continue serving after having qualified for the 
maximum rate of pension; but we cannot alto- 
gether close our eyes to the necessities of the fleet, 


and it is admitted that the Admiralty cannot spare 
even the senior officers. On the other hand, no 
effort is being made to increase the entries of 
students at the Keyham Engineering College, and 
the Admiralty have notified that only 32 candidates 
will be entered at the next examination. This 


appears to be culpably short-sighted policy. 


Tur Unirep States Ram ‘‘ Karanpin.”’ 

The ram Katahdin was launched at the Bath 
Iron Works, Bath, Me., on February 4. The 
vessel is remarkable as being one of the first war 
vessels having practically no means of offence 
except her ram, and is therefore regarded as some- 
thing experimental. Her length overall is 251 ft.; 
length on normal water line, 250 ft. 2 in.; extreme 
breadth, 43ft. 5in.; breadth on waterline, 41 ft. 6in. ; 
total depth amidships, 21 ft.; normal draught, 15 ft. ; 
displacement, 2155 tons. The original plans called 
for alength of 243 ft., but the additional 8 ft. were 
subsequently provided so that a battery of four 6-lb. 
rapid-fire guns may be mounted in case the ram 
does not prove as formidable as, at first, seemed pro- 
bable. The lower part of the hull is dish-shaped in 
transverse section up to a sharp knuckle which runs 
all around the vessel 6 in. below the normal water 
line. Above this knuckle the section is a circular 
arc, having aradius amidships of 39 ft. The out- 
side strake of deck armour is 6 in. thick, the next 
strake inboard tapers from 5} in. to 24 in., and the 
remainder is of the latter thickness. The side 
armour consists of a belt reaching 5 ft. below the 
knuckle, one half being 6 in. thick and the other half 
3in. The only projections above the deck will be 
the stack, ventilator, conning tower, two light bar- 
bettes for the guns if they are mounted, and four 
boats. The motive power will be furnished by two 
horizontal direct-acting triple-expansion engines 
driving twin-screws. The pistons of each engine 
have a common stroke of 36in., and are 25 in., 
36 in., and 56 in. ii diameter, ach engine is in 
a separate water-tight compartment. The steam 
will be furnished under a pressure of 160 lb. by 
two double-ended Scotch boilers 13 ft. 6 in. in dia- 
meter and 22 ft. 6in. long, each containing six 
corrugated furnaces 3 ft. 6 in. in diameter and 8 ft. 
long. The propellers are of manganese bronze, 
with adjustable blades, the latter being regarded 
with much favour by the Navy Department on 
account of recent experience with them in vessels 
lately launched on the Pacific coast. 


Automata New anv OLp. 
The discourse which Mr. Conrad Cooke delivered 
at a meeting of the members of ye Sette of Odde 
Volumes some time ago, has now appeared as a 
charming little book. In it we find a most com- 
plete and painstaking account of all the chief 
automata known to history, or now hawked in the 
streets of London. After reading it, we are 
divided between admiration of the skill of the 
ancient mechanics, and wonder at the mendacity 
of the historians who followed them. Marvellous 
as were the apparatus of which we have authentic 
information, they were but poor affairs compared 
with others whose performances have been handed 
down by rumour. Mr. Cooke commenced by 
noting the automata attributed to Vulcan, but he 
did not get to firm ground until the time of Hero, 
who was not only a most able mechanic, but also 
managed to get his inventions well reviewed in the 
technical press of the day. Hence it comes that 
we not only know what effects he produced, but 
how he arrived at them. He was the inventor of 
the piping bullfinch, of the first penny-in-the-slot 
machine, and of many other pieces of mechanism 
which have since been brought out as complete 
novelties. After the time of Hero there was an 
interval of nearly 1000 years, during whichnorecord 
ofautomata is to be found. This carries thechronicle 
down to the time of Charlemagne, to whom a 
most elaborate water-clock was presented by the 
Khalif Haroun al Raschid. Speaking heads came 
into vogue about this time, and an automaton of 


clay, over which Albertus Magnus spent 30 years, 
is said not only to have spoken, but to have walked, 
answered questions, and solved problems. 
was destroyed by St. Thomas Aquinas as the work 
of the devil. 
of automata began at the close of the 14th century. 
The list of the principal examples is too long to 
follow, and many of the accounts are evidently 
gross exaggerations. 


This 


The great period for the construction 


Among the more interesting 
are a number of clocks, such as those at Stras- 
burg and Lyons. It was in the middle of the 
seventeenth century that magnetism began to be 
utilised in automata to form an invisible connection 
between the works and the moving figures. After 
this date we come to a period from which more 
reliable accounts have descended to us. Among 
the well-authenticated automata are the musicians 
and the duck of Vaucanson, the writing man of 
Von Knaus, and the figures of Le Drorz. The 
chess-player of Baron Wolfgang von Kempelen 
would need to be included, had it not contained a 
man to direct its movements. Mr. Cooke tells the 
real story of the fraud. There were several exhi- 
bitions of automata in London at the end of the 
last century, and they must have found fashionable 
audiences, seeing that the entrance fee, to one at 
least, was half a guinea. Robert Houdin was the 
next great constructor of automata, and after him 
there were none others until Mr. Maskelyne, who 
is still puzzling the world with his wonderful pro- 
ductions. For other examples of this kind of 
mechanism we have to look to the toyshops, and 
to the street hawkers who sell ‘‘ walking postmen” 
and the like. Every mechanic will put down Mr. 
Conrad Cooke’s book with regret that there is not 
more of it. We fear, however, that we have done 
our readers an ill turn by awakening their curiosity, 
for unless they are Odde Volumes they are not likely 
to see the book. The edition is limited to 255 
copies, and is privately printed for the use of 
members and their friends. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Only a few thousand tons 
of Scotch iron were sold last Thursday forenoon, when the 
quotations were 40s. 64d. cash and 40s. 9d. and 40s. 84d. per 
ton one month open. Cleveland and hematite warrants 
were neglected and unchanged in price. In the afternoon 
business was rather more active, about 10,000 tons of 
Scotch changing hands. One line of 7000 tons was done at 
40s. 8hd. per ton one month open, 1000 tons at 40s. 6d. 
cash next day, and 1000 tons at 40s. 64d. cash on Monday. 
A few option lots were alsodone. At the close the settle- 
ment prices were—Scotch iron, 40s. 6d. per ton; Cleve- 
land, 34s. ; hematite iron, 46s. per ton. There was a quieter 
tone in the market on Friday. Scotch pig iron opened a 
turn easier in price, but recovered. For Cleveland iron 
there were buyers offering 14d. per ton higher, while for 
hematite iron sellers reduced their quotations 3d. per ton. 
The closing settlement prices were—Scotch iron, 40s. 6d. 
per ton ; Cleveland, 34s. 3d.; hematite iron, 45s. 103d. per 
ton. Some of the other special brands of makers’ iron were 
reduced in price during the week from 6d. to 2s. per ton. 
Monday’s market was quiet in tone at the opening, and 
only one transaction in Scotch iron was reported during 
the forenoon. The afternoon market was almost idle. 
One lot of 500 tons of Scotch iron was sold at 40s. 94d. 
per ton one month, and two 500-ton lots of hematite iron 
changed hands respectively at 46s. cash and 45s. 10d. 
per ton three months fixed. The settlement prices at 
the close were—Scotch iron, 40s. 6d. per ton; Cleveland, 
34s. 1}d.; hematite iron, 46s. per ton. Only a small 
business was done in the pig-iron market on Tuesday 
forenoon—in all about 4000 tons, including 1000 tons of 
Scotch iron at 40s. 9d. one month; 500 tons at 40s. 5d. 
cash same day, with a 14 days’ plant; and 500 tons at 
40s. 64d. cash prompt. One lot of Cleveland fetched 
34s. O}d. per ton cash, being a drop of 24d. on the last 
preceding price. The market was idle in the afternoon, 
the only transaction reported being 500 tons of Scotch 
iron at 40s. 10d. ome month. Quotations at the close were 
the turn firmer, Scotch being marked up 1d. and Cleve- 
land 13d. per ton. At the close the settlement prices were 
—Scotch iron, 40s. 74d. per ton; Cleveland, 34s. 14d.; 
hematite iron, 46s. 14d. per ton. The market this forenoon 
was again quiet, only some 1500 tons of Scotch being sold 
at 40s. 8d. and 40s. 84d. cash, and 41s. 24d. three months 
fixed. Some 5000 or 6000 tons changed hands in the after- 
noon at rather improving prices. The following are quo- 
tations for a few of the special brands of makers’ No. 1 
iron: Clyde and Gartsherrie, 48s. per ton; Calder and 
Summerlee, 50s. 6d. ; Langloan, 54s. ; Coltness, 54s. 6d. 
—all the foregoing shipped at Glasgow; Glengarnock 
(shipped at Ardrossan), 50s. ; Shotts (shipped at Leith), 
52s.; Carron (shipped at Grangemouth), 68s. per ton. 
There are now 66 blast furnaces in actual operation, as 
compared with 78 at this time last year. Two of them 
are making basic iron, 23 are working on hematite iron- 
stone, and 41 are making ordinary iron. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
5503 tons, against 3474 tons in the corresponding week of 
last year. They included 150 tons for Australia, 100 tons 
for Italy, 335 tons for Germany, 529 tons for Russia, 490 
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tons for Holland, smaller quantities for other countries, 
and 3690 tons coastwise. ‘The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores amounted yester- 
day evening to 348,993 tons, as compared with 352,090 
tons yesterday week, thus showing for the week a de- 
crease amounting to 3097 tons. 


Spanish Iron Ore Imports into the Clyde.—The imports 
of Spanish iron ore at the ports of Glasgow, Greenock, 
and Port- Glasgow during the month of February 
amounted to 44,554 tons—an increase of 470 tons over 
the imports in February last year. For the two 
months the imports show an increase of 2102 tons over 
the landings during the corresponding two months last 
year. Thesmall import in 1891 was owing to the Scotch 
iron furnaces being blown out in consequence of the six 
months’ strike. Thereturns are: 


Month. Two Months. 
Vessels. Tons. Vessels. Tons. 
1893 26 44,554 5d 95,167 
1892 Ge 31 44,084 63 93,065 
189L BAG 9 9970 14 14,510 
1890 28 40,094 47 68,616 


Glasgow Iron and Steel Company’s Wishaw Works.—The 
Glasgow Iron and Steel Company have commenced to 
take down two of their blast furnaces at Wishaw, and 
very shortly other two on an improved system will be 
built in their place. They have also commenced to lay 
down a Siemens steel plant. It may be remembered that 
at these works the Bessemer basic process was first put in 
operation in Scotland. 


Finished Iron and Steel Trades.—The malleable iron 
trade is in a somewhat depressed condition, the orders 
being very few, while the inquiries are at a very low ebb, 
considering the season of the year. Such orders as there 
are in hands are not sufficient to keep the rolling mills 
running more than three or four shifts per week 
at several of the works. It is reported that there 
is a great demand for sheets for galvanising and 
corrugating purposes, and that in most cases the 
sheet mills are kept well employed. There has been 
a somewhat better feeling in the steel trade during 
the past week, consequent on the arrival of some very 
fair specifications and inquiries from the Cape and 
America. The specifications were principally for sheets, 
bars, and plates. Bridge and railway material continues 
to be in fairly good demand, both for the home and the 
colonial markets. Tubing strips are also in good demand. 
The following are about the current quotations: Ship 
and bridge plates, 5/. 12s. 6d. to 6/. per ton ; angle bars, 
41. 15s. to 5U. 2s. 6d. ; boiler-plates, 6/. to 6/. 10s. ; sheets, 
71. 5s. to 7l. 10s. ; doubles and lattens usual extras—all 
subject to the usual discount of 4 per cent. delivered on 
the Clyde and in the Glasgow district. 


Rosario Drainage Works.—This subject was treated in 
a paper by Mr. A. Fairlie Bruce, Assoc. Inst. C.E., 
communicated to the last fortnightly meeting of the 
Glasgow Associated Students of the Institution of Civil 
Engineers. It dealt with the main sewers, the tributary 
sewers, the intercepting sewers, and the outfall works. 
A discussion followed. 


Institution of Engincers and Shipbuilders in Scotland. 
—The graduates’ section of this institution held a meet- 
ing last night, Mr. M. T. Brown, B.Sc., president, in the 
chair. An adjourned discussion on Mr. James G. Reid’s 
paper on ‘‘ Power and Speed of Screw Steamers by Com- 
parison,” was continued and closed. Subsequently Mr. 
Sidney Millar read a paper on ‘‘ A New System of Manu- 
facture for Corrugated Boiler Flues, &c.” An interesting 
discussion followed. 


Girder Design.—Mr. C. P. Hogg, M. Inst. C.E., 
gave a lecture last night to the Glasgow University Engi- 
neering Society, Mr. A. S. Biggart in the chair, on the 
“Designing of Girders.” In addition to the ordinary 
members of the society, there were present a number of 
outside members of the engineering profession. Assum- 
ing that those present had a knowledge of the formule 
of the subject, Mr. Hogg drew attention to the practical 
points which go to make up a good design. The lecture 
was illustrated by a series of limelight views, and several 
glaring examples of bad design were shown on the screen 
and their defects pointed out. An excellent discussion 
took place after the lecture. 


Society of Chemical Industry.—Last night an ordinary 
meeting of the Glasgow and Scottish section of this 
society was held in Edinburgh, at which a paper was read 
by Mr. Ivison Macadam on the relative illuminating 
value of coal gas when consumed from different burners 
and under various pressures. He stated that during 
some investigations as to the quality of the gas supplied 
to the city of Edinburgh, he had been led to conclude 
that, whilst the quality of the gas was good, the pressure 
at which it was forced through the pipes was much too 
great, and far in excess of what it should be. He attri- 
buted this to the mains being now too small to carry the 
gas unless under great pressure. The excess of force led 
to the gas being passed through the burners at much too 
great a rate, and consequent lowering of illuminating 
value. To yield the best results coal gas must be 
allowed to flow as slowly as possible from the burner, so 
long as the flame did not actually smoke. Such slow 
combustion was impossible with the ordinary appli- 
ances so long as the Gas Commissioners insisted on 
maintaining the present pressure. The Leith works only 
required 22-10ths as a maximum night pressure, whilst 
the Edinburgh works used 44-10ths. The lecturer then 
gave the results of numerous experiments conducted by 
him with Edinburgh gas burned at various burners and at 
various pressures. After referring to the Peebles oil-gas 
process, which he declared to be both cheap and efficient, 


Mr. Macadam concluded by stating that the only way to 
burn the Edinburgh gas efficiently under the present 
conditions was to have a regulator on every burner. 


Glasgow Sewage Purification Scheme.—Yesterday the 
foundation and memorial stone of the Glasgow Sewage 
Purification Works, designed for a large portion of the 
north of the city, was laid by Lord Provost Bell in the 
presence of a. very large gathering, which included Lord 
Kelvin, most of the magistrates and town council, the 
Clyde Navigation trustees, provosts of neighbouring 
burghs, &c. The occasion was a very notable one, as it is 
really the first practical attempt towards the purification 
of the Clyde. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Excitement in the File Trade.—At a special meeting of 
the Sheffield and District Federated Trades Council, the 
following resolution has been adopted: ‘‘That this 
Council urge upon the Government the duty of prose- 
cuting, through the Public Prosecutor, the firms that have 
recently been proved to have been sending out very large 
quantities of files cut by machinery, when they had con- 
tracted to supply only hand-cut, and thus obtaining a 
higher price for the article; and also call for their being 
struck off the list of contractors for Government in respect 
to files.” At a large meeting of file masters held on 
Monday in the Cutlers’ Hall, Sheffield, the following 
resolution was adopted: ‘‘That, in the opinion of this 
meeting, the Bills now before Parliament for the special 
marking of files, as to their mode of procedure, 
introduced by Mr. Stuart Wortley and the Hon. B. Cole- 
ridge, if passed into law would be most injurious to the 
file trade of Sheffield, for while tending to protect the 
idea of hand labour over machinery, it would be antago- 
nistic to the progress of invention and improvement ; and 
this meeting hereby authorises the committee to take 
such steps as they may deem fit, to oppose the said Bills 
to the best of their power.” A strong committee was after- 
wards appointed to take action against the Bills. 


William Jessop and Sons, Limited.—The directors of 
this company have decided to recommend to the share- 
holders at the annual meeting the declaration of a divi- 
dend of 36s. per share, free of income tax, being at the 
rate of 6 per cent. on the paid-up capital for the year 
ending December 31 last. 2 


Thornelife Iron Works.—The two large blast furnaces 
at these iron works, after standing idle for three weeks, 
were put in blast again on Sunday night. During the 
stoppage a pair of new boilers have been put down, whilst 
the engines and plant have been thoroughly overhauled. 


Strike in South Derbyshire.—About 800 members of the 
south Derbyshire district of the Miners’ Federation are 
out on strike. The district is only a small one, and the 
federation have issued appeals for financial support of the 
men. 


Iron, Steel, and Coal.—In some of the heavy steel de- 
partments prospects are a little brighter, some fair orders 
having come into the district within the past few days for 
wagon and carriage tyres and springs. Theseordersare from 
English railway companies, and prices are supposed to be 
from 9/. 15s. to 107. per ton. Engine tyres range from 122. 
10s. per ton upwards. Owing tothe very severe tests now 
imposed by theinspectors, the material has to be of the very 
best quality. Bessemer slabs and billets are realising from 
5l. 7s. 6d. to 52. 12s. 6d., and Siemens from 62. per ton, 
with the demand increasing. North-east coast hematite 
is now procurable at 50s. per ton at Sheffield or equal, 
being the lowest quotation for many years past, and 
west coast hematite is offered at 52s. 6d. There are more 
inquiries for best quality Yorkshire bar and for high- 
class boiler plates in both iron and steel. The sheet trade 
is only dull. Common forge pig is offered at 39s. 6d. per 
ton. Armour-plate manufacturers are awaiting new con- 
tracts, and ordnance makers are short of work. Some fair 
lines are in hand from private firms for crank axles, heavy 
shafting, and marine material. Converters of crucible cast 
steel are doing a fair all-round business in tool and cutlery 
qualities, ranging from 35l. to 60/. per ton, on home and 
export account, the latter principally to the United 
States, South Africa, Chili, and commoner sorts to 
India. The coal trade has returned to the inactive con- 
dition of February. Many of the pits are only running 
four and five days per week, and stocks are accumulating. 


A Forecast.—Speaking at the Miners’ Offices, Barnsley, 
yesterday, Mr. B. Pickard, M.P., after stating that the 
Miners’ Hederation of Great Britain had command of 
409,000 men, who intended to press for the passing 
of the Eight Hours Bill, remarked it would be 
interesting to know that the Sailors’ and Fire- 
men’s Union, numbering about 50,000 men, had de- 
cided to join their federation. The coal porters of 
London were already federated with them. The idea 
was that as the sailors and firemen carried coal from 
port to port when any stoppage took place in any par- 
ticular county, then when any county outside the federa- 
tion made contracts below the federation district con- 
tracts, the sailors and firemen would decline to carry the 
coal from port to port, whilst the coal porters would 
refuse to distribute it if it came by railway or other 
means. The coal porters, firemen, and sailors would 
thus secure wages and conditions of service such as were 
intended for the Miners’ Federation of Great Britain. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrippiessroucH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 


numerous attendance on ’Change here, and the tone of 


tae market was decidedly better than it has been for 
some time past, but the amount of business done was by 
no means large. Inquiries, however, were reported 
numerous, and if sellers had been prepared to accept the 
same rates as those mentioned a week ago, a fair number 
of orders might have been placed. Several people 
pointed out that, owing to the recent fine weather, 
shipments had improved, and that the outlook gene- 
rally. was somewhat better than it has been for 
some time past. Sellers were very firm, and would 
not, as a rule, mention anything below 34s. 3d. for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig 
iron, but a few parcels changed hands at 34s. 14d. There 
were makers, however, who asked 35s, for the ruling 
quality, and were not inclined to accept less. No. 4 
foundry pig was 33s. 6d., and grey forge 33s. Middles 
brough warrants were in pretty good request, and closed 
34s. 14d. cash buyers. Local hematite pig iron was very 
firm at 43s. for mixed numbers, and some sellers were 
disposed to advance the price a little. Spanish ore was 
unaltered. To-day our market was steady, with prices 
practically the same as yesterday’s, the only change being 
in Middlesbrough warrants, which closed 34s. 2d. cash 
buyers, with sellers at 34s. 34d. 


Cleveland Ironmasters’ Returns.—The monthly returns, 
showing the make and disposal of pig iron during Feb- 
ruary, were issued from the offices of the Cleveland Iron- 
masters’ Association at Middlesbrough a few days ago. 
They show that at the end of the month there were 89 
furnaces blowing, as compared with 83 at the end of 
February last year, but a similar number to that which 
was in operation_at the end of January of this year. Of the 
89 furnaces, 52 were on Cleveland and 37 on hematite, &c. 
The make of Cleveland pig iron in the port of Middles- 
brough during February amounted to100,817 tons, asagainst 
107,901 tons in January, a decrease of 7084 tons. Outside 
the port the quantity made was 12,165 tons, as con.pared 
with 14.769 tons in the previous month, a decrease of 
2604 tons. The total make of Cleveland pig iron for the 
whole district was 112,982 tons, as compared with 121,670 
tons in January, a decrease of 9698 tons. The amount 
made in February of last year was 111,373 tons. The 
amount of other kinds of pig iron (including hematite, 
spiegel, and basic pig) made during the past month was 
97,259 tons, as against 108,649 tons in January, a de- 
crease of 11,390 tons. In February of last year the 
amount made was 87,551 tons. The total make of all 
kinds reached 210,241 tons, as compared with 231.319 
tons made in January, a decrease of 21,078 tons. The 
total for February, 1892, was 198,924 tons. Makers’ 
stock of Cleveland pig iron in the port of Middlesbrough 
at the end of last month amounted to 122,436 tons, as 
compared with 107,758 tons, an increase of 14,678 tons. 
Outside the port the quantity was 11,617 tons, as against 
11,190 tons at the end of January. The total for the 
whole district was 134,053 tons, as against 111,948 tons at 
the end of January, an increase of 22,105 tons. At the 
end of February last year the total amount was 125,092 
tons. In makers’ stores there was 1250 tons at the 
end of last month, a decrease of 110 tons on the 
amount held at the end of January. The pig iron in 
public stores at the end of last month stood as follows: 
North-Eastern Railway Company’s stores, 3015 tons, as 
against 2015 tons at the end of January, an increase of 
1000 tons ; Connal’s stores, 46,007 tons, as against 33,496 
tons at the end of January, an increase of 12,511 tons. 
The total stccks of pig iron at the end of February 
amounted to 184,325 tons, as against 155,819 tons at the 
end of January, an increase of 28,506 tons. The total at | 
the end of February, 1892, amounted to 286,818 tons, 
Messrs. Connal having on that date 159,917 tons in stock. 


Manufactured Iron ani Steel.—Nothing new can be 
said of the manufactured iron and steel trades. Com- 
plaints of slackness of work and difficulty experienced in 
securing new orders are numerous, and the outlook for the 
future is most unsatisfactory. Common iron bars are 
quoted 5l.; best bars, 5/. 10s, ; iron ship-plates, 41. 15s. ; 
iron ship angles, 4/. 12s. 6d. ; steel ship-plates, 5d. ; and 
steel ship angles, 4/. 17s. 6d., all less the customary 24 per 
cent. discount for cash. Heavy sections of steel rails re- 
main at 3/. 17s. 6d. net at works. 


The Fuel Trade.—The fuel trade is upset just now. On 
Newcastle Exchange coal is reported depressed, and quo- 
tations are based on 8s. 6d. for f.o.b. delivery of best 
Northumbrian steam. Here good blast furnace coke ig 
about 12s. 3d. delivered. 


NOTES FROM THE SOUTH-WEST. 


Portsmouth and its Programme.—Provision is to be 
made in the new Navy Estimates for the construction at 
Portsmouth of a first-class line-of-battle ship and a second- 
class cruiser. The line-of-battle ship, which is to be 
named the Majestic, will, probably, have two turrets, in 
each of which will be mounted two 12-in. 45-ton breech- 
loading guns, and, in addition, the vessel will be supplied 
with twelve 6-in. 5-ton and eight 24-pounder quick-firing 
guns, eight 6-pounder and twelve 3-pounder Hotchkiss, 
eight Maxim machine guns, and four torpedo tubes, viz , 
one bow and one stern tube, and tw» submerged broad- 
side tubes. The cruiser is to be named the Kelipse, Her 
burthen will be about 6000 tons, and she will be 50 ft. 
longer than cruisers of the Apollo class. Her armament 
will consist of five 6-in. and six 4.7-in. quick firing guns, 
eight 6-pounder and one 3-pounder Hotchkiss guns on 
recoil mountings, four Maxim machine guns, and four 
18-in. torpedo tubes, similar to those of the Majestic. 


Severn and Wye Railway.—On Tuesday the half-yearly 
meeting of this company was held at Bristol, Mr. W. C. 
Lucy in the chair. The chairman, in moving the adop- 
tion of the directors’ report, which showed a decrease of 
1615/, in the receipts for the half-year, and a reduction 
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of 8287. in the expenses, said that the result of the half- 
year’s trading was that the directors had carried 4692. to 
the reserve fund, which still required considerable addi- 
tions to be made to it to provide for much needed re- 
newals of rolling stock. The reserve fund now stood at 
2890/., but the company had no balance available for 
dividend. The directors regretted that the depression in 
the Forest of Dean coal trade seriously affected the com- 
pany’s receipts ; in fact, compared with the correspond- 
ing half-year, the traffic had fallen off 61,000 tons. The 
report was agreed to. Replying to a shareholder, as to 
whether overtures had been made by any large company 
to take over the concern, the chairman said it was a ques- 
tion which had presented itself to the minds of the 
directors, and they would be very glad if some company 
would take them over, but until they got an offer of the 
kind, they must endeavour to carry on the company. 


Second Class on the Cambrian.—The directors of the 
Cambrian Railway have decided to abolish second class 
upon the company’s system. Second-class traffic had for 
some years been a declining factor in Cambrian revenue. 


Merthyr.—Rather more activity has been noted at 
Cyfarthfa. This remark especially applies to tinplate 
bars. 


Cardif.—An average business has been passing in 
steam coal; the best qualities have made 9s. 6d. to 9s. 9d., 
while secondary descriptions have brought 8s. 3d. to 
8s. 6d. per ton. Household coal has been in moderate re- 
quest ; No. 3 Rhondda large has made 10s. 6d. to 10s. 9d. 
per ton. Coke has been dull; foundry qualities have 
made 17s. to 17s. 6d. ; and furnace ditto, 15s. to 16s. per 
ton. A slight improvement is reportedin the manufac- 
tured iron and steel trades. The demand for steel rails 
is, however, still limited. Iron ore has been steady at 
late rates. 


New Pier for Tenby.—The Tenby Pier and Promenade 
Company, Limited, has commenced its works. The 
proposed pier starts from a point near the lifeboat house, 
skirts the south side of Castle Hil], and leaving St. 
Catherine’s Fort on the right, proceeds some 500 yards 
intodeep water. The pier will carry a pavilion, band 
kiosk, refreshment-rooms, &c., and provision will be 
made for launching the lifeboat and for landing 
marine passengers and goods at all states of the tide. 
The Town Council of Tenby has leased the company the 
site for a term of 73 years at a nominal rent. The 
approach to the pier has already been commenced, and 
the whole of the work, it is expected, will be completed in 
about eighteen months. The engineer is Mr. C. B. 
Jerran, while the architects are Mr. A. Withall, Old 

. Jewry, Loadon; Mr. H. M. Ellis ; and Messrs. Radcliffe 
and Watson, Birmingham and Oxford. The contract has 
been let to Messrs. Price and Everett, London. 


Keyham Factory.—The Lords of the Admiralty have 
decided that the engines and machinery for the new 
cruiser Talbot, to be built at Devonport, shall be made at 
the Keyham Factory. This is the largest order ever 
received at Keyham, as up to the present the Astrea, 
cruiser, about to be launched at Devonport, is the Jargest 
vessel for which engines have been built by Keyham 
mechanics. The Talbot will have a displacement of 1500 
tons more than the Astra, and she will also be fitted 
with engines of considerably greater power. 


The ‘*‘ Téméraire” and the ‘*@olus.”—The six 4-in. 
breechloading guns of the Téméraire line-of-battle ship at 
Devonport have been put on board. Two 6-in. quick- 
firing guns for the A¥»lus, cruiser, were also taken to 
Keyham from the naval ordnance dépét at Stonehouse on 
Saturday. 


Bristol Docks.—The docks committee of the Bristol 
Town Council reports that heads of arrangement have 
been arrived at with the Great Western Railway Com- 
pany as regards a harbour railway extension. The 
finance committee of the council reports that 12,5001. will 
be required within the next half-year for the purposes of 
the Bristol Dock Acts, 1848 to 1885. 


MISCELLANEA. 
Ava meeting of the King’s College Engineering Society 
held on February 24, Mr. Longmore read a paper on 
** Submarine Boats.” A discussion followed. 


The preamble and clauses of the Hampstead, St. 
Pancras, and Charing Cross Railway Bill was passed by 
a committee of the House of Commons on Wednesday 
morning. 


The Rating of Machinery Bill, by which machines 
which are not so fixed as to necessitate the removal of 
part of hereditament in being themselves removed, are 
exempted from rating, passed its second reading on Wed- 
nesday last by a majority of 143 votes. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended ptt a 26 
amounted, on 16,454 miles, to 1,235,487/., and for the 
corresponding period of 1892, on 16,3794 miles, to 
1,281, 243/., an increase of 754 miles, or 0.4 per cent., and 
a decrease of 45,756/., or 3.5 per cent. 


The application of Mr. David Joy for an extension of 
his patent on his well-known valve gear has been suc- 
cessful, and the term of the patent in so far as it related 
to the inventions embraced in the second claim of the 
oes No. 929 of 1879, omitting the reference to 
sheet 4, and also in the fourth claim, is to be extended for 
a period of seven years. 


The Swedish Government has ordered a series of ex- 
haustive firing experiments to be undertaken with the 6.5- 
millimetre rifles of Mauser’s, Mannlicher’s, and Krag- 
Jérgensen’s systems, The commission comprises several 
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we.l known officers, and when its report has been made 
known a larger detachment of troops will continue the 
trials with the model recommended by the coramission. 


The Danish Minister for the Interior has asked for a 
vote of 930,000 kr., or about 50,000/., for the building of 
two new steamers for the Danish State railways, viz., an 
ice-breaker and a screw steam ferry, which as much as 
possible is to be an ice-breaking vessel. These new 
vessels will increase the ice-breaking plant «f the Danish 
State railways to three actual and efficient ice-breakers 
of a fully approved type, three screw ferries, and one 
older ice-breaker. 


According to a paper read by Mr. J. P. Norrington, 
A.M. Inst.C.E., before the Association of Municipal and 
County Engineers on Saturday last, strips of Karri and 
Jarrah wood pavement were laid, in July, 1888, side by 
side in the King’s-road, Chelsea. The blocks were all 
exactly 5 in. deep, but the Karri blocks were 2} in. wide, 
and the Jarrah 2fin. The blocks have now been down 
44 years, and a recent examination shows that the Karri 
wood is } in. above the Jarrah, whilst the latter is ? in. 
above yellow deal, also laid there. 


After over three weeks of experimenting, the trials of 
the pneurnatic guns of the United States dynamite cruiser 
Vesuvius have come to anend. The guns and the cruiser 
itself have given eminently satisfactory results, since the 
projectiles can be fired with ample accuracy at all ranges 
up to 2000 yards with the vessel stationary or under full 
speed, but the shells have proved defective. The trouble 
lies in the fuse, designed by Captain Rapieff, which has 
failed to detonate the charge, both in the regular firing 
tests at a target, and in special tests made on shore with 
shells buried in the sand. 


It has now been decided to light the whole of the 
Southampton docks with electricity, whilst the cranes 
will be worked by hydraulic power. The outside lights 
are to be the newest type of arc lamps suspended on poles 
about 55 ft. high, whilst inside the sheds incandescent 
lamps will be used. The generating station, which is 
situated on the premises, is now practically completed. 
The electric current will be taken overhead, the cables 
being of bare copper, and so arranged that the breaking 
down of one or two will not affect the light. The new 
baggage station and refrigerator are to be similarly 
lighted. 


The Court of the Clothworkers’ Company has replied 
to the circular letter recently issued by the London 
County Council to the City companies, asking whether 
they are willing to make any contribution out of the 
funds at their disposal towards the expenses of the pro- 
posed Technical Education Board. The company point 
out that out of a gross corporate income of 40,0001. they 
already devote nearly 17,0007. per annum to the further- 
ance of technical and secondary education ; they enume- 
rate the large grants recently made by them towards 
polytechnics in different parts of London, and intimate 
that they have at present no surplus available for supple- 
menting the funds at the disposal of the County Council 
for purposes of technical education. 


The valley of the Wandle in the district of Tooting has 
long been noted for its overflowing artesian wells, but 
the numerous borings into the chalk of the London basin 
have considerably reduced the level of the springs of late 
years, so that most wells have ceased to overflow. That 
this source of supply is, however, still copiously fed from 
the outcrop of the chalk, has just been forcibly demon- 
strated by an artesian tube well which has been bored by 
Messrs. Le Grand and Sutcliff, hydraulic engineers, 
London, at Mr. Chambers’ watercress beds, Haydon’s- 
road, midway between Wimbledon and Tooting, The 
depth bored is 166 ft., reaching about 30 ft. intothe chalk 
formation, upon penetrating into which the water rose to 
17 ft. above the ground, and the overflow at surface level 
is at the rate of noless than 22 tons of water per hour. 


According to statistics just published, it appears that 
during 1892 there has been a somewhat considerable 
number of hands out of employment in Denmark, and 
that from this and other reasons the average wages have 
been lower ; at the same time, an éfficient workman, 
no doubt, is able toearn more than he could 10 years 
ago. ‘The most usual hours are about 10 hours per day 
for skilled hands, and less than nine hours, or more than 
11 hours’ work per day, is exceptional. Compared with 
the previous year, there is a slight tendency to shorter 
hours. In foundries and engineering shops wages have 
risen slightly during the last few years. The average 
wages for skilled foundry hands (moulders) are 347 dre 
(or about 3s. 10d.) per diem ; for engineering hands 315 
ore (or about 3s. 6d.); for boilersmiths 284 dre (or about 
3s. 2d.) ; and for labourers 231 dre (or about 2s. 7d.). 


Lc Yacht announces that MM. Augustin Normand and 
Co. are about to begin the construction at Havre of a 
torpedo-boat, to be called the Forban, which will attain a 
speed of 30 knots, or 34} statute miles an hour. This 
speed is fully 3 knots in excess of anything that has yet 
been attained afloat. The same paper says that the 
armoured cruiser Charner, 4750 tons, 8800 horse-power, 
is to be launched on the 18th inst. at Rochefort. From 
other sources we learn that the somewhat larger armoured 
cruiser Pothuan was laid down early in the year in a 
private yard at Graville. She is to displace 5320 tons, 
and to develop with natural draught 7500, and, with 
artificial draught, 10,000 indicated horse-power. Her 
dimensions will be—length, 370 ft. Gin. ; breadth, 50 ft. 
1 in. ; and her armament will consist of two 7.6 in., 10 
5.4-in., 16 3-pounders, eight 1-pounders, and five torpedo- 
tubes. The torpedo cruiser Fleurus is to be launched at 
Cherbourg on the 18th inst, She will be of 1310 tons dis- 


placement, and 4000 indicated horse-power, and is to be 
completed for the pennant during the current year. 


On Saturday ast Captain Hutton, R.E., gave a lecture 
to the Goldsmith;’ Institute Engineering Society on 
‘Railway Work in Modern Warfare,” illustrating his 
remarks by examples drawn from his experience in the 
Egyptian expeditions of 1882 and 1884-5. The principal 
réle of a railway in war was, he said, in the first place to 
concentrate troops, to transfer an army from one part of 
the theatre of war to another, and to bring up reinforce- 
ments during a battle. Secondly, to bring upstores, and 
to take back sick, wounded, and prisoners. In the War 
of Secession the construction staff employed in repairing 
old lines and making new ones numbered 5000, and a 
trestle bridge 780 ft. long and 92 ft. high was built in 
44 days. In all some 26 miles of bridges were built or 
rebuilt during this war, and 642 miles of track were laid. 
The amount of track destroyed by both sides was 750 
miles. In destroying a line, by taking up the permanent 
way, it might be reckoned that it would, with the materials 
on the ground, take nine times as long to relay the track 
as to take it up. 


In the North American Review for February, Rear- 
Admiral Daniel Ammen, United States Navy, chief of 
the Bureau of Navigation, who represented the United 
States at the Panama Canal Congress of 1879, gives his 
recollections of the proceedings. He remarks that he 
got suspicious at an early point in the proceedings that the 
Congress was not called to discuss, but to assure and con- 
firm, what had already been pre-arranged. Mr. Menochal, 
an American engineer, pointed out the difficulties to be ex- 
pected with the Chagres River, and Sir John Hawkshaw 
drew attention to the fact that the rivers should be re- 
tained for the natural drainage, in which case locks would 
have tobeused. Inshort, theadmiral states thatthe ablest 
engineers at the Congress favoured the Nicaraguan route, 
whilst virtually all the other delegates advocated the 
Panamaroute. M. de Lesseps told his adherents that it was 
their business to vote fora sea-level canal and his to makeit, 
but the ablest members of the Paris Society of Engineers 
absented themselves when the vote was taken. On June 
20 of that year this society discussed the question of isth- 
mian canals, when M. de Lesseps appeared unexpectedly 
and appealed to the society to discontinue the discussion, 
it would be greatly to the injury of French interests, and 
this unreasonable request was immediately complied with. 
An eminent member of the society informed the admiral 
that he had little conception of the professional injury one 
would suffer by incurring the displeasure of M. de 
Lesseps. 


The progress of the iron and steel industries of the 
United States during the last 20 years is the subject of 
an official report by Mr. Swank, of the American Iron 
and Steel Association, which has lately been published 
by the Department of the Interior. The production of 
iron ore has risen from 3,031,891 tons in 1870 to 14,591,178 
tons in 1891. The average annual imports of iron ore 
during the last 12 years were only 719,300 tons. From 
the tables given, says Mr. Swank, it is evident that the 
United States is the greatest producer of iron ore in the 
world, and is, therefore, more independent of foreign 
sources than any of the chief iron-making countries. 
Moreover, the supply of the future promises to be practi- 
cally inexhaustible. There is, however, a scarcity of 
Bessemer ores on the Atlantic coast, and the imports 
are chiefly to supply this want. The Lake Superior 
ore fields give 56 per cent. of the total, the next in 
importance being the Cornwall ore district in Penn- 
sylvania, which has been worked since 1740. The 

roduction of pig iron increased from 2,546,713 tons 
in 1872 to 9,157,000 tons last year. Twenty years 
agoit was little more than a third of that of Great 
Britain ; but it has grown so steadily and rapidly that 
now the United States is the largest producer in the 
world. The production for 1891 in Great Britain and the 
United States was 7,406,064 and 8,279,870 tons respec- 
tively. In 1887—prior to which year the statistics were 
not kept separately—the production of Bessemer pig iron 
was 3,220,517 tons in a total production of 7,187,206 tons. 
In 1890 the former total had increased to 4,583,424 tons. 
The manufacture of steel has also increased rapidly in the 
United States. In 1860 the tota] production was 11,838 
tons only; in 1890 it had reached 4,277,071 tons. Be- 
tween 1872 and 1891 the production of Bessemer steel had 
increased from 120,108 tons to 3,657,107 tons, of open 
hearth steel from 3000 to 649,323 tons, and the total of all 
kinds of steel from 160,108 to 4,372,749 tons. Up to 1883 
Great Britain was the leading steel-producing country in 
the world ; but in that year the United States took the 
first place. The great growth in the steel rail industry is 
due to the extraordinary increase in railway development 
in the United States. 


THE Conco Rartway.—The position of this enterprise 
appears discouraging. The expenditure made on capital 
account to the close of June, 1892, was 480,9507, 
The company has found it difficult to obtain labourers, 
and the mortality which has prevailed among these 
who have been set to work has been deplorably 
high. Out of 4500 men who had been engaged upon the 
works of the company from the commencement of 1890 
to the close of March, 1892, no fewer than 900 had died. 
Notwithstanding, however, all the difficulties which it 
has had to encounter, the Congo Railway Company had 
nearly completed 174 miles of line at the close of October. 
As regards the future, better working results are antici- 
pated from the importation of Chinese coolies. The 
council of administration has, at the same time, solicited 
from the Congo Government an extension of the time 
for the completion of the line, viz., from December 31, 
1894, to Decemter 31, 1896. 
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COLUMBIAN EXPOSITION NOTES. 

A pany 5-cent paper will be published at Jackson 
Park ; it will be called The World’s Columbian Exposition 
Bulletin, and will be an official organ published jointly 
by the Exposition Company and the Publishers’ Associa- 
tion. The first page, and probably the second and third, 
will be prepared for the Exposition by the Department of 
Publicity and Promotion. Hach of the Chicago morning 
papers will furnish one page for each edition. It has not 
yet been settled how this will be done. The type for the 
official portion of the paper will be set by the machines on 
exhibition within the Machinery Hall. The paper will 
also be printed on a press exhibited within the same 
building. 


We last week referred to the arrangements being made 
for the establishment of ‘‘ State ” days during the Exposi- 
tion. Further fixtures have now been made. So far 
15 States have signified the days they wish to cele- 
brate, though one, Nevada, having selected October 31, 
which is the day after the close of the fair, will have to 
make a change. The dates already arranged are: 
Washington, Wednesday, May 17; Wisconsin, Tuesday, 
May 23; Maine, Friday, June 2; New Hampshire, 
Wednesday, June 21; Utah, Monday, July 24; North 
Carolina, Friday, August 18; New York, Monday, Sep- 
tember 4; California, Saturday, September 9; Maryland, 
Tuesday, September 12; Kansas, Friday, September 15 ; 
Colorado, Tuesday, September 19; Montana, Wednesday, 
September 25; Rhode Island, Thursday, October 5; 
Minnesota, Friday, October 13. In addition of the cele- 
brations arranged by the State executive committees, 
various societies will have days set apart for their benefit. 
At the request of the Commercial Travellers’ Associa- 
tion, Colonel Culp has announced that July 26 will be 
sacred to the ‘‘drummer.” The Independent Order of 
Foresters will celebrate Saturday, August 12; and 
October 17 will be observed by the coloured people. 


The National Museum of Washington is preparing an 
exhibit of its collections of coins and other metal money, 
which, though among the most remarkable in the world, 
have not hitherto been shown to the public. The earliest 
American coins included in the collection are those which 
were minted by Cortez, by permission from the Spanish 
Crown. They are of copper, and the design on one side 
represents the Pillars of Hercules. If is believed that 
Cortez coined silver money also. After his issues the 
earliest American money was minted in England for the 
Bermudas early in the seventeenth century. The metal 
was copper, and the nominal values were a shilling and 
sixpence. It was called ‘‘ hog money,” because each piece 
bore the figureof a hog on one side. The design was 
derived from the fact that the early settlers on the islands 
found a great many hogs running wild. The earliest 
coinage in Connecticut was executed by one John Higley, 
who established a private mint, turning out copper pieces 
from ore dug on his own premises. These bear dates 
from 1737 to 1739. Probably the chief reason why they 
are scarce is that the copper of which they were made was 
exceptionally pure, and goldsmiths used the coins largely 
for alloying. In those days the colonial paper currency 
fluctuated in value very much, and there was difficulty in 
giving coins a constant worth. Accordingly the modest 
mint-master inscribed on one side of his piece, ‘‘I ama 
Good Copper,” while on the other side appeared the in- 
scription, ‘‘ Value Meas You Please.” The value of the 
collection is stated to be 170,0002. 


The State Building of Colorado will be a pavilion 80 ft, 
long, 40 ft. wide, and 23 ft. high. Ib will be entirely 
covered with grain. The columns will be wrapped with 
grain; the arches will be covered with grasses ; the frieze 
will be composed of a series of pictures wrought in coloured 
grains. Several tables will support grain in glass jars 
stacked ina pyramid. Onone table a pyramid of glass 
boxes will show the comparative amount of grain grown 
in the State since 1874. Close to the main entrance will 
be a display of mineral waters. In the Mining Building, 
next to Pennsylvania, Colorado has been awarded the 
largest space. It is situated at the junction of the two 
main aisles directly at the right of the main entrance. 
Just across the aisle will be the elaborate silver display of 
Mexico. The space will be faced along the main aisles 
with a Colorado marble balustrade. On each side of the 
entrance will rise two beautifully polished granite 
columns. The main shafts will be of Gunnison red 
granite, the capitals of red sandstone carved after the 
Corinthian style. At the base will rest large lumps of 
rich ore. 
balustrade, and these will be filled with small specimens 
of ores. There will be 11 columns within the inclosure of 
a variety of minerals, such as hone stone, onyx, alabaster, 
sandstone, granite. In the centre a tall column of granite 
with an alabaster cap will dominate the entire display. 
At its base will be four large cases filled with pure gold 
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Tue floating of H.M.S. Howe has proved a more 
difficult matter than was expected, and the companies 
at work on her have had to make very extensive 
arrangements for pumping her out. By the courtesy 


of a correspondent on the spot, we are enabled to place 
before our readers views of the salving vessels and of 
the pumping arrangements, and to supplement these 
by the detailed information in the annexed Table ; 


PARTICULARS OF PuMPING ARRANGEMENTS FOR SAnvinc H.M.S. ‘‘ Howe.” 


oS jo oo ioe 3 8 
ia Sond a E a z H d A $0 ae 
S ne oses go down 22 2 
FS Pump. Placed on 8 BH Eas | =e Pump Draws from {higupn te a 
g Be S|S28) gs ga | 83 
A See een A £2 
tons in, in. 
1 |Hayward and Tyler. |Howe forecastle | 300 8 | 6 (Compartments for- |Cofferdam over for- | 12 | Belos, 
Long stroke deck ward of stokehold nerd hatch 13 ft. 4 in. 
| 1g: 
2 |Hayward and Tyler.,|Howe armour deck | 150 4 5 |Compartments for- |Hatch between am- 9 | Belos. 
Long stroke forward torpedo ward of stokehold munition hoists 
compartment 
3 |Double inlet cen- |Howe armour deck | 700 4 5 |Starboard foremost |Foremost hatch of 9 | Eol. 
trifugal forward torpedo stokehold starboard forward 
compartment stokehold 
4 |Haywardand Tyler. [Howe armour deck 800 7 5 j|4 hoses to starboard |Aft hatch ofstarboard | 12 Eol. 
Short stroke. prison flat | forward stokehold; | foremost stokehold ; 
3 hoses to port aft | port ash hoist 
. stokehold 
5 |Hayward and Tyler. Howe battery deck | 150 4 5 |Battery and armour |Spar deck hatches 9 | Eol. 
Short stroke forward decks 
6 |Double inlet cen- |Howe battery deck | 1000 1 | Pipe |Port engine room Engine room skylight | 12 | Hermes. 
trifugal aft ; 12 through shell grating 
7 |Double inlet cen- |Howe armour deck | 300 3 5 |Starboard engine |Starboard engine 8 | Belos. 
trifugal aft torpedo com- room room hatch 
partment 
8 |Haywardand Tyler. |Howe aft deck 3000 8 | 5 |Compartments abaft |Aft hatch 12 | Hermes, 
Short stroke engine-room 
9 Double inlet cen- |Belos .. of --| 3000 | 10 5 |4 hoses to starboard |Shell grating in fun- | 18 | Belos. 
| trifugal forward stokehold; | nel casing; port ash 
3 hoses to port for- | hoist ; forward 
ward stokehold; 1 | hatch of starboard 
hose to starboard | aft stokehold; for- 
aft stokehold; 2 | ward hatch of port 
hoses to port aft | aft stokehold 
stokehold 
10 |Double inlet cen- |Hermes --| 3000 | 11 5 |7 hoses to starboard |Aft hatch of star- | 18 | Hermes, 
trifugal i aft stokehold ; 4 | board aft stokehold; 
hoses to port aft | aft hatch of port aft 
stokehold stokehold 


THE TRIALS OF THE ‘‘ REPULSE.” 
(From A PortsmMouTH CORRESPONDENT.) 

THE contract trials of the engines of the new battle- 
ship Repulse were carried out last week off Portsmouth 
with very satisfactory results. The Repulse, which is 
one of the eight first-class battleships allowed for under 


Twenty-six flat cases will rest on the marble|the Naval Defence Act of 1889, was built at Pembroke 


Dockyard, and is engined by Messrs. Humphrys, Ten- 
nant, and Co. The same firm, it will be remembered, 
supplied the engines for the Royal Sovereign, and has the 
contract for the engines of the Hood and the Empress of 
ndia. 

The eight hours’ natural draught trial took place on 


specimens from Summit County, valued at 150,000 dols. | the 28th ultimo, Mr. Soper representing the firm, and 


This display will contain the famous crystallised gold 
specimens. Ranged about will be cases showing the gold 
and silver ores, specimens of coal, iron, asphaltum, 
building stone, raw materials of many kinds, clays, and 
the petroleum products. There will be photographs of 
mines and mining operations. 


BELGIAN Buast Furnaces.—The number of blast fur- 
naces in activity in Belgium at the commencement of 
February was 26, while there were 21 Belgian furnaces out 
of blast at thesame date. The total of 26, representing the 
number of furnaces in blast in Belgium at the commence- 
ment of February, was made up as follows: Charleroi 
group, 10; Lidge group, 11; and Luxembourg, 5. The 
production of pig iron in Belgium in January was 66,805 
fons, as compared with 60,202 tons in J anuary, 1892. 


Mr. Butler, R.N., the Admiralty. The vessel, which, 
when fully equipped, will have a displacement of 14,150 
tons, was not loaded to the full draught of water, as, 
instead of drawing 273 ft., she drew 25 ft. 9in. It was 
not, however, considered necessary by the Admiralty to 
insure the full draught, in view of the success of the 
Royal Sovereign’s trials, and the contractors were chiefly 
interested in obtaining the necessary horse-power. The 
results were entirely satisfactory, and were as follows: 
Steam in boilers, 152.51b. ; vacuum, 284 in. in both con- 
densers ; revolutions, 99.4 and 99.3 per minute; indicated 
horse-power, 4967 starboard, 4566 port; collective horse- 
power, 9533.. The contract was exceeded by 533 horses, 
and throughout the trial the engines worked smoothly. 
The mean speed by patent log was 17.78 knots, but at 
full draught of water the maximum natural draught speed 
is not expected to exceed 17 knots, 


The forced-draught trial was carried out on the 2nd 
inst., and proved equally successful. The results were 
as follows: Steam in boilers, 150.4 Ib. ; vacuum, 28% in. ; 
revolutions per minute, 104.1 starboard, 103.8 port. 


Mean Pressure, Starboard. Port. 
ions wee 1597 1603 
Intermediate... 2175 2009 
Low ate 2016 1902 

Total 5788 5514 


Collective indicated horse-power, 11,302. 


The mean air-pressure employed under natural draught 
was .45 in., and under forced draught .91in. At the 
second trial the speed by log was increased, and averaged 
during the four hours’ run 18.2 knots. The consumption 
of coal under natural draught was 2 lb, per indicated 
horse-power. On the conclusion of the forced-draught 
test the usual trials of the steam steering gear were 
carried out, Although these trials, insisted upon by the 
Admiralty, are of no practical value, it may be interesting 
to note the following results: From amidships to hard- 
a-port, 10 seconds; hard-a-port to hard-a-starboard, 
37 seconds ; hard-a-starboard to hard-a-port, 30 seconds ; 
and from hard-a-port to amidships, 14 seconds. The 
contract power required was 9000 under. natural and 
11,000 under forced draught. The Repulse has now been 
taken back to the basin to have her machinery opened up 
for final examination, and during the next few days the 
epee will no doubt accept the engines fiom the 

ry i : 
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We have on several occasions* noticed the flying 
machines constructed by Mr. Lawrence Hargrave, and 
described by him before the Royal Society of New 
South Wales. All these have been wonderful pieces 
of mechanism, combining lightness with rigidity in a 
marked degree, and each has been a distinct advance 
over its predecessors. The accompanying illustrations 
show three of the more recent types. Fig. 1 shows 
the general appearance of these machines. A back- 
bone carries two outstretched stationary wings or 
aeroplanes, which glide over the air, while in front are 
two flapping wings, which afford the propelling power. 
These wings are driven by an engine, whose motive 
fluid is compressed air, stored in the hollow backbone 
of the machine. The following are the principal dimen- 
sions : 

Pressure Container. 


Volume ... 251 cub. in. 
Length ... 6 ft. 11 in. 
Diameter 2 in. 
Weight ... 154 oz. 


Working pressure *..250 Ib. per sq. in. 


Motor. ’ 
Diameter of cylinder ... 2 in. 
Stroke —_ a 1.28 in, 
Reduced pressure 57 Ib. 
Weight of engine 11 oz. 
Efficiency és val sat 29 
Machine. : 

Length of wing ey 31 in. 
Area of wings ... 216 sq. in. 

», Of body plane ... = se (BOLE 55 

>» m advance of the centre of 

gravity ws see 102". 55 
Total weight, charged 59 oz 


Five hundred and nine foot-pounds of work produced 
46 double vibrations, which drove the machine 
512 ft. 

Fig. 2 shows another form of engine, having a 


~ * See ENGINEERING, voi. xlix., page 687, and vol. l., 
page 769. 


cylinder 2 in. in diameter by 14in. stroke, and work- 
ing ata pressure of 60 lb. persquare inch. Its weight 
is 9o0z. The machine fitted with this engine on one 
occasion flew 343 ft. in 23 seconds, with 544 double 
vibrations of the engine. It was estimated that 742 
foot-pounds of work were done in driving the machine 
at 10.1 miles per hour. 

The success which had been attained by the com- 
pressed air motors encouraged Mr. Hargrave to try 
steam. The conditions he laid down to be fulfilled 
were that the steam motor should be lighter than the 
compressed air apparatus, that it should have a uni- 
form boiler pressure, and flap the wings of the standard 
size as fast as the compressed air engine and for a 
longer time. The Serpollet boiler was adopted, and 
as steel pipe could not be got in Sydney, copper pipe 
of ordinary trade sizes was procured. Many boilers 
were made and rejected ; the one in the figure is a 
two-stranded coil, containing 12 ft. of pipe, 4 in. out- 
side diameter, weighing 20} 0z., with steam and water 
connections. Methylated spirit of wine was adopted 
as the fuel, and was stored in the small cylindrical 
reservoir shown in the figure. The boiler was inclosed 
in a cylinder of asbestos card, and the vaporised spirit 
mixed with air was spurted into the furnace. As much 
as 6,9 cubic inches of water have been evaporated by 
1.7 cubic inches of spirit in 80 seconds, the engine 
making 182 double vibrations of the wings. The 
engine was of the usual type, with the addition of a 
feed pump, 5.2m. in diameter, drawing out of the re- 
servoir shown detached. The relation between the 
cylinder capacity and the boiler is : 


Cylinder... 2.2.cub. in. 


Steam and water space ‘of boiler 2.8 53 
External surface of boiler 113 sq. in. 
Internal 9 Fr 71 5 


Chronograms showed that 1.66 double vibrations per 
second were made with 55 lb. pressure of steam, and 
1.8 per second with 751lb. A thrust diagram showed 
that : 


MACHINES. 


yy 


2.2 vibrations per second produced a thrust of .75 Ik. 
2.3 ” ” ” .90 ,, 
2.44 ” ” ” 1.10 ,, 
2.5 ” ” ” 1.25 ,, 


The total weight of the apparatus is 64.5 oz. which 
includes 12{ oz. for the strut and body plane, and 5 oz. 
for spirits and water. By aid of an ingenious indicator 
it was found that .169 horse-power is developed when 
2.35 double vibrations are made per second. 

If the machine were loaded up with 10 oz. more 
spirit and water, it is calculated, from data obtained 
from previous machines, that it would have a possible 
range of 1640 yards. On starting, the boiler is empty, 
and is warmed up bya Bunsen burner; then the spirit- 
holder is heated till the flame ignites, the flame being 
maintained by a few shreds of asbestos put into the 
coil. When the flame is under way part of the boiler 
gets red hot in a few seconds. Then the wings are 
moved up and down a few times by hand, squirting 
about a teaspoonful of water into the boiler, and then 
the engine starts. 

Every one must admire Mr. Hargrave’s great skill 
as a mechanic, and the marvellous patience he brings 
to this subject of mechanical flight. If it had always 
been attacked in his spirit it would have escaped much 
ridicule, and greater progress would have been made. 
As it is, very great advance has been made during the 
last two or three years, since the matter has fallen 
into the hands of skilled mechanics, and further de- 
velopments are to be looked for. 


ON THE BREACH IN THE EMBANKMENT 
OF THE YELLOW RIVER. 
By G. James Morrison, Memb. Inst. C. E. 
(Concluded from page 264.) 

THERE are many points of great interest connected 
with the Yellow River. The levels which the author 
took for 8 miles along the banks form, no doubt, a very 
poor basis for estimating the fall of such a river, but 
they agree with the result of some levelling done 
by Mr. Kingsmill, about 150 miles lower down in 
Shantung, and may be taken as giving the approxi- 
mate fall with tolerable accuracy. ‘This fall of rather 
more than | ft. per mile accounts for the straightness 
of the course of the Yellow River. The Wei River 
(called at the lower end the Eu Ho and also the Yan 
Ho, or Grand Canal, of which it forms one section) 
flows approximately parallel to the Yellow River at a 
short distance to the north-west. This river is so 
tortuous that its course is more than twice as long as a 
fair line drawn approximately along its general direc- 
tion. Where the Grand Canal joins the two rivers the 
mean level of the water of the Yellow River is (or 
was before this breach occurred) higher than that 
of the Wei River, though the distance to the sea 
is much less by the Yellow River than by the Wei, 
and all evidence points to the fact that the fall of the 
Yellow River is very great. That a river with such 
a fall should continually silt up its own bed is evidence 
of the enormous amount of silt which it brings from 
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the higher portions of its course. During a journey 
which the author made in 1878, he followed the old 
course of the Yellow River (?.e., the one left dry by the 
breach of 1854) for over 100 miles. As a general rule, 
when standing on top of the main embankment, the 
country on the outside of the bank was, say, 30 ft. 
below the top, while the old bed of the river was but 
15 ft. below it. The old bed wasall cultivated, and to 
the eye seemed level, but the author is now convinced 
that in a paper which he then wrote (Proceedings of 
Royal Geographical Society, 1880), and in which he 
assumed that the level of the ground immediately 
inside the river bank represented the general level of the 
river bed, he over-estimated the mean height of the 
bed, and he believes that careful levelling would have 
detected the remains of the old low-water channel at 
a considerably lower level than at the edges. That 
the old bed, however, was considerably above the 
country is proved by the fact that in 1854 the river 
broke through the north bank, overflowing the 
country (for it did not reach the bed of the Ta Tsin for 
a considerable distance), and leaving the old bed dry. 
When the author saw the 1854 breach the river was 
5 ft. deep, and the surface of the water was below the 
lowest part of the old bed, which here he carefully 
examined both from the boat and on foot all the way 
across. The author has had an opportunity of in- 
specting many parts of the river bed, and (omitting 
reference to those places where it has been modified” 
by the breaches of 1854 and 1887) the annexed sketch 
gives what he believes to be a general idea of the river, 

The bottom of the low-water channel may be 3 ft. to 
6 ft. above the country, the portion of the bed covered 
only during floods 10 ft. above the low-water channel, 
and the main embankments 15 ft. above the flood 
channel or 30 ft. above the country. At Gand H there 
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is little fear of an accident. The water near the em- 
bankment can never be very deep, nor can it run with 
great velocity. At K, on the other hand, in time of 
flood the water will be of great depth and will run 
with great velocity close to the bank. To guard 
against accidents the Chinese, in such cases, construct 
groins to divert the low-water channel away from the 
bank, and where these are not efficacious, and they 
fail to strengthen the bank, they construct a new 
bank outside. Something of this sort has probably 
been done near the late breach, because the northern 
embankment is several miles distant, and the ground 
between it and the low-water channel has been gra- 
dually raised by silt during floods until it has become 
so high that it has not been covered during the 
memory of the present generation, Standing on the 
north embankment, with no river in sight, it is diffi- 
cult to believe that the high ground to the south is the 
river bed and the low ground the country. 

In the Yellow River, as in all other rivers, there is 
local scouring and local depositing, but the general 
tendency all through Honan and Shantung is to silt. 
The author presumes that the following propositions 
are generally accepted : 

1. That water flowing at any stated velocity will 
carry in suspension a definite amount of material of a 
definite character, and that the quantity, though 
perhaps not so well known, is as definite as, for 
instance, the amount of any salt which water will hold 
in solution. 

2. That water carrying the full amount of material 
suitable to its velocity will not scour its bed, no matter 
how soft the bed nor how great the actual velocity. 

3. That water carrying less than the full amount of 
material suitable to its velocity willscour its bed, no 
matter how slight the velocity and how hard the bed, 
though the bed may be so hard as to reduce the scour 
to an imperceptible quantity. 

4, That water surcharged with material (as is the 
case when water fully charged for a certain velocity 
has that velocity checked) will deposit material in its 
bed irrespective of the composition of that bed. 

The Yellow River where it enters Shanse is at a 
very great altitude above the sea, perhaps 3500 ft.,+ 


* Figs. 3 and 4 illustrate the sluices referred to on page 
264 ante. 
+ Prejevalsky’s ‘‘ Mongolia.” 


and where it enters Honan it cannot be more than 
500 ft. or 600 ft. high. (The Abbé Armand David 
gives the height at this point as 467 metres, but either 
he refers not to the river but to some adjacent town, 
or else there must be some mistake, as this would give 
afall of about 3 ft. per mile to the sea.) During its 
progress through Shanse it must, therefore, flow ata 
great velocity, and must take upa large amount of the 
loess which abounds in that province, possibly the 
full amount which it can carry at its high velocity, 
hut certainly much more than it can carry at 
its velocity in Honan. It consequently, on reach- 
ing the plain, at once commences to deposit silt, 
allowing the sand to drop first and afterwards the 
softer and lighter material, but eventually carrying to 
the sea the full amount of silt suitable to its then 
velocity. Asa matter of fact, the bed recently dry is 
almost pure sand, the old bed just below the breach 
of 1854 is sandy, but lower down towards Ching Kiang 
Poo it contains little sand. The Yellow River, 
therefore, after it emerges from the hills presents a 
case of a river constantly depositing silt and constantly 
remaining charged with the full amount consistent 
with its velocity. The conservation of such a river 
presents difficulties of the gravest character. 

A consideration of these and other circumstances 
convinced the author that the Chinese were right 
in trying to close the breach instead of leaving 
the river in its new course, as suggested by many 
people, on the ground that as the river had found out 
its natural bed it should be allowed to stick to it. 
The fact is there cannot be said to be any natural bed 
anywhere over the great plain. An artificial mound, 
if 5ft. or 6 ft. in height, may determine the course 
of the water at any point, and though the water 
proved to demonstration that the country just outside 
the bank is slightly lower than the bed, 
there is no proof whatever that the new 
course aS a whole was better than the 
one through Shantung, though it was, 
doubtless, better than the part between 
the breaches of ’87 and ’54. If the river 
had been allowed to remain it would have 
been necessary to build, say, 700 or 800 
miles of embankments to restrain it within 
a reasonable width. This is just what the 
authorities have been doing in Shantung 
for thirty-five years, and they have now 
got the river through that province toler- 
ably well under control (except a little 
at the south-west corner), and flowing 
through a bed lower than the immediately 
adjacent country. Now that they have a 
course which may prove serviceable for 
centuries, it would have been absurd to 
abandon it for a new course which will not be as 
good for, perhaps, another thirty-five years. In 
addition to closing the breach it will no doubt be 
necessary to repair portions of the old bank. For ten 
or twelve miles above and the same distance below the 
breach it is composed of sand and is in very poor con- 
dition, while at many places the low-water channel 
comes close to it, This has always been a weak part 
of the river works, and about 150 years ago a serious 
breach occurred a few miles below the present one, 
and took twelve years to close. The track of the 
flood water from that breach is still marked for miles 
by the remaining sand. Still, as a rule, the river banks 
are in fair order, and the repair of this portion was a 
small matter compared with constructing several 
hundred miles of new embankment. 


ABSTRACT OF PEKING GAZETTE. 
Breach in Yellow River Closed. 


‘‘ January 31 and February 1 and 2, 1889.—1. A 
decree of the Emperor records the closing of the 
great breach in the embankment of the Yellow River, 
near Chéng Chow, in Honan.* The officers previously 
intrusted with the task having failed in their efforts to 
accomplish it, they were superseded last summer, and 
Wu Ta-ch’éng was appointed acting director-general. 
On January 11 operations were sufficiently advanced 
to allow the opening of the canal, which should con- 
duct the water away from the gap. On the 17th the 
embankment heads were united by cables stretched 
across ; and on the 20th, after two days and nights of 
unremitting exertions, the narrow opening was com- 
pletely closed, all the waters in the river flowing awa 
by the old channel. The Emperor feels that this 
speedy success is due to the unseen aid of Heaven and 


* It should be mentioned that the Chinese had the 
very considerable advantage of the river being frozen 
over just before the final closing of the gap in the em- 
bankment ; this enabled them to load the last masses of 
millet stalks and sand very quickly, so that they might 
be lowered down as fast as possible in large masses before 
the current had time to wash them away, or injure them 
much, The plan of binding the masses together by means 
of the heavy ropes, by which they were lowered into the 
water one after the other, was no doubt a very ingenious 
way of making the only materials that they had at com- 
mand much more efficient for their purpose. 


y | lighted in winter. 


the gods. Asasign of his deep gratitude, he sends 
ten sticks of Tibetan incense, which he desires Wu 
Ta-ch’éng to offer, with prayers and thanks on his 
behalf, at the temples of the river gods in the 
vicinity of the works. 

‘Tn recognition of the promptness and sagacity dis- 
played by Wu Ta-ch’éng in the performance of the 
duty intrusted to him, that officer is given a button of 
the first class, and is confirmed in the appointment of 
Director-General of the Yellow River. The Provincial 
Governor, Ni Wén-wei, receives back the rank and the 
button of which he had previously been deprived, and 
the Board will select some substantial reward for 
bestowal upon him. Four high officers, Li Hung-tsao, 
Ch’eng-fu, Li Honien, and P’an Chiin-wen, were 
punished for their failure to close the breach before 
last summer. As the portion of the embankment con- 
structed by them has stood firm, and the whole work 
has now been completed, his Majesty is pleased to 
extend his grace to them and remit their penalties, 
Li Hung-tsao receives back the rank and the button 
of which he was deprived. Ch’eng-fuis released, and 
takes the position of expectant provincial judge. Li 
Honien is also released, and his title and decoration 
are restored to him. P’an Chiinwen is raised again to 
his former rank ; a substantial reward will be given to 
him, and he is for the time retained at Chéng Chou to 
attend to the embankments. The remainder of the 
decree, which covers several pages, consists in the 
enumeration of the promotions or marks of distinction 
bestowed on the lesser officers employed at the works.” 

From a statement by a Dutch engineer, Mr. Schem- 
beck, it appears that there is a lake 50 ft. deep out- 
side the new embankment. ‘ 


APPENDIX, 


As giving some information regarding the present 
state of internal communication in China, the following 
note of the author’s journey to and from the breach 
may prove interesting. 

Tientsin, as is well known, isa large city, and an 
important port in China. Kai Fong Fu, which is dis. 
tant about 405 miles, is also a large city, the walls of 
which inclose over 10 square miles, most of which is 
thickly populated. It might, therefore, be supposed 
that communication between the two was well orga- 
nised. The author found that the most comfortable, 
or least uncomfortable, route was by boat up the Wei 
River about 20 days, and then by cart to Kai Fong Fu 
two days, total 22 days. On the other hand, the 
quickest way was by cart direct, 12 days. It might 
be supposed that by riding some time might be saved, 
but ponies accustomed to moderate work and properly 
cared for are quite unable to stand the hardships of a 
long journey with indifferent food and no stables, and 
the ordinary ponies of the country, though they will 
carry one 40 miles a day for some weeks, do not enable 
one to travel faster than by cart, and being always 
jaded in the afternoon are very trying. In order to do 
the journey in the time mentioned it is necessary to 
get up every morning at four, so as to have everything 
packed on the carts ready for a start at daylight, and 
then to travel from daylight till dark, with a rest of 
about two hours at midday. For 40 miles per day 
this shows a speed of a little under 4 miles an hour, 
but this includes all minor delays, and the speed 
of the mules over a tolerable piece of road is 44 to 

3 miles per hour. It is, therefore, only by taking 
advantage of some slight delay, such as watering the 
mules, that one can walk without delaying the carts. 

The Pekin cart is now well known from having been 
exhibited so often in London, but no one who has not 
tried it knows the misery of travelling by it over mere 
tracks across fields. Hven when well padded with 
beds it is so trying that the usual plan is to sit on the 
shaft. There is a light frame across the shafts just 
behind the mule, where a bag of provender and a bag 
containing the carter’s clothes are generally tied, and 
the carter sits on the near side, and the passenger on 
the off side great part of the day. As for the whole 
distance the country is perfectly flat, with a horizon as 
definite as at sea, the journey was most uninteresting. 

The so-called inns havea large yard where the mules 
can walk about, with some open sheds under which 
they may stand in wet weather, The principal room 
sometimes has a brick floor, but generally a mud one, 
and in Northern China araised mud platform on which 
the beds can be placed, and underneath which a fire is 
In other places there are a few 
rough frames or trestles. A dirty table and two chairs 
complete the furniture. 

One has to carry one’s own bedding and one’s own 
food. The country produces abundance of food, but 
only that used by the lowest classes is kept ready, and 
if speed is of importance one cannot afford the time 
required to purchase and: prepare native produce ex- 
cept occasionally when one finishes the day rather 
before dark. Although not a moment was wasted 
on the journey, there were occasional delays from rain, 
bad roads, &c., and Kai Fong Fu was reached only a 
few hours under twelve days, though the carters were 
promised a handsome present for any time saved, and 
with half a day’s delay there and a further day and a 
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half to the works, the whole journey occupied a fort- 
night. 

othe author does not, of course, give this as an 
instance of great hardship in travelling, and many of 
the discomforts might have been much ameliorated by 
allowing an extra couple of days, but he considers he 
is justified in saying that any country where such a 
state of things is allowed to exist, has no claim to be 
called civilised. It must be remembered that this is 
not the case of an engineer going to some wild and 
undeveloped country with a view to the construction 
of roads, and where the insufficiency of the existing 
means of communication is the only reason of his 
journey, but the above is a description of what the 
Chinese Government consider good enough for any 
one except the very highest officials, for whom some 
slight preparations are made, On the return journey 
the author went by cart three days to Tan Kow on 
the Wei River, and thence down stream eleven days 
to Tientsin by boat. As the banks are always 15 ft. 
to 20 tt. high, and the country perfectly flat and lower 
than the top of the banks, absolutely nothing can be 
seen except by getting out of the boat and walking 
across from one bend of the river to another. Indeed, 
in China, when travelling by boat, as well as when 
travelling by cart, the only time when one gets along 
with any comfort is when one gets out and walks, 


INDUSTRIAL NOTES. 

NotwiITHsTANDING the downward tendency of trade, 
or, perhaps, in consequence of it, the condition of the 
labour market is somewhat disturbed and uncertain. 
In a falling market it is generally admitted that wages 
have a tendency to go down, and therefore, the trade 
unions, representing labour, offer the best resistance 
they can to the proposed reductions in every case. The 
intensity of resistance is governed by a variety of 
circumstances, the chief being the strength of the 
union concerned in the conflict, and the prudence of 
the leaders. Singularly enough, the latter is often 
more conspicuous in the cass where the union is 
most strong, and less conspicuous where it isweak. A 
prudent policy is the most advantageous in the gene- 
rality of cases, even if the concessions appear to be 
the result of weakness, Many instances of this were 
in evidence last year; some have even developed this 
year, though we have not yet reached the end of the 
first quarter of 1893. But, in one or two instances, 
the policy of resistance has been successful, at least, 
in warding off a reduction, as in the federated districts 
among the miners, and in the case of the ship car- 
penters and others on the Clyde. The extent of 
the success is not, however, quite obvious in the case 
of the miners, except in so far as the postponement of 
the reductions is concerned. ‘The chief argument in 
favour of resistance is that one reduction is but the pre- 
lude to others, This, unfortunately, is too true. When 
prices are falling, continuously falling, employers 
have to look about in order to see where they can 
reduce the cost of production, in order to keep going, 
and wages are generally attacked first. Latterly there 
has been a moderated tendency in this direction, as 
compared with former periods of depression, as though 
a gleam of light had been thrown upon the economical 
fact that lower wages cannot produce prosperity. 


In general the engineering trades are slightly better 
off for work than during the first two months of this 
year. This is but natural. The closing months of 
1892 were dull and depressed ; then came the holidays, 
and the firms which were not pressed with orders were 
not over-anxious to re-start in full activity, and 
the usual stocktaking caused further suspensions, 
accentuated doubtless by the severity of the weather 
in many districts. To make matters worse, several 
disputes were pending, some of which looked as though 
they would eventuate in a strike, while in one or two 
instances a strike had actually taken place. Some of 
these causes of uncertainty and of stoppages have been 
removed, and hence the total unemployed list has 
been reduced somewhat in consequence. It is to be 
feared, however, that the reduction in the actual 
number of unemployed in the aggregate does not indi- 
cate any great improvement in the state of trade. 
For example, at the Barrow Iron and Steel Works the 
men resumed work on a compromise ; on the Clyde 
some works that were partially idle, by the strike of 
the ship carpenters and others, are again in operation. 
On the other hand, at Hull there has been a demand 
for men, and at Bolton trade is better. On the Tyne, 
the Tees, andthe Wear trade is not brisk by any 
means, though many hope and believe that the present 
depression is only temporary in its character. In the 
Steam Engine Makers’ Society only 290 are reported 
as out of work, of whom 163 are fitters and erectors 
and 104 turners, the others being 10 patternmakers, 
four millwrights, three smiths, and six seagoing engi- 
neers. Notwithstanding the increased briskness of 
trade at Hull, the seagoing engineers consented to a 
reduction in wages in view of the present low freights 
and keen competition for cargoes. The reduction was 
the result of mutual convession in face of difficulties 


then present, but which are thought to be only tempo- 
rary. Other branches also consented to reductions 
under precisely similar circumstances rather than risk 
a strike, 


The condition of the engineering industries through- 
out Lancashire indicates no appreciable improvement 
generally, though in a few centres some signs of 
greater activity have been manifest. The locomotive 
building branches, which for some time have been 
depressed, have been fortunate enough to get a mode- 
rate crder, but in general the weight of new work 
coming forward is inconsiderable. The branches 
which have fared the best are the heavy stationary 
engine builders and boilermakers, both of which 
branches experience a fair amount of new work giving 
out, though at very reduced rates in most instances. 
Machinists have also a fair amount of work on hand, 
though chiefly for export; the makers for home 
markets are notso busy. Machine tool makers are, as 
a rule, short of work, and the general run of engineers 
are slack. Taking the districts separately, we find 
that Manchester is dull and declining, with very little 
prospect of improvement ; Salford is very slack, sus- 
pensions being frequent ; Oldham not so good as it 
was, but there is little to complain of as compared 
with other districts. At Bolton, Ashton, Bury, and 
St. Helens trade is reviving somewhat, and the 
prospects are better. At Wigan, Rochdale, Pres- 
ton, Blackburn, Gorton, and Burnley trade is very 
dull, with little signs of improvement in so far 
az present appearances go. In the iron trade lower 
prices have led to some purchases of a speculative 
character, but for actual consumption little business 
has been done. Makers do not, as a rule, follow the 
low prices, and hence speculators are a little more 
chary of selling at the lower rates. In the manufac- 
tured iron and steel branches little is being done, 
though prices seem to have reached the lowest level. 
There are no labour troubles of any serious import in 
any branches of the engineering trades, but some dis- 
quieting rumours are afloat in some districts. As yet, 
however, no movement has taken place which indi- 
cates an intention of serious reductions in wages. 


In Leeds and other Yorkshire towns trade has been 
dull in the engineering branches for some time past, 
and there seems to be no indication of a revival of 
activity in any of the great centres. At York itis 
said to be moderate, but there is no pressure, and the 
tendency is to slacken off rather than to increased 
activity. At Barnsley and in some other districts the 
dispute in the glass trade and the coal crisis have had 
something to do with the dulness ; the latter cause has 
now passed away, but the strike in the glass trade con- 
tinues without any signs of a settlement at the present 
time. Other than these, there are no serious labour 
disputes in the several districts. 


The condition of trade does not improve in the 
Cleveland district. On the contrary, things are said 
to be going from bad to worse. This seems to be 
true as regards all branches of industry in the district. 
At Messrs. Bolekow, Vaughan, and Co,’s works there 
has been a reduction of wages all round of 5 per cent. 
on account of bad trade, but the men expect to get it 
back again when trade revives. In the mining branches 
the employers are seeking a 10 per cent. reduction all 
round, and the men allege that local reductions are 
taking place in various forms apart from the proposed 
10 per cent. reduction under discussion. 

In the Birmingham district the state of trade has 
not materially improved. Indeed, in most branches 
there is extreme dulness, and in some there appears to 
be no immediate prospect of a revival. The bicycle 
trade is tolerably busy, but at the small-arms factory 
men are being discharged. In the outlying districts, 
such as Dudley, trade is also bad, with little prospect 
of improvement. The business in crude and finished 
iron is limited in extent, though prices are maintained 
tolerably well, but there is no spring in the volume of 
business, and no speculative tendency. No fresh 
labour troubles have broken out in any branch of the 
local trades, but here, again, there are uneasy rumours. 
The engineering branches are dull in the extreme. 


In the Wolverhampton district trade is not so good 
in the engineering branches, and there is some quietude 
in other departments. The iron trade is in so unsatis- 
factory a condition that some rumours have been afloat 
as to the probability of a stoppage or partial stoppage 
of some of the works because of the limited orders, and 
their profitless character. The news of the decision of 
the miners’ conference was received with satisfaction, 
but otherwise no movement in trade was manifest in 
any department. 


The pioneer of the eight-hours movement in the engi- 
neering trades, Mr. William Allan, took his seat in the 
House of Commons last week as member for Gates- 
head. Mr. Allan is a big, burly man, stalwart of 
frame, and has a fine head. He was warmly welcomed 


by the House, and especially by the labour members. 
Mr. Allan is in favour of legislative action as regards 
the working hours, even to a greater extent than Mr, 
William Mather. 


The miners’ representatives favourable to legislation 
had a lengthy interview with the Prime Minister last 
week on the Mines Eight Hours Bill, but Mr. Glad- 
stone gave them cold comfort in so far as the Govern- 
ment was concerned, The delegates were rather dis- 
appointed at his attitude, and some of them hada 
notion that he paid too much deference to the ‘‘ Ulster 
of labour’’—that is, Durham and Northumberland—and 
too little to the other districts. Mr. John Wilson and 
Mr. Charles Fenwick and some other labour members 
were not invited to the interview with Mr. Gladstone, 
so that there should be no difference of opinion ex- 
pressed, but that prudent policy did not alter Mr, 
Gladstone’s opinion upon the case. 

Another deputation, or rather the same deputation, 
also waited upon the Home Secretary with regard to 
the Mines Regulation Act Amendment Bill and the 
Employers’ Liability Bi'l, and extracted from Mr. 
Asquith some words of sympathy as to the objects of 
the deputation. The former Bill proposes, amongst 
other things, to restrict the labours of workers in 
mines, under 21 years of age, to eight hours per day, 
but upon this point Mr. Asquith was silent. On the 
Employers’ Liability Bill it seems that the Govern- 
ment will acquiesce in any reasonable amendment in 
Committee, so long as it does not endanger the Bill. 
On all these points the employers are also busy with 
their case, and also as respects the Mines Eight Hours 
Bill ; on the latter an able pamphlet has been issued. 


There are two very disquieting items of news as 
regards the engineering trades, both pointing to a 
further increase in the number of the unemployed. One 
is the discharge of workmen from the works of the 
chief railway companies’ works. This seems to be 
true as regards the Great Western Railway Company 
at Swindon, at Crewe by the London and North-Wes- 
tern, and at Derby by the Midland. Slackness is also 
apparent at other companies’ works. 

The other item is the discharge of workmen at the 
Enfield Small-Arms Factory, and at some other 
Government works. The discharge does not seem to 
be general in all places, for at the Portsmouth, Sheer- 
ness, and even Woolwich works only a few have been 
discharged, and apparently none at Chatham or at 
New Brompton. But there are rumours of fresh sus- 
pensions at various places, as the programme of the 
late Government has been tending towards ccmple- 
tion. At the Elswick Works,1t Newcastle, men ar 
also being paid off rather rapidly. 


At Cardiff, at the close of last week, there was a 
tumult in connection with the seamen and firemen in 
consequence of an attempt of a ‘‘federation steamer” 
to ship a crew at 3/. instead of 4/. a month—the latter 
being the union rate of wages. The crowd invaded 
the offices of the Shipping Federation, smashed the 
furniture, and threatened the captain, The men had 
to be dispersed by the police. 


Some of the Progressives on the London County 
Council, backed by the labour members on that council, 
tried last week to impose the London rate of wages 
on a Glasgow firm, in connection with the building of 
a ferryboat for the council. But the motion was 
defeated. The supporters of the proposal tried to get 
the contract transferred to a London firm, but the 
majority of the council refused to alter the contract. 
The firm state that they pay the union rates in Glas- 
gow, but in some cases these are below the London 
rates, 

The cotton dispute in Lancashire is not much nearer 
a settlement, in so far as appearances go. Some of 
the mills are open at the compromise, but other firms 
are closing, or are putting the operatives on short 
time. The distress in many districts is getting more 
and more acute, and efforts are being made to feed the 
destitute in several of the large centres. Over 11,000 
looms are idle in Burnley for want of yarn, and thou- 
sands of operatives are idle in the streets. There is 
also a strong feeling of resentment against some of the 
employers for opening the mills ; on the part of other 
employers this feeling found vent on the Exchange a 
few days since, 


The miners of Northumberland have reversed their 
vote on the reduction of wages, and have now voted 
for the acceptance of the 5 per cent. offered by the 
employers at the interview with the men’s represen- 
tatives ashort time ago. The Durham vote is not yet 
made known, but it is thought that they also will 
assent to a reduction. The times are anxious for the 
men and for their representatives, and the coalowners 
say that they are not auspicious for them. 

In other mining districts matters were quiet last 
week, in view of the Birmingham Conference and of 
the deputations to Ministers as regards the eight 
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hours, the Mines Bill, and the Employers’ Liability 
Bill. But numerous meetings were held in various 
districts upon the general situation, and with respect 
to the rumoured attempts at reductions in wages. In 
South Wales things have quieted down somewhat, 
even the federation branches going against a general 
stoppage of the pits. The condition of trade is such 
in all parts of the principality that a general stoppage 
was deprecated, and even a stand for the rates of 
wages could not be made by the men. Nevertheless 
the leaders are soundly abused, as if they could help it. 

The great miners’ conference held at Birmingham 
went off rather witha fizzle. The proposal before the 
conference was the recommendation of the executive of 
the federation, ‘‘ That all miners in all mining districts 
throughout England, Scotland, and Wales take a 
general holiday, commencing on such date as a con- 
ference called for the purpose may determine.” A 
delegate representing Lancashire moved, and a dele- 
gate representing Scotland seconded, ‘‘ That the recom- 
mendation of the executive be accepted by this con- 
ference.” The delegate from Derbyshire proposed 
that it be not accepted, which was seconded by the 
Cumberland delegate, and carried by 173,000 to 
117,000 of the men represented, the majority against 
the proposal being 56,000. The singular fact in con- 
nection with the rejection of the recommendation of 
the executive, is that it was moved by one of the most 
prominent of the miners’ agents, representing the 
Derbyshire federation, a district supposed to be wholly 
on the side of the proposed stoppage. But Mr. 
Haslam, the same delegate who moved the rejection of 
the proposal, moved to restrict the working of the pits 
to four days per week ; this resolution was also rejected. 
The decision was, therefore, wholly averse to the 
policy of stoppages, play weeks, or play days, as a 
means of protecting the present rate of wages. 
South Staffordshire refused to senda delegate. Gene- 
rally the decision of the conference is applauded, not 
only by the mineowners, but by many of the miners’ 
representatives, and by the general public. The last 
stoppage dislocated trade, and did not greatly benefit 
the coalowners. The men who reaped the harvest 
were the coal merchants, who got rid of their stocks at 
enhanced prices. At the same time the policy adopted 
doubtless helped the federation to keep up the wages 
in the federation districts, when the wages were falling 
in South Wales, in Northumberland, and in Durham. 
There is a feeling of relief now that the conference is 
over. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on Feb- 
ruary 24, 1893, Professor A. W. Riicker, F.R.S., presi- 
dent, in the chair, Mr. Everett, jun., read a paper ‘‘ On 
a New and Handy Focometer,” by Professor J. D. 
Everett, F.R.S., and exhibited the instrument described. 
The focometer is constructed on the principle of the 
‘lazy tongs,” and so arranged that the distance between 
the object and screen can be varied whilst the lens is 
automatically kept midway between the two. This gives 
sharpest definition and the simplest calculation. The 
lazy tongs has eight cells, formed by 18 bars13 in. by # in. 
by tin., and is capable of being extended to about 8 ft. or 
closed up to about 1 ft. Brass pins about 3 in. in diameter 
and 14in. long project upward from each joint in the 
middle row, and serve as supports for clips carrying the 
lens, object, and screen. The instrument can be used for 
any lens whose focal length lies between 24 in. and 1 in. 
or less. To avoid error due to play in the joints, it is de- 
sirable to open or close the frame from both ends. The 
two chief disadvantages of the focometer are—first, its 
liability to flexure when much extended ; and, second, the 
rotation of the pins carrying the lens, &c., which necessi- 
tates re setting of the clips after a large alteration of 
length has been made. Details respecting the most appro- 
priate objects and screens, and practical hints about the 
working of the instrument, are given in the paper. The 
question of what accuracy is obtainable is also briefly 
discussed. jal 

Mr. A. Hilger thought the instrument was too flexible 
to be used for accurate work. 

Mr. Blakesley said it would be a great improvement if 
the pins could be prevented from rotating. Yor. this 
purpose it might be advantageous to slot the heads of 
the pins so as to fit on a straight bar. He also suggested 
that by using a plane mirror close behind the lens the 
light would be reflected back, and the length of the foco- 
meter could be reduced by one-half.’ 

The President thought Professor Everett never in- 
tended the instrument to compete, as regards accuracy, 
with the elaborate and expensive apparatus now used, 
but nevertheless the focometer was a very valuable one, 
especially for students’ work, and was particularly well 
adapted to impress upon them the facts relating to con- 
jugate foci. 

A paper on ‘' A Hydrodynamical Proof of the Equations 
of Motion of a Perforated Solid, with Applications to the 
Motion of a Fine Framework in Circulating Liquids,” by 
G. H. Bryan, M.A., was read by Dr. C. V. Burton. 
The object of the paper, which is a mathematical one, is 
to show how the equations may be deduced directly from 
the pressure equation of hydrodynamics, without having 
recourse to the laborious method of ‘‘ignoration” of 
co-ordinates. The general hydrodynamical equations of a 
perforated solid are first considered, and the pressure 
equation expressed in terms of the velocity potential, 


density, and the translational and rotational velocities of 
the liquid. The expressions for the mutual reaction 
between the solid and liquid are then reduced to the re- 
quired form by repeated applications of Green’s formula, 
and the results made use of for writing down the equa- 
tions of motion of the solid. The author then shows that 
the motion of the solid can be determined in terms of 
Routh’s modified Lagrangian function, and the form of 
that function found. The results are applied to deter- 
mine the motion of a light framework of wires. When 
the framework has a single aperture, it is shown that no 
force produces motion in its own direction, and no couple 
produces rotation about its own axis. In the case of 
a fine massless circular ring the direction of whose axis is 
taken as the axis of x, a constant force along the axis ofy 
produces uniform rotation about the axis of 2, and a con- 
stant couple about the axis of 7 produces uniform trans- 
lation along the axis of z. Inconclusion, the author states 
that the results might be made to furnish mechanical ex- 
planations of certain physical phenomena. ; 

Appended to the paper is a note by Dr. Burton relating 
to the proper measurement of the impulse of cyclic 
motion, and in a further note Mr. Bryan shows how the 
equations of motion may be deduced from Dr. Burton’s 
suggestions. 

The President said the author had done good service by 
attacking the difficult problem by elementary methods. 
He had also arrived at some very interesting conclusions, 
particularly the one showing that a perforated body 
moving through a liquid required no force to keep up the 
motion. 

Dr. C. V, Burton made a communication ‘‘On Plane and 
Spherical Sound-Waves of Finite Amplitude.” The first 

part of the paper refers to plane waves. This subject 
bad been considered by Riemann, but Lord Rayleigh 
had criticised that part of Riemann’s work where it is 
held that a state of motion is possible in which the fluid 
is divided into two parts by a surface of discontinuity 
propagating itself with constant velocity, all the fluid on 
one side of the surface of discontinuity being in one uni- 
form condition as to density and velocity, and on the other 
side a second uniform condition in the same respects. After 
quoting Lord Rayleigh’s criticism, the author shows that 
the same objection applies when the velocity and density 
on either side of the surface may vary continuously in the 
direction of propagation, aud the velocity of propagation 
of the surface of discontinuity is also allowed to vary. In 
each case the assumed motion violates the condition of 
energy, and can only exist under that special law of pres- 
sure for which progressive waves are of accurately perma- 
nent type. Inquiry is then made as to what becomes of 
waves of finite amplitude after discontinuity sets in 
(which condition must always occur with plane waves), in 
the course of which it is pointed out that the front of an 
air disturbance produced by a moving source which starts 
impulsively, travels faster than the source, even if the 
velocity of the source exceeds that of feeble sounds. A 
mechanical analogy suggests that a dissipative production 
of heat takes place when discontinuity occurs. 

In all cases Riemann had assumed that the pressure is 
a function of density only according to the isothermal or 
adiabatic law, and thus failed to take account of any heat 
which may be dissipatively produced. 

The first part of Dr. Burton’s paper is concluded by a 
short reference to Dr. Tumlirz’s work on the subject, who 
infers that as soon as a discontinuity is formed it imme- 
diately disappears again, this effect being accompanied 
by a lengthening of the wave and a more rapid advance 
of the disturbance. In this way Dr. Tumlirz seeks to 
explain the increased velocity of very intense sounds. 
The author, however, considers that an increased velocity 
can only ensus when the motion has become discon- 
tinuous. 

Part II. of the paper deals with spherical waves, and 
contains a mathematical investigation into the conditions 
under which the motion remains continuous or becomes 
discontinuous. The criterion is found in the finitude or 
infinitude of a certain integral. It is shown that if vis- 
cosity be neglected, then under any practically possible 
law of pressure the motion in spherical sound-waves 
always becomes discontinuous. For waves diverging in 
four dimensions some cases occur in which the motion 
remains continuous. The general question of spherical 
sound-waves of finite amplitude is then treated of, and 
the paper concludes with a method of finding the dif- 
ferential equation of an infinitesimal spherical disturb- 
ance which is superposed on a purely radial steady 
motion. 

Professor A. S. Herschel inquired whether the nature 
of the solution for plane waves of finite amplitude was 
similar to that for ordinary wave motion. In the latter 
case everything depended on the instantaneous impulses, 
for these alone determined the nature of the wave. 

Referring to Mr. Bryan’s paper, he (Professor Herschel) 
asked if the author could apply his equations to centri- 
fugal fans. A particular kind of double fan had recently 
been tested, and gave very anomalous results, which had 
not yet been explained. 

The President said Mr. Boys’ experiments on flying 
bullets might have some bearing on Dr. Burton’s paper. 
If the conclusions there stated were correct, then the 
velocity of the air in front of a bullet should be greater 
than that of the bullet, even if the latter was travelling 
faster than ordinary sound-waves. He now asked Mr. 
Boys if his photographs gave any evidence of this. 

Mr. Boys said the fact that the photographs showed 
disturbances in front of the bullet proved that the dis- 
turbance travelled faster. In one case, where a large 
bullet was moving at a velocity rather greater than that 
of ordinary sound in the medium, the front of the dis- 
turbance was about half-an-inch in advance of the bullet. 
In another instance, where the bullet was smaller and the 
velocity greater, the distance which the disturbance was 


in advance of the bullet was somewhat less. In all cases 

eveu when the velocity of the bullet was four times thas 

of sound, the character of the effects remained the same, 
Dr. Burton replied to the points raised. 


HIGH - PRESSURE HYDRAULIC PRESSES 


IN IRON WORKS.* 
By R. M. Darren, Dusseldorf, Germany, 
(Concluded from page 268.) 

The Double-Action Pump.—The double-action pump, 
without flywheel or accumulator, may be used, as already 
observed, in like manner as the intensifier ; but additional 
valves in the hydraulic column will be required, and par- 
ticularly such as are operated by the piston stroke, and, 
therefore, involve for their closing more interruption of 
the current. Haswell’s press, used in Austria twenty- 
five years ago, tor forging steel and wrought iron, was 
provided with a pump of this type, the defects of which 
were partly responsible for the long delay in the introduc- 
tion of the system, though, doubtless, the main cause was 
that the press was too weak to treat steel ingots. With 
the guidance of later experience, the double-acting steam 
pump can often be employed with advantage, by reason 
of its small space requirement. 

The forging press of the Duisburger Maschinenbau- 
Actiengesellschaft, shown in Figs. 10, 11, and 12, is 
built on this system, to exert, at a water pressure of 
4267 lb. per square inch, a total pressure of 100 tons. It 
is in the form of a steam hammer, with single G frame. 
This frame carries the anvil below, and above, the 
steam cylinder B, the piston of which is connected by a 
double crosshead D with the hollow pressstamp C. The 
steam cylinder EH, on the back of the frame, drives the 
two high-pressure pumps F and G, and is regulated by 
the levers H, J on the top of the frame. ‘The reservoir 
supplies the pumps, and receives the spent water. The 
valve K distributes steam both to the lifting cylinder B 
and the driving cylinder EK. L, L are the hydraulic pipes 
connecting the pump and intensifier with the hollow 
press stamp. 

The novelty of this construction consists in two fea- 
tures. The first is that the steam, after being used in 
the lifting cylinder, can be conducted into the space 
above the piston, partly to save steam, partly to equalise 
the pressure on the two sides of the piston, or, if desired 
(by the use of different areas of piston surface above and 
below), to effect an accelerated back stroke of the stamp, 
At the same time the double-acting pressure pump is 
controlled by a differential lever in such a way that every 
position of this lever represents a definite position of the 
stamp. The second novel feature is that the press stamp 
C is protected against side strains by specially heavy 
guides. This press has been in operation at Duisburg for 
some time with perfect success. 

The forging press on the Trappen plan, made by the 
Markische Maschinenbau-Actiengesellschaft, in Wetter, 
Ruhr,t is provided with a pump on this system, bub 
separated from the press, It is in operation at the Skoda 
Works, at Pilsen. 

The Bawre Press.—Forging presses for the treatment of 
steel ingots have come into general use only within the 
last four years, since the firm of Tannet and Walker, of 
Leeds, demonstrated by various applications on a large 
scale, that such presses could be most advantageously 
substituted for heavy steam hammers. Following the 
example of several English works, most of the large 
manufacturers of forged steel have adopted presses. 
According to a report of the French engineer, F’. Gautier, 
made in 1889, Krupp, in Essen, had already a press of 
2000 tons pressure, replacing a 75-ton hammer, and had 
ordered a 4000-ton press. The same report enumerates 
twelve large presses, finished or under way, and shows 
that 1200-ton presses would replace 30-ton hammers, 4000- 
ton presses 120-ton hammers. 

The Bochumer Verein fiir Bergbau und Guss-stahlfabri- 
kation, in Westphalia, has advanced in the construction 
of forging presses, after making several of 1000 tons pres- 
sure or less, to the production of a 4000-ton press. The 
details of this press, freély shown to me, confirm the 
statement made at the beginning of this paper, that by a 
suitable arrangement of- the valve action, the disadvan- 


-tages of valves operating in the high-pressure water 


column can be done away. As will appear from the de- 
scription which follows, this object is essentially effected 
by connecting the valve cones with plungers operated 
with low-pressure water, by which plungers they are 
either fully opened or completely closed. The speed of 
the working plunger of the press is then regulated by a 
special throttle valve in the high-pressure column. 

The presses of the Bochum Company, built under the 
German patent of Fritz Baare (No. 45,323), are illustrated 
in Fig. 13, They are arranged for three separate working 
pressures, in the proportion 1:2:3. The diameter of 
the lower part of the press plunger is 86.6 in.; of the 
upper part, 20.9 in. Under a water pressure of 600 
atmospheres the total pressure exerted would, therefore, 
be 4075 tons; or, after subtracting the counter-pressure 
of the lifting cylinders, about 4000 tons. The lifting 
cylinders are connected with an accumulator of 50 at- 
mospheres pressure, so that, after the escape valve is 
opened, the press plunger rises. The stroke of the latter 
is 60 in., which is sufficient for the largest forgings. 
Raising or lowering the upper part of the press, which 
has been necessary sometimes with the presses built by 
Tannet and Walker, is not required under Baare’s con- 
struction, since, even at its lowest point, the plunger 
still has sufficient bearing in the cylinder. The hydraulic 


* Paper read before the American Institute of Mining 
Engineers and the Verein Deutscher Hisenhiittenleute, 
t+ See Stahl und Eisen, 1890, No. 8, page 690, 


Marcu 10, 1893. ] 


packing sleeves on the lower part of the plunger are ren- 
dered accessible by the easy removal of a stuffing-box. 
The sleeves on the upper part of the plunger can likewise 
be changed speedily and without trouble, after the 
eylinder-head has been removed. There are two of these 
upper sleeves, one making a tight joint upwards and the 
other downwards. Since the cylinder-head is heavy, a 
hydraulic crane is provided to lift it and move it to one 
side. The turning of the crosshead which carries the 
upper die is prevented by the two lifting pistons, the 


\u Fig. 10. 
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parallel lines. Inthe use of the latter the whole crane 
must be moved back and forward during the forging, 
while under the Bochum system only the light jib is so 
moved, . 

The position of the crane operator, a little above the 
floor level, is a very good feature, facilitating the compre- 
hension of signals given to direct the movements of the 
cranes, The cranes are operated with water at 50 atmo- 
spheres, and the loads are lifted and lowered with the 
greatest simplicity and certainty by direct-acting pistons, 


Fug. 


downward prolongations of which have still a diameter 
of 10} in. The lower die can be easily replaced, for 
which purpose it is lifted by means of the lifting pistons 
till it will clear the floor, and is then drawn away side- 
wise by one of the two forge cranes. The upper frame, 
which is made in two parts of cast steel, weighs 64 tons. 
The press cylinder, also of cast steel, weighs, after finish- 
ing, 35 tons, and required 57 tons of steel for the casting. 
The valve action of the press (which is described in 
German patent 48,945) has the great advantage that, by 
means of a single lever, the press piston, with the smaller 
capa of 50 atmospheres, is brought upon the mass to 

e forged ; then subjected to the higher pressure; and 
finally, raised again. The movement of the lever arm for 
these operations is only 23.6 in., and the force required 
is about 11 1b., so that a small boy can operate it con- 
veniently without fatigue, The movement of the valves by 
water pressure, instead of by hand, has the further advan- 
tage that they are not limited as to size or stroke, and thus 
the flow of water may be reduced to a comparatively small 
velocity, which favours the endurance of the valves. At 
the side of the main lever is a smaller lever, by means of 
which the area of the two inlet openings into the press 
cylinder is regulated. At the middle portion of this 
lever both are open, so that the press exerts a maximum 
pressure. Moving the lever to the left shuts a valve in 
the pipe to the small cylinder, so that only the medium 
pressure is applied. Moving to the right, similarly shuts 
off the lower cylinder, and gives the minimum pressure. 
In this way the pressure can be instantly varied as re- 
quired ; and this feature, together with the use of lower 
pressure (50 atmospheres) water for supply, during the 
forging, effects a considerable saving of power, so that a 
duplex pump with steam cylinders of 30 in. diameter 
and 36 in. stroke is adequate to a 4000-ton press, with 
600 atmospheres water pressure. The accumulator for 
this press (Pritt and Seelhoff’s patent) is 8.8 in. in dia- 
meter, with 10 ft. stroke, and at its extreme upper 
position automatically stops and starts the pump. 

The arrangement of the press* is similar to that of the 
arge Bochum hammer forge, and has more recently been 
adapted by Terni also. The travelling cranes, which 
move around the press on a circular track 108 ft. in 
diameter, have several advantages over those moving in 


* See also Stahl und Eisen, 1892, No. 3. 
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working in vertical cylinders which travel with the cranes, 
There are at present four furnaces, and foundations for 
two more. The furnaces being grouped comparatively 
close to the press, can be easily served by the cranes. 
The workmen are, nevertheless, not inconvenienced b 

the radiation of heat from the furnaces. The bloom is 
turned during forging by means of two roll tables, carry- 
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ing movable chain drums, and operated af hydraulic 
power. These can be used also to draw the blooms from 
the furnaces. 

The water at 50 atmospheres required for the cranes 
and the press is furnished by a duplex pump with steam 
cylinders of 18 in. diameter and 27} in. stroke. The 
accompanying accumulator has a diameter of 17.7 in. and 
a stroke of 138 in. 

Finally, there are in reserve a second 600-atmosphere 
pump, a second 50-atmosphere pump, and a second pneu- 
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matic accumulator, guarding against any prolonged inter- 
ruption of the work. 

The valve action is designed to secure the easy and 
rapid movement, without shocks, of the valves controlling 
the hydraulic plunger. For this purpose each of them is 
connected with a plunger under lower water pressure, 
regulated through a slide valve by hand. Since in this 
way the opening of the press valves is always complete, 
the speed of the press must be otherwise regulated ; and 
this is done by introducing into the pressure water 
column a non-weighted throttle slide, which, being like- 
wise easily moved by hand, regulates, at the will of the 
operator, the speed of the water and of the plunger. 

This valve action (covered by German Imperial patent 
No. 48,495) is shown in Figs. 14 to 22 inclusive. Fig. 14 
is a diagram of the whole arrangement of the press, 
accumulators, and connections ; Figs. 15, 16, and 17 show 
the water-pressure slide valve d in three positions ; 
Fig. 18 is a vertical and Fig. 19 a horizontal section, 
showing one form of the throttle slide valveg; Fig. 20 
shows a form for the main press valves a, b, and c; 
Fig. 21 is a section and Fig. 22 a plan, showing the 
manner in which valves d and g are operated together. 

In Fig. 14 B and C are power accumulators, which feed 
the cylinder of the hydraulic press a. B contains low- 
pressure (50-atmosphere) water, which is used to fill the 
press-cylinder and to start the plunger, while C serves to 
exert the final working pressure, and is loaded higher (500 
atmospheres). The press-valves are at a, b, andc. Through 
b enters the water at 50 atmospheres, through c the water 
at 500 atmospheres, and through a the water escapes from 
the press after use. The upward movement of the plunger 
is effected by means of an annular projecting flange (not 
clearly shown in the small-scale drawing, Fig. 14, 
though indicated by the cap shown in dotted lines above 
a), the space under which is kept in connection with one 
of the accumulators; or this upward stroke may be 
effected by a special lifting cylinder above the press, or 
by two such, one on each side. The valves a, 6, and ¢ 
are not operated directly, but through the distributing 
slide valve d, which is moved by the lever h (Fig. 21), 
and which opens and shuts the supply valves with the aid 
of small low-pressure cylinders m (Fig. 22). These are 
connected with a, 6, and c by the pipes u, v, w (Fig. 14). 
The pressure water for operating the valves enters by the 
pipe p and escapes by gq. 
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The distributing slide valve d contains two cups or 
shells disposed side by side, or one behind the other. 
There are three ports in the valve seats, each of which is 
connected with the space m over one of the auxiliary 
plungers of the press valves. For the control of the press 
it is necessary that each of these valves may be opened at 
will, while the other two are closed. On the other hand, 
all three must be kept closed when the hydraulic plunger 
is to be held in one position. Now each of these valves is 
closed so long as water under 50 atmospheres fills the 
space m, which is the case so long as the corresponding 
port in the distributing valve seat is not covered, and the 
50-atmosphere water, entering at p, can consequently 
pass to m. On the other hand, either of the valves a, b, 
and ¢ will open whenever the 50-atmosphere pressure is 
removed from m by such a change in the position of the 
chambers of the distributing slide valve as puts the cor- 
responding port in connection, not with the inlet p, but 
with the outlet g. , 

Figs. 15, 16, and 17 are diagrams illustrating the three 
principal positions of the distributing slide valve. In the 
tirst position, Fig. 15, the pipes uv and _v, communicating 
with the spaces m over the auxiliary plungers of valves a 
and b, are under pressure from p, and these valves are 
consequently closed, while pipe w is shut off from p and 
connected with g. There is consequently no pressure in 
the space m over tbe auxiliary plunger of valve c, and this 
valve is open. In the second position, Fig. 16, the pres- 
sure from pis similarly removed from valve b (the low- 
pressure water valve) and left upon @ and ¢ ; while in the 
.third position, Fig. 17, b and c being closed by the pres- 
sure from p in the space m above each, a, the back-stroke 
valve, is open, permitting the escape of the water from 
above the press piston on its return stroke to the press. 
It is evident that at intermediate positions of the slide, 
between the first and second or the second and third, all 
three of the plungers m will be under 50-atmosphere pres- 
sure from p, and all three valves a, b, and c will be closed, 
preventing movement of the press plunger. 

As will be seen in Fig. 20, the valves thus operated by 
water pressure at m move, in opening or closing, to the 
full extent of the stroke allowed them ; that is, they open 
or shut completely. It would be difficult to devise any 
simple arrangement by which the stroke of these valves 
could be varied during the operation of the press so as to 
control the flow of water. Hence, against a constant re- 
sistance, the speed of the press plunger cannot be altered 
by means of this valve action. Yet it may be very desir- 
able in practice to effect easily and at will such a change 
of speed ; and this is completely effected by means of the 
balanced throttle valve g, Fig. 18, already mentioned. 
This is connected at 7 with the three valves a, b, and c, 
and at s with the press, and thus constitutes a part of the 
pipe circuit, through which the pressure water enters the 
press and the spent water returns. The throttle valve g 
and the water pressure s}ide valve d are both operated by 
the lever h, as shown in Figs. 21 and 22. The throttle 
valve is perfectly balanced, and can therefore be easily 
moved. It operates in such a way that either at the 
instant when either of the valves a, b, and ¢ is opened, or 
immediately afterwards, the connection with the press is 
gradually made. It is thus possible to cause the press 
plunger to descend (whether under 50 or 500 atmospheres), 
or to rise, rapidly or slowly, as may be desired. The 
whole arrangement described above is specially designed 
to require a minimum expenditure of force at the lever h, 
in order to secure corresponding certainty and accuracy 
in the control of the movement of the press plunger, This 
object has been successfully attained, since the water 
pressure slide valve d can be reduced to small dimensions, 
arcs work of moving the balanced throttle valve is 
slight. 

Other Designs.—In order to obviate the swaying side- 
wise of the frames of vertical hydraulic presses at every 
side pressure of the plunger, I have’ proposed (Stahl und 
Eisen, 1889, No. 12, page 1044) oblique instead of vertical 
pillars. In this case the upper girder is dispensed with, 
hae the tie-bolts take direct hold on the cylinder- 

ead. 

F. W. Walker’s vertical press (Stahl und Eisen, 1891, 
No. 11, page 933), based upon similar principles, was 
patented in England in September, 1890. 

The press of B. Walker, of Hunslet, Leeds, designed to 
produce forgings of rectangular section, is a combination 
of two presses, one vertical and the other horizontal, and 
placed one close behind the other, so that the bloom can 
be easily moved on a suitable hydraulic carriage back and 
forward from one to the other. ach of these presses has 
one fixed die or anvil, and a movable die or hammer, 
operated by three hydraulic plungers, either or all of 
which can be put under pressure. 

In the 4000-ton forge press of Chatillon and Commen- 
try, at Monlugon, in France (more particularly described 
by me in Stahl und Eisen, 1892, No. 2, page 57), the side 
strains of the plunger are taken up, not by the support- 
ing columns, but by two hydraulic plungers, moving in 
vertical cylinders set below the floor and between the 
press columns, at the two opposite ends of the frame. 
These plungers carry a moving crosshead, and thus lift 
the working plunger on its return stroke. The relief of 
the frame columns from side strains will be secured by 
this arrangement if the side plungers and connecting 
parts are made sufficiently strong. ‘The objection to itis 
that it takes up room between the columns, and requires 
that the latter shall be therefore set further apart, in- 
creasing the size of the frame. 

A press of distinct importance for steel works is that 
of Whitworth, of Manchester (Fig. 24), designed for the 
compression of steel in the ingot mould, which I saw at 
the works of the Bethlehem Iron Company, Pennsylvania. 
A is the press cylinder; B the hydraulic plunger; C the 


wagon on which the ingot mould is brought under the 
press ; D are four hollew columns connecting A with the 


movable crosshead E, which is lifted by hydraulic 
plungers, and is held to the columns D by the rings F. 
The plunger G closes the ingot mould when the pressure 
is applied from below to the liquid steel. According to 


6 tons to 19 tons per square inch of the ingot section.* 
Tar Hypravutic Press CoMPARED WITH THE HAMMER 
AND THE ROLLS. 


The mechanical effect of the hydraulic press upon ingot 
metal is superior to that of the hammer, because it is 


equal time and cqual steam consumption, twice the 
_ weight of forgings that can be made by the hammer—tho 
explanation of the difference being that part of the blow 
of the hammer is wasted on the foundation, while the 


Professor Howe, of Boston, the pressure exerted is from | whole effect of the press is utilised in the bloom. 


Whether hydraulic presses can be successfully substi- 
tuted for rolls is still undetermined. A press which I 
saw in operation two years ago at the Clarence Works, 
Middlesbrough, England, seemed to bear the comparison 
favourably. With a pressure of 1200 tons it turned out 
per shift 50 to 60 tons of rectangular blooms and slabs, 
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exerted with absolute certainty upon the whole mass 
beneath the die; since, if the pressure is not sufficient to 
overcome the resistance of every part of this mass, the 
plunger must stop. Hence, the form shown at a, Fig. 23, 
expresses the effect of the press; while the hammer, in 
the most favourable case, that is, when its momentum is 
sufficient to compress the entire section of the bloom, 
produces the form $. Butit is an evil incidental to the 
hammer, that it produces a change of form, even when its 
blow is too light to affect the whole mass, In such cases, 
the surface only is affected, aud the form c results. The 
consequent lack of uniformity in the compression of the 
metal structure is easily seen to be injurious to the 
strength of steel, and experience has proved it to be 
the cause of many fractures of steel forgings. 

It is generally reckoned that the press will turn out, for 

* The pressure on the steel is gradually increased, 
usually until it reaches 6 tons, occasionally till it reaches 
20 tons per square inch of the horizontal section of the 
ingot.—Metallurgy of Steel, page 156, 


Later improvements have increased the produce to pro- 
bably 80 tons, which would about represent the proportion 
of its first cost ; since the rolls, costing three times as 
much, would produce about three times asmuch. On the 
other hand, the press has the advantage that it can make, 
without replacement of its parts, any desired rectangular 
section, while the number of sections possible to a pair 
of rolls is limited—a point of importance in the produc- 
tion of slabs for plate. So far, however, as concerns the 
ordinary nearly square bloom mostly required in rolling 
mills, the blooming rolls are likely, for a long time to 
come, to retain the advantage in economy of steam and 
cost of labour. Special arrangements of hydraulic presses 
to replace blooming rolls, are shown in the designs of 
Charles Davy, of Sheffield, and B. Walker, of Leeds. 
(Stahl und Hisen, 1890, No. 6, and 1891, No. 3.) 

Cordial acknowledgments are due to the firms and com- 
panies named in the foregoing paper, for the liberality 
with which they have communicated drawings, records 
of experience, &c., and granted permission for the free 


| publication thereof, 
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‘“* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
ae., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Ofice 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
vive notice at the Patent Office of oprosition to the yrant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


3587. C. W. Stauss, Berlin, Germany. Smoke- 
Consuming Boiler, &c., Furnaces. [5 Figs.) February 
23, 1892.—This invention relates to a smoke-consuming furnace 
for tubular, &c, boilers. A heating apparatus is built behind 
the firebridge, and consists of a number of adjacent plates secured 
together and connected with an air chest in order to provide 


assages for the air and fire gases. This air-heating apparatu- 
is covered by fireclay plates for protecting it from the injurious 
action of the flre; a butterfly valve, actuated by hand or auto 
matically, being arranged in the tube pipe leading to the air 
chest for the purpose of supplying the latter with air. (Accepted 
February 1, 1893). 


4487, F. Morthand A. J. Basch. Vienna, Austria. 
Flues of Steam Generators. (12 Figs.) March 7, 1892.— 
This invention relates to steam generators, and consists in ar- 
rangement of the flues and in meens for clearing them out. 
Openings @ are provided with tightly closing doors pin the 
masonry in line with the flues F, for the purpose of enabling the 


flues to be cleaned out. A sliding valve is provided for baftling 
and concentrating the heat in the first part of the flue. This 
baffling arrangement can be employed either alone or in combina- 
tion with partition walls d, e, /, for regulating the draught in each 
individual flue, or completely opening or closing the latter, A 
chamber O receives and stores up latent heat from the furnace 
flues for superheating steam. (Accepted February 1, 1893). 


5322. A, Meilhan, Chaton, Seine-et-Oise, France. 
Slide Valves, &c.,for Steam Engines. (6 Figs.) March 
17, 1892.—This invention has for its object to provide slide 
valves, wherein separate valves are used for the admission and the 
exhaust of the steam. The cylinder A is closed at its ends by 
two boxes B, B', in each of which is placed an admission slide 
C and an exhaust slide D contained in separate compartments. 
The slides are provided with a nut @ which receives a screwed 
valve-rod. The slides are connected to their rods E, F by means 
of the screw nuts a for the purpose of adjusting their position 
relatively to the slide faces, On the sides of the nuts a are formed 
wings, below which are helical springs which give the pressure 
requisite for maintaining the slide against its face. The rods E, F 
are actuated by means of camsG and H, which receive motion 


from shafts K, L. The shaft K is placed at right angles to the 
shaft which drives it, by means of mitre bevel wheels, and carries 
the two admission cams, one for each endof thecylinder. The 
cams can be slid longitudinally upon the shaft for the purpose of 
varying the cut-off. Each of the cams G@ has a circular groove in 
which is engaged a collar 7; these collars are connected together 
by two rods & which keep them at the required distance apart ; 
one of these rods is guided in the supports n and receives motion 
from the governor of the engine. Each slide rod carries at one 
end a roller bearing against the corresponding cam G, and is 
guided on the one hand in the support d and on the other by a 
sleeve e beyond the slide C. Thesleeve is surrounded by a helical 


presses the spring, so that when the cam recedes from the roller 
the slide is rapidly pushed back by the spring in expanding 
again. Each rod E carries a ring h, fixed thereon by a key, which 
limits the backward motion of tha slide, so as to cause it to resume 
the exact required position in which it closes the steam ports of 
the cylinder. Each exhaust slide D receives its motion from a 
cam H, fixed on the shaft L. The rod F carries a roller, and is 
guided on the one hand by a support, and on the other hand by a 
sleeve which differs from the sleeve of the rod E in that it has no 
spring. The two rods F are connected together by means of a 
beam pivoted on a support fixed to the cylinder ; this beam receives 
motion alternately from one or other of the two rods F, F by 
means of collars m, so that when the rod F is pushed inwards by 
its cam, so as to cause the corresponding slide to open the ex- 
haust port, the movement thereby imparted to the beam causes 
this to move the other rod F outwards, thereby bringing the 
corresponding slide into the position for closing its exhaust ports. 
Thus each exhaust slide remains respectively in the closed and 
open position during nearly the whole of the piston’s stroke, 
(Accepted Febrwary 1, 1893). 


5590. J. H. and G. Kellet, Bradford, Yorks. 
Vertical Steam Generators. (2 Figs.) March 2?, 1892.— 
This invention relates to steam generators of the vertical type, 
and consists in employing a combustion chamber above the fire- 
box but below the water line, and connected to the firebox by a 
series of tubes, The flue is formed in the side of the chamber, 
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and is arranged to be used as a manhole to facilitate inspection 
and repairs of the interior of the chamber and tubes. The com- 
bustion chamber is stayed above to the top of the shell, and below 
to the firebox. Mud holes are formed in the shell to give access 
to the tubes, and also at other parts of the shell. (Accepted 
February 1, 1898), 


5688. J. R. Rhodes, Prestwich, Lancs. Promoting 
Circulation in Steam, &c., Generators. [l Fig] March 
23, 1892.—This invention relates to steam generators of the 
“Galloway” type. A tube / is screwed to the top of the dome, 
and extends downward to a point somewhat below the low-water 
level of the boiler. The tube f is open at both ends, and the 
lower end occupies that portion of the water tube which is most 
exposed to the flame and products of combustion, being the point 
where the most steam is generated. Above the upper opening 
of the tube and covering over the top of the dome is a saucer- 
shaped baffle-plate k secured to the top by studs. A J-shaped 
steam pipe is also provided, the longer arm 7 of which extends 
upward into the crown of the dome, while the shorter arm is in 


line with the centre of the tube /, and terminates in a conical 
nozzle, The steam bubbles forming rapidly in the cross tube b 
rise to the upper part of the dome, and the steam in the dome, 
together with the water, is forced up the central tube f, overflow- 
ing back into the boiler through the space between the crown 
of the dome and the deflecting saucer k. The steam in the upper 
part of the dome enters the J-pipe through the open top of the 
longer arm, and :ushing upward through the nozzle assists to 
maintain the regularity of the upward rush. The slight throttling 
of the tube f just above the steam nozzle concentrates the current 
at this point, and water issuing from between the cap k and the 
dome is deflected downward and outward, priming being thus 
prevented. (Accepted February 1, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


3616. G. Richards, London. Shaft Brackets, &c. 
{5 Figs.) February 24, 1892.—This invention has reference to 
shaft brackets with adjustable bearings, The shaft brackets are 


spring which bears with its one end against the nut a and at the | constructed so that the bearing with its external holder can 


other against a key passing through the sleeve and controlled | be adapted to various forms of brackets for erection in different 


by a screw begring against it. The cam G, in rotating, com-! positions, The bearing s has formed on it a spherical belt com- 


pletely surrounding it, which rests in a corresponding seat in the 
bearing holder b, the latter having a stem fitting into a bracket 
which has formed in ita sleeve to receive the stem, the sleeve 
being partially split and having a locking bolt to clamp it 
together, a bolt being arranged to adjust the bearing holder b in 
a vertical direction with regard to the bracket R. (Accepted 
February 1, 1893). 


4599. A. Keats, Stafford. Rotary Paring Cutters. 
(7 Figs.] March 8, 1892.—The object of this invention is to 
manufac_ure rotary paring cutters. Discs of steel are prepared 
as cutter blanks of a thickness corresponding to the breadth of 
cutter desired to be produced, and are turned down to the profile 
corresponding to the work to be done. The blanks are mounted 
severally on a horizontal spindle carried by a slide, and fitted to 
a dividing wheel. The first operation on this shaped blank is to 
mill off a portion of the periphery by traversing the blank under 
a stationary milling tool until it is reduced to a polygonal form. 
The milling tool is formed with a profile corresponding to that of 
the blank, and in traversing the Jatter the profile is preserved 
in the flattened portions of the blank. As each cut is made the 
blank is drawn back, and is moved round on its axis to bring it in 


4599 


position to receive asecond cut from the milling too]. In this 
way it is reduced to a 12-sided figure by passing it a correspond- 
ing number of times under the action of the profile milling tool. 
These flattened portions of the blank are then converted into 
cutters. For this purpose the blank is removed to another milling 
machine and presented by the aid of a dividing wheel to a 
descending milling tool, which passes through the perimeter of 
the disc, making a tangential cut through it, and forming thereby 
acutter which overlies the space that provides for the escape of 
parings from the cutter’s edge when the tool is in use. This 
milling tool is brought down and caused to enter the b!ank at the 
angle where the adjacent flattened portions meet, and the blank 
being presented 12 times to this descending milling tool by means 
of adividing wheel, the required number cf cutting edges are 
formed in the paring tool. (Accepted February 1, 1893). 


5176. W. L. Spence, Manchester. Bearings for 
Shafts. (4 Figs.) March 16, 1892.—This invention consists in 
a combination of parts which automatically carry a stream of oil 
over the rotating shaft, collect this oil, filter it, and return 
it to a well whence it is again carried through the bearings. 
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A band passes over the shaft and dips into the well contained in 
the pedestal casting. The oil carried up by the chain C passes 
through the bearing tocups at either end, where it is collected 
and returned through the oil-ways to the filters F, through which 
it flows into the well W. (Accepted February 1, 1893). 


5054. A. Ransome, London. Band Sawing Ma- 
chines. (2 Figs.) March 15, 1892.—This invention relates to 
band sawing machines for logs and other heavy timber, and 
applies to those parts of the machines which serve for main- 
taining the saw blade in its proper position on the saw pulleys 
when cutting, and for putting the proper tension onit. A screw 
is cut on the top pulley shaft on either side of the after bear- 
ing F, two sets of lock nuts being provided at either end of 
the bearing. By turning these lock nuts in either direction the 
required adjustment is made, and the upper pulley given the 


desired overhang as regards the lower wheel. For the second 
adjustment two bearings carrying the upper pulley shaft are 
mounted in slides H, which can be moved transversely by 
screws J on planed faces on the bracket which carries the wheel. 
In order to give the vertical tilting motion to the top saw pulley, 
the slide H carrying the after bearing F is mounted on a cylinder 
sliding vertically in a socket, and provided with a screw 
turned by the handwheel, by which the bearing can be raised 
or lowered. The horizontal swivelling motion of the top saw 
pulley A is accomplished by fitting the slide H which carries the 
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after bearing of the pulley shaft with a screw nut, in which 
works a screw bearing at one end a bevel wheel gearing with 
another bevel wheel upon a spindle worked by a handwheel, 
so that the after slide can be traversed independently of the fore 
one. The two bearings of the upper saw pulley shaft are 
so socketed in their plummer-blocks that they can swivel in any 
direction to compensate for the varying angles of the shaft. 
Means are provided for obtaining proper tension on the saw blade. 
(Accepted February 1, 1893). 


20,984. B. Wesselmann, Hamburg, Germany. 
Lathe, &c., Chucks. [3 Figs.) November 18, 1892.—This 
invention has for its object the provision of a chuck for holding 
drills, &c., in which the clamps for receiving and holding various 
sized drills are dispensed with, and which is provided with holes 
for receiving the shanks of different sizes, and each adapted to be 
adjusted and secured so that its axis coincides with that of the 
chuck, A cylinder a is eccentrically mounted in the main body A, 
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and is provided with axial borings of different diameters, so 
arranged that by the rotation of the cylinder the axis of each 
boring can be brought to coincide with the axis of the main body, 
and fixed by means of a screw working in the latter and 
passing through a radial hole in the cylinder into the axial hote, 
and provided with means for indicating when the axes coincide 
and for accurately holding them in this position. (Accepted 
February 1, 1898). 
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GUNS, &c. 


7571. A. Radovanovic, Pilsen, Bohemia, 
Austria. Gun Carriages. [10 Migs.) April 21, 1892.— 
This invention relates to wheeled gun carriages having lateral 
training apparatus which can be combined witha brake device 
for receiving the recoil. The training wheel A is arranged with its 
axis in the direction of the length of the trail B of the gun carriage. 
For the purpose of training the gun the trail wheel A is adapted 
to be rotated through a shaft b. The shaft bis made capable of 
axial movement in the direction of the length of the trail B to the 
extent of the dotted line y (Figs. 1 and 2). The rotation of the 
shaft b, by means of which the wheel A is caused to roll along the 
ground to train the gun, is effected by means of worm gearing 
J, f+ (Fig. 1) or by bevel wheels g, g' (Fig. 2). When the gun is 
fired the trail B moves back with the gun carriage, whilst the 


groove for the reception of a feather so that itis capable of sliding 
in the wormwheel / arranged at this point. The Belleville springs 
k, k' serve to elastically connect the carriage with the eye c, and 
consequently with the limber. When no brake is employed, the 
trail wheel A can be elastically connected with the carriage by 
means of springs k, k', the shaft b being made hollow, and the 
eye cin one piece with the spindle }! passing through the hollow 


shaft. (Accepted February 1, 1893). 
GAS, &c., ENGINES. 
3909. H. A. Stuart, Bletchley, Buckinghamshire, 


and C. R. Binney, London. Hydrocarbon Engines, 
(2 Figs.] February 29, 1892.—This invention relates to means for 
controlling the temperature of a vaporiser described in Patents 
7146 and 15,994 of 1890. Instead of the vaporiser cooling by normal 
atmospheric radiation, a water chamber is arranged around the 
contracted portion thereof, and water is pumped through the 
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chamber. This is effected by a pump actuated from the same 
motion as the oil supply pump, so that when the engine receives 
a supply of oil and consequently takes an explosion, a propor- 
tional quantity of water is caused to enter the jacket, this cool 
water expelling a quantity of heated water into a receptacle, and 
thereby preventing the vaporiser from overheating. (Accepted 
February 1, 1893). 


MISCELLANEOUS. 


4781. H. Grafton, London. Reversible Screw 
Propellers. (8 Figs.] March 10, 1892.—This invention relates 
to screw propellers the blades of which are capable of being 
reversed in pitch, whilst the shaft is revolving, in order to alter 
the direction of propulsion without reversing the engine. Two 
blades are fitted to rotate on a common axis in the boss, and have 
each two diametrically opposite crankpins. The blades are formed 
with flanged bases of larger diameter and relatively little height, 
and are held by circumferential clip to an intermediate flat 
frame, the clips and frame together constituting the boss. The 
blade bases have each two diametrically opposite crankpins 
working within the intermediate frame, and the cranks of each 
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blade are coupled to two crossheads, the one crosshead work- 
ing between the bases of the two blades, and being coupled to a 
crankpin of each blade situated at opposite sides of the plane 
common to the axes of the blades and of the shaft. 


Means are 


provided for operating both crossheads simultaneously, whereby 
the thrust of the one is resisted by the pull on the other, (Accepted 
January 25, 1893). 


1574. A.E. Pickering, Torquay, Devonshire. Self- 
Sustaining Hoists, &c. [7 Migs.) January 26, 1892.—This 
invention consists in means whereby the load may be suspended 
on either side of the winding drum. Inside the drum are two 
discs, having one of each of their faces formed with inclined sur- 
faces and with teeth upon them, one disc being a counterpart of 
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the other. Between these discs a number of pinions are placed 
so that they are free to roll, in either direction, and constitute the 
wedging action, the discs being thus caused to separate and press 
against the faces of the drum whereby the load is sustained. 
Means are provided for regulating the positions of the discs in 
the box, and for driving the discs, a cam being employed for this 
purpose. (Accepted January 25, 1893). 


3141, H. Walter, Chiswick. Automatic Hydrant 
Valve. [1 Fig.] February 17, 1892.—This invention consists of 
a metal valve for use in connection with fire-hydrants, &. A 
valve is located at the inner end of the hydrant plug B, and con- 
nected to a cylindrical sleeve C, which moves within the plug. 
When the coupling F of the hose is being screwed on, the sleeve 
C is forced backwards by the ring E, corresponding in diameter 
with the sleeve C, and extending inwardly towards the tail piece 


of the coupling F, so forcing the valve against the lugs G, and 
thus holding it in position to allow a free passage for the liquid 
into the hose. When the coupling is being unscrewed the 
pressure of the liquid in the hydrant shuts the valve A, which is 
held in the proper position for that purpose by the lugs G; so 
enabling any of the valves on the same hydrant to be brought 
into use at the same time without turning off or checking the 
preesure of the liquid therein or interfering with the action of 
any other valves. (Accepted January 25, 1893). 


4402, M. Kohn, Pilsen, Austria. Windlasses. 
{5 Figs.] March 5, 1892,—This invention relates to windlasses in 
which the winding power is not exerted through a wormwheel. 
A tubular shaft is fitted upon the driving shaft, and has its sur- 
face in frictional contact with faces subject to the action of the 
load, the tubular shaft being so arranged relatively to the driving 
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shaft that the latter can revolve independently thereof for raising 
the load, but is coupled with the former so as to produce frictional 
resistance to rotation when the load tends to turn it in the direc- 


shaft works are arranged so that the friction is produced at two 
opposite parts of ity periphery, and is consequently the double of 
that due to the load of the shaft. (Accepted January 18, 1893). 


4465. W. B. Griffiths and J. Woodley, Cardift. 
Pumping Air and Gas. [3 Figs.) March 7, 1892.—This 
invention has reference to means for pumping air and gas. The 
tank is almost filled with water, in which acylindrical case works 
up and down by the operation of the crankshaft. On the up 
stroke of the cylindrical case the air or gas is drawn in through 
the inlet valve in the valve box, and on the down stroke of the 


case, escapes through the outlet valve. The check plate fitted 
round the inlet and outlet pipe prevents the water in the tank 
from working up and down in the interior of the cylindrical case 
when the latter is in motion, while the tun-dish at the top of the 
inlet and outlet pipe takes the pressure of the air off the water on 
ines stroke of the cylindrical case. (Accepted January 25, 


4915. A. Desgoffe and L. A. Di Gorgio, Lille, France. 
Rotary Fans, &c. [20 Figs.) March 12, 1892.—This inven- 
tion has reference to rotary fans, &c., and consists of a number 
of blades placed tangentially to a central boss and eccentrically 
with the axis on which they rotate. They are spaced at equal 
distances apart round the boss, and are connected to it by a fiat 
part of triangular form ; itssummit is at the end of the blade, 


while a small side extends parallel to the axis for a length equal 
to the fraction of the pitch of the screw appertaining to this blade, 
when divided by the number of blades, after which the flat part 
is followed by a parabolic directrix regularly drawn in prolonga- 
tion of the triangular plane of the blade, all the generatrices 
which connect the summit of the triangle to this directrix being 
straight. (Accepted February 1, 1893). 


5263. W. Marsh, Whitefield, Manchester. Centri- 
fugal Pumps. [3 Figs.) March17, 1§92.—The object of this 
invention is to construct a centrifugal pump for lifting acids such 
as are required by bleachers, &c. The casing of the pump is con- 
structed of two blocks of stone with a horizontal joint at the centre, 
and connected together by bolts of enamelled iron. The cavity 
in which the centrifugal bucket c revolves, and the hole through 
which the spindle @ passes, are worked half in one block and half 
in the other, so as to correspond, and the inlet and outlet passages 
e and f to and from the cavity are also worked in the correspond- 


ing stone blocks. The bucket c is made of lignum vite placed 
against a collar g on the spindle d, and is screwed up into posi- 
tion by means of a three-armed open washer h and screwed nut 
made of enamelled iron. The short end of the spindle d@ 
works in a gland 7 secured in the stone casing a a! by copper 
bolts, and lined with a bush of lignum vite to prevent the dele- 
terious action of the acid. The driven end of the spindle d © 
passes out of the stone casing @ through a similar gland, also 
fixed with copper bolts, and protected by a bush, the driving 
drum being keyed upon this part. (Accepted February 1, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
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The Alternate Current Transformer in Theory and Prac- |* 


tice. By J. A. Ftemine, D.Sc., M.A. Vol. II. London: 

The Electrician Printing and Publishing Company. 
THE first volume of this work appeared in 1889, and 
dealt with the theoretical aspects of the induction 
of electric currents, in particular of alternate cur- 
rents. The present volume has for its sub-title 
“The Utilisation of Induced Currents,” and is 
an exceedingly clear and able account of the alter- 
nate current apparatus now being so largely used 
for electric lighting. The book goes much further 
than would be inferred from its title, as it in fact 
treats alternate current working as a whole in its 
present practical applications, The transformer in 


(For Description, see Page 314.) 
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practice is only one of several important elements 
in a system, and is so treated by the author. 

It is seldom that a writer can be ‘‘up to date” in 
an advancing subject such as this, as progress is so 
rapid that before a book is well out of the press 
some portions of it may be almost obsolete. We 
must congratulate Dr. Fleming on the fact that 
such a charge cannot be brought against him, 
and the student of current electrical literature 
and work must recognise that the information 
available up to the date of issue of this work 
has been not only fully utilised, but that it 
has been digested and presented in a critical and 
well-considered form such as could only be possible 
to one who was thoroughly acquainted with what 
was being learnt and accomplished by those who 
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have to meet or to forestall the demand of the 
moment. 

Before taking us carefully through the details 
of the latest systems, the author, in a very inte- 
resting opening chapter, traces the historical de- 
velopment of the transformer. Electrical engineer- 
ing is, perhaps, peculiar in the fact that very little 
that is now being done is essentially new. This 
arises from the fact that for many years before 
electrical applications assumed engineering aspects 
or proportions, electrical phenomena attracted the 
earnest attention of scientists ; much work of a 
scientific nature was done, and many forms of ap- 
paratus were proposed or made which are now 
being rediscovered or reinvented, or revised and 
put to uses such as neyer entered the heads of the 
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original makers. To the inventor who is face to 
face with problems the nature of which could not 
have been understood 10 years ago, it must often 
be a cause of irritation to find that the outcome of 
his efforts is lacking in novelty, because some 
amateur or scientist of the dark ages of the sixties 
or seventies devised an outwardly similar means 
for some purpose of no practical moment. 

This historical chapter shows very clearly that 
the real evolution of the transformer—an apparatus 
based on the discoveries of Faraday, Henry, Page, 
and Callan between 1830 and 1840—was checked 
and almost stationary until—between, say, 1875 
and 1885—the development of the dynamo, and of 
the electric lamp, gave, on the one hand, a means 
of ready generation, and, on the other, of ready 
utilisation, of electric currents. The dynamo and 
the lamp being provided, electricians soon found 
restrictions imposed by the difficulty of commer- 
cially conveying the energy from one to the other 
except over comparatively short distances. The 
transformer got them out of this difficulty. Low 
electromotive force was needed for the lamps and 
for the safety and convenience of users. High 
electromotive force was required for economically 
covering the distance between the dynamo and the 
houses. The transformer gave both, and it is 
undoubtedly to the combination of these two appa- 
rently opposed qualities in the alternate current 
transformer method, that we, toa great extent, owe 
the placing of electric lighting upon the firm ground 
it now occupies. The transformer, discovered in 
1832, and known in various forms of induction 
coil for purposes of experiments in physics, may 
be said to have emerged only in 1883 into the field 
of engineering, with the appearance of the Gaulard 
‘“ secondary generators’ at Westminster Aqua- 
rium. Dr. Fleming shows how the first attempts 
made by Gaulard and Gibbs failed, and how the 
key to the problem was found only when it was 
recognised that, as it had been found necessary to 
place incandescence lamps in parallel and not in 
series, so it was necessary to place transformers in 
parallel and not in series. Looking back, it seems 
strange that Gaulard did not recognise this, until 
one remembers that of all the scientific men who 
examined his proposals and witnessed his experi- 
ments, none helped him. It remained for others 
to find the remedy, but we may quote and indorse the 
opinion expressed by the author in referring to the 
technically incomplete and commercially unsuccess- 
ful work of Gaulard and Gibbs, that, in spite of 
their mistakes, ‘‘to these inventors belongs the 
credit of having practically demonstrated to the 
world, even against great opposition, the merits 
and feasibility of transformer distribution of electric 
energy.” It only remained, so far as main priciples 
were concerned, to use constant pressure instead 
of constant current, and respectively to put the 
primaries of the transformers and the lamps in 
parallel instead of in series, to obtain the essential 
quality of self-regulation. This was done by Ziper- 
nowski and Deri, and made its first public appear- 
ance in 1885 at the Inventions Exhibition. The 
author, however, alludes to a letter by Mr. R. 
Kennedy, published in 1883, as giving the first 
intimation of the necessity for this parallel con- 
nection, but we agree with him that Mr. Kennedy 
evidently did not see the importance of this in a 
distribution system, for ‘‘he failed to grasp the 
fact that the primary conductors could be made as 
small as required by sufficiently raising the primary 
electromotive force and employing step-down or 
reducing transformers for lowering it in the 
secondary.” It appears likely that the electrical 
industry will be able to go on ‘‘ making or using” 
transformers without much risk, so far as early 
inventors are concerned, for no one has yet 
succeeded in finding a patent of a sufliciently 
fundamental character for the exaction of royalties. 
For this the much-tried electrical industry is no 
doubt devoutly thankful. 

Having traced in considerable detail the history 
of the transformer, the author next takes up the 
description of ‘‘ Transformer Systems,” that is, the 
collections of apparatus made by the firms or de- 
signed by the engineers who have made a specialty 
of this class of work, and which contain not trans- 
formers only, but, more or less completely, every- 
thing that intervenes between the prime motor and 
the lamp. 

The systems described are those of Ganz (Ziper- 
nowski, Deri, and Blathy), Westinghouse, Lowrie 
and Hall, Thomson-Houston, Mordey (the Brush 
Company), and Ferranti, 


It may be worth noting that the ‘‘ Complete 
System ” in electric engineering is in particular 
a product of commercial methods abroad, and 
especially in America, but it is gaining ground in 
this country. One thing that operates against it 
here is that English consulting engineers like to 


pick and choose the various apparatus, and not to 
take the whule from one maker. 


same as other people. A ¢ 
and speeds impossible. Another reason is that in 
America contracts are concluded between townships 
or lighting companies and manufacturers under con- 
ditions that are not usual with us. 

Following the descriptions of the apparatus of 
these systems, are illustrated accounts of stations 
established under each, ranging from the United 
States to Rome, but this descriptive matter need 
not detain us, as most of the material is familiar. 
It is all well presented by the author. 

A few words of criticism may, however, be 
uttered on the extraordinary arc lighting system of 
the Westinghouse Company, which is very fully 


described. We do not know what success this has 
met in practice, but we cannot avoid thinking that, in 
spite of its ingenuity and novelty, it is too indirect 
a method ever to gainmuch popularity. The series 
arc lighting direct-current systems of the Brush 
and Thomson- Houston Companies are here imitated 
with alternate currents by using high-tension alter- 
nators made to supply constant current, whatever 
the number of lamps. But the lamps, instead of 
being placed in series on the line, are placed in 
series on the secondaries of transformers, the 
primaries of which are in series on the line. There 
are many interesting features in this system, such 
as the separation of the lamp circuit from the high- 
pressure circuit, the large number of lamps that 
may be placed on one machine without having to 
use a very high primary tension, the use of lamps 
of various currents on one and the same circuit, 
but, above all, the means by which the alternators 
are made to give a constant current for all loads 
without any regulator or compound winding. 
This latter feature is a result of the peculiar 
form of the armature and of the great amount 
of winding on it, by which its reaction is made 
to accomplish what is usually done by an auto- 
matic regulator. The description of this action 
is commended to students of armature reactions 
in alternators as an example of clear and simple 
writing. We wish the author had added his 
views on the system. It seemed to us when it 
was first brought out, and we have seen nothing to 
cause us to modify our opinion, that all that is 
accomplished by this ingenious arrangement could 
be obtained more simply and efficiently by using 
the ordinary constant potential way of working, 
with the addition of being able to place incan- 
descence lamps on the circuit in the usual way, as 
well as arc lamps. 

The third chapter, which is headed ‘‘ Alternate 
Current Stations,’ deals, amongst other matters, 
with a number of points of great interest which 
scarcely come under that head, such as the choice 
of frequency, condenser effects in mains, trans- 
former sub-stations, and conductors. The author’s 
experiments on the effects in the Deptford mains are 
recorded, and we are glad to have them in a more 
compact form than that in which they originally 
appeared. 

The consideration of sub-stations for transformers 
nearly leads the author to the conclusion arrived at 
and advocated by Mr. Mordey, that the best way to 
avoid light load losses in sub-stations is not to put 
automatic switches for the purpose of switching 
transformers on or off as the load varies, but to 
spend the money rather in making the transformers 
so efficient that they may be left on always, at the 
same time securing simplicity. The author states 
that ‘‘the possibility of employing such automatic 
switches had been demonstrated in practice on a 
small scale, but it remains to be seen how farthey are 
absolutely to be depended upon in extensive use.” 
We think that the tests of recent transformers 
described by Dr. Fleming in a paper still under 
discussion before the Institution of Electrical Engi- 
neers will have convinced him on this point. 

On the question of the choice of frequency we 
note that he considers it ‘‘not improbable” that a 
rate of 40 to 50 will be found in the long run to be 
the best. There is no doubt that this will soon be- 
come a burning question, and we think it a subject 
that might well be taken up by the principal manu- 
facturers in common, or by a committee, say, of the 


Many of them 


have also an unconquerable objection to doing the 
This makes standard types 


Institution of Electrical Engineers, if it were not 
for the opposed commercial interests involved. 
The subject is a difficult one, and touches many 
branches of the subject, from the building of alter- 
nators to the design of transformers and the utilisa- 
tion of motors. It is generally supposed that on 
the latter ground low frequencies are best, but this 
is a view that may very probably be upset, seeing 
the very slight basis of experience on which it rests. 
Then follows a long and interesting chapter of 132 
pages on ‘‘ The Construction and Action of Trans- 
formers,’ which goes with much detail and with a 
minimum of mathematics into the methods of test- 
ing and investigation of the phenomena met with 
in this apparatus. When the recrudescence of 
alternate currents in the transformer systems first 
began to attract attention (for the earliest dynamos 
were alternators), it was believed that the field was 
one specially fitted for treatment by mathematical 
methods, but although much good work has been 
done in it by these methods, the substantial pro- 
gress made in the understanding of the complicated 
actions involved, and in the practical improvement 
of the apparatus, has been mainly a result of expe- 
rimental investigations. With these investigations 
the author deals in this chapter, and when, for 
example, we examine the curious electromotive 
force and current curves obtained by experiment 
from various machines, we can readily understand 
one reason why mathematical processes have been 
of little assistance. 

The book concludes with a short chapter on elec- 
tric welding, which, as is well known, is conveni- 
ently carried out by very large alternate currents of 
low pressure obtained by transformers from ordi- 
nary alternators. We do not know what success 
electric welding is achieving, but believe it has a 
considerable future in certain classes of work. We 
cannot, however, forget a remark made to us by 
an eminent engineer at the time of the introduc- 
tion and laudation of this method, who asked us to 
imagine the sensation that would have been caused, 
supposing that only electric welding had been 
known, if a man had come along and showed that 
with nothing but a barrow of fuel, an anvil, anda 
hammer he could weld iron bars together. 
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AMERICAN INDUSTRIES 
AND BRITISH COMMEROE.—No. X, 


TaRirrs AND THEIR INFLUENCE, 

Protection in America is no new thing. It 
dates from the first hours after the adoption of the 
new Constitution just over 100 yearsago. Twenty 
years before that, there was a steady growth of 
domestic manufactures; the colonists, as one of the 
leading historians* has put it, had been gathered 
from the productive ranks of the most active and 
ingenious nations of Europe, with a preponderance 
of the Anglo-Saxon element, and their colonial 
training was well fitted to develop habits of patient 
toil, self-reliance, ready invention, and fertility in 
the use of resources. These qualities are, indeed, the 
rich inheritance of Americans to-day. They assisted 
100 years ago to build up industries, small in their 
way, but still sufficient to affect the balance of foreign 
trade. The export trade had commenced, but it 
was checked by the war, followed by dearer labour 
and onerous public debts, aggravated by a worth- 
less paper currency. Many new industries were 
ruined by the enormous importations after the war, 
and by the financial distress which overtookall classes 
in consequence of the heavy drains of specie thereby 
occasioned. As the historian already quoted states, 
the old Confederation, which had no power of 


* Dr. J. Leader Bishop, in ‘“‘A History of American 
Manufactures from 1608 to 1860.” ; : 
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commercial legislation or to enforce treaties, could | lamenting the decline of manufactures and trade 
provide no remedy, while the inharmonious and since the revolution, and praying that on all 
often conflicting laws of the several States could foreign articles which could be made in America 
give but partial relief within their respective juris- | 


dictions. 


This being so, it is easy to conceive that as soon 
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decided preference to home labour. 


i 


such duties should be imposed as would give a 
New York, 
Boston, Philadelphia, Charleston, New Jersey, ration of the first President, Congress passed the 


was encouragement and example to adopt protec- 
tive measures ; Britain had not then dreamed of 
its future free-trade principles. It is not sur- 
prising, therefore, that before the routine of 
_ business was entered upon, and before the inaugu- 
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as the new Constitution was adopted, the enthu-/ 


siasm consequent on independence was materially 
augmented by the expectations of protection. The 
productive classes regarded the Constitution of 
1787 as conferring the power to secure this end, 
and the first petition presented to Congress on 
its assembling in March, 1789, was from 700 
mechanics, tradesmen, and others in Baltimore, 


and other towns also memorialised Congress 
to protect industries, Boston urging that the object 
of their independence was but half obtained till 
these national arts, manufactures and shipping, 
were established on a permanent and extensive 
basis by the legislative Acts of the Federal Govern- 
ment. This was a perfectly natural and com- 
‘mon-sense course to follow, for on all sides there 


L0 


a 
si_| 
[Akad Toke Foal aL) 


# 
1994 4% 48 50 52 54 56 58 60 62 64 66 6870 72 74 76 78 G0 82 84 BE 88 90 


160 
34\ 170 
180 


universally desired statute, which was signed on 
the national anniversary, and which declared in its 
preamble that it was ‘‘ necessary for the support of 
Government, for the discharge of the debts of the 
United States, and the encouragement and protec- 
tion of manufactures, that duties be laid on goods, 
wares, and merchandise imported.”’ No doubt was 
entertained about the constitutional right to pass 
such an enactment; the measure itself, it was 
contended, proved that the founders of the 
Government felt themselves competent to afford 
legislative encouragement at a time when all 
branches of industry were imperilled by adverse 
foreign policy and financial disorder at home. 
The only divergences of opinion had reference 
to the amounts of duty to be levied on different 
articles, and to the duration of the Act, 
which was limited to June, 1796. It is not 
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necessary here to refer at length to the details of 
the new tariff, but it is interesting to recall 
some of the statements in the discussion. All 
agreed that rum was too extensively used ; hemp, 
it was considered, might be grown in Ohio and 
transported down the Mississippi ; the cultivation 
of cotton was contemplated in the South; coal 
mines had been opened in Virginia capable of sup- 
plying the whole United States, and a duty of 
2 cents (1d.) per bushel was laid on imported coal. 
The tonnage employed in conveying American 
goods was estimated at about 600,000 tons, only 
two-thirds being American ; and it was decided 
to encourage the merchant marine by allowing 
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a discount of 10 per cent. on all goods imported 
in American ships, and a discrimination of 56 per 
cent. on all teas imported directly from beyond the 
Cape of Good Hope in foreign vessels. Forty 
American vessels were thus employed from Massa- 
chusetts in the China tea trade, and we are told the 
cargoes were chiefly paid for in ginseng and other 
domestic produce exported on the outward voyage. 

In 1790 the free list was extended, rates were 
advanced on most imports, in some cases they 
were doubled, and an increase of 10 per cent. 
was made on goods imported in foreign vessels 
instead of a discount being allowed when these 
were carried in American ships, A year later 


amendments were made enforcing duty on all 
cotton and linen manufactures and all lead. Before 
the first Act lapsed there was a general modifica- 
tion of the tariff, increasing the duties to an average 
rate of about 14 per cent. There was now no 
question of limiting the duration of the tariff law ; 
sufficient experience had been gained to show that 
this restriction of imports had the tendency to en- 
courage home industries, and there can be no 
question that it materially helped them forward.* 
The census of 1810 showed that, notwithstand- 
ing an interrupted importation of certain raw 


* See Hamilton’s Report (Bishop’s History), vol. ii., 
page 34, 
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materials, the several branches of manufactures 
had advanced at the rate of 20 per cent. It 
was estimated* that the whole population, taken’ 
at eight millions, would produce in a year (1813) 
an aggregate value of manufactures, exclusive 
of doubtful articles, of 200 million dols., about 


* “Digest of Census Returns on Manufactures” (1810). 
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25 dols. per head of population, while when| from Government, while England had been hun- 
the population of England alone was about the dreds of years progressing with many forms of 
same (in 1787), the product of manufactures was Governmental aid.” No allowance seems to be 
computed at 266 million dols., or 32 dols. per head. made for the influence of scientific development 
‘* This state of manufactures,” it was added, ‘‘ had on manufactures evolved during Britain’s slow pro- 
been in a great measure attained by the United gress, and which immensely assisted American 
States in the 30 years since the completion of its trade in the later years. The measure of ‘the in- 
independence, and with only an incidental support _cidental support from Government” will be seen 
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from the diagrams accompanying this article. In 
1810 it was equivalent to a charge of 8s. or 9s. 
per head of the population, for the value of all 
imported articles was increased to the extent of 18 
per cent., or by about a fifth, to protect home 
industries. We do not wait to consider the 
general economics of tariff, but it would be a 
mistake to belittle the ‘‘incidental support of 
Government.” 

The Legislature became enamoured with this 
method of indirect taxation for carrying on the 
government. That idea was, indeed, embodied 
in the original Tariff Act. We find, for instance, 
that in 1804 all duties upon imports were increased 
by about 24 per cent., the proceeds to constitute a 
Mediterranean Fund for defraying the increased 
expense of naval operations to suppress the piracies 
of the Barbary Powers. This probably accounts 
for the increase in the duty shown on the diagrams, 
and for the considerable decrease in the total 
imports, and the imports per capita of population. 
Internal duties were imposed in 1813, to be paid 
during the war, upon carriages, auctions, stills, 
&c., and again, in 1815, to discharge the public 
debt, internal duties were levied on many articles 
manufactured in the United States—pig, bar, 
rolled and sheet iron, 1 dol. per ton; castings, 
1} dol. per ton; nails, brads, sprigs, 1 cent per 
pound ; candles, head gear, umbrellas, paper, 
playing and visiting cards, &c., the total duty from 
this source for the two years being about 350, 0000. 
Of course this had the effect of partly counteract- 
ing the advantage of import duties, and we find 
from the diagrams that imports in 1815 were 
double those of preceding years. It is remarkable, 
too, that the decline after the duty on home 
products was repealed, was not so marked or so 
rapid as the advance. Can it be that the well- 
known phrase of the advertiser, ‘‘ Once used, 
always used,” operated then as it is said to 
operate now? We do not forget that the war had 
a distinct influence of itself in checking home 
manufacture, and consequently in increasing im- 
ports ; but this was temporary. The tariff soon 
brought back the imports to their former level. 
Perhaps the best statement of the pvsition of 
America, of the ideas which suggested protection, 
and determined which articles and at what rates 
they should be taxed, is that given by President 
Madison in his annual Message in 1815: 


‘In adjusting the duties on imports, to the object of 
revenue, the influence of ‘he tariff on manufactures will 
necessarily present itself for consideration. However 
wise the theory may be, which leaves to the sagacity and 
interest of individuals the application of their industry 
and resources, there are in this, as in other cases, excep- 
tions to the general rule, Besides the condition which 
the theory itself implies, of a reciprocal adoption by other 
nations, experience teaches that so many circumstances 
must concur in introducing and maturing manufacturing 
establishments, especially of the more complicated kinds, 
that a country may remain long without them, although 
sufficiently advanced and in some respects even peculiarly 
fitted for carrying them on with success. Under circum- 
stances giving a powerful impulse to manufacturing indus- 
try, ithas madeamong us a progress and exhibited an effi- 
ciency which justify the belief that with a protection not 
more than is due to the enterprising citizens whose 
interests are now at stake, it will become, at an early 
date, not only safe against occasional competitions from 
abroad, but a source of domestic wealth and even of 
external commerce. In selecting the branches more 
especially entitled to the public patronage, a preference 
is obviously claimed by such as will relieve the United 
States from a dependence on foreign supplies, ever sub- 
ject to casual failures, for articles necessary for the public 
defence, or connected with the primary wants of indi- 
viduals. It will be an additional recommendation of 
particular manufactures, where the materials for them 
are extensively drawn from our agriculture, and conse- 
quently impart and insure to that great fund of national 
prosperity and independence, an encouragement which 
cannot fail to be rewarded.” 

It is instructive to notice that in the last sentence 
of this utterance there is a distinct suggestion of 
the need for considering the interests of all sec- 
tions of the community when tariff regulations are 
being framed. President Madison had before him, 
when he wrote his Message, the fact that every 
citizen was paying 8} dols. annually for imported 
goods, and was also paying 34 dols. annually into 
the Treasury for the privilege of making this pur- 
chase ofimported goods. There was thus staring 
at him the somewhat rugged question, Does each 
citizen receive equal‘or even approximately equal 
advantage for his contribution to the revenue? 
Now this question, which has nothing to do with 
the question of general—i.e., national—profit, is 
somewhat troublesome, and in 1815 the President 


evidently did not feel quite at ease with reference 
particularly to the agriculturist. The rich virgin 
soil, and the condition of agriculture generally, had 
put out of court any idea of invoking the protec- 
tive egis of an import tariff on foodstuffs, and 
accordingly the return for capital and labour in- 
vested in agricultural operations was determined 
solely by the ordinary play of free marketing. 
Yet for each piece of machinery for every farmyard ; 
granary and dairy fittings and appliances ; for each 
article of clothing—in fact, for all the commodities 
which agriculture sought in exchange for its efforts, 
a very considerable amount in excess of the ex- 
change value of these commodities on agricultural 


standards had to be disbursed before the exchange— 
which, be it observed, was practically a compulsory 


one—could be effected. No doubt there have been, 


and it is believed at present are, speculators 
belonging to the physiocratic school of economists 
who have persuaded themselves that ‘‘ land alone 


of all productive agencies yielded a return above 
the cost of production.” Still Madison seems to 
have been doubtful on this score. Nevertheless he 
relentlessly gave the claims of agriculture practi- 
cally no consideration. The watchword had been 
passed round, and people were getting to accept 
with fair show of hope and faith that ‘‘ Protection 
at some early date would make America not only 
safe against occasional competition, but be a source 
of domestic wealth and even of external com- 
merce.” America has striven hard, has increased 
the barriers against the occasional competition 
from abroad, but though 80 years have gone, the 
end has not yet been attained. In 1890 Mr. 
McKinley found use for the old formule and 
revelled in the old prophesying, for his bill was 
framed ‘‘ for the people of the United States,” and 
it was destined ‘‘ to bring to the country prosperity 
unparalleled in the history of the world.” It 
would be rash to quarrel with the prediction, al- 
though for the present at least it has been dis- 
credited by the national vote. The past shows a 
marvellous industrial development in America ; 
the future is rich with promise; and although 
in the years to come a retrospect may not demon- 
strate absolutely the exact efficiency of an advanced 
protection policy, it will, we imagine, be no easy 
matter to deny its claims. 

Madison’s views encouraged the manufacturers. 
Petitions were presented to Congress from cotton, 
wool, and many other manufacturers, Jefferson 


had in 1785 declared against protection, and his 
words were now used against the agitation. Having 


‘*revised”” his opinions, he pronounced decidedly 
on the subject, stating, ‘‘The grand inquiry now 


is, shall we make our own comforts, or go without 


them at the will of a foreign nation? He, there- 
fore, who is now against domestic manufactures must 
be for reducing us either to a dependence on that 
nation, or to be clothed in skins and live like wild 
beasts in dens and caverns. Iam proud to say I 
am not one of those.” What of Britain, one of the 
most dependent of the old-world nations? About 
this time (1816) it was contended that many Ame- 
rican factories were on the brink of ruin owing to 
foreign competition, and amongst these, mention 
may be made of works engaged on cotton fabrics, 
in the manufacture of which 40 million dollars of 
capital was employed, the production being 24 
million dollars, while in woollen manufacture 12 
mill‘on dollars of capital was employed, the pro- 
duction being valued at 19 million dollars. As a 
result of the agitation the Secretary of the Trea- 
sury made a report, in which manufactures were 
classed as follows : 


“Firmly and permanently established, and wholly, or 
almost wholly, supplying the demand for domestic use and 
consumption.—Cabinet ware and all wood manufactures, 
carriages of all descriptions; cables and cordage, hats of 
wool, fur, leather, chip, or straw, and straw bonnets, iron 
castings, fire and side arms, cannon, muskets, pistols, 
window glass, leather and all manufactures of leather, 
paper and blank books, printing types. 

““ Recently vr partially established, but do not supply the 
demand for domestic use and consumption, and which are 
capable of being matured to the whole extent of the demand. 
—Cotton goods and woollen goods of the coarser kind, and 
some woollen goods of finer kind; metal buttons, plated 
ware, iron manufactures of the larger kinds, shovels, 
spades, axes, hoes, scythes, &c., nails, pewter, tin, copper 
and brass manufactures, alum, copperas, spirits, beer, ale, 
and porter. 

“So slightly cultivated as to leave the demand of the 
country wholly; or almost wholly, dependent upon foreign 
sources.—Cotton of finer kinds, muslin, nankeens, 
chintzes, stained and printed cottons, linen, linen cam- 
brics, lawns, hempen cloths, sailcloth, Russian and Ger- 
man linens, all silken goods, many woollen and all worsted 


goods, stuffs, camblets, blankets, carpets and carpeting, 
all hosiery, including knit or woven gloves, hardware and 
ironmongery, excepting large articles, cutlery, pins and 
needles, china ware, earthenware, porcelain, glass, ex- 
cepting window glass and phials.” 

It was suggested, and generally agreed to, that 
prohibitory duties should be placed on imports of 
the first class of goods, that there should be a well- 
directed legislative patronage on the second clars, 
and that the other wants for revenue purposes 
should be made up out of the last class. The great 
point was as to the duty on cotton and wools, 
It was pointed out that cotton manufacturers 
with their 500,000 spindles could supply about 
90 million yards of cloth annually. We need not 
enumerate the full list of tariff duties. It is re- 
corded that, though falling far short of the measure of 
protection which the more ardent friends of manu- 
factures felt themselves entitled to, the duties 
were an advance upon the permanent duties, and 
averted the speedy ruin whichwould otherwise have 
overtaken several branches, and probably destroyed 
the cotton manufacture altogether. It resulted 
in greater internal competition, better machinery 
was introduced, and prices declined. This brought 
distress for the manufacturing classes, since enter- 
prise abroad increased and imports still continued, 
the receipts from custom duty increasing far be- 
yond expectations. In 1818 it was found desirable, 
in view of the protests of home manufacturers, to 
largely increase the duty on nearly all kinds of 
iron. 

By 1820 there was another agitation, the cotton — 
manufacturers desiring importation of cotton goods 
to be declared illegal, except such as were made 
from American raw material, and even upon them 
the duty was to be increased. This idea was 
strongly opposed, and the opponents included many 
importers from India and several of the new agri- 
cultural States. The cry went forth against taxing 
the many for the benefit of the few, and the agita- 
tion failed. 

It is uot our intention to enter into the details 
of the various agitations, or to refer at any length 
to the tariff law of 1824, principally for the encou- 
ragement of cotton and wool industries, and to the 
‘‘high tariff” of 1828, so called because of some of 
the rates exacted. For years ‘‘the public mind 
was exercised to a degree that threatened the har- 
mony of the Union,” and it is interesting to note 
that President Jackson expressed regret that the 
restrictions which embarrassed the intercourse of 
nations could not by common consent be abolished, 
and commerce allowed to flow in those channels to 
which individual enterprise, always its surest guide, 
might direct it. Certainly, in the years which 
followed the high tariff there was rising a 
strong spirit antagonistic to protective laws, and 
attention was therefore directed to abolishing those 
duties which protected interests too local or 
minute to justify general exactions, and which 
attempted to force manufactures for which the 
country was not ripe. Indeed, there was organised 
in 1832 a Free Trade Association which exercised 
some influence. The Southern States, when the 
public debt was reduced to vanishing point in 
1833, demanded the reduction of duties on imports 
to a scale adapted to a strictly revenue standard as 
soon as practicable, and the President sought to 
limit protection to articles of domestic manufacture 
which are indispensable to safety in times of war. 
At this time the expenses of government for all 
objects other than the public debt, were placed at 
15 millions, while the revenue gave 21 millions, 
and it was determined to modify the tariff accord- 
ingly, concessions being made to the South in the 
matter of woollen rates, &c.. By the operations of 
this—the Compromise—Act reductions were made 
biennially, according to the value of the imports, 
until 1841. The result was that imports were 
greater in volume, as shown on Diagram 38, but 
it will be noticed by reference to Diagrams 39 
and 40 that the imports and duty curves do 
not move synchronisingly. While imports per 
capita of population advance, the duty decreases, 
the percentage of duty to the total being shown on 
diagram. Great changes were meanwhile in opera- 
tion in the commercial world.* 


* A History of Tariffs from 1842 to 1862 says: ‘One 
effect of the passage of the tariff of 1828 had been to 
diminish the import of goods, and to induce, as a conse- 
quence, a larger importation of specie. This circumstance 


gave greater strength to the banking movement, at a time 


when, the harvests of Europe being abundant, money was 
then cheap and credits liberal. These circumstances 
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A revulsion, owing to these operations and 
resultant financial difficulties, compelled a return 
to the tariff for means of revenue. The Compro- 
mise Bill had placed the maximum duty after 1842 
at 20 per cent., except in the event of war, and 
between 1834 and 1838 it had been considerably 
below this. It was not considered desirable to 
violate this law ; but goods formerly free according 
to the Compromise Act, were now made dutiable, 
resulting in a considerable decrease in imports 
early in the forties, as shown in our diagrams, 
and of course there was a decrease, although not 
correspondingly great, in the total revenue from the 
tariff. The failure to raise the necessary amount 
necessitated another revision of the tariff. A new 
tariff law, regarded by some as a Violation of the 
plighted faith between North and South, was put in 
operation immediately after its adoption in 1842. 
This, too, failed to raise the revenue, and on change 
of Government in 1846 a new tariff, the simplest 
yet adopted, charging rateable goods withad valorem 
duties, was passed and put into operation, and con- 
tinued for more than 10 years. It was based rather 
on revenue requirements than on protective prin- 
ciples. It included a much larger number of goods, 
or rather, we should say, the ratio of free to 
dutiable goods was less than hitherto, and gene- 
rally the ratio of duty to value was less than in the 
previous 20 years, excepting in liquors. Goods were 
arranged in seven groups, the duties varying trom 
80 per cent. to 5 per cent. ad valorem. Imports, 
therefore, steadily increased, and, as shown, in our 
diagrams, the total revenue from customs did not 
rise at the same rate. The gold discovery in Cali- 
fornia imparted great activity to trade, and exports 
advanced pari passu with the imports. Values of 
commodities had also advanced. Although not 
great, the advance in revenue was steady, and 
yielded sufficient for requirements. From amanu- 
facturing point of view, too, the country was pro- 
gressing. Gold was accumulating in the ‘l'reasury ; 
this was regarded as inconvenient, since the sub- 
treasury law contemplated an amount of revenue 
no greater than the expenditure, so that gold 
should pass through the Treasury without stopping, 
and keep the specie currency active. The Govern- 
ment proposed a reduction of the rates of duty 
upon all imported goods. A scheme, which, after 
much discussion, was agreed to, came into opera- 
tion in July, 1857; the decrease in duty is 
shown on the diagrams. There was acollapse in the 
revenue received, and, as a result, a new tariff was 
adopted in 1860-61. This Act restored the highest 
protective character of the tariff, replacing the 
ad valorem with complicated specific duties. Two 
changes followed within a year, but each advanced 
the tariff rate, which reached a still higher point in 
1866-65. Revisions have from time to time been 
made, culminating in the McKinley Tariff; but 
these, so far, have not had such a_ violent 
effect on the foreign trade. The effect of the 
change 10 years ago is clearly reflected on our dia- 
grams, showing the increase in free goods imported 
and the decrease on dutiable goods, resulting in a 
marked decrease on the total. The effect is further 
shown in marking the greater divergence between 
the percentage of duty to the total imports and 
to the total dutiable imports. 

We do not, however, purpose entering into the 
details of recent changes, but would suggest some 
points which seem to be emphasised in our dia- 
grams. We have already explained that the fluc- 
tuations in the imports, while partly due to 
changes in value, are largely owing to the frequent 
revisals of the tariff rates ; and when it is noted 
that these imports in two years increased from 6s. 
to 60s. per capita of population, it will at once be 
apparent that the home trade must have been 
affected prejudicially. With a steady tariff, indus- 
tries are more likely to prosper. Of course, the 
changes were suggested to try and erect a barrier 
to foreign trade. The fact that the free list has 


initiated a season ofspeculation which was fostered by the 
war that had sprung up between the Government and the 
United States Bank, The Government, on removing the 
deposits, placed them with State hanks, with the reite- 
rated injunction to ‘loan liberally to merchants.’ The 
numberless circumstances that combined to bring about 
the revulsion of 1837, and the suspension of the banks, by 
cutting short the importation of goods, ruined the 

vernment revenue, and reduced it to the issue of 
Treasury notes to meet current expenses. The large 
imports of the year ending 1836 had, on the extinguish- 
ment of the public debt, caused a large surplus revenue 
to accumulate, which had, to the extent of 28 millions, 
been divided among the States,” 


ture correspondingly. The piers of the abutment 
arches are 29 ft. by 6 ft., whilst the piers at either 
end of the abutments are 38 ft. by 15 ft. 6 in., and 
38 ft. by 10 ft. respectively. The wing walls range 
in thickness from 10 ft. 3 in. to 3 ft. 6 in., and are 
constructed as shown in Fig. 35 and in the general 
view of the finished structure. The foundations 
are carried down to rock level, as shown in Fig. 34. 

The superstructure of the main span is formed 
of two main girders spaced 29 ft. apart from centre 
to centre, and each having a total length of 173 ft. 
The maximum height of each main girder at centre 
is 21 ft., running down to 14 ft. at each end, dimen- 
sions in each case being taken from back to back of 
angles of upper and lower booms respectively. The 
lower booms are trough-shaped, and are built up of 
flange-plates varying from four in number at centre 
to one at either end, and having a uniform thick- 
ness of 4 in. throughout, and lengths ranging from 
24 ft. to 15 ft. 9in. by 3 ft. in width, with a pair 
of webs 1ft. 9in. in depth, and ranging in 
thickness from 2 in. at either end to 4 in. and 2 in. 
at centre. The maximumand minimum lengths of 
web-plates are 30 ft. 6in. and 22 ft. 6 in. respec- 
tively. Connection is formed between the flanges 
and webs by four stout angles 6 in. by Gin. by in, 
one on either side of each web, in lengths from 
31 ft. 3in. to 21 ft. 9in., and covered with 
4 ft. 4in. lengths, 5}in. by 54in. by Zin. The 
upper edge of each web is stiffened on the outside 
by asingle angle 3} in. by 34 in. by 4 in. running 
its entire length, in the case of the outer web the 
back of the angle being flush with the upper edge 
of the web, whilst in the inner one the angle is 
turned the other way to form an attachment for the 
flooring plates. These angles run from 28 ft. to 
15 ft. 6 in. and are jointed with 3 in. by 3 in. by 
2 in. covers. Stiffeners are introduced through- 
out the lower booms, being placed midway between 
the vertical struts, and consist of a 6-in. by 3-in. 
by 3-in. tee bar running down each web and 
joggled at centre to form immediate attachment to 
the inner 6-in. by 6-in. by }-in. angles, and to the 
topmost web-plate; a 2-in. plate connects all to- 
gether, being itself stiffened at the upper edge 
by ashort length of 6-in. by 3-in. by }-in. tee bar, 
lining in level with the upper edges of the webs. 
A similar type of construction is followed with the 
upper booms of the main girders, allowing, of 
course, for variations in construction due to the 
transition from a straight toa curved form. The 
flange-plates are 3 ft. in width and 4 in. throughout 
in thickness, the lengths given ranging from 
23 ft. 74 in. to 16 ft. 10in. The maximum 
number at centre is three, running down to one 
plate at either end. The web-plates are two in 
number, and similarly are 1 ft. 9 in. in depth, 
with thicknesses 2 in., $ in., and @ in. respec- 
tively, and lengths from 30 ft. 94 in. down to 
22 ft. 84 in. Asin the lower boom, four angles, 
one on either side of each web, form connection 
between webs and flanges. A similar size, viz., 
6 in. by 6 in. by 4 in., is adopted, with maximum 
and minimum lengths of 31 ft. 62 in. and 22 ft. 
respectively, and covers 5$ in. by 5} in. by 2 in., 
by 4 ft. 4in. in length. Each web is stiffened on 
its lower edge by a 3$ in. by 33 in. by 4 in. angle, 
placed externally and similarly to that on the outer 
web of the lower boom. The upper boom is 
strengthened in a similar manner to the method 
already described for the lower boom, viz., stif- 
feners, consisting of #-in. diaphragms, connected to 
the webs and flange-plates by a 6-in. by 3-in. by 
3-in. tee-bar bent to the shape of the trough, and 
joggled over the main angles connecting webs and 
flanges. The lower edge of the diaphragm is like- 
wise stiffened with a short length of tee-bar of the 
same scantlings, and placed in line with the lower 
edges of the webs. The bracing of the main 
girders is in double system, and is composed of 
vertical struts and inclined ties with strong counter- 
bracing at centre, as shown in Fig. 36, 

The struts are built up of bulb angles ranging in 
scantlings from 63 in. by 3in. by $ in, to 64in. by 3in, 
by 7’, in., and from 6 in. by 3 in. by 2 in. to 53 in. 
by Jin. by # in., each strut being made up of four 
bulb angles, two on either side, connected together 
by %-in. webs, whose upper and lower edges are 
bulbous, curved inwards, thereby imparting a 
light and pleasing appearance to the struc- 
ture. The struts, which are 20 in number in 
each main girder, are spaced 8 ft. apart from centre 
to centre, and are secured to hoth top and bottom 
booms by passing into the troughs, and securing 
direct attachment to the webs forming the same, 


been extended is shown on Diagram No. 40, but 
notwithstanding that the dutiable goods are taxed 
at a higher rate, they continue to bear a steady 
ratio to the total imports. The effect of the 
M‘Kinley Tariff, however, may be seen in the con- 
siderable decrease in the imports of dutiable goods 
in recent years, but it must be remembered in this 
connection that there was a great import of dutiable 
goods immediately before the Act came into opera- 
tion. This tended to overstock the market, and it 
is doubtful if last year’s figure would otherwise 
have been so low. ‘There seems little doubt as to 
the cost to the consumer of the tariff, for while 
each member of the population imports on an 
average 50s. worth of goods each year, he pays 
nearly 14s. of that sum in tariff. With three 
members to each wage-earning inhabitant, this 
means that each should have 3/. or 4/. more in 
wages. On Diagram 38 we have with imports shown 
the exports. These have grown very steadily, and 
their relation suggests the advance of American 
manufactures ; but it must be remembered that 
there has been an enormous increase in the agri- 
cultural produce exported, and indirectly this indus- 
try—if it can be called such—has suffered rather 
than profited by tariffs. But withal manufac- 
tures have developed. Whether they have reached 
the exporting stage is doubtful. The diagram 
showing the balance of exports and imports might 
give credence to this idea; but foodstuffs, in the 
cultivation of which there has been so much de- 
velopment, affect this result. Taking as the mean 
line an equality between imports and exports, we 
show the excess of imports over exports under 
the line, and the excess of exports above the line 
(Diagram 41). 

America has all natural advantages. Her citizens 
have been trained, as we have said at the outset 
of this article, to habits of patient toil, self-reliance, 
ready invention, and fertility in the use of re- 
sources. These qualities are asserting themselves, 
and their effect on the whole world is but a matter 
of time. At home we should be better employed 
in learning how, by a steady coalition between 
capital and labour, to meet future competition, than 
by lecturing Americans on the wickedness of tariffs, 
Do we understand this, and that America is casting 
from her what Jefferson regarded as the foreign 
yoke? 


THE MANCHESTER SHIP CANAL 
BRIDGES.—No. ITI. 

Tue third and last type of railway viaduct em- 
ployed in the execution of the works involved in 
connection with the carrying out of the Manchester 
Ship Canal, comprises three important structures, 
VIZ. : 
a. The viaduct over the River Mersey. Devia- 
tion Railway No. 1. (See page 286 ante.) 

b. The viaduct over the Ship Canal. Deviation 
Railways Nos. 1 and 2. (See page 271 ante.) 

c. The viaduct over the Ship Canal. Deviation 
Railway No. 1. (See page 286 ante.) 

Following the method already adopted in Articles 
I. and II. (ENGINEERING, pages 126 and 181 ante) 
in dealing with the subject, we now propose 
placing before our readers full particulars of 
the first-named structure, as illustrating the 
type of design of the group, and concluding our 
remarks, as previously, with some more concise 
account of the remaining viaducts comprised in the 
section now under discussion. 

Weare enabled to illustrate our remarks on the 
Mersey Viaduct by numerous drawings; and a 
general view of this and the other structures from 
photographs secured on completion will enable our 
readers to fully grasp the magnitude of the work 
involved alone in deviating the main lines of great 
trunk systems of railway over the canal, whose ap- 
proaching completion is attracting such universal 
interest. 

a. The Viaduct over the River Mersey, Deviation 
Railway No. 1 (No. 1 on the key diagram to posi- 
tion of bridges. See ENGINEERING, page 126 
ate), carries the London and North-Western Rail- 
way Company’s Lancashire and Cheshire line over 
the River Mersey near Warrington. 

The river is crossed in one square span of 160 ft., 
two semicircular masonry arches on either side, 
having spans of 25 ft. each, connecting the main 
span with the embankments forming the approaches 
(see Figs. 34and 35, page 306). The gradient at the 
point where the bridge occurs is 1 in 135; anda curve 
of 80 chains radius increases the width of the struc- 
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backing strips being employed where necessary be- 
tween struts and webs. 

The ties and counterbraces pass in all cases out- 
side the struts, and are, like them, secured to the 
insides of the webs of both booms ; they range from 
flat bars 14 in. by { in. to flat bars 9in. by $ in., 
and are secured together by {-in. bolts passing 
through 2? in. distance-tubes of {-in. metal, bedded 
at either end on cast-iron bosses 4 in. in diameter 
by ;; in. maximum thickness, each bolt being 
spaced 3 ft. from its neighbour (see Fig. 46). The 
rivets used throughout the junctions of the main 
bracing with the booms range from lin. in dia- 
meter to ? in. in diameter. The end posts of the 
main girders are 5 ft. in width, and are built up of 
g-in. web-plates, with rectangular framing of 5 in. 
by 5in. by gin. angles. The main frames (see Fig. 42) 
are welded and bent at opposite corners respec- 
tively, so as to form one piece, and are joggled at 
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the upper end when necessary to admit the ties of 
the main bracing connecting with the end posts. 
Above and below the main frames, which are 
11 ft. 33 in. high, a pair of angles of similar scant- 
lings stiffen the webs of the upper and lower booms 
respectively, being joggled over at the ends to 
make connection with the 6-in. by 6-in. by $-in. 
angles ofeach boom. A gusset in. thick is placed 
atthe centre of each end post, and the end plates 
are of }-in. metal, manholes and air-holes being 

rovided as indicated in Fig. 42, the covers being 
bin, thick. At the inner end the sides of the end 
posts are connected by transverse plates # in. in 
thickness. The framing and webs are connected by 
f-in. rivets having a 5-in. pitch and zigzag spacing. 
Passing now to consider the flooring of the struc- 
ture under consideration, the cross-girders (see 
(Figs. 40 and 41) are spaced 8 ft. apart from centre 
to centre, and have a depth of 1ft. 11 in. and 
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1 ft. 5in. from back to back of angles at centre 
and ends respectively. The flanges are identical 
in scantlings, viz., two plates at centre 1 ft. 4 in. 
by 4in. running out to only one plate at each end, 
and a pair of 44-in. by 34-in. by 4-in. angles in each 
boom, making connection between the flange- 
plates already mentioned and a web which is % in. 
throughout, and jointed at centre of the cross- 
girder by double covers each 6 in. by 2in., and 
extending in height from angle to angle. ‘The cross- 
girders rest directly on the inner main angle of 
the lower boom, to which they are secured by rivets ; 
attachment is also made to the webs of the lower 
booms of the main girders by means of 6-in. by 6-in. 
by 4-in. angles with {-in. riveting. 

The longitudinal rail braces are four in number, 
and are spaced 3 ft, and 8 ft. respectively on either 
side of the centre line. They span from cross- 
girder to cross-girder, and are 1ft. in depth, 
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being built of a pair of 4}-in. by 3}-in. by $-in. 
angles for each flange, and a web gin. in thick- 
ness. The upper angles (see Fig. 41) are bent to 
clear the upper flange of the cross-girders ; and 
then passing down the webs of the same are finally 
joggled to make close attachment to the inside of 
the cross-girder lower flange angles. The lower 
angles of the longitudinal girders are cut off on 
reaching the upper angles, as the latter pass down 
to form the attachment to the cross-girders. At 
the centre of each longitudinal girder and on 
either side of it a 6-in. by 3-in. by 4-in. tee-bar, 
bent toforma right-angled knee and strengthened by 
a8-in. gusset plate, lends additional support in 
carrying the plates on which the rail-bearers rest. 
These plates are 2 ft. by $-in., and are stiffened 
beneath by a pair of 3-in. by 3-in. by $-in. angles 
placed so as to clear the 6-in. by 3-in. by 3$-in. tee- 
bar knees just alluded to. 

The flooring consists of curved iron plates rolled 
to the shape shown in Fig. 40, the ends being 
flanged to make connection with the 2-ft. by $-in. 
plates carrying the troughs. The floor-plates are 
butt-jointed to each other, the connection being 
made bya 6-in. by 3-in. by 4-in. tee-bar placed 
beneath, bent to a similar curve and joggled at 
either end to admit the 2-ft. by $-in. trough-plate 
between itself and the floor-plate. The floor-plates 
are riveted with 2-in. rivets having a pitch of 
2 in. 

Passing now to the rail troughs, and turning first 
to those for the inner rails (see Fig. 47 for a large 
scale and detailed section), the main longitudinal 
timber rests directly on the 2-ft. by $-in. plate car- 
ried by the longitudinal girders, and averages (say) 
16 in. in width by 5in. high. A teak packing of 
similar width and of varying thickness immediately 
surmounts it and affords support to the rail, which 
is given an inclination of 1 in 60, and has a foot 
6 in. in width through which coach screws with 
three threads per inch pass down through the teak 
packing into the longitudinal timber already men- 
tioned. 

The side-plates of the rail trough are } in. thick 
(see Fig. 47), packing of similar thickness being 
placed between them and the timbers. 

The guard angle on the inner side is 5 in. by 
43 in. by 4 in., and is secured to the side-plate by 
£-in. bolts placed 1 in. below the upper edge of 
the side-plate. Half-inch spikes with an 18-in. 
reeled pitch are driven vertically into the timbers 
beneath, and serve to connect them with the 5-in. 
by 4$-in. by 4-in. guard angle. The heads of the 
spikes are countersunk, as shown in Fig. 47. 

The corresponding guard angle on the outer side 
of the trough is similarly arranged, but the scant- 
ling is increased to 5? in. by 44 in. by4in. The 
vertical attachment to the timbers beneath is also 
identical, viz., 4-in. spikes with countersunk heads 
and a reeled pitch of 18 in., each spike having a 
total length of 4? in. A stout timber guard 52 in. 
by 23 in. lies within this angle, being secured to it 
by 2-in. bolts passing also through the side-plate 
and packing. The upper edge of the timber guard 
is armed with a steel nosing angle 3 in. by 3 in. by 
gin., the lower leg being let into the timber to 
form a flush surface. The nosing angle is secured 
to the timber guard by ;%-in. screws, 3} in. long, 
spaced 18 in. apart from centre to centre. The 
longitudinal main timbers are held down by {-in. 
bolts, the heads of which are let into them. The 
bolts, which are spaced 4% in. on either side of the 
centre line of the trough, pass down through the $-in. 
plate carrying them, and through the upper leg of 
the 6-in. by 3-in. by 3-in. tee-bar which stiffens 
the longitudinal] girders. A lock nut is provided to 
render all secure under the constant vibration of 
passing trains. Owing to curve and gradient 
occurring at the bridge, some adjustment of the 
troughs is necessarily requisite, but the type of 
construction shown in Fig. 47 is maintained 
throughout, with such modifications in dimensions 
as are essential. The outer rail trough follows the 
type already described ‘and figured (in Fig. 47), 
and need not, therefore be again dealt with in 
detail. The inclination given to the rail is 1 in 12, 
and the teak packing is accordingly cut to allow 
for the same. The scantlings follow the same 
lines throughout, with such necessary variations as 
the somewhat complicated position—viz., a trough 
on a curved and falling gradient—renders impera- 
tive. A feature of interest is the bell-mouthing of 
the guard angles at both ends of the bridge, which 
are splayed out until contiguous ones meet each 
other in a point, forming a neat and, in event of 


contingencies, serviceable finish to the troughing 
both on entering and leaving the structure. 

Turning now to some consideration of the 
wind bracing (see Fig. 40), six cross-girders will 
be found with a diagonal system of bracing. 
The cross-girders are spaced 16 ft. apart from 
centre to centre, with exception of those in the 
middle of the structure, which are divided from 
each other by a distance of 24 ft. The cross- 
girders are 1 ft. 6 in. deep from back to back of 
angles, and each boom is made up of a pair of 
4t-in. by 3$-in. by }-in. angles, together with a 
12-in. by 2-in. flange-plate. The web consists of 
plates hollowed on either edge, in conformity with 
the design adopted in the struts (see Figs. 39 
and 40). These plates are @ in. in thickness 
throughout, and are spaced 1 ft. 8 in. from each 
other centre to centre. They are 10 in. at both 
ends, being reduced by a slight inward curve to 
8 in. in breadth at centre. Three #-in. rivets 
secure each to the boom at either end. The attach- 
ment between the cross-girders and the upper 
boom webs is by means of 3$-in. by 3}-in. by }-in. 
angles. 

The arrangement of cross-bracing will be followed 
from Fig. 36. In the centre bay the diagonal girders 
range from 1 ft. 6 in. to 10? in. in depth from back 
to back of angles at centre of bay and ends respec- 
tively, and are made up of a pair of 33-in. by 33-in. 
by 4-in. angles connected together by }-in. web- 
plates of similar pattern to those in the cross- 
girders of the wind bracing and in the struts of the 
main girders. These plates vary necessarily in 
depth, are 10in. and 8 in. in width at ends and 
centre respectively, and are secured by three #-in. 
rivets toeach angle. The junction of the diagonals 
at the centre of the bridge is made by a pair of 2-ft. 
by 1-ft. 6-in. by 4-in. plates, one above, the other 
below, with a small vertical web and four short 
lengths of angles connecting all together. The 
junctions at tke other ends, viz., with the cross- 
girders, are formed by bending the angles of the 
diagonals to form attachments to the webs of the 
former. A similar type of construction is followed 
with the diagonals in the outer bays, save that, 
junction being made at a cross-girder, the depth of 
the diagonal at such end is increased to 1 ft. 6? in. 
This junction is made in a manner similar to that 
already described, the dimensions of the upper and 
lower 4-in. covers being increased to 3 ft. 6 in. by 
2ft.4in. The small stiffening piece inside is, of 
course, dispensed with; $-in. rivets are used 
throughout. The attachments of the ends of the 
diagonals follow in all particulars the mode adopted 
for those in the centre bay. 

Passing now to the bearings of the viaduct under 
consideration, those at the fixed end consist of an 
upper and alower saddle, each of cast steel and 
connected by a steel pin. The upper saddle is 
3ft. 8in. by 3ft., with a maximum depth at 
centre of 7 in., and is secured to the bottom boom 
of the main girder by 16 1}-in. turned bolts, spaced 
62 in. apart transversely, so as to pass through the 
main angles of the lower flanges. In the direction 
of the length of the bridge the distances between 
them are 1ft. 3 in. at centre and 103 in. on either 
side. The upper surface of the upper saddle was 
machined to give exact bearing throughout to the 
flange-plate resting upon it. The pin has a 
diameter of 5in. in the body and 6in. in the 
head ; its total length, including two heads ? in. 
long, is 3ft. 1$in. It was carefully ground to its 
bearings in both saddles to insure an absolutely 
good fit. The lower saddle follows the general 
design of that above it. The dimensions are 3 ft. 6 in. 
by 3 ft., with a maximum height at centre of 
83 in. 

On either edge of the bottom, running in the 
direction of the length of the bridge, a projection 
1} in. square is placed, designed to fit into the beam 
blocks beneath, and so insure perfect connection 
with them. 

The space allowed between the saddles for move- 
ment is lin. The free end bearings are designed 
on similar lines. Both upper and lower saddle and 
bedplate are of cast steel, the rockers of Siemens- 
Martin rolled mild steel, and the pin a forg- 
ing of the same material. ‘lhe upper saddle is 
3 ft. Sin. by 3 ft., witha maximum height at centre 
of 6 in. Sixteen 14-in. bolts secure it to the bottom 
boom of the main girders, being spaced similarly 
in all particulars to those in the upper saddle of 
the fixed bearing. The pin is similar in every 
respect to that at the other end of the girder, 
whilst the lower saddle is 2 ft. 10 in, by 3 ft., and 


is furnished at the bottom with a central projec- 
tion 2 in. in width by 4 in. in depth, which fits into 
a corresponding recess in the upper surface of each 
rocker, and acts as a guide in the relative move- 
ment of each. The depth of the lower saddle is 
7 in. and 3 in. at the centre and ends respectively. 
The rockers are six in number, and of form already 
described and figured in connection with this series 
of articles (ENGINEERING, page 127 ante). Each 
rocker is 8 in. in depth, 52 in. at maximum width, 
and spaced 53 in. apart from its neighbour. The 
frames in which the rockers are set are of 24 in. 
by # in. material, bolted together at the ends with 
#-in. bolts. Each frame is secured to each rocker 
by a pair of % in. set screws, one at either end. The 
rockers have a total length of 3 ft., and the vertical 
distance between the set screws in the upper and 
lower frames is 3in. The clearance given at the 
end of each rocker is 4 in. The frames are in 
conformity with the types already dwelt on for the 
viaducts already illustrated. The bedplate is 8 ft. 
6 in. by 3 ft. by 5 in. maximum depth. The upper 
surface is furnished with a raised guide 2 in. by 
in. high, similar to that occurring in the lower 
saddle, and fitting into a corresponding groove 
in the lower surfaces of the rockers. The lower 
edge of the bedplate is furnished with two pro- 
jecting strips 14in. square in section running 
its entire length, and fitting into recesses in the 
masonry beneath in a similar manner to the 
arrangement already described for the lower saddle 
of the fixed ends. The whole of the surfaces of 
the cast-steel saddles and bedplates are planed, 
whilst the rockers are turned in the lathe to insure 
absolute uniformity and smoothness of working. 
The erection at site of the viaduct over the River 
Mersey, Deviation Railway No. 1, was performed 
ontimber staging with trussed beams, angles and 
wire ropes being employed to aid in the temporary 
structure. 

Two piers were driven, spaced 70 ft. apart, each 
consisting of a pair of timber supports 10 ft. 
square in plan and composed of four vertical balks 
12 in. by 12 in. driven into the river and stoutly 
braced together by a double system of 10-in. by 
5-in. diagonal timbers. The piers were spaced 
29 ft. apart from centre to centre, so that each 
rested immediately beneath a main girder of the 
permanent structure. The tops of the piers were 
connected by transverse 12-in. by 12-in. balks, 
and diagonals 12 in. by 6 in. passing up from the 
vertical piles to the overhead transverse balks 
added to the stability of the temporary staging. A 
space of 35 ft. was left by the arrangement just 
described between each pier and the abutment on 
either side. This was spanned in each instance 
by a pair of 12-in. by 12-in. balks, one on 
either side beneath each main girder and 2 ft. 
below it. These beams were trussed with 
double 3-in. by 3-in. by 2-in. angles, and short 
lengths of vertical 12-in. by 12-in. balks with 
angles of similar scantlings. The depth of this 
arrangement of trussing was 5 ft. A similar method 
was adopted of spanning the 70-ft. opening between 
the piers of the temporary staging, viz., four beams 
averaging some 14 in. square in section, and trussed 
in like manner with three lengths of 3-in. by 3-in. 
by 3-in. angles and verticals as before described. 
Raking timbers from the piers were employed to 
strengthen these beams. The remainder of the 
staging was formed by laying 12-ft. lengths of 3-in. 
planking on the pair of 12-in. by 12-in. balks be- 
neath each main girder. These in their turn carried 
the blocks and wedges upon which were erected the 
lower booms of the main girders. The erection of 
the permanent structure was carried out by erecting 
at each end the whole girder for about 45 ft. from 
the abutments, viz., as far as the temporary timber 
piers. The bottom boom was then completed by 
erection on the trussed beams already described as 
spanning the 70 ft. opening between the temporary 
piers. This completed, the remaining bracing and 
upper boom were built out by overhang from each 
side until junction was established at centre, and 
the structure completely erected. A derrick crane 
was used for the erection. The height of the lower 
a ot the main girder above ordinary water level 
is t. 


THE WESTMINSTER ELECTRIC SUPPLY 
CORPORATION, 

THE area served by the Westminster Electric 
Supply Corporation, Limited, extends from the 
Thames to Oxford-street, and from Whitehall west- 
ward across Belgrave-square. The district is a good 
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deal spoiled from a business point of view by Hyde 
Park, St. James’s Park, and the Green Park, from 
which no revenue is to be gained. On the other 
hand, many fine houses, of the kind from which a good 
demand is to be expected, are grouped along the 
margins of the parks. The district is served from three 
stations, marked by small black blocks on the annexed 
map. These are situated respectively in Millbank- 
street, on the river and just west of the Houses of 
Parliament ; in Eccleston-place, near Buckingham 
Palace-road ; and in Davies-street, near Oxford-street, 
and midway between Regent-street and Park-lane. 
This latter station we propose to describe by aid of 
the engravings on pages 310 and 311. The capacities 
of these stations, stated in 8 candle-power lamps, 
are as follow; 


Davies-street 84,000 
Eccleston-place .. re bot % 42,000 
Millbank-street ... an ae ee 60,000 

186,000 


The number of lamps connected to each station may 
now be stated approximately as : 


Davies-street 54,000 
Kccleston-place 31,000 
Millbank-street 21,000 


Although the area is served from three centres, all 
the stations are connected to the general network 
of mains, and thus in slack times two stations may be 
shut down, leaving the remaining one to undertake 
the load. Fig 19 gives the load diagrams for Novem- 
ber 4 and 10, 1892. 

The system adopted is low tension direct current 
distribution, with a third wire connected to a battery, 
which not only aids the regulation, but also supplies 
current in the night during the time the engines are 
stopped. The dynamos are wound to give a current 
of 220 volts pressure, and have their terminals con- 
nected to the outer pair of the three mains, The 
current is distributed to the various parts of the 
network by means of feeders, at whose ends a pres- 
sure of 102 volts is maintained ; this suffices to give 
from 100 to 101 volts in the distributing mains. 

The building in Davies-street is of a handsome 
appearance, as will be seen from Figs, 2 and 3 on 
page 307. The exterior is carried up several storeys 
(Figs. 4 and 5), and is utilised in part for shops on 
the ground floor (Fig. 3), and partly for residential 
chambers. The greater part of these chambers are 
already let. Between these blocks of buildings is an 
open space in which is situated the engine-room 
(Figs. 4and 6), covered witha lightroof. The chimney, 
which is indicated in Fig. 4, also passes up the central 


space, quite independent of the walls of the building. | four others (Fig. 6). 


In this way the value of the site has been made the 
best of, while the occupants of the building, being 
tenants of the company, cannot bring bogus claims on 
account of any possible vibration that there may be. 
As amatter of fact, the vibration is practically im- 
perceptible, and as the flats are arranged as ‘‘ bachelor 
suites,” will not give rise to complaint. 

Referring to Fig. 5, it will be seen that great care 
was given to the foundation. On the right is a large 
block of concrete, 10 ft. thick, isolated by 18 in. space 
from surrounding walls, and extending below the 
entire range of engines and dynamos (Hig. 6). The 
lower surface of this is arched, and the rounded spaces 
filled with sand, to prevent the block rocking as a 
whole, The chimney base is at a lower level than 


the engine base. 
Fig. 6, each being driven directly by a Willans com- 


The dynamos are marked A to K in 


pound engine. A and B are Crompton dynamos, 
each giving 450 ampéres at 120 volts pressure, and 
being driven by a G G Willans engine. These ma- 
chines are two-poled, and are used for balancing. 
When the loads on the two sides of the system are un- 
equal, and there is a considerable current on the central 
or third wire, then one of these machines is employed 
to redress the difference, and produce a balance. The 
dynamos C, D, are four-pole machines, built by the 
Electric Construction Corporation, Limited, each giving 
300 ampéres at 220 volts pressure. They are driven 
by H H engines, having low-pressure cylinders 17 in. 
in diameter by 12 in. stroke, and running at the slow 
speed of 175 revolutions per minute. E, F, G, and H 
are two-pole machines, also built by the Electric 
Construction Comporation ; they are driven by I I 
engines, running at 350 revolutions. The output is 
500 ampéres at 220 volts pressure. The two remain- 
ing dynamos, I and K, are of the Crompton four- 
pole type, and of 112 kilowatt capacity. 

The boilers, Figs, 7 to 17, are of a modified marine 
type, four being constructed by Messrs. Davey, Pax- 
man, and Co., of Colchester, and two by Messrs. Fraser 
and Fraser, of Bow. The former are illustrated in our 
views. Lach boiler is § ft. in diameter by 12 ft. long, 
and contains two furnaces 2 ft. 8 in. in diameter, crossed 
by two Galloway tubes. At the back of the boiler isa 
dry combustion chamber (Fig. 10) into which the gases 
are delivered, previously to their passing through the 92 
three-inch tubes, which lead them back to the smoke- 
box over the furnace fronts (Figs. 9, 16, and 17). The 
gases then flow into the capacious side and bottom 
flues (Fig. 8), and thence into the main flue, which 
runs underground between the two rows of boilers 
(Figs. 6 and 14), This flue delivers into the chimney, 
which is 180 ft. in height from the firing level. There 
are six boilers already installed, and space is left for 


One special advantage of this 
type of steam generator arises from its shortness. This 
enables it to be got into and out of cramped premises 
with comparative ease, and it can be used in circum- 
stances where the Lancashire boiler would be quite 
inadmissible, 

The boilers are fed by two of Pearn’s quadruple- 
acting pumps with 3-in. plungers, and one of 44-in. 
plunger. The feed is pumped through two Berryman 
heaters (Fig. 6) situated at the end of the row of 
engines, where the temperature is raised to 200 deg. 
Fahr., aud the exhaust steam can be directed entirely 
up the chimney, or wholly through the feed heaters, or 
in any proportion desirable, by one large sluice valve 
situate in the mean exhaust pipe. The exhaust pipe 
is led up the centre of the chimney to within a few 
feet of the top. To guard against the machines being 
damaged by lightning passing down this pipe, there 
are two lightning conductors, and the pipe itself is 
most carefully connected to earth, so that a flash may 
pass off innocuously, and not damage the coils of the 
dynamos. The 8-in. steel steam pipes are in duplicate 
in the boiler-house, and the engine-room steam pipes 
will soon be complete ina ring. By this arrangement 
leaky joints can be dealt with at any time without 
stopping the engines. The coal enters by the road- 
way shown in section in Fig. 4; there is considerable 
storage room for it in cellars under the pavement and 
adjoining the boiler-house. A small tramway (Fig. 6) 
is provided for its distribution. 

The electrical arrangements are shown diagram- 
matically in Fig 18. The main dynamos C to K 
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are in the centre of the figure at the bottom, 
the conductors being carried right and left to the 
switchboard. If we trace the circuit from the C 
machine we find, following the conductor to the right, 
it goes to a short vertical copper bar. This bar crosses 
three other bars, placed at the back of the switch- 
board, and can be connected to either of them by a plug 
which screws into the back bar, and makes contact by 
a shoulder with the front bar. The three horizontal 
bars are connected respectively with (1) the feeders 
in parallel with the large regulator through the main 
switch, (2) direct on to the feeders, but in contact 
with small regulator through switch, (3) at present 
only used for testing purposes. In the simplest case, 
in which it is desired to connect the dynamo to all 
feeders in parallel, the vertical bar is plugged to the 
top horizontal bar, and the current thus conducted to 
the horizontal bar above. This latter is then 
plugged to join it to one of the vertical bars of the 
front of the board, from whence it passes through 
ammeters and duplex cut-outs to the particular 
feeders in parallel with the battery. The return cur- 
rent enters at the left-hand of the board at the top, 
and passes back to the dynamo through duplex cut- 
out, an ammeter, and an automatic cut-out. If it be 
desired to charge the battery, a plug is placed in the 
top hole of the vertical bar to which the charging 
dynamo is connected at the right-hand side, and the 
charge switch is moved to the proper number of 
cells requiring charge, the external circuit being main- 
tained by a dynamo plugged on to No. 2 horizontal 
bar and so to the feeders. The current then passes 
through the right-hand half of the battery, through 
the battery meter, and the ammeter, which can be put 
in and out of circuit by a three-way switch, and 
through the second half of the battery back to the 
dynamo. When the battery is only feeding the net- 
work, the charge switch is set on the terminal to give 
the required pressure, and connection made through 
the two-way switch to the feeder bars. 

The third wire is brought to a switch in the centre 
of the board, from which it can be connected to either 
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of the balancing dynamos A and B and sufficient cur- 
rent sent into the third wire to balance the system. 

To regulate the pressure there is a voltmeter be- 
tween each pair of engines, connected to a distant 
feeder. Supposing one engine to be running and the 
demand to be increasing, the regulator is opened 
wider and wider to keep up the pressure until the 
full power of the engine is reached. Then the 
second engine is started, and the same plan followed 
until it is fully loaded. The third engine is then 
started, and soon. Whenthe loadis decreasing, the 
engines are slowed down and stopped one by one in 
the inverse order. From the distant end of each 
pair of feeders, wires are led back to voltmeters 
to show the pressure in various parts of the net- 
work. These voltmeters are marked ‘“ feeder ” 
on the board, but as they are subject to disturb- 
ance from currents in the conductors on the board, 
an extra voltmeter has been erected (shown in the 
centre of the diagram), with sliding contacts which 
put it in connection with any pair of feeders at will. 

The purpose of the automatic cut-outs at the left 
of the board is to prevent the battery discharging 
back through a dynamo in case the engine should stop. 
By means of magnetism induced by the current flowing 
through a coil, a heavy handle is held up ; if the current 
dies away, the handleis released and falls, and in so 
doing operates a switch to break the circuit. 

It is barely two years since the station was first 
started, and already it is so successful that 10,000 
lamps have been fed from it at one time. In its 
arrangements it is an excellent example of a first-class 
London station, designed by the light of the most 
recent experience, and thoroughly well calculated to 
do its work at a minimum of cost. It is so arranged 
that complete supervision can be had at all times, 
while the ample light and sufficient space insure that 
the machinery shall be well kept. Considerable pains 
have been spent over the architectural features, and 
the result is that the building is distinctly ornamental, 
even the high chimney having a pleasing appearance. 
Professor A. B. W. Kennedy, M, Inst. C.E., is the 
engineer to the corporation, and designed the station ; 
Mr. C. Stanley Peach, John-street, Adelphi, is the 
architect ; and Mr. Ll, Foster the resident engineer. 
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THE CENTRAL MARINE ENGINE WORKS 
AT WEST HARTLEPOOL. 
(Concluded from page 280.) 

In introducing the subject of extensions in our 
previous article, we indicated that additions had been 
made to the foundry and boiler works, to make room 
for new machines, and in dealing particularly with 
these we purpose referring briefly to the general equip- 
ment of the works. The foundry is built in the form 
of an angle L. At the inner angle of the building 
the three cupolas are constructed on the receiver and 
drop bottom principle to facilitate cleaning out. The 
sand foundry is in the portion of the building repre- 
sented by the horizontal part of the figure above, and 
the loam foundry in the other part, with a lean-to for 
stores, stoves, &c. The situation of the cupolas enables 
them to supply either foundry. Each department is 
280 ft. long, and the width in one case is 50 ft. and the 
other 60 ft. There are several cranes, those travelling 
overhead carrying their boiler also, and attaining 
great speed; but to this reference will be made later. 
The blowing engines for the cupolas are in a separate 
building. The air is supplied by a three-cylinder 
direct-acting blowing engine, instead of the ordinary 
rotary blower, the steam cylinders being 18 in, and 
the air cylinders 42 in. This, it is considered, gives 
a better command of the pressure, the air cylinders 
working quietly and steadily. The blast passes 
through a receiver, and the pressure ranges from 36 in. 
to 42 in. of water. The raw materials for the cupolas 
are raised from the ground level in the foundry yard to 
the required height by hydraulic lifts, and are weighed 
on machines before entering the lift. The foundry 
yard is extensive, and there is a fettling shed 100 ft. 
by 50 ft. 

The engine works proper are 250 ft. long by 170 ft. 
broad, in two main bays, with side galleries for light 
tools on each side of the main building. At different 
points there are hydraulic hoists to these galleries, 
and the belting passes through wells to the line of 
shafting under the roof, and is so arranged that the 
passages are not affected, as is often the case, with 
belting running diagonally. The engines, of which 
more later, drive the shafting direct. The fixing of 
the shaft bearings for counter-shafting isingenious. A 
series of shaft beams, formed simply of steel rails, 
is placed half-way between the floor and the main 
driving shaft supported on the columns carrying the 
roofing, and the bearers for pulleys are so con- 
structed that they slide along between the two rails, 
and thus no bolts through the wall are necessary. 
Any bearer, too, can be easily shifted along the rails. 
This system obtains throughout all the shops. One of 
the late additions to the plant in the engine works is a 
vertical horing machine, with two spindles, made by 
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Messrs. Butterfield and Co., Keighley. The distance 
between centres of the spindles is adjustable, so that 
two holes may be bored at one time in any job—crank, 
web, casings, cylinders with piston valves, &c. Near 
this is a taper hole boring machine by the same 
makers, in which, at the time of our visit, a manga- 
nese-bronze propeller was being machined. There 
are, it may be said in passing, furnaces for melting 
manganese and other bronzes for castings for pro- 
pellers of 16 ft. diameter, and facilities for casting 
them solid up to about 4 tons weight. There are two 
horizontal and vertical planers, one taking in 18 ft. by 
18 ft. and the other 18 ft. by 14 ft.: a horizontal 
boring machine having double standards with 20 ft. 
horizontal and 16 ft. vertical travel, and capable of 
boring out three connecting-rods at once; a radial 
drilling machine with two standards on one bedplate, 
12 ft. long by 9 ft. high; a double boring machine 
which can bore both ends of a crank web simulta- 
neously, and can bore out cylinders, propeller bosses, 
and stern frames; a planer with two tool-boxes, to 
take a cut 6 ft. by 6 ft.; a slotter for trimming cranks, 
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having a screw motion of 4 ft. 6 in. stroke; and two 
vertical cylinder boring mills working cylinders to 
100 in, in diameter. The heaviest lathe has 51 in. 
centres, is quadruple geared, and has four slide rests 
placed on a double bed 8 ft. 6 in. broad and 27 ft. long. 
For working hydraulic cranes, &c., in the engine shop 
there is a special set of pumps, engines, and accumu- 
lator, the pressure being 1000 lb. 

The beds on which the engines are erected merit a 
passing notice. The engines are built up on a series 
of iron girders placed on concrete foundations and 
perfectly level, so that accuracy may beinsured. These 
girders also carry a special treble-geared boring head 
with steel bar for boring out all the main bearings of 
engines simultaneously. This machine is movable. 
The flooring of the whole shop, it may be added, is of 
wooden causeways with the grain upwards. 

The engines for driving the shafting are of the 
compound surface-condensing type. The area from 
which the water supply of Hartlepool is taken is 
largely composed of limestone rock, with occasional 
patches of red clay, and the water is very hard 
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and not very kind to boilers. Rain-water tanks 
are therefore fitted near the forge, the capacity being 
250,000 gallons, and to economise this water the 
surface condensers have been adopted, the proximity 
to the docks making it very convenient to get circu- 
lating water. The condensers and pumps are fitted 
to the engines, of which there are three in the engine 
shop alone, bolted to the main columns supporting the 
roof and working direct on to the line of shafting. 

The boiler shed is in two bays, one 360 ft. long and 
the other 300 ft., the combined breadth being 130 ft. 
As in the engine works, the machines are so arranged 
that the work passes from one end of the shop to the 
other through each successive tool. The machinery 
here is of modern type, and need not be specified. Mr. 
Mudd departs from what may be termed the orthodox 
method of constructing a boiler, Almost always in 
other works the end plates of the boiler are flanged 
for riveting to the shell—sometimes an angle-iron 
ring is used; but Mr. Mudd flanges the shell plates 
and rivets on the end plates to the shell. Instead of 
having the shell plates overlapping and riveted at 
the edge which is flanged, he welds that part abutting 
on the edge, and thus makes a smooth surface for 
flanging. ‘This obviates the flanging of two thick- 
nesses of plates overlapped and riveted. The 
method necessitates a new adaptation of several 
machines, and to these we propose referring in detail. 

On page 303 we give an engraving, Fig. 7, showing 
an arrangement of Tweddell’s patent flanger as con- 
structed by Messrs. Fielding and Platt, Gloucester, for 
the works at West Hartlepool. The principle of the 
flanger is well known. In the machine illustrated 
there are two rams, the outer being used for gripping 
the plate to the block, while the inner ram bends the 
plate over by means of the die, after which the hori- 
zontal ram, working through a cylinder inside the 
casing, squares the flange up to the block. The 
machine illustrated differs further from the ordinary 
type in that it is supported on trunnions in order that 
it may be more conveniently worked when turning 
and flanging the shell plates, and not the boiler end 
plates as usual. With this means adopted a pit is not 
necessary. The large shackle shown on the front of 
the machine is to raise and lower it. The machine at 
the Central Works is one of the largest of Tweddell’s 
flangers in use, and is the second one they have fitted 
up in their works. 

A boiler shell drilling machine with eight spindles 
for working horizontal or vertical seams has been sup- 
plied by Messrs. Scriven and Co., Leeds, and of it we 
give an engraving on page 318, Fig. 8. 

The machine consists of two strong vertical standards 
on opposite sides of acentralturntable. Each standard 
has a transverse movement on a slide; this slide has a 
movement on a foundation frame towards and from the 
centre of the table so as to adjust the drills for boilers 
of various diameters. Each main vertical standard 
carries two cross-slides, each of which cross-slides 
owries two drilling spindles. The cross-slides have a 
vertical motion on the standards for adjustment for 
holes of various heights ; the cross slides have also a 
swivelling motion by worm gear, by which they can be 
turned completely round, so as to be suited for drilling 
horizontal ring seams or vertical butt seams as re- 
quired. The two drilling spindles on each cross-slide 
are carried on two separate independent saddles and 
are each provided with independent self-acting feed 
gear, Lach spindle can be swivelled on its saddle so 
as to point in a truly radial direction from the centre 
of the boiler; the swivelling of the spindles is regulated 
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by a guide bar which can be set at any angle to suit 
the various diameters of boilers, By this means the 
spindles are adjusted in pitch and to the true radial 
line by one motion. Each spindle being completely 
independent, there is no waiting for other drills to 
get through, but each proceeds to its next hole as soon 
as one hole is finished. The main standards can be 
swivelled so as to bring the spindles into radial line 
when drilling butt seams which are not exactly oppo- 
site each other. The central turntable, carried on a 
centre pin and rollers, can be moved round in either 
direction by power. A driving gear is also provided 
to the table, so that by fixing a tool-holder to one of 
the standards it can be used for facing up flanged end 
plates, &c. 

The illustrations on page 314 represent an hydraulic 
riveting machine, which has riveting and plate- 
closing cylinders fitted both horizontally on the main 
casting of machine and vertically on the hob of ma- 
chine (Fig. 9). The horizontal cylinders are used for 
riveting the shell of the boiler, and the vertical 
cylinders for riveting the end plates to the shell, the 
shell plates, as before mentioned, being flanged to 
receive them, This machine was made by Messrs. 
Hugh Smith and Co., Glasgow, and both riveting 
cylinders are fitted with their patent plate-closing 
arrangement, as shown in section of head (Fig. 10). 
This will best be explained by indicating the method 
of operating it. The position of machine is full back 
and the pressure water is first admitted into the 
small cylinder A, which forces forward the large 
cylinders and slides till the plate-closing snap K strikes 
the plates, While this is being done, the cylinder B, 
or plate-closing cylinder, is kept open to the water in 
exhaust tank, which is placed at a higher level, and 
the water from the tank fills up the space left between 
plunger C and cylinder B. Cylinder B is now shut off 
from communication with the exhaust tank, and, at 
same operation, opened to the pressure water, which 
gives the desired pressure to close the plates by acting 
through an outside slide D carrying plate-closing snap 
K. Pressure water is now admitted to cylinder E, 
which, acting on plunger F, transmits its forward 
motion through the inside slide G carrying the riveting 
snap H. As the resistance, due to staving the rivet, 
causes the pressure in cylinder E to rise, the back pres- 
sure acting on cylinder B gradually withdraws that 
same amount of pressure from the plate-closing snap, 
and thus gradually transfers the pressure from the 
plate-closing to the rivet-closing snap. By making 
plate-closing cylinder B of larger area than rivet-closing 
cylinder K, the plates are closed with a greater pres- 
sure than the rivet, the difference between these pres- 
sures remaining on the plates after the rivet is closed. 
The advantages claimed for this arrangement are : The 
whole power of the machine can be applied to close the 
plates ; the whole or part of the power can be applied 
to close the rivet ; and there is a saving of pumping 
power of from 40 to 50 per cent. by using the small 
cylinder A. 

In the boiler shop there are, in addition to the 
special tools described, a 160-ton riveter, with a 
10 ft. 6 in. gap, and having a heavy travelling crane 
so arranged that it may be worked from the floor by 
the man in charge of the riveter ; a planing machine 
taking plates 28ft. by 15 ft., and planing two edges 
simultaneously ; a boiler back drilling machine and 
other heavy tools. There is an annealing furnace 
immediately outside the doors, which, by the way, are, 
asin the case of the engine works, lifted by hydraulic 
power, 


Of the cognate departments it is not necessary to 
deal in detail. The wood-working machinery in the 
pattern shop—a building three storeys in height—is 
mostly of American make. In the tool-repairing shop 
there is one of Longworth’s patent pneumatic hammers. 
All the buildings are lighted by electricity, three 
separate engines and dynamos of the Brush type being 
located in a new dynamo house recently erected, and a 
spare dynamo is kept for emergencies. There are in 
the engine works 75 Brush arc lamps, each of 2000 
candle-power, and in addition gaslights at all the 
benches and machines. 

The works are well supplied with travelling cranes. 
In the engine department there are five, ranging from 
15 tons to 50 tons capacity, and they are all driven 
by square shafting. In the foundry and boiler works, 
in each of which there are four cranes, ranging from 10 
to 45 tons in the former and to 50 tons in the latter, 
the motive power is carried on the crane, boiler and 
driving engine being accommodated on the platform, so 
that they are practically locomotive. They are 
ordinary high-pressure two-cylinder engines working 
with 75 lb. steam, and give the crane great speed in 
traversing. This arrangement is desirable in the 
foundry, where dust abounds and might make it diffi- 
cult to get square shafting to run smoothly, besides 
speed—which may reach in their case 200 ft. per 
minute—is an advantage when a ladle of metal is 
wanted quickly for a mould, and good work depends 
on getting the metal without having been in any way 
cooled On the other hand, slow and steady movement 
for moving moulds themselves is attained without any 
jerking. 

The sheerlegs in the works, being operated by 
hydraulic power, may be referred to. There are three 
sets of triple-cylinder hydraulic engines each capable 
of lifting 50 tons. Each can be thrown in and out of 
gear at will, so that one, two, or three may be en- 
gaged lifting the one load, The maximum lifting 
power is 90 tons, The legs are each 110 ft. high. 


TEHUANTEPEC RAILWAY.—PIER FOR 
SALINA CRUZ. 

On our two-page plate and also on the present page 
we publish illustrations of a pier recently erected 
at Salina Cruz for the National Railway of Tehu- 
antepec. The details are so fully given that a few 
of the leading dimensions will suffice to convey an 
idea of the magnitude of the work. The total length 
from abutment to centre of outside row of piles 
in head is, as shown in Figs, 1 and 2, 274.320 metres 
(900 ft.); the width of neck, centres of outside 
girders, 9.144 metres (30 ft.) ; and the width of head, 
centres of outside girders, 18.288 metres (60 ft.). The 
depth at high water at the head is about 13 metres 
(42.65 ft.), and from high water to deck of pier, 
4 metres (13.1236 ft.), the rise and fall of the tide 
being 3 metres (9.84 ft.). The pier is divided into 
9.144-metre (30 ft.) bays, longitudinally, and 4.572 
metre (15 ft.) bays, transversely. The outside piles 
are .380 metres (15 in.), and the intermediate piles 
.457 metres (18 in.) in diameter, the screws being 
.914 metres (3 ft.) and 1.220 metres (4 ft.) in diameter 
respectively. The whole of the piles are of cast iron, 
with the exception of the 19 outside ones in the head ; 
here for a depth of 7.9 metres (25.91 ft.) they are of 
wrought iron ; this was done in order that the bumping 
of the vessels might not in any way injure the piles, 
as it was thought that if they were of cast iron they 
would be liable to fracture. Timber fendering and 
waling is to be fixed to the head of the pier, and for a 
certain distance up the neck, to act as rubbing pieces. 
Longitudinally from the tenth pile, single, and from 
the twentieth pile double, horizontal bracing formed 
of lattice girders, with diagonal bracing rods, is pro- 
vided, and each set of piles in the neck is braced 
transversely, as shown in Figs. 3 to 8, and in greater 
detail in Figs. 9 to 15. In the head two sets of hori- 
zontal and three sets of diagonal bracing are fixed 
(Fig. 8). At the junction of head with neck (Fig. 7) 
wide staircases are provided on each side for landing 
from small boats. The piles are surmounted by cast- 
iron caps of the form and dimensions shown in Fig. 9, 
and on these rest the longitudinal girders, which are 
.762 metres (2.5 ft.) deep over main angle irons. 
Between the main girders are the cross-girders, .380 
metres (15 in.) deep, and between the cross-girders 
are the rail bearers or trimming girders, as shown in 
Fig. 15. The whole of the deck is covered with 3-in. 
planking (Fig. 9), and provision is made in the neck for 
two lines of way, 4 ft. 84 in. in gauge. On both sides of 
neck, fixed to the main girders, a hand-railing of cast 
iron standards and gas-tube rails (Fig. 11) is provided, 
Over a portion of the head, and covering an area of 
64 metres (210 ft.) by 9.144 metres (30 ft.) is an open 
shed (Figs. 1, 2, and 8) formed of cast iron columns, 
wrought-iron framing, and galvanised sheeting, as 
shown in the illustrations. The total weight of iron- 
work in the pier is 1,064,837 kilogrammes (1046 tons). 
The pier is for the National Railway of Tehuantepec, 
a line extending from the port of Goatzacoalcos, on the 
Gulf of Mexico, to the city of Tehuantepec, and thence 
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to the port of Salina Cruz, on the Pacific Ocean, where 
the pier is to be erected. The whole of the work has 
been manufactured from the designs and specifications 
of Mr. Jonathan Packman, M. Inst. C.E., under the 
inspection of Mr. Leonard Giel, A.M. Inst. C.E. The 
superstructure of the neck portion was executed by 
M. I. De Jaeger, of Bruges, and the remainder of the 
work by the Usines et Fonderies de Baume et Mar- 
pent, of Haine-St.-Pierre. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MinpiessproucH, Wednesday. 

The Cleveland Iron Trade.—Yesterday our weekly 
market was fairly well attended, and a good deal of busi- 
ness was recorded. Buyers and sellers were more dis- 
posed to come to terms than has recently been the case, 
and pretty large orders were reported to have been 
secured from Continental consumers, The general tone 
of the market, in fact, was pretty satisfactory, although 
quotations were hardly so firm as on the previous day. 
Some of the makers, however, asked 35s. for prompt f.o.b. 
delivery of No. 3g.m.b. Cleveland pig iron, but others 
did business at 34s. 9d., and some parcels were dis- 
posed of at 34s. 6d. There were a good few buyers at 
the last-mentioned price. No. 4 foundry was steady 
at 33s. 9d., and grey forge realised 33s. 3d. A better 
account was given of the hematite pig iron trade, and a 
rather higher rate than that mentioned last week was 
asked for local brands. A fair business was recorded at 
433. 6d. for makers’ Nos. 1, 2, and 3, and some sellers held 
out for a trifle more. Spanish ore was steady and firm at 
lls. 9d. ex-ship Tees for rubio. Middlesbrough warrants 
were rather quiet, and closed 34s. 7d. cash buyers, with 
little doing in them. To-day the market was somewhat 
weaker, in sympathy with affairs in Glasgow, but prices, 
excepting for warrants, were hardly quotably altered. 
arly in the day a transaction or two occurred at 34s. 6d. 
for prompt f.o.b. delivery of No. 3 g.m.b, Cleveland pig 
iron, but later on attempts were made to secure the ruling 
quality ata trifle less. Sellers, however, would not listen 
to anything below this figure. Middlesbrough warrants 
fell to 34s. 3d. cash buyers. 


Manufactured Iron and Steel.—There is little improve- 
ment in these two important industries, but some people 
speak more hopefully of the future. Quotations, how- 
ever, remain very low. It is reported that the Eston 
Steel Works may be restarted before very long, and it is 
sincerely to be hoped that the rumour is correct, for the 
works have been laid idle for a number of weeks, much to 
the detriment of the general trade of Cleveland. Common 
iron bars are quoted 5/.; iron ship-plates, 4/. 15s.; iron 
ship-angles, 47. 123. 6d. ; steel ship-plates, 5/.; and steel 
ship-angles, 4/. 17s. 6d.—all less 24 per cent. discount. 
Heavy steel rails are at 37. 17s. 6d. net at works. 


Tees Side Engine Works.—The annual report of the 
directors of the above works, to be submitted to the ordi- 
nary general mee‘ing of the shareholders on Friday, the 
24th inst., states that the depression in trade referred to 
in the last report was made more acute in consequence of 
the Durham coal trade dispute in the early part of the 
year, which affected the production and increased the 
cost in the engineering departments. Having regard to 
these circumstances, the directors thought the result 
satisfactory. After deducting 1739/. 10s. 5d. for deprecia- 
tion, and expending a considerable amount in improved 
machinery out of revenue, besides reserving 1000/. for 
relining the blast furnaces, there remained a profit of 
3570. 17s. 8d. The directors proposed to pay adividend 
of 4 percent, on the preference shares, which would absorb 
35200., and leave a balance of 50/. 17s. 8d. to be added to 
the reserve of 314/. 0s. 4d. belonging to the preference 
shareholders. In ths autumn of last year there was such an 
apparent margin of profit in the manufacture of pig iron 
that the directors did not feel justified in keeping the 
blast furnaces standing, and accordingly blew in three 
furnaces, two on hematite and one on Cleveland 
iron. Prices had fallen so rapidly since that it was 
now impossible to produce iron at the selling price, 
and the furnace making Cleveland iron had been 
blown out. The engineering and foundry depart- 
ments had been well employed during the past year, 
and there were a fair number of orders at present on 
the books. It was difficult, however, to obtain contracts 
at remunerative prices. As soon as any improvement 
took place in the shipbuilding trade the shipyard would 
again, 1t was expected, .be occupied. 


The Fuel Trade—The demand for coal is rather large, 
and prices are steady. At Newcastle quotations are still 
based on 8s. 6d. f.o.b. for best Northumbrian steam coal. 
Here good blast furnace coke is 12s. 3d. delivered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Dore and Chinley Railway.—Rapid progress is being 
made with the construction of this line from the PadJey 
Wood end of the Dore tunnel to Chinley, and, asa result, 
many workmen are from time to time being dispensed 
with. The tunnel under Cowburn is completed, and a 
rapid advance is being made with the permanent way 
through Edale and Hope. The Chapel Milton viaduct is 
finished, although the connection with the main line is 
not yet made. Stations at Edale, Hope, Brough, Bamford, 
and Hathersage have yet to be made. Work in the Dore 
tunnel is going on very’ satisfactorily. 


Work Going to the Continent.—The strike in the glass 
bottle trade, which involves some thousands of hands in 
South and West Yorkshire, is resulting in some very un- 


desirable consequences. A meeting of the Masters’ Asso- 
ciation was held in Wakefield on Monday, when a long 
discussion on the situation took place in private. Nearly 
all the masters comprising the association were present, 
and they firmly resolved not to accede to the demands of 
the workmen. Some of the manufacturers have been com- 
pelled, owing to the action of the men, to send their 
moulds, &c., to the Continent, where large quantities of 
glass bottles are now being made to the order of York- 
shire manufacturers to enable them to meet the wants of 
their customers, 


Proving the Lower Coal Measures in Dronfield Valley.— 
An important meeting, to consider the advisability of 
proving the lower coal measures in the Dronfield district, 
has just been held. Colliery proprietors and managers of 
the neighbourhood, with several landowners and employers 
of labour, were present, and it was resolved that subscrip- 
tions should be invited to cover the cost of the boring. 
One Manchester firm offered to bore 200 yards for 3000. 
The residents hope that success will be achieved, for the 
‘*black shale” measure being nearly exhausted, a de- 
population of the district must necessarily take place, and 
the near prospect of deserted villages is imminent unless 
the lower coal can be worked. The colliers of the neigh- 
bourhood have unanimously and spontaneously proffered 
subscriptions in aid of the project. 


Iron, Steel, and Coal.—Both the pig and manufactured 
iron trades of the district are suffering severely from the 
depression, but more orders are coming in as the spring 
approaches. Forge pig is procurable at 39s. 6d., foundry 
at 40s. to 42s., north-east coast hematite at 50s., and west 
coast at 52s. 6d. Makers of best marked bars and plates 
are receiving more encouragement. Additional contracts 
for railway material are being secured at prices ranging 
as follows: Best engine tyres, from 12/. 10s. per ton; 
carriage and wagon tyres and springs, 107. ; axles, 6/. 10s. 
Bessemer billets are in fair demand for home and export 
at 5l. 7s. 6d. to 5l. 12s. 6d.; Siemens, from 6. Nothing 
fresh is doing in the armour-plate and ordnance depart- 
ments, but there are some fair orders in hand for heavy 
crank-axles and shafts. Engineering and tool steel is 
being sent freely to the United States, Chili, and South 
Africa. The coal market is growing more stagnant, and 
stocks of every description are increasing. (Good engine 
fuel is procurable at the pits at 5s. to 6s. per ton. 


NOTES FROM THE SOUTH-WEST. 

Bristol Water Works Company.—The report of the 
directors states that the revenue from water. rates for 
1892 was 96,929/., being an increase of 43227. over the 
collection of the previous year. The sum applicable for 
dividend is 21,474/., and the directors recommend 
dividends at the rate of 74 per cent. on the ordinary 
stock, and 54 per cent. on the 7 per cent. maximum 
ordinary stock for the year, leaving 3162/. to be carried 
forward. The duplication of the works at Chelvey has 
been nearly completed, two 160 horse-power engines 
having been erected, but not yet taken over from the 
makers. The value of the third store reservoir at Barrow 
has been proved in the past year, as shown by the satis- 
factory reduction in the pumping expenses at Chelvey. 
The construction of the Yeo Valley reservoir is progress- 
ing ; but, owing to the nature of the ground, the outlay 
will be in excess of the estimated cost, and the work will 
not be completed within the time originally contemplated. 
The capital expended during the year was 52,8651. 


Merthyr.—Business at the Cyfarthfa Works has con- 
tinued steady, and at the Dowlais Works greater activity 
has been observable. The coal trade continues dull, but 
the pits in the neighbourhood are better employed than in 
some other districts. 


Pembroke Dockyard.—The estimates provide for 111, 5601. 
to be spent in the coming financial year, or a decrease of 
3440/. as compared with 1892-3. This amount will be 
divided as follows: Renown, 35,3201. for labour; Cam- 
brian, 20,0807. ; Flora, 30,435/. ; and Hazard, 25,7251. 


Defences of Plymouth.—It is expected that large works 
for the defence of Plymouth, provided by the Imperial 
Defence Act, 1888, will be completed during the finan- 
cial year 1893-4. These works include the construction 
of the Penlee and Raleigh batteries, now well advanced. 
No addition is contemplated to these works, but impor- 
tant building operations are to be carried out during the 
next twelve months at Bullpoint. 


Cardif.—There has been about an average demand for 
steam coal. The best qualities have made 9s. 6d. to 
9s. 9d., while secondary descriptions have brought 8s. 9d. 
to 93. 3d. per ton. Household coal has shown rather a 
downward tendency; No. 3 Rhondda large has made 
10s. 6d. to 10s. 9d. per ton. There has been only a 
limited demand for coke; foundry qualities have made 
17s. to 17s. 6d. ; and furnace ditto, 15s. to 16s. per ton. 
The iron and steel trades have shown continued depres- 
sion, 


The Electric Light at Cardif.—The Cardiff Town 
Council has had plans prepared for a lighting station. 
The site belongs to the council, and it is situated close to 
the Great Western Railway on the northern side, and at 
the extreme end of Eldon-road. It is proposed at present 
to erect only one-fourth of the building ; its extension 
will depend upon the demand for electric lighting in the 
town. The plans prepared by the borough engineer (Mr. 
Harpur) show that the first portion of the station will be 
82 ft. square. The space allotted for engines and dy- 
namos will be 80 ft. by 30 ft., with a boiler-house of the 
same size. Behind the boiler-house and adjoining the 
Great Western Railway will be the coal stores, 14 ft. by 
60 ft. The shaft will be 150 ft. high, and it will be octa- 
gonal in form. The station can be easily supplied. with 


fuel, and negotiations with the Great Western Railway 
Company for a siding from the main line into the works 
are now proceeding. Mr. W. EH. Massey has prepared 
the details for the engines, dynamos, street mains, and 
services, 


New Docks at Portsmouth. — Preparations are being 
made for commencing two new docks at Portsmouth. 
The docks are to be built upon a site originally used by 
the engineer students of the Marlborough as a recreation 
ground. The docks are to be 500 ft. long, and they will 
be capable of accommodating the largest line-of-battle 
ships. 


South Wales Coal and Iron.—The shipments of coal, 
foreign and coastwise, from the four principal Welsh 
ports in february were as follows: Cardiff—foreign, 
816,142 tons; coastwise, 118,635 tons. Newport—foreign, 
125,998 tons; coastwise, 84,009. Swansea — foreign, 
71,102 tons; coastwise, 51,095 tons. Llanelly—foreign, 
11,699 tons ; coastwise, 3165 tons. The shipments of iron 
and steel from the four ports in February were: Cardiff, 
909 tons; Newport, 1612 tons; Swansea, 68 tons; 
Llanelly, nil ; total, 2589 tons. The shipments of coke 
in February were: Cardiff, 6821 tons ; Newport, 37 tons ; 
Swansea, nil; Llanelly, nil; total, 6858 tons. The ship- 
ments of patent fuel in February were: Cardiff, 22,182 
tons; Newport, 2666 tons; Swansea, 22,617 tons; 
Llanelly, nz/; total, 47,465 tons. The aggregate ship- 
ments of coal from the four ports in the first two months 
of this year were as follows: Cardiff, 1,943,986 tons ; 
Newport, 422,539 tons ; Swansea, 245,330 tons; Llanelly, 
27,554 tons ; total, 2,639,409 tons. The aggregate ship- 
ments of iron and steel from the four ports in the first 
two months of this year were: Cardiff, 2354 tons; New- 
port, 1612 tons ; Swansea, 488 tons; Llanelly, nel ; total, 
4454 tons. The aggregate shipments of coke from the 
four ports in the first two months of this year were: 
Cardiff, 11,117 tons ; Newport, 724 tons; Swansea, nil ; 
Llanelly, nil; total, 11,841 tons. The aggregate ship- 
ments of patent fuel from the four ports in the first two 
months of this year were: Cardiff, 38,657 tons; New- 
port, 9503 tons; Swansea, 50,415 tons; Llanelly, nil ; 
total, 98,575 tons. 


Welsh Railways.—The Taff Vale Railway Company 
does not propose to proceed with a Bill which it has had 
pending in Parliament this session. By this Bill the com- 
pany sought to obtain powers for the compulsory purchase 
of certain lands, principally in Pontypridd, in order to 
carry out certain extensions and improvements. A Lords’ 
Committee has passed the preamble of the Bill of the 
Rhondda and Swansea Bay Railway Company. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market. — Last Thursday’s market 
was inactive, and very little business was done, but 
prices were strong. Only 4000 or 5000 tons of iron 
changed hands, of which 1000 tons were Cleveland iron. 
Scotch iron improved 14d. per ton further, making a rise 
of 4d. per ton on the four days of the week. The price of 
Cleveland was 33d. per ton over Tuesday’s quotation, and 
the close was at the best, being 2d. up on the day. 
Hematite iron was firmly held. ‘The closing settlement 
prices were—Scotch iron, 40s. 103d. per ton; Cleve- 
land, 34s. 44d. ; hematite iron, 46s. 14d. per ton. Fri- 
day’s market was firm in the forenoon, and between 4000 
and 5000 tons of Scotch iron were sold, chiefly for cash, 
and at 6d. per ton higher than at the close on the preceding 
night. The market continued very firm in the afternoon 
for a time, but on sellers making their appearance more 
freely prices became easier. About 10,000 tons of Scotch 
iron were dealt in at 41s. 4d. to 41s. 6d. cash, and at 41s. 5d. 
to 41s. 8d: one month. Sellers at the close were asking 
41s. 3d. per ton cash and 41s. 54d. one month. Cleve- 
land was dealt in at 35s. per ton a month for 500 tons. In 
addition to the official business, 1500 tons of Scotch iron 
changed hands at 40s. 104d. with a simultaneous 
plant all this year. Hematite iron was strong, with 
sellers asking 3d. per ton more, and buyers offering 
14d. over their price of the preceding night. At the 
close the settlement prices were-—Scotch iron, 41s. 3d. 
per ton; Cleveland, 34s. 9d.; hematite iron, 46s. 3d. 
per ton. There was very little business done in the war- 
rant market on Monday, and the quotations for Scotch 
iron were irregular. Prices opened weak, but they subse- 
quently recovered, and then eased away again. About 
4000 tons of Scotch iron were sold in the forenoon—1500 
tons at 41s. per ton cash, and the rest in lots of 500 tons 
at 41s, 2d. and 41s. 24d. cash, and 41s. 2d. to 41s. 4d. per 
ton one month. Cleveland, while idle, was firmer at 
353. sellers. Business was idle at the afternoon meeting 
of the ring, only 1500 tons of Scotch iron changing 
bands—500 tons at 41s. 2d. cash, 500 tons at 41s. 3d. one 
month, and 500 tons at 41s. 44d. one month. At the 
close there were sellers of Scotch iron at 41s. 1d. 
cash, or 2d. down from the forenoon. Cleveland and 
hematite iron were neglected, and the former rose in price 
1d. per ton. The settlement prices at the close were— 
Scotch iron, 41s. per ton ; Cleveland, 34s. 104d.; hematite 
iron, 46s. 8d. per ton. Tuesday’s forenoon market was 
idle, only 1000 tons of Scotch iron being sold at 41s. per 
ton cash and 41s. 3d. one month; and 500 tons of Cleve- 
land changed hands at 35s. per ton three months 
fixed. The general tone was dull. Business was at a 
standstill in the afternoon until near the close, 
when the market assumed some activity. Between 
6000 and 7000 tons of Scotch iron were dealt in, the 
major portion on forward account at 41s. 6d. three months 
fixed. Cash transactions began at 41s. 03d., but on some 
selling setting in, the price broke to 41s , while at the close 
there were sellers at 40s. 1ld. Business was done at 
41s. 3d. one month open. Hematite iron dropped 3d. 
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per ton at 46s 3d. sellers. At the close the settlement 
prices were—Scotch iron, 40s. 104d. per ton ; Cleveland, 
34s. 9d. ; hematite iron, 463. 13d. per ton. The market 
was rather more active this forenoon, but business was 
still slack. The activity was continued in the after- 
noon, but there was no material change in prices. 
The following are the quotations for some of the No. 1] 
special brands of makers’ iron: Clyde, 47s. 6d. per ton ; 
Gartsherrie, 48s.; Calder and Summerlee, 50s. ; Lang- 
loan, 543. ; Coltness, 54s. 6d.—all the foregoing shipped at 
Glasgow ; Glengarnock (shipped at Ardrossan), 49s. 6d. ; 
Shotts (shipped at Leith), 53s. 6d.; Carron (shipped at 
Grangemouth), 52s. 6d. per ton. ‘There are 69 blast 
furnaces in actual operation, as compared with 78 at this 
time last year. Two of them are making basic iron, 
24 are working on hematite iron ore, and 43 are 
making ordinary iron. Last week’s shipments of pig 
iron from a'l Scotch ports amounted to 8639 tons, 
against 4616 tons in the corresponding week of last year. 
They included 500 tons for the United States, 120 tons for 
Canada, 140 tons for South America, 165 tons for India, 
612 tons for Australia, 1284 tons for Italy, 190 tons for 
Germany, 850 tons for Russia, 940 tons for Holland, 211 
tons for Spain and Portugal, smaller quantities for other 
countries, and 3382 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores last 
night stood at 346,275 tons, against 348,993 tons yesterday 
week, thus showing for the week a decrease amounting to 
2718 tons. 


Finished Iron and Steel Trades.—The general condition 
of these trades remains without much change. New busi- 
ness in the bar iron department is on a very limited scale. 
Makers of hoop iron are still working together in a way 
which admits of quotations being firmly maintained ; 
indeed, so strong is their position just now that it is 
believed that an additional 2s. 6d. to 5s. per ton could be 
obtained if pressed for. The inquiries recently made as 
to structural iron are believed to have been in some cases 
mere ‘‘feelers.” Large quantities of railroad iron are in 
demand for Oporto and elsewhere. The price is well 
maintained, and buyers seem ready to conclude contracts 
at present quotations, believing that prices have reached 
their lowest level. A meeting of the principal sheetmakers 
was held in Glasgow the other day, when a firm feeling 
was shown, and it was resolved to keep up the present 
prices, There is an opinion that an advance of}2s. 6d. to 5s. 
per ton willshortly be made. Singles are most in demand, 
and slabs are being bought at 85s. per ton net delivered. 
Some of the steelmakers have larger inquiries from Canada 
for tank and bridge-building plates. Large quantities of 
blooms and billets are also in the market for America. 
Siemens steel plates and angle-bars are in fairly good de- 
mand, It is believed that some of the Scotch steel firms 
could have supplied the steel plates for the new Inman 
liners building at Philadelphia at much cheaper rates 
than those charged by the American makers who have 
got the orders. 


Rebuilding of Glasgow Bridac.—Telford’s beautiful 
bridge over the Clyde at Jamaica-street, Glasgow, which 
will by-and-by be taken down, soas to give place to a more 
secure structure, is likely to be built again over the Clyde, 
about half a mile further up, opposite Glasgow Green— 
the so-called ‘‘ People’s Park.” 


Water Supply Scheme for Haddington.—Messrs. Leslie 
and Reid, civil engineers, Edinburgh, have devised a 
water supply scheme for the burgh of Haddington, which 
is expected to cost between 6000/. and 7000/. 


MISCELLANEA, 

Ar the meeting of the Liverpool Engineering Society, 
held on Wednesday, March 8, Professor H. S. Hele-Shaw 
read _a paper entitled, ‘‘ The Graphical Method of Solving 
Engineering Problems.” 


At the last meeting of the Junior Engineering Society, 
held in the Westminster Palace Hotel, papers were read 
by Mr. W. H. De Ritter on ‘‘ Feed Heaters,” and by Mr. 
W. J. Tennant on ‘‘ Expansion Curves.” 


The roof of the new station of the Pennsylvania Railroad 
Company at Philadelphia will be, it is said, the largest 
in the world. Its span is 300 ft. 8in., and it is 600 ft. 
long. Accommodation for 16 tracks is provided. 


Messrs. Carnegie and Co. have ordered from a Man- 
chester firm a new press for their armour-plate works, to 
cost 1,000,000 dols. It will be the largest piece of 
machinery of the kind in the United States, and it will 
enable the company to make the very heaviest class 
forgings. 


The Bootle Town Council, after witnessing the trial of 
the new improved ‘‘ Greenwich” pattern steam fire-engine 
just supplied to the Liverpool Corporation by Messrs. 
Merryweather and Sons, has this week ordered a similar 
machine of the same capacity, 900 to 1100 gallons of 
water per minute. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended March 5, 
amounted, on 16,454? miles, to 1,176,201/., and for the 
corresponding period of 1892, on 16,3794 miles, to 
1,317,988/., an increase of 754 miles, or 0.4 per cent., and 
a decrease of 41,787/., or 3.5 per cent. 


The arrangements for laying down the new armoured 
ship Magnificent, to be constructed in Chatham Dock- 
yard, are now being made. It is intended to begin the 
actual work of construction early in the approaching 
financial year. It is also intended to begin the building 
of a second large battleship in Chatham Dockyard during 
the present year. 


At a meeting of the Civil and Mechanical Engineers’ 
Society held on March 16 at the Westminster Palace 


Hotel, Mr. H. Coward, C.E., read a paper on “‘ Machinery 
for Drying Brewers’ Grains and other Residues.” After 
describing the machinery used, the author concluded with 
the remark that foreign machines had replaced British 
ones for this work, owing to the want of enterprise on the 
part of our home manufacturers. 


Messrs. Alldays and Onions, of the Great Western 
Works, Birmingham, are now introducing a form of vice 
clamp, by means of which tubes or round bars of any 
size can be firmly held with only a moderate pressure, 
thus avoiding the risk of straining the vice or damaging 
the article held. The clampsare detachable, being easily 
put in place or removed, and are so arranged that the 
various articles clamped can be held either horizontally 
or vertically. 


At the meeting of the Birmingham Association of 
Mechanical Engineers held on the 6th inst., Mr. Alex- 
ander Siemens delivered a lecture on electricity as 
a motive power for factories. In the course of his 
lecture Mr. Siemens stated that in an electric locomo- 
tive recently supplied by his firm the brushes were still in 
use, after a run of 20,000 miles. Speaking generally, 
electromotors were very light in weight for the power 
they exerted, and did not require expensive foundations. 
The efficiency of transmission was, moreover, greater with 
electricity than with shafting. 


Grave complaints having been made as to the water 
supply of Chester, which is derived from the River Dee, 
the corporation have instructed Mr. Charles H. Beloe, 
M. Inst. C.E., of Westminster and Liverpool, to report 
upon the best means of obtaining a supply from another 
source, having special regard to the capabilities of the red 
sandstone formation in the locality. The above-men- 
tioned gentleman, with Mr. F. C. Priest, is also engaged 
now in carrying out works for the water and sewerage 
of Llangefni, Anglesey, a loan of 6500/. having been 
sanctioned by the Local Government Board for this 
purpose. 


In a paper recently read before the Institution of Civil 
Engineers of Ireland, Mr. J. P. Griffiths states that in 
making cement briquettes with insufficiency of water, 
a very much higher stress is obtained at the early tests 
than when the proper quantity is used, but this may be 
followed by a falling off in strength in later tests, whilst 
briquettes made with an excess of water gain largely in 
strength as time goes on. As regards fine grinding, he 
stated that cement can now be obtained in Germany 
which leaves only 3 to 10 per cent. on a sieve of 32,000 
meshes to the square inch. To get this fine grinding, 
however, it is necessary to abandon the weight test, as 
such a finely-gcound cement will weigh only abont 70 lb. 
per cubic foot in its dry uncompressed state. The three 
points to be borne in mind in using cement were: (1) 
the paramount importance of fine grinding ; (2) the abso- 
lute need of using sufficient water to insure the complete 
hydration of the cement; and (3) the necessity of making 
concrete exposed to the action of the sea impermeable. 


On Wednesday, the 8th inst., was buried at Woking 
Cemetery the well-known Robert Bunting, who con- 
tinuously for 69 years was in the service of James Simp- 
son and Co., Limited, engineers, of Grosvenor-road, Pim- 
lico. He was apprenticed to them at the age of 14 for seven 
years, and never for once left their employment during 
the long period above mentioned, and for the greater por- 
tion of which time he was the senior out-door foreman, 
mainly attending to the works in connection with the 
palaces, public buildings, parks, &c., that his employers 
were carrying out from time to time under the Office of 
Works, and to the staff of which, for the past 50 years, he 
was very well known. He was often brought in contact 
with all the members of the Royal Family, and he would 
relate with pride the pleasant reminiscences of the inte- 
rest that Her Majesty and the late Prince Consort took 
when work was being carried out in any of their palaces 
At the ripe age of 83 he died, the activity of his life 
apparently giving him an immunity from ordinary ail- 
ments. He was respected alike by his employers and 
employés, and the funeral was largely attended by both. 


The first station of the Midland Railway Company on 
the old line from Leicester to Swannington, which was 
the first line built south of Liverpool, and has been in use 
ever since, was on Monday discarded for a new building. 
The old structure was erected when George Stephenson 
built the line, and was opened for traffic on July 17, 1832. 
It was a very small two-storey building, and contained 
two rooms, of which the upper one was used as a direc- 
tors’ board-room. It was at this place that Stephen- 
son ran his celebrated engine, the ‘‘ Rocket,” which was 
brought by canal to Leicester, and the old single line re- 
mains very much in its primitive condition, being used 
almost exclusively for the trattic to the Leicestershire coal- 
fields, for which it was constructed. The historic old 
building will remain undisturbed for the present. The 
new station is a plain, substantial building, suitable for 
the small traffic on a branch line. When the old station 
was opened metal railway tickets were used, and re- 
issued as often as required. Some of these tickets have 
been presented to South Kensington Museum, and others 
will be exhibited at the World’s Fair at Chicago. 


In a recent communication to the Paris Académie des 
Sciences, M. Henri Moissan claims to have succeeded in 
forming diamond dust artificially. The plan adopted 
was to inclose some purified carbon in a wrought-iron 
receptacle, which receptacle was tightly closed by a 
screwed plug. Iron was then melted by the electric arc, 
and when quite fluid the iron bottle containing the carbon 
was placed in the molten mass. Afterwards the crucible 
is rapidly cooled with water, forming a hard skin of solid 
metal round a still liquid interior. This fluid portion, 
solidifying later, endeavours to expand, as usual, and 
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the consequence is it is subjected to a very high pressure 
from the unyielding wall of previously cooled metal. 
When quite cold, the residue obtained on dissolving 
away the iron with hydrochloric acid is found to con- 
tain several varieties of carbon, amongst them being very 
dense and very hard particles, many of which are quite 
transparent, whilst others resemble carborads. These 
particles scratch the ruby, and have a specific gravity of 
3.5. When heated to 1000 deg. Cent. in a stream of 
oxygen gas, they completely disappear. 


The artisans engaged in the engineering trade on the 
Tyne and Wear have received notice from the masters of 
a reduction, in wages to take effect in May next. ‘The 
decrease which the employers ask is 10 per cent on all 
wages exceeding 20s. per week, and 5 per cent. on wages 
of 20s. or less. The notice also affects the operatives in 
the boiler yards connected with the engineering es:ab- 
lishments. About 15,000 men have received notice, but 
those employed by Mr. Allan, M.P., are not concerned, 
as he is not a member of the Employers’ Association. A 
year has elapsed since the close of the strike of engineers 
on the two rivers owing to the dispute as to the appor- 
tionment of work between the engineers and the plumbers. 
That dispute, which was entirely between the two trade 
societies mentioned, and in which the employers were 
not implicated, caused a loss estimated at half a million. 
The employers were obliged to refuse many remunera- 
tive orders, and others were sent away to be completed 
elsewhere. The dispute accelerated and emphasised the 
general decline in trade, and while some ot those who 
came out on strike could not find employment in the 
district again, some of tne firms on the Tyne have since 
been discharging workmen from time to time owing to 
the slackness ot ,trade. Although the consideration of 
the matter has not yet been entered upon by the men, 
it is not thought that the request for a reduction of 
wages will lead to a strike, but that a compromise will be 
effected, 


American LocomortvE Buinrpine. — Twelve leading 
locomotive works in the United States built 1703 loco- 
motives in 1892, against 1968 in 1891. 


THe Owens CoLLece ENGINEERING SocireTy.—At an 
ordinary meeting of this society, held on Tuesday, 
February 28, Mr. W. H. Fowler, M. Inst. M.E,, in the 
chair, Mr. ‘thomas Foster read a paper on ‘t Engineers’ 
Cutting Tools.” The author began by a reference to 
the wood tools of the patternmaker, pointing out the 
nature of their cutting operatious, and how they ought to 
be sharpened and used. He next pointed out and illus- 
trated how the process of cutting metals was a compound 
of shearing and crushing, showing the necessity for a 
‘*clearance” angle, and for an angle of ‘trake,” and the 
reason why the rake should be greater for wrought than for 
cast metals. He then discussed the application of these 
principles to tools used for planing, turning, and drilling, 
and described a method for accurately determining the 
rake or keenness of tools for cutting any particular kind 
of metal. The paper was illustrateu by excellent coloured 
drawings. In the discussion which followed, the chair- 
man, and Messrs. Hiller, Stanton, and Duukerly took part. 
A cordial vote of thanks was accerded the lecturer. 
There was a good attendance. 


MANCHESTER SHIP CANAL, ADDITIONAL CaPiTAL, BILL. 
—A Select Committee of the House of Lords passed the 
preamble of the Bill authorising the Manchester Cor- 
poration to loan an additional two millions sterling to the 
Manchester Ship Canal Company. There were four Bills 
before the Committee, referred to by us in a previous 
article (see page 168 ante). The Bill passed—that of the 
Manchester Corporation—proposed to lend the Ship Canal 
Company the whole of the additional capital required, 
2,000,000. The Bill of the Saltord Corporation propused 
to contribute 1,000,000/., and that of Oldham 250,0001. 
The question was whether the Canal Company should 
borrow the money from the Manchester Corporation or 
obtain part of it from the two other municipal bodies. 
Mr, Pember, Q.C., for the Canal Committee, explained 
that they had agreed to accept the loan from the Man- 
chester Corporation on the following terms—that the 
chairman should be elected by the shareholders’ direc- 
tors ; that the deputy chairman should be elected by the 
Corporation directors till the loans were paid off; that 
while the 3,000,000/. loan remained unpaid the director- 
ate should consist of 21 members, 11 to be appointed by 
the Corporation, but as soon as it was paid off the direc- 
torate should be reduced to 17 members, seven being 
appointed by the Corporation ; and that when the whole 
of the loan, 5,000,000/., was paid off, the directorate 
should number 15, only two being appointed by the Cor- 
poration. The arrangement also set forth that a com- 
mittee of nine members, five to be chosen by the share- 
holders, should fix the rates and tolls, and that a 
two-thirds majority of the Board could on appeal revise 
the acts of the Committee. After hearing evidence, the 
Chairman of the Committee (Earl Cadogan) stated that 
the Committee had come to the conclusion that Salford 
and Oldham, in view of the arrangement between Man- 


| chester and the Company, had no locus standi against 


the preambles of the Bills of the Manchester Corporation 
and the Ship Canal Company, and that the Committee 
found the preambles of those Bills proved. Replying to 
some observations of counsel, his Lonishis said that in 
the opinion of the Committee Manchester stood in a 
different position from other towns, in face of the loan 
of three millions and the agreement made with the 
Canal Company. After the decision of the Committee 
the representatives of Salford and Oldham decided that 
the Bills promoted by the Corporations of those boroughs 
should not be proceeded with, 
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NOTICES OF MEETINGS. 


Tue Institution or Crvit ENnGiInrERS.—Ordinary meeting, Tues- 
day, March 21st, at 8 p.m. Paper to be discussed: ‘‘ The Break- 
down ot the Umbria,” by Mr. Thomas Sopwith, M. Inst. C.E., and 
monthly reception by President and Council.—Students’ meeting, 
Friday, March 24th, at 7.3) p.m. Paper to be read: ‘‘ Some 
Points in the Regulation of Direct-Current Motors,’ by Mr. 
Francis G. Baily, B.A., Stud. Inst. C.E. Professor Alex. B. W. 
Kennedy, F.R.S., M. Inst. C.E., in the chair. 

Norrtu-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS. 
—Saturday, March 18th, at 6p.m., in the Atheneum, Church- 
street, West Hartlepool. The discussion on Mr. W. R. Cummins’s 
paper ‘(On Apparatus for Determining the Amount of Water 
suspended in Steam,” will be resumed. Paper ‘‘On Types and 
Proportions of Mercantile Steamers in relation to Cost-Carrying, 
Capacity, and Speed,” by Messrs. J. G. Jordan and R. Marl- 
borough. . 

Tur Surveyors’ InstiITuTION. —The next ordinary general 
meeting will be held on Monday, March 20th, when the ad- 
journed discussion on the paper, read at the last meeting by Mr. 
P. E. Pilditch (Fellow), entitled, ‘‘ Dilapidation Practice ; parti- 
cularly as Affected by some Recent Decisions,” will be resumed. 
The chair to be taken at eight o’clock. . : 

INSTITUTION OF NAVAL AROHITECTS.—Meetings will be held in the 
Hall of the Society of Arts, John-street, Adelphi, on Wednesday, 
Thursday, and Friday, March 22nd to 24th. On Wednesday, 
March 22nd, at 12 o’clock, the business will be the reading of the 
annual report of Council, the election of the new President, the 
officers and Council, and an address by the retiring President 
(the Earl of Ravensworth). Thefollowing papers will be read and 
discussed: ‘‘On the Present Position of the Cruiserin Warfare,” 
by Rear-Admiral 8. Long. “‘ On Approximate Curves of Stability,” 
by Mr. W. Hék.—Thursday, March 23rd., at noon. ‘‘ Some Con- 
siderations relating to the Strength of Bulkheads,” by Dr. F. 
Elgar, LL.D. ‘* On the Measurement of Wake Currents,” by Mr. 
George A. Calvert. ‘‘On the New Afonasieff’s Formula for Soly- 
ing approximately various Problems connected with the Propul- 
sion of Ships,” by Captain E. E. Goulaeff. At 7 p.m. ‘‘ Some 
Experiments on the Transmission of Heat through Tube-Plates,” 
by Mr. A. J. Durston. ‘‘Some Notes on the Testing of Boilers,” 
by Mr. J. T. Milton.—Friday, March 24th, at noon. ‘‘On an Appa- 
ratus for Measuring and Registering the Vibrations of Steamers,” 
by Herr E, Otto Schlick. ‘On the Repairs of Injuries to the 
Hulls of Vessels by Collisions, Stranding, and Explosions,” by 
Captain J. Kiddle, R.N. At7 p.m. ‘‘ Some Experiments with the 
Engines of the s.s. Iveagh,” by Mr. John Inglis. ‘‘ On the Cyclo- 
gram, or Clock-Face Diagram, of the Sequence of Pressures in 
Multi-Cylinder Engines,” by Mr. F. Edwards.—The annual dinner 
will be held on Wednesday, March 22nd, at the Holborn Restau- 
rant, at a quarter-past seven. 

Society or ArTs.—John-street, Adelphi, London, W.C. Arrange- 
ments for the week ending March 25th, 1893. Monday, March 
20th, at 5 p.m. Cantor Lectures. ‘‘ Alloys,” by Professor W. 
Chandler Roberts-Austen, C.B., F.R.S. Lecture I[I.—Applica- 
tion of Alloys in Metal Work, with special reference to the Art 
Collections in the South Kensington Museum.—Tuesday, March 
21st, at8 p.m, Foreign and Colonial Section. ‘*‘ Newfoundland,” 
by Mr. Cecil Fane. Sir Charles Tupper, Bart., G.C.M.G., will 
preside.—Wednesday, March 22nd, at8p.m. ‘‘ The Manufacture 
of Non-Poisonous White Lead,” by Mr. Perry F.°Nursey, C.E. 

PHYSICAL Society.—March 24th. ‘‘On the Differential Equation 
of Electrical Flow,” by Mr. T. H. Blakesley, M.A. ‘‘ Experiments 
on the Viscosity of Liquids,” by Professor J. Perry, F.R.S., Mr. J. 
Graham, and Mr. L. W. Heath. 

THE INSTITUTION OF ELECTRICAL ENGINEBRS.—Thursday, March 
23rd. Ordinary general meeting at the Institution of Civil 
Engineers, 25, Great George-street, Westminster, S.W., at 8 p.m. 
“On a New Form of Portable Photometer,” by Sir David 
Salomons, Bart., M.A., Vice-President. ‘* Earth Currents, India,” 
by Mr. E. O. Walker, C.I.E.,Member. ‘‘ Notes on the Influence 
. yeas co on Tanning Operations,” by Mr. C. K. Falkenstein, 
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PATENT LAW REFORM. 


THE amateur patent-law reformer is much in 
evidence just now. Far be it from us to pretend 
that the existing patent laws of this realm are 
perfect. No such thing as perfection has yet been 
attained in the patent laws of any country in the 
world. But those of the United Kingdom are far 
from being the least satisfactory. Perhaps one of 
the most serious blots is the inducement held out 
to inventors to conduct their own patent business. 
We do not say this in the interest of patent agents. 
The interests of so vast a number of persons as is 
comprised in what may, for convenience, be termed 
the general body of inventors, are, of course, 
infinitely more extensive and important than 
those of the comparatively very limited class com- 
posing the patent agents. If, therefore, it could 
possibly be of advantage to inventors in general to 
advocate the extension of facilities calculated to 
induce them to dispense with professional aid in 
taking out their patents, it would obviously be our 
duty to doso. But it would ill become us to adyo- 
cate the encouragement of a course which experience 
has proved to be disastrous to the interests of a 
very large proportion of those who have adopted it. 
We have had ample opportunity of watching, during 
the past nine years, the practical result of the 
attempt made under the Act of 1883 to enable 
every inventor to be his own patent agent ; and it 
must be frankly confessed by any impartial judge 
that on the whole the result is distinctly unfavour- 
able to the inventor. We do not say there are not 
isolated cases in which inventors are quite com- 
petent to draw their own specifications ; but it is 
usually in those very cases that professional advice 


is sought, because the inventor knows too much to 
run the serious risk of relying entirely upon him- 
self. Ona review of the working of our law during 
the past nine years, the conclusion is irresistibly 
forced upon one that the old saying with respect 
to the man who is his own lawyer applies in most 
cases with equal force to the inventor who is his 
own patent agent. Of course much depends upon 
the ability of the patent agent employed. No 
doubt many inventors are much better qualified to 
perform the work incidental to applying for and 
obtaining a patent, than are some of those who 
profess to act as patent agents, and whose sole 
qualification, in some cases, consists in the fact that 
their names are to be found upon the register of 
patentagents. Unfortunately the fact of a person’s 
name being on the register affords no decisive 
evidence that he is in the least degree either 
trustworthy or competent to carry out the duties 
that devolve upon a patent agent. This being so, 
naturally it becomes important to exercise extreme 
care in selecting an adviser. It will usually be safe, 
failing any other guide, to choose a chartered 
patent agent, because his membership of the In- 
stitute will afford primd facie evidence that he is a 
man of some experience in his profession, and that 
he is not in the habit of resorting to improper 
practices in the conduct of his business. We do 
not, of course, suggest that every experienced and 
respectable practitioner belongs to the Institute ; 
but in these days, when there is so much touting 
for business in all manner of ways, it is at least 
needful to get to know something about a prac- 
titioner before intrusting him with business of such 
a highly technical and confidential character—not to 
mention the desirability of insuring that money 
paid to him shall not be misapplied. In this con- 
nection we would even go so far as to urge that, 
assuming a disposition to employ a given person to 
have arisen in view of his having referred to 
persons of respectability, or even of eminence, it 
will always be judicious to apply to each of the 
references so named, and to await his answer 
before going any further. 

But, for the moment, it is not with the advisa- 
bility or otherwise of dispensing with the services 
of patent agents when taking out patents that we 
are more particularly concerned. What we desire 
to point out is, that regard being had to the results 
of amateur patent agency, it behoves us to be ex- 
pressly on our guard with respect to amateur 
attempts at patent law reform. 

At the thirty-third annual meeting of the Associa- 
tion of Chambers of Commerce of the United 
Kingdom, to be held in London on the 21st, 22nd, 
and 23rd inst., the following resolutions, proposed 
by the Walsall Chamber of Commerce, will be taken 
into consideration : 

1. That the present stamp fees of 991. for fourteen 
years be reduced to 25/. 

2. That patent applications be officially examined, 
and when granted be absolute; or, failing the 
adoption of such a system, it should be so arranged 
that patent office officials could carry out searches 
on behalf of inventors. 

3. That a time limit be fixed, beyond which an 
impracticable or unworkable patent should not in- 
validate a later, though similar, workable patent. 

4, That a new class of letters patent be intro- 
duced, at a low fee, and arranged to protect articles 
where the protection sought is limited to one pur- 
pose. 

We have in past years repeatedly advocated re- 
duction in the Government fees. But, regard being 
had to the amounts charged in other countries, it 
cannot be said that the present fees in the United 
Kingdom are excessive. Should it be found prac- 
ticable to further reduce them, with due regard to 
the efticiency of the Patent Office, there can be no 
reasonable objection, provided always that we do 
not resort to the objectionable practice of granting 
an exclusive privilege to last for a number of years 
in consideration of the payment of a small sum 
prior to the grant. In many countries it is sought 
to clear the ground for successive inventors, by 
imposing compulsory working conditions, to which 
it proves in most cases impossible for the patentee 
to conform. Thus he is often most unjustly de- 
prived of his rights for no fault of his own. On 
the other hand, nothing could be more calculated 
to impede progress than the accumulation of a vast 
number of patents which, once granted, would 
remain in force to the end of their full terms, and 
though in other respects being entirely neglected 
by their owners, would be available as means of 
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eventually levying blackmail from deserving in- 
ventors who might be prepared to commercially 
introduce valuable inventions possibly productive 
of great and widespread benefit. Bearing this 
in mind, the periodical payment system will at once 
be recognised as most valuable, especially if the 
fee be a moderate one, levied annually after the 
first few years of the term of the patent, as is now 
the practice in this country. One cannot reasonably 
complain of a system which gives provisional pro- 
tection for 1l., a term of four years’ patent right 
for 4l., and then demands 5]. for the fifth year. 
9/1. is a moderate sum to have to pay for five years. 
If an invention be successful, the subsequent annual 
payments of 61. for the sixth year, 7/. for the seventh 
year, and so on, increasing 1/. per annum to the 
fourteenth year, do not appear very onerous, espe- 
cially when it is borne in mind that for a German 
patent the grantee has to pay, besides his first and 
second Government fees, 2/. 103.for the second year, 
5l. for the third year, 7/. 10s. for the fourth year, 
and 10/. for the fifth year ; or, say, 271. 10s. for a 
period corresponding to that which is obtainable in 
this realm for 9/.; not to mention the fact that in 
Germany the tax increases each year by 2/. 10s. 
We strongly urge manufacturers and inventors to 
discountenance the proposal that this country 
should adopt the United States system of prac- 
tically one small payment (or, more strictly, a 
first and a second or final Government fee) in ad- 
vance, to cover the entire term of the patent. In- 
evitably such a plan must seriously hamper both 
manufacturers and inventors. On the other hand, 
the annual payment system has worked satisfac- 
torily. If it be found possible to further reduce 
the amount of the annual payments, we should be 
the last to oppose such a course; but we should, 
in the public interest, strongly object to the alter- 
native plan already referred to. 

The second proposal—namely, that which has 
reference to official examination of applications, and 
the granting of ‘‘absolute” patents, is one we can- 
not too strongly condemn. The subject of pre- 
liminary examination of applications for patents is 
one we have referred to at some length on different 
occasions. Many years back we strongly and effec- 
tually opposed the adoption here of any system 
resembling either the German or the American. 
The particular proposals to be considered at the 
forthcoming meeting of the Associated Chambers 
of Commerce are dealt with at some length in the 
current number of the Chamber of Commerce 
Journal, by Mr. Lloyd Wise, who points out 
that, on the one hand, it is impossible by 
any system of examination to make sure that 
an invention is absolutely new even within the 
country for which the patent is demanded ; and, on 
the other hand, that it must be grossly unjust, and 
may prove disastrous, to deny to any one charged 
with infringement of a patent the right to show, in 
self-defence, that the patent in question ought 
never to have been granted. It is quite contrary 
to English ideas to arbitrarily take from any one 
any freedom he may have legitimately enjoyed, and 
thus to enable others to enjoy a monopoly at the 
expense of their fellow-men. 

These would-be patent-law reformers appear to 
be hardly consistent, and one is forced to the con- 
clusion not only that their proposals cannot have 
been the result of mature consideration, but, 
furthermore, that those responsible for the sugges- 
tions cannot be persons having large experience of 
patent law and practice. The suggestion that an 
impracticable or unworkable patent should not 
invalidate a later though similar workable patent, 
in itself implies an admission that no system of 
examination will suffice to prevent the granting of 
patents for impracticable and unworkable inven- 
tions. Could anything be more illogical, asks Mr. 
Lloyd Wise, than to grant an absolute patent for 
an impracticable or unworkable idea, thus entitling 
the grantee to levy blackmail from those who may 
subsequently produce a practicable and workable 
thing? The policy of the patent law (ashe points out) 
is, and should be, to grant to those who devote 
themselves to the improvement and advancement of 
the manufacturing arts, a reward in the form of an 
exclusive privilege of limited duration, in return for 
the benefit conferred upon the community by the 
disclosure of some new and useful invention, 
which, on the expiration of the term of exclusive 
privilege, the public at large will be at liberty to 
freely exercise and enjoy. ‘This consideration, and 
every other consideration, would be utterly wanting 
in the case of an exclusive privilege granted in 


respect of an impracticable or unworkable idea. But 
this is not all. The grave responsibility cast upon 
those charged with the administration of the law, 
when determining whether or no letters patent 
should be granted in a given case, must inevitably 
result in a practice of granting patents very 
sparingly. The effect would unquestionably be to 


If we are to have searches made by public officials, 
patentees and the public must be prepared to take 


the consequences. Now, in so far as experience in 
the cases of other countries, notably Germany and 
the United States of America, affords any guide, 
the effect of preliminary examination, as conducted 
and applied in those countries, is to deceive the 


damp the progress of invention, by refusal of | publicin general, and patentees in particular, where 


patents for improvements which, from a superficial 
examination of the mere specifications, might 
appear unimportant ; but which, if allowed to go 
forth as the subject-matter of letters patent, granted 
to the applicant at his own risk and without 
Government guarantee, and to be commercially 
introduced, might be productive of the most 
beneficial results. When it is remembered that, 
in cases of litigation, experts of eminence 
constantly differ, when on oath, as to whether two 
things are practically the same, as to whether one 
thing is an improvement on another, as to whether 
one thing will work and another will not, and so 
forth; and this after the invention forming the 
subject-matter of the patent in dispute has been 
introduced into practical use ; it becomes evident 
that no staff of examiners could be safely trusted 
to decide (often from documents alone) whether a 
given invention should or should not become the 
subject-matter of an “absolute” patent. Some- 
times men of experience have regarded as im- 
practicable inventions that have turned out to be 
both practicable and extremely valuable. Assuming 
a patent to be refused in such a case, the unfortu- 
nate inventor would be improperly deprived of his 
just reward, and the community would lose the 
benefits that might have accrued from the early 
introduction of the invention into the market. Those 
whose proposals we have under consideration do 
not appear to have contemplated this class of case. 
Indeed, they seem to be oblivious of the fact that 
the advanced state of the manufacturing arts 
is the result of the aggregate of a vast number 
of successive improvements, many of which, 
individually, might be regarded as_ incon- 
siderable. Seemingly they have also lost sight 
of the fact that no one derives any benefit 
from the existence of a patent for acrude idea that 
is neither in use nor being developed by the owner 
of the patent. Every inventor will do well to 
reflect that such a patent might, sooner or later, 
be found to seriously impede his own progress with 
some valuable invention. As has been ere now 
pointed out, if the matter be regarded in this light, 
then it will be seen how valuable, in the cause of 
progress, and in the interest of inventors in general, 
is the provision that, failing a periodical payment, a 
patent shall become void. 

Any attempt to make patents absolute would 
place manufacturers generally in a most unenviable 
position. Some manufacturers of eminence have 
in the past gone so far as to advocate the abolition 
of patents on the ground of their being an impedi- 
ment to trade. The Royal Commissioners who re- 
ported on the patent laws in 1864, having made 
certain suggestions which, in their judgment, 
seemed likely to do something to mitigate the in- 
conveniences then generally complained of by the 
public as incident to the working of the patent law, 
expressed their opinion that those inconveniences 
could not be wholly removed, but were inherent 
in the nature of a patent law, and must be con- 
sidered as the price which the public consented to 
pay for the existence of such a law. 

With the compulsory licensing provisions in our 
present law the so-called inconveniences may be 
said no longer to have any existence, except, 
perhaps, in the imagination of a few faddists. But 
if manufacturers generally were subjected to all 
the grave consequences that must be inflicted upon 
them assuming indefeasible patents to be granted, 
then, assuredly, antagonism to the patent laws, such 
as heretofore has been exhibited by a small minority, 
would become quite general. 

We come now to the alternative that it should be 
so arranged that Patent Office officials should carry 
out searches on behalf of inventors. Such a pro- 
posal cannot be entertained if it means that Patent 
Office officials should undertake to perform, for 
inventors, work now intrusted to patent agents. 

If Government officials are to be employed on 
searching, the result of their labours must be com- 
municated to the public at large ; they cannot be 
allowed to become the State-aided agents, assistants, 
or advisers of any particular class of persons, to the 
exclusion of the rest of the public. Such a system 
would be unjust and intolerable. 


patents are granted; and to deprive inventors 
of the just reward of their ingenuity in many cases 
where grants are refused. There is an altogether 
exaggerated idea as to the value of the prelimi- 
nary examination in determining the validity of 
letters patent. Grantees, persons who contemplate 
buying, and the public generally, are frequently 
led to regard as valid patents that are worthless. 
This inflicts as much hardship in one direction as 
frequently results in another direction from refusal 
of patents on the mistaken assumption that some- 
thing of earlier date disclosed by the examination 
really anticipates the invention sought to be 
protected. 
Now both these extremes can be, and it is highly 
important that they should be, carefully avoided. 
Any system of preliminary examination adopted 
here should be such as would encourage inventors, 
by giving full weight to the finding of the Select 
Committee, who reported, in 1872, that the 
privilege conferred by letters patent promotes the 
progress of manufactures by causing many im- 
portant inventions to be introduced and developed 
more rapidly than would otherwise be the case. 
Nay, more, the system should be such as would 
not smother applications for patents in respect of 
inventions (in which we would include alleged in- 
ventions) of the minor class referred to in that part 
of the same Committee’s report in which they state 
that the same privilege leads to the introduction 
and publication of numerous improvements, each 
of a minor character, but the sum of which con- 
tributes greatly to the progress of industry. Not 
only should applications for such improvements 
not be smothered, but they should be encouraged. 
On the other hand, the public should not be 
misled, or left in the dark. As is well known, we 
do not believe any system could be sufficiently re- 
liable to make it politic to empower examiners to 
refuse a patent, even for want of novelty. Nor do 
we think it would be just to place upon a patent 
any indorsement that might imply an unfavourable 
opinion on the part of the examiner. Such an. 
indorsement, even if limited to the bare mention 
of prior patents or publications, would seriously 
handicap the patentee, assuming him to be (as so 
many are) a man of limited means; he would 
generally find it a hopeless task, with such an 
indorsement on his patent, to try and get it taken 
up. Ifa patent be obviously bad, it can be readily 
upset. What should be kept in view is that, with- 
out unduly hampering the patentee, the public 
should be fully informed, not as to mere matters 
of opinion, but as to actual and indisputable facts. 
The plan we have advocated in the past we still 
believe to be the most workable that has yet been 
proposed. Under it the Comptroller would have 
power to insist that the applicant should refer, in 
his specification, to any prior publications reported 
by the examiner as bearing upon the invention 
sought to be patented. The applicant, on the 
other hand, would have a tolerably free hand in re- 
settling his specification in view of the references. 
Thus, if the official examination disclosed a prior 
patent which would seemingly be infringed by the 
carrying out of an applicant’s invention, he would 
have the opportunity of referring, in his 
specification, to the history of the subject, in 
such a manner that references to all material facts 
would be before the public, on the face of the speci- 
fication itself. It would obviously be misleading 
to the public to compel an applicant to refer in his 
specification to a prior patent that might have been 
itself wholly or largely anticipated, without at the 
same time permitting him to refer to still earlier 
publications that might be, or become, known to 
him, and which might not have been discovered by 
the examiner. We do not suggest that an appli- 
cant should be allowed, in his specification, to 
openly, and in so many words, deny the validity of a 
prior patent he might be called upon to refer to ; 
that would be just as much a question for impar- 
tial investigation, by an independent tribunal, as the 
question whether the applicant kimself could or 
could not support a patent for his own invention. 
The aim should be to grant patents to applicants 
at their own risk, warning them of anything 


Marcii 17, 1893.] © 


ENGINEERING. 


321 


earlier that might be found, so that they might | a Minister who has filled so difficult an oftice for so| basket” principle. In supporting his views he re- 


know—so far as the Patent Office records might 
show—to what extent their inventions were new, 
and insuring at the same time that the public should 
b2 equally informed. There is a wide difference 
between the indorsement of a man’s specification 
avowedly by the authorities, and the introduction 
into the body of that document, in his own language, 
of reference to prior publications; because there 
need be nothing to show that he had not originally 
chosen to mention the prior publications (as appli- 
cants even now frequently do) in order the more 
clearly to define the extent of his own invention ; 
and thus he would not be prejudiced in the eyes 
of the public, as he must necessarily be by an in- 
dorsement that would obviously indicate the 
existence of an official opinion that his invention 
was affected (or even anticipated) by the prior pub- 
licatioas mentioned in the indorsement. Some 
persons have been known to regard this as a mere 
unimportant distinction, but, on reflection, it will 
be discovered that there is much more in it than 
to some minds might at first sight appear. This 
has already been recognised in principle in the Act 
of 1883, section 9 of which provides that reports of 
examiners shall not in any case be published, or be 
open to public inspection. 

The third proposal of the Walsall Chamber does 
not appear to involve departure from the existing 
law. We are not aware of any case in which an 
impracticable or unworkable patent has been held 
to invalidate a later, though similar, workable patent. 
Well-known cases go to prove the contrary. Betts v. 
Menzies is a case in point. As many of our readers 
will be aware, this case had reference to the manu- 
facture of capsules, and was carried up to the House 
of Lords. The validity of Betts’ patent was con- 
tested on the ground that the invention had 
been anticipated by a patent granted some 45 
years earlier to one Dobbs, but there was no 
evidence to show that that which was contained in 
Dobbs’ specification was capable of practical opera- 
tion, and Betts’ patent was upheld. In the much 
later case of Hinks v. the Safety Lighting Com- 
pany, Jessel, M.R., said that where a slight 
alteration in a combination turned that which was 
practically useless before into that which was very 
useful and very important, judges had considered 
that, though the invention was small, yet the result 
was so great as fairly to be the subject of a patent ; 
and, as far as a rough test went, he knew of no 
better. Therefore, considering that Little’s patent 
was said not to have been workable for any useful 
purpose, and that plaintiff's was not only workable 
but had been worked to a great extent witha useful 
result ; on that point his opinion was in favour of 
plaintiffs, that there was sufficient in the substitu- 
tion of a flat wick for a solid round wick to support 
the patent. We mention these cases as examples 
to show that our judges have acted on lines that 
accord with the suggestions now put forward by the 
Walsall Chamber, who, however, suggest a time 
limit, whereas the law, as it now stands, makes no 
such demand. 

In conclusion, we would say, with reference to 
the fourth proposal, that no doubt there are certain 
classes of minor inventions for the protection of 
which our existing laws do not adequately provide. 
Some of these inventions are of a more or less 
trivial kind, but their introduction undoubtedly in 
many cases promotes industrial activity and trade. 
We seem to require some kind of protection for 
numerous classes of things that would hardly sup- 
port letters patent, and yet cannot be amply secured 
under the provisions relating to the registration of 
designs. This is a matter deserving of careful con- 
sideration ; but probably some difficulty will be 
encountered in any attempt to solve the problem. 


THE NAVY AND THE LORDS. 

A piscusston on the nayal programme in the 
Upper House of Parliament must always be of an 
academic kind, but it may be none the less valuable 
on that account. When the First Lord of the Ad- 
miralty is a peer, it is well that he should have an 
opportunity of giving utterance to his views, and 
such an opportunity was given to Lord Spencer on 
Friday last by the discussion raised by Lord 
Brassey. The incident was reassuring from more 
than one point of view. In the first place, it indi- 
cates that we havea First Lord who can worthily 
fill the position, for we think Lord Spencer’s reply 
foreshadows that. Of course it is understood, as 
the First Lord himself frankly acknowledged, that 


short a time as Lord Spencer has been at the Ad- 
miralty, must depend almost entirely on his pro- 
fessional staff for details. Still no one who 
listened to Lord Spencer on Friday last could fail 
to be convinced that he had mastered the subject 
so far as his speech went, and that it was no parrot- 
like reproduction of the promptings of his depart- 
mental subordinates. Lord Spencer is a man who 
can think and decide for himself ; it is fortunate in 
this matter he thinks aright. 

Lord Brassey’s speech was in what may be de- 
scribed as the ‘‘explanatory-statement”’ style of 
oratory, and it might almost have been thought he 
was utilising matter previously worked up with a 
view to an official document. That, however, is 
not a necessary explanation, for the founder of 
the ‘‘ Naval Annual” and President-elect of the 
Institution of Naval Architects has made naval 
matters his especial study almost from his boyhood. 
In his speech he referred to two great divisions of 
the naval problem, shipbuilding and manning. 
With the latter we do not propose to deal, more 
than to say how much we regret that so able an 
advocate as Lord Brassey, and so practical a sea- 
man, should not take up the engine-room branch 
of this subject; not as a grievance-monger for 
existing naval engineers—though the grievances 
are real enough—but in order to place that most 
essential branch of the service on a more satisfac- 
tory footing for the good of the country. Some 
day we may bitterly regret our want of attention 
to this branch of the personnel of the Navy, in 
which engineering practice is the foundation and 
the superstructure. 

Weare glad to see that Lord Brassey advocates 
a continuous policy in shipbuilding. He bases this 
support chiefly on the action of other Powers. The 
expenditure of France in the construction of new 
ships has averaged for the last three years 
2,800,0001. ; and it has been officially stated that 
an increased expenditure must be looked for in the 
future. The expenditure of Russia on shipbuilding 
has also been rapidly increasing, and for the 
present year it stands at 2,674,0001. ; so that the 
combined expenditure of the two countries is about 
54 millions. Comparing our strength in ships built 
and building with the combined strength of France 
and Russia, it will be found that in first-class 
battleships we have a superiority, though not more 
than we require, considering our great maritime 
interests. In second-class battleships we are 
sensibly inferior; although the French list in- 
cludes some vessels of doubtful utility. In coast 
defence we are weak, as we always have been ever 
since we made so bad a departure years ago. In 
this respect, however, we can doubtless afford to 
be easy in our minds so long as we maintain an 
undoubted superiority in line-of-battle ships, which, 
after all, are the best coast defence vessels. Lord 
Brassey wants to see more armoured cruisers of the 
new class. Unfortunately the nomenclature ap- 
plied to warships is so mixed, the dividing lines 
are so shadowy, that we have some difficulty in 
following the noble lord’s meaning ; but in any 
case it would be satisfactory to hear the details 
upon which the conclusion is based. In the mean- 
time we accept it as the dictum of an undoubted 
authority on the subject, although a lay opinion. 
In regarded to protected cruisers Lord Brassey 
appears to be fairly well satisfied. 

The Renown next occupied attention. She is 
described as animprovement on the Centurion, and 
of course is bigger. The guns in the Renown 
are more fully protected, a detail which Lord 
Brassey appears to approve of, but he would have 
purchased it by a reduced number of guns rather 
than an incre?sed size and cost of ship. The ques- 
tion opened up by this statement is the biggest one 
in the whole range of naval policy: whether we 
shall have many small and weak ships (compara- 
tively, of course), or fewer strong ones. We think, 
however, that naval opinion would not be with 
Lord Brassey, that armour should be purchased at 
the expense of armament. The best defence is a 
strong attack, more now than ever when the gun 
has so fully proved its superiority over armour, and 
destroying any vessel is so largely a matter of time, 
hohe again, means rapidity of fire and agility of 
ship. 

The two new battleships are to be still bigger 
than the Royal Sovereign class, and again Lord 
Brassey does not approve—or, at any rate, appeared 
not to do so by the tone of his remarks—basing 
his objection upon the ‘‘too many eggs in one 


ferred to the smaller ships of other Powers, and no 
doubt so far he has foreign support in the example 
set. But our case is not by any means on all fours 
with that of France, Russia, Italy, America, or any 
other country in the world. We have an empire 
afloat, and we must be supreme on all oceans, or we 
subside into the position amongst nations which 
our land area could only demand. We cannot, 
tortoise-like, draw within our shell and let the 
enemy rain blows on our exteriorcrust. It may be 
said that a special function of cruisers is to pro- 
tect commerce afloat. So it is directly, but their 
potency must rest on the power of the battleship. 
The subject is one too big for discussion here, but 
we think most experts would lay down this propo- 
sition. 

Reconstruction occupied a place in Lord Brassey’s 
interesting lecture. He approves the present 
policy of re-engining some of the older ironclads, 
and would give them breechloading ordnance, It 
is a question of cost ; but considering the proportion 
borne by the armament to the cost of the whole 
vessel and her crew, we are inclined to agree with 
Lord Brassey rather than Lord Spencer, who, how- 
ever, speaks with the more exact knowledge of 
Whitehall at his back, and is therefore entitled to 
more attention than a member unattached. 

In speaking of torpedo-boat attack, Lord Brassey 
said: ‘‘The Admiralty had decided to meet tor- 
pedo-boat attack with torpedo-boat destroyers. 
They had been wise in not yielding to the de- 
mand for a great increase in mere torpedo- 
boats.” Here we find the eggs and basket prin- 
ciple thrown overboard at once. No doubt a 
torpedo-catcher is a more powerful vessel than a 
torpedo-boat, but how about the difference in cost ? 
It would beas wise tosay, ‘‘ The Admiralty have been 
wise in not yielding to the demand for gunboats, 
and were right to substitute cruisers.” The diffe- 
rence between the cost of a torpedo-boat and a 
torpedo-catcher is by no means microscopical, and 
when there are sufficient ordered it comes to the 
same thing as the difference between the second- 
class and first-class battleships. However, the 
torpedo-boat has a special function, in carrying out 
which small size is a distinct advantage, which 
is more than can be said of almost any other naval 
operation. The torpedo is a weapon we cannot 
afford to neglect; it has such immense possibilities, 
and it is most cheaply handled from a torpedo- 
boat. Lord Sudeley followed Lord Brassey, and 
gave an equally interesting lecture—the speeches 
were of that nature—as that which preceded 
it. From his training and position in connection 
with the great arsenal of the Tyne, Lord Sudeley is 
well able to instruct the nation on this most impor- 
tant question. He is one of the most shrewd and 
businesslike members of either House, and it is to 
be hoped he will be more often heard on naval 
matters in future. He joined issue with Lord 
Brassey on the big and little battleship question, 
which is, perhaps, a little to be wondered at, con- 
sidering his former connection with Lord Arm- 
strong. However, Lord Sudeley is quite able to 
think for himself, and he is decidedly of opinion 
that it was not desirable to build a smaller class of 
battleships unless we have individual ships. equal 
to battleships of foreign nations. Of course this 
is nota disagreement in actual terms with any view 
expressed by Lord Brassey, but the tendency of 
the two speakers’ remarks appeared to be in 
somewhat opposite directions in this respect. 
Lord Sudeley gave some interesting figures. 
He found that the money spent in shipbuilding 
from the year 1885 to 1892 was about 27 millions, 
whereas in the previous 14 years it was only 22 
millions. Thus there has been built during the last 
seven years at the rate of 34 millions, and in the 
previous 14 years only at the rate of 14 million. 
This, Lord Sudeley said, was really very satisfactory, 
and showed that of late years steps had been taken 
in earnest to maintain the Navy in a state of 
efliciency as regarded other nations, and that large 
expenditure was a true measure of what had been 
done. What we had to do, however, was to keep 
the shipbuilding programme to what was being ex- 
pended in foreign countries. France and Russia 
were—as stated above-—expending this year nearly 
3 millions and over 2} millions respectively, alto- 
gether the enormous amount of 54 millions. 

Lord Sudeley looked on the great increase in 
Russian shipbuilding as a very serious matter. 
Notwithstanding England was spending so much 
larger an amount than she used to do, in the face 
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of what Russia and France were doing England 
must at once take steps to still further increase the 
expenditure. It was all very well to say that the 
amount we were expending was very large, but if 
France and Russia were doing more, however much 
we disliked it, it was quite evident we must follow 
their footsteps. We must not on any consideration 
whatever allow France and Russia to go ahead of 
us. There are many people who will find in this a 
confirmation of their argument against increased 
naval expenditure on our part, that it would only 
lead to increase in foreign nations. Ifthe converse 
were true, and decreased expenditure with us 
would lead to a proportional decrease on the part 
of our possible foes, then there might be some 
bottom in the argument. Unfortunately other 
nations will not give up the race, so we must 
strive or fall behind. The battle is to the 
strong, and to be strong we must make sacri- 
fices. If France and Russia will go one higher, 
we must outbid them again. When we cease to 
do this we cease to exist as a first-class power able 
to support the population that now crowds these 
little islands. Lord Sudeley quotes Sir John 
Colomb on this point, and we cannot do better 
than requote: ‘‘We were an unvictualled ocean 
citadel, of whose inhabitants 30 millions are de- 
pendent for their livelihood on manufactures the 
raw materials of which are brought to us.” Lord 
Sudeley also asks for modern protected cruisers, 
meaning belted ships, and quoted figures in sup- 
port of his contention. The matter is one of con- 
siderable importance, and was so well handled by 
the speaker that we shall repeat in substance a 
good deal that he said. Itis to be hoped, how- 
ever, that the question of the value of the belt in 
cruisers may not be taken as settled. Of course 
an armour belt is an advantage, but, like all other 
earthly advantages, it may be bought too dearly, 
and a weak armourclad is not necessarily a 
good cruiser. The particular type of vessel re- 
quired, however, may be left in abeyance ; the chief 
matter is how much we want the ships at all ; and 
on this point Lord Sudeley’s figures are of great 
value. In his comparison he had taken cruisers 
above 4000 tons and cruisers below 4000 tons. In 
the first list he had added to his first-class pro- 
tected cruisers the Astreeas, Merseys (belted 
cruisers), the Impérieuse, Warspite, and the Tal- 
bots, and had excluded the older ironclads which 
he hardly thought ought to be classed as cruisers 
below 4000 tons, including the Latona, Pallas, the 
Australian ships, and the Medeas. In all the 
cruisers referred to he alluded to the modern pro- 
tected cruisers with considerable speed, and not, 
of course, to the old smaller cruisers, which were 
more for peace time than for war. In considering 
this question Lord Sudelay maintained there were 
two subjects to look at—first, had we sufficient of 
the larger cruisers to enable us to hold our 
right position of being able to cope with both 
France and Russia at the same time in the 
ordinary battleground of naval warfare ; secondly, 
whether, over and above this, we had _ suft- 
cient numbers of the smaller class to protect our 
great maritime interests throughout the world. 
Under both these heads we must consider, also, 
whether we had amongst these cruisers, vessels of 
equal size to meet any which might be built by 
foreign countries, or whether we had allowed other 
countries to build vessels larger and more com- 
etent than ours. In regard to the first question, 
e found that, taking the protected and belted 
cruisers about and above 4000 tons, broadly speak- 
ing, we were at present very fairly placed, so far as 
numbers were concerned, and in general efficiency. 
We had 37, and against this France and Russia 
had 25. As to the power of individual ships to 
compete with each other, there was one point to which 
Lord Sudeley would draw special attention. This 
was the fact that Russia had now got a cruiser 
afloat, the Rurik, which was superior in every way 
to any cruiser England could bring against her, 
and that she had two more such ships actually 
building. Spain was also building three such 
vessels, and the United States were building two. 
This, Lord Sudeley said, was a subject of the 
utmost importance, which deserved to be pressed 
home on the Admiralty, and that they should be 
asked to give their implicit promise that they 
would do their utmost to overtake this increase in 
efficiency in this one individual class. 
We need not follow the speaker into his com- 
parison of the Rurik and the Blake, but we must 
quote a passage he read from a letter he had 


that day received from Lord Armstrong. It requires 
no comment, and was as follows : 


“Tam still distinctly in favour of swift vessels, and 
plenty of them. We have such a large expanse of ocean 
to cover that largeness of number is indispensable. To 
have ironclads in large number is impossible; therefore 
we must be contented with unarmoured cruisers. We 
cannot have invulnerable ships of any kind in even line- 
of-battle ships; they can only carry armour over the 
most critical parts, leaving all the rest to be smashed. 
Swiftness of movement is the best and cheapest protec- 
tion against being hit. A ship which carries guns instead 
of armour will have an immense preponderance of fire 
over unarmoured adversaries of equal tonnage. As an 
armament, quick-firing guns are the thing. Hach such 


gun is equivalent to half-a-dozen of the old ones, and 
with the new smokeless powder their penetration is 
enormous. England should have an innumerable fleet 
both of large and small cruisers.” 

Lord Spencer, in replying to the two previous 
speakers, had an easy task, for the comments were 
not of that acrimonious nature that sometimes 
obtains in less exalted assemblages, so that his 
reply was almost as lecture-like as Lord Brassey’s. 
He commenced by confirming what Lord Sudeley 
had said about Mr. W. H. White, of whom it had 
been justly said he was celebrated throughout 
Europe for his great skill as anaval architect. His 
chief point arose out of the memorable and oft- 
quoted saying of Mr. Cobden that we should have 
a Navy equal to any other two in the world. He 
regretted the necessity to refer specifically to any 
two Powers, but he thought it best to select 
the two countries referred to—France and Russia 
—pbut he trusted that no such disaster would ever 
happen as a contest with them. The statement 
made is of great importance as coming officially 
from the First Lord of the Admiralty—and it is 
desirable we should give a full abstract of his 
lordship’s remarks, as he will have no opportunity 
of putting them forward when the shipbuilding vote 
is taken in the other House. He stated that we 
ought to look beyond vessels complete and afloat, 
and take into account the number of ships laid 
down on the stocks. Unless we do that we may 
find ourselves some day in a position of great 
inferiority. 

These facts led Lord Spencer to consider the 
position we should be in about 1896-7. Though 
the Admiralty might not be guided by an Act of 
Parliament with regard to the number and kind of 
ships we should build, he considered it absolutely 
necessary we should look forward. He had looked 
forward in his programme, but he had not laid 
down any absolute lines beyond this year and the 
next, which will be years of considerable transi- 
tion, because the effect of the Naval Defence Act 
comes to an end, and a new programme under that 
Act will have, his lordship said, to be commenced. 
Therefore the Board thought it desirable, as a 
matter of policy, not to lay down along programme. 
Making a comparison between the English and 
French and Russian navies, Lord Spencer stated 
that at the present moment we are in a position of 
considerable superiority. When ships like the 
Hood and the Empress of India are completed this 
will be more markedly the case, but if we 
take the ships on the stocks, which will 
bring us down to 1896-7, the superiority is not 
maintained. At the present moment we have 11 
first-class battleships completed, as against 12 
French and Russian; nine completing afloat, 
against three French and Russian; but only one 
on the stocks, as compared with five and four in 
the case of France and Russia respectively. 
Adopting the same classification in regard to battle- 
ships of the second-class, we have 14 completed 
vessels to nine French and four Russian ; we have 
none of the second’class either completing or on 
the stocks ; but taking them all together we have 
14 of this class to their 19; while of vessels of the 
third class we have 23 to their 21. If, therefore, 
we look forward to 1896-7, we ought to stand in 
respect of battleships much in this position—58 to 
64 French and Russian combined. Passing on to 
cruisers, the speaker found that again we are in a 
position of considerable superiority. 

Lord Spencer fully admitted that we cannot rest 
on a comparison of the number of our cruisers with 
the number of foreign cruisers. We have, he said, 
a very much larger commerce to protect and very 
much wider interests to look after than other 
nations ; and, therefore, as regards cruisers we 
must have a very much larger proportion than other 
nations. Classifying them rather differently to the 
classification adopted by Lord Sudeley, he pointed 
out that of cruisers of 5000 tons and upwards we 


have, completed, ten, to two French and two 
Russian ; completing afloat we have six, to one 
French and one Russian ; and on the stocks five, 
to three and two respectively. In other words, in 
cruisers of this class we have 21 to their 11. Of 
cruisers from 3400 to 5000 tons, we have completed 
22, to three French and no Russian ; completing 
afloat, five to one ; and on the stocks seven to eight 
—total, 34t0 12. That Lord Spencer considered to 
be a very marked superiority. With regard to smaller 
cruisers, the French and Russian navies together 
are perhaps stronger than we are; but, on the 
whole, if we look forward to the same date—1896-7 
—we have of all three classes 62 cruisers to their 
40. He found it difficult to lay down a maximum 
with regard to armaments ; but he quite admitted 
the desirability of having a great number of those 
fleet vessels to protect our commerce. The First 
Lord did not know that it could be laid down posi- 
tively that we ought to have this number or that ; 
but the policy of recent years had been materially 
to increase the number of those cruisers. That, 
said Lord Spencer, isa policy which it is quite right 
to adopt, and the Board have no wish to depart 
from the policy laid down. Thestatement is worth 
noting, and is satisfactory as an earnest that the 
policy at Whitehall will be guided by Imperial con- 
siderations rather than those of party politics. 

To the remaining parts of Lord Spencer’s state- 

ment we cannot refer now at length. His remarks 
on the policy of big and powerful ironclads will 
carry satisfaction to a large number of naval officers. 
‘‘My advisers inform me,” said the First Lord, 
‘that it is very much better to spend somewhat 
more upon ships of a larger type than to have 
a greater number of ships of a smaller type, 
and I therefore have great confidence in assert- 
ing that the larger type of battleship is the 
one we ought to adopt.” His assertion that 
we can build ships more cheaply than other Powers 
is also satisfactory ; for instance, the Royal 
Sovereign would have cost 200,0007. more if she 
had been built in France. In regard to the recon- 
structed ironclads, it appears to be the policy to 
keep them as inferior battleships and not convert 
them into armoured cruisers, and there is un- 
doubtedly much to be said in favour of this course 
that has been laid down by its chief. 
The debate was, as we have said, of an eminently 
satisfactory nature, and it is to be hoped that the 
Admiralty will be strong enough to support the 
policy. 


ALLOYS. 

In beginning, on Monday last, at the rooms of the 
Society of Arts, Adelphi, the second lecture of his 
course on ‘‘ Alloys,” Professor Roberts-Austen, 
C.B., remarked that last week he had shown that 
with the Le Chatelier pyrometer there was no difti- 
culty in actually measuring temperatures as high as 
1000 deg. Cent. The method adopted was to use a 
thermo-couple of platinum, and of an alloy of plati- 
num with 10per cent. of rhodium, and with this couple 
temperatures up to the melting point of the junction 
itself could be determined. For higher tempera 
tures than this one might measure the radiant light 
given off from the heated body. For this purpose 
an instrument was used in which there was an 
object-glass fitted with an iris diaphragm, through 
which the light from the furnace, the temperature 
of which was to be measured, passed, and finally 
reached the eye through a suitable eyepiece, with 
red glass to render the light monochromatic. At 
the same time the light from a standard source 
was brought to the eyepiece by reflection, and the 
iris diaphragm was adjusted till the light from the 
two sources was the same. The micrometer con- 
nected with the iris diaphragm was then read, and 
the temperature obtained by reference to a table 
(ENGINEERING, vol. liv., page 61). 

Returning to the thermopile pyrometer, ques- 
tions might arise as to the constancy of its indica- 
tions. This matter had been investigated by Pro- 
fessor Carl Barus, who used a couple of platinum 
and of platinum alloyed with 20 per cent. of iridium. 
He found, on comparing the indications of his in- 
strument with the results obtained four years pre- 
viously, a difference of 4 deg. in the boiling point 
of zine, viz., 940 deg. Cent. The comparison was 
made by means of a standard Clarke cell, and the 
small discrepancy observed was probably due to a 
variation in the cell itself rather than in the 
thermo-couple. It appeared, therefore, that the 
constancy of this pyrometer was amply sufficient. 
Last week Professor Austen had melted little 
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masses of gold, silver, &c., heated them much above 
their melting points, and then allowed them to cool. 
As the metals reached their freezing points the spot 
of light which marked their temperatures stopped its 
motion over the graduated scale at the end of the 
room, and did not resume its motion till the whole 
of the metal was solidified. He would now show 
that a similar arrest of the spot of light would occur 
when a mass of steel containing ;9 per cent. of 
carbon was cooled down from a high temperature. 
Steel melted at not under 1500 deg. Cent., but if 
raised to a temperature of 1000 deg. Cent., and 
allowed to cool, it would be seen that the spot of 
light was not only arrested at about 650 deg. Cent., 
but actually would move up again through two or 
three divisions, thus showing that though heat was 
being given out from the mass during the whole 
time, its temperature was actually raised momen- 
tarily by the heat evolved in some internal molecular 
change. (Experiment shown.) This phenomenon 
of recalescence marked a change in the arrange- 
ment of iron and carbon of great industrial im- 
portance. To harden steel it must be heated up 
beyond this critical temperature, otherwise no 
amount of quenching in water would harden it. 
Other changes also took place, and pure iron was 
now known to be capable of existing in two dif- 
ferent states, just as sulphur could exist in different 
allotropic forms. At a temperature of 855 deg, 
Cent. there was an evolution of heat in pure iron, 
but it required careful observation to discover it. 
It thus appeared that in pyrometry we had a 
means of ascertaining what went on in the interior 
of a metal mass as it cooled, because molecular 
changes were always accompanied by an evolution 
or absorption of heat. 

Alloys were in many respects similar to natural 
crystalline rocks. Any given alloy usually con- 
tained one fairly definite chemical compound dis- 
solved in a matrix of one of the parent metals. 
Mendeleef had pointed out that a sodium-zine 
alloy had many of the properties of a chemical salt, 
giving rise, when treated with reagents, to double 
decomposition in which both constituents took 
part, just as did sodium phosphate and sodium 
sulphate. The fact that alloys did act like solutions 
of chemical salts was difficult to demonstrate, but 
one did find it to be so on careful investigation. 

Tf a cooling curve of a heated body were taken, 
as it could easily be done photographically by the 
Le Chatelier pyrometer, a continuous record was 
obtained of the rate at which heat was emitted from 
the body, and the arrest points at freezing, &c., 
would be clearly marked. Though he could not use 
photography before the audience, he would endea- 
vour, by the aid of a mechanical device, to draw 
such curves before them which represented what 
occurred when gold ‘‘ froze.”’ 

[The spot of light from the galvanometer of the 
thermopile was reflected on to a sheet of squared 
paper fixed on a vertical slide. This paper was 
moved up step by step through equal spaces in 
equal times, a mark being made on the paper at 
the point where cross wires on the luminous spot 
rested, at the end of each successive time interval. | 

The curve for gold, they would see, showed a 
horizontal line at the freezing point, this line 
making sharp corners with the portions of the curve 
above and below it. The sharpness of these cor- 
ners showed the gold to be pure, and addi- 
tion of any impurity would cause rounding. He 
would now add aluminium in the proportion of 
zo per cent. to the gold. This would cause an evo- 
lution of heat (experiment shown), and he would 
then follow the pyrometer indications and draw 
a new cooling curve, in which it would be seen 
that the arrest point in the freezing of the metal 
was almost completely obliterated, and the cool- 
ing curve was continuous from beginning to end. 
Aluminium had a greater effect in this respect than 
any other metal, but the action was not due to the 
formation of an alloy, but was simply a case of the 
osmotic pressure exerted by the impurity. If, how- 
ever, he drew, as he was about to do, the cooling 
curve of such an alloy as standard silver, it would 
be found that this curve showed more than one 
arrest point, each of which coincided with the 
freezing point of a group of alloys, (Experiment 
shown. 

Now why should the freezing point of a metal be 
lowered by animpurity ? It had been shown that 
in the case of very dilute solutions the molecules of 
the dissolved salt existed as free ions, just as if 
they were in a gaseous state. The molecules exerted 
a pressure which could be detected by suitable appa- 


ratus. Thus, placing a solution of nitre in a porous 
vessel, the pores of which were stopped up with 
ferricyanide of potassium, the nitrate solution being 
connected by a glass pipe at the top of the porous 
vessel with a bent tube containing mercury, any rise 
of pressure could be detected by a rise of the mer- 
cury in one leg and a fall of it in the other. On 
placing the porous vessel in water, such a rise of 
pressure could be observed, and often amounted to 
two or three atmospheres. Similarly, on placing a 
bell jar filled with coal gas over a porous tube con- 
taining air, the gas would pass in through the pores 
faster than the air could pass out, and would thus 
increase the pressure inside the tube. (Experiment 
shown.) Now small quantities of impurities in 
metals were free and are not combined with the mass, 
they also caused pressure, and it was to this osmotic 
pressure that the lowering of the melting point by 
the addition of small impurities was to be attributed. 
The nature and extent of this pressure he would 
explain subsequently. 


NOTES. 
LIGHTHOUSE ON THE D1aMoND SHOALS. 

ANOTHER attempt will be made to establish a 
lighthouse on the Diamond Shoals, about eight miles 
from Cape Hatteras, North Carolina, one of the 
most dangerous points along the Atlantic coast of 
the United States. Two years ago Anderson and 
Barr attempted to build a lighthouse on these 
shoals. Their plans provided for.a tower 150 ft. 
high above high-water level, and slightly bell- 
shaped. It was to be 40} ft. in diameter at the 
bottom and 19 ft. in diameter at the top. The 
shoals were shown by borings to consist of shifting 
sand, so the foundation for the lighthouse was to 
be a caisson sunk to a depth of 100 ft. below the 
top of the sand. The contractors built a caisson 
54 ft. in diameter and 50 ft. high, with four dredg- 
ing pipes within, each 9 ft. in diameter. This was 
moved out into position and partly sunk, but the 
currents at the bottom were so strong that the 
surrounding sand was scoured away, and the caisson 
could not be built up fast enough to meet the settle- 
ment caused in this manner. A storm came up, 
and work had to be abandoned. The difficulties 
encountered were so great that the United States 
Government has released the firm from the for- 
feiture of their bond. <A lighthouse is badly needed 
at this place, however, so the Lighthouse Board has 
under consideration a project for constructing it 
under its own supervision. Before undertaking 
the work, however, it will again advertise for pro- 
posals to put up the structure, the cost being 
limited to 500,000 dols. 


THE PRODUCTION OF STEEL IN GREAT Brirain. 

The official returns of the production of Bessemer 
steel ingots in Great Britain during the past year 
have just been issued by the British Iron Trade 
Association, and indicate a large decrease in all dis- 
tricts, amounting in the aggregate to 141,195 tons, 
or 8.6 per cent., the total output having been 
1,500,810 tons. The decrease is most marked in 
Cleveland, being equal to 14 per cent., in Cumber- 
land 11.4 per cent., and in Lancashire 11.8 per 
cent., while in South Wales, which this year again 
tops the list with an output of 414,959 tons, the 
diminution is only 74 per cent. Of the total 
about a fifth was made by the basic process, prin- 
cipally manufactured in Cleveland, Staffordshire, 
Sheffield, and Scotland, and in this connection it is 
interesting to note that although Britain has re- 
duced the make by this process to the extent of 
7 per cent. as compared with the preceding year, 
all other countries have increased it, Germany by 
133 per cent., the total output by the basic process 
alone being considerably more than our total make 
of all Bessemer steel, Austria-Hungary has in- 
creased its total 30 per cent., and other countries 
about 20 per cent., the aggregate being about 11 per 
cent. greater than in previous years. The decrease 
in the production of Bessemer steel ingots in this 
country is evidently largely due to a less demand 
for steel rails, the total tonnage rolled having been 
535,836 tons, or 19 per cent. less than in the pre- 
vious year. Of the steel made 35.8 per cent. were 
rolled into rails, 17.7 per cent. into merchant bars, 
11.8 per cent. into blooms and billets, 3.5 per cent. 
into sleepers, about 1 per cent. into plates, and 1 
per cent. into tyres. It may be interesting to add that 
the production for the past year shows a decrease 
of over 25 per cent. on that for two or three years 
ago, and that this decrease is most marked in 
South Wales and Cumberland, in which cases only 


two tons are made instead of three tons a couple 
of years ago. The decrease in Cleveland is a 
fourth. The production of steel rails has decreased 
a half in two years—from a million to slightly over 
half-a-million tons. 


EXPERIMENTS witH H1GH-FREQUENCY CURRENTS. 

Some interesting experiments with high-fre- 
quency electric discharges have been described by 
Mr. A. A. Campbell Swinton in the ‘‘ Philosophical 
Magazine.” In these experiments Mr. Campbell 
Swinton passed through his body the electricity 
sufficient to maintain at nearly full incandescence 
a 100-volt 5 candle-power incandescent lamp, and 
also enough to bring the filament of a 100-volt 
32 candle-power lamp to full redness. Practically, 
he states, no sensation was experienced. The 
apparatus he used consisted of an Apps induc- 
tion coil capable of giving 10-in. sparks, in the 
primary circuit of which about 350 watts were ex- 
pended. The terminals of the secondary coil were 
connected the one with the outside and the other 
with the inside coatings of three half-gallon Leyden 
jars. The disruptive discharge of these jars across a 
f-in. air gap excited the primary of a simple form 
of high-frequency coil, the primary of which con- 
sisted of 10 turns of No. 16 8.W.G. gutta-percha 
covered wire, and the secondary of 500 turns of 
No. 26 S.W.G. cotton-covered wire. The terminals 
of the secondary consisted of a couple of brass balls, 
and the whole coil and its terminals were immersed 
in resin oil. On approaching the hand to one of 
the brass balls aforementioned, sparks shot out to 
it, causing a sharp prick, but in touching the ter- 
minal no appreciable sensation could be felt. With 
the terminal thus grasped sparks would shoot out 
from the free hand on bringing it near another per- 
son or any conducting body. An incandescent lamp 
was hung by one terminal ona wire connected with 
the earth, and connection made between the other 
lamp terminal and the coil through the two arms 
and the body of the experimenter, under which 
conditions the filament reached nearly full incan- 
descence, which under ordinary circumstances 
would require one-fifth of anampére. Mr. Swinton, 
however, believes that much less current is required, 
as with high-frequency alternating currents the 
current is confined to the outside shell of any con- 
ductor through which it flows, and hence the effec- 
tive resistance is much increased. In short, he 
believes that under these conditions the lamp ceases 
to be a 100-volt lamp and becomes, say, a 100,000- 
volt one, and the fact that at times sparks passed 
from one terminal of the lamp to the other showed 
that there was a potential difference between of at 
least 2000 volts. 


EXTENSION OF THE LARGE TROLLHATTA CANAL, IN 
SWEDEN. 

The completion of the important Mora-Venern 
Railway has brought the question of an extension 
of the Trollhitta Canal into prominence. Ever 
since the construction of this canal its traffic 
has been in steady, at times rapid, increase ; this 
will appear from the following figures : At the time 
of opening the canal in the year 1800, the annual 
traffic amounted to some 18,750 tons, whereas it 
has recently, in 1889, reached 564,200 tons. This 
goods traflic exceeds that of any other road of com- 
municationin Sweden. Taking into consideration 
that the bulk of the goods passing through the 
Trollhitta Canal comes from the northern part 
of Lake Venern, the ton-kilometres of the goods 
traffic by the canal amount to about one-third of 
the ton-kilometres of the trunk lines, and also one- 
third of the ton-kilometres of the aggregate of all 
the private railway companies. The opening of 
the railway referred to above will no doubt further 
increase the regular and continuous growing of the 
Trollhitta Canal traftic, the area for both import 
and export having been materially extended. 
This railway passes through large woods, and 
during the first year of its being open to traffic 
saw mills with twenty saws have been built, 
and mills with another ten saws are in course of 
construction or decided upon, and this, no doubt, is 
only a commencement. Two wood pulp manufac- 
tories have been built, and a third is in course of 
construction. A further material increase of the 
Trollhitta Canal traffic may therefore be looked 
upon as a certainty, but the existing traffic is 
already at times almost above the capacity of the 
canal. It is, therefore, manifest that an extension 
of the canal and an increase of its capacity are neces- 
sary, but the question requires a thorough investi- 
gation before being taken in hand. The building of 
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new locks will probably be necessary. Itis evident 
that the present locks, owing to the change in the 
vessels which now pass through them, and the 
immense increase in the traffic since they were 
built, are altogether inadequate, and in a recon- 
struction of them future increase in the traflic 
should also be provided for. It is, in fact, urged 
that the impending extensions ought to be of such a 
magnitude that they would admit of direct trading 
between Lake Venern and even distant foreign 
ports. 


Tae Woop Purp Inpustry 1n Norway. 

This important industry, which for some years 
grew with such rapidity, appears now to have 
reached its climax, but whilst the exports of 1892 
do not reach those of the previous year, the prices 
have on the whole been more satisfactory. Most 
of the wood pulp manufactories have probably had 
some profit on the year. Although the Society of 
Wood Pulp Manufacturers fix a price for the pro- 
duce, this price is not binding for its members, 
but is to be considered more as a guidance. Early 
in the year some manufacturers accepted, however, 
such low prices that the society decided to re- 
commenl a month’s stoppage of the works. At 
a subsequent meeting there was a large majority 
for a month’s stoppage. The society has de- 
cided upon the same restrictions in the manu- 
facture during 1893 as in 1892, and large contracts 
have already been made for this year at prices 
generally ranging somewhat below the society’s 
quotations. There are now in Norway 58 wood 
pulp manufactories, one of which is connected with 
barrel-making, three with cardboard manufactories, 
and 10 with paper mills. The aggregate exports 
of mechanical wood pulp, including what may have 
been brought into the country from Sweden, 


amount to: 
Tons. 
1892... 210,000 
USO 230,000 
1890... 207,000 
1889... 190,000 
1888... 175,000 
1887... 155,000 
1886... oat 500 208 ae a 115,000 
The market for chemical wood pulp (cellulose) 


also improved during 1892, no doubt partly owing 
to the stoppage the cholera caused in the trade 
in rags, &. For the present year the bulk of 
the production has already been sold. There 
are now in Norway 11 manufactories of sul- 
phite and four of sulphate cellulose ; one of the 
former was started during 1892. Of these works 
five (three sulphite, two sulphate) are connected 
with paper mills. The aggregate exports of cellu- 
lose for 1892 may be put at 20,000 tons wet, 8500 
tons dry, against, during 1891, 17,500 tons wet, 
9500 tons dry. The paper industry has also ad- 
vanced well in Norway during 1892; six new 
machines have been started, and there appears to 
be further inclination to erect new paper mills 
and extend some. Still, paper prices are very low, 
and not particularly remunerative. The annual 
production is about 25,000 tons. It appears now 
certain that Norway has a very fair chance of 
taking her part successfully in the international 
paper trade. 


Tae INTERNATIONAL ENGINEERING CONGRESS AT 
CHicaco. 

It is very satisfactory to note that the interest 
among engineers in this country in the Interna- 
tional Engineering Congress to be held at Chicago 
during the week ending August 5 next, is 
rapidly increasing. It now appears certain that 
the contributions from English members of the 
profession will be numerous, and many of them 
from prominent engineers. It is also satisfactory 
that a movement is on foot among some of the 
principal technical English institutions, by which 
those institutions will be officially represented at 
the Congress by some of their leading members. 
Naturally the Institution of Civil Engineers has 
taken the lead in this matter, and the announce- 
ment has been made that Sir Benjamin Baker, 
K.C.M.G., will represent the Institution at the 
Congress. It is certain that no member of 
the Institution will be more welcome than this 
eminent engineer. That section of the Congress 
dealing with educational questions will perhaps be 
less generously supported with papers than the 
other sections, and it is hoped that many of our 
English professors (some of whom have already 
promised papers) will find time to assist this de- 
partment of the Congress. For their information 


we publish the various subjects which will be 
specially dealt with in this section: 1. Present 
state of collegiate engineering education in the 
leading countries of the world, to include: a. His- 
torical outline as to origin, age, grade, and support 
of the schools and colleges giving engineering educa- 
tion. b. Qualificationsforadmittance. ¢. Courses 
of study in civil, electrical, mechanical, mining, 
military, municipal, and naval engineering, and in 
architecture. d. Equipment. e. Laboratory work 
and field practice. 2. The ideal engineering 
education. 3. Maximum and minimum mathe- 
matics necessary for an engineer. 4. Modern 
foreign languages in an_ engineering course 
of study. 5. Practical laboratory work and 
field practice. 6. Shop, laboratory, and_ field 
equipment. 7. Original research by students. 
8. Best method of training engineering students 
in technical literary work. 9. Best methods of 
studying current technical literature. 10. Draw- 
ing for engineering students. 11. Number of 
hours per day, days per week, and weeks per year 
required in college work. 12. Vacation work. 
13. Graduation theses. 14. Degrees conferred. 
15. Present favourable and unfavourable tendencies 
in engineering education. 16. Views of practising 
engineers as to the needs of engineering education. 
17. Comparison between American and Huropean 
methods in engineering education. 


Tue Unirep States AnD RECIPROCITY. 

As is well known, one cf the objects sought to 
be attained by the authors of the Mcltinley Tariff 
Bill was the making of reciprocity agreements with 
other countries, and Sir Julian Pauncefote, the 
British Minister at Washington, has transmitted to 
the Government a report as to the results of these 
agreements. ‘Treaties were made with Germany, 


.| Austria-Hungary, several of the American repub- 


lics, the British West Indies, and British Guiana. 
These, however, have only been in force for a few 
months, and it is too soon to form a fair 
or conclusive opinion as to the effect. This is 
recognised at the British Embassy at Washington, 
but the figures given, it is said, do not come up to 
the expectations of the authors of the reciprocity 
clause of the Tariff Bill, and the United States have 
not reaped the advantages anticipated. Compar- 
ing the trade between the States and those coun- 
tries since the treaties were made with that of the 
corresponding period in the previous year, when 
reciprocity was not in practice, it is found that 
exports to Germany and Austria-Hungary have 
increased by slightly over 2 millions sterling, or 
21.65 per cent., principally breadstuffs and provi- 
sions, while the imports from those countries have 
fallen off in the case of Austria-Hungary by 
1} million, and of Germany by a quarter of a 
million, together about 12.97 per cent. A slightly 
more favourable condition is indicated when 
comparison is made with the trade between 
the States and the American republics and the 
West Indies, for the exports to those countries 
show an increase of over 2 millions, or 23.67 per 
cent., and the imports have increased nearly 
19 millions sterling, or 47.52 per cent. The in- 
crease of exports consisted mostly of foodstuffs, 
iron and steel manufactures, and lumber. Cuba is 
accountable for nine-tenths of the increase. Puerto 
Rico and San Domingo show a slight increase, but 
the addition in the case of Brazil is not up to the 
average. It isin the matter of imports from the 
Latin American republics that the greatest de- 
velopment is evident. Brazilin the past 18 months 
has sent 15 million sterling more goods, princi- 
pally coffee; Cuba over three millions more in 
13 months, chiefly sugar; while San Domingo, 
Puerto Rico, and Salvador have also increased 
their imports into the States. Brazil, Cuba, 
and Puerto Rico have, therefore, profited most, 
and American consumers of their sugar and coffee 
have benefited, but both imports and exports have 
fallen off with Nicaragua, Honduras, Guatemala, 
British West Indies, and British Guiana since the 
treaties came into effect, while the increase of 
exports to other countries scarcely exceeds the 
total average yearly increase, which has been con- 
siderable in recent years, owing to the efforts of 
the Latin American Commercial Bureau. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 3, 1893. 
SEVERAL iron failures have occurred, and, as usual, 
more are expected. The cause is due to the taking of 
orders at low prices, Two manufacturers of bridge 


iron have gone under, others are in an insecure con- 
dition. The extraordinary growth of steel-making is 
responsible for the present condition of affairs. There 
is no margin in muck bars, and very little in steel 
billets. On steel rails at 29 dols. there is still a safe 
margin. Manufacturers are so anxious for business 
that they cut prices down to dangerous margins. 
Those who are conducting business on bank capital 
are on dangerous ground. Then there are some appre- 
hensions in financial circles. Gold is exported, and the 
drain will probably continue. No solution of the 
silver question is at present possible. Stocks of crude 
iron are of moderate proportions. But few ore con- 
tracts have b2en made this year, and cheaper ores are 
expected. The sheet mills are very busy; bar mills 
are slack; plate and structural mills are crowded. 
Much new work is in sight, and a large amount of 
Government work is about to be given out. The latest 
contracts were for 6700 tons of nickel armour-plate, 
divided between Bethlehem and the Carnegies. 


TRIALS OF H.M.S. ‘“‘VULCAN.” 
(From A PortsmMouTH CORRESPONDENT. ) 

TuE torpedo store-ship Vulcan, which has caused so 
much anxiety to the Admiralty since her completion 
last summer, and which was regardedonly a few months 
ago as an absolute failure, has surmounted a forced- 
draught trial this week ina highly satisfactory manner. 
The history of the Vulcan is no doubt familiar to our 
readers. ‘he vessel was laid down at Portsmouth 
Dockyard in the summer of 1888, and was completed 
early in 1892. She was designed to be an improved 
type of torpedo dépét-ship, and to take the place of 
the Hecla, which was originally built for the White 
Star Line and bought for the naval service. Beyond 
all doubt the Vulcan is a well-designed ship, but al- 
though the construction of her engines and boilers was 
intrusted to the well-known firm of Humphry, Ten- 
nant, and Co. , the Admiralty designers insisted that she 
should be supplied with the Whitehall double-ended 
boilers, and this has been the chief cause of her failure 
to develop the contract horse-power. The Admiralty 
acknowledged that a blunder had been committed, 
and for the past six months naval engineers have been 
endeavouring to overcome the inherent weakness of her 
double-ended boilers. Whatever may be thought of 
the Admiralty ferrule, it must be acknowledged that 
this device has served to pull many a ship through her 
trials, and their lordships ought to be very grateful to 
the inventor. In the case of the Vulcan, every ex- 
pedient was tried with equal lack of success, until, as 
as a last resort, the tubes were ferruled, with the 
pleasing result that, on Tuesday last, the boilers with- 
stood 1.8 in. of air pressure without a sign of leakage 
in the tubes. The trial lasted four hours, with the 
following results : 


Mean steam in boilers 148 lb. 
Vacuum (starboard) 26.8 
>» (port) on 26.2 
Revolutions ... ... 99.2 and 99.7 
Mean Pressure. Starb. Port. 
High oe 1690 1871 
Intermediate .. 1949 1922 
Low 3 2295 2305 
Total fey. a 934 6098 
Collective indicated horse-power 12,032 


The original contract was for 12,000 horses under 
forced draught. The vessel averaged a speed of 20.2 
knots by patent log, her extreme draught of water 
being 24 ft. 


COLUMBIAN EXPOSITION NOTES. 
Tur Corporation of the City [of Birmingham has 
granted the loan of the Woolrich magneto-electric 
machine to Messrs. J. E. Hartley and Son, of Birming- 
ham, who will exhibit it at the Exposition. As this 


machine was the forerunner of all the magnificent dy- - 


namos now so extensively used, it cannot fail to excite 
interest in the United States, where Faraday’s great dis- 
covery has had so many practical applications. 


One of the conditions on which the World’s Fair Vene- 
tian Gondola Company secured their concession, was that 
the boats and costumes of the gondoliers should be in 
the style of the fourteenth century. Charles A. 
Raggio, treasurer of the company, has just returned to 
Chicago from Venice, where he completed the arrange- 
ments for building and furnishing the gondolas. He had 
instructions to spare no exrense, and the boats will be 
one of the attractions of the Fair, The gondoliers will be 
dressed in the garb of the fourteenth century. 


Two of the oldest locomotives in America will be shown 
at Chicago. They are named ‘‘Samson,” 1837, and 
** Albion,” 1838. There will be also a tender and a pas- 
senger coach, the latter upholstered in white satin, in a 
splendid state of preservation. This coach is about the 
size of an old-fashioned stage-coach, and like one in 
appearance. The engines have vertical cylinders and 
connecting-rods with the old hook mction. The stoker 
worked at the front end, where the smoke-box now is, 
the fire box and smoke-box being side by side. The 
‘‘Samson ” ismounted on a wooden frame plated with 
iron, while that of the ‘* Albion” is iron, and is connected 
by plates to the boiler. They were built at Durham, 
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Mrs. Susan Gale Cook, secretary of the Women’s Board, 
has issued a circular notifying all exhibitors in the 
Women’s Building that their exhibits must be in the 
building by March 15, at which date the expert com- 
mittee will pass upon them and determine their fitness 
for exhibition. It is expected that everything offered 
will be passed upon by the various State boards and 
advisory committees, and nothing will be received for 
final examination unless it has been recommended in 
advance by one of these local authorities. Only those 
exhibits passed by the experts will be finally admitted to 
the building. It is quite safe to predict that neither of 
these predictions will be adhered to. 


Cable cars, grips, and their attachments, will form a 
distinct collective exhibit within the department of 
transportation exhibits. Mr. A. 8. Hallidie, of San 
Francisco, the inventor of the cable system, has received 
an allotment of space for this purpose. He will show 
the original cable car and grip. These were built for the 
Clay-street Railway, San Francisco, and were in active 
use until two yearsago. He will also show a collection 
of all the different forms of grips used on the various 


cable railways in the United States, illustrating the 


development of the cable system. The California Iron 
Works, of which Mr. Hallidie is president, will show an 


overhead tramway now being first introduced to the 


notice of the public. 


The Dutch section promises to be of much interest. 
It will comprise two diamond cutting and polishing dis- 
plays inthe Mines Building, working with the diamond 
mining exhibit from the Kimberley mines. In the Manu- 
factures Building will be an extensive display of set dia- 
monds and jewellery. The general exhibit will comprise 
manufactured confectionery, chocolates, cocoas, Dutch 
liquors and cordials, A big display of bulbs, growing 
and dried, will be another feature. ‘Trees, shrubs, bulbs, 
and roses in horticulture, porcelain, and stained-glass 
work, metal statuary, lacquered ware, and embroideries 
are also catalogued, One whole section is devoted to an 
exhibit of fishing boats, tackle, and other illustrations of 
Holland’s marine business. 


Mr. C. C. Bonney, President of the World’s Auxiliary 
Congress, reports favourable progress both at home and 
abroad of the work, and predicts unusually large gather- 
ings of scientists and prominent personages during next 
summer to participate in’ the various divisions of the 
series, The first congress to be held in the series will be 
that of the representative women of all lands, which is 
assigned to the week commencing May 15. This will be 
followed by the Congress of the Public Press, commencing 
May 22, for which the arrangements are well perfected, 
and which promises to be of exceptional brilliancy. This 
will be followed by the medical congresses on May 29, 
which will be succeeded by the temperance congresses on 
June 5; moral and social reform, June 12 ; and commerce 
and finance, June 19. In Washington the work of the 
General Educational Congress, under the charge of Dr. 
William T. Harris, Commissioner of Education ; the Con- 
gress on Meteorology, Climatology, and Terrestrial Mag- 
netism, under vharge of Professor Mark W. Harrington, 
Chief United States Weather Bureau ; and the Congress 
of Naval Hogineering, under charge of Commodore 
Melville, of the Naval Department, are making good 
progress, many distinguished participants from all parts 
of the world having notified the State Department of 
their intention to be present. 


One of the great novel attractions at Jackson Park will 
be a wheel of gigantic proportions, provided round its 
periphery with a large number of hanging cars, in which 
adventurous passengers will be carried round at so much 
per revolution. We condense the following description 
from our contemporary the Chicago Inter-Ocean, to which 
we hereby acknowledge our indebtedness for the majority 
of our ‘Columbian Exposition Notes.” The structure 
will certainly be one of the greatest novelties of the Mid- 
way Plaisance. Mr. Ferriss, the inventor, is at the head 
of a firm of bridge-builders in Pittsburg. The estimated 
cost is 80,000/., and the diameter of the wheel is to be 
250 ft. ; its highest point will be 264 ft. above the ground. 
The ditferent sections have been cast at Pittsburg, Cleve- 
land, Detroit, Youngstown, Bethlehem, Pa., and Phila- 
delphia. The entire structure is of steel, and somewhat 
resembles a huge bicycle wheel revolving between two 
towers. The wheel practically consists of two wheels 
placed on the same axle, spaced a distance of 28 ft. 6 in. 
apart, and held together by struts and ties. Around the 
wheel are suspended, between steel trunnion pins, 36 pas- 
senger cars, weighing 19 tons apiece, larger than the ordi- 
nary railroad coach, and with a seating capacity of 60 
persons. Imagine this great wheel, with its living 
freight numbering 2160, being slowly carried up 260 ft. on 
one side and being lowered on the other, gaining during 
the trip a complete view of the Fair grounds, and of a 
goodly portion of Lake Michigan to boot. The main 
axle is 33 in. in diameter, 45 ft. long, and weighs 56 tons. 
Its cost was 35,000 dols. This shaft, which carries the 
entire wheel, is supported by means of two steel towers 
137 ft. high, 5 ft. square at the top, and 50 ft. by 40 ft. at 
the bottom. The towers are each supported by four 
columns, two vertical, and two inclined, connected at the 
base by eight arched struts, thus forming an almost solid 
arch of steel 60 ft. long and 8 ft. high. The foundations 
of masonry beneath the tower are carried on piles and 
concrete. The weight is distributed so that under 
maximum conditions it cannot exceed a ton to the square 
foot. The total weight of the structure is 4300 tons, 60 
per cent. of which will be in motion under the control of the 
machinery. Arranged in groups on the rods around the 
crown of the wheel are 3000 incandescent lights of various 
colours. These will be alternately extinguished and re- 
lighted at night as the wheel revolves, 
platforms are located on both sides of the lower part 


The landing 
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of the wheel, so that six cars can be loaded and 
unloaded simultaneously. The time required for 
one complete trip is 20 minutes, which will give 
the passenger two complete revolutions of the wheel. 
The distance travelled will be one-third of a mile. 
The engines consist of two link-motion reversible engines 
of 30-in. cylinders, 4-ft. stroke, and 2000 horse-power. 
They drive through a double system of gearing, one on 
each side of the wheel. The gear wheels are respectively 
12 ft., 14 ft., and 16 ft. in diameter, and around them 
passes a chain, or rather series of chains, each link being 
2 ft. long, 5 in. wide, and 14 in. in thickness, with 36 links 
toa chain. This chain connects with a cast-steel wheel 
attached to the ain axle, and by this motion the entire 
wheel is revolved. The machinery is sunk 5 ft. below the 
surface of the ground and surrounded by a railed-off 
walk open to the public. The engine-plant is duplicated, 
so that in case of any disarrangement of the machinery 
the second plant could be started with not more than a 
minute’s delay. The steam-power plant and the dynamo 
for electric lighting are located outside of the grounds, 
600 ft. distant. Mr. Frank McKain, of Chicago, has 
charge of the erection of the wheel, which is promised 
to be ready for the public when the Fair opens on May 1. 


THE BREAKDOWN OF THE ‘‘ UMBRIA.” 

Av the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, March 14, 1893, Mr. Harrison 
Hayter, President, in the chair, a paper by Mr. Thomas 
Sopwith, M. Inst. C.E., was read giving an account of 
the breakdown of the Cunard steamship Umbria, and of 
the steps taken on board to repair the damage. 

Particulars of the voyage of the Umbria, and of the 
weather experienced during her passage from Liverpool 
to New York on the occasion in question, were given. 
She sailed from Liverpool on December 17, 1892, called 
at Queenstown on the following day, and after encounter- 
ing a violent storm, broke down on December 23, when 
760 miles east of New York. 

At 5.30 p.m. on that day, one of the thrust-block shoes 
began to jump violently, probably owing to the action of 
a small piece of metal which had become detached from 
the fractured portion of theshaft. The engines were im- 
mediately stopped, and three or four of the thrust-block 
shoes were removed, when a serious fracture was dis- 
covered between Nos. 3 and 4 collars, at the end near the 
engine. The fracture extended round the shoulder of one 
collar for nearly the whole circumference of the shaft, and 
then took a lateral direction to the other collar, following 
close against the shoulder of the latter for about 17 in. 
Thus, although greatly weakened, the shaft was not com- 
pletely severed. The diameter of the shaft, which was 
steel, was 25 in. 

Three slots were cut in the collars, which were 3} in. 
thick, and projected nearly 6 in. from the shaft. The 
slots were 44 in. broad by 4{ in. deep, and the bolts were 
fitted into them and between the collars. The bulk of 
the metal was removed by drilling holes with a ratchet- 
brace, and by afterwards chipping away with hammer 
and chisel that which remained. The labour required of 
the engineering staff was great, and was not only severe 
inits nature but had to be done in a rolling ship, in con- 
fined space, and under a high temperature. During 
many hours a spell of 15 to 20 minutes was as long as a 
man could work continuously. Whilst that work was 
being carried out on the shaft, the preparation of the 
bolts was proceeded with ; and for this, a vice, hammer, 
and chisel were the only appliances available. It soon 
became apparent that the head and nut of each of the 
bolts would have to be reduced in thickness ; because 


there was not sufficient clearance for them to pass the 
cast-iron ribs on the bedplate which carries the thrust- 
blocks. 


This entailed much exra work, for the heads and 
nut had to be bored through by numberless small holes 
to separate the superfluous metal. The chief engineer 
was not disposed to destroy any portion of the perma- 
nent structure of the vessel, by smashing away those 
portions of the ribs in the bedplate which prevented him 
from putting in the bolts with heads and nuts of full 
strength. The repairs which carried the vessel ints New 
York were shown in a full-sized model; they consisted 
essentially of a strong hoop over the fracture in the shaft, 
the bolts already described, and an outside hoop to keep 
the latter in their places. 

Notwithstanding the great strain they had been sub- 
jected to, the engineering staff kept actively at work pre 
paring duplicates of every part which might break; and 
if it should have become necessary to supplement the 
three bolts already mentioned by others, this course 
would have been adopted, and the strength of the repairs 
would thereby have been considerably increased. It was 
impossible to determine the efficiency of the repairs on 
account of the unknown factor represented by the strength 


of the broken shaft ; but it might be assumed that it was | 


not more than 6 to 7 per cent. of the efficiency of a 
perfect shaft. The repairs were continued night and 
day from the evening of the 23rd December until 
the morning of the 27th. The vessel reached New 
York at 9 a.m. on December 31; her speed having 
been increased from 4 knots to 10 knots per hour, as con- 
fidence was gained in the efficiency of the repairs. Fortu- 
nately the weather after the completion of the repairs was 


fine, but the captain had a difficnlt task to get the ship | 


into port, crowded, as that of New York always is, with 
vessels and ferries of all descriptions ; for the engines, 
once started, had to go, and, once stopped, to stay, and 
anything like reversing could not have been safely 
attempted under the circumstances, 


A Paristan Brrpck.—MM. Daydé and Pillet have 
secured a contract for the Tolbiac bridge at Paris. The 
bridge will absorb about 1200 tons of steel. 


THE 8.8. ‘‘GREAT BRITAIN.” 
To THE EpitoR oF ENGINEERING. 

Str,—Permit me through your columns to thank 
Messrs. Ginsburg and Swinburne for the information 
conveyed in your issue of February 17 ia regard to the 
present whereabouts of the s.s. Great Britain. Informa- 
tion I had long sought for in vain until I concluded to try 
an inquiry in ENGINEERING. I regret that I cannot give 
Mr. Ginsburg any information in regard to the fate of the 
Persia. She disappeared off the face of the waters with 
the advent of the screw propeller. But the Scotia, the 
last and grandest of the paddle-boats belonging to the 
Cunard fleet, as may or may not be generally known, 
after lying fora long time idle at Birkenhead, was sold in 
the summer of ’79, being then 17 years old, to the British 
Telegraph Construction Company. Her paddles were 
removed, and she was fitted with compound engines and 
twin-screws. She sailed away from the Mersey for Singa- 


pore another ship. 
W. M. Henperson, M.E. 
Philadelphia, U.S., March 4, 1893. 


MECHANICAL FLIGHT. 
To THE Eprror or ENGINEERING. 

Srr,—I have been much interested in the article on 
‘Mechanical Flight” which I find in ENGINEERING of 
the 10th inst., and Iam pleased that some one in Eng- 
land besides myself is seriously considering the question 
of mechanical flight. Ido not hesitate to say that one- 
half of the leading scientists in the United States are of 
the opinion that flight is possible. 

In your article I find the following: ‘‘In small ex- 
periments where the weight to be raised only amounts to 
a few ounces, and where a relatively large area may be 
employed, surfaces approximately flat may be secured ; 
but in a flying machine capable of raising hundreds of 
pounds instead of ounces, it is impossible, Mr. Phillips 
maintains, to secure plane surfaces for sustainers, having 
the proportion of one square foot for each pound raised.” 
Also, ‘‘ Mr. Phillips informs us he has succeeded in rais- 
ing very nearly 3 lb. per square foot of wing surface, which 
we imagine is far beyond any result yet obtained, and 
approaches the ratio of quick-flying birds.” This, as 
relates to simple aeroplanes, is not quite correct. 

In experiments which I have been conducting during 
the last year, I have lifted loads with a simple aeroplane 
as great as 6000 lb., with the machine travelling at the rate 
of 27 miles an hour, In some of these experiments the 
screw thrust at starting was 1000 lb., and the total lifting 
area of the planes 3160 ft. When all of my planes are in 
position, the total area is nearly 7000 ft., and when the 
engines are run at full speed, the thrust of the screws is 
1960 lb. But witha lift greater than 6000 lb. the machine 
cannot be kept on the track. In the experiments which 
I tried three years ago with a ‘‘ whirling table,” wooden 
aeroplanes slightly curved were made to carry a load of 
8lb. to the square foot when travelling at a speed of 
60 miles an hour. 

I would say that the apparatus which I am experiment- 
ing with has been very carefully constructed, and is pro- 
vided with all sorts of measuring apparatus, so that 16 is 
possible to arrive definitely at the speed, the thrust of 
the screw, and the exact lift of the aeroplane at all speeds. 
The total power at my disposal is 300 brake horse-power, 
but the full power of the engine has never heen turned 
on except when the machine has been stationary on the 
track and attached to a dynamometer for the purpose of 
ascertaining the thrust of the screws and the power of the 
engines. 

Hiram 8. Maxim. 

Baldwyn’s Park, Bexley, Kent, March 14, 1893. 


To THE Epritor OF ENGINEERING. 

Srr,—Kindly allow me to supplement your article on the 
above subject by stating that I have succeeded in lifting 
8 lb. per square foot of under surface of blades or sus- 
tainers at a speed of 40 miles an hour, and in the case of 
screw propellers working in air, the thrust has been equal 
to 20 lb. per square foot of projected blade area. 

Yours faithfully, 
HoratTIo PHILLIPS, 


RAILWAY SPEEDS. 
To THE Epiror oF ENGINEERING. 

Srr,—One of your contemporaries, some little time ago, 
in comforting itself on our having lost the palm for speed, 
laid the flattering unction to its soul that, as England 
was so much smaller a country than the United States, 
we had no need for such fast trains, apparently missing 
the point that there will always be plenty of scope for 
fast running in England so long as we have two or more 
lines competing to the same towns by routes of unequal 
length. ‘Take the Midland, for instance, which is, speak- 
ing generally, the longest route everywhere. One would 
naturally expect a constant smartening up of their main 
line services. Instead, one is amazed at the wholesale 
deceleration of important long-distance trains which has 
recently been taking place. Surely the very able officers 
of that line are not oblivious of what is a mere common- 
place—that your ordinary mortal will always travel by 
the shortest route (in time), even if this time is of no 
value to him. The chairman of the company is reported 
to have said that the decline in the passenger receipts 
was not satisfactory—a striking example of cause and 
effect ! The North-Western serve very much the same 
and the same sort of districts as the Midland, yet their 
passenger receipts have shown marvellous elasticity since 
their renaissance in 1888. I am aware that the Midland 
passenger receipts are fair so far this half-year, but they 
compare with poor takings in the corresponding period of 
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last year, which in their turn compared badly with pre- 
vious earnings. ne : 

How the Midland can hope to get anything like a fair 
share of London-Edinburgh traffic while they allow them- 
selves to be beaten by something like two hours in their day 
trains by their smart rivals east and wes, is more than a 
plain man like myself can understand. Again, the 
Great Northern have recently screwed up their fastest 
London- Sheffield trains two minutes; the Midland 
reply to this by letting a whole batch (which were already 
much longer on the journey than the Great Northern’s)down 
some three to five minutes. To Liverpool the Midland 
are out of it again, being beaten by some 40 minutes and 
more. I think Midland shareholders would be rather 
surprised, if they were to make inquiries, at the small 
hold their company has on Liverpool traffic, Derbyshire 
scenery notwithstanding. The gradients are bad, I 
know, but the North-Western run over Shap at 53 miles an 
hour, with by no means light trains. It appears to an 
outsider that it is the will that is lacking, not the power. 
The engines are undoubtedly up to anything they are 
asked todo. They are constantly running inside their 
booked time. If they are as good as they look, they 
should be the best in the world. Let us, therefore, hope 
that the line that has generally shown the others some 
new thing, the line that has—as the World truly said— 
initiated more improvements for the benefit of the 
travelling public than all the other lines put together, 
will in the coming summer emerge from its Slough of De- 
spond, and ruffle it with the best of them. 

I am, Sir, your obedient servant, 


FREDERICK J. Bout. 
Chigwell, March 18, 1893. 


THE METRICAL SYSTEM OF WEIGHTS 
AND MEASURES. 
To THE EpiToR OF ENGINEERING. 

Srr,—In reply to the numerous and influential de- 
putations which waited on the Chancellor of the Ex- 
chequer, for the purpose of urging upon the Govern- 
ment the adoption of the decimal and metrical system 
of weights, measures, and coinage, or the appoint- 
ment of a committee of inquiry into the subject, Sir 
William Harcourt confined himself to a lengthened dis- 
sertation on the inadvisability of changing the value either 
of the sovereign or of the penny; but surely, as was 
urged by Sir Philip Magnus, priority should be given to 
the adoption of a system of decimal weights and mea- 
sures, as to which, he said, there was no difference of 
opinion, whilst opinions differed as to the adoption of a 
decimal coinage, which is quite a distinct and subordi- 
nate question. 

The first is a change which is almost universally de- 
sired by engineers, because they are constantly subjected 
to enormous inconvenience by the excessive variety of 
English weights and measures. The extreme simplicity 
of the metrical system is due, not alone to its being ex- 
pressed in decimals, but chiefly to the facility with which 
weights and measures can, at a glance, be compared and 
comprehended. Thus: 

Liquid and Dry 


Weights. Measures of 
Volume. 
1 centimetre cube = 1 gramme and also = 1 millilitre 


10 x =1kilogramme ,, = 1 litre. 
100 a5 = 1 hectolitre 
100 x (1 cubic metre) = 1000 kilogrammes or 


1 ton, and = 10 hectolitres, 


The metrical measure of lengths andall surface measures 
are, of course, equally simple : 10 metres square = 1 are ; 
100 metres square = 1 hectare ; 1000 metres square = 1 
square kilometre. 

As compared with these I will only enumerate a few of 
our varieties just to show the absolute confusion that we 
have to contend with. 

As measures of weight we have the ton, the hundred- 
weight, the quarter, the stone (of 8 and of 14 pounds), 
the pound avoirdupois, and the pound Troy ; the ounce, 
the drachm, the pennyweight, and the grain. 

As measures of liquids, the tun, the pipe, the butt, the 
puncheon, the hogshead, the barrel, the tierce, the kilder- 
kin, the firkin, the gallon, quart, pint, and gill. 

The varieties of our dry measures are beyond enumera- 
tion. We have, for example: 


One load of unhewn timber = 40 cubic feet. 


* squared ,, = 50 i; 
MA inch boards ... = 600 square feet, 
5 lime = 32 bushels. 
ae sand! 3; = 36 bushels. 
i bricks ... = 500 bricks. 
One bushel of wheat = 60lb. 
p HOOre eee = 000s 
a barley ... = WDA. 
5 oats ae = AO, 
One sack of potatoes or coal = 224 ,, 
- flour ‘ = 280 ,, 


The quarter of wheat varies in weight in all parts of 
the kingdom ; as measures of length we have the mile, the 
furlong, the pole or rod, the chain, the link, the fathom, 
the yard, the foot, the inch, and the line; as cloth mea- 
sures, the yard, the quarter, and the nail; as land mea- 
sures, the English statute acre, the Irish acre, the rood, 
and the pole; and the numerous modes of determining the 
amount of work done by builders, carpenters, masons, 
bricklayers and paviours, plumbers and glaziers, &c., 
cannot be understood without a very special study. 

The obstacles to the introduction of the metrical system 
into this country seem to me to have been much exagge- 
rated, and there is no reason why they should be greater 
than in the many continental countries where it is now 


firmly established. We have precedents to prove that | off, say, by throwing off the strap, then the rate at which | fi 
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far-reaching alterations have been readily accepted in 
England when initiated by the Government; for the 
imperial gallon, the imperial bushel, and the imperial 
quarter have all been adopted within the memory of this 
generation. The change in the gallon introduced con- 
fusion into all our other measures of liquids, and had 
nothing to recommend it beyond the fact that it was an 
instalment of a decimal system, for the imperial gallon is 
equalto 101b. of water. This is manifest from the fol- 
lowing figures : 


Wines, Spirits, de. 


New (Imperial) 
Old Measure. M ae 
gals. gals. qt. pt. gills, 

One anker — sO E> ooh ib OZ 
»» rundiet = 18 Shed bog 

3, tierce ce = 4) Say 4 eG led 

», hogshead ... G8 eh Psy ibe a 

s, puncheon... Oe = (08) are ly 8 

»> pipe or butt = 126 = 04S Se 

eenauun., : = 252 SNe) SP bly 33 

Ale and Beer pl ce fe ial) 
ew (Imperia 
Old Measure. Monanves 
gals. gals. qt. pt. gills 

One firkin aA = 299 =) 21950) (eal 
»,_ kilderkin ... =e — Pa ee 

»» barrel 0 = 30 Est O18} 

3» hogshead ... = Os = 4/04 4 Sid aL 

», puncheon... a — > 7s} GY 

», butt ae — alts =) 109 30a 


The alterations in all measures of which the imperial 
bushel is the unit, such as the strike, the quarter, the 
chaldron, the wey, and the last, are equally radical and 
confusing ; and yet all these changes have been gradually 
and imperceptibly adopted without anybody being incon- 
venienced. Who can doubt that the same would happen 
if the metrical system were officially adopted by the 
Imperial Government for weights and measures, and 
encouraged by the distribution throughout the country of 
metrical standards, comparative tables showing their 
relative values, and explanations of the very numerous 
advantages which the people would derive from a uniform 
system of such extreme simplicity ? 

Trusting that the importance of the subject and the 
opportuneness of the moment may excuse the otherwise 
unconscionable length of this lettor, 

I remain, your obedient servant, 
O. C. D. Ross, M. Inst. C.E. 

January 27, 1893. 


MARINE BOILERS AND LEAKY TUBES. 
To THE EprrorR or ENGINEERING. 

Srr,—In your article on ‘‘ Marine Boilers” you say that 
the evidence on the behaviour of tube holes in boiler plates 
under the influence of heat is very conflicting. 

Referring to my previous letter, the matter can be 
looked at in another way. Let Fig. 1 represent a hole in 
a plate. Then we may, for purposes of reasoning, con- 
sider the metal round the hole as being made up of any 
number of parts, say six, asin figures. Then if the metal 
expands under the action of heat—that is, if each separate 
piece 1, 2, 3, 4, 5, 6 becomes bigger—the result must evi- 
dently be as in Fig. 2, which goes to prove that the hole 


Fig.1. 


enlarges when the metal expands. Should the plate be 
unevenly heated, so that, say, pieces 1, 2, 3 expand more 
than pieces 4, 5, 6, then the hole will be deformed. 

However, there may be another side to the question, 
but it would be interesting if some one would state it 
clearly. 

As regards the circulation in marine boilers, all the 
endeavours seem to have been to make the water from the 
furnaces rush up over the tubes. But it would be inte- 
resting to see if something could not be done by directing 
the water from the furnaces away from the tubes. The 
stream of water guided by plates could pass down by the 
shell of the boiler to the level of lowest tubes, where it 
could split into two parts, one passing over the tubes, and 
the other over the furnace crowns into a vertical centre 
channel between the tubes. 

Yours truly, 
C. TURNBULL, JUN. 

Hylton Lodge, North Shields, March 7, 1893. 


MEASURING POWER FOR DRIVING 
DYNAMOS. 
To THE Eprror or ENGINEERING. 

Sir,—The following suggestion for finding the mecha- 
nical power supplied to dynamos may prove of interest, 
and be useful for finding the commercial efficiency of 
these machines in certain cases. 

The principle is to find the rotational energy of. the 
armature by the formula 4 I w?, where 


I = the movement of inertia of the armature, 
and 
w = angular velocity (= 2 7 n). 


If the power that is driving a dynamo be suddenly cut 
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speed diminishes at any speed will measure the rate ab 
which work was being supplied to the dynamo for that 
speed, hence 
Energy supplied = 314722 dw, 
=4Irnduy, 


where n is number of revolutions of the dynamo for which 
the efficiency is being calculated, and d w is the rate of 
change of speed for that speed. The moment of inertia 
of the armature may be found by the usual experimental 
methods, as it will be probably impossible to deduce it 
from weight and dimensions by calculation. 

By this method only accurate speed and time measures 
are required, so that it has the merit of simplicity, and 
rapid tests can be made once the moment of inertia of the 
armature is known. 

I am, Sir, yours truly, 

March 11, 1893. A, 


LAUNCHES AND TRIAL TRIPS. 

On Monday, the 6th inst., there was launched from 
the Cleveland Dockyard of Sir Raylton Dixon and Co., 
of Middlesbrough, a steel screw steamer named the 
Phcenix, which has been built to the order of Messrs. 
Hoyland and Co., of London. The principal dimen- 
sions of the boat are: Length over all, 311 ft.; beam, 
40 ft.; depth, moulded, 22 ft. 114in.; and she will be 
capable of carrying about 4000 tons all told. Triple- 
expansion engines will be fitted by Messrs. T. Richard- 
son and Sons, of Hartlepool, having cylinders 24 in., 
38 in., and 64 in. in diameter, and 42 in. stroke. 


Messrs. T. B. Seath and Co., Rutherglen, launched on 
Thursday, the 9th inst., a steel sailing yawl, to the 
order of G. Clunies-Ross, Esq., of the Keeling Cocos 
Islands, Southern Indian Ocean. The vessel, which is 
70 ft. long, 15 ft. beam, and 8 ft. 6 in. deep, is intended 
for the owner’s private use in the furtherance of his duties 
as proprietor and governor of those islands. She was 
named the Clunies-Ross. 


On Thursday, the 9th‘inst., the steel screw steamer 
Nador was taken for her trial trip off Hartlepool. She is 
a cargo boat, builb by Messrs. Wm. Gray and Co., 
Limited, and owned by Captain Burke, of Algiers. Her 
dimensions are: Length over all, 275 ft. ; breadth, 37 ft.; 
depth, 21 ft. 3in. Her engines are of the well-known 
triple-expansion type, built at the Central Marine Engine 
Works of Messrs. Wm. Gray and Co., and have cylinders 
20 in., 314 in., and 53 in. in diameter, with a piston stroke 
of 36in. They are supplied with steam by two large steel 
boilers working at a pressure of 160 lb. per square inch. 
The vessel was taken out into the bay and a three hours’ 
continuous run made, the engines making 88 to 89 revolu- 
tions per minute, and the log indicating an average speed 
of 11.66 knots per hour, 


The s.s, Sibun, built by Messrs, J. Blumer and Co, 
for the Belize Syndicate of London, under the superin- 
tendence of Messrs. Flannery, Baggallay, and Johnson, 
London, was taken for trial at sea on the 11th inst. She 
is 260 ft. long, 37 ft. beam, and 17 ft. deep, and is of the 
partial awning deck type. She is fitted with water ballast 
throughout, except in way of boilers. Her hatches are 
very large, and similar in arrangement to those of other 
vessels in the same service, for shipment of large logs of 
mahogany. Her machinery was built by Messrs, George 
Clark and Co., Limited, and has cylinders 22 in., 36 in., 
and 59 in. in diameter, by 39 in. stroke, taking steam 
of 160 lb. pressure from two boilers 14 ft. in diameter by 
10 ft. long. The trial was satisfactory, although there 
was a strong breeze. The engines indicated about 1050 
horse-power, and drove the ship at a mean speed of 11 
knots as a result of four runs upon the measured mile, 


On Thursday, the 9th inst, the s.s. Hanoi, built to the 
order of La Société Service Subventionnée des Corre- 
spondances Fluviales au Tonkin, by the Sunderland Ship- 
building Company, Limited, was taken out to sea on her 
trial trip. The vessel is 240 ft. by 32 ft. by 19 ft. 6 in., 
classed first-class French Veritas, and English Board of 
Trade certificates for passengers, spar-deck grade. The 
vessel will be employed in the mail service between 
Haiphong and Hong-Kong. Accommodation for first- 
class passengers is placed amidships in teakhouses. The 
dining saloon is most tastefully worked out in panels of 
solid oak, and special attention has been paid to ventila- 
tion to suit the hot climate in which she will trade. The 
whole of the decks throughout are of teak. Engineers’ 
and officers’ berths and mess-rooms are on a large teak 
deck-house aft, which is also entirely fitted up in hard- 
wood. The main engines are by the North-Eastern 
Marine Engineering Company, Limited, Sunderland, 
having cylinders 20 in., ‘34 in., and 56 in. in diameter by 
36 in. stroke, and during the whole of the trial worked in 
a most satisfactory manner. A pressure of steam of 160 lb. 
was easily maintained, and for six consecutive hours the 
machinery ran at full speed without a stoppage of any 
kind or any indication of heating. The mean speed 
obtained upon this run was 125 knots per hour, which 
more than fulfilled the guarantees, and gave entire satis- 
faction to all on board. A feed-heater and evaporator 
are fitted by Mr. Jos. Reed, of North Shields, and work 
most satisfactorily. The electric light installation has 
been supplied by Messrs. C. A. Parsons and Co., of New- 
castle. Dine construction the vessel and her machi- 
nery have been superintended by M. Krafft, on behalf of 
the owners. 


RivLes ror Brazit.—The Brazilian Government is re- 
ported to have let a contract for 70,000 rifles to a Berlin 
rm, 
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WE illustrate on this page an ice-breaking steamship 
named the Murtaja, which has been built by the Berg- 
sunds Shipbuilding and Hngineering Company, Stock- 
holm, for service in the ice-obstructed waters of the 
Baltic, where the ports are often blocked for many 
months of the year. The boat in question has been 
built to the order of the Imperial Senate of Finland, 
and was delivered to its owners in March, 1890, and 
there was thus an opportunity of testing its powers in 
the following winter. The boat is of the following 
dimensions ; 


Length waa nae ac 155.83 ft. 
Breadth a san it Res 36.00 ,, 
Depth... es af Ae Pe 24.93 ,, 
Draught astern when fully loaded 19.03 ,, 
Displacement nt oe ake 1000 tons 


The boat is built with a spoon bow, and breaks the 
ice partly by impact and partly by crushing it under 
this bow ; and so efficient has the boat proved, that 
her speed is said to be but very little diminished by 
the ice she meets. The boatis, of course, very strongly 
built, being constructed of Swedish scrap and Siemens. 
Martin steel. The hull is divided into several water- 
tight compartments, of which those at the extreme 
ends of the vessel serve as reservoirs of water, and by 
pumping in and out of these the vessel can be trimmed 
in a fore-and-aft direction. The engines of the 
Murtaja are of the ordinary compound type, capable of 
indicating 300 horse-power, to which steam is supplied 
by four boilers constructed of Siemens- Martin steel, and 
designed to work at a pressure of 90 lb, per square inch. 
When the stern reservoir is filled with water, and with 
25 tons of cargo on board, the draught of water of the 
boat is 13 ft. forward and 18 ft. aft. Under these con- 
ditions a speed of 12 knots is obtained, the coal con- 
sumption being about 2 lb. of coal per indicated horse- 
power. In the winter, whilst at work ice-breaking, 
this speed falls to about 8 or 10 knots. In January and 
February, 1892, the Murtaja proved able to clear a 
path, without stopping, through a sheet of ice 30 in. 
thick, and in places where the water was barely deep 
enough to admit of the passage of the vessel. 


INDUSTRIAL NOTES. 


ALTHOUGH no fresh strikes or labour disputes of | 


any importance have arisen within the past week, 
there is still a considerable amount of unrest in 
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CONSTRUCTED BY THE BERGSUNDS 


STEAMER 
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the labour world. The disputes that exist, and the 
rumoured disputes in contemplation, or anticipation, 
are not, however, serious in comparison with those 
that arose in the years of declining business after 
the great flush of trade in the period 1870-74. 
Wages had then gone up very considerably in many 
trades, and some of the reductions, when the market 
declined, were a kind of natural reaction in sympathy 
with falling prices, but the reductions continued till 
the end of 1879, at which date many of the trades 
were reduced to the limit, or nearly so, at which 
wages were prior to the expansion of trade. Now, 
the reaction is less powerful, and the reductions 
are of a less amount than in those years of depression. 
But the same tendency is seen, though in a less acute 
form, at the present time. Prices have fallen and are 
falling, and with the fall of prices wages have been 
going down. The unions are thrown back upon a 
policy of resistance, just as the employers show an 
attitude of resistance when wages are going up. But 
there is one ground for congratulation even amid all 
the strife. The contests are less bitter than they 
were in the years 1875 to 1880. Public sentiment is 
more or less in favour of better wages, of a higher 
standard of living, and of more leisure for the working 
people. Formerly public sentiment was nearly always 
adverse to the men. Whatever the reverses of to-day, 
labour has attained a higher plane, and when pro- 
sperity again beams upon industry there will be a 
greater readiness to advance wages than _ before. 
Not that there will be no strife, but it will be less 
bitter and of shorter duration, 


It is a matter of congratulation to find that the state 
of trade, in so far as the Amalgamated Society of 
Engineers is concerned, manifests some slight improve- 
ment, The total number of members out of work, as 
given in this month’s report, is less by 200 than it 
was last month. But the figures are still high; this 
month the total is 5622, while in February it was 5822. 
It is hinted that the number would be still further 
reduced, if those in work exercised more vigilance in 
trying to secure situations for those who are out of 
employment. The total membership of the union is 
now 71,392, of whom 5622 were on donation benefit, 
1891 on sick benefit, 2269 on superannuation allow- 
ance, or a total of 9782 in receipt of those benefits, or 
more than one-eighth of the total. The cost per 
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member for those benefits was ls. 5d. per week. 
The total spent in what is called contingent benefit— 
that is, dispute pay—was only 130/, during the month 
covered by the report. But the number on the funds 
does not indicate the full strain upon the society’s 
resources, for the benevolent fund is exhausted, and 
an appeal is being made for a levy of 6d. per 
member to replenish the fund. The members have 
carried a vote for a levy which will realise 13000. for 
the cotton operatives. The new council of the society, 
constituted under the revised rules, have commenced 
work, aided by the organising district delegates. The 
latter are located in six of the great centres of 
industry—five in England, and one in Glasgow. Asa 
result of the new departure, it is confidently antici- 
pated that there will be great accessions to the 
membership of the union, the increase being 621 in 
the month. 


The report of the Ironfounders’ Society also indi- 
cates a little more activity, though itis but a slight 
improvement. The total number of members on the 
four benefits mentioned in the report decreased by 
101 in the month, the only increase being two on the 
superannuation fund. The total number of members 
was 15,133. Of these 1700 were on donation, 421 
sick, 611 on superannuation, 175 on trade benefit, and 
12 on dispute. The latter class decreased by 56 in the 
month. The total funds at date amounted to 41,978/., 
the decrease in the month being 881/. The total cost 
of the three chief benefits is about 1s. 34d. per member 
per week, As regards the state of trade, it is reported 
to be dull generally, but more especially in the ship- 
ping centres of industry, in Scotland particularly so, 
Taking the separate returns, we find that trade was 
from good to dull in 46 places, employing 5368 mem- 
bers, as against 47 places employing 4829 last month. 
It was reported to be from very slack to very bad in 
75 places, employing 9769 workmen, as against 77 
places employing 10,252 last month. These figures 
indicate a slight improvement in the general condition 
of trade in the busiest centres of the ironfoundin 
industry. The report calls attention to the fact that 
a member of the society, Mr. John Worsley, of Bolton, 
has been appointed a justice of the peace by the 
Chancellor of the Duchy of Lancaster. The report 
also contains a thoughtful letter upon profit-sharing 
as applied to productive industry, and another on the 
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question of shorter hours, and the abolition of over- 
time by means of trade union effort. The large num- 
ber out of work, and the constant diminution of the 
number of older hands in order to give place to younger 
men, renders it incumbent upon all to effect such 
reductions in working hours as the condition of the 
industry will bear, the writer urges, in support of his 
view and that of his brother members. 


The report of the Ironmoulders of Scotland shows 
that a large proportion of the members are out of 
work ; no fewer than 922 have been on idle benefit in 
the month, whilst 276 were idle but not on benefit, or 
a total of 1198 out of work out of 6324 members. Be- 
sides those, 239 were in receipt of superannuation 
benefit. In view of this large proportion of out-of. 
work members, the society is endeavouring to elicit the 
views of members upon the eight-hours day, whether 
they will go in for it by legislative enactment, or by 
trade union effort. The recent history of the move- 
ment, in so far as trades congresses are concerned, is 
briefly given as a guidance in the consideration of the 
subject, and the members are reminded that many 
things have happened since they gave an adverse vote 
two or three years ago. The executive refrain from 
expressing any opinion upon the subject before the 
matter is discussed. In one respect the society is 
taking a new step: the members have voted in favour 
of investing 300/. in a newspaper, the Glasgow Lcho, 
by 2075 votes to 626. This is not the first venture of 
trade unions in newspaper enterprise, for the Dechive 
was to some extent supported in this way, also the 
Commonwealth of many years ago, the Common Good 
ofa later date, and the Labour Standard even more 
recently. The miners also at one time voted funds to 
a newspaper started io their interest. But, as arule, 
these ventures were not successful. These, however, 
were not so much in the nature of investments, as 
with the view of getting public notice of trade move- 
ments, and an advocate of trade union measures when 
under debate. The present vote of the Ironmoulders 
is rather a speculative investment, and as such is dis- 
similar to the monetary support rendered to the journals 
named, and others, at the time when funds were voted 
in their support. 


The report of the Associated Blacksmiths’ Society 
shows that a large proportion of the members have 
been out of work. Out of a total of 2341 members, 
291 were on idle benefit, 54 on protective benefit or 
dispute pay, 95 on sick benefit, and 23 on super- 
annuation allowance. The total cost of these benefits 
was just under ls. per member per week. This 
union is also taking a vote of its members as to 
obtaining an interest in the Glasgow JLcho to the 
extent of investing 1U0/. in the venture. Several dis- 
putes have arisen in connection with proposed and 
attempted reductions in wages at Leith, Port Glasgow, 
Aberdeen, Middlesbrough, and other places. In some 
cases negotiations have been entered into for the 
settlement of the disputes; at other places the 
employers refuse to negotiate, and insist upon reduc- 
tions. In some instances the men threaten retaliation 
when the time comes, on the ground that, as they 
allege, the employers have taken a mean advantage of 
the workers as compared with other employers. On 
the whole, the men are urged not to resist the reduc- 
tions at the present time, in consequence of the state 
of trade. 

While the reports of the engineering, ironmoulding, 
and cognate industries throughout Scotland indicate a 
very dull state of trade, the recent movements in iron 
and steel rather show a tendency to improvement. More 
business is being done in some quarters, and prices have 
been hardening. There has been a better demand for 
malleable iron, and also for sheets; there is also some 
improvement in thesteel trade. Scotch warrants went 
up 6d. per ton last week, and Cleveland iron fetched a 
trifle more. The export demand is better, and some 
think that a little more activity is at hand, at least in 
some branches. The one good sign noticeable is that 
the speculative element is less conspicuous, more real 
business being done on the lines of legitimate trade 
than has been the case for some time, 


Throughout the Lancashire districts the engineering 
and cognate industries remain pretty much in the same 
condition, but whatever change has taken place seems 
to be for the better. The locomotive and wagon 
builders are a little more busy, though the increased 
activity is very partial, being confined to a few firms. 
Heavy stationary engine builders continue to be fairly 
well employed, and boilermakers report a moderate 
amount of new work coming forward. Machine tool- 
makers are very quiet, some of the firms having had 
to shorten hands in consequence of lack of orders ; 
others have been obliged to make for stock to 
keep the works going.. In the general branches of 
engineering, trade is very quiet, and at present there 
appears to be little prospect of a renewal of general 
activity. On examination of the reports of 81 
branches of the engineers where the several depart- 


ments of engineering are carried on in Lancashire, we 
find that in 43 instances trade is reported to be mode- 
rate, and in 38 instances bad. In some of the latter 
cases, undoubtedly, the cotton dispute has had some- 
thing to do with the bad condition of trade. The iron 
trade, on the other hand, shows some sign of a little 
greater activity. The low price of material has in- 
creased the volume of business, and this fact has had 
the effect of stiffening prices to a trifling extent. In 
the manufactured iron trade, and in the steel trade 
generally, the condition of business is extremely slow, 
mostly of a hand-to-mouth character, and prices are 
unremunerative. So far there is an avoidance of 
industrial strife ; in no instance is there any serious 
labour dispute in any of the branches of the iron 
and steel trades, or of the engineering and cognate 
industries. The only inference that can be drawn 
from this absence of strikes, and of resistance to 
reductions in wages, is the expectation, or at least the 
hope, that trade will revive, and that better prospects 
are in store for industry. 


In the Sheffield and Rotherham district no fresh 
labour disputes have developed to further complicate 
the situation, but there is an uncertain tone as to the 
near future. Of seven branches of the engineers, two 
report trade as being moderate, and five as bad in the 
district. In the ironfounding branches the reports are 
that trade is bad in all the departments. The outlook 
is, therefore, very depressing in most of the staple 
traces of the district. 


In the Cleveland district the threatened dispute 
with the ironstone miners has been settled by the 
acceptance by the men of 5 per cent. reduction, thus 
averting a strike at a time when the demand for 
ore is anything but encouraging. The fact of sever- 
ing their connection with the National Union and 
joining the National Federation has not averted the 
reduction in wages, as the men had hoped and had 
anticipated. They submitted peacefully to the in- 
evitable. 


In the Birmingham district a better tone prevails, 
and the prospects of a better spring trade are said to 
be brightening. Pig iron was in good request at un- 
changed rates, and there has been a moderate demand 
for galvanised sheets, but at low rates. The engi- 
neering trades are reported to be bad in every depart- 
ment, and at all the works in the district. The small- 
arms trade is uneasy at the probable prospect of a 
reduction of orders, as Enfield is urging its claims 
for what is to be had. 


In the Wolverhampton district trade is dull, the 
business done being on a limited scale. Best sheet 
manufacturers have a larger volume of trade, and 
galvanisers are buying a fairamount of common sheets, 
but complain of the prices. The steelmakers are more 
active, many good orders being on their books. There 
is also a fairly brisk demand for common bars, plates, 
angles, and hoops. But, on the whole, trade is very 
sluggish and a little uncertain. There are no labour 
disputes of any consequence to cause anxiety, nor are 
there any indications of possible strife to further com- 
plicate trade, The absence of these is, at least, a 
negative sign of good at the present time. 


Messrs. Allan and Co. have obtained an order to 
prevent the Sailors’ and Firemen’s Union from issuing 
placards and pamphlets reflecting on the firm, alleging 
that the company employed unskilled and incompetent 
crews to man their vessels. The order was not made 
absolute, as the officers of the union agreed to withdraw 
all such printed matter, and not to repeat the offence 
during the interim. An undertaking having been 
given to that effect, the motion was allowed to stand 
over till the second day’s sittings after Easter. ‘The 
Seamen’s Union has had many difficulties lately about 
the rates of pay, but in most instances the men have 
had to accept the lower rates, or see the vessels manned 
by non-union men, or by men who would rather leave 
the union than remain unengaged in the face of present 
difficulties. Mr. Wilson could not prevent the men at 
Cardiff accepting the lower rates. 

_ The acceptance by the Government of Sir John 
Gorst’s motion as regards the pay, hours of labour, 
and conditions of employment in Her Majesty’s Dock- 
yards is very important, and will doubtless have a far- 
reaching effect on labour in the future. The principle 
of the motion was that ‘‘no person should be engaged 
at wages insufficient for proper maintenance, and that 
the conditions of labour as regards hours, wages, in- 
surance against accidents, provision for old age, &c., 
should be such as to set an example to private em- 
ployers throughout the country.” Of course opinions 
will differ as to what the rates should be so as to cover 
all these contingencies. ‘‘ Proper maintenance” means 
a good deal, but it is to be proper maintenance plus 
insurance, pensions, &c. The principle is a right one, 
Starvation wages are bad for the men and for the 
country. But the carrying out of the resolution will 


involve nice distinctions as to the standard of living, 
house accommodation, hours of labour, and other 
matters about which there are many diverse opinions, 


In the mining districts wages are tending down- 
ward. The Northumberland miners have reversed 
their former decision, and have accepted 5 per cent. 
reduction by a large majority. The Durham men 
have decided to leave the matter in the hands of their 
own board of management, rather than to the National 
Federation, which they recently joined. In Mid and 
East Lothian the miners have accepted 10 per cent. 
reduction at all the collieries, and the other work- 
men about the pits will be similarly reduced. So far 
there is no direct attack upon the federation strong- 
holds, except in Cumberland, where notices have been 
given of reductions varying from 5 per cent. to 20 per 
cent. at different pits. The coalowners offered to 
establish a conciliation board, but this the men 
refused to agree to by a large majority, nearly two- 
thirds of the total. 


There appears to be a prospect of a fresh develop- 
ment of the principle of federation, the Sailors’ and 
Firemen’s Union having asked permission to join the 
National Federation of Miners. The sailors estimate 
that they have 50,000 members. The federation state 
that under such an arrangement the miners who get 
the coal, the coal porters who load it, and the sailors 
who carry it, will be able effectually to stop supplies, 
if a strike takes place, all over the country. From 
this point of view the movement may have its appa- 
rent advantages, but it has its inherent dangers also, 
for the variety of interests will have the effect of 
interposing difficulties when cohesion is needed. 


There are rumours of a possible termination of the 
cotton dispute, although divergences were manifest 
at the meetings where the terms of a possible settle- 
ment were discussed. It has been a long, wearisome 
struggle for all concerned, and when it is over no one 
will be the better, but all will be worse for the con- 
flict. In some districts the suffering has been most 
acute, in all the losses have been enormous ; but trade 
is not better, and prices are not much higher. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on 
March 10, Professor A. W. Rucker, I'.R.S8., President, in 
the chair, Mr. W. Williams was elected a member of the 
Society. Dr. C. V. Burton read a paper ‘On the 
Applicability of Lagrange’s Equations of Motion to a 
General Class of Problems ; with especial Reference to the 
Motion of a Perforated Solid in a Liquid.” The paper 
shows that to apply Lagrange’s equations it is not always 
necessary that the configuration of the system should be 
completely determined by the co-ordinates, but that 
under certain conditions one need not consider whether 
the whole configuration is determined by the nature of 
the known co-ordinates, nor inquire what is the nature of 
the ignored co-ordinates. The result, which is arrived at by 
theaid of the ‘‘ principle of least action” and the investi- 
gation given in Thomson and Tait’s ‘‘ Natural Philo- 
sophy,” second edition, Part 1, §327, is expressed by the 
following proposition : If the kinetic energy of a material 
system can be expressed as a homogeneous quadratic 
function of certain generalised velocities y, > only, the 
coefficients being functions of ¥, @ only, and if this 
remains always true so long as the only forces and im- 
pulses acting are of types corresponding to y, 7, the 
equations of motion for the co-ordinates ¥, ¢ may be 
written down from this expression for the energy in 
accordance with the Lagrangian rule. 

The author then applies the proposition to the case of 
a perforated solid with liquid irrotationally circulating 
through the apertures, and shows how it may be extended 
to any number of perforated solids. The results are not 
put forward as new, but the method of proof is believed 
to be different from anything given before. Mr. Bryan 
had recently given a direct hydrodynamical proof, but 
the author thought it desirable that the problem should 
be rigorously treated by ‘the method of generalised co- 
ordinates, avoiding any assumptions as to the impulse of 
the cyclic motion, and proceeding entirely from the 
principles established by Lagrange and extended by 
Hamilton, Routh, and Hayward. Incidentally it is 
mentioned that in equations (10)Y and (10)vi, (Thomson 
and Tait, Part I., §327), the sign of 5»/dw should be 
reversed. <A difficulty which arises in applying the result 
of §319, Example G, in the same work, to the motion of 
solids through liquids is also referred to. A criticism by 
Mr. A. B. Basset on Mr. Bryan’s recent paper, and also 
on Dr. Burton’s paper, was read by Mr. Elder. Mr. Basset 
regards the process employed by Mr. Bryan in obtaining 
the equations of motion, asa distinctly retrograde step, 
and thinks the most scientific way of dealing with dyna- 
mical problems is to avoid the unnecessary introduction of 
any unknown reactions. Theadvantages of the theory of 
the impulse are described by Mr. Basset, and the parts 
which require care when applying the theory to cyclic 
irrotational motion pointed out. Comparisons are then 
made as regards simplicity between the different methods 
of treating the subject which have been used by Mr. 
Bryan, Professor Lamb, and himself. 

With reference to Dr. Burton’s paper, he thinks it will 
tend to complicate rather than elucidate the subject. 
An account of how Lagrange’s original equations had 
been modified by Hamilton, Routh, and himself, is given 
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at some length, and the advantages and power of the 
mixed transformation which he had developed are 
pointed out. , ; 

Professor Henrici said he agreed with Mr. Basset in 
preferring the more general method, but thought the 
independent treatment of special problems, as given by 
Mr. Bryan and Dr. Barton, very desirable. ; 

Dr. Barton, in reply, said he concurred with Mr. 
Basset on some points, but thought it decidedly advan- 
tageous to look at problems from different points of view. 
The investigation he (Dr. Burton) had given was applic- 
able to any number of solids, and, on the whole, simpler 
than Mr. Basset’s. 

The President pointed out that no attack had been 
made on the validity or accuracy of Mr. Bryan’s or Dr. 
Burton’s work. As to simplicity of the various methods, 
different opinions might be expected to exist. He him- 
self thought it very desirable that such problems should 
be approached from different sides. 

Professor G. M. Minchin read a paper on “‘ The Maa- 
netic Field of « Circular Current.” Since the magnetic 
force at any point is the curl of the vector-potential at 
that point, the latter quantity had been calculated for any 
point Pin space. Taking the axis of the circle as the axis 
of z, the line through the centre of the circle and the foot 
of the perpendicular from P on the plane of the circle as 
the axis of x, and the line perpendicular to x and z as that 
of y, it was shown that the only component of the vector- 
potential is G, parallel to y, and that G ais constant along 
a line of force, a being the x co-ordinate of P. The ex- 
pression for G @ is 


Ga=ip{2(K-E-) #K} 


where i = strength of current, p and p! the distances of P 
from the furthest and nearest points of the circle, 


}2=1- ald and K and E complete elliptic integrals of 


the first and second kinds with modulus k. The quantity 
1 
in brackets being a function of p only, G@a@ may be 


written in the formip f ( f ) which shows that at all 


points for which p!/p is constant G a varies directly 
as p. Since the lines of force in all planes passing 
through the axis of the circle are the same, attention 
need only be paid to that containing the point P. The 
locus of points for which p!/p is constant is then a circle 
whose diameter is the line joining the points which 
divide the diameter of the circle in which the current 
flows, internally and externally in the given ratio, and 
this circle cuts the one described on the diameter of the 
current circle, orthogonally. A series of such circles 
corresponding to different values of p'/p are then drawn, 
and the values of 2 (K — E)—k?K calculated for each by 
aid of a table of elliptic integrals. Denoting these quan- 
tities by Q!, then Ga=7pQ!', hence 7p Q! is constant 
along a line of force. If P be taken on one of the circles 
for which the value of (! is Qo, then the point P,, at 
which the line of force through P cuts the circle whose 
constant is (!;, can be found from the equation 
P, Q', = po Qo, for since po, Q'o, and Q!, are known, Pp; is 
easily determined and the position of P, plotted. The 
circles above described also serve for drawing the lines of 
equal vector-potential, and through a mistake in calcula- 
tion, the method of drawing the lines explained in the 
printed proof of the paper, 1s one which gives the vector- 
potential lines instead of the lines of force. 

The author points out that the fundamental definition of 
vector-potential is unsatisfactory, for it leads to the result 
that the vector-potential is infinite at every point in the 
field of a long straight current. A way of avoiding the 
difficulty by only considering differences of vector-poten- 
tial is described. In the latter part of the paper a 
complete expression for the conical angle subtended by a 
given circle at any point in space is worked out, and the 
result given in terms of two complete elliptic integrals 
of the third kind, the perameter and modulus of one 


being 2 , and k, and those of the other 7 vy, and k. 
-v 


ty 
anr—* {ttn byrne )} 
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where p and k have the same meanings as before, z is the 
2 co-ordinate of P, a the radius of the circle, 7 the distance 
from P to the centre of the circle, v the sine of the angle 
between the radius vector 7 and the axis of the circle, and 
lI (_ ) elliptic integrals of the third kind. 

Professor Perry thought the problem had been very 

rettily worked out, and hoped Professor Minchin would 

a able to extend the solution to cylindrical coils, a sub- 
ject in which he (Professor Perry) had long been in- 
terested. 

Mr. Blakesley read a note by Mr. Niven pointing out 
that the locus of points, for which the ratio »'/p is constant, 
was an anchor ring. 

Professor Minchin maintained that the locus was a 
sphere, and on this subject a short discussion arose, in 
which the President, Professor Perry, Professor Minchin, 
Dr. Burton, and Professor S. P. Thompson took part. 

Dr. Sumpner described a method of drawing the lines 
of force of a circular current, or of any circuit symmetrical 
about an axis, by a purely experimental and graphical 
process. The strengths of field were first determined at 
several points in the plane of the current, and from these 
results the points through which lines of force were to 
pass in order that their distribution might indicate the 
chop of the field at all points, were graphically de- 

uced, 

A paper on ‘‘The Differential Equation of Electric 
Flow,” by Mr. T, H. Blakesley, was postponed. 


The value is 
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PLANT FOR HARBOUR WORKS. 


Art the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 7, Mr. Harrison 
Hayter, president, in the chair, a paper was read descrip- 
tive of ‘Plant for Harbour and Sea-Works,” by Mr. 
Walter Pitt, M. Inst. C.E. 

The first part of the paper gave a short account of con- 
crete-mixing machines. The difference between inter- 
mittent and continuous mixers was one of degree merely 
—the efficiency of the latter type being dependent upon 
the proper feeding of intermittent charges of stone, sand, 
and cement into the hopper. _ ' 3 

The arrangements for dealing with concrete in the 
blockyard were considered. One of the earliest examples 
of the ‘‘Goliath ” was that constructed in 1869 for the 
harbour works at Karachi. In its main features it con- 
sisted of a strong timber framing carrying an hydraulic 
crab. On the crab were mounted a boiler and a set of 
rotary engines and pumps, which delivered direct into 
the hydraulic cylinder. The latter was placed on 
trunnions so as to give an inclined pull. The engines that 
drove the pumps, also actuated, by separate gearing, 
(which could be worked independently), both the traverse 
motion and the longitudinal travelling motion of the 
whole machine. The maximum load was 40 tons, and_the 
diameter of the hydraulic cylinder was 12 in. This 
machine worked well, although there was a slight tremor 
owing to only two pumps being used ; with three pumps, 
a more even delivery was effected, and vibration was 
reduced. The principal objection to the system was that, 
for any considerable range of lift, either a very long 
hydraulic cylinder was required, or a complication of 
multiplying gear had to be introduced. _ r 

Among more modern blockyard ‘‘ Goliaths,” that built 
for the Admiralty in 1891, for use at the Peterhead 
Harbour of Refuge Works, was worthy of attention. The 
span of the machine was 54 ft.,and its working load was 
50 tons. The framework was entirely of steel. Parallel 
box-girders, 34 ft. in depth, were adopted, united together 
by heavy double horizontal gussets of U form. The end- 
frames also were constructed of box section, and were 
strongly gussetted to the under-side of the main girders. 
The load was lifted by an 8-part wire rope 5in, in 


circumference, reeved as a 4-part rope, being double 


throughout. An equalising pulley insured equality of 
stress on each side of thesystem. ‘The lifting barrel was 
44 ft. in diameter. Two brakes were provided: one an 


ordinary strap-brake, for loads up to about 12 tons, and 


the other a Matthews hydraulic brake, consisting of a 


pair of water-cylinders with pistons and adjustable valves 
fixed in by-passes. i 
small tanks, in which a supply of glycerine and water was 
kept. 


The brakes were charged from two 


A somewhat uncommon form of lifting machine for use 


in the blockyard was that constructed for the Leixoes 
(Oporto) Harbour Works. 


<s. It consisted of a strongly- 
braced truck, with sufficient space underneath the plat- 
form to pass over one concrete block ; the ends of the 


chain slings, which were passed below the block, were 
connected to four nuts running in guides, and could be 
raised or lowered by four large screws. 


These were re- 
volved simultaneously by four wormwheels and worms 
geared together, the whole being driven by engines placed 
on the top platform, which also drove the travelling gear. 
The block was raised a few inches, just sufficient to clear 
the floor. The machine then travelled with the block 
suspended, until it was brought over the block truck ; the 
latter ran on a sunk road, placed at such a level that the 
top of the block-truck was level with the block-yard floor 
—a slight lowering of the screws then placed the block on 
the truck. 

The most important piece of machinery used in harbour 
construction was the block-setting machine known as the 
“Titan.” In earlier examples, the movements of this 
machine were all rectangular—lifting and lowering 
motions, a longitudinal travel, and a traverse from side 
toside. Asan example of this type, the ‘‘ Titan” con- 
structed for the harbour works at Mormugiio was de- 
scribed in detail. 

Turning from the rectangular type to trace the history 
of the revolving machine, it was found that a certain pro- 
cess of evolution had been pursued. The earliest of these 
machines were of radiating type, being able to slew 
through an arc only. The first was that made for East 
London, South Africa, in the year 1876. This ‘‘ Her- 
cules” was designed by Mr. W. Matthews, M. Inst.C.E., 
and was, at the time of its construction, by far the largest 
block-setting machine in existence, the proof-load being 
30 tons and the net overhang 48 ft. The gauge of the 
rails was 21 ft. A central pivot wasadopted. The under 
carriage was of timber, the superstructure being of iron 
and steel. The jib was of box section, the rails for the 
travelling carriage being placed one on each side, resting 
on short cross-joists suspended from the underside of the 
box-girder. This necessitated the travelling carriage 
being made with the wheels overhung from a stiffened 
frame of horseshoe shape. In practice that construction 
had proved satisfactory, its principal disadvantage being 
that the lifting chain, which had to be doubled, was 
situated below the jib, thereby sometimes making an 
awkward lead on to the lifting barrel. The radiating 
principle was followed later in a small machine built for 
the harbour of Mandavi, and in a larger one for Gisborne, 
New Zealand. In both these cases there were special 
reasons for adopting the type. 

The transition from radiating to completely revolving 
machines was soon effected. The first large revolving 
block-setting machine with which the author was con- 
cerned was one of the well-known ‘‘ Mammoths” at Tyne- 
mouth, which, with the exception of the Peterhead 
“Titan,” and perhaps one foreign machine, still remained 
the largest block-setting machine in the world. 


The Peterhead ‘‘ Titan” was designed for a working 
load of 50 tons, and was tested, both in the makers’ yard 
and after erection at the harbour works, with a proof 
load of 624 tons. The maximum radius from the centre 
of revolution to the centre of the load was 100 ft. The 
extreme overhang of the machine was 824 ft., and the 
gauge of the rails on which it ran was 31 ft. The struc- 
ture consisted essentially of two large cantilevers resting 
upon a circular ring, which was carried by live rollers 
running on a lower ring forming part of the truck. The 
cantilevers were 11 ft. deep at the middle and 160 ft. 
long. They were of box section, with }-in. webs, and 
were placed 9 ft. apart from centre to centre. 

The power was obtained from a vertical boiler, 6 ft. in 
diameter by 12 ft. 9 in. high, the working pressure being 
70 lb. per square inch. This boiler supplied steam to a 
pair of engines, with cylinders 12 in. in diameter by 19 in. 
stroke, which actuated all the motions. The load was 
lifted by an 8-part steel wire rope, 5in. in circum- 
ference. The lifting barrel was 8} ft. in diameter, 
measured at the rope centres. The gearing was for the 
most part of cast iron, machine-moulded, the more im- 
portant pinions being of cast steel. Theracking, slewing, 
and travelling motions were worked from a horizontal 
shaft parallel to the cantilevers, the travelling shaft being 
brought down through the centrepin, which was bored 
out to receive it. The specified speeds were—lift, 6 ft. 
per minute; racking gear, 20 ft. per minute; slewing, 
one revolution in five minutes; travelling, 24 ft. per 
minute, 

Various forms of Lewis bar for attaching the concrete 
blocks to the lifting gear were described, and the prin- 
ciples which determine the correct design of friction clips 
were discussed. 

The paper concluded with a notice of the several types 
of machines for depositing concrete in bags, and of 
“orabs” suitable for working with ‘‘ Titans,” in the 
course of which it was incidentally pointed out that most 
self-acting concrete skips were rudimentary forms of 
single or double-chain ‘‘ grabs.” 


EXPERIMENTAL APPARATUS AT 
HASLAR. 


Description of the Experimental Apparatus and Shaping 
Machine for Ship Models at the Admiralty Experiment 
Works, Haslar.* 


By Mr. R. Epmunp Frovups, of Haslar. 
THE principal feature of the present Admiralty Experi- 


ment Establishment at Haslar, as of the former one at 
Torquay, consists in a long covered water-way, in which 


models of ships are towed to ascertain their resistances. 
The towing is done from a dynamometer carriage driven 
at definite speeds by a stationary engine working a 
wire rope. The models are made of hard paraffin, 
generally about 14 ft. long and something upwardsof 1 in. 
in thickness as finished. They are cast in a mould with 
an allowance of about jin. for finishing accurately to 
shape, which is done by meansof guidance grooves cut in 
the paraffin by a shaping machine specially devised for 
the purpose. A brief general description of the experi- 


mental tank and apparatus at Torquay was given ina 


paper read to this Institution by Mr. Robert Gordon in 
May, 1884; and a full description of the model shaping 
machine, as it then existed at Torquay, was given in an 
earlier paper read by the late Mr. William Froude at 
the Cornwall meeting in July, 1873. The object of the 
present paper is to describe the principal novelties of 
mechanical interest in the experimental apparatus now 
used at Haslar. 

Water-Way and Experiment Carriage.—The water-way 
at Haslar, Figs, 1 to 4, is nearly 400 ft. long, and of nearly 
uniform section throughout, instead of having only 
about 200 ft. of uniform section, as at Torquay. Thesides 
are of concrete and vertical, instead of asphalted earth 
slopes ; and the railway on which the dynamometer car- 
riage runs, is bedded on the tops of the side walls of the 
water-way, instead of being suspended over the water 
from the roof. The railway is extended beyond one end 
of the main water-way, so that the experiment carriage 
can be brought over adry pit for getting at the experi- 
mental apparatus from beneath. 

The experiment carriage, which has to span the whole 
width of the tank, and therefore to run on a railway of 
nearly 21-ft. gauge, is a trussed structure, shown in per- 
spective in Fig. 5. Its principal peculiarity consists in 
the fact that the members of the several trusses composing 
it are wooden trunks or boxes about 4 in. square in cross- 
section, made of -in. deal and put together with screws 
and shellac varnish. At the joints formed by the inter- 
sections of the various members of the trusses, the sides 
of the boxes are made to overlap one another over a large 
area, providing a large surface for screwing and for the 
adhesion of the shellac varnish. The dimensions of the 
boxes forming the several members of the girders are 
assigned so as to bring the sides of the boxes into the 
right planes to suit these overlaps. Full-size views of 
one of these intersections, showing the method of 
overlapping, are given in Figs. 6 to 8. The whole struc- 
ture thus produced is remarkably rigid and light. The 
general design of the carriage is arranged so as to leave 
clear a sort of central alley provided with a railway, the 
railsof which are close to the sides of the alley. The 
object of this secondary railway is to carry the smaller 
carriages, on which are mounted the actual experimental 
apparatus of different kinds, so that these may be ad- 
justed on this railway to any desired position fore and 
aft on the main carriage. 


Stationary Engine and Hauling Gear.—The wire rope, 


_* Paper read before the Institution of Mechanical 
Engineers, 
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by which the experiment carriage is driven from the | 


Governor.—The engine is regulated by a governor, 


the centrifugal force of the weights C C overcomes the 


stationary engine, is not wound upon a barrel, as it was |acting on the same principle as that used at Torquay tension of the spiral spring D, which tension may be 


at Torquay, but is simply led over a grooved sheave 
driven by the engine, the necessary tension of the wire 
rope providing quite sutiicient adhesion for the purpose. 
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somewhat improved in detail, having been originally | amount within a considerable range. 


Robert Gordon’s paper, but adjusted by the coupled screws E and F to any desired 


But before the 


designed in accordance with that principle, instead | bell-cranks, in yielding to the surplus centrifugal force 
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The engine is a 10-in. Tower spherical engine (Proceed- | 
Ings 1885, page 96), the aniple power of which is required 
only for starting the truck quickly for high-speed experi- 
ments. The ordinary speeds of experiment range between 
100 ft. and 500 ft. per minute; for some classes of models | 
experiments are occasionally made up to about 850 ft. 
per minute, or 9} miles anhour. The truck has been run 
at over 1200 ft. per minute, or about 14 miles an hour. 


of being merely adapted to it, as was the instrument 
at Torquay. The arrangement of the governor is shown 
in Figs. 9 to 11, and to a large scale in the details, 


| Figs. 12 to 14. The lower ends of the two symmetrical 


bell-cranks A A are attached to each other by the 
links B B, having slotted holes which allow the bell- 
cranks a very small range of freedom of angular 
motion. When a certain speed of rotation is reached, 


of the weights, reach the outer limits of their very small 
tether, by means of the hooked rod R they put pressure 
on the stationary wheel G, pressing it down upon the 
rotating wheel H above the top bearing of the governor ; 
and by so increasing the friction between the faces of 
the wheels they cause the stationary wheel to attempt to 
turn with the governor, and thereby to extend tho spiral 
spring connected with the throttle valve and partly to 
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close the latter. The extension of the spring, and the 
consequent distance of departure of the throttle valve 
from its full open position, are proportional to the fric- 
tional turning movement applied to the stationary wheel, 
which movement is in itself proportional to the pressure 
brought to bear upon it by the bell-cranks ; in other words, 
itis proportional to the excess of the speed above that at 
which the centrifugal force of the weights just equals 
the tension of the spiral spring. To give greater sensi- 
tiveness of action, the bell-cranks are hung not on pin 
joints but on flat springs 8, Figs. 13 and 14, after the 
fashion of a clock pendulum. The apparent pin joints 
at K are only safeguards, to prevent the instrument from 
flying to pieces if any of the flat springs should break. 
While the springs remain sound, the pins do not touch 
the insides of the holes. It was found advantageous to 
coat the rubbing face of the stationary wheel G with wood 
veneer, to give steadier friction. 

General Arrangements of Model-Shaping Machine.— 
The present model-shaping machine is shown in Figs, 15 
to 17. As in the case of the Torquay machine, de- 
scribed in the Proceedings of the Penzance meeting, 
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feather-way to keep the tube from turning round; and 
also by a small single-thread screw groove, in which 
engages a tooth fitted in the nut-wheel A. The raising 
or lowering of the cutters is effected by rotation of this 
nut-wheel, communicated to it by the gearing BC driven 
by the cross-shaft D, on which slides the spur-wheel B 
fitted with a sliding feather. The rotation of the cross- 
shaft D, effected by the hand-wheel Q and communicated 
to the screw E by mitre gear, moves the indicating nut 
F (Fig. 17) through a distance equal to the vertical rise or 
fall of the cutters ; and this enables them to be set at the 
levels of the successive water-lines, marked off on the 
scale G. ¥ 

Secondly, the lateral motion of the cutters is con- 
trolled and made symmetrical by means of the right and 
left handed screw H, working in the nuts S fitted in the 
cutter frames, instead of by an arrangement of bell-cranks 
as was done at Torquay. This screw is worked by mitre 
gear from the hand-wheel U ; and its use supersedes the 
necessity of the oil cylinder or cataract referred to in page 
207 of the Proceedings of the Penzance meeting. As at 
Torquay, the tension of the cord belt by which the 
cutters are driven, tends to keep the cutter frames apart, 
and so eliminates any ‘‘lost time” due to ‘‘slap ” of the 
nut or other parts. As an additional safeguard, the 
cutters, when cutting, are always made to work from mid- 
ship of model towards the ends, so that they are always 
being moved inwards, and the friction of sliding of the 
cutter frames isin the same direction as the pull of the 
belts. This sliding friction, as at Torquay, is minimised 
by the counter-balance levers and weights W, which 
lighten up the weight of the cutter frames. ’ 

Thirdly, the drawing table T, besides being much 
larger than at Torquay, lies in a horizontal plane instead 
of standing in a vertical plane. The motion of the tracer 
is consequently horizontal and lateral, instead of ver- 
tical ; in other words, it is in the same direction as that 
of the cutter frames ; also the copying levers lie in a hori- 
zontal plane instead of standing in a vertical plane. The 
purpose of the much larger relative size of the drawing 


Travel of Model Table 


7 

Yj Uj 

Ar ry 

YZ WAR I We y 
za, bee ee’ 


the machine shaping of the model consists in cutting 
a series of grooves in the rough model, to the depth 
of the intended finished surface, Fig. 15, at the suc- 
cessive levels of the series of water lines in the 
half - breadth plan, the surface between the grooves 
being finished off by hand and eye. These grooves are 
cut by a pair of revolving cutters, between which the 
model passes, travelling in a fore-and-aft line, while the 
cutters are moved laterally, receding from and approach- 
ing each other symmetrically, in such accordance with the 
longitudinal travel of the model as to trace in plan upon 
it the intended horizontal section or water line (Fig. 17). 
This due accordance of the lateral motion of the cutters 
with the longitudinal motion of the model is accomplished 
by the operator so regulating the cutter motion as to 
maintain a tracer in contact with the corresponding 
water line on the drawing. By suitable mechanism the 
drawing itself is made to imitate the longitudinal travel 
of the model, while the tracer imitates the lateral travel 
of the cutters. In the Torquay machine, at the time of 
the Penzance meeting, the tracer was maintained in con- 
tact with an adjustable template set to the curve of each 
water line. Afterwards the tracer was made to follow 
the line on the drawing itself by eye, assisted by a 
magnifying glass on account of the smallness of scale of 
the drawings used in that machine. 

The principal features of difference between the shaping 
machine at Haslar and that at Torquay are as follows : 

Firstly, the adjustment of relative level of model and 
cutters, requisite for cutting the successive water-lines, is 
effected at Haslar by raising and lowering the cutters 
themselves, instead of the model. The main advantage 
of this arrangement lies in a firmer vertical support for 
the model throughout its entire length, since it now rests 
directly upon every one of the six axles of the model 
table V, which are spaced 3 ft. 6 in. apart; the arrange- 
ment also lessens the vertical height required for the 
whole machine. The two cutter spindles R, which run at 
2700 revolutions per minute, are mounted inside stout 
steel tubes, as shown in Fig. 18; the cylindrical outer 
surfaces of the tubes are interrupted by a small vertical 


table in the machine at Haslar, especially as regards its 
length, is to enable half-breadth plans of the usual scale 
of fin. to 1 ft. to be used for models of large ships, The 
use of so large a drawing table requires special provi- 
sions for accuracy, which constitute a distinct feature in 
the Haslar machine. 

Copying Apparatus of Model-Shaping Machine.—The 
drawing being made to travel longitudinally in propor- 
tion to the longitudinal travel of the model, and the 
tracer to follow simultaneously the water-line on the 
drawing, the condition required for the accurate repro- 
duction of thelines of the drawing by the cutters to scale 
on the model is that at every instant the distance apart 
of the cutters shall be proportional to the distance of the 
tracer from the centre line of the drawing. The table 
travel, and the length of the drawing, may be as much as 
12 ft. Now in a very long drawing it is not easy to draw 
the centre line absolutely straight; nor to fix a long 
narrow drawing quite straight on a board. Moreover, to 
insure that the travel of so long a table through so Jong a 
distance should be rigidly true and straight, would require 
an expensive structure and great nicety of workmanship. 
It would probably also involve a degree of frictional re- 
sistance to the drawing table travel, which would be 
incompatible with so convenient and inexpensive a method 
of communicating the proportionate longitudinal motion 
from the model table to the drawing table as has been 
used at Haslar, and previously at Torquay, namely, by 
light change wheels, of which the shafts take their 
motion off the model table and the drawing respectively 
by stretched pianoforte wire winding on and off a drum 
on each shaft (Fig. 16). 

In order, therefore, to insure that the distance apart of 
the cutters shall be proportional, not to the distance of 
the tracer from a fixed point in space, but to its distance 
from the centre line onthe drawing—the position of this 
centre line in space being slightly indefinite, owing to the 
causes already suggested—the fulcrum M of the copying 
lever J (Fig. 17) is mounted, not on any fixed brackets, 
but on the frame K, which is itself in fact a lever, pivoted 
at one end at L, just beneath the line of motion of the 


cutter end of the copying lever, and held at its other end 
atthe point I, in the line of motion of the tracer, by the 
frame N. The position of this frame N in the direction of 
the tracer’s travel is regulated by the roller O in contact 
with the back edge of the wide parallel batten P, of 
which the front edge is adjusted carefully to a uniform 
distance from the centre line of the drawing. In virtue 
of this arrangement, lateral deviation of the centre line 
of the drawing does not affect the distance of the tracer 
from the centre line. 

In order to obtain accurate working in this copying 
apparatus without running into expensive mechanism 
—seeing that the actual work to be done by it is almost 
the smallest conceivable, in fact simply that of sliding 
over a drawing a tracer consisting of a piece of tracing 
paper, so that the only material resistance to be over} 
come is the friction of the mechanism itself—care was 
taken in the design to use such mechanical features as 
give precision against small forces, but involve little 
friction ; for friction tends to cause deflections, or re- 
quires heavier and therefore again more frictional work- 
ing parts to resist such deflections. All redundance of 
control was also avoided, as tending to cause indecision 
of working. 

As in the Torquay machine, the fulcrum M of the 
copying lever can be adjusted so as to give any desired 
proportion of travel of tracer to that of cutters. Also 
the proportion of longitudinal travel of drawing table to 
that of model is regulated by change wheels X ; and the 
“lost time” due to play of teeth in these wheels is elimi- 
nated by a weight leading overa pulley, keeping a tension 
on the table always in one direction. 

Method of Feed of Model in Shaping Machine.—The 
model table has a maximum longitudinal travel of 20 ft. 
Its travelis effected, not by a band winch as at Torquay, 
but by a simple quasi-hydraulic arrangement, as indi- 
cated in Fig. 19, the liquid used being paraffin oil instead 
of water, in order not to rust the steel wire. The valve 
is contrived so that the speed of table can be regulated 
from a certain maximum in one direction to a similar 
maximum in the opposite direction through every inter- 
mediate degree. By opening the cock A—which indeed 
opens itself, and is only held shut by the foot of the 
operator while a cut is being made—free communication 
is established between the two ends of the tube, whereby 
the self-acting hydraulic travel is instantly stopped, while 
at the same time the table becomes free to be easily and 
rapidly moved by hand in either direction. The prin- 
cipal novelty of the arrangement lies in the circumstance 
that the hydraulic pressure required, amounting to only 
14 lb. per square inch, is maintained not by an accumu- 
lator or high-level cistern, but by a little high-speed 
centrifugal pump, driven by the cord belt which drives 
the cutters. This arrangement is very convenient, and is 
found quite satisfactory in working. 

Melting and Casting.—The arrangements for melting 
and casting the models scarcely differ from those de- 
scribed in the paper read at the Penzance meeting. It 
may be noticed that it has since been found better 
to coat the cores with a simple wash of clay, without 
using any plaster-of-paris. It has been found that it is 
best to cast the models at a temperature not higher than, 
say, 160 deg, Fahr.; also that by mixing a little wax with 
the paraffin, and by remelting it several times in buckets 
when newly bought, the porousness of the castings, re- 
ferred to in the report of the Proceedings of the Penzance 
meeting, has been almost entirely done away with. 

Weighing Machine.—This is used for obtaining the 
dead weight of the models, in order to determine the 
amount of ballast required. What was actually required 
was merely an instrument to weigh up to 1000 lb. or so, 
with greater accuracy than is obtainable with an ordinary 
spring weighing scale. But_a special machine had any- 
how to be made; and it seemed that to make a really 
accurate one would not add much to the cost, while such 
a machine might prove useful for other purposes. The 
instrument, which is shown in Figs. 20 to 23, was made 
at the Admiralty Experiment Works, except the knife- 
edges and plates, which were supplied by Oertling. It 
is similar in principle to an ordinary chemical balance, 
except that it is a steelyard having one arm 6 in. and 
the other 5 ft. in length, instead of the usual symmetrical 
beam. 

When the model or other weight which is to be weighed 
is being hung upon the machine, the eye or shackle A to 
which it is hung is resting in its fixed trunnions; as also 
are the sling B, by which this shackle is brought to baa 
on the knife-edge, and the scale beam C itself. The trun- 
nions of the sling B consist of notches resting on points. 
All these parts are thereby held in their correct places, so 
that the knife-edges shall come to bear properly in the 
centres of the plates when brought into work. Turning 
the handwheel D raises the centre fulcrum-plate E, which 
first picks up the scale beam and raises it off its trunnions. 
As the lifting continues, the outer knife-edge picks up the 
sling B, which in its turn presently picks up the shackle 
A with the model hanging to it. For the long end of the 
scale beam, accuracy of leverage being of less importance, 
a V or notch-plate F (Fig. 23) hangs on the knife-edge G, 
instead of a flat plate; and at this end the weights are 
hung on or taken off without any formality of first reliev- 
ing the knife-edges from strain. 

The beam and knife-edges, &c., are cased in to protect 
them from dust and damp; but the model or other 
weights to be weighed, as well as the weights used in 
weighing, hang in the open. In order to make proper 
use of the evident sensitiveness of the instrument, these 
also would have to be cased in, to avoid the disturbances 
caused by draughts of air. 


BROOKLYN WATER SuprLy.—The authorities of Brook- 
lyn propose to expend 117,000/. for water works extensions, 
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BOILER EXPLOSION AT BURSLEM. 


Richard Tolley, engine and boiler repairer, stated that 
in November last two of the seams in the furnace tube 


A vorMAL investigation has been recently conducted leaked badly, and he took out the old rivets and re- 


by the Board of Trade with reference to an explosion 
which occurred on Monday, November 28, at the Scotia 
Pottery Works, Burslem, occupied by Mr. Charles F. 
Bailey. The commissioners were Mr. Howard Smith 
and Mr. J. H. Hallett. Mr. K. E. K. Gough appeared 
for the Board of Trade, while Mr. Bailey, as well as the 
maker of the boiler and the firm of engineers who sup- 
plied it, were legally represented. : 

The boiler was of the single flued or Cornish type, made 
by Mr. Evans, of Hanley, in 1891, so that it was com- 

aratively new. The shell was 16 ft. long by 5 ft. 6 in. 
in diameter, made of plates Zin. thick, the ends being 
z’; in. thick. The furnace tube was 2 ft. 6 in. in diameter 
and 2 in. thick, but was not strengthened by hoops or 
flanged seams, as is the general practice in modern con- 
struction. The plates were of iron, the brand being 
Robert Heath’s ‘“‘Crown Best Best.” The shell was 
double-riveted at the longitudinal seams, and the furnace 
tube lap jointed and single riveted. The safety valve was 
stated to blow freely at 601lb. with the weight at 
the end of the lever. The landlord of the works had 
laid down the boiler, machinery, and plant for Mr. 
Bailey, and, when preparing to do so, put the matter in 
the hands of an architect and an engineer, and one of 
these, Mr. Warner, let out the work to Mr. Evans, boiler- 
maker, of Hanley, and superintended its erection. The 
engineer who had charge of the work determined _the 
position of the weight on the lever, but no instructions 
were given to Mr. Bailey as to the pressure at which the 
boiler should be worked. In addition to the ordinary ball, 
a casting had been placed on the end of the lever, on 
account of their not being able to keep up a regular 
supply of steam. This extra weight appeared to have 
brought the pressure up to at least 73 1b. on the square 
inch. 

About two o’clock on the afternoon of November 28 the 
furnace tube collapsed and rent at the second and fourth 
circumferential seams, the worst part of the collapse 
being near the back end. When these rents occurred the 
boiler was shot forwards across the firing space, but the 
effects were limited, and no material damage to property 
resulted, and no person was injured. 

Mr. Scrivener, architect, stated that he acted when the 
lease was being transferred to Mr. Bailey. The premises 
were remodelled, and as a boiler was required to drive an 
engine and to supply steam for heating some stoves, 
specifications were advertised for, and Messrs. Warner’s 
was accepted. No complaint was made after the boiler 
was supplied. He thought at the time that it was large 
enough and strong enough for the work it was required 
to do, and was still of the same opinion. 

By Mr. Gough: He was not an engineer, and did not 
employ an engineer to examine the boiler after comple- 
tion. 

By the Commissioner : Notwithstanding the explosion, 
he thought he should put down a boiler of the same 
strength to do the same work. He had not formed an 
opinion as to the cause of the explosion, and had not 
examined the plates closely. He did not know whether 
a test pressure of 100]b. would produce a weakening 
effect on the boiler. 

Mr. William Warner, managing partner in the firm of 
John Warner and Sons, engineers, Hanley, said they 
tendered for the boiler from particulars supplied by Mr. 
Serivener by letter. The boiler was made by Evans, of 
Hanley. Witness suggested a test of 1001b.: that was 
the usual test; they tested no boilers of that description 
at less, irrespective of the working pressure for which they 
were made. He thought 301b. would well drive the 
machinery for which his firm tendered. He made no cal- 
culations respecting the safe working of the boiler, be- 
cause the sizes were supplied by Mr. Scrivener. After 
the safety valve was fixed, a pipe was added to supply 
steam for other purposes than for the engine, and to this 
his firm objected. From a cursory examination of the 
boiler, he thought that the cause of the collapse was high 
pressure, but he had been told that the tube had pre- 
viously been injured by shortness of water. 

By Mr. Warner, solicitor : His opinion was not asked 
as to whether the boiler was strong enough for the work. 
He had heard that an extra weight had been added to 
the lever. 

By the Commissioner: If he had been asked to fix the 
working pressure, he should have allowed 40 lb. or 50 lb. 
It could not be safely worked at 73 lb. He did not think 
it had been strained by the hydraulic test. 

Mr. Evans, boilermaker, Hanley, deposed to having 
constructed the boiler according to Messrs. Warner’s 
directions. The plates were of best iron, and he applied 
a test of 100 lb., which the boiler withstood satisfac- 
torily. 

ies C. F. Bailey, occupier of the Scotia Works, gave 
evidence with regard to the fixing of the boiler and 
engine, and described the work they had to do. Not 
being able to get the required pressure, an extra weight 
was placed on the lever of the safety valve, and this 
enabled them to work up to 60 lb. Unless they had this 
pressure the engine could not drive the machinery at the 
necessary speed. He had never seen the gauge above 
62 1b. He had had some repairs made by a man named 
Tolley, who said the boiler was a poor job. When he cut 
away the heads of the rivets he could almost push the 
rivets out with his fingers. The edges of the holes were 
not true, and the furnace tube was not circular. Tolley 
did not ask that the pressure should be lowered as much 
as possible. ' 

By the Commissioner: He did not think there was any 
danger so long as the gauge did not register above 60 lb. 
He saw the extra weight on the lever, but did not order 
jt to be removed, 


placed them with new ones. The tube also was out of 
shape. He saw the weight on the lever, and noticed that 
the boiler was working at 601lb. He did not think this 
absolutely dangerous, but advised Mr. Bailey to reduce 
the pressure as much as possible, thinking it better to be 
on the safe side. He was of opinion that if the pressure 
went up to 70 lb. the tube would collapse. It was not 
safe to work at even a quarter of a pound over 60 lb. 

After some other unimportant evidence, Mr. F. A. 
Beswick, assistant engineer to the Manchester Steam 
Users’ Association, stated that he had examined the 
boiler, and found that the internal furnace tube had 
collapsed from end to end. He saw no signs of over- 
heating through shortness of water. If the tube had 
been truly cylindrical, the pressure should not have ex- 
ceeded 451b. The factor of safety would then have been 
about 4. He was of opinion that tosubject such a boiler 
to a hydraulic test of 100 lb. was an excessive test. Pre- 
suming that the boiler was worked at a pressure of 73 lb., 
the explosion was easily accounted for. It was most 
unusual for a respectable firm to manufacture a boiler 
without forming any idea as to the working pressure 
for which it was suitable. Even if the tube had been 
circular, 60 lb. was too high for it, but he would not go so 
far as to say it was dangerous. The Steam Users’ Asso- 
ciation would not have guaranteed the boiler to work at 
more than about 45 lb. 

Mr. G. E. Brown, engineer-surveyor to the Board of 
Trade, presented a report on the result of his examina- 
tion of the exploded boiler. He had had the pressure 
gauge tested, and found it to be practically accurate. He 
found nothing to suggest that the collapse was due to 
overheating ; he thought it was due to over-pressure. He 
should have considered that 40 lb. was a safe working 
pressure, giving a factor of between 4and5. The load 
on the safety valve, by calculation, with the weight at 
the end of the lever, and allowing for the additional 
weight, was about 731b. The hydraulic test to which 
the boiler had been subjected was excessive, for, assum- 
ing that the furnace tube was not originally truly cir- 
cular, it was highly probable that so severe a test aggra- 
vated the deformation. With the tube oval to the extent 
of 1}in. he should not have been afraid to work the 
boiler, say, to 30 1b. pressure. The only explanation he 
could give of the gauge registering only 60 lb., when the 
pressure was really 731b. or over, was that the pipe 
leading to the gauge might have been choked. 

This concluded the evidence, and Mr. Gough sub- 
at a number of questions for the consideration of the 

ourt, 

Mr. Warner, solicitor, addressing the Commissioners 
on behalf of Messrs. Warner and Son, argued that his 
clients had been asked to supply a boiler of a specified 
size, to be used, as they understood, for driving certain 
machinery, and if afterwards it was put to do more than 
this, they could not be he'd responsible. They were not 
asked to specify the working pressure, and consequently 
had not done so. He did not wish it to go forth that his 
clients had supplied a boiler too weak for the work for 
which it was intended. 

Mr. Hollinshead, solicitor, on behalf of Mr. Bailey, 
pointed out that his client could not be held responsible 
for anything that occurred on the works before he took 
possessicn. The fitting up of the works, including boiler 
and machinery, was in the hands of Mr. Scrivener, acting 
for Mr. Coghill. As to the additional weight which he 
permitted to remain on the safety valve lever, Mr. Bailey 
denied that he had placed the weight in that position, 
and he was not sufficiently versed in a knowledge of ma- 
chinery to understand the danger of such a proceeding. 
He was told that the boiler had been worked safely at a 
pressure of 60 lb., and considered that he was justified in 
concluding that that was a safe pressure. 

The President, Mr. Howard Smith, then gave judg- 
ment. The explosion was due, he said, to over-pressure, 
which the furnace tube, having for some time been out of 
its circular form, was unable to resist. It had been sug- 
gested that the tube bad lost its circular form by over- 
heating, and also by the excessive hydraulic test which 
had been applied. In the judgment of the Court there 
was not sufficient evidence to satisfy them that the boiler 
had been overheated, notwithstanding the fact that it had 
been stated in evidence that the fusible plug had at one 
time been melted. Mr. Brown, the engineer-surveyor to 
the Board of Trade, had examined the safety valve, and 
found that the weight originally supplied amounted to 58 Ib. 
The weight due to the iron ring which was subsequently 
added amounted to 151b. on the square inch. Adding these 
together, the weight was no less than 73 lb. per square 
inch. This was a most excessive pressure, and one which, 
considering that the boiler had been worked continuously 
at that pressure for many months, would alone be suffi- 
cient to account for the bulging of the furnace tube. There 
was no evidence to show that the tube got out of shape 
owing to the hydraulic test, but with this boiler such a 
test was excessive, and might readily have depressed the 
tube. Mr. Brown’s explanation as to the gauge only re- 
cording 60 lb., whereas, in point of fact, there must have 
been a pressure of over 73 lb., appeared to be a reason- 
able one, viz., that the pipe leading to the gauge had be- 
come choked. The Court considered that Mr. Coghill 
and Mr. Scrivener were not to blame, having apparently 
acted in good faith, while, further, neither Messrs. 
Warner nor Mr. Evans wereto blame. No conduct on their 
part had caused the explosion, but the Commissioners 
thought that engineers, when supplying a boiler, should 
state distinetly, and in writing, the pressure at whichit was 
intended the boiler should be worked. Mr. Tolley was in 
no way to blame. He gave salutary advice, which it was 
to be regretted was not acted upon ; had it been, a great 


deal of trouble and expense might have been saved. 
Finally, Mr. Smith said, the Court came to the conclu- 
sion that Mr. Bailey, being the steam user, was respon- 
sible. They had it beyond all doubt that the boiler for a 
long time had been working at a pressure of 73 lb. Mr. 
Bailey complained that he had not been properly dealt 
with, inasmuch as he had not been told the working pres- 
sure of the boiler. In some measure this was correct, 
but, not being told, he should, beyond all doubt, have 
ascertained it for himself. Instead of knowing whether 
the boiler could be worked safely with the original weight 
on the lever, he allowed it to continue working, with an 
extra weight added. As an intelligent man he must have 
known that at all events it was likely to be a dangerous 
matter to tamper with the weights on the lever. Mr. 
Bailey sanctioned this proceeding, for he had told the 
Court that, without the extra weight, the boiler could not 
have done the work which it was required to do. Hewas 
warned by Mr. Tolley with regard to the condition of the 
tube, and ought to have known that the boiler was not 
safe to work at the high pressure to which it was being 
subjected. There was only one of two courses open to 
himn : either to considerably reduce the pressure, or to stop 
the boiler altogether until a competent engineer gave his 
opinion on the matter. The Court considered that the 
conduct of Mr. Bailey was the real cause of the explosion, 
and had no hesitation in finding him to blame. 

Mr. Gough asked that Mr. Bailey should be ordered to 
pay a portion of the costs of the inquiry. 

In reply to the President, Mr. Hollinshead said that 
Mr. Bailey had already been put to a cost of 1007. by the 
explosion. 

The President stated that the total cost of the investi- 
gation would be about 150/., and the Court would order 
Mr. Bailey to pay a third thereof—viz., 50/. 


Tur Urivisinc or OLp Exuisition Buitpines — 
In our article on the new forge at the Central Marine 
Engine Works in last week’s issue (page 278), we men- 
tioned incidentally that the structure originally formed 
part of the Antwerp Exhibition, and subsequently of 
the Liverpool Exhibition. We understand that Messrs. 
Isaac Dixon and Co., Liverpool, who purchased all the 
buildings at Liverpool, reconstructed them, and now 
they are utilised for new steel works for the Wigan Coal 
and Iron Company, for a large market at Singapore, for 
tin-stamping works at Cardiff, large drill-shed at 
Southampton, concert-hall at the same port, tramway 
sheds at Accrington, cement works at Greenwich, and 
large shedding at the Preston Gas Works, in addition to 
the West Hartlepool Forge. 

Tue Cuirron Rocks Rartway.-—The Clifton Rocks 
Railway was opened on Saturday, March 11, and during 
the day 6220 passengers were carried. This little line 
has been constructed by Mr. Newnes, M.P., for the 
purpose of uniting Clifton on the upper level with Bristol 
on the lower level, the vertical rise of the cars being 
240 ft. in a length of about 500ft. The whole line is 
beneath the surface of the rocks, which have been 
pierced to form an inclined tunnel 27 ft. 6 in. wide and 
18 ft. deep. The cutting of the rock has been a work of 
considerable difficulty, owing to the many imperfect layers 
of shale and loose boulders of limestone which were met 
with. The cutting has occupied two years. and the engi- 
neers, Mr. G. Croydon Marks, of Birmingham, and Mr. 
P. Munro, of Bristol, have had considerable difficulty in 
keeping the men at work for more than a few weeks at a 
time, the various accidents causing the workmen to be- 
come nervous. The brakes upon the cars are upon the 
system initiated by Mr. Croydon Marks, and they answer 
their purpose in a manner which gave the utmost con- 
fidence to the crowds on the opening day. The capacity 
ct the line is arranged for carrying 1000 passengers per 
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AFRICAN ‘TRANSCONTINENTAL TELEGRAPH. — The 
African Transcontinental Telegraph Company, Limited, 
has been duly registered in London with a proposed 
capital of 400,000/., with the view of immediately com- 
mencing the construction of the section of the proposed 
African transcontinental telegraph extending from Salis- 
bury, in Mashonaland, to Uganda, in Central Africa. 
Commencing at Salisbury, the line will cross the Zambesi 
in the neighbourhood of Tete, the residency of Mr. H. H. 
Johnston, the chartered company’s commissioner in 
British Central Africa. This residency is situated a 
few miles south of Lake Nyassa, close to Blantyre. 
There is a considerable traffic up the Zambesi to Sena 
and Tete, and a company has been recently formed in 
London to develop this traffic stillfurther. From Zomba 
the proposed line will skirt the shores of Lake Nyassa up 
to Karonga, where there is a considerable Arab popula- 
tion, who are large traders iu ivory and other products 
of the interior. J*rom Karonga the line will be continued 
along the Stevenson road, which runs over the uplands 
on the Tanganyika plateau, and it will touch the lake at 
a point on Abercorn Bay. From the north of Lake 
Tanganyika the line will proceed to Victoria Nyanza, 
and thence to Uganda. Up to this point the physical 
difficulties to be encountered are not more serious than 
those which were overcome between Mafeking and 
Salisbury. The time occupied in the construction of the 
line from Salisbury to Uganda, taking the Mafeking and 
Salisbury section as a guide, is not expected to exceed 
two or three years. The line will be constructed with 
lightiron poles, and experiments have already been made 
by Messrs. Siemens Brothers with a special pole for the 
line. When the Jine is connected with the Egyptian 
lines at Wady Halfa, it is expected that messages will be 
transmitted from Londen to Cape Town at cne-third the 
present cable rates. 
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** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
CompPILeD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACLS 1883—1288. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names, 
d&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


5690. P. R. Bjorling, Hitchin, Herts. Valve Gears 
for Pumping Engines. (9 Figs.) March 23, 1892.—This 
invention relates to valve gears for pumping engines, and has for 
its object to provide means whereby the duplex arrangement can 
be altered to simplex ina few minutes. If the main steam piston 
and rod are travelling from left to right, the top of a lever M 
moves towards the left, forcing a spring box G@ in the same 
direction, and ccmpressing a spring till it has obtained enough 
power to move the valve-spindle C, valve-moving pistons B and 
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Bl, and slide-valve A. As soon as the valve has slightly 
opened the auxiliary port S, the steam rushes into the valve- 
moving cylinder T and finishes the travel of the valve. But as 
the main steam piston continues its stroke, it gradually moves 
the lever M towards the right, compresses the spring in the 
spring box G until it moves the slide valve, so as to open the 
port Q and admit steam into the valve-moving cylinder R, and by 
that means move the valve-moving pistons B and B! and the 
slide-valve A to the extreme right, and so on as long as steam 
is admitted into the valve-chest. (Accepted February 1, 1893). 


9340. T. Belcher, London. Furnaces of Steam 
Boilers. [10 Figs.) May 17, 1892.—This invention relates to 
the furnaces of steam boilers. Within the furnace tube at the 
upper part thereof, near to the furnace door, a perforated jet pipe 
curved tothe shape of the furnace tube is placed, and connected 
by a length of pipe passing through a brick arch with a trumpet- 
shaped air collector located upon the exterior of the furnace. Into 
this air collector a steam pipe is led from the boiler, and is fitted 
with a regulating valve, This steam pipe is carricd down to about 


the junction of the air collector with the connecting pipe of the 
curved jet pipe, so that upon opening the regulating valve, a jet 
cf steam from the boiler rushes through the connecting pipe, 
carrying with it a volume of air; the combined air and steam 
issuing from the jet pipe mingles with the products of combus- 
tion from the burning fuel, thereby assisting the draught of the 
furnace, and at the same time materially aiding the consump- 
tion of the smoke and the products of combustion. (Accepted 
February 8, 1893). 


4266. S. Douglas, Salford, and H. W. Nicholls, 
Manchester, Lancs. Rotary Engines, &c. [4 Fiys.] 
March 4, 1892.—This invention relates to rotary engines. A 
pair of rotary pistons are fitted on separate shafts in a 
double cylinder, the two chambers of which open into one 
another. Each piston is slightly eccentric to its cylinder, and 
has two slide blocks, each fitted in a recess in the piston block, 
and, by means of a spring, maintained with its outer'face in sliding 
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contact with the interior of the cylinder. A fluid inlet is con- 
trolled bya slide valve with a double port to admit the steam to 
each chamber of the double cylinder, the exhaust port being on 
the opposite side. When steam under pressure is admitted to 
the double cylinder, it enters a space behind the slide block on 
each piston, and so drives the latter forward, thereby rotating 
the shafts upon which the pistons are secured. Steamis then shut 
off while the second slide blocks are passing the inlet ports, and 


when that steam behind the first pair of slide blocks is exhausted, 
more is admitted, and the second pair of slide blocks thereby 
forced forward. (Accepted February 8, 1893). 


2130. S. Cherry, Cardiff. Extracting Air from 
Boiler Feed Water. (1 fig.) February 4, 1892.—This inven- 
tion relates to means for extracting air out of boiler feed water, 
and consists of a small pump attached to either pump levers or 
pump links. To the suction side of the pump is connected an 


\ 
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indiarubber pipe with spiral wire inside, joined to an overflow pipe 
from the hotwell and air pump. A flange on the end of the india- 
rubber pipe is recessed to take the end of the overflow pipe, a 
brass washer outside, with three small clip springs attached, 
being provided to keep the pipe in place. (Accepted February 8, 
1893). 

2019. G. P. Vasey, London. Governing Steam 
Engines. [1 Fig.] February 2, 1892.—In this invention the 
shaft to be controlled revolves a cog-wheel, which acts upon a 
spiral thread placed horizontally, and connected to a cut-off valve 
to the engine, so as to control the admission of steam thereto, 
The spiral runs longitudinally on a shaft, and both are revolved 
by a subsidiary steam engine, The action of the cog-wheel moves 
thespiral longitudinally on its shaft, and operates to shut the cut- 
off valve of the main engine. This movement is counteracted by 
the revolving of the spiral. While the main and subsidiary 


engines maintain equal relative speeds, the spiral remains in one 
position longitudinally relative to its shaft, and the cut-off valve 
of the main engineiskept stationary. If the main engine increases 
its speed, the spiral is moved along its shaft, and the cut-off 
valve of the main engine proceeds to close. This closing of the 
valve reducing the speed of the main engine, and consequently 
also of the cog-wheel, and the rotary movement of the spiral being 
maintained at its regular speed, the spiral is drawn back towards 
its original position on its shaft, and consequently the cut-off 
valve of the main engine proceeds to reopen. (Accepted Feb- 
ruary 8, 1893). 


6109. J. H. Dales, Leeds. Steam, &c., Engines. 
(6 Figs.] March 29, 1892.—Thisinvention has reference to steam, 
&c., engines. The pressure pistons are made of two separate 
parts working in one cylinder, and constituting two single-acting 
pistons. The working power from each is transmitted by sepa- 
rate mediums to the working parts and engine bearings to which 


it is to be applied, for the purpose of maintaining constant con- 
tact of the working parts and their bearings. Meansare provided 
on the valve-rods or connections of the engine valve gears for 
maintaining all slackness of the bearings in one direction, and 
valves for exhausting leaked pressure from between the cylinder 
pistons. (Accepted February 8, 1893). 


2900. J. H. Holmes. Newcastle-on-Tyne. Steam, 
&c., Engines. [3 Figs.] February 15, 1892.—This invention 
relates to steam, &c., engines. The cylinder is fitted with two 
pistons, each having its own piston and connecting-rod. When 
the engine is working the upper piston is always subject to a 
pressure tending to keep it down, and this pressure is transmitted 
as a thrust through its rod to the top brass of the crankpin. 


SR 


The lower piston, on the other hand, is subject to a pressure 
tending always to force it upwards, and this pressure is trans- 
mitted as a pull through the other piston-rcds to the bottom 
brass of the craukpin. The two pistons traverse the cylinder 
together, always moving together in a similar direction, 
and therefore act as one piston of an ordinary engine. When 


moving closer together, so that it is essential that when 
the engine is firss put together, the pistons should be 
arranged with sufficient space between them to admit of this 
movement taking place. The rod of the lower piston is brought 
through a stuffing-box inthe bottom cylinder cover, and attached 
to a crosshead with slipper sliding in the guides. This rod is 
made hollow, and a solid rod from the upper piston passes right 
through it, the latter fitting in the former at the crosshead end, 
40 that it is not necessary to provide a second slipper in the guides, 
as the side thrust of the connecting-rod is transmitted directly to 
the slipper attached to the other crosshead. The hollow piston- 
rod is always in tension, and is attached to two light connecting- 
rods, which transmit this tension to the lower crank-pin brass, 
and always tend to keep it in close contact with the side of the 
crank-pin which happens to be lowest. Means are provided for 
maintaining the pressure in the space between the pistons as 
nearly as possible at the atmospheric pressure, and for preventing 
leakage of steam past the pistons. (Accepted February 8, 1898). 


ELECTRICAL APPARATUS. 


4158. H. Edmunds, London. Electric Circuits. 
(2 Figs.) March 2, 1892.—This invention has for its object to pre- 
vide means in connection with electric circuits whereby, although 
the pressure may remain constant in the main circuit, it can be 
augmented when necessary for particular purposes, such as charg- 
ing secondary batteries. A generator is employed in series with 
the main at the place where the pressure is to be controlled, 
augmented, or reduced, and is capable of supplementing or re- 
ducing the pressure of the mains. In charging secondary bat- 
teries from a main supplied with current of constant pressure, a 


dynamo is placed in series with the main leading to and from 
these batteries, and is capable of supplementing the pressure of 
the current therein to an extent sufficient to enable the batteries 
to be charged by the current, which, if not so supplemented, 
would be of insufficient pressure to charge them. The supple- 
mentary dynamo in the main is, therefore, only large «nough to 
supply the extra pressure required to enable the current of the 
main to continue until the batteries are sufficiently charged, the 
supplementary dynamo supplying more and more extra pressure 
to the charging current as the batteries become charged. (Ac- 
cepted February 8, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


12,793. C. Berle, Frankfort, Germany. Turning 
Tool. [4 Figs.) July 12, 1:92.—This invention consists ofa 
round spirally-grooved steel bar. The spiral groove @ is con- 
structed so that by simply grinding the front end angularly the 
cutting edge b, which is eccentric to the outside circumference of 
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the tool, may be produced from time to time until the tool is 
ground away in the whole length of the grcove. This groove 
forms a good channel for guiding the turnings. The edge b has 
at its back parts a cutting edge inclining in two directions rela- 
tively to the longitudinal axis. (Accepted February 8, 1893). 


20,337. R. Telschow, Berlin, Germany. Drilling 
and Percussive Hand Tools. [6 Figs.] November 10, 
1892.—This invention relates to percussive or drilling hand 
tools. The tool is operated by compressed air for drilling and 
hammering, and has a double-acting air pump moving a piston 
to and fro in the cylinder of the tool and operating a stamp g as 
ahammer, The air pumpand tool are arranged so that two tubes 


8, Sl attached to the stroke ends of the piston supply the tool 
with compressed air and allow of the exit of the latter. The 
stamp g is divided into two parts, so that by the application of 
apiece K having spirally twisted grooves internally on the part p 
of the stamp having corresponding spiral grooves, the rotation 
of the tool is effected simultaneously with its forward movement. 


the bragses wear, the slack is taken up by the two pistons! In order to weaken the rebound at the ascent of the pisten f, an 
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adjustable orifice w is arranged in the cylinder C, by means of 
which part of the motive air escapes and is utilised for the 
removal of the dust formed by the working of the tool. A tube 
coupling is also arranged so that one end of the flexible axle, 
formed as a square piece, engages in a corresponding square 
recess of the axle @ resting in the frame and connected to the air 
pump. (Accepted February 8, 1898). 


5518. H. A, L. Barry, Erith, Kent. Drill Brace. 
(2 Figs.] March 21, 1892.—This invention relates to a drill brace. 
When the hand lever F, F! is moved for actuating the drill, the 
boss Fl turns to a slight extent on its pivot G, and being pivoted 
eccentrically between the links E, E1, engages with the collar D 
on the cylindrical body A Al, the friction of the lever F F1, and 
the links FE, El, on the collar D, and the body A A! being suffi- 
cient to communicate the movement of the lever to the body, 


and consequently tothe drill. The extent of travel of the hand- 
lever having been reached, the latter is moved back into its 
normal position, whereupon the boss of the lever becomes dis- 
engaged from the collar, and the projecting ends of a small pin 
are brought into contact with ears on theflinks, and cause the 
latter to rotate on the cylindrical body A Al until the direction 
of the lever movement is again changed, the boss thereupon 
immediately re-engaging with the collar D. (Accepted February 8, 
1893). 


MINING AND METALLURGY. 


6564. A. J. Boult, London. (M. B. Zerener, Saxony, 
Germany.) Centrifugal Ore Separators. [3 Figs.) 
April 5, 1892.—Thisinvention relates to centrifugal ore separators. 
A blast-producing apparatus is mounted on the same shaft as the 
centrifugal apparatus, whereby the latter, according to its own 
speed of motion, generates a powerful current of air for removing 
the dust from the ore. Anannular damper / is provided, by which 
the discharge orifice of the centrifugal machine is reduced in width 
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toa certain extent, though not more than is consistent with the 
free passage of the material treated. To diminish the quantity of 
air to be exhausted from the chamber C, in which the centrifugal 
operation takes place, one of the valvesg is open, whereby the air is 
admitted in a direct way, the damper h being closed or opened, 
in order that the amount of air should continue uniform while 
the speed of the blast at the discharge orifice 7 of the centrifugal 
machine requires changing or adjusting, (Accepted February 8, 
1893.) 


RAILWAY APPLIANCES, 


5813. J. E. Hopkinson, London. Indiarubber 
Buffer Springs. [4 Figs.) March 24, 1892.—This invention 
relates to springs in which indiarubber is used in combination 
with a metallic plate for locomotive engines, &c. Upon either 
side of the metallic plate is a projecting ring of indiarubber 


pierced with a number of holes, the whole forming a series of 
air chambers. The base of the ring is in contact with the sur- 
face of the metallic plate, its open face being shaped so as to 
pie a curved or semicircular front. (Accepted February 8, 


MISCELLANEOUS. 


15,975. J.R. Alsing, London. Crushing Cylinders. 
[4 Figs.] September 6, 1892.—In this invention the cylinder is 
lined with chilled cast-iron, ribs being provided in the casting 
so that the material and pebbles will be carried up. Chilled 


ron or lignum vite balls are introduced into the cylinder, and 
with these balls, lumps of the material to be pulverised are put, 
and after the cylinder has been revolved for a short time the 
material will be fine enough for the fine pulverising cylinders, 


and even fine enough for cement and other purposes, when not 
required in a state of impalpable powder. A grid is provided 
outside the cylinder, having a sieve of such fineness that the 
material will only pass out when it is sufficiently pulverised. 
(Accepted February 1, 1893). 


6225. P. Winton, Camlachie, Lanarks, Jacks for 
Road Vehicles. [4 Figs.) March 31, 1892.—This invention 
has reference to a portable construction of lifting jacks for use 
in raising the wheel axles of carriages, &c. The fixed frame con- 
sists of two parallel vertical side cheeks A, with an open space 
between, closed at the top end and curved round and formed 
at their lower end intoa horizontal sole-plate on which the whole 
is supported. The sliding frame consists of a similar construc- 
tion of vertical side cheeks B, and is formed with an angled 
standard at its upper end, having a series of steps for receiving 
different heights of carriage axles, The upper end of the fixed 
frame A and the lower end of the movable frame are formed with 
horizontal projecting pins passing through the spaces between 
the cheeks, covered by washers and secured by pins at their outer 


end go as to guide the sliding frame B in its raising or lowering 
moyements, A vertical loose rotating pulley C is mounted on a 
centre stud c between the cheeks B of the movable frame, near 
the middle of its length, and the under surface of this pulley is 
acted upon by the curved surface of a hand lever D, fulcrumed 
on acentrepin between the cheeks of the fixed frame. Whena 
carriage axle is to be lifted, the jack is put under it, with the 
axle placed over one of the steps 0 of the movable frame B. The 
hand lever D is then depressed and its inner cam surface D! acts 
on the antifriction pulley C, and lifts the movable frame B } and 
axle to the height desired, and holds it there (Fig. 2), while by 
raising the hand lever D the movable frame B and axle is 
lowered by the action of gravity to the position desired. (Accepted 
February 1, 1893). 


5823. T. D. and F. W. Hollick, London. Cranes. 
(2 Figs.) March 24, 1892.—This invention relates to cranes in 
which a scoop is used for raising coals and depositing them 
in any place. The jib a@ consists of two arms arranged side 
by side, a sufficient space being left between them for the passage 
of the long handle. This handle is made of wood, and has through 
it a central slot from front to back. Attached to the jib a, near 
where the handle of the scoop passes through, a strong transverse 
pivot is arranged, to which is jointed a link e, the other end of 
which is attached to a friction block which can fit against the 
inner slotted end of the scoop handle b. Another similar block g 


a, ae esa E 

fits against the outer slotted side of the scoop handle d, so that if 
the blocks f, g are drawn forcibly towards each other, the slotted 
handle b is held firmly between them, and cannot move up or 
down. The outer brake block g is fixed to the end of a bar 7, the 
inner end of which is pivoted to a bracket carried by the jib, the 
centre of the joint being coincident with the centre d@ of the trans- 
verse pivot on the lever h which carries the links e, to which the 
inner brake block fis attached. In this position, therefore, the 
slotted handle carrying the scoop can swing round upon the two 
pivots at d, which carry the blocks f and g respectively, without 
slackening the grip on the latter or allowing the handle b and the 
scoop c to rise or fall. (Accepted February 1, 1893). 


5612. F. Scholefield, Jarrow-on-Tyne, Durham. 
Delivery Nozzle for Water, &c. [2 Figs.) March 22, 
1892.—This invention relates to delivery nozzles. A hollow conical 
plug B has an extension D and central diaphragm H, ports K, K2 
on one side and K', K® on the other side of the diaphragm com- 
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municating with the interior of the plug. A shell C surrounds 
the plug, and is held in place by a nozzle E, and has’ projections 
and internal recesses J, J1 so arranged that by rotation of the 
shell the nozzle is fully or partly opened or closed. (Accepted 
February 8, 1893), 


150. W. C. Morison, Plymouth. Street Cleaning 
Machines. (2 Figs.] January 4, 1892. This invention con- 
sists of an inclined plain fixed to a rigid frame on wheels arranged 


with scrapers so that mud on the street may be automatically 
scraped up the plain and overits upper end into a cart connected 
with the frame. The plain is inclined upwards towards the direc- 
tion in which it is being moved, with its lower end, formed of 
narrow strips, resting upon the ground, which with guiding 
pieces also direct the mud towards and to each side of the lower 
end, while other fixed scrapers direct the mud to the rear of the 
end in sucha position that other scrapers, worked by an endless 
chain, carry the mud up the plain and over its upper end into a 
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cart connected with and in advance of the frame, the frame and 
cart being moved over the ground together, the former being 
pushed by a horse behind it, and the latter pulled by one in 
advance of it. The endless chain is worked by being connected 
with a toothed wheel fixed to and concentrically with one of the 
wheels supporting the frame, the chain being worked at such a 
speed that the scrapers connected with it travel sufficiently 


quickly to scrape the ground properly. (Accepted February 8 
1893.) 
2443. J. Wild, Oldham, Lancs. Manufacture of 


Steel, &c., Balls. [4 Figs.) February 9, 1892.—This inven- 
tion relates to means for forging and rolling steel, &c., balls. 
The balls are forged from a heated rod of metal by reciprocating 
and revolving dies. The balls are rolled and finished between 
the peripheries of four revolving discs provided with querter-circle 


2443, 


concave grooves in their edges. A fixed anvil and a rising and 
falling hammer are provided, the opposite faces of the anvil and 
block having revolving swages, the peripheries of which are cir- 
cumferentially and spirally grooved. By these means the balls 
are forged in the rough and brought by the rollers to a perfectly 
smooth surface and spherical form. (Accepted February 8, 
1893). 


4272. G. Chapman and J. MaclL. Finlayson, Glas- 
gow. Screw Propellers. [3 Figs.) March 4, 1892.—This 
invention has for its object to obviate slip, &c. The propeller is 
made with eight blades d, each being at an angle of about 45 deg. 
to the longitudinal axis of the hube, and having its sides / radial 
from the centre of the propeller. Each blade d is of such breadth 
that in looking at the propeller from cither end, the radial sides 
appear in line with those of the next blades. The outer edge of 


each blade is curved so that if the propeller were fitted within a 
tube of its own diameter, the edge, notwithstanding the angularity 
of the blade, would at all points fit the interior of the cylinder. 
The blades are tapered from the boss to the outer edge, and from 
side to side are made bi-convex, the outer edge and sides being 
made as fine as practicable, and set on the boss e nearer to its 
forward then its rearward end, in order to leave as great a space 
as possible between them and the sternpost/. (Accepted Feb- 
ruary 8, 1893), 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present- time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand, 


AMERICAN PaTEents.—In the course of last year the, 
American Patent Office issued 21,427 patents to citizens 
of the United States, and 2051 patents to inhabitants of 
other countries, The revenue collected by the office last 
year was 1,286,332 dols., while the working expenses of 
the twelve months were 1,110,739 dols., leaving a surplus 
of 175,593 dols, a5 
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AMERICAN INDUSTRIES AND 
BRITISH COMMERCE. —No. XI. 


Imports INTO THE UNITED STATES.* 


WE show on a series of diagrams (Nos. 42 to 48) 
the value of the principal classes of goods im- 
ported into the United States, the duty paid on 
these imports, and the ratio of duty to the total 
value, for the past 16 years. In studying these 
diagrams we would ask the reader to remember 
that during these years the population of the 
United States increased from 44 millions to 
62 millions, and the presumption is that the re- 
quirements of the nation in the matter of these 
commodities, have increased in the same ratio as 
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their numbers have multiplied. Therefore the 
aggregate demand should on this score have in- 
creased by something like 40 per cent. 

Although there have been fluctuations, the im- 
ports of iron and steel manufactures (Diagram 
No. 42) have continued to grow pari passw with the 
population, for the addition in 16 years is from 
32 to 56 million dollars, notwithstanding that on 
this value, duty of about 30 per cent. had to be 
paid. Raw material counts considerably in this 
total. There is included, too, a large import of 
billets, the duty on which has been increased by the 
new tariff. Still the number of dutiable products 
is less, and there has been a great increase in the 
imports in the past year. 

Dry goods have been affected most from tariffs. 
The Southern States demanded from time to time 
heavy rates on cotton, and by way of compromise 
these rates, as a rule, were increased, for otherwise 
a ke rel Pee etapa ais 


*The diagrams for this article (Nos. 42 to 53) have 
ee mepered from the Statistical Abstract of the United 
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the tariff on other manufactures would have placed 
the cotton growers at a disadvantage, especially 
if they had to pay more for their machinery 
and labour by reason of a tariff guarding other 
interests, and leaving them unprotected. Yet we 
find from Diagram No. 43 that until last year the im- 
ports of raw cotton increased, notwithstanding the 
40 percent. duty; but now that the duty has again 
been increased to 50 per cent., the upward rise has 
been checked. Inthe year preceding the application 
of the McKinley tariff there was a great rush of 
imports—that is shown by our diagrams—and the 
fact that the inflated total has been maintained is 
encouraging, promising as it does a possibility of 
a greater import when the surplus stocks are 
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worked off. It would be idle, however, to ignore 
the great development of cotton factories in the 
southern States, and that capital is bound to be 
attracted thither, for the natural conditions justify 
expectations of still further development. 

Wool imports in 16 years have not increased much; 
so that in this matter the heavy duty of from 60 to 
80 per cent. on finished products seems to have 
had some effect in encouraging native industries in 
this direction toa vast extent. This is also borne 
out by the fact that the imports of raw material on 
which the duty has been from 30 to 40 per cent. 
have doubled, 

It is said that American ladies often find it more 
economical to take a trip to London or to Paris to 
have their dresses made, and that not perhaps so 
much for the want of a Worth in the States, but 
because by this means they can introduce their 
dresses into the country as wearing apparel, and 
thus obviate duty on them. Looking at the Dia- 
gram No. 45, indicating the imports of silk manu- 
factures and the duties thereon, one can quite credit 
this, At all events, it is possible to save money, 
since the duty is 50 per cent. of the import value. 

In the imports of flax, hemp, and jute, and other 
woven materials (Diagram 46), there has been a 
great collapse, principally in the imports of raw 
material. The imports for several years steadily 
increased, but they have now got back to the posi- 


tion of 16 years ago. These results mean that, 
with a great growth of population and a probably 
still greater growth in demand, the home industries 
in these things are flourishing. In chemicals, 
drugs, dyes, aud medicines (Diagram 47) the duty 
has been about a third, and the imports have not 
increased much. In manufactures of wood (Diagram 
No. 48) there is still a large import trade, and 
here one notes a decrease in the percentage of 
duty to imports. 

In our diagrams the lines showing the percentage 
of duty to imports might be taken as indicating 
fluctuations in the duty when there ought to have 
been none; but in nearly all instances the diagrams 
represent groups of products, In the case of iron 
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and steel, for instance, products on which there 
was a high tariff may have been imported in 
larger quantities in one year; while in another 
year there may have been a preponderance of pro- 
ducts of low tariff. This causes the fluctuation. 
But the lines show the general trend in the various 
industries. They show generally that, notwith- 
standing high tariffs, imports continue. The pro- 
ducts, however, may not be in the same advanced 
stage towards completion; in other words, more 
raw material is wanted because of the development 
of American manufactures. 

Again, an examination of the imports from the 
United Kingdom, from Germany, and from France, 
does not indicate that there has been any material 
or general check upon the commerce with those 
countries consequent upon the adoption of the 
McKinley tariff. Diagram No. 51, showing the total 
imports of the three countries, points out pretty 
clearly that the United States was largely respon- 
sible for the great activity here in the early years 
of the eighties, and for the depression which fol- 
lowed. In recent years we have been steadily 
advancing, and the McKinley tariff has not 
checked that advance. The same can scarcely 
be said of Germany and France. The war in the 
eighth decade affected the progress of both coun- 
tries ; but since then Germany has steadily in- 
creased her imports into the States, while France 
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has fluctuated much. Germany’s advance in 
America may be traced partly to the introduction of 
German immigrants ; but more particularly to cheap 
prices, and to that facility of adapting themselves 
to the requirements of their clieuts to which we 
have referred in previous articles, and which is too 
often wanting in the case of British manufacturers. 
There can be no question of the cheapness of 
German products, and if we wish to compete suc- 
cessfully, prices must be reduced. But this cannot 
be done at the cost of efficiency. Americans place 
reliance on our goods, and there is every reason to 
believe that buyers who can afford to pay the prices 
plus the tariff willingly do so in preference to pur- 
chasing inferior goods of other make. A member 
of the British Parliament, writing recently on 
this subject to the Times, stated that he told Presi- 
dent Harrison that, wishing to take home some 
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choice presents, he applied to some of the best 
shops in New York and Washington, and the 
storekeepers told him they had no_ high-class 
articles of American manufacture. ‘‘ The English 
goods are best,” said they; ‘‘our rich people will 
have them whatever they have to pay,” and they 
certainly have to pay half as much again as in 
England. This idea would appear to be borne out 
by the Diagram No. 50, showing the imports of 
dutiable goods, for from it we find that notwith- 
standing the great rush of goods into the States on 
the eve of the new tariff coming into operation, 
Britain still increases her imports of dutiable 
goods. This increase might have been ona steeper 
grade ; but the number of articles paying duty has 
been slightly reduced, so that the products two 
years ago paying duty, were probably more 
numerous than to-day. The duties are, as a rule, 
higher, but withal we increased our imports under 
many heads. It is true that we suffer in one or 
two departments of industry; but the general 
result is favourable. We have shown that in the 
case of our leading products the United States have 
still to take their old supply in the aggregate, and 
we must strive to hold our position against other 
competitive countries. In the matter of dry goods 
we suffer—that has already been shown—and as 
Germany has hitherto done a good export trade 
in dry goods, the high duty on these probably pro- 
vides a reason why imports of dutiable goods from 
Germany show a decrease (Diagram No. 50). 

Free goods, as shown on Diagram No. 49, only 
form about a fourth of the total, and in this case 
we have a steady increase, larger during the past 
year, doubtless owing to the inclusion for the first 
time of goods formerly dutiable. Germany for the 
past year rises on a still steeper grade, but gene- 
rally this country holds her place. 

We have already shown that America exports 
more merchandise than she imports, and it is inte- 
resting in this connection to inquire whether we 
take direct from America more than we give direct. 


United Kingdom. But it does not follow that we 
send money for this excess, amounting in 1891 to 
50 millions sterling. The exports may be goods 
partly of the value equivalent to the dividends for 
the capital Britain has invested in American enter- 
prises, while a large amount of it is paid by our 
sending goods to the East and West Indies, to 
South American countries, and to the Hast, which 
in return send their products to America. For be 
it noted nearly all the countries we have indicated 
send more to the States than they receive. It is 
quite impossible to trace the process by which 
trade is balanced. Certainly the McKinley tariff 
cannot materially affect the balancing of the world’s 
accounts. On this point it is interesting to quote 
from the letter,* already referred to, written by the 
Hon. Sydney Gedge, M.P. for Stockport, giving a 
résumé of his conversation with President Harrison : 


Diag? N25! Showing value of Total Imports into United 
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*“The President began with the question, ‘ How do your 
constituents (at Stockport) like the McKinley tariff?’ 
‘Not at all,’ was my reply, ‘but I doubt whether you, 
Sir, will keep their manufactured goods out of America, 
for you have corn of the value of 100,000,0002. to sell to us, 
and certainly won’t be paid for it in gold.’ ‘Why not?’ 
asked the President. ‘ Because,’ I replied, ‘ we cannot 
spare it. It’s doubtful whether we have so much gold in 
the country.’ ‘Then,’ said he, ‘ I shall drive you into 
bimetallism, which I want todo.’ ‘ But if we do pay you 
in gold,’ I asked, ‘of what use will the gold be to you 
unless you spend it in productions or manufactures which 
you don’t possess? Mr. Harrison replied that he con- 
sidered it the chief commercial object of every country 
to hoard up as large a store of gold as possible in the 
national treasury. 


In view of this attitude our diagram, No. 53, 


We do’ take more, due in large measure to our 
requirements for breadstuffs. These we cannot sup- 
ply ourselves. Diagram No. 52 shows the extent 
of excess of exports from the United States to the 


has a greater significance, for it shows that 
America exports as arule more gold and silver than 
she gets, in addition to exporting more merchandise 
* The Times, October 24,1892, 


than she gets. A bad European harvest might 
carry much gold for a period to America, for we 
find that in the early years of the last decade the 
exports of merchandise, principally breadstuffs, were 
heavy, and that gold had to be sent into the 
country ; but the cause was a momentary one. Of 
course the mining of precious metals affects the 
result. The diagram generally shows that America 
has scarcely yet reached the stage dreamed of by 
President Harrison, when the national stocking 
shall be filled to overflowing. A correspondent 
wrote recently to the Times on this subject, in 
reference particularly to the discrepancy between 
the amount of gold produced in, and imported to, 
the United States and the amount officially returned 
as being in the country. About 1900 million dols, 
in gold have been produced in the Republic since its 
first discovery in 1849 ; and as the exports in these 
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42 years have only been 470 million dols. more 
than the imports, apparently 1430 million dols. in 
gold remains in the country. After including all 
the gold estimated to have been used by jewellers, 
dentists, &c., only some 689 million dols. are re- 
turned by the Government as being in sight. 
What has become of the balance? The explana- 
tion has been offered, and is apparently accepted, 
that the greater part of the missing 741 million 
dols., after allowance has been made for losses at 
sea, &c., is in the hoards of American farmers who 
either live at a distance from banks or refuse to 
trust those institutions. 


LONDON SOCIETIES.—No. XXXVII. 
Roya Insrrrution—continued. 


Dr. Tynpatt’s next research had for its object 
the establishment of his ‘‘ cleavage ” theory of the 
cause of the ‘‘ veined structure of glacier ice.* 

If a transparent colourless solid be reduced to 
powder, the powder is white. Dr. Tyndall exhibited 
at the Royal Institution specimens of transparent 
rock crystal and of the substance pounded, of solid 
glass and of glass in powder, of rock salt and of 
common culinary salt. His most striking illustra- 
tion was a tall glass jar, partially filled with a solu- 
tion of carbonate of soda, with a little gum added 
to give it tenacity ; to this he added a little tartaric 
acid, when the mixture was converted into a tall 
white column of foam.t 

In all these cases the whiteness aud opacity were 
due to the intimate and irregular admixture of a 
solid or a liquid with air; in like manner the 
whiteness of snow is due to the mixture of air and 
transparent particles of ice. 

This snow falls upon mountain eminences, and 
above the snow line each year leaves a residue ; 
this substance thus collects in layers, forming masses 
of great depth.{ The lower portions of such masses 
are squeezed by the pressure of the mass above 
them, and a gradual approach to ice is the conse- 
quence. The air is gradually expelled, and the 


* See ENGINEERING, February 3, 1893, page 131. 
+ Royal Institution Proceedings, vol. iii,, page 72, 
+ Termed by the French Swiss névé, : 
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transparency of the substance augments in pro- 
portion. , 

He found that nevertheless the ice in the upper 
glacier region always contains a large amount of 
the air originally entrapped in the snow ; this air 
is now distributed through the solid in the form of 
bubbles, which gives the ice a milky appearance. — 

Thus at the upper part of a glacier the ice is 
white and more or less opaque ; while, at its lower 
extremity, as almost every tourist knows, it is blue 
and transparent. The transition from one state to 
the other is in most cases not a gradual change 
which takes place equally throughout the entire 
mass; the white ice, on the contrary, of the 
middle glacier region is usually striped by veins of 
amore transparent character than the rest of the 
mass, the transparency being due to the fact that 
the air which gives to the ice its whiteness has by 
some means or other been wholly or partially 
ejected from the veins. 

These veins partake of the blue colour of trans- 
parent ice, and, contrasted with the white ice in 
which they are imbedded, often give to the sub- 
stance a most beautiful laminated appearance. Dr. 
Tyndall observed that vast portions of many 
glaciers consist of this laminated ice. 

The theory of the veins entertained up to this 
time by many intelligent Alpine explorers was that 
the veining of the middle glaciers is simply a con- 
tinuation of the bedding of the névé; that not only 
do the annual snowfalls produce beds of great 
thickness, but every successive fall tends to produce 
a layer of less thickness, which layers—or rather, 
the surfaces separating them—ultimately appear 
as the blue veins.* 

Professor Forbes, in his thirteenth letter on 
glaciers, says: ‘‘I am satisfied, then (and it is only 
after long doubt that I venture this confident ex- 
pression), that the conversion of snow into ice is 
due to the effects of pressure upon the loose and 
porous structure of the former ; that the very first 
effect is to annihilate the annual strata of the neévé, 
and that the most rapid glacification is effected by 
the kneading or the working of the parts one upon 
another, by the differential motions which the semi- 
fluid law of glacier progression occasions, and which 
also necessarily takes place under intense pressure. 

‘The belief which I formerly entertained that 
snow could not pass into pellucid ice without first 
being melted and then frozen, was part of the 
chemical prejudice that molecular actions cannot 
take place except in the liquid state. 

‘The crystalline forces act on the snowy granules 
when brought into close contact by pressure, and 
the imprisoned air is then distributed in the direc- 
tion of the lines of tearing. 

‘* Bishop Rendu remarked a familiar circumstance 
which illustrates the same thing. We often see, in 
the coldest weather, that opaque snow is converted 
into translucent ice by the sliding of boys upon its 
surface ; friction and pressure alone, without the 
slightest thaw, effect the change, which must take 
place still more readily in the glacier, where the 
mass is, during a great part of the year, kept on 
the very border of thawing by the ice-cold water 
which infiltrates it. 

‘*Most evidently, also, the icy structure is first 
induced near the sides of the glacier, where the 
pressure and working of the interior of the ice, 
accompanied with intense friction, comes into play, 
and the multitudinous incipient fissures caused by 
the intense strain are reunited by the simple effects 
of time and cohesion.” 


* The surface of a glacier is not at all like that of a 
frozen pond. If it were, the attempt to traverse those 
narrow ridges, not more than a foot or two wile, with a 
yawning crevasse on each side, on which any one with 
ordinary nerve may walk with perfect ease and security, 
would be madness, nor would it be possible to climb steep 
places by cutting steps with a hatchet, as the explorer 
constantly has to do. In fact, under ordinary circum- 
stances, the surface of a glacier is no more slippery than 
a gravel walk, and for much the same reason, for its 
upper layer, if narrowly examined, will be found to be 
composed of little masses of ice, which might be called 
ice pebbles, except that, instead of being rounded, they 
are very irregular, Their irregularities fit into one 
another accurately, so that they are separated only by 
minute irregular fissures, and thus form a mass at once 
solid and yielding (like what is known as flexible sand- 
stone), which yields with ease to the heel, and flies into 
fragments under the hatchet. This granular degenera- 
tion, which is wholly superficial, must not be confounded 
with the much more important character of glacier ice, 
its “veined” or ‘‘ banded” or “lenticular” structure, 
which (the writer continues) it is perfectly marvellous 
should have escaped the attention of the early observers. 
—Westminster Review, vol. xi., page 422, 


Professor Forbes’s new explanation of the veined 
structure was as essentially incorrect as its pre- 
decessor. When the veined structure is well 
developed, the lenticular masses of clear solid ice 
are to be observed side by side, of all dimensions, 
from a fraction of an inch either way to many 
inches thick, and many feet long. How could 
such a structure be produced by the rubbing of the 
sides of fissures one against the other? And how, 
again, is it conceivable that these bands of ice, 
which are solid and unbroken, and stand out in 
ridges when the surface of the glacier melts, 
should be formed by the mere kneading and grind- 
ing of the surfaces of the masses of brittle ice? 
If this hypothesis were correct, ice must be 
viscous on the small scale, which it evidently is 
not.* 

With the view to examine the subject more 
closely, Dr. Tyndall withheld his earlier observa- 
tions on the Mer de Glace, and betook himself 
once more to the mountains, his desire being to 
settle once for all the rival claims of the only two 
theories which he considered deserved serious atten- 
tion, namely, those of pressure and stratification. 

In pursuance of this idea, he first visited the 
lower glacier of Grindelwald, one of the most 
accessible, and at the same time most instructive, 
in the entire range of the Alps. Ascending the 
branch of this glacier which descends from the 
Schreckhorn, the Strahleck, and the Finsteraar- 
horn, he came to the base of an_ice-fall, which 
forbade further advance. Quitting the glacier here, 
he ascended the side of the flanking mountain, so 
as to reach a point from which the fall, and the 
glacier below it, were distinctly visible ; and from 
this position he observed the gradual development 
and perfecting of the structure at the base of the 
fall. 

On the fall itself no trace of the transverse struc- 
ture was manifest ; but where the glacier changed 
its inclination at the bottom, being bent upwards 
so as to throw its surface into a state of intense 
longitudinal compression; where, moreover, it had 
to bear the thrust of the descending mass behind, 
the blue veins first made their appearance. 

The base of the fall was a true ‘‘ structure mill,” 
where the transverse veins were manufactured, 
being afterwards sent forward, giving a character 
to portions of the glacier which had no share in 
their formation. ; 

Dr. Tyndall afterwards examined the fall from 
the opposite side of the valley, and found corro- 
boration of his observations. He says: ‘‘It is 
difficult in words to convey the force of the evi- 
dence which this glacier presents to the mind of 
the observer who sees it; it seems, in fact, like a 
grand laboratory experiment made by Nature her- 
self, with especial reference to the point in ques- 
tion, The squeezing of the mass, its yielding to 
the force brought to bear upon it, its wrinkling 
and scaling off, and the appearance of the veins at 
the exact point where the pressure begins to mani- 
fest itself, left no doubt upon the mind that pres- 
sure and structure stood to each other in the rela- 
tion of cause and effect, and that the stratification 
could have nothing to do with the phenomenon as 
here exhibited.” 

He next crossed the Strahleck, decended the 
glaciers of the Aar, crossed the Grimsel, and exa- 
mined the glacier of the Rhone. This glacier has 
also its grand ice-fall. In company with Professor 
Ramsay he climbed the precipices which flank the 
fall at the Grimsel side. What he has stated with 
regard to the Grindelwald ice-fall is true of that of 
the Rhone ; the base of the cascade is the ‘‘ manu- 
factory of the structure ;” and as all the ice has to 
pass through the mill, the entire mass of the glacier 
from the base of the fall downwards he saw to be 
beautifully laminated. 

He afterwards descended the valley of the Rhone 
to Viesch, ascended the Eggishorn, and remained 
for eight days in the vicinity of the great Aletsch 
glacier, the noblest ice-stream of the Alps. Certain 
phenomena of the Aletsch glacier had been adduced 
as an evidence against the pressure theory of the 
veined structure, and Dr. Tyndall did not quit the 
place until he had perfectly satisfied himself that 
the glacier not only presented no phenomena at 
variance with the pressure theory, but exhibited 
some which seemed fatal to the theory of stratifi- 
cation. 

Dr. Tyndall’s practice and experience in these 
Alpine excursions had by this time developed in 


* See Westminster Review, vol. xi., page 433. 


him the qualities of a first-rate mountaineer, and 
in the eyes of enthusiastic Alpine travellers his 
achievements with the ‘‘ alpenstock” and ‘“‘ice- 
axe” are at least as remarkable as the clear insight 
into the physical phenomena of the mountains 
which gave him his high station in the world of 
science. 

Subsequently he proceeded to Zermatt, and 
spent days on the Riffelberg, exploring the entire 
system of glaciers between Monte Rosa and the 
Mont Cervin. 

He describes these glaciers as exhibiting, perhaps, 
in a more striking manner than any others in the 
Alps, the yielding of glacier ice when subjected to 
intense pressure. The great western glacier of 
Monte Rosa, the Schwartze glacier, the Trifti 
glacier, the glaciers of St. Theodule, are first spread 
out as wide and extensive névés over the breasts of 
the mountains. They move down, aud are finally 
forced into the valley containing the trunk or 
Gorner glacier. Here they are squeezed to narrow 
strips, which gradually dwindle in width until they 
form driblets, not more than a few yards across. 
From the Goérner-grat, or from the summit of the 
Riffelhorn, these parallel strips of glacier, each 
separated from its neighbour bya medial moraine, 
present a most striking and instructive appearance. 

The structure of all these glaciers was ex- 
amined most carefully, and in all cases as he 
travelled from regions where the pressure was 
feeble to regions where it was intense, the ice 
changed from a state almost, if not entirely, 
structureless, to a state in which the veining was 
exhibited in great perfection. 

Kach glacier where it met the opposing mass in 
the trunk valley, and was pressed against the latter 
by the thrust behind it, exhibited a beautifully 
developed structure. 

Advocates of the stratification theory suggest 
that this effect is produced by the turning up of 
the strata so as to expose their edges at the sur- 
face. Dr. Tyndall was anxious to discover some 
crucial phenomenon which should set this question 
for ever at rest, and leave no room for doubt, even 
in the minds of those who never saw a glacier. 
He was fortunate enough to make this discovery 
upon the Furgge glacier. 

This ice-field spreads out as an almost level plain 
at the base of Mont Cervin. Thestrata pile them- 
selves one above the other without disturbance, and 
hence with great regularity. 

The ice at length reaches a brow which forms the 
termination of a lower valley, shutting up the latter 
as a ‘‘cul de sac ;’ and down this brow it is precipi- 
tated, forming in its descent four great terraces. 
Huge blocks of ice stand, like rocking stones, upon 
the topmost ledge, and numbers which have fallen 
have been caught by the other ledges and occupy 
very threatening positions; the base of the fall 1s 
cumbered with crushed ice, and large boulders of 
the substance have been cast a considerable way 
down the glacier. 

On the faces of the terraces horizontal lines of 
stratification are shown in the most perfect manner. 
Here and there the exertion of a powerful lateral 
squeeze is manifest, causing the beds to crumple, 
and producing numerous faults. 

Examining the fall from a distance through an 
opera-glass, Dr. Tyndall thought he could discover 
lives of ‘‘ veining” running through the strata, at 
a high angle, exactly as the planes of cleavage 
often run at a high angle to the bedding of the 
slate rocks. 

The surface of the ice was, however, weathered ; 
and he was unwiliing to accept an observation 
upon such a cardinal point with a shade of doubt 
attached to it. Leaving his glass with his guide, 
who was to give warning should the blocks over- 
head give way, he advanced to the wall of ice, and 
at several places cut away with his axe the weathered 
superficial portions. Underneath he found the 
true veined structure ‘‘ running nearly at right 
angles to the planes of stratification.” 

He afterwards climbed the glacier to the right, 
and, as he ascended, still better illustrations of the 
coexistence of the structure and the strata than 
those which he had observed on the terraces ex- 
hibited themselves. The ice was greatly dislocated, 
and on the faces of the crevasses the beds were 
shown ‘‘ with the veins crossing them.” The idea 
that the veins could be due to the turning up of 
the strata is plainly irreconcilable with these ob- 
servations. 

On the Mer de Glace and its tributaries, the same 
key was found applicable to the phenomena. The 
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transverse structure of the Glacier du Géant is 
formed at the base of the series; that of the 
Taléfre branch of the Mer de Glace at the base of 
the Taléfre ice-fall, where the change of the incli- 
nation and the thrust from behind develop the 
requisite longitudinal compression. 

Dr. Tyndall was able finally to divide the prin- 
cipal kinds of structure into three, as follows : 

1. Marginal structure, developed by pressure due 
to the swifter motion of the centre of the glacier. 

2. Longitudinal structure, due to mutual pres- 
sure of two tributary glaciers: the structure here 
is parallel to the medial moraine which divides the 
tributaries. 

3. Transverse structure, produced by pressure due 
to change of inclination and tothe longitudinal thrust 
endured by the glacier at the base of an ice-fall. 

The physical mode in which pressure produces 
the veins Dr. Tyndall refers to a phenomenon of 
liquefaction. When a liquid is heated the attrac- 
tion of the molecules operates against the action of 
heat, which tends to tear them asunder ; at a cer- 
tain point the heat triumphs, the cohesion is over- 
come, and the liquid boils. But, supposing the 
attraction of the molecules is assisted by the appli- 
cation of an external pressure, the difficulty of tear- 
ing them asunder will be increased, more heat will 
be required for this purpose, and we may say that 
the boiling point of the liquid has been elevated by 
the pressure. 

Dr. Tyndall exhibited spheres of sulphur which 
had been cast ina mould ; these, on cooling, con- 
tracted so as to leave a large space hollow within 
each sphere ; the same occurred, though in a less 
degree, with lead and most other substances. 

Conceive the sphere replaced in the mould, and 
the latter heated ; to liquefy, it is necessary that 
the sulphur, or the lead, should ‘‘swell.” Here, 
as in the former case, the swelling of the substance 
is opposed by the attraction of its molecules; but 
with a certain amount of heat this attraction is 
overcome; we reach the ‘‘fusing point” of the 
solid. But suppose we assist the molecules by 
external pressure, a greater amount of heat will 
then be necessary to tear them asunder ; and we 
say the fusing point has been ‘‘ elevated” by the 
pressure. 

Bismuth expands during its solidification ; hence, 
in order to liquefy a sphere of bismuth, the sub- 
stance must contract ; the molecules must arrange 
themselves more closely together. Heat produces 
this contraction, and it is manifest that in this case 
external pressure assists the heat instead of oppos- 
ing it, and that to fuse the metal under pressure 
a less amount of heat will be necessary ; hence the 
fusing point of bismuth is ‘‘ lowered” by the pres- 
sure. 

Now ice is a substance which behaves in this 
respect exactly like bismuth ; it contracts on being 
liquefied, and if we subject it to pressure it will 
liquefy under 32 deg. Fahr. In its case also the 
melting point is lowered by pressure. 

Supposing, then, a prism of solid ice at 32 deg. 
Fahr. to be subjected to pressure. This pressure 
reduces its melting point, say, for the sake of 
simplicity, to 31 deg. Fahr. What must be the 
consequence? The ice possesses a temperature 
higher than its new melting point, and the excess 
of heat which it possesses is applied to the lique- 
faction of a portion of it. 

Dr. Tyndall placed a prism of ice between the 
surfaces of asmall hydraulic press, and the prism 
was illuminated by the bright beam of an electric 
lamp. The beam from the electric arc lamp had 
been previously sifted of its heat by sending it 
through a solution of alum, so that the light passed 
afterwards through the ice without melting it. By 
means of a convex lens placed in front of it, a magni- 
fied image of the prism of ice was cast upon a screen, 
and when the pressure was gradually applied, lines 
were observed drawing themselves across the pressed 
mass in a direction at right angles to the pressure ; 
these lines were proved to be the edges of flat 
spaces in which the ice had been liquefied by the 
pressure. * 


* Dr. Tyndall’s mode of exhibiting to a large audience 
experiments which, without projection on the screen by 
means of his electric camera, could only be seen by one 
or two spectators at a time, is now in use in all the lecture 
theatres of the world. When first used at the Royal 
Thstitution it was esteemed a great advance in demonstra- 
tion. Experimental illustrations being one of the prime 
objects of the Institution, the members were not back- 
ward in expressing their appreciation of this side of his 
genius. lJ araday was particularly emphatic in approval 
of this new method of making minute changes visible, 
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Dr. Tyndall's explanation of the blue veins’, perpendicular to the direction of pressure; a means 
therefore, resolved itself to this : the glacier, when | was thus provided for the expulsion of the air 
subjected to intense pressure, also liquefied in flats) entangled in the ice, or, in other words, for the 
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production of veins containing less of air than the 
general mass of the glacier. A portion of the 
water would be absorbed by the adjacent bubbled 
iceand refrozen when released from the pressure, 
and the veined structure would follow. 

The sketch, Fig. 1, makes clear the experiment 


referred to above. A prismatic mass of ice was 
taken, the shape of which, in section, was that 
of abcd; the side ab was purposely left longest, 
in order to throw the pressure upon that side. 
The mass was squeezed between the slabs of wood 
S and S}, and the result was that shown in Fig. 2; 
the side a b, which had borne the pressure, became 
liquefied in flats, as shown in the figure. 

Fig. 3 is a section of the portion of the Grindel- 
wald glacier already referred to: at the point A the 
glacier changes its inclination, and pressure comes 
into play ; at this point the veins begin to be 
found, and in a short distance reach perfection. A 
comparison of both diagrams at once suggests their 
relationship. 


THE MANCHESTER SHIP CANAL 
BRIDGES.—No. IV. 

b. The Viaduet over the Ship Canal, Deviation 
Railways Nos. 1 and 2.—This important structure 
carries the London and North-Western Railway 
Company’s Grand Junction line, and the Lanca- 
shire and Cheshire Junction Railway, over the Ship 
Canal between Daresbury and Warrington, the 
position being marked by the Fig. 5 on the key 
diagram of sites of bridges. (See ENGINEERING, 
pages 126 and 271 ante.) 

The structure is a skew one, consisting of five main 
girders, each having a total length of 299 ft. and a 
maximum height of 36 ft. at centre, running down 
to 24 ft. at the ends. The angleof skew is 26 deg. 
29 min. 45 sec., and the clear span measured on the 
square is 120 ft. The main girders are spaced 
18 ft..6 in. and 36 ft. 6 in. oneither side of that 
at the centre of the structure respectively ; 35 cross- 
girders connect each pair of main girders, having 
depthsof 13in. and15in. for Deviation Railway Nos. 1 
and 2 respectively. The outside main girders have 
a width of flange of 3 ft. 6 in. ; those inside having 
this dimension increased to 4 ft.6in. Both booms 
are trough-shaped, and the main bracing of the 
main girders is in double system, with vertical 
struts, built up of bulb angles and ties of flat bars, 
all being in conformity with the type already fully 
described and figured in the case of the Mersey 
Viaduct on Deviation Railway No. 1. 

The main girder bays are 19 ft. Gin., and the 
end posts, which follow the type already detailed, 
have a total width of 6 ft. 

The bearings are similar in all particulars to 
those already described for the Mersey Viaduct. 
Cast steel is employed throughout the saddles and 
bedplates, the dimensions of which of course are 
designed to conform to the requirements of the 
girders they carry. The rocker pins are 292 ft. 
from centre to centre. The wind bracing is neces- 
sarily heavier and more complicated than in the 
case of the structure selected as the type of this 
group. The flooring, rail troughs, &c., are on 
similar lines to those already dealt with, though of 
course adapted to suit the exigencies of the five 
main girders and the shorter cross span involved, 
and need not therefore be again referred to in 
detail. 

The camber of each main girder is 34 in. 

c. Tne Viaduct over the Ship Canal, Deviation 
Railway No. 3.—The remaining structure in the 
group of hog-backed girder railway bridges is the 
viaduct over the Ship Canal, Deviation Railway 
No, 3, also a large and important undertaking, 


a 


— 


carrying the London and North-Western Railway 
Company’s Warrington and Stockport line over 
the Ship Canal between Latchford and Thelwall, 
and marked ‘‘6” on the key plan of bridge sites 
accompanying these articles. (See pages 126 and 
286 ante.) 

The structure is a skew one, and is formed of 
three main girders, each 280 ft. in total length, 
having a maximum height of 34ft. at centre, 
running down at either end to 23 ft., and spaced 
18 ft. apart from each other from centre to centre. 
Each main girder overlaps its neighbour by 
38 ft. 3in., owing to the skew. : : 

The design of the main girders follows in prin- 
ciple of construction that of the structure illustrat- 
ing this type of railway viaduct. Both upper and 
lower booms are trough-shaped, and have depths of 
2 ft. 3in. and 1 ft. 9in. in the centre and side 
main girders respectively. The flange-plates of 
the outside main girders are 3 ft. 6 in. in width, 
increased by an additional foot in the case of the 
centre main girder. 

The main bracing of the main girders follows the 
type already dwelt on—viz., a double system with 
vertical struts, composed of four bulb angles 
connected by a perforated web with ties 
and counterbracing, made up of stout flat bars. 
The bulb angles may be stated to range from 
8 in. by 33 in. by 2 in. to 74 in. by 3$ in. 
by ;7,in., whilst the ties and counter-bracing 
bars run between 19 in. by { in. and 12 in. by $ in. 
in the outside, and from 20 in. by 1 in. to 138 in. 
by } in. in the centre main girders respectively. 
Distance pieces with {-in. bolts (see page 306) 
similar to those for the Mersey Viaduct, Deviation 
Railway No. 1, secure the ties together, and all 
details are in accordance with designs already 
given. 

The angle framing for the outside girders and 
inside girder is made up of 5-in. by 5-in. by 3-in. 
and 5-in. by 5-in. by 2-in. bars respectively; the 
web-plating being similarly } in. and 2 in. respec- 
tively for each. The cross-girders are 13 in. in depth, 
and are spaced 8 ft. 1} in. from each other. They 
are composed of 43-in. by 3}-in. by 4-in. angles, 
with $-in. web-plates. In conformity with the two 
structures already dealt with, the lower flanges are 
curved, and bear directly on the bottom booms of 
the main girders. The longitudinal rail-bearers 
have a depth of 8 in., with 6-in. by 3-in. by 2-in. 
angle flanges and 4-in. webs. The flooring follows 
the design already detailed, and, together with the 
rail troughs, calls, therefore, for no special comment. 
The wind bracing is necessarily an important item 
in connection with the structure, and is divided into 
10 bays, with cross-girders spaced 19 ft. 14 in. 
apart, with diagonal members. The cross-girders 
are in two members, secured to each other by 1}-in. 
rods with coupling screws. 

The bearings and remaining details follow in all 
particulars the design of the group now. under 
review, rendering further remarks concerning them 
superfluous. The camber of each main girder is 
33 in. A short side span occurs at either end of 
this bridge, with reference to which, to render our 
remarks altogether complete and exhaustive, we, 
in conclusion, append a brief note. 

The east side span of the viaduct over the Ship 
Canal, Deviation Railway No. 3, has a super- 
structure consisting of two main girders, each 98 ft. 
long by 14 ft. in height throughout. The main 
girders are spaced 34 ft. 6 in. from centre to centre, 
with a skew so severe that only for 21 ft. 6 in. are 
the main girders opposite each other. The upper 
boom has a single web-plate 20 in. by 2 in. to 2 in. 
thick ; a pair of 6-in. by 6-in by }-in. angles, and 
flange plates 2 ft. by % in. by 4} in., stiffened at 
each outer edge by a 3-in. by 3-in. by $-in. angle, 
which is omitted in the lower boom, which in all 
other respects is precisely similar. 

Vertical struts, inclined ties, and much counter- 
bracing form the main bracing of the main girder, 
which is divided in 8 ft. 6 in. bays. The strutsare 
made up of four 3-in, by 33-in by $-in. angles, and 
the flat tie-bars range between 9 in. by 1 in. and 
6in. by 3 in. The end posts conform to the type of 
the main span, being built of angle framing (5 in. 
by 5 in. by 3 in.) with 2-in. webs; and stiffening 
T-bars down the centre (6 in. by 3 in. by } in.). 

The cross girders, owing to the heavy angle of 
skew, vary considerably, ranging in depth from 
1 ft. 3 in. to 2 ft. 9in., and in length from 14 ft. 
to 34 ft. 6in. A similar variation is also neces- 
sitated in the longitudinal girders, which may, 
however, be stated as averaging about 12 in. in 


depth, with 44 in. by 34in. by 4in. angles for 
each boom. Iron floor-plates $ in. thick, with T-bar 
(6 in. by 3in. by 4in.) connections, complete the 
flooring. The rails are carried in troughs similar 
in all particulars to those of the main span (see 
page 306 for large scale section). The main girders of 
the side spans are supported on cast-iron bedplates 
of the usual type. The west side span of the via- 
duct over the Ship Canal, Deviation Railway No. 3, 
follows on the lines already described for the east 
side span, with such variation only as a curve in 
the railway and a change of gradient calls for, 
rendering it unnecessary for us to lay before our 
readers further detailed remarks upon it. 


CHLORINE RECOVERY. 
By C. F. Townsenp, F.C.S. 


In the fierce competition now existing between 
our own and other countries for supremacy in 
chemical industry, the battle will certainly incline 
to the side which makes the best use of its so-called 
waste products. Almost every year witnesses the 
conversicn of some substance from an embarras- 
iment and a nuisance into a valuable source of 
profit. Ina similar manner, the great rivals in the 
alkali trade of this country, the Leblanc and 
ammonia-soda processes, are racing neck and neck. 
First one gains a few inches by some economy of 
fuel or utilisation of what was formerly thrown 
away ; then the other, by a desperate effect, makes 
up its lost ground, and perhaps gains a little on its 
adversary. 

Chlorine recovery is the battlefield around which 
the contest has raged for the last few years. Far 
from diminishing, it gets keener and keener, and 
is absorbing nearly the complete attention of all 
engaged. The chemical facts and data on the sub- 
ject have been known for years ; the problems to 
be solved are engineering, and not chemical ones, 
and every advance made is not due to chemical 
research, but is in the direction of economy of fuel 
and improved construction. 

The Leblanc, or older of the two processes for 
the manufacture of soda, consists in first treating 
salt with sulphuric acid to convert it into sulphate, 
and then calcining the latter in a revolver with 
chalk and coal-dust. In the first part of the manu- 
facture, HC] is given off in large quantities— 

2Na Cl +H, SO,= Na, $0,442 HCl. 

For many years this was allowed to escape into 
the air, to the detriment of both animal and veget- 
able life, and the canals round Widnes were 
nothing but a dilute solution of the acid ; so much 
so, that the barges plying on them had to be copper- 
fastened. Its value was at last recognised, and 
the exit gases from the black-ash process were 
passed through scrubbers to remove it, less than 
5 per cent. being allowed to escape at the present 
time. 

Chlorine was first produced from the acid by the 
well-known reaction with manganese dioxide, 


MnO, + 4 HCl = MnCl, + 2H,O + Cl; 


and Weldon’s process for the recovery of the man- 
ganese by mixing it with milk of lime and blowing 
hot air through it, was one of the earliest steps in 
the recovery of waste products. New methods, 
however, are gradually coming forward, and it 
seems likely that before long the old Weldon 
process, after many years of valuable service, will 
be relegated to the background. 

Deacon and Hurter’s method, which practically 
burns the hydrogen of the hydrochloric acid, setting 
free the chlorine, has attained considerable success. 


2 HCl + O = H20 + Ch. 


The acid, as it comes from the decomposing pots, 
is mixed with hot air and passed over clay soaked 
in cupric chloride, raised to 500 deg. Cent. by 
waste heat, which exerts a catalytic action, being 
alternately reduced and oxidised. Unfortunately 
the contact between the gases and the copper 
salt has never been sufficient, a good deal of 
the acid escaping unacted on. As a net result, 
only 30 per cent. is converted into chlorine, the 
remainder going forward to scrubbers in the usual 
way to be used in the Weldon process. 

The most promising method seems to be the treat- 
ment of hydrochloric acid with nitric acid, for 
which purpose plants have been erected recently 
both in England and Scotland. As in all other 
systems, the principle has been known for a very 
long time, the first patent having been registered 


lin 1838, and the difficulties to be overcome have 
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been mechanical ones. 
great effort to work the process, but was not re- 
warded by commercial success. It is again attract- 
ing attention, and is to be worked in Scotland under 
Mr. W. Donald’s patent, whilst a modification de- 
vised by Messrs. G. E. and H. R. Davis will be 
tried in Cheshire. The elimination of chlorine by 
means of nitric acid is, of course, only another way 
of burning the hydrogen of the hydrochloric acid, 
the nitrous acid acting as carrier, and the recovered 
oxides of nitrogen being used over again, The 
advantage of this system, if it can be worked suc- 
cessfully, will be that the whole of the chlorine 
will be acted on, instead of only a half as in the 
Weldon, and a third in Deacon and Hurter’s 
process. 
2 HCl + 2HNO; = N,O,+ 2Cl + 2 H,O. 


The Solvay or ammonia-soda process works on 
entirely different lines to the Leblanc. Brine is 
used in place of dry salt and ammonia, and carbonic 
acid gas is passed through the hot solution. The 
following reaction takes place : 


NH, HCO, + NaCl = Na HCO, + NH, Cl. 


The bicarbonate crystallises out, and is either sold | P 


as such or converted by heat into the normal car- 
bonate ; whilst the ammonium chloride is heated 
with lime, calcium chloride being formed as a waste 
product, and ammonia passed back into the plant 
to be used over again. The soda obtained is very 
pure and clean, having the advantage in this respect 
over Leblane soda, which is freed from its im- 
purities, consisting of sulphide and chloride of 
sodium, with some difticulty. The ammonia-soda 
process had an uphill fight for many years. The 
great trouble besetting its promoters was unsound 
joints, through which ammonia continually 
escaped. After immense perseverance, these 
mechanical difficulties were got over, and it is now 
gaining steadily on its rival, as the following 


In 1847, Dunlop made a]as such, and the same quantity as HCl, whilst 


the rest was left still combined with the magnesia. 
When the oxide was formed it hada tendency to 
break down into fine dust, which gave a good deal 
of trouble. The final apparatus was erected in 
France, and was pronounced by every one who had 
seen it to be a marvel of engineering skill. The 
plant was, however, excessively complicated, very 
costly, and the fuel consumption very high ; and, 
besides this, the wear and tear at such a high 
temperature was very considerable. It seems pro- 
bable that the combined difficulties proved too 
great to admit of commercial success, for we have 
heard very little as to its working lately. 

Very recently a special article in the Times an- 
nounced that Mr. Ludwig Mond, of Brunner, 
Mond, and Co., who work the ammonia - soda 
process, had succeeded in overcoming all difficul- 
ties, and that chlorine recovery in the Solvay 
process was a fait accompli. The method is so 
similar to that just described that one cannot 
be blamed for feeling somewhat sceptical on the 
subject. As far as one can learn from published 
accounts, if anything could succeed in solving the 
roblem, which was entirely an engineering one, 
the beautiful apparatus of M. Péchiney should 
have done so. The same difficulties of construc- 
tion, the same high temperatures, and large fuel 
consumption still remain, and it is difficult to 
believe that they have been overcome, in spite of 
Mr. Mond’s perseverance and vast experience. 

Instead of treating the ammonium chloride, 
obtained in the ammonia-soda process, with lime 
to recover the ammonia, it is stated that in the 
new method the ammonium salt is crystallised out, 
and then volatilised at 350 deg. Cent. in a vessel 
containing melted zine chloride. The vessel is of 
iron, lined with antimony or an antimony alloy to 
protect the iron from the action of vaporised HCl, 
and the bath of zinc chloride is necessary to pre- 


figures, taken from the Alkali Inspector’s report| vent the temperature from rising to the fusing 


for 1892, will show : 
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| 1891. 
tons 


tons tons 

567,863 | 602,769 | 584,20. 

278,528 252,260 | 219,279 
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Soda made by Leblanc process.. = 
F, Ammonia soda .. ae 


Every inch of the ground, however, is fiercely con- 
tested, and the old method has still a good many 
years of life before it, as far as one can see at pre- 
sent. But, if the ammonia-soda makers could re- 
cover the chlorine, which they now lose as calcium 
chloride, in a cheap and satisfactory way, they would 
probably drive their adversaries off the field. 

As may be imagined, invention after invention 
has been contrived towards this end, but up to 
now with very limited success. The similar problem 
at Stassfurt, where 200,000 tons of magnesium 
chloride, containing three-fourths of its weight of 
chlorine, are thrown away annually, also acts as a 
spur to inventors. _ In 1887 Professor Dewar 
brought the Weldon-Péchiney process to the notice 
of the Society of Chemical Industry. It was based 
on the fact, discovered by Graham and Davy, that 
chloride of magnesium can be decomposed by hot 
air into magnesia and free chlorine. The late Mr. 
Weldon had attacked the chemical side of the 
question, and M. Péchiney the engineering diffi- 
culties, and between them they had elaborated a 
very beautiful piece of chemical engineering. The 
difficulties to be overcome were very great on both 
sides. Temperature as high as 800 deg. Cent. to 
1000 deg. Cent. had to be used to decompose the 
oxychloride, and the vessels used had to be lined 
with fireclay on account of the action of hydro- 
chloric acid on iron. The process consisted of 
five stages : 

1. Dissolving MgO in HCl. 

2. Preparation of the oxychloride. 

3. Crushing, breaking, and sifting the oxychloride. 

4. Drying the compound, 

5. Decomposing it. 

Magnesium chloride solution cannot be evapo- 
rated to complete dryness, as after MgCl, +6 OH, is 
formed, decomposition into oxychloride and hydro- 
chloric acid begins to set in. Great care had to be 
exercised in this operation, and the final composi- 
tion of the oxychloride was : 


} Per Cent. 
Impurities 5.47 
Water ... 21.62 
MgCl, 44.45 
MgO 28.36 


About 40 per cent. of the chlorine was obtained 


point of antimony (425 deg. Cent.), and also to 
render the evolution of the gases more regular. The 
mixed gases from the decomposition of ammonium 
chloride are led into a second vessel containing 
magnesia. The hydrochloric acid is taken up by 
the magnesia to form hydrated chloride, and the 
ammonia passes on to be returned to the soda 
plant as formerly. When the tension reaches 
a certain point, the action stops, the gases are 
cut off, and the hydrated chloride is decomposed 
by air at 1000 deg. Cent., as in the Weldon- 
Péchiney process. The chlorine is driven off to 
be used in the production of bleaching powder, 
and the magnesia is left behind as at the 
commencement, ready to repeat the operation. The 
magnesia vessel, instead of pure magnesia, contains 
balls of a mixture of magnesia 100 parts, china 
clay 75 parts, and lime 6 parts, made into a paste 
with potassium chloride. The object of this is to 
give a large surface for the reaction, and to counter- 
act the tendency of the oxide to degenerate into 
dust. The reaction, as a whole, may be repre- 
sented thus : 
1. 2 NHi Cl+MgO=MgCl,, OH, +NH,. 
2. MgCh, OH,+O=Mg0+0H,+Cl,. 

All the water is driven off at 550 deg. Cent., but 
a considerable amount of HCl is formed at the 
same time. In the Weldon-Péchiney process half 
the chlorine recovered was in the form of HCl. 

It will be seen that the difference between the 
two methods is very small, with the exception of the 
ammonia portion, which is preliminary. When we 
come to examine the matter thermochemically, we 
see that the ammonia is a very serious part. The 
ammonium chloride solution only contains some 
20 per cent. of the salt, so that for every molecule 
of NH,Cl obtained, four times its weight of water 
have to be evaporated. The salt must then be vola- 
tilised and decomposed at 350 deg. Cent., requiring 
heat as follows : 


Evaporation of 53.5 x 4 kilos. water Cal. 
(53:5 x 4 x 537) Ot oe 114,918 
Decomposing 53.5 kilos NH,Cl 41,900 
Raising 17 kilos. NH, from 100 deg. 
to 350 deg. (17 x .5084 x 250). 2,160 
Raising 36.5 kilos. HCl from 100 deg. 
to 350 deg. (36.5 x .194 x 250) 1,770 
Heat of solidification of NH,Cl +3,880 
—160,748 
+ 3,880 
Net requirement... 156,868 


Supposing, for the sake of comparison, that all 
the chlorine in the new process is obtained in a free 
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state—a very favourable supposition—we should 
have the following yield at the completion of the 
reaction : 


MgO 40.0 
Cli... 71.0 
H.0 18.0 

129.0 


and for the oxidation 16 kilogrammes of oxygen or 80 
kilogrammes of air would have to be blown in at 
1000 deg. Cent. The heat required is therefore 


Cal. 
80 kilos. air to 1000 deg. Cent. (80 x 
.2375 x 1000) ... ie sa Be 19,000 
40 kilos. Mg O 350 deg. to 1000 deg. 
UiGins O44 EBD ep eg ees 6,344 
For inert materials mixed with Mg O 
say ca cee a ws oe 5,000 
35.5 x 2 kilos. Cl from 350 deg. to 
1000 deg. (71 x .12 x 650)... ... 5,538 
18 kilos. steam from 350 deg. to 1000 
deg. (18 x .48 x 650) foc ae 5,600 
41,482 


As it isa continuous process, the chemical work 
comes in twice in opposite directions, and may be 
neglected. This figure 41,482 units is for 2 Cl, so 
that for one equivalent we shall have half this, 
20,741 calories. Tothis must be added 156,868 
from the preliminary operation, giving a total of 
177,609 calories which represents the minimum 
quantity of heat necessary for the operation, with- 
out any allowance for loss by radiation, &c. In 
face of these exceedingly high results, it is difficult 
to see how success can be hoped for, whatever 
economies of fuel are practised. 

Whenwe compare it with other chlorine processes, 
such as the Deacon, where the thermochemical 
equation is on the plus side : 


2H+2Cl= 44,000 
2H+O =+58,700 
+ 14,700 


and in which the highest temperature reached is 
300 deg. to 400 deg. Cent., or the method of oxida- 
tion by nitric acid : 
2HCl + 2HNO; = 2Cl + N.O,+2H2O0 
4,000 


2H +2Cl = 44, 
N,O,+0O0+Aq= 9,335 
2H+0 = +58,700 

+5,365 


it is even more difficult to believe that a system 
working on these lines can be a commercial success 
under present conditions, although we must not 
forget that the chlorine of the ammonium chloride 
is a waste product and costs nothing. The heat 
consumed in the black-ash portion of the Leblanc 
process, as given by Dr. Hurter, is only 98,000 
units, and if we add 15,800 calories for the prelimi- 
nary conversion of the salt into sulphate, 113,800 
for the whole manufacture ; the subsequent elimin- 
nary of the chlorine from the hydrochloric acid, 
whether by the Weldon or other oxidising process, 
not requiring additional heat theoretically. 

The most serious items in the suggested pro- 
cess are the evaporation of the water and 
the heating of the air required to decompose 
the magnesium chloride. Waste heat from 
other sources may minimise the cost of the 
former, but there is no means of applying it to 
the latter purpose, whatever quantity may be 
available. The chemical work is comparatively 
trifling, but it is the difficulty of dealing with the 
large masses of inert material and useless volume 
of nitrogen at sucha high temperature, which raises 
an apparently insuperable obstacle in the inventor’s 
path, 

In addition to purely thermochemical pro- 
cesses, many attempts have been made to 
apply electricity, not only to the formation of 
chlorine and bleaching compounds generally, but 
also to the production of caustic soda and chlorine 
by direct electrolysis of salt itself; the most 
notable among them being the Hermite process. 
The stumbling-block has always been the difficulty 
of finding a diaphragm capable of separating the 
ions without adding largely to the resistance. 
Messrs. Cross and Bevan, however, have described 
a very ingenious diaphragm in connection with the 
Le Sueur process, which is said to work perfectly. 
Electrolytic methods are certainly coming into use 
for the manufacture of bleaching powder and the 
weak alkali used in paper mills. Whether they 
will succeed in competing with the older processes 
for producing pure materials is another question 
altogether. It is claimed that with power costing 
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GATES AT ALLINGTON LOCK, LOWER MEDWAY. 


MESSRS. HUNTER AND ENGLISH, ENGINEERS, LONDON, 


only 4d. per 1000 


watts, or 7d. per horse-power 
hour, the task can be accomplished successfully ; 
but the difficulties are not yet overcome, and it 
may be some time before the goal is reached. 


NEW WASTE GATES AT ALLINGTON LOCK. 

THE difficulties attending the regulation of a river, 
such as the Medway, through seasons of drought or 
periods of prolonged rainfall, are of greater magnitude 
than is perhaps easily imagined. The responsibility 
of insuring safe navigation, so far as that part of the 
Medway which lies between Maidstone and Snodland 
is concerned, rests upon the shoulders of the Lower 
Medway Navigation Company, to which body belongs 
a considerable amount of credit in respect of the dis- 
charge of their important functions. The fact that the 
company is alive to the importance of a proper regula- 
tion of the water of the river, has recently been 
demonstrated by the completion of what is very pro- 
perly considered a great improvement. 

At Allington Lock there were formerly two waste 
gates—one a pair of skeleton gates in the narrower 
channel, each containing three sluices, giving the 
largest area of waterway that could be obtained ; the 
other a pair of solid gates, each having two sluices, 
giving a total area of waterway of 52 square feet. The 
necessity of providing some means by which surplus 
water could be got rid of more quickly had been 
felt for some considerable time. The Lower Medway 
Navigation Company decided to erect in the wider 
channel a pair of gates similar in construction to those 
in the narrower channel. Messrs. Hunter and 
BHnglish, of Bow, London, E., had originally con- 
structed the waste gates for the company in 1847, and 
it was decided by the company to place the matter 


into their hands for execution. The new gates de- 
signed by them are of a skeleton form, and give an 
area of waterway of 270 square feet, as against 52 
square feet in the old gates, 

It being impossible to remove the gates for the pur- 
pose of taking particulars, and there always being a 
considerable depth of water over the sill at low water, 
it was necessary to take particulars and templates of 
the gates as they stood in position, partly by the 
assistance of a diver. 

Owing to the exigencies of the navigation, it was 
imperative that the gates should be quickly fixed when 
ready, two days being allowed by the company for re- 
moving each leaf of the cld gates and fixing one leaf 
of the new ones. It was evident, therefore, that 
special arrangements should be made to insure that 
the operation should be safely and expeditiously 
carried out. With this view a gantry was erected 
over the lock, as shown in our illustration above, 
with a powerful double-purchase winch capable of 
running from side to side of the opening. 

On Friday, September 18, 1891, the new gates 
having been previously delivered at Allington, the 
old gate on the Sandling side of the lock was lifted, 
an exact template taken of it, other dimensions 
checked, and the gate replaced in position before the 
turn of the tide. On Monday, September 21, the new 
gate, which had in the meanwhile been tested by the 
template, was lowered on to a barge, lifted in the 
afternoon, and deposited in the water ready for the 
the next day’s operations. On Tuesday morning, 
September 22, the water was allowed to run out, the 
old gate was lifted, and the new gate successfully fixed. 
It had been originally intended, as above stated, to 
allow the water to be drawn off for two consecutive 
days, but finding that sufficient time remained before 


high water, the sluice-gates were fixed in the gate 
and the water was penned in at high water about 
4.30 p.m. The navigation was, therefore, only 
stopped for one tide instead of four. The gate was 
found to fit perfectly, showing the care with which 
the dimensions had been taken and the new gate con- 
structed. 

A similar operation was performed on October 5 and 
6 with the other leaf of the gates, and with equally 
satisfactory results. 

The work was quickly and satisfactorily done under 
the personal superintendence of Messrs. Hunter and 
English, with their own mechanics, and with the 
valuable assistance of Mr. Golding, the superintendent 
of the company, and his staff. The gates have since 
stood satisfactorily the work which they have had to 
perform. Although the new gates were fixed in Sep- 
tember and October, 1891, we deem the somewhat 
difficult and unique operation as worthy of record, 
and as being creditable to all who were concerned in 
its execution. The efficacy of the new gates has 
been tested by floods which have since occurred, when 
the water has been kept down much more effectually 
than would have been possible had the old gates 
remained. 

Our illustration shows the first half of the new 
gates being lifted into position by means of the 
travelling winch upon the gantry before described. 


— 


ROBERTSON AND LOUDON’S SCREW- 
CUTTING LATHE. 

We illustrate on the opposite page a lathe manufac- 
tured by Messrs. Loudon Brothers, Glasgow, having a 
novel arrangement of screw-cutting gear. The lathe 
has 9-in, centres, and agap bed 12 ft. long. Theswing- 
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ROBERTSON. AND LOUREM S SCREW -CUTTING LATHE. 


CONSTRUCTED BY MESSRS. LOUDON BROTHERS, ENGINEERS, 


plate, which carries gear between the leading screw 
and the driving pinion, is pivoted on a stud carrying 
the driving pinion, iustead of turning on a screw. 
There are also two wheels of 80 and 40 teeth respec- 
tively, running on a fixed stud on the swing plate, the 
larger wheel being constantly in gear with the driving 
pinion on the lathe spindle, whilst the 40-toothed 
wheel is used for compounding the wheels with the 
screw for cutting fine pitches. By this arrangement 
any wheel from 20 to 120 teeth on the screw can be 
geared without changing the intermediate wheels, and 
provision is made whereby, with six large wheels, all 
Whitworth pitches can be cut for diameters of from 
din. to 3 in., three different pitches being cut by each 
of the six change wheels without altering their position. 
Provision is also made for giving the lathe a fine 
boring feed, suitable for cutting a hole in solid metal. 
On the turret rest provision is made for four tools. 


THE BLACKPOOL TOWER. 

WE give on page 338 a general elevation of the tower 
now being erected at Blackpool by Messrs. Heenan and 
Froude, Manchester, and on page 339 will be found 
other views showing the condition of the work at two 
stages of construction. This tower is to be 500 ft. high, 
and although not so gigantic as the Kiffel Tower, it yet 
will be the highest structure in this country, and the 
conditions under which it is built present features of 
interest not met with in the French tower. The town 
of Blackpool, situated on the west coast of Lancashire, 
is visited in the summer by enormous crowds of excur- 
sionists from all parts of the district and the surround- 
ing counties, and is an eminently suitable position for 
a tower of this character, 

The tower has been designed by Messrs. Maxwell 
and Tuke, of Manchester, the architects of the Man- 
chester Royal Jubilee Exhibition, and their scheme 
includes a fine block of buildings, from the centre of 
which will rise the tower, commanding extensive views 
of the country on the one hand, and of the sea, as far as 
the Isle of Man, on the other. In preparing the con- 
tract plans, Messrs. Maxwell and Tuke have been ably 
assisted by Mr. R. J. G. Read, Assoc. M. Inst. C.E., 
of Westminster, who has had considerable experience 
in the erection of iron structures. Before receiving 
tenders, the architects, on behalf of the directors, 
submitted the drawings to Mr. Max am Ende, M. 
Inst. C.E., Westminster, who checked the calcula- 
tions, and reported the tower as amply strong enough 
to resist the strains likely to be sustained by it. 
The contract for the steel structure has been placed 
with Messrs. Heenan and Froude, engineers, of Man- 
chester, who have already erected about 1100 tons of 
iron and steel out of a total estimated at 2200 tons, and 
the work is being steadily pushed forward so as to be 
ready for visitors this season. The contract for the 
buildings surrounding the tower has been placed with 
Messrs. James Cardwell and Brothers, contractors, 
of Blackpool, whilst that for the foundations was 
let to Messrs, Robert Neill and Sons, of Man 
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chester, who completed their work last year. The 
foundations are sunk in the boulder clay, an ex- 
tensive formation of varying thickness underlying the 
shore sand. The level of the ground at the tower 
site is, we may note, about 12 it. above high-water 
mark. The foundations consist of four independent 
blocks of concrete each 34 ft. square and 12ft. thick, 
laced with 12in. by 6in. rolled steel joists placed 
under the four corners or legs of the tower. The 
width of the tower at the base is 98 ft., and the 
surface of each concrete block slopes towards the 
centre of the tower so as to afford a bearing at right 
angles to the axis of the inclined leg at that point. 
|On the top of the concrete blocks are placed the base 
girders, These are alike for each of the four legs, and 
consist each of four box girders crossing each other 
like the sides of an Oxford frame, at the intersection 
of which are placed the columns forming the four 
corners of each leg. These box girder frames are set 
on the rolled joists imbedded in the concrete, and held 
down by 16 steel bolts 3 in. in diameter passing down 
through the concrete to cast-iron plates below. Each 
of the four legs of the tower, therefore, consists of four 
columns inclined towards the centre, but running 
straight and parallel to a height of 85 ft. These 
columns are braced together with a single system of 
lattice bracing, so as to afford room for entrance and 
exit doorways through the legs from the rooms and 
staircases in the adjoining building. 

The space between the tower legs on the ground 
floor is to be used as a circus, and provision is made for 
carrying a gallery around it at a height of 20 ft. above 
the ground. The ceiling to the circus forms the floor 
of the elevator hall, at the height of 55 ft. This floor 
is formed of concrete between rolled joists resting on 
the girders, and from it will start the lifts, which will 
rise straight to the top platform. Access to this hall 
is obtained by means of two 10-ft. staircases and two 
spacious lifts arising from the entrance hall on the 
promenade, 

We hope to illustrate this work more in detail on a 
future occasion, 


THE METRICAL SYSTEM. 

To THE Epiror oF ENGINEERING. 
Srr,—Every one who has had experience in the matter 
cannot but emphatically indorse the letter on the above 
subject in your last week’s issue; and, well worn though 
the subject is, it cannot be too often repeated nor too 
urgently pressed. Apart from the beautiful simplicity of 
metrical formule as applied to every branch of hydraulic, 
mechanical, electrical, and railway engineering, of which 
instances may be given ad injinitum, I have always held, 
and have only recently pointed it out in a paper on ‘‘ The 
Future of British Engineering,” published In your 
columns, that the unwillingness, not only of the Govern- 
ment, but of manufacturers generally, and also, alas! of 
many engineers, to adopt the metrical system of weights 
and measures, has driven, and is driving every year, 
many contracts, and with them an immense amount of 
trade, from the country, As one of the many instances 
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within my own experience, I may mention that not long 
ago I incidentally asked a large manufacturer of bridges 
and railway material in tbe north of Italy why it did not 
suit him to get his girders—wheels even—from England, 
seeing that the freight from British ports to Genoa is 
less_ than the carriage by rail vid the Alpine passes. 
‘‘ Because,” he replied, ‘‘ Knglish weights and measures 
never fit our metrical equivalents, however finely—viz., to 
however many decimals — you may calculate them. 
Besides, this calculation involves a great deal of trouble. 
Your English makers, generally speaking, will not accom- 
modate themselves to the Continental standard, and the 
result is obvious.” Again, is there any tangible and 
intelligible reason, except the exploded notion of tradi- 
tion, why our ton, our horse-power, and many other units 
should still be different from the metrical units recognised 
and used by all the rest of civilised Europe? An inter-, 
national unification of coinage is a very different thing ; 
it is not desirable, even if it were practicable, and no 
country would rudely shake the basis of its long-estab- 
lished currency with a light heart. But the introduction 
of the metrical system in the United Kingdom, as urged, 
by the deputation which recently waited upon the Chan- 
cellor of the Exchequer, should assuredly commend itself 
to the Government as a measure far less revolutionary 
and controversial, and of infinitely more practical utility, 
than the party measures in which it is ‘‘consequentially 
involved.” 
I am, Sir, your obedient servant, 
C. S. Du Ricut PRELLER. 
18, Margaret-street, Cavendish-square, W., 
March 18, 1893. 


AMERICAN PATENT OFFICE SEARCHES. 
To THE EpIToR oF ENGINEERING. 

Sir,—It is a common mistake to suppose that the grant of 
a patent in the United States amounts toa guarantee of 
novelty. Referring to pages 63 and 64 of ENGINEERING 
for January 20, 1893, a description of EH. F. Gordon’s 
method of transmitting variable speed is given. The 
American patent is No. 488,390, dated April 15, 1892, 
This has been anticipated in England by Blackburn’s 
patent, No. 2441 (1879), the patent being now void, and 
therefore public property everywhere. This is only one 
sample of the unreliable method of searching carried on 
by inexperienced officials in the States. 

Yours truly, 
Tuomas Moy, 
8, Quality-court, W.C., February 11, 1893, 


MARINE BOILERS AND LEAKY TUBES. 
To THE Epiror ofr ENGINEERING. 

Sir,—-The very useful article in your issue of the 24th 
ult., summing up the information concerning leakage of 
tubes under forced draught, shows how small a progress 
has been made since the introduction of the system into 
Navy ships 18 years ago. I had, at the outstart, as 
assistant to the Chief Engineer of Her Majesty’s Dock- 
yard, Portsmouth, to feel the grave difference between 
the comfort of the old state of things and the new, and 
very early efforts were made by us todetermine mechanically 
an improvement in the tube joint or in the mode of 
staying to give relief. The experiments were numerous, 
and embraced many that have been tried or suggested 
over and over again since, but on the whole it seemed to 
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be conclusive that no such mechanical improvements 
would prevent leakage of tubes. Since that date the 
difficulty has been increased by the application of forced 
draught to the larger ships, and the effect of the trouble 
was well exemplified in a recent print of a group of engi- 
neer officers interviewing a parliamentary official. They 
were «all bald-headed. The cause of the delay in im- 
provement has, in my opinion, certainly been due to the 
fact that nearly all effort has been in the direction of im- 
proving the joint and in reducing mechanically the strain 
on the tubeplate, whilst it should have been aimed at an 
improvement in the circulation past the tubeplate and 
firebox stays. As far back as the date of the Portsmouth 
experiments, I have persistently expressed my present 
view, that the cause of tube leakage is the transverse com- 
pression of the tube by the nip due to the expan- 
sion of the overheated tube in the plate. The effect 
may be delayed somewhat by good design, good work, 
and good materials, but ualess the cause can be modified 
the delay can only be short, and the final result is certain. 
Mr. Yarrow has had better success than any other manu- 
facturer. He has had a very long experience, he has 
spared neither trouble nor expense, and has brought to 
bear on the problem exceptional ingenuity, patience, and 
daring. He has brought his shop practice to perfection, 
and his success has consequently been considerable. Mr. 
Yarrow insists on thin tubeplates as a sine qud nm, and 
from recent experiments thin tubgplates certainly appear 
to be better than thick ones. But given the thin plate 
and the perfection of Mr. Yarrow’s work, is the result 
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We have also suggested another mode, viz., by inducing 
a body of boiler water to flow in the required direction by 
the ejector action of the feed-current, but the mechanical 
means is, in my opinion, the best. Our experiment in the 
Sharpshooter’s boiler certainly showed our method to be 
practicable and effective, though it failed, for reasons 
which could easily be explained if space permitted. The 
good circulation will improve instead of detracting from 
the economy, and, with its other advantages, I bslieve 
that forced circulation will yet be the general method of 
securing safely the benefits of forced draught. Surely, at 
least, it is a legitimate engineering way out of the 
difficulty, and is feasible enough to be worth~a real 
trial? 

Yours truly, 
ALFRED Morcom. 
Ledsam Street Works, Birmingham, : 
March 18, 1893. 


To THe Epiror or ENGINEERING, 

Srr,—Inclosed please find rough sketch of an arrange- 
ment of marine tubeplates and tubes (firebox end), which 
occurred to me when reading your article on ‘* Marine 
Boilers” in issue of February 24. Would not such 
an arrangement stiffen tubeplate enough to permit of use 
of very thin material, and also provide thac the joint 
between tube and flange on plate would be well forward 
in solid water? Flange could be expanded by heat and 
allowed to contract on tube, or tubs could bs rolled as 


wards and equal heating at every point. A working 
tubeplate is not heated evenly all over. Consider a small 
portion (in the centre, e.g.) highly heated, and the sur- 
rounding portion comparatively cool ; the heated metal 
round the holes will expand as usual, but, being gripped 
on all sides by the cooler portion of the plate, the expan- 
sion could only take place by crushing the metal into the 
holes of the heated portion, and into those of the surround- 
ing portion, or else by buckling. 

Sanity: withrespect to stay tubes. Your article of the 
24th ult. refers to experiments and practice which go to 
show that the holding power of ordinary tubes is more 
than sufficient to stay the tubeplates, and that stay tubes 
could be dispensed with. Notwithstanding the fact that 
some hundreds of small boilers may have been safely 
worked without stay tubes, I think that few people 
would care to have the working of ships’ boilers under 
such conditions. Imagine boilers cooled down after 
working with forced draught, all the tubes probably—as 
is often found to be the case—quite loose in the holes, 
and steam having to be raised again without opportunity 
of rolling the tubes. What a pleasant speculation for 
all hands as to the result of the race between the steam 
pressure and the tubes—whether the tubes would ‘‘ take 
up” or not before the pressure was sufficient to force th» 
tubeplates out! Nor would the excitement be muc 
less if, having safely got steam, the tubes began to leak 
when under way. Who would guarantee their holding 
power ? 

The following case, which will be remembered by some 
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good enough in the opinion of those who have subse- 
quently to take charge of the machinery? I have had 
some experience, and I can say unhesitatingly that the 
condition of the tube joint can very readily be modified 
by reasonable carelessness on the part of good boilermakers 
with good tools to a large extent. It is by practice found 
to be only a question of time before leakage of tubes 
commences under full power on the very best torpedo- 
boat boiler of the tubular type. On the other hand, 
wherever the tubeplate has been kept cool, the leakage 
has been prevented. I have tried plaster myself under 
circumstances which leave no shadow of doubt as to its 
utility, but of course it is open to all the drawbacks 
pointed out in your article, 

Ferrules never did any good when made, as formerly, to 
nip the tube into the tubeplate, even when they were 
curved to protect the end, as the heat was transmitted to 
the weak spot. By simply undercutting the body of a 
long ferrule, so that the heat is transmitted to the tube 
well in from the tubeplate, the Engineer-in-Chief and his 
department have made a big advance, and have prevented 
the necessity for a heavy expenditure. In both these 
cases the tubeplate surface is protected by being covered 
on the flame side, and thus rendered inefficient, whilst the 
means of protection are liable to damage. 

Wide spacing of tubes to enable the water to get at the 
tubeplate also keeps it comparatively cool, and is well 
known to prevent leakage, but I assume that we are 
dealing with a case where a maximum power is required 
with a minimum weight of boiler, and where wide spacing 
is therefore impossible. 

Now for forced circulation, which is the remedy I have 


advocated for some time. The locomotive has, in my |d 


opinion, proved itself the best boiler for forced draught 
simply because its tubeplate stands asa breakwater in the 
way of the natural circulation, and the water must 
therefore go in the direction of the tubeplate, though if 
the experiment I referred to during thediscussion on Mr. 
Yarrow’s paper is true, it finds its passage no easy matter. 
Now, in the Admiralty type of wet bottom locomotive 
boiler, the breakwater was practically undermined, and 
the bulk of the current naturally ran away in this direc- 
tion instead of struggling through the troubled waters 
above, with results which I have not yet forgotten. 
Natural currents in any case are weak, but by fitting a 
small engine weighing about 56 1b. on to the face of the 
boiler (the work to be done being trifling, as the water is 
merely circulated), I would guarantee from the experience 
already gained to run for any length of time without risk 
of failure a helical fan inside the boiler, as shown in 
sketch, which would pass all the water contained in the 


largest marine boiler past the tubeplate and firebox sides 
every three minutes 
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If necessary, edges of flanges could be stiffened 
I suppose this might all be done with- 
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out reducing flue area more than the Admiralty ferrule 
oes. 
Yours truly, 
J. H. ABERCROMBIE, 
76, Fourth-avenue, Newark, N.J., U.S.A., 
March 9, 1893. 

[Our correspondent’s suggestion is practically the same 
as that made by Mr. J. A. Curling in our issue of 
March 10 (wide p. 283 ante).—En. E.] 


To THE EpiToR or ENGINEERING. 

Sir,—If your columns are still open to discussion of 
this important subject, will you allow me space for a few 
remarks on two of the many points involved? Firstly, 
with regard to alteration of size and shape of holes in a 
tubeplate due to the effect of heating. Does not your 
correspondent of last week prove what does not appear to 
have been disputed, viz., that a hole in a plate becomes 
larger wnen the plate is heated, provided that the plate 
is free to expand outwards from the hole? His reasoning 
would apply also to a plate of any size with a large num- 


ber of holes in it—given perfect freedom of motion out- | 


of your readers, appears to have some bearing on this 
question. A certain vessel in the earlier days of forced 
draught was one continued failure. Every attempt to 
work with the slightest air pressure caused the tubes to 
leak to an extent that has rarely been experienced before 
or since with forced-draught boilers. The cause of the 
trouble being at last discovered in the stay tubes, these 
were removed, and new ones substituted. Leaky tubes 
were heard of no more, the boilers subsequently working 
safely with an air pressure of 3in. The method of stay- 
ing was the same in both cases, i.e., the stay tubes were 
screwed into both tubeplates. The different behaviour 
of the two sets of stay tubes was said to be: that the first 
lot had the thickened ends for the thread formed by 
ferrules welded on to the ends of plain tubes, while the 
second lot were solid. Imperfect welding appears 
to have allowed a few of the stay tubes to “ work” in 
the screwed ends when under steam. Two questions are 
suggested by this: Why was not the holding power of 
the plain tubes sufficient to prevent the tubeplate from 
““giving,” irrespective of the loss of staying power of the 
defective stays? and, What would have been the con- 
sequence if a large number of stay tubes had been defec- 
tive instead of one here and there? 
Yours obediently, 
Marine ENGINEER, 


ANEW GEOMETRICAL APPROXIMATION(?), 
To THE Eprror or ENGINEERING. 

Sir,—The radius A B of the complete circle in the 
accompanying diagrams is divided into six equal parts, 
and like divisions are continued along a prolongation of 
the radius. The quadrant C B is also divided into six 
equal parts, and like divisions are continued further round 
the circle. The other lines in the diagram are drawn 
through the corresponding division points on the circle and 
prolonged radius; and they form a series of tangents to 
a curve D EH, which is like but is not a cycloid. The 
variously inclined lines may be regarded as successive 
positions of a line passing through two points moving, one 
round the circle and the other along the straight line, at 
rates having a constant ratio such that one moves round 
the quadrant in the same time that the other moves a 
distance equal to the radius. As the two points coincide 
at B, the inclined line for that position cannot be drawn 
without special geometrical artifice. It may be closely 
approximated to in various ways, but of a few methods 
tried the following appears to be the best. In the second 
diagram lines parallel to the inclined lines of the first 
diagram are drawn all from the same centre, the position 
for the line through B being vacant as yet. If a series of 
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circular arcs are drawn with the same centre as the lines | 
and with radii varying with equal differences, intersec- | 
tions of such arcs with the lines, taken diagonally, will 

lie in spiral curves which may be arranged to intersect 

each other in the position in which the missing inclined | 
line should be. Although such spirals can be drawn 
with approximate accuracy, their use is not altogether 
satisfactory. A circular arc can, however, be substituted 
for one of the spirals—so far diminishing the objections. 
The application of such circular arc is shown in the second 
diagram. Instead of drawing, first, the series of circular 


While Mr. Burnham, the Engineer-in-Chief of the Ex- 
position, says that all of the buildings will be ready, he 
does not deny that swift work will be necessary on half a 
dozen of the smaller buildings, such as the Music Hall, 
the Anthropological Building, the Leather Building, the 


‘big dépot, the acres of cattle sheds, and several other 


buildings. Several of these are only fairly under way 
now, but inthe Construction Bureau the statement is made 
that all will be finished weeks before the time set for 
opening the Fair. Ten thousand men are now constantly 


occupied in Jackson Park. 
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arcs having the same centre as the inclined lines, and 
afterwards drawing the spirals, a circular are F G is first 
drawn with any convenient centre and radius, and then 
the series of circular arcs are drawn through the inter- 
sections of the arc I’ G with the inclined lines. The 
reverse curve is next drawn through suitable intersec- 
tions as shown in the diagram, and this curve turns out 
to be itself a circular arc H I. The intersection J of the 
two arcs F G and H I gives the position of the line 
sought for. Q. E. F. 

Mathematicians will appreciate the import of the 
line through B, without further explanation. Verb. 
sat. sap. 

ARCHIMEDES REDIVIVUS. 


COLUMBIAN EXPOSITION NOTES. 


Durine the construction of the Exhibition buildings 
there were about 20 miles of temporary track laid in 
Jackson Park. This has been taken up, relaid, and 
more added, until now the Transportation Department 
has a length of about 32 miles within the park. 
This includes the tracks for passenger service next 
summer. 


Indications at Washington are that most of the Exhi- 
bition appropriations will be retained in the Bill just 
as they passed the Senate, the only probable change 
being in the amount set apart for the pay of jurors on 
awards and for medalsand diplomas. This appropriation, 
which how stands at 114,000/., may be cut down about 
one-fifth. 


The Henry Steamship Company will provide the use of 
five steamers, with a total capacity of nearly 15,000 pas- 
sengers. The steamers are to cover the territory between 
Kenosha on the north and Michigan City on the south, 
including a service from points on the Chicago River that 
will secure a trip to the Exposition by lake without the 
trouble of coming down town. 


Preliminary estimates give 30,000 carloads as the pro- 
bable amount of exhibits that must be received, unpacked, 
and installed before May 1. Upto March 1 only 400 
carloads had been received. There were then 60 work- 
ing days left. If then 500 carloads of exhibits should be 
received each day, the last exhibit would not be installed 
until the evening before May 1. It is scarcely to be 
expected that this Exhibition will be spared the fate of 
all its predecessors, and will be completed by the open- 
ing day. 


Among the curious exhibits delivered at Chicago is one 
of California’s mammoth trees ; it was brought into the 
grounds on ordinary flat cars, and removed with skids 
and rollers inside the United States Government Build- 
ing, where it is now erected in the tall dome. In the 
Mines and Mining Building an exhibit of the Pottstown 
Iron Company, consisting of a steel plate 150 ft. long, 
20 in. wide, and 4in. thick, has been put in place. i 
the same building the despatch agents ete landed two 
pieces of red sandstone from isconsin, each about 
22 ft. long and about 3 ft. 6 in, square. 


It is thought the present increase in railway facilities 
will enable the companies to run trains every minute or 
minute and a half, bringing its total carrying capacity, in 
one direction, up to at least 20,000 passengers an hour. 
Taking the Illinois Central’s estimate of 25,000, the steam- 
ship figures at 15,000, the south side cable lines at 15,000 
more, the cross-town electric lines, carriages and stage 
lines at 5000, and it will be seen that the carrying capacity 
concentrated in the south division is 80,000 passengers an 
hour. This is exclusive of the great system of terminal 
tracks running into the Exposition grounds from the 
south, which will be used by the Baltimore and Ohio for 
its west side line, and probably for a local service over 
the Pennsylvania road from the union station on Canal- 
street. In addition to this, all of the lines entering 
Chicago are expected to use the terminals for excursion 
business originating within a day’s ride of the city. 


Mr. Chapman L. Johnson, of Albany, the Deputy 
State Engineer of New York, has completed arrange- 
ments with Mr. Willard A. Smith for a complete exhibit 
of the Empire, State’s extensive system of canals. The 
principal part of this display will bea relief map of the 
Erie Canal, showing the section between Buffalo and 
Albany. This map will be 50 ft. by 30 ft., and there 
will be in addition an immense wall map, 50 ft. by 12 ft., 
showing the water route from Albany to Duluth. There 
will also be models of a modern canal lock, and by its side 
a model of the first canal lock built in the United 
States. The first will be 10 ft. by 3 ft., and the second 
something like 3 ft. by 1 ft. The Department of Engi- 
neering of New York State will also display a complete 
map of the railway systems and large photographs of 
steamers in tow on the canals and the Hudson River. 
One set of photographs will be especially interesting ; 
they illustrate the aqueducts on the canal tirnini at 
Buffalo and Albany in 1825 and those at the present day. 


The Electric Launch and Navigation Company will 
have 40 electric launches plying on the interior water- 
ways of Jackson Park. The course for the electric 
launches will be three miles long, and will include the 
grand basin, north canal, east, north, and west lagoons, and 
north pond. On this course there will be about 15 land- 
ings, one in front of each of the main buildings. The 
point of starting will be in the grand basin, and the 
northerly extremity of the route will be in the north pond, 
where there will be a landing 200 ft. wide in front of the 
Fine Arts Building. The electric launches will make the 
entire round trip in about 40 minutes, going up one side 
of the wooded island and returning the other. Stops will 
be made at every landing, not more than a minute and a 
half being consumed at each stop. If all the launches 
and gondolas were kept running they would be within 
200 ft. of each other throughout the entire course. There 
will be one or more launches always in front of each land- 
ing, so that intending passengers will never have to wait. 
The capacity of each launch is about 24 passengers. 


The United States War Department is occupied in the 
preparation of a special exhibit at the World’s Fair of 
the work of the marine corps. The modelsare being con- 
structed under the supervision of Colonel George L. 
Gillespie, who is in charge of the river and harbour im- 
proyements in New York and New Jersey. There ars 


five very elaborate models of Hell Gate as it looked before 
and after the dangerous Flood Rock was blown up in 
1885. Ward’s Island, Hallet’s Point, Flood Rock, the 
Hen and Chickens, the Gridiron, and the Negro Heads 
are easily recognised in the miniature. The second ex- 
hibit is a model of Hallet’s Point, one of the rocks blown 
up by General Newton in 1876. By turning a crank the 
surface is made to rise, showing the galleries, shaft head- 
ings, and cofferdams as they were just before the rock was 
torn asunder by dynamite. There are also models of 
Way’s Reef, Flood Rock, and of the drill scow used in 
making the borings at Hell Gate. A model of the Hudson 
River from Waterford to New Bathmore shows what has 
been done in deepening and defining the channel between 
those points. 


Of the many old locomotives shown, perhaps the most 
interesting will be the ‘‘ Pioneer,” which was built in 
June, 1836, at Philadelphia by M. W. Baldwin, for the 
Utica and Schenectady road. ‘Twelve years later she was 
sold to the Chicago and Galena Union Railroad Company, 
which then operated a line four miles long. In October, 
1848, the ‘* Pioneer ” was brought to Chicago on a boat. 
She was the first locomotive that ever ran out of the city. 
The company paid 3500 dols. for her. In those days the 
Chicago and Galena line did not boast a very fine road- 
bed. The ties were 3 ft. apart, and on these pine stringers 
were nailed. Strips of iron about 1 in. thick served as rails. 
These rails had a habit of curling up as the locomotive 
plunged along, and sometimes they would get tangled up 
in the pilot. To remedy this defect in the equipment, 
the ‘‘ Pioneer’s ” pilot was taken off. After doing service 
until about 1874, the ‘*‘ Pioneer” was retired, with a record 
of 12 years on the Utica and Schenectady road, and 26 
years on the Chicago and Galena line. Once more she 
was brought to Chicago by boat, and entered the Ex- 
hibition grounds triumphantly with her own steam. 


FOREIGN AND COLONIAL NOTES. 


Pennsylvanian Anthracite.—The consumption of Penn- 
sylvanian anthracite coal has very greatly increased 
during the last seven years. In 1886 the consumption 
stood at 32,136,362 tons; in 1887, at 34,641,018 tons; in 
1888, at 38,145,718 tons ; in 1889, at 35,407,710 tons; in 
1890, at 35,550,175 tons ; in 1891, at 40,488,336 tons ; and 
in 1892, at 40,320,177 tons. It should be observed that 
the figures for 1892 are subject to future revision. 


French Locomotive Tyres.—The Southern of France 
Railway Company has let a contract for locomotive tyres 
at 201. per ton. The contract was taken by the Chatillon 
and Commentry Company, 


Pig in Germany.—The production of pig in Germany 
in December amounted to 391,353 tons, as compared with 
396,936 tons in December, 1891. The total of 391,353 tons 
was made up as follows: Puddling pig and spiegel pig, 
148,743 tons; Bessemer pig, 23,320 tons; Thomas pig, 
161,298 tons; and casting pig, 58,092 tons. 


Rails in France.—The Northern of France Railway 
Company has let contracts for 22,500 tons of rails to the 
Denain and Anzin Company and the Steel Works Com- 
pany of France. The Paris, Lyons, and Mediterranean 
Company has also contracted for 10,200 tons of rails. 
These latter rails are to be supplied for the most part by 
the Alais Forges Company. 


German Railway Material.—The exports of German 
rails and permanent way material last year amounted to 
153,270 tons, as compared with 206,252 tons in 1891. By 
permanent way material we mean, of course, fish-plates, 
metallic sleepers, &c. It will be observed that the ex- 
ports exhibited a considerable decline last year, 


German Coal Mining.—The output of coal in January 
from the German Government coal mines in the Sarre 
district amounted to 319,540 tons. The extraction was 
considerably reduced by a formidable strike, which com- 
menced about the middle of the month. 


American Pig Iron.—The aggregate production of pig 
iron in the United States last year was 9,157,000 tons, as 
compared with 8,279,870 tons in 1891, and 9,202,703 tons 
in 1890. It will be seen that last year’s output was only 
45,703 tons less than that of 1890, in which year the 
maximum production was attained. 


Railways in Asia Minor.—Contracts relating to the 
construction of certain railways in Asia Minor, a conces- 
sion of which has been granted by the Turkish Govern- 
ment to a syndicate represented by M. Kaulla, have been 
duly signed by the Turkish Minister of Public Works 
and the representative of the syndicate. The necessary 
deposit has also been paid by the concessionaires. 


Africa and the United States.—New York maritime and 
business circles are maturing a scheme for developing 
South African trade by organising at Cape Town a per- 
manent exhibition of articles manufactured in the United 
States. It is proposed to devote especial attention to 
the departments of machinery and mining, quarrying, 
and agricultural implements. 


Krupp of Essen.—A fusion of the works of the Gruson 
Company with those of Krupp of Essen—which has been 
under discussion for some time past—is now an accom- 
plished fact. 


American Lake Steamers.—Three large steel steamers 
are to be turned out of the Wheeler yards at Bay city, 
Michigan, during the coming year. These threesteamers 
will be of the freight-carrying class. Kachof the three 
steamers will be 400 ft, inlength, and will havea beam of 
424 ft., with 27 ft. depth of hold. The average tonnage 
of the largest lake vessels at present is 3000 tons ; these 
new steel vessels will have a carrying capacity of 3800 
tons each. They are expected to attain an average speed 
of 14 miles per hour, 
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During the last days of December, 1892, the 
torpedo cruiser Satellit, designed by Mr. R. A. 
Ziese, and built by Mr. Schichau at Elbing for the 
Austrian Government, and which we illustrate on 
this page, ran her full- power trials at Pillau 
in the open sea. The weather was unfavourable, 
with a strong wind blowing and a heavy sea. The 
course taken was from Pillau’ Bay to Hekla Light, 
a distance of about 40 sea miles, and back, and the 
main speed actually reached between the marks was 
21.86 knots per hour; but as, in consequence of the 
unfavourable circumstances, a straight course could 
not be run, the real speed over the ground was rather 
over 22.5 knots, exceeding the contract speed by 14 
knots per hour, The ship was fully equipped, with all 
loads and fittings on board, and the coal bunkers were 
two-thirds full. The Satellit is a twin-screw boat 
of 800 tons displacement, her general appearance being 
well shown in Fig. 1, whilst Fig. 2 shows a deck plan. 
She has a length of 67.2 metres (220.5 ft.), breadth 
8.2 metres (26.9 ft.), and is fitted with two sets of 
triple-expansion engines of about 4600 indicated 
horse-power. The boilers are four in number, and 
are of Schichau’s locomotive type, designed to work 
at a pressure of 180 lb. per square inch, and no 
trouble whatever was experienced with them on the 
trial. The total weight of machinery, boilers with 
their water, &c., is 173 tons, or about 37.5 kilos. 
(82.66 lb.) per indicate1 horse-power. The indicator 
diagrams show, as will be seen from our engravings, a 
total of 4901 indicated horse-power. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 16, 1893. 

MANUFACTURING interests have been somewhat dis- 
turbed by disquieting rumours in financial circles, con- 
sequent upon the loss of gold and the enormous drain 
of currency to interior points. A check has been 
given to the spring trade in iron and steel, but a 
renewal of demand is probable at any time. Prices 
are weak in all branches except steel billets, where a 
nominal advance of 50 cents has been made without 
anticipated sales. Millowners quietly await a heavier 
demand. Crude iron production is kept within con- 
sumptive requirements. Steel rail mills are booking 
only small orders. Billets are dull at 24 dols, to 25 dols. 
In Western Pennsylvania mills are quite busy, and 
production is increasing. In Ohio mill extensions and 
improvements are quite common. ‘The Illinois Steel 
Company has increased its facilities, and is now in a 
position to meet any probable demand. Southern pig- 
iron production is steadily marketed, but not without 
concessions. The distribution of iron and steel products 
in the north-west is increasing with the advent of agree- 
able weather. Steel rails are 29 dols.’; billets, 24 dols. 
50 cents ; beams, tees, and channels, 40 dols. ; forge 
iron, 13 dols. Shops are busy, and business prospects 
are encouraging, Good crops are promised, and low 
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prices will probably continue, because of the steady 
expansion in producing capacity. Theanthracite coal 
output is 125,000 tons per day. The melting of ice and 
snow is filling the river channels throughout the 
country, and causing more or less loss. 


Soura Avrican Gorp.—The production of gold in the 
Witwatersrandt district in February is estimated at 
90,000 oz., in round figures. The corresponding produc- 
tion in lebruary, 1892, was 86,649 oz.; in February, 1891, 
50,070 oz.;in February, 1890, 36,886 oz.; and in February, 
1889, 25,800 oz. Last month’s production was reduced by 


torrential rains, which interrupted working operations for 
about a week. 


THe Surz CanaL.—The transit revenue of the Suez 
Canal Company in the first two months of this year 
amounted to 459,958/., as compared with 512,546/. in the 
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corresponding two months of 1892, and 481,500/. in the 
corresponding two months of 1891. The number of “a 
which passed through the canal in the first two months 


of this year was 558, as compared with 649 in the corre- 


sponding period of 1892, and 607 in the corresponding 
period of 1891, : 


ANOTHER St. Lawrence Bripege.—A St. Lawrence 
Bridge Bill, which has passed the House of Represen- 
tatives at Washington, proposes to grant authority to the 
St. Lawrence Railway Company to build a bridge across 
that river between New York and Canada, at such a point 
as may be approved by the United States Secretary of 
The Bill further provides that the bridge shall 
secure not less than 150 ft. clear headway at high water, 
and that it shall have 500 ft. spans over the American and 
Canadian channels, All railroad companies are to enjoy 
equal rights and privileges in running over the, bridge 


and its approaches, . 
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Tur accompanying illustration shows an improved 
means of fastening the doors of ships’ watertight bulk- 
heads, the invention of Mr. J. S. Clark, shipyard 
manager, Bilbao, which, for simplicity in opening and 
closing, appears to have many advantages, As naval 
officers are aware, the old arrangement consists of a 
series of turnbuckles which have to be manipulated sepa- 
rately before the door can be opened or closed properly. 
In Mr. Clark’s arrangement this operation of locking 
the door consists simply in turning the handle or lever 
marked A. It is fixed to, and turns, a vertical rod, as 
shown in Fig. 3, which is fitted at top and bottom into 
an oval hole on the hinges of the door. When the rod 
is turned, the action on the hinges corresponds to that 
given by a cam, and draws the door aside sufficiently 
to free the wedges from under the bars fitted on to the 
bulkhead, and into which the wedges engage to keep 
the door locked. The door is thus free to open, and 
may be as easily closed again. No indiarubber strips 
are necessary, as the doors are fitted metal to metal. 
In the case of heavy doors a worm quadrant, with worm 
attached, is fitted. These doors have been practically 


tested, being fitted on the cruisers building at Bilbao 
for the Spanish Navy, and any one interested may see 
a model at Mr. J. P, Wilson’s office, at 23, Leadenhall- 
street, E. C, 


ELECTRIC PUMPING PLANT AT NEWTON 
COLLIERY, NORTHUMBERLAND. 

Messrs. Ernest Scorr anp Mounrarn, Limited, 
electrical and general engineers, Close Works, New- 
castle-on-Tyne, have recently completed for the 
Newton Colliery an electric pumping plant which suits 
the special requirements of colliery pumping, and more 
especially in such cases in which it is necessary to 
move the pump about. The complete plant consists 
of a steam engine and electric generator, and of a set of 
horizontal pumps and motor. The steam engine is of 
10 horse-power, and is fixed at bank, where it drives 
a Tyne compound-wound dynamo constructed to give 
an output of 30 ampéres at an electromotive force of 


200 volts when running at a speed of 1100 revolutions 
per minute, 


The dynamo used is of the two-pole type, and the 
current from it is taken to a switchboard fitted with 
quick-break double-pole switches mounted on an 
enamelled slate base, on which also are fitted a volt- 
meter and ampére-meter for measuring the current and 
pressure, 

The current from the switchboard is taken down the 
shaft by a pair of {;-in. vuleanised cables. The pumps 
are of the two-throw type, the rams being 6 in. in 
diameter by 10 in. stroke. As will be seen from our 
engraving on this page, the pumps are mounted upon 
two channel-iron girders, which are firmly bolted to 
distance pieces, the centre distance piece carrying the 
guides for the tail rods, The crankshaft and counter- 
shaft are mounted at one end of the girders, and 
upon the former is keyed a spurwheel driven by a 
Pinion on the countershaft, The motor is placed 
behind the pumps, and is completely encased by a 
strong brass cover, not shown in the engraving, in- 
tended to prevent dust and dirt getting to the work- 
ing parts, 

he power from the motor is transmitted to the 
pumps by an endless cotton belt specially made to 
resist the wet. The whole framing of the pumps and 
motor is mounted on wheels, enabling it to run along 
the tram rails in the pit. These pumps have been at 
work for some time, tothe complete satisfaction of the 
colliery officials, delivering more than the guaranteed 
quantity of water, 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—A fairy amount of business 
was done in the warrant market last Thursday forenoon. 
About 6000 tons of Scotch iron{were sold at varying prices. 
One lot of Cleveland was sold at 34s. 34d. per ton cash, 
being a drop of 4d. from the previous night. The market 
in the afternoon was moderately active, principally for 
Cleveland, however, in which a fair amount of business 
was done—about 5000 tons being dealt in on month 
account at 34s. 6d. to 34s. 8d., and one or two thousand 
tons for cash at 34s. 4d. to 34s. 6d. per ton. In Scotch 
2000 tons were done at 40s. 114d., 18 days fixed, and 
about other 2000 tons at 403. 104d. cash, 40s. 94d. the 
following day, and 40s. 7id. in a week, with a “plant.” 
The market for hematite iron was idle, but the quotations 
were firmer, buyers coming up 14d. per ton. The settle- 
ment prices at the close were—Scotch iron, 40s. 103d. per 
ton ; Cleveland, 34s. 6d.; hematite iron, 45s. 103d. per 
ton. A fair amount of business was done on Friday 
forenoon. Both Scotch and Cleveland were dearer, and 
of the former 1500 tons, and of the latter 3500 tons, were 
sold. Of the Scotch iron, 500 tons were sold at 41s, cash 
on Monday, and 1000 tons at 41s. 1d. cash in 10 days. 
The Cleveland sales were 1000 tons at 34s. 74d. and 
34s, Td. per ton cash; 1000 tons at 34s. 9d. one month; 
and 1500 tons at 34s. 114d. one month, with 6d. per ton 
forfeit in buyer’s option. In the afternoon the market 
was rather easier. Some 3000 or 4000 tons of Scotch 
changed hands, the prices being from 40s. 11d. down 
to 40s. 9d. cash, 40s, 114d. this week, and 41s. Od. 
and 41s. one month. Between 2000 and 3000 tons 
of Cleveland iron were dealt in, 34s. 54d. per ton 
being paid for cash, 34s. 74d. a month open, and 
34s. 94d. one month, with 6d. forfeit in buyer’s 
option. Hematite iron also attracted some attention, a 
fair line being done at 46s. 14d. one month. At the 
close the settlement prices were—Scotch iron, 40s. 9d. per 
ton; Cleveland, 34s. 6d.; hematite iron, 45s. 104d. per 
ton. The market was somewhat stiffer on Monday fore- 
noon, when about 5000 tons of Scotch iron were sold, the 
cash price fluctuating only 4d. per ton, at 40s. 10d. and 
40s. 103d. Lots were sold at 40s. 6d. cash one day, with 
a “plant” over the next three months, at 40s. 7d. 
same conditions, and at 40s. 114d. three months fixed, 
with a “‘plant.” In the afternoon the market was idle, 
only two transactions in Scotch iron—500 tons at 40s, 9d, 
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Friday, and 500 tons at 41s. a month—taking place. 
The closing settlement prices were—Scotch iron, 40s. 9d. 
per ton ; Cleveland, 34s. 44d.; hematite iron, 45s. 9d. 
per ton. During the forenoon of Tuesday the only 
official business done in the warrant market was a sale 
of 500 tons of Cleveland iron at 34s. 4d. per ton, being 
14d. of a drop from Monday night. But 2000 tons of 
Scotch were sold unofficially—at 41s. 3d. three months 
open; at 40s. 64d. cash one day, with a two months’ 
‘plant ;” at 40s. 84d. cash two days, with a “‘ plant” 
on Friday; and at 40s. 9d. one month, with 1s. 
forfeit in sellers’ option. The market remained quiet 
for Scotch in the afternoon. Business was done 
in Scotch at 40s. 9d. cash one day for 500 tons. 
Cleveland iron was active, about 7000 tons changing 
hands at 34s. 4d. cash and 34s, 6d. one month, but prin- 
cipally at the former price. The settlement prices at the 
close were—Scotch iron, 40s. 9d. per ton; Cleveland, 
34s. 3d.; hematite iron, 45s. 9d. per ton. About 7000 
tons of Scotch and Cleveland pig iron changed hands 
this forenoon at very varied prices, and they were both 
in large request again in the afternoon. Scotch realised 
40s. 84d. cash, and Cleveland brought 34s. 6d. one month. 
The following are the quotations for some of the makers’ 
special brands of No. 1 iron: Clyde, 47s. 6d. per ton ; 
Gartsherrie, 483. ; Calder, 49s.; Summerlee, 50s. ; Lang- 
loan, 54s. ; Coltness, 54s. 6d.—the foregoing all shipped 
at Glasgow ; Glengarnock (shipped at Ardrossan), 
49s. 6d.; Shotts (shipped at Leith), 533. 6d.; Carron 
(shipped at Grangemouth), 52s. 6d. per ton. There are 
now 70 blast furnaces in actual operation, as compared 
with 78 a yearago. Two are making basic iron, 23 are 
working on hematite iron ore, and 45 are making ordinary 
iron. Last week’s shipments of pig iron from all Scotch 
ports amounted to 9926 tons, as compared with 8073 
tons in the corresponding week of last year. They 
included 400 tons for the United States, 180 tons for 
India, 593 tons for Australia, 100 tons for Italy, 400 tons 
for Germany, 595 tons for Holland, 116 tons for Belgium, 
200 tons for Spain and Portugal, 135 tons for China and 
Japan, smaller quantities for other countries, and 6910 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores yesterday afternoon stood 
at 344,299 tons, against 346,275 tons yesterday week, thus 
showing for the past week a decrease amounting to 1976 
tons. 


Ammonia Plant at Clyde Iron Works.—Messrs. R. and 
J. Dempster, of Newton Heath, Manchester, have now 
completed the plant for the recovery of ammonia in the 
blast furnace gases at Clyde Iron Works. Operations at 
the stills were commenced last week, and it is confidently 
anticipated that the output of ammonia sulphate will be 
a large one. By the way, the price of that commodity 
has of late advanced very considerably, and prices are 
still rising. Up to 122. 10s. per ton has recently been 
paid. Sulphate of ammonia is now certainly one of the 
oe Meyk! products of the pig-iron establishments in 
Scotland. 


Finished Iron and Steel Trades.—A little improvement 
is showing itself here and there in the malleable iron 
trade, but in the Coatbridge district things still look 
rather dull. Some large orders for unbranded iron have 
lately been booked, and rivet iron of the best quality is 
in fairdemand. Makers of Siemens steel report a little 
“‘wakening up” in the inquiries. In most cases they 
are still accepting 5/. 12s. 6d. per ton for plates, but one 
or two firms decline to send out asingle plate at less than 
5l. 15s. per ton. A year ago the price ranged from 
5. 7s. 6d. to 5/. 10s. per ton. Angle bars and heavy 
sections are freely booked at 4U. 15s. to5l. per ton. Sheet 
makers still quote 7/. 7s. 6d. to 7/. 10s. per ton for singles, 
with the usual extras for lattens and doubles. All these 
prices are subject to 5 per cent. discount f.0.b. at Glasgow 
or delivered in the Clyde district. 


Steel Company’s Shares.—It was lately stated that the 
Steel Company of Scotland intended to call up the 12. per 
share still unpaid. Notwithstanding the fact that the 
rumours to that effect were very general, it has been 
apmouniced ‘fon authority” that there is no truth in 
them. 


Bridge-building and other Contracts.—Messrs. Alex- 
ander Findlay and Co,, bridge - building engineers, 
Motherwell, have received instructions from Messrs. 
Wharrie, Colledge, and Brand, Glasgow, to pro- 
ceed with the construction and erection of a new iron 
pier at Roseneath, on the Gareloch, to be finished in May, 
for his Grace the Duke of Argyll. Messrs. Findlay have 
a great amount of important work in hand, including a 
three-span steel bridge for Crossmolina, county Mayo, 
Ireland, for the Grand Jury there, to be completed in 
July ; also several bridges to the order of the India Office 
foc requirements in Burmah, about ready for shipment; 
and among other orders for home railways may be men- 
tioned the whole of the steel work required for the West 
Highland Railway, extending from Craigendoran to Fort 
William and Banayie (104 miles), and which is expected 
to be completed at the end of this year. 


Large Order for Fishplates.—The Glengarnock Tron and 
Steel Company have recently booked a very large order 
for steel fishplates for the Caledonian Railway Company, 
the execution of which will extend over several months. 
Judging from inquiries in the market at present, or very 
recently, it would seem as if the manufacture of such 
remade in Scotland were likely to assuie large propor- 

ions. 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinary meeting of this institution was held last 
night, Professor Archibald Barr, D.Sc., vice-president, 
in the chair. A long and well-sustained discussion took 
place on the subject of “‘The Return Tubular Marine 


Boiler for High Pressures,” which was dealt with at a 
former meeting in a paper by Mr. Sinclair Cowper. Sub- 
sequently a discussion was taken on Mr, H. A. Mavor’s 
paper on “ Belting for Machinery.” Mr. John Tullis, a 
great authority on the manufacture and use of machinery 
belting, was present by invitation and took part in the 
discussion, which was adjourned till the next meeting of 
the institution. 


Glasgow Water Works.—On Monday night there was a 
meeting of the Associated Students of the Institution of 
Civil Engineers, at which Mr, William M. Gale read a 
paper on the Glasgow Water Works, but more especially 
dealing with the Loch Katrine aqueducts. It led to a 
very interesting discussion, contribution to which was 
made by the president, Mr, W. R. Copland, whe has had 
a great amount of professional experience as a water engi- 
neer. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBroucH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
numerous attendance on "Change here, but the market 
was quiet, and not many transactions were recorded. 
This, however, was to be expected after the large busi- 
ness done a little while ago. Makers of pig iron were 
not at all anxious to sell, nearly all of them having 
secured a good few orders lately, and they would not 
reduce their quotations. For prompt f.o.b. delivery of 
No. 3 g.m.b. Cleveland pig iron 34s. 6d. was the general 
price mentioned, and several parcels changed hands at 
that figure, but some buyers were unwilling to give more 
than 34s. 44d. The lower qualities were steady, No. 4 
foundry realising 33s. 9d. ; grey forge, 33s. 3d. ; and white, 
32s. 6d., the last-mentioned being reported scarce. No. 1 
Cleveland was in pretty good request for shipment, and it 
was difficult to obtain it under 37s. for prompt delivery. 
Middlesbrough warrants were quiet, and closed 34s. 33d. 
cash buyers, with sellers at 1d. above that figure. Hematite 
pig iron was firm, and mixed numbers of makers’ east 
coast brands sold at 43s. 6d. Spanish ore was unaltered, 
rubio being put at 11s. 9d. ex-ship Tees. To-day affairs 
on ’Change were exceedingly quiet, and prices were just 
the same as yesterday. 


Manufactured Fron and Steel.—Very little new can be 
said of the manufactured iron and steel trades. Although 
prices keep exceedingly low, orders are difficult to secure, 
and some firms are badly off for work. Others, however, 
keep fairly busy in certain branches. It is to be hoped 
that when Messrs. Boleckow, Vaughan, and Co. reopen 
their extensive Hston Steel Works, which they intend 
doing shortly, they will be able to keep in full swing 
for some considerable time. The establishment has now 
been closed for a number of weeks, and the district has 
suffered greatly in consequence. Common iron bars are 
quoted 5/. ; best bars, 5/. 10s. ; iron ship-plates, 4/. 15s. ; 
iron ship angles, 4/. 12s. 6d. ; steel ship-plates, 5/. ; and 
steel ship angles, 47, 17s. 6d.—all less the customary 
2% per cent. discount for cash. Heavy steel rails are 
31. 15s. to 3l. 17s. 6d. net at works. 


Shipbuilding.—Some of the shipbuilding yards in the 
north present a very busy appearance, and one or two 
firms have a lot of work on hand, but many establish- 
ments are slack. A few orders are being given out for 
steamers, generally for vessels of large size, but the total 
is hardly sufficient to replace those that are now being 
put into work. Very low prices are said to have been 
accepted by builders at some of the Scotch ports for new 
steamers—prices which, even with steel plates and angles 
at about the lowest rate, can scarcely be expected to yield 
any profit, though of course they will help to keep the 
yards open. 


The Fuel Trade.—The coal trade keeps steady. On 
Newcastle Exchange best Northumbrian steam coal is 
8s. 6d. to 8s. 9d. f.0.b.; and small steam about 3s. 3d. 
There is an abundant supply of bunker coal, and prices 
are very depressed. The demand for gas coal is steady, 
but we may expect it to decrease with the lengthening 
days. Prices vary from 6s. to 6s. 6d. f.o.b. The finer 
weather has considerably lessened the consumption of 
household coal, the demand for which is now poor. 
Here good blast furnace coke remains at about 12s. 3d. 
delivered. 


NOTES FROM SOUTH YORKSHIRE. 
' SHEFFIELD, Wednesday. 

Strike of Colliers at Staveley.—Disastrous Working.— 
Last week the whole of the miners in the employment of 
the Staveley Iron and Coal Company refused to descend 
the pits, owing to various enginemen having been re- 
placed. The movement was actually in support of the 
latter, but on the advice of the union leaders the colliers 
decided to resume, but, in their resolution to that effect, 
added that the managers at the ‘“‘Ireland” pit be requested 
to allow the old enginemen to work ‘‘ for a quarter-of-an- 
hour previous to the men descending the shaft, so as to 
give them more confidence as to their safety.” Some 
2500 miners are in the employment of this company. On 
Monday the miners went to work. As 12 of them were 
descending, the engine was over-wound. Bright’s patent 
prevented one of the cages from going over the gears, 
and mitigated the effects on the other, though some half- 
dozen men were thrown into the sump, and two of them 
badly hurt. The new enginemen were from Staffordshire. 
The old ones have been reinstated, and the colliers have 
again resolved to return to their employment, which for 
a second time they had left. 


Charles Cammell and Co., Limited.—The directors of 
this company haye issued their report for the year ending 


December 31 last. It shows the net profit for the year 
to have been 161,342/., balance brought forward from last 
year 37,184l., making for division 198,527/. The October 
interim dividend of 5 per cent. necessitated a payment of 
26,2507. It is now proyosed to pay up the 5 per cent. on 
the preference shares, 10 per cent. on the ordinary, to add 
to the reserve fund 50,000/., andto carry forward 47,5271. 
The directors say: ‘‘The manutacture uf armour-plates 
appears to be passing through one of those periods of 
transition to which it has in the past been subject from 
time to time, and it is probable that further expenditure ~ 
may have to be incurred in order that the company may 
be in a position to deal with the varying requirements of 
different Governments, and maintain unimpaired the 
position it has hitherto occupied in this important branch 
of its business.” After referring to minor details, the 
company announce that, ‘‘ the 5 per cent. mortgage deben- 
tures issued on June 30, 18838, to an amount of 23,0001., 
will mature on December 81 next, when it is proposed to 
redeem them.” The three retiring directors, Sir Henry 
Watson, William Charles Cammell, and William Thomas 
Dymond, are eligible for re-election. 


Stoppage of the Dodworth and Higham Collieries.— 
Eleven hundred men and boys employed at the Church- 
lane Colliery, Dodworth, and the Higham Colliery, both 
belonging to the Old Silkstone and Dodworth Coal and 
Iron Company, have received notice to leave their work, 
The management state that, owing to the heavy cost and 
difficulty of working the collieries caused by damage to 
and breaking of the great fault in an adjoining colliery, 
and the resulting inundation, ‘‘and for other reasons,” 
it has been decided to abandon the work. Mr, John 
Higson, a very high authority on all matters connected 
with the Yorkshire coalfield, has been consulted, and 
states that the flooding as it now goes on is irremediable, 
and is bringing about a condition of affairs which will be 
a very serious source of difficulty, not only at these col- 
lieries, but elsewhere, whenever operations are commenced 
for getting the Silkstone coal between Dodworth and 
Barnsley. 


Iron, Coal, and Steel.—The past week has shown few 
special movements in connection with the pig-iron trade, 
but prices are firmer, and there are indications of an 
upward movement in connection with the coming 
quarter’s operations. Best qualities of bar are most freely 
inquired for in manufactured irons, together with highest 
qualities of boiler-plates. There is an improved call for 
railway material on home account, best engine tyres 
fetching 127. 10s. per ton, carriage and wagon tyres 10/., 
and axles 6/.10s. In the billet and slab trade Bessemer 
commands 51. 7s. 6d. to 5/. 12s. 6d. for guaranteed tempers, 
and Siemens 67. upwards. There is a full supply of coal 
of every description, and prices are still downward. 
Hematite pig, suitable for the local steel trade, realises 
50s. to 52s. 6d. per ton. 


NOTES FROM THE SOUTH-WEST. 

Gas and Water at Pontypool.—The Pontypool Gas and 
Water Company has announced dividends for the past 
half-year at the rate of 74 per cent. per annum upon its 
A stock, and 5 per cent. per annum upon its Band C 
stocks. The directors report that since the last meeting 
a service reservoir has been constructed at Panteg. A 
contract has also been let fora reservoir at Varteg Hill, to 
supply the upper portion of the district. This reservoir 
is now in progress, and pumping engines for it have been 
ordered. Land has also been purchased at Cwmavon for 
the purpose of making a large storage reservoir there. 


Llanelly.—About a week since, Sir A. Rendell, engineer 
to the Llanelly Harbour Commission, visited the channel 
and the harbour, and on Tuesday his report was read at a 
meeting of the harbour board. The report, which was a 
satisfactory one, was referred to a committee. The board 
also decided to refer the matter of the survey of the 
estuary to the committee. 


A Welsh Elevated Railway.—Mr. G. Croydon Marks, 
engineer of the Clifton Rocks Railway, and the railways 
at Lynton and Bridgenorth, is now at Cardiff. His visit 
relates to a projected elevated passenger railway, three 
miles in length, to connect Cathays Bridge with the 
Bute Docks. 


Cardif.—There has been a steady demand for steam 
coal; the best descriptions have made 9s. 6d. to 9s. 9d. 
per ton, while secondary qualities have brought 9s. to 
9s. 3d. per ton. House coal has shown little change ; 
No. 3 Rhondda large has made 10s. 6d. per ton. There 
has been about an average demand for patent fuel. 
Foundry coke has made 17s. to 18s.; and furnace 
ditto, 15s. to 16s. per ton. Only a comparatively limited 
business has been passing in iron ore. The manufactured 
iron and steel trades still show depression. There has, 
however, been more inquiry for tin plates. 


The ‘‘Edgar.”—The Edgar, cruiser, 
Plymouth Breakwater on Thursday for a three hours 
commissioning trialof her machinery. The results were: 
Mean steam, 1441b. ; vacuum, starboard, 27 ; port, 27.4; 
revolutions, starboard, 95.6; port, 96.2; indicated horse- 
power, starboard, 5262; port, 5143; total, 10,405; air 
pressure, $-in. ; speed by log, 18.5 knots per hour. On 
the return of the Edgar to the Sound torpedo trials were 
carried out with satisfactory results, 


A Heavy Casting.—A phosphor-bronze sasting of the 
stem of the Renown, weighing about 18 tons, has just 
been turned out at Pembroke. 


Bristol Water Works Company.—The annual meeting 
of this company was held at Bristol on Saturday, Mr. E. 
Bush, chairman of the directors, presiding. The chair- 
man said the works at Chelvey were all but finished, and 
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would be of great advantage to the company. They had 
not yet been regularly taken over by the company, but 
the directors hoped to take them over very shortly. They 
were really duplication works, and if anything should 
happen to one set of machinery, the company would have 
the other to fall back upon for the supply of Bristol. 
ahe company had, of course, the reservoirs at Barrow as 
well. 


Plymouth Sound.—The work of re-surveying Plymouth 
Sound will be commenced next month. Staff-Commander 
Haslewood, of the surveying vessel Triton, has been 
appointed for the duty, which will probably take two 
years to complete. When the Sound was last surveyed 
the time occupied was about four years—viz., from 1856 
to 1860. 


Briton Ferry.—The steel works are fully occupied. 
At the Vernon Tinplate Works a new engine and two 
additional mills have started, and the demand for tin 
plates has been satisfactory. There is a probability of 
some railway wagon works being organised in the district. 


The “ Téméraire.”—The Téméraire, line-of-battle ship, 
having been supplied with two of Rayner’s patent auto- 
matic evaporators, a trial of the new machinery was made 
on Tuesday with satisfactory results. The evaporators, 
each of which weighs 234 cwt., collectively distilled as 
drinking water 360 gallons per hour, while the contrac- 
tors’ estimate was for 300 gallons only. 


Docks at Cardiff.—The South Wales Institute of Engi- 
neers held its annual meeting at Cardiff on Wednesday. 
A paper was read by Mr. T. W. Wailes on ‘‘ Dock Exten- 
sion at Cardiff.” Mr. Wailes favours the dockising of 
the East and West Muds between Cardiff and Penarth. 
By this means something like three miles of quayage 
would be obtained. 


Gas and Water at Barry.—On Monday the Barry and 
Cadoxton Local Board unanimously agreed to the pur- 
chase of the gas and water undertakings of the district 
at a cost of 169,000/. 


MISCELLANEA. 

From statistics collected by the Locomotive, it appears 
that there were 269 boiler explosions in the United States 
in 1892, an increase of 12 on the previous year. The 
greater number occurred in the winter months. 


In a communication to the Société Francaise de 
Hygiene, M. J. Bruhat states that the dangerous fumes 
resulting from the explosion of dynamite and _ nitro- 
glycerine can be greatly reduced by using as powerful 
detonators as possible, 


A new underground electric railway has been planned 
for Berlin, proceding from Weidendammer Thor to the 
Belle Alliance-place; the distance is about 24 miles, which 
the train would run in seven minutes—a high speed for 
an underground line. 


During December, 1892, Major Stickney, U.S.A., made 
12 gaugings of the discharge of the Niagara River. The 
discharge varied from 161,743 cubic feet per second to 
223,940 cubic feet, the mean of all the gaugings being 
200,805 cubic feet per second. 


The original 123 engraved copper-plates from which the 
grand work of Sir John Rennie’s ‘* Theory, Formation, 
and Construction of British and Foreign Harbours,” in 
two volumes imperial folio, were printed and published 
in 1854, have just passed into the possession of Mr, Bernard 
Quaritch, of Piccadilly. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended March 12 
amounted, on 16,454? miles, to 1,276,569/., and for the 
corresponding period of 1892, on 16,379} miles, to 
1,287,597/., an increase of 754 miles, or 0.4 per cent., and 
a decrease of 11,028/., or 0.8 per cent. 


Messrs. J. M. Bennett and Sons, of Hyde-road, Man- 
chester, are introducing a series of standard gauges for 
matched boarding. The gauges are of cast iron, and are 
carefully finished. They show the thickness of the board, 
the length and width of tongue, depth and width of 
groove, and the distance of the tongue from the face side. 


According to the Polytechnisches Notizblatt, articles of 
steel and iron can be protected against rust by coating them 
electrolytically with peroxide of lead. A satisfactory 
coating can, it is said, be obtained in 20 minutes, and is 
perfectly proof against atmospheric influences. As the 
whole operation is conducted at ordinary temperature, 
the temper of steel articles is unaffected by it. 


The Bill for an electric railway between Clapham 
Junction and Paddington has been rejected, owing to the 
opposition of the authorities of the Science Schools at 
South Kensington. It was asserted, and the assertion 
was supported by all the weight of Lord Kelvin’s 
great authority, that the working of the line would 
seriously interfere with a large proportion of the valuable 
research work now carried on at these institutions. 


An agreement has been arrived at between the Prussian 
Government and the Senate of Liibeck, about the con- 
struction of a deep canal between the River Trave and 
the Elbe, The canal in question is looked upon as a 
matter of vital importance to the town of Liibeck, which 
is likely .o suffer greatly from the effects of the North 
Sea-Baltic Canal. A Bill for the construction of the new 
canal will probably, within a few weeks, be brought 
before the Prussian Landtag. 


On examining some time ago the condenser tubes of the 
United States s.s. Baltimore, it was found that the tubes 
had all become so brittle that it was necessary to replace 
them at once. Originally the tubes consisted of 60 per 
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cent. copper, 39 per cent. zinc, and .25 per cent. of lead, 
with a trace of iron. They were coated with tin. On 
analysis of the brittle tubes it was found that in spots 
the whole of the zinc had been dissolved out of the metal 
in parts by an electrolytic action, leaving behind it a 
porous and brittle mass of practically pure copper. 


Messrs. Dorman, Long, and Co., Limited, the well- 
known Middlesbrough firm, have now opened a stock- 
yard at Nine Elms-lane, S.W., where a very varied stock 
of rolled sections will be kept. Built girders will also 
be supplied from this yard when required. The whole 
of the steel sections are rolled from Siemens-Martin 
steel, having a tensile strength of 28 to 32 tons per square 
inch, and guaranteed to pass Lloyd’s and Admiralty tests. 
The offices of the firm are at 19, Victoria-street, West- 
minster, S.W. 


A process of making pipes of cement and iron is now 
being tested in France. A framework of iron is imbedded 
incement mortar, Bars of an I section are used, which 
are rolied as long as possible and then wound into a 
helical form, the pitch of the helix being determined by 
the section of the iron and the pressure to be withstood. 
Tanks are also made on the same principle, the pitch of 
the helix being lessened at the bottom, where the pressure 
is greatest. The coefficient of expansion of iron and 
cement being about the same, no trouble is experienced 
from changes of temperature, The cement protects the 
iron from rust. 


Ata meeting of the Hull and District Institution of 
Engineers and Architects, held on the 18th inst., Mr. 
A. H. Bate, A.I.E.L., read a paper entitled, ‘‘Some 
Notes on the Electric Lighting of Ships.” The author 
stated that few electric light installations could be carried 
out under such favourable conditions as on shipboard. 
There was no objection to noise and vibration, the lights 
were all near the dynamo, and the steam power was 
ready tohand. The dynamos should by preference be of 
a standard type, spare parts of which could be supplied 
at once when the ship was in port, and they were best 
compound wound. The very best governors should be 
used on the engines, 


Mr. Clement E. Stretton, C E., of Leicester, was pre- 
sented, in the Gladstone Hall, Leeds, on Sunday, 
March 12, with a beautifully illuminated address by the 
Associated Society of Locomotive Engineers and Fire- 
men, in recognition of his gratuitous services to the 
society during the last 25 years. The address referred 
in special terms to the services rendered by Mr. Stretton 
in connection with the Melton and Thirsk railway acci- 
dents of last year. In the course of the proceedings, Mr. 
Stretton delivered a lecture on ‘‘ The Locomotive Engine,” 
giving its history from the early engine of Trevethick, in 
1803, up to the most recent practice, the lecture being 
illustrated by numerous limelight representations. There 
was a large attendance of drivers and firemen from all 
parts of the country. 


In a paper recently read before the Engineers’ Society 
of Western Pennsylvania, Mr. Charles H. Nichols stated 
that one of the troubles experienced with the wooden 
Howe truss bridges, still largely used for railways in the 
United States, arose from the greater deflection of these 
bridges as compared with iron ones. Ordinarily, the de- 
flection of such bridges is about double that of iron ones, 
To avoid this, the depth of the trusses and the unit 
stresses permitted should be increased. In re-calculating 
old Howe truss bridges he states that the rods were 
almost invariably found to be the weakest members. 
These rods should have upset screwed ends, as a large 
saving in weight can thus beeffected. Every precaution, 
he added, should be taken to protect the timber from the 
weather, as the life of the bridge may thereby be greatly 
increased, 


The Swedish authorities are proposing to construct a 
canal between Baggensfjiirden and Linnerstasundet, the 
approach to Stockholm. The estimated cost is some 
70,0002. of which about half should be found by the city 
of Stockholm, one-third by the State, and the balance by 
private subscription. The canal would be the property 
of Stockholm, and open for general traffic without any 
charge. It will be sufficiently broad and deep for good- 
sized vessels, such as must now go round by way of 
Voxholm or Oscar-Frederiksborg, thus saving a dis- 
tance of some 20 miles. This plan has been under 
consideration for some time, although its final form 
differs considerably from the original plan. The 
present scheme has, however, advantages, inasmuch 
as it will be both shorter and straighter. Its length will 
be some 3800 ft., depth 22 ft., and breadth between 


65 ft. and 77 ft. It will take from three to four years to 
construct. 


The Public Health and Housing Committee of the 
London County Council have prepared an exhaustive 
report dealing with thé subject of workmen’s trains. 
They recommend the uniform adoption by all metro- 
politan railways of the recommendations already put 
forward. With regard to the zone system, the committee 
suggest that the zone limit should be that of the present 
service of the workmen’s trains—namely, 20 miles. The 
number of zones should be three, the radius of the first 
being five miles, that of the second 12 miles, and that of 
third 20 miles. The mean zone tariff should be approxi- 
mately 0.2d. per mile. The mean rate for all the lines at 
present is 0,32d. a mile, whilst the Great Eastern’s minimum 
is 0.093d., and several other companies are at the present 
time carrying workmen at a lower mean rate than 0.2d. a 
mile. The zone tariff for the double journey should be, the 
committee think, for the first, 13d. ; for the second, 34d. ; 
and for the third, 44d. They also submit a suggested 
model clause on the basis of the above for insertion in all 
Bills relating to new metropolitan undertaking, and for 


adoption by existing railways in any proposed amend- 
ment of the Cheap Trains Act, 1883. 


In a paper on unfreezable dynamite recently read 
before the American Institute of Mining Hngineers at 
Montreal, Mr. E. E. Russell Tratman remarks that the 
most dangerous means of thawing dynamite are ingeniously 
devised by ignorant labourers. Baking, boiling, and toast- 
ing are the favourite methods. The fact that small 
quantities of explosives containing nitro-glycerine will 
burn quietly and without explosion, if ignited by direct 
contact with a flame has led to the dangerously mistaken 
idea that merely heating the explosive can produce no ill 
effect. If a dynamite cartridge is ignited or placed in a 
fire, it will probably burn harmlessly away, but if placed 
on a stove or in an oven, and gradually heated up to 
350 deg. to 400 deg. Fahr., a violent explosion is almost 
certain to result, whilst even before this temperature 1s 
reached, the dynamite will be extremely sensitive to 
shock. An unfreezable dynamite invented by Liebert bas 
been made by adding isoamylic nitrate to the dynamite, 
by which the freezing point is lowered from 40 deg. 
above to 50deg. below 0 deg. Fahr. The explosive 
power is slightly increased, whilst the sensitiveness to 
shock is slightly diminished, 


The Norwegian Viking ship for the Chicago Exhibition, 
which was to be launched early in February, will be tried 
both with sails and oars as soon as possible. It is a true 
copy of the famous ‘‘ Gogstad” relic, and shows to per- 
fection the remarkable shipbuilding skill of the old 
Vikings, and the attractive lines they produced in their 
vessels, The ends are sharp, and the sides are somewhat 
flat under water, whereas above the water line they 
slope upwards. The vessel is built of oak planks, tarred 
inside and outside. Its length is 77 ft. There is no real 
deck, but several ‘‘lids,” of boards fastened together, 
form a kind of floor, about 4 ft. below the top of the 
ship’s side. At both ends there are slightly raised 
platforms, and on the platform aft in the vessel is the 
chief’s seat. There is no room for proper cabins below 
the flooring, but there will be good accommodation for 
stores. For the protection of the men a tent can be 
erected, there being a scaffolding resting on three poles 
for this purpose. The rudder is on the side of the vessel, 
and is shaped as a broad oar. The ‘‘Gogstad” ship bad 
sixteen oars on each side, which are put out through 
holes in the ship’s sides, Along the sides will also be 
placed a number of shields, about 3 ft. in diameter, alter- 
nately yellow and black. 


In the Comptes Rendus of the Paris Académie des 
Sciences, M. Henri Moissan states that by means of the 
electric arc many oxides, irreducible at the highest 
temperatures of ordinary furnaces, can be reduced by 
means of carbon. To this end the cavity in the block of 
lime used as a crucible is lined with magnesia, which is 
irreducible by means of carbon at the temperature of the 
electric arc, and to place above it a crucible of animal 
charcoal, containing a mixture of carbon and the oxide 
to bereduced. When the metal is volatile, hydrogen gas 
is passed through the furnace, and the metallic vapours 
collected in a condenser. Calcium, strontium, and barium 
can all be prepared in this way. If the metal is not 
sensibly volatile it remains at the bottom of the crucible 
in the form ofan ingot. Thisis the case with uranium. 
To prepare this metal nitrate of uranium is first calcined 
ina platinnm crucible. The mixed oxides of the metal 
resulting from this process are mixed with powdered 
charcoal and strongly compressed into a carbon crucible. 
In submitting this mixture to the action of an are pro- 
duced by a current of 450 amperes and 60 volts the oxides 
are completely reduced in a few minutes. After cooling, 
an ingot of uranium is found at the bottom of the 
crucible. The metal thus obtained is not pure, but con- 
tains fram 133 to5 per cent. of carbon. 


The United States battleship Indiana, which was 
launched at the yards of the William Cramp and Sons 
Company at Philadelphia, on February 28, is the most 
powerful vessel of that country yet in the water. She is 
360 ft. long on the water-line, hasa breadth of 69} ft., a 
draught both forward and aft of 24 ft., and a displace- 
ment of 10,200 tons. There is a water-line belt of armour 
18 in. thick 3 ft. above and 43 ft. below the surface, above 
which at each end are armoured redoubts 17 in. thick, ex- 
tending 3} ft. above the main deck, and protecting the 
turning gear of the turrets and all loading operations. 
The battery will consist of four 13-in. 67-ton guns, eight 
8-in. breechloading rifles, four 6-in. breechloading rifles, 
20 6-lb. and six 1-lb. rapid fire guns, two Gatlings, and 
six torpedo tubes, The 13-in. guns have an elevation of 
17% ft., the 6-in. guns are 14 ft. 10 in. above the water, 
and the 8-in. guns are 24% ft. The two turrets have in- 
clined sides 17 in, thick, the 8-in. guns are in barbettes 
of 10 in. and conical turrets of 84 in. in thickness. The 
6-in. guns are placed behind 5 in. of armour, and have 
2-in. splinter bulkheads worked around the deck, inside 
which the ammunition may be set up. The engines were 
designed by Commodore George W. Melville, and will 
develop about 8000 horse-power under ordinary conditions, 
and 9000 when forced. The main engines are of the 
inverted, vertical, direct-acting, triple-expansion type ; 
the cylinders measure 344 in., 48 in., and 75 in. in dia- 
meter, and havea stroke of 42in. The main valves are 
of the piston type, worked by Stephenson double-bar 
links. The steam is supplied by four main and two 
auxiliary boilers of the return tubular type, and intended 
for a working pressure of 160 lb. of steam. 


ARGENTINA.—Argentina comprises upwards of 1,000,000 
square miles. It is accordingly five times as large as 
France. The population of Argentina is about 4,000,000, 
of whom 500,000 are crowded into Buenos Ayres, 
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NOTICES OF MEETINGS. 


Tus INSTITUTION OF CiviL ENGINEERS.—Ordinary meeting, Tues- 
day, March 28th, at 8 p.m. Paper to be read with a view to dis- 
cussion: ‘‘ The Pier Foundations of the Tower Bridge,” by Mr. 
G. E. W. Cruttwell, M. Inst. C.E.—Students’ meeting, Friday, 
March 24th, at 7.3) p.m. Paper to be read: ‘‘ Some Points 
in the Regulation of Direct-Current Motors,” by Mr. Francis 
G. Baily, B.A., Stud. Inst. C.E. 

CuemicaL Soctety.—Monday, March 27th, at 8 p.m. Annual 
meeting. President’s address. Election of cffice-bearers and 
Coune.l. 

GroLoaists’ Association, Lonpon.—Friday, April 7th, in the 
Mathematical Theatre, University College, Gower-street, W.C., 
when the following papers will be read, illustrated by the oxy- 
hydrogen lantern: ‘‘The Sandgate Landslip,” by Mr. William 
Topley, F.R.S. ‘Glacial Sands at Highgate Archway,” by Mr. 
W. J. Lewis Abbott, F.G.S, The chair will be taken at 8 p.m. 
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ENGINEERING THEORY AND 
PRACTICE. 


THE want of agreement which often exists be- 
tween the conclusions of theoretical reasoning and 
the results of practical experience has been, and 
still is, the cause of keen antipathy to theoretical 
knowledge of every kind on the part of a section of 
the engineering profession. This section is com- 
posed of those engineers who glory in the epithet 
‘* practical,” to distinguish them from those who 
profess a knowledge of theory. As a natural 
sequence to this belief in the worthlessness of 
theory, there is a corresponding contempt for those 
engineers who possess theoretical knowledge, and 
who consider all practical problems from a theo- 
retical standpoint. The fact that there are two 
great divisions in the profession, each of which re- 
gards the other with more or less distrust and con- 
tempt, is impressed on the mind of the young engi- 
neer at the beginning of his career. That the 
conflicting opinions which he hears expressed 
on opposite sides are in the highest degree embar- 
rassing to him is self-evident, and it is only natural 
that he should take his stand with one or other 
of them, according to the influence which has been 
most potent in forming his opinions. Like all dis- 
sension and party feeling, it is productive of much 
harm, not only in generating ill-feeling between the 
individual members of opposite parties, but also in 
retarding the natural progress of discovery. It is to 
be deplored that such a condition of things should 
exist in this enlightened age, and it is to be hoped 
that as time proceeds, and the positions now occu- 
pied by engineers of the old practical school are 
gradually filled by men who have had a theoretical 
as well asa practical training, such prejudice will 
disappear. It must not be supposed that the object 
of this article is in any sense to detract from 
the honour which so justly attaches to the names 
of many of the older members of the profession 
who, though destitute of theoretical knowledge, 
have served their day and generation to the best 
of their ability. Many of these men hail with 
pleasure the greater advantages now open to young 
engineers in the way of theoretical instruction, and 
have shown their practical sympathy by contribut- 
ing liberally to the endowment of scholarships, and 
the support of technical schools and colleges. These 
worthy engineers, however, are indirectly the 
chief pillars of support of the anti-theoretical 
school, in the following way. The facilities for 
technical education being of recent origin, only a 
comparatively small number of the leading posi- 
tions are as yet occupied by men who have had the 
advantage of a good theoretical training. This fact 
is pointed to asastrong argument (?) that engineers 
who have a good knowledge of theory are incapable 
of rising to the top rungs of the professional 
ladder. In order to account for the success of some 
who have had a theoretical training, the explana- 
tion given is that these have risen in spite of, and 
not by the aid of, their knowlege of theory. It may 
be supposed by some that this is an absurdly over- 
drawn statement ; but if proof be needed, they have 
only to refer to some of the leading articles and 
correspondence columns of one of the oldest of our 
engineering journals, for a more complete exposi- 
tion of this form of argument (?). It will be readily 
conceded that if the results of theory and practice 
agree, the former is a valuable aid to the latter, as, 
within certain limits, it enables us to foretell the 
effect of any proposed deviation from the beaten 
track of experience, without having recourse to the 


; 


costly alternative of experiment. Inasmuch, how- 
ever, as we have admitted that there is often a 
want of agreement between the results of theory 
and practice, it may be thought that the advantages 
of theory are not beyond dispute. In order to meet 
this argument, it is necessary to closely examine 
the development of theory to see if we can detect 
the causes of the discrepancies which occur in the 
results. Theoretical results are deduced by the aid 
of mathematical reasoning from certain hypotheses, 
the truth of which may, or may not, be capable of 
being proved to demonstration. Assuming, as we 
may do with comparative safety, that the correct- 
ness of mathematical reasoning is beyond doubt, 
there are still three possible sources of error which 
may account for discrepancies between theoretical 
and practical results. These are: (1) Some of the 
assumptions on which the theory is based may not 
be correct ; (2) the physical conditions assumed may 
not include all those which occur in practice ; (3) the 
theoretical results may be applied to a condition of 
things to which they are not adapted, and were 
never intended to apply. Taking these three 
possible sources of error, let us examine them 
separately. 1. Unless the preliminary assump- 
tions are all based on reliable experimental re- 
sults, it is evident there is considerable latitude 
for going astray, and we are at once impressed 
with the importance of starting our theory on the 
solid basis of practical experience. 2. If the 
physical conditions assumed are not identical with, 
and embrace all those occurring in practice, the 
theoretical result must inevitably differ from the 
experimental one in a greater or less degree, ac- 
cording to the potency of the conditions not taken 
into account. Here, again, the importance of a 
complete knowledge of all the conditions occurring 
in practice is at once evident, and forms another 
link of connection between theory and practice. 
3. From the great complexity of many practical 
problems, it may be impossible, either from incom- 
plete data, or mathematical difficulties of solution, 
to arrive at a general theoretical result which 
will apply to all cases occurring in practice ; 
but, at the same time, it may be possible 
to select a few of the more simple cases, and 
to solve them satisfactorily. The application 
of the results of these simple cases to problems of 
greater complexity is, perhaps, the most fruitful 
source of divergence between the results of theory 
and practice, and it need hardly be pointed out 
that it is generally the outcome of ‘‘the little 
knowledge which is a dangerous thing.’’ These 
considerations prove conclusively that, instead of 
being antagonistic in any sense, theory and prac- 
tice are closely allied and mutually dependent on 
one another. Since the only possible cause of dis- 
crepancy between the results of theory and prac- 
tice is imperfect practical knowledge, on the part 
of either the author of the theory or the person 
who applies it to practical problems, we are forced 
to the conclusion that theory, in itself, is no more 
responsible for this than the multiplication table 
is for the errors of a careless schoolboy. Further, 
inasmuch as the author of a theory always defines 
the assumptions on which it is based, he clearly 
exculpates himself, unless he insists that they are 
identical with, and embrace all practical conditions. 
As the source from which the young engineer 
derives his knowledge of theory has obviously an 
an important bearing on this subject, it demands 
some consideration. Usually, this is obtained 
either at the classes of a technical school or 
university college. At either of these institutions, 
the goal to which the young engineer is directed 
is not, as might naturally be expected, the attain- 
ment of a thorough knowledge of the theory of 
engineering which will advance him in his profes- 
sion, but to take the highest place on either the 
South Kensington lists or on the honours list of 
university graduates. Were the courses of instruc- 
tion confined to the theory of engineering, no ex- 
ception could be taken to this ; but much of it has 
no more connection with practical problems than 
the binomial theorem with the action of the common 
pump. The engineer student, with the above aim, 
imbibes as much as he is able of the instruction 
imparted, without paying much attention as to 
what has, or has not, any practical bearing. It is 
this inability to discriminate between the theory of 
concrete and abstract problems which often leads 
him into trouble when he begins to put his 
theoretical knowledge into practice, and is no 
doubt responsible for much of the prejudice against 
theory which exists, 
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These evils owe their origin, in the case of 
technical schools, to the fact that the value of the 
teacher is gauged by the percentage of his pupils 
who pass well in the South Kensington examina- 
tions. This naturally induces the teacher to cram 
as many cut-and-dried results as he can into the 
heads of his pupils, without much regard to their 
knowledge of how they are obtained, or what 
practical bearing they may have. In the case of 
university colleges, though the teacher is not the 
fettered slave of South Kensington, he has evils of 
another nature to contend with, in the shape of 
university traditions and prejudices, which 
seriously trammel his freedom of action, and have 
a strong tendency to stereotype his course of in- 
struction, so as to cause it to lag behind the require- 
ments of the times. As, in technical schools and 
university colleges alike, the mischief is due to ex- 
ternal causes, little or no blame can be attached to 
the teacher, who, to use a popular expression, 
usually tries ‘‘to make the best of a bad job.” 

The well-equipped engineering laboratories 
which nearly all of our university colleges now 
possess may yet do much to improve matters. In 
the meantime, however, laboratory work occupies 
but a humble place in the course of study for a 
university degree ; and so long as this is the case 
it need not surprise any one that it receives little 
attention from the ablest students, who naturally 
concentrate their energies on what is considered 
the highest standard of merit. The only satisfac- 
tory remedy for these evils appears to be the un- 
fettering of the teacher from such prejudicial in- 
fluences as the demoralising system of cramming 
for South Kensington on the one hand, and the 
narrowing and crippling effect of university tradi- 
tions and prejudices on the other. As changes of 
such a drastic nature are not likely to be carried 
out in the near future, it may be well to suggest a 
few minor remedies which may at least lessen, if 
they cannot eradicate, these evils. The young 
engineer who has had the whole or a part of his 
workshop training before commencing his theo- 
retical course, will be in an unquestionably better 
position to distinguish what is from what is not of 
any practical value to him, and so can devote more 
attention to the former. If teachers were always 
careful to impress on their pupils that certain 
results are of practical importance, while others 
are little more than exercises in applied mathe- 
matics, much of the chaos which so often exists 
in the minds of young students who have had no 
practical experience would be dispelled. 


ALLOYS. 


In beginning his third Cantor lecture on the 
above subject at the rooms of the Society of Arts 
on Monday last, Professor W. Chandler Roberts- 
Austen, C.B., said that he wished his discourse 
that evening to form a sort of guide to the collec- 
tion of art metal work at South Kensington, which 
was rich in interesting examples of old work. A 
number of metals and alloys were now known, but 
comparatively few of them were used in art metal 
work. Pure metals were not much used, with the 
exception of wrought iron, with respect to which 
he would simply remark that the purer the iron the 
greater its malleability and ductility ; whilst, on the 
other hand, the addition of ;% per cent. of carbon, 
whilst not impairing its ductility, increased its 
rigidity. Gold was not often used pure. Its alloys 
covered a very wide range of tint; the addition 
of very minute quantities of impurities made great 
changes in its colour. The most important series 
of alloys used in art metal work were, however, 
the copper-tin and the copper-zine alloys. He 
might also mention a series of alloys now but little 
used, viz., the lead-tin or pewter alloys, with 
which very fine effects could be obtained, as proved 
by some of the chalices and other sacred vessels 
used in the Roman branch of the Catholic Church. 

As regards the bronzes, it was important to know 
when these were first used. Had there been a 
copper age? Copper took its name from Cyprus, 
and was dedicated to Venus, though at first it had 
probably been dedicated to Mars. Berthelot had 
analysed a Chaldean god, attributed to 4000 B.c., 
and found it to consist of metallic copper. The 
sceptre of King Pepi, of the sixth Egyptian 
dynasty, which was a rod 12 centimetres long, had 
also been analysed by him, and found also to be 
pure copper. The date of this sceptre was 3500 B.c. 
The copper was probably obtained from the mines 
of Movnt Sinai, which were known to haye been 


worked in the third dynasty. The first appearance 
of bronze could not be ascertained, but it now 
appeared that there was a copper age in HKurope 
before the bronze age, and contemporaneous with 
the later stone age. 

The name bronze had been attributed to Brun- 
dusium, but Sir George Birdwood had told him that 
he could not find any connection between the two. 

The name first appeared in its English form in 
the sixteenth century, being imported from Italy, 
and appeared to be derived from an Italian word, 
‘“bronzo,””’meaning ‘‘live coal.” Many of the objects 
obtained by Dr. Schliemann in the first and second of 
his buried cities were of practically pure copper. On 
analysing two of them for Dr. Schliemann, the lec- 
turer had found the copper to be 98 to 97 per cent., 
with a little iron, nickel, and 5 per cent. of tin, the 
latter probably being an accidental impurity. 
These articles showed the cities in question to 
belong to a pre-bronze age, and their date was 
fixed at about 20008.c. At a little later period 
battle-axes of bronze began to appear. These con- 
tained from 35 to 4 per cent. and up to 8 per cent. 
of tin. A rod found by Mr. Flinders Petrie 
in Egypt, attributed to the fourth dynasty, or 
3700 3B.c., was found on analysis to be a bronze 
containing 89.8 per cent. of copper and 9 per 
cent. of tin, the proportions being practically 
the same as now used. At the instance of Pro- 
fessor V. Ball, of Dublin, General Donelley had a 
number of the articles in the South Kensington and 
British Museums analysed under the lecturer’s 
direction. These analyses were very carefully 
made by Mr. A. Wingham, a very able analyst. 
Perhaps the oldest object examined was from the 
British Museum; it contained 84 per cent. of 
copper and 9 per cent. of tin. Some Etruscan work 
of the fifth century B.c. proved to be a bronze con- 
taining from 9 per cent. to 12 per cent. of tin, with 
some lead and zinc. According to Pliny, the lead 
was added to give greater fusibility, but at the 
same time its addition to a bronze led to the forma- 
tion of a beautiful and velvety black patina, and 
the lecturer therefore thought it was purposelyadded 
for this reason to the Greek and Etruscan bronzes. 
As regards Florentine Renaissance work few ana- 
lyses had been made. Benvenuto Cellini related 
that, finding a casting would not run, he had added to 
it all the pewter work in the house, consisting of 200 
separate pieces, and thus successfully made the cast. 

Brass was easily made by adding zinc ores to the 
copper in the furnace. Though known to the 
Romans, the lecturer believed the first large 
work made in brass in England was by a namesake 
of his, William Austen, in 1460, who used it for 
the Earl of Warwick’s monument. [The lecturer 
now showed lantern slides of a number of brasses of 
various dates selected from the South Kensington 

Museum.| The finest bronze castings he knew 
were in the Medici Chapel of the Church of San 
Lorenzo. 

Much of the Japanese work was analogous to 
the art metal work of the Italian Renaissance. A 
specially fine example of Japanese work was to be 
found in our collections at South Kensington in 
the form of an incense-burner, of ordinary coloured 
bronze, having peacocks on the base and pigeons 
above. The object was cast, and the work was very 
fine. The method used was probably the cera 
perduta process, in which the object was first 
modelled roughly in clay. This clay was then 
covered with a layer of wax, on which the artist’s 
modelling was completed. The whole was then sur- 
rounded with plaster-of-paris, and whenset wasplaced 
in an oven, where the wax was melted out, after 
which the mould so left was ready for casting. By 
this means very delicate and beautiful effects could 
be obtained. Mr. Albert Gilbert, R.A., who had 
used the process in this country, had informed 
him that he had found the following alloy the 
best for this purpose: Copper, 91.4 per cent. ; 
tin, 5.7 per cent.; lead, 2.9 per cent. This alloy 
was a beautiful material, very fusible, and taking a 
beautiful patina. The fountain which Mr. Gilbert 
was now preparing for the bottom of Regent- 
street was, however, he understood, of a different 
composition. The statue of Lord Napier, opposite 
the Athenzeum, was becoming covered with a sooty 
layer instead of oxide, as it would do in purer 
air, and presented already the same smoky appear- 
ance as the statues of Franklin and Lord Clive. 
To prevent this he thought a good deal could 
be effected by judicious wiping, once a protect- 
ing layer of oxide had been formed. Thus, the 
paws of the lions in Trafalgar-square and the 


sphinxes at the base of Cleopatra’s column on the 
Embankment, were subjected to considerable 
friction by the Saturday orators in the one place, 
and the street arabs in the other, who thereby 
rendered an unconscious service to art. 

When Pliny wrote, industrial art was far ad- 
vanced, and excellent materials were available, 
though the artist was then ahead of the metallurgist. 
The ordinary kitchen utensils found at Pompeii 
were, according to Sir Frederick Leighton, cha- 
racterised by the absence of any ugly thing. 

In former times vessels had been made of nearly 
pure zinc, very good effects being obtained, several 
examples of which he would show on the screen. 
[Lantern slides shown. ] 

In this country, art metal workers were restricted 
in their use of the precious metals by legislation. 
Thus gold ware must range between 9 carats and 
22.91 carats, whilst silver ware consisted uniformly 
of 92.5 per cent. of silver. This fact had led pre- 
sentation plate and similar work to be estimated as 
to value, not by the originality of its design, but by 
its weight in ounces. In Japan gold and silver were 
used, but sparingly, and usually in alloys in which 
their metallic lustre was lost, the bright metal being 
only used to heighten the effects. The general 
result of centuries of work in Japan was to pro- 
vide a series of alloys, which in variety of tint 
rivalled the painter’s palette. Two of the prin- 
cipal of these alloys were Shaku-do and Shibu-ichi. 
The former had the following composition : 


Copper 94.50 
Silver... 1255 
Gold ... ans he I ee sts 3.73 
Lead ... ve ee ola 


With traces of zine and iron. 
Shibu-ichi had the following composition : 


Copper 67.31 
Silver... ee ain a Aa 32.07 
Lead ... se ae 52 


with traces of gold. 

When Shaku-do was pickled in plum-juice vinegar 
and acetate of copper, it took a purple hue. In 
spite of the success of the Japanese in obtaining 
beautiful effects in this way, no English artist, 
save Mr. Alfred Gilbert, had made use of these 
alloys. Another remarkable Japanese product 
was Moku-me, or ‘‘ wood-grain.”” This was made 
by soldering together a number of thin sheets of 
different metals, and then punching up excrescences 
on one side of it. On filing off these excrescences 
the different layers of metals showed a grain. In 
this way the Japanese could imitate any wood so 
exactly in metal that a botanist could tell the 
wood imitated. The patina once imparted to a 
metal or alloy was, he should add, permanent, and 
improved with handling. 

Atthe conclusion of Professor Roberts-Austen’s 
lecture it was announced that he had consented to 
deliver a supplemental lecture next Monday. 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE annual meeting of the Institution of Naval 
Architects is being held this week in the hall of 
the Society of Arts. The meeting commenced on 
Wednesday, at 12 o'clock, the annual dinner being 
eaten as usual in the evening. Morning and 
evening sittings were held on Thursday, and will 
be held to-day. A very good programme had been 
arranged, 12 papers being on the agenda, while 
subsequently another paper was presented by 
Lord Brassey. After the usual formal business had 
been transacted, the Secretary proceeded to read 
the annual report of the Council, from which it 
appears that satisfactory progress has been made 
during the last year. The next announcement in 
the report was one of some importance. The Karl 
of Ravensworth, who for 14 years has rendered in- 
valuable services to the Institution as its President, 
had signified his intention of retiring from the 
office at the close of the present annual general 
meeting. It is satisfactory to know, however, that 
though Lord Ravensworth has determined to retire 
from the presidency, he will not sever his connec- 
tion either with the Institution or with the Council 
but will continue to give his colleagues the great 
benefit of his advice and assistance in the capacity 
of vice-president. He will be succeeded in the 
presidency by Lord Brassey, K.C.B. 

The report next went on to notice the arrange- 
ments made for the summer meeting. It will be 
remembered that last year it was proposed to ho 
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400 years ago. The comparison between them and 
the present Atlantic liner was very striking. As 
Lord Ravensworth said, the Spanish vessels looked 
like Yarmouth fishing smacks beside the enormous 
Cunarder. The Campania, however, is not to be 
the shipbuilder’s last word. Lord Ravensworth 
mentioned that in Belfast there is a vessel now 
building for the White Star Company which is to 
have three screws and to steam 27 knots. The 
indicated horse-power is to be 40,000 to 45,000, so 
that the run across the Atlantic will take 45 days 
only. 

He next went on to refer to some fast cruisers 
which had been built at Elswick, amongst others 
the Yoshino, which it is anticipated will do close on 
23 knots. This vessel is heavily armed entirely with 
quick-firing guns. Another vessel for the Argen- 
tine Republic, built also at Elswick, has attained a 
speed of 22.74 knots on her forced draught trial, 
the indicated horse-power being 14,500, whilst the 
displacement was but 4150 tons. On her natural 
draught trial she did 21.9 knots over a six hours’ 
run. Four other vessels, larger, faster, and more 
powerful, were, he understood, coming forward. 

Turning to another class of vessel, the yacht 
Walhalla was undoubtedly the most remarkable 
craft of her type yet built. She had large sail 
area and auxiliary steam power, in this case the 
steam power being really auxiliary, for whilst she 
steamed 10} knots she made 11} knots under sail. 
The vessel was armed with Armstrong guns, and 
was manned by 80 blue-jackets and 20 boys. In 
the vastness of her sail spread she might be com- 
pared to the old clippers, which are now all but 
extinct. 

The turret-decked steamer, built by Messrs. 
Doxford and Son, at Sunderland, was perhaps 
another outcome of the slackness of the times, as 
her design had necessitated an immense deal of 
thoughtful designing. Shipbuilders and_ ship- 
owners alike would watch the career of this vessel 
with great interest. She was now on her first 
voyage, and he was sure everybody would wish her 
success. He had attended, a few evenings before, 
at the meeting of the Royal National Lifeboat 
Institution, at which the Prince of Wales, who was 
always foremost in advocating anything for the 
benefit of English seamen, had spoken on the 
question of a steam lifeboat. Members would 
remember that a short time ago a steam lifeboat 
with hydraulic propulsion had been built by Messrs. 
Green, and engined by Messrs. J. I. Thornycroft 
and Co., the well-known torpedo-boat builders at 
Chiswick. This vessel had been a most remark- 
able success, having proved extremely efficient for 
the work it was called upon to perform. It was 
desirable that more of these vessels should be 
built, but they were extremely costly. That was 
the great difficulty to be met, as the Royal 
National Lifeboat Institution had to make a little 
money goavery long way. It wasreally remarkable 
how much they did with the small means at their 
disposal. He was glad to say, however, that the 
builders of the Duke of Northumberland, the 
steam lifeboat referred to, had been able to reduce 
their price one-third, so that now they could offer 
to construct a similar vessel for 32501., in place of 
50001. He thought that the Institution would be 
able to accept this offer. 

Lord Ravensworth next proceeded to refer to 
the important subject of technical education. He 
quoted largely from a speech recently made by Mr. 
Caird at Paisley. Mr. Caird had said that the 
more aman knows of his work, the better it is 
done; that was a strong argument in favour of 
higher education of workmen. And Lord Ravens- 
worth would add that the better the work, the 
cheaper it was. Mr. Caird had quoted some figures 
illustrating the waste of material and of money due 
to inaccurate workmanship. His lordship was 
afraid to quote the figures, they were so remark- 
able, for fear that his hearers should beincredulous. 
He might say, however, that the loss of coal in 
this way amounted to hundreds of thousands of 
pounds, whilst the total loss due to bad workman- 
ship was to be reckoned, if it could be reckoned at 
all, by many millions. If a very small part of 
this money were expended on technical education, 
so as to secure the better work promised by Mr. 
Caird, if the greater knowledge could be attained, 
who would question the great economy and ad- 
vancement to the nation? One matter in which 
Mr. Caird pointed out the deficiency of our pre- 
sent system of technical education—a matter that is 
seldom considered—was the want of provision for 


a summer meeting in Cardiff, a very cordial invita- 
tion having been received from that town, The 
General Election, however, upset these arrange- 
ments, as it did so many others, and finally a pro- 
vincial meeting had to be abandoned. Fortunately 
the invitation has been made continuous for this 
year, and there is every hope of a highly successful 
meeting being held in the great Welsh metropolis. 
The date fixed is Tuesday, July 11. A most 
interesting programme has been arranged ; some of 
the excursions will be of exceptional interest. 

The report next referred to the death of Dr. 
A. ©. Kirk, whose loss will be fresh within the 
memory of our readers. He was a member of the 
Council, and an active supporter of the Institution. 

The President, Lord Ravensworth, next intro- 
duced Lord Brassey to the meeting in a few appro- 
priate words. The President-elect was received 
with much cordiality by the members present, and 
in returning thanks for the honour done to him, 
bore testimony to the efficient manner in which 
Lord Ravensworth had carried out the arduous 
duties of President during his long term of office. 

Lord Ravensworth next proceeded to deliver the 


PRESIDENTIAL ADDRESS. 


After referring to the great loss the Institution 
had sustaimed in the death of Dr. Kirk, he went on 
to refer to the depressed state of the freight 
market, and the number of ships laid up. In the 
Tyne alone, he said, there were 150,000 tons 
of shipping laid up. In the ports of the 
United Kingdom there were half a million tons of 
shipping not in use. Unfortunately he could see 
no great hope of improvement. Last year the 
increase in steam tonnage was 435,000 tons. In 
sailing tonnage it was 115,000 tons. This showed 
an increase of sailing tonnage on previous records, 
while steam tonnage had decreased. He was 
irresistibly drawn to the conclusion that there was 
more tonnage in the world than the world wanted 
—a state of affairs much to be deplored by ship- 
builders and marine engineers. It was to be hoped, 
however, the worst was over, but even in that 
respect it would be rash to make a forecast. There 
was one consolation, however, that in bad times the 
engineer had opportunity to review his plans and 
improve the design of ships and machinery, so that 
slackness of trade meant stimulus of invention. 
The experience of the past year had borne this out. 
Some of the old ships laid up he feared would not 
come out again, unless, indeed, they could be sold 
to foreigners, for other countries managed to run 
ships cheaper than we can do, and thus compete 
with the British shipowner. 

Turning to another subject, he would congratu- 
late the Admiralty on carrying out the naval pro- 
gramme that was laid down four or five years ago, 
He would also congratulate the Institution on the 
designer of that splendid fleet. Of the wisdom of 
the programme he did not see any one could doubt, 
and the vessels were fully equal to what might 
have been expected of them. That referred to 
dockyard-built ships, but happily the same thing 
might be said of private-built ships, and they 
could not fail to approve of the great amount of 
work being given to private yards, if only because it 
kept up a healthy stimulus in the Government 
service. 

Turning to details of engineering, the President 
said he was glad to announce that the Admiralty 
had overcome the boiler difficulty ; and here his 
lordship used a term which was very appropriate to 
the subject ; he referred to what has been called 
—wrongly, it appears--the Chatham ferrule as an 
** antidote” to leaky boilers. 

His lordship next proceeded to refer to the acci- 
dent to the Apollo, from which a most valuable 
object-lesson had been gained, inasmuch as it had 
proved the great value of the material now used for 
shipbuilding purposes. He also referred to the 
stranding of the Howe, and the breaking of the 
Umbria’s shaft. He was going, he next said, to 
introduce a rather unusual feature into a Presi- 
dential address, for which he begged to apologise. 
He wished to illustrate his remarks by a diagram. 
This took the shape of a picture of the Campania, 
which had been sent him by his old friend Sir 
John Burns. It was interesting more especially as 
alongside the monster vessel were shown the fleet 
of three ships which are to constitute the memorial 
vessels that are being sent to the Columbian Exhi- 
bition. These vessels are the Santa Maria, 300 
tons; Pinta, 100 tons ; and Nina, 50 tons. Such 
were the yessels in which the Atlantic was crossed 


the suitable posts. 
mechanic, the mechanic to be a leading hand, the 
leading hand to become a foreman. 
get out of the ruts and grooves which at present 
confined them, and the most able and most indus- 
trious would rise to the surface. 
speech at Paisley had laid stress on the defective 
system of education of apprentices. 


handicraft, but were useless outside it. 
ship thought there could not be a greater mistake 
than thus cramping the energies and abilities of 
apprentices. 


them. 


the instruction of the adult workman, in the 
different grades of his business. 
be carried out, opportunities would be possessed 


If this could 


which we do not have now of the best men filling 
The labourer could rise to be a 


Men would 


Mr. Caird in his 


Young work- 
men were too much confined to one kind of work. 
They became very proficient in this single branch of 
His lord- 


Lord Brassey said that he was fond of talking with 
working men, and he often got valuable informa- 
tion from their views, which were frequently very 
sound and showed much shrewd sense. There was 
one expression, however, to which he took excep- 
tion, and which he had often heard lately used by 
This was the term, ‘the bugbear, foreign 
competition.” Foreign competition was no bug- 
bear, and the working man could not make a greater 
mistake than supposing such to be the case. They 
would also be wrong if they imagined that their 
own interests were not bound up equally with 
others in the prosperity of British trade. At the 
present time the Americans were making strenuous 
exertions to recover their old maritime supremacy. 
They had created a navy, and were determined to 
have their share of the Atlantic passenger trade. 
Another instance of foreign competition which 
Lord Ravensworth mentioned was the case of a 
north-east coast shipbuilder, who had been obliged 
to refuse an order for a large vessel, and this had 
gone to Germany, where it was built for a thousand 
poundsless. All these things showed the necessity 
for higher education of workmen, in order that they 
might see more clear]y their own interests, and that 
the deplorable strikes might come to an end, and 
with them the incalculable suffering of women and 
children which followed. 


THE PosITION OF CRUISERS IN WARFARE. 


The first paper on the list was a contribution by 
Rear-Admiral Samuel Long, entitled, ‘‘On the 
present Position of Cruisers in Naval Warfare.” 
After referring to other papers on the same subject 
which had been read before the Institution, the 
paper went on to say that cruisers are the successors 
of the frigates and corvettes of former days. Steam, 
replacing sails as a motive power, claims a far 
larger share in the displacement allotted to the 
naval designer than its predecessor. Asan example, 
the Vernon frigate may be compared with the 
third-class cruiser Pearl, of nearly the same dis- 
placement, as follows: Vernon, 2500 tons ; Pearl, 
2575 tons; Vernon’s masts, rigging, sails, and 
accessories, 160 tons; ballast, 80 tons, which, if 
included as a necessity, makes a total of 240 tons. 
Pearl’s engines and boilers, including water and 
condensers and feed tanks, weigh 485 tons, which, 
with 300 tons of coal, makes a total of 785 tons. 
Therefore 9.6 per cent. of Vernon and 30.6 per 
cent. of Pearl’s weight are respectively devoted to 
propulsion. In former days a small sailing vessel, 
built for speed, and endowed with a large area of 
canvas, was sure to outsail the larger and heavier 
warship. The fast torpedo-boat catcher of to-day, 
with a speed of 26 to 27 knots, can outstrip any 
other vessel in smooth water. There is, how- 
ever, a limiting condition of sea under which 
this speed cannot be maintained, besides which 
the quantity of coal is too small to allow of 
its maintenance for more than a short time, 
under any circumstances, without replenishing 
the fuel supply. The locomotive torpedo has ren- 
dered small vessels capable of inflicting serious 
injury on large ones. Such vessels are for- 
midable only by contrast with the more costly 
ones—they can sail under cover of darkness or thick 
weather. Nevertheless, if fleets are to operate in 
narrow seas and on hostile coasts, a special flotilla 
will be required to act in concert with them; and 
such a flotilla can act most advantageously from a 
base ofitsown. A war fleet falls conveniently into 
three categories—battleships, cruisers, and coast 
flotillas. 

The work of cruisers in war is (1) to act as look- 
out ships or scouts for fleets ; (2) to act indepen- 
dently of fleets for the protection or attack of com- 
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merce, as well as for distant expeditions; (3) to 
convoy slow steam traders. Formerly a warship 
was designed to fight her counterpart, or escape by 
superior speed, the latter frequently associated with 
small dimensions. Now the superiority of speed 
is apt to be with the largership. Hence the second 
and third class cruisers, while unable to fight the 
superior class with more than a very poor chance 
of success, would be unable to escape from them. 
Naval actions have generally been won by the de- 


struction of the crews rather than the vessel. 
The adoption of submarine weapons may 
bring about some change in this. Yet the 


increased power of artillery is such as to 
maintain its superiority over other weapons. 
All that can be said, however, is to keep 
out the shell if possible. The duties of look- 
out ships attached to a fleet involve frequent 
chasings and the examining of vessels’ speed. The 
great cost in coal is to be taken into consideration 
in regard to this matter. The author has added 
some tablesto his paper, giving particulars as to speed 
and coal consumption, both in regard to English 
and foreign war vessels ; also showing the value 
and extent of merchant shipping and commerce of 
the principal countries in relation to their respec- 
tive war navies. The consumption of coal by Her 
Majesty's ships on long voyages is also given. 
From these Tables it appears that the consumption 
for electric lighting purposes is extremely heavy. 
In the case of the Warspite, 549 tons of coal were 
consumed in 119 days for electric lighting. In the 
case of the Sirius, on the assumption that for four 
hours each day she is at chasing speed and at the 
remainder of the time at 10 knots, the daily con- 
sumption will be found to reach 45 tons, at which 
rate her coal supply of 400 tons would last about 
eight days, allowing the margin necessary for 
return to a base 240 miles distant. The author 
put the consumption of battleships steaming at 
10 knots roughly at 65 tonsa day. An analysis of 
the facts contained in the tables concerning knots 
traversed per ton of coals burnt, at 10-knot speed, 
reveals that in ships of large displacement, like 
the Blake and Warspite, more than 1600 tons’ weight 
are transferred one knot for each ton of coal burnt 
at that speed, against 400 tons per Sirius and 
about 300 tons per Pallas. In the author’s table 
referring to mercantile shipping, it was shown that 
6881 British steamers above 100 tons and 5084 
sailing ships are employed in the carrying trade. 
The number of sailing ships the author considered 
of importance, as it was now generally considered 
to be impossible to afford them protection in 
war owing to their uncertain routes. In classify- 
ing merchant steamers for purposes of protection, 
Admiral Long eliminated smaller vessels. He 
adopted the combination of 18 knots speed with the 
minimum gross tonnage of 5000 as the first class, 
and in that he found only 17 vessels, classified by 
Lloyd’s List. Of these 11°’ were British and six 
foreign. A second class of vessels, about 16 knots 
sea-speed, and 4000 tons gross, contains 56 vessels, 
of which 34 were British and 22 foreign. His 
third class comprised vessels of about 14 knots sea- 
speed, and 3000 tons gross. It contained 130 
vessels, of which 96 were British and 34 foreign. 
All vessels below 14 knots sea-speed or 3000 tons 
gross tonnage would constitute a fourth class. 
Such a classification shows only 147 British 
steamers in the first three classes out of a total 
of 6881. The first class may be considered capable 
of escaping from existing warships, except in smooth 
water, and in the case of a few of the latest type. 
In view of the great importance, the author said, of 
obtaining intelligence in war, along the regular 
mail routes, it seems worth consideration whether 
subsidy should not be given to mail steamships 
traversing their routes at such a speed as to be 
practically exempt from capture by men-of-war. 
The author did not expect the number of our 
cruisers to exceed some reasonable ratio to the 
number of possible assailants. It would, therefore, 
seem most advantageous, in the present state of 
the communications of the British Empire, to 
trust the protection of traffic on the foreign routes 
to powerful cruisers placed on coaling stations, the 
communications being maintained by telegraph and 
very rapid mail steamers. The protection of com- 
merce at points of converging trade routes demands 
an efficient system of patrol. Much of this work 
might be done by third-class cruisers, supported 
by more powerful vessels at convenient rendezvous. 
The most important trade route to England appears 
to be vid Gibraltar and the Suez Canal. Many: think 


the Suez Canal would be closed on the outbreak of 
war. Itis a question how many of the steamers on 
the canal route would be suited to the alternative 
route. In 1891 the mean net tonnage of vessels 
passing the canal was 2067. It is obvious that the 
protection of so great a volume of trade over a 
vastly increased distance would require a large 
addition to the big cruisers. With regard to the 
third part of cruisers’ duties, that of convoy, the 
author considered that steam had very much sim- 
plified this matter. The defence would merely 
involve the provision of suitable vessels, such as old 
battleships converted into armoured cruisers. 
Where a trade route passes a hostile coast, it 
would be very difficult to protect slow vessels 
from disaster. T’o summarise the conclusions 
of the paper, the author maintained, first, there 
exists a class of cruisers analogous to battle- 
ships, which might be termed ‘“‘battle cruisers.” 
2. That speed and coal endurance are qualities of 
primary importance in cruisers, and should be asso- 
ciated with high freeboard. 3. The minimum sea- 
speed now acceptable should be 20 knots, and the 
coal supply sufficient to last a minimum of seven 
days, 20 hours each day at 10 knots, and four hours 
at chasing speed, besides enough to proceed to and 
from the base at 10 knots and fight an action. 
4. Powerful cruisers at the end of a telegraph wire 
will be more conducive to sea power than numerous 
small ones, where ocean routes are concerned. 
5. That subsidies should be given to steamship 
companies for all vessels maintaining a speed of 
21 knots. 6. That the convoy of slow merchant 
steamers is likely to form an important feature of 
naval work in war, and would be a more effectual and 
economical means of protecting trade by insuring 
the simultaneous presence of warships and mer- 
chantmen. 

A paper by Lord Brassey was next read, entitled 


MeRCHANT CRUISERS, CONSIDERED WITH REFER- 
ENCE TO THE Poricy or MAINTAINING A RESERVE 
OF VESSELS BY ANNUAL SUBVENTIONS TO SHIP- 
OWNERS. 


We propose to print this valuable and most sugges- 
tive paper in a future issue, and as it was not much 
referred to in the discussion, it will not be neces- 
sary for us to give any abstract. The first speaker 
in the discussion was Admiral Sir Vesey Hamilton. 
He concurred with Admiral Long in nearly 
all the views he had put forward, but there was 
one point to which he took exception ; the author 
had said that steam replacing sails as the motive 
power claims a far larger share of the displacement 
allotted to the designer than its predecessor, and 
had quoted the figures which we have given in 
regard to the Vernon and the Pearl. The speaker 
said it looked as if Admiral Long wished to go back 
to sails. He hoped that was not the view taken by 
the author. Reference had been made by the 
author to the changes wrought by the Whitehead 
torpedo. Many people seem to think, the speaker 
said, that the torpedo would revolutionise naval 
warfare. That was not his opinion. A hundred 
and fifty years ago a similar opinion was held with 
regard to the fireship, and the same problem then 
existed that exists now; one ship had to go 
down, either the fireship or the other, and it was 
generally the fireship. He thought the same 
might be said of the torpedo-boat. Never- 
theless the torpedo was a useful weapon, and the 
torpedo -boat a most dangerous auxiliary. In 
speaking of the naval manceuvres, he often said to 
torpedo officers that when the torpedo-boat had 
delivered its weapon it had done its work. Then 
the big ship had not begun the attack. The author 
had said that naval history shows that in single- 
ship action a superiority of force is generally deci- 
sive. The frigate actions in the war with the 
United States in 1812, and the action between the 
Leander and the Géneréux in 1798 may be cited. 
He had also cited the case of the Révolutionnaire, 
110 guns, and the Audacious, 74, and consorts on 
May 28, 1794, in Lord Howe’s action, concerning 
which Captain Mahan says: ‘The Révolution- 
naire was nobly fought, and the concentration 
upon her, while eminently judicious, served to 
bring out visibly the advantage, which should 
never be forgotten, of one heavy ship over 
several smaller, even though the force of the latter 
may in the aggregate be much superior. The 
attacks this'day made upon her were, from the 
nature of the case, not simultaneous.” The point 
was worthy of notice at the present time, but the 
speaker would take another lesson from history. 


At the beginning of the war between this country 
and the United States, a report of the American 
Government pointed out that they possessed three 
frigates which were superior to anything in the 
British fleet of the same class, and could hope to 
cope successfully even with our two-deck line of 
battleships. These frigates were the Constitution, 
the United States, and another—Sir Vesey 
thought the President, which we may add is now 
used as a drill-ship for the Royal Naval 
Reserve in the West India Docks. It was, how- 
ever, these three frigates which took three of our 
frigates at the very outset of the war. The 
Americans deserved their success, for they proceeded 
in a proper and scientific manner in building vessels 
that would overpower our vessels ; they had studied 
the question, and brought thought to bear upon it, 
with the disastrous result to ourselves stated. 
Another case he would instance was that of a 
British vessel attacked by two vessels individually 
weaker than herself, but collectively stronger. In 
that case she took one of the weaker vessels and 
beat off the other. The author says, ‘‘ Keep out the 
shellsif youcan.” To that he added a most emphatic 
‘*Yes.” Shells were a hundred times worse than 
solidshot. Reference had been madeby theauthorto 
the difficulty of protecting sailing ships on account 
of their diverging routes, but the speaker did not 
see why they should not be protected now as they 
were of old. In fact, steam would help in this 
matter, The question that arose, however, in 
regard to the employment of sailing ships in war 
time was whether cruisers should be taken from 
the protection of steamers to look after the less 
valuable sailing vessels. In one part of his paper 
the author had said that sail power, if suitably 
applied, might still be of value in assisting cruisers 
to assume and maintain positions on remote ocean 
routes, and if it be finally and definitely abandoned, 
the argument in favour of large displacement for 
cruisers is thereby strengthened. The Pacific Ocean, 
he continued, is perhaps the only part of the world 
in which British possessions are so far apart as to 
render the absence of sail power of practical in- 
convenience. Sir Vesey did not agree with this 
view at all, and he held that we should not take 
sail into any consideration. The question some- 
times arose as to how far the duty of the naval 
commander extended in regard to the protection of 
his convoy. The author had shown how, in the 
action of October, 1774, the French commander, 
M. L’Etenduére, was attacked by Hawke with 14 
ships. The French had nine, convoying 252 sail. 
Fighting was carried on for 74 hours. One large 
ship was detached from the French to help the 
frigate to protect the convoy, and so szflicient was 
it that the whole was saved. The remaining 
eight ships were formed into line, and con- 
trived to keep the weather gauge. They in- 
flicted on the English a loss of 700 killed and 
wounded ; their own loss was 800. Hawke 
captured six ships with his own vessel, the Devon- 
shire, mounting only 66 guns ; he took the Severn, 
of 50, the Terrible, 74; silenced the Trident, of 64 
guns, and attacked the Tonnant, of 80 guns. Re- 
ferring to this, Sir Vesey Hamilton said it was a 
lesson that a commander should sacrifice his fleet, 
if necessary, to protect his convoy. Nelson says 
much the same thing to a young officer who asked 
for instruction on this point. His reply was, 
‘You may sink your ship, but you must not let a 
ropeyarn of your convoy be cut.” The author 
had referred to the fact that many foreign navies 
now possess vessels of the most recent type, 
built in England, and while we may hope that 
they may be, will be, enlarged by more ships 
from the same workshop, we must not forget that 
the task of our own Navy, in the event of political 
complication, is therebyrendered more onerous. In 
this the speaker fully agreed. But he objected 
very strongly to a somewhat analogous application 
of the free trade system. This was the throw- 
ing open of our experience in naval matters to 
foreign officers. He was President of the Green- 
wich Naval College, and as such had under him 
several foreign naval officers. Personally he would 
not allow them to be present if he could help it, 
but he had to obey the orders of his Government. 
The author had said that all Navy Lists contain 
vessels of very different dates of construction, and 
many vessels are likely to be afloat at the beginning 
of a war of types infinitely superior to the most 
recent productions. This applies especially to the 
cruiser class, and every arrangement should be 
made to avoid exposing inferior vessels to the 
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attack of superior ones on a war breaking out. 
Vessels entirely unarmed and unprotected should 
be relegated to posts for flotilla work. In regard 
to this point, Sir Vesey Hamilton said that shortly 
after the last Russian scare he was talking to a 
Russian nayal officer, who complained bitterly of 
the policy of the Eaglish in always setting two 
ships to watch one of the Russians. Sir Vesey had 
pointed out to the Russian officer that in the port 
he had about 1000 men under his command 
that he could have landed, and he asked that 
Russian officer if, in the case of landing those men, 
the officer would have only detailed 1000 men to 
meet them? The incident showed the necessity of 
England being paramount on the sea, considering 
that our empire is on the sea, and so much of our 
wealth afloat. In regard to the coaling of ships at 
sea, the gallant Admiral was sure that the operation 
could not be carried on with ships alongside each 
other. As thecoaling goes on and the collier becomes 
lighter, the movement of the two ships is unequal, 
and great damage is done at the expense of the 
collier. The next paragraph in the author’s paper 
to which Sir Vesey referred, stated that, if it be 
necessary to create fleets, it is no less necessary to 
insure sufficient exercises to elucidate all technical 
problems, and afford officers the means of deter- 
mining how best to use those costly appliances 
committed to their charge. The speaker pointed 
out that we can collect fleets more readily 
than men and officers. He dwelt strongly 
upon the small number of officers below the 
rank of commander that now exist. As a matter of 
fact, the French have more officers of the lower 
rank than we have. This was a most serious 
matter, for although there were more officers in the 
Royal Navy of the rank above commander than at 
former time3, the immediate future would see 
necessarily a great dearth of naval officers in Her 
Majesty's Navy. Hecould not impress too strongly 
on the meeting the want of more junior naval 
officers. 

The next speaker was Admiral Colomb. He said 
that Captain Long’s paper was in one way incon- 
venient, as it tended to reduce the number of 
cruisers in favour of haying larger and faster 
vessels of this type. - Admiral Colomb was a 
little afraid of that policy, and he was glad, when 
Mr. W. H. White read his paper before the 
Institution some time ago, to notice that the ten- 
dency was to more moderate and more numerous 
cruisers. It was a defect of naval opinion that 
it tended to look too much to one individual 
feature that happened to be uppermost, at the 
expense of other factors. Years ago it was the 
short ship and manceuvring powers. They all re- 
membered, and now saw, to what an undesirable 
extent that theory was carried. Then came the 
steady gun platform idea, and it seemed as if that 
were the only thing required. The big gun theory 
next came to the fore, and it was unnecessary to 
remind members to what an extent that was 
carried. Fortunately wiser counsels now pre- 
vailed. In considering all these matters, how- 
ever, the theorist should keep in view the irre- 
ducible minimum, and the limitations imposed 
by the compromise forced on the ship designer by 
the various factors that have to be included in the 
whole. At the present time Admiral Colomb con- 
sidered that the tendency was to unduly elevate 
excessive speed, as if speed meant force. He 
thought warship designers were carried away by 
the example of the very high speeds attained in 
the mercantile marine, where speed was the be- 
alland end-all of the matter ; but in a cruiser it was 
no good coming up with an enemy if to arrive along- 
side meant to be beaten. That he considered was 
the point that had to be combated in the paper now 
before the meeting. He would say this : it wus im- 
possible to get at the rights and wrongs of the 
matter so long as generalities only were dealt. with. 
They must come to close quarters. The teachings 
of history supplied all that was required as a 
basis on which to arrange a naval policy. -He 
would give aninstance. In June, 1795, the French 
sent out from Brest three frigates and one corvette. 
Their object was to proceed to the south of Ireland, 
cruising off the coast, and meeting at a rendezvous. 
At that time we had two frigates stationed 50 miles 
west of the Scilly Isles, one frigate off Cape Clear, and 
two frigates 110 miles west of Ushant. The French 
had in their little squadron one British man-of- 
war which had been-taken from us ; her name was 
the Thames. This vessel had been remarkably suc- 
cessful, whilst in French hands, in her attacks on 


British shipping, having taken one vessel every 
month. Doubtless it was her success which had 
induced the French to send out this depredatory 
squadron. The French vessels got in a fog 
shortly after sailing, and one frigate was separated. 
The others stood on and met the two English 
frigates off Scilly. An action ensued, and the 
result was that the two French frigates were taken. 
The corvette got off, but fell into the hands of the 
other two English frigates. The frigate that was 
separated in the fog went on to Cape Clear, which 
was, doubtless, the rendezvous, and our frigates 
stationed there recaptured her, so that the whole of 
the squadron fell into our hands. Admiral Colomb 
quoted this incident in order to show that it was 
not by speed that the success was gained, but by 
having the force in the place required. It was very 
easy to order big ships, but unless there were 
numbers they could not be properly distributed 
with the successful results of the British sailing 
ships to which he had just referred. If we must 
have ships of great speed and power, we must have 
smaller numbers, and he was always afraid of 
smaller numbers of cruisers. 

The next speaker was Admiral Cleveland, who 
expressed his entire concurrence in a great deal 
that occurred in Admiral Long’s paper. He was 
sorry to see, however, that our new vessels (he 
referred to the new Astrzeas) did not carry more 
coal than 550 tons. This was an extremely small 
quantity. He said it was not practicable to 
transfer coal at sea. It was not possible to carry 
it along a wire hawser. In the British Navy we 
have nothing like the number of cruisers that are 
required to protect our trade routes. That was a 
truism. With regard to size and speed, speed was 
forced on us, whether we wanted it or not. Other 
nations built these extremely fast cruisers, and 
we were bound to meet them. With regard 
to the number of cruisers required by the 
country to do the absolutely necessary work 
in case of serious naval war, he had made a careful 
calculation, and found that 240 was the least we 
could do with. That was just double what we have. 
He did not think the Suez route practicable at war 
time. Turning to another question, he felt that he 
was very much out of accordance with the majority 
of his brother naval officers, for it was his opinion 
that rigged ships were desirable as vessels that have 
to protect a long extent of route. He had not been 
able to criticise the very valuable paper contri- 
buted by Lord Brassey. The subject was of the 
greatest importance. He would hazard the sugges- 
tion, however, whether it was wise to withdraw our 
big and swift ocean steamers from carrying the food 
supply of the country in time of war, though they 
would be of very great use as an auxiliary to the 
Navy, it was questionable whether we could do 
without them. 

Sir Nathaniel Barnaby was the next speaker. 
He agreed with much that Admiral Long had said 
in the paper, but Admiral Colomb, in his speech, 
had made some very wise remarks as to the neces- 
sity of numbers as against individual power in ships. 
Turning to another subject, he referred to the 
accident to the Apollo. He had been down to 
Chatham Dockyard and examined the bottom of 
that vessel in dry dock, and he was so much struck 
by what he saw that he wrote a letter to the Times 
calling the attention of naval ofticers to the circum- 
stance. After that a person had gone down to 
Chatham and had written an article on the sub- 
ject. But that person had not seen all that he 
might have seen in regard to lessons to naval 
officers. A naval officer, examining the bottom of 
the ship, would immediately have been struck by one 
aspect of the case. He would have said to the Naval 
Constructor, ‘‘If you build a larger ship than this, 
can you give us better security against destruction 
in the case of grounding on rock ?” The Naval Con- 
structor would have said he could not do so. Un- 
happily, shortly after, the Howe wentashore. The 
circumstances were still fresh in the memory of 
those present, and the vessel had not been floated up 
to the present time. This costly ship had a weight 
of armour incorporated in her design, equal to the 
whole displacement of one of Nelson’s 74-gun ships. 
The small number of ships above 16 knots explained 
one thing. That was the reason Admiral Long 
made no reference to the abolition of privateering. 
In regard to the withdrawal of naval subsidies, he 
felt sure that if the Government proposed such a 
step the whole strength of that Institution would 
be brought to bear in opposition to the measure. 

Admiral Morant was the next speaker. He 


said that he would not like to go back to small 
ships. One great objection was that they could 
carry so very little coal. The Ibex, a Channel 
steamer, was mentioned by Admiral Long in his 
paper. She would steam 20-knots, but she would 
only carry just sufficient coal to go backwards and 
forwards between ports across the Channel. 
Numbers indeed were essential, but the Navy must 
trust to the country to give sufficient numbers of 
ships sufficiently powerful to do the work of pro- 
tection. He was sorry to disagree with Admiral 
Cleveland, but he thought that sails were dead and 
buried, and if they had been dead 20 years ago it 
would have been to the interest of the fleet. 

Mr. W. H. White spoke next, and criticised 
some of the points contained in the tables 
which the author had compiled. The figures 
he had given in regard to coal supplies 
required correction, for the author had taken, not 
the actual capacity, but the nominal storage corre- 
sponding to displacement at trial draught ; thus 
the Blake was set down as carrying 1500 tons, 
whilst her capacity was 1700 tons. The Royal 
Arthur had on board at the present moment 1120 
tons. The Sirius was said to take 400 tons. Every 
ship of her class would carry 550 tons. The Pallas 
was credited with 300 tons; it should have been 
400 tons. In any case, English ships carry larger 
coalsupplies than those belonging to foreign Powers, 
and this was right, as English ships, in virtue of 
the duties they had to perform, had larger 
demands made upon them. The Blake had a 
speed of 19.12 knots credited to her. She 
had made a run at that speed, but it was 
at the time she was expending 3000 or 4000 
indicated horse-power on her thrust bearing. 
The Blenheim, a sister ship, had made 204 knots 
all the way from the Thames to Portsmouth. The 
speed of the Blake with natural draught was nearer 
21 knots than 19. With forced draught, her speed 
was 21.6 knots. No doubt Admiral Long had ob- 
tained his figures from the press. If the speaker 
were to undertake to answer all the misstatements 
made in the daily papers on naval matters, all his 
time would be taken up. But a few days ago 
these erroneous statements were repeated in a 
technical journal which possessed a reputation for 
accuracy, and then he had considered it his duty 
to write and correct this statement, as otherwise it 
might be quoted as authentic all over the world. No 
doubt members present had seen the letter referred 
to. Another point upon which he would insist was 
that in making comparisons between the trials of 
our own ships and those of foreign navies, one 
should be perfectly sure that the conditions were 
similar. Contractors who built ships and made 
engines both for the Royal Navy and for foreign 
governments were apt to say that the conditions 
of trial were very much more onerovs with 
Admiralty ships than with those built for abroad, 
Admiral Long in his table took the contractor’s 
trials as his basis for chasing speed, but in the 
Admiralty their practice was only to allow 60 per 
cent. of the contract speed as the actual sea speed. 
In another table the author had given the mean 
speed of the Pallas on a voyage from Ports- 
mouth to Hong-Kong as 10.1 knots. It was 
interesting to mention that on actual service 
this ship had steamed three days at 16.7 knots, 
which was above the speed promised on the 
eight hours’ contractor’s trial. In that case 
the ship was worked by her regular sea-going com- 
plement, the coal being worked from the bunkers 
in the usual way. With regard to coal consump- 
tion, he would remark that in terms of the indi- 
cated horse-power it would be higher when cruising 
at sea than when at higher speeds, for the nearer 
approach to full power permitted a greater 
efficiency of the engine. This had an important 
bearing on the compilation of figures for purposes 
of comparison. In regard to sails and sail power, 
he agreed with Admiral Long. Sails are, however, 
a necessity on some long ocean routes, unless 
much bigger ships were built, having a longer coal 
endurance. If ships were to be rigged, they must 
be single-serewed. Some of our vessels with twin 
screws had, however, auxiliary sail power, but 
these could only use their sails in strong and 
favourable winds. Another important matter to 
be considered in the decision as to whether sails 
should be used, was the way the masts and rigging 
interfered with the disposition of the armament. 
With regard to the matter of high speed in cruisers, 
Admiral Cleveland was quite right in saying that 
it was forced upon us by the steps taken by other 
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Powers. The Admiralty had no ambition to rival 
the Campania and other vessels of her class, but 
foreign nations built these speedy cruisers, and we 
had to produce ships to answer them. Admiral 
Colomb had made a speech, and from his opening 
remarks Mr. White had hoped that he would learn 
something which he would be able to incorporate 
into a design. The gallant Admiral’s speech had 
turned out disappointing. Mr. White in his youthful 
days, when a boy in the dockyard, remembered a 
favourite comparison asastandard of size was ‘‘ some- 
thing about the size of a lump of chalk.” Admiral 
Colomb’s speech had brought the expression back 
to his mind. However much one might differ from 
the opinions set forth in Admiral Long’s paper, it 
had this great virtue, from a Naval Constructor’s 
point of view, that it set forth specific clear ideas. 
That was what the Naval Constructor wanted, and 
what he most valued. Reference had been made 
to the nomenclature of war vessels. It was very 
mixed in the present day. ‘The line of demarca- 
tion was not strongly defined, and he did not think 
that names would count for much in battle. Ifa 
naval officer were in command of a so-called cruiser, 
he would not run away because he was in the pre- 
sence of an enemy whose vessel was styled a battle- 
ship. The title proposed by Admiral Long, ‘‘ battle 
cruiser,” he thought self-destructive. The distinc- 
tion between battleships and cruisers appeared to 
him to be this: that battleships were intended to 
act together, cruisers were designed to act singly. 
In regard to speed and coal endurance, there was 
one thing certain: if they required to increase 
these qualities they must increase the size and 
cost of the vessels; whatever came, we must be 
governed by the action of our rivals and possible 
foes, and if we fell short in any respect, either with 
regard to the power of individual ships or their 
numbers, the country would be pursuing a mis- 
taken and fatal policy. 

Mr. B. Martell was the next speaker. He said 
that, however convenient it might be at times to 
discuss two papers together, the present instance 
indicated the drawbacks of such a course. All the 
arguments had been on Admiral Long’s paper, 
whilst Lord Brassey’s able communication on a 
subject of the most vital importance to the State 
had passed without notice. He thought the 
country did not see the importance of this matter. 
The Americans had acquired two of our most 
powerful vessels, which could be used as auxiliaries 
in time of war. They would soon have five ships 
of the highest speed, from 20 to 22 knots, and this 
only shows to us the necessity of our merchant 
vessels carrying guns, and being able to use them if 
occasion arose. 

Mr. Philip Watts, of Elswick, was the next speaker. 
Admiral Long had credited the Argentine cruiser, 
9th July, tried in 1893, with a speed of 22.74 knots 
with forced draught. As a matter of fact, no 
forced draught trial was made with this ship. The 
reason was that the Argentine Naval Commission 
attached no importance to forced draught. After 
a heavy day’s run, when men were exhausted, and 
everything in unfavourable conditions, four runs 
were made on the measured mile. This was done 
almost against the wish of the members of the 
Argentine Commission. The speed obtained was 
that stated, but this cannot be looked upon as a 
forced draught trial. If tested under ordinary 
conditions of trial, such as followed in Her Ma- 
jesty’s Navy, the ship would have attained a much 
higher speed, doubtlessly exceeding 23 knots. He 
would bear testimony to the valuable nature of 
the statistics put forward by Admiral Long, more 
especially in regard to the consumption of fuel. 
He thought nothing of the kind had been published 
before. The information given in this paper, and 
the opinions expressed by the other naval officers 
who had spoken, would be of great value to naval 
architects engaged in the design of warships. The 
views of naval officers should determine the rela- 
tive importance of speed, coal endurance, gun 
attack, and production. 

In replying to the discussion, Admiral Long said 
that he only wanted sail power as an auxiliary. He 
thought the third-class cruisers might be of use if 
rigged. One great objection was, of course, the 
danger of fouling the screw. With regard to the 
question of numbers versus power of individual 
ships, he thought it was better to have a few 
ships to do what they were required to do, 
than any number, however great, incapable of 
performing the services. There was one thing they 
must remember : Her Majesty’s vessels had to pro- 


tect the honour of the flag, and they should be 
sufficiently powerful to do that. He thanked Mr. 
White for his criticisms on the tables. He had 
only put the figures forward as approximate. He 
would have liked to have had more time to 
consider Lord Brassey's very valuable paper. 
The subject was one of great importance and 
deep interest to naval officers. He knew that 
the foreign subsidies were of immense value to 
the lines of steamships belonging to other nations, 
and they were able to afford, by the aid of these 
subsidies, far better accommodation than they 
otherwise would, and so compete successfully with 
our own ships. The gallant Admiral gave a per- 
sonal example of this nature. 

Lord Brassey said that the point he had en- 
deavoured to put forward was an obvious one. We 
cannot work our merchant ships, at extreme speed in 
opposition to foreign subsidised ships, on a purely 
comniercial basis, If we want this country to possess 
ships of the very highest speed, now reached by the 
highest class ocean liners, there must be Govern- 
ment subsidy. The British Indian and Wilson 
Lines may run their ships at moderate speed success- 
fully. Of one thing he was sure, that the foreign 
subsidised lines would carry our mails, and be glad 
to carry them, almost for nothing ; and if we go in 
for a policy of extreme economy only, throwing all 
other considerations overboard, that should be our 
line. But he did not think that the country would 
ever submit to see British mails carried exclusively 
by foreign vessels, and the British flag flying over 
only slower and inferior vessels. 

The meeting then adjourned till the next day. 
We must defer any further report of the meet- 
ing until our next issue. Admiral Long’s and Lord 
Brassey’s papers were the only two read on Wed- 
nesday. ‘The meeting will conclude this evening 
with the presentation of an address from the Insti- 
tution to the Karl of Ravensworth on his retire- 
ment from the office of President. The annual 
dinner of the Institution was, as we have said, held 
on the evening of Wednesday. 


EFFIOIENCY OF DYNAMO-ELEOTRIC 
MACHINES. 
By E. Wixson, M. Inst. E.E. 

In determining the efficiency of a dynamo asa 
system for transforming mechanical into electrical 
energy and vice versd, the obvious way is to measure 
directly the power given to the system and.the 
power taken from it. In the modern dynamo high 
efficiencies are met with, and consequently we are 
comparing two magnitudes which are nearly equal, 
and their ratio will be afflicted with the full error 
arising from an error in the determination of either 
magnitude. Suppose, for instance, that the true 
efficiency of a dynamo is 90 per cent., and that an 
error of 2 per cent. in the determination of power 
is possible. Then by the obvious method the efti- 
clency may come out to be anything between 86.4 
and 93.7 per cent. 

To get over this difficulty Dr. J. Hopkinson de- 
vised his differential method (Proceedings of the 
Institution of Civil Engineers, vol. Ixxxiii., page 
235, and Transactions of the Royal Society, 
Part I., page 347, 1886), which renders possible 
the determination of efficiency to a great degree of 
accuracy. It is briefly as follows: 


If « is the power given to the system, 
y is the power given out by system. 


Then the efficiency can be expressed by 1— —# ; 


where «—y and « are the measured quantities. 
Assuming as before the actual efficiency to be 
90 per cent., and the possibility of a 2 per cent. 
error in the determination of power, the maximum 
and minimum efficiencies obtainable would only 
be 90.4 and 89.6 per cent. 

In putting this method into practice Dr. Hop- 
kinson takes two dynamos of equal, or nearly 
equal size, and couples their axles together by belt 
or otherwise. One machine runs as a generator 
supplying power electrically to the other as motor, 
which in turn returns its power to the generator 
through the coupling. It is then only necessary 
to supply power mechanically or electrically to take 
up the actual losses in the combination—which may 
be comparatively small, although the power pass- 
ing between the machines may be great. 

Figs. 1, 2, 3 represent three distinct methods of 
test, numbered I., II., III. respectively. In I, the 
power difference is supplied mechanically by belt ; 


in II. and III. it is supplied electrically. In the 
diagrams M stands for motor, G for generator, C 
and ¢cfor current indicators, EK, and Ey for volt- 
meters, The two machines to which the table on the 
next page refers, are of Messrs. Siemens Brothers 
H.B. 8/15 type, each intended to give 140 volts 
80 amperes at 880 revolutions per minute. (Pro- 
ceedings of the Royal Society, vol. li., page 49.) 
They are mounted on one bedplate, and in these 
tests had their axles rigidly coupled together. The 
experiments were made in the Siemens Labora- 
tory, King’s College, London. 


Merunop I. 


The power difference was supplied to the system 
(Fig. 1) by a Paxman steam engine, and was mea- 
sured on a ‘‘ Hefner Alteneck” dynamometer. The 
losses in the system have been allocated as in Dr. 
Hopkinson’s Royal Society paper. The power 
passing between the machines and the speed can 
be adjusted by means of the rheostat R in the 
motor magnet circuit and the engine. This method, 
like II. and III., necessitates a pair of dynamos, 
and further a suitable dynamometer for the mea- 
surement of power transmitted to the combination 


Fig. 2. a 
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by the engine. The measurement of power mecha- 
nically presents more difficulties than by electrical 
means, and in this respect Methods II. and III. are 
to be preferred. : 

In the table of figures (see next page) : 

No. 9.—The watts absorbed by the combination 
are calculated from the dynamometer reading. 

No. 9a.—Represents the watts lost in the con- 
nections between the machines and in the rheostat 
R in motor magnet circuit. 

No. 10.—The total electrical power developed in 
the generator is the sum of E, C and Nos. 6 and 8. 

No. 11.—After subtracting the losses which can 
be accounted for in the system from the watts given 
to the system, the remainder is equally divided 
between the two machines, since it can be fairly 
assumed that the losses by hysteresis, eddy cur- 
rents, and friction are nearly the same in the two 
machines. 

No. 12.—The power given to the generator is the 
sum of Nos. 10 and 11. 

No. 16.—Efficiency of generator given by 
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2 O 
No. 12 
No, 20.—Efficiency of motor given by 
Nos. 12 —9 


Nos. 10 —6 — 8 — 9a 
No. 22.—A general formula, which gives at once 
the efficiency of the combination, is 


BR, ¢ — No.9 
i eee 
Be C ae No. 


and assuming the efficiencies of motor and gene- 
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rator to be equal, the square root of this quantity 
gives the efficiency of either. A better approxi- 
mation would be to state this formula 


This latter is given in the table of figures, 


Meruop II. 

The power- difference was supplied in this case by 
a battery B (Fig. 2) in series with the two arma- 
tures, the magnets being excited by a battery 
which, for the sake of clearness, is shown sepa- 
rately for each machine. The generator field cir- 
cuit, being weaker than that of the motor, is pro- 
vided with an adjustable resistance R, by means of 
which, in conjunction with B, the power passing 
between the machines, and the speed can be 
adjusted. This method lends itself to the testing 
of dynamos built for comparatively small currents. 
If applied to machines constructed for large cur- 
rents, the battery B being replaced by a dynamo, 
difficulties arise on account of the unequal running 
of the engine driving such dynamo at slow speed. 

In the table of figures : 

No. 9.—The power absorbed by the combination 
is given by 

(E, - E,) C+ No. 7+ No. 8. 

No. 10.—Total electrical power developed in 
generator is given by E, OC + No. 6. 

No. 11.—Half watts absorbed by combination, 
minus half known watts in magnets and armatures, 
is given by 

+ {No. 9 — (Nos. 5+ 6+7+8)}. 


No. 12 —Power given to generator is No. 10 + 
No. 11 + No. 8. No. 8 should here be increased 
by the inverse ratio of the efficiency of the gene- 
rator, but the result will not be appreciably altered 
if this is omitted. In any case an assumed value 
for the efliciency of the generator could be taken 
which would more nearly approximate to the truth. 
In the table 87 per cent. has been taken. 

No. 16.—The efficiency of the generator is given 
b 

, No. 10 — No. 6 
Na, ae 
No. 20.—The efficiency of the motor is given by 
No. 10 + No. 11 
E, 0+ No.7 
No. 22.—A formula which gives at once the 
efficiency of the combination is 
Fy C -- No. 8 5 
E, C+ No.7’ 
and assuming the efficiency of the machines to be 


equal, the square root of this quantity would be the 
efticiency of either. 


Mernop III. 


The power difference in this method was sup- 
plied by a battery B, which was placed across the 
terminals of the motor armature as shown in 
Fig. 3. The current (c) supplied to the combina- 
tion was measured simultaneously with OC, the 
current between the machines. An adjustable 
resistance R was placed in the magnet winding of 
the motor, this being weaker than that of the 
generator. By means of this resistance and the 
potential of B the power passing between the 
machines and the speed can be adjusted. With 
the potential of B constant the speed can, for given 
currents through the armatures, be varied if both 
fields are simultaneously raised or lowered. This 
method has the advantage over Method II., in 
that B is more easily replaced by a dynamo giving 
the same output. 

In the table of figures : 

No. 9.—The power absorbed by the combina- 
tion is given by HK, c + No. 7 + No. 8. 

No. 9a represents the watts in connections be- 
tween machines. 

No. 10.—The total electrical power developed in 
generator is given by E, C + No. 6. 

No. 11.—Half watts absorbed by combination 
minus half known watts in connections between 
machines, magnets, and armatures, is given by 


4{ No. 9-(Nos. 5 +6 +7 + 8)-C(E.-E)} 


No. 12.—Power given to generator is No. 10 
+ No. 11 + No. 8, where the truth will be more 
Nearly approximated to if No. 8 is multiplied by 
the reciprocal of an assumed efticiency for the 
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generator—87 percent. has been taken. No serious 


error will be made by neglecting this correction. 
No. 16.—Generator efliciency is 
No. 10 — No. 6 
No. 12 
No. 20.—Motor efficiency is 
No. 10 + No. 11 
E, (C +¢) + No.7 


No. 22.—A formula which gives at once the 


efficiency of the combination is 
1B, O Ne. 8 
B,(C +c) + No.7 


The square root of this quantity would give the 
efficiency of each machine on the assumption that 


they are equal. 


GENERAL REMARKS. 


The armatures in each method may be treated 
as one system independently of the field magnets, 
the efficiency of the pair being given by the ratio 
of the watts given out to the watts delivered to the 
respective armatures. The treatment of the sub- 
ject from this point of view needs no special 
remarks. In Method II. the etliciency would be 


the ratio ee) whereas in Method III. it would be 
1 
the ratio 
ie, C 
3(C ae c) 2 

The square root of these quantities would give the 
efficiency of each armature, assuming them to be 
equal. 

In the case in which the machines self-excite as 
in Method I., the formulz require to be slightly 
modified. 


r) o . I 
2 | = as} i) 
Fah | Description of Magnitude. a = 3 
5 & ae ee ites 
Sa 2 oO o 
Aa | a a a 
1 |Revolutions per minute.. 830 875 700 
2 |Potential motor brushes E; 134] 155] 98.6 
2 $5 generator brushes E, 140} 129 | 104.1 
3 ‘Current between machines C .. oe 79 78 73.5 
4 | » from externalsource to motor 
| armature c ae as es ai] ate 21.1 
5 |Watts in motor armature | 236.6) 255) 3876 
6 1,» generator ,, 298.3] 255) 227 
7 »» motor magnets 411.3) 764 221 
8 a generator magnets 739.6 379 340 
9 », _ absorbed by combination 3528 | 3171 | 2641 
9a 4, in connecting leads and in 
rheostat in motor magnet circuit ..| 590 404* 
10 |Total electrical power developed in 
generator #s oe “es ..|12,097 |10,317| 7877 
11 (4 watts absorbed minus } known losses} 625 9 759} 499 
12 |Power given to generator in watts ..|12,724|11,511| 8767 
13 |Percentage loss in generator armature! 2.3) 2.2 2.6 
14 | ” ’” magnets 6.8 | 3.3 3.9 
15 ” sum of all other losses in 
|_ generator a6 a5 22 --| 49) 66 5.7 
16 Percentage efficiency of generator 86.9 | 87.4 87.3 
17 + loss in motorarmature ..| 2.3] 1.98 4.0 
18 | ” ” magnets 3.9] 5.9 23 
19 | Ah sum of all other losses in 
motor F a ee ee 6.0} 5.9 5.2 
20 |Percentage efficiency of motor -| 87.8 | 86.2 87.7 
21 ne efficiency of combination | 76.3 | 75.4 76.6 
22 |General formula for efficiency of com- 
bination .. oe oo ne --| 76.6 | 75.3 76.6 


* Watts in rheostat in motor magnet circuit not included. 


Instead of making the machines work respectively 
equally above, and below normal conditions ; two 
separate experiments could be made in which the 
motor and generator could alternately be made to 
work under normal conditions. In the experiments 
no regard has been paid to make the machines work 
under similar conditions—the figures, therefore, 
only illustrate the method of test. 


NOTES. 

Two New Waite Star ATLANTIC STEAMERS. 

WE understand the White Star Company are nego- 
ciating with Messrs. Harland and Wolff, Belfast, to 
construct for the line two steamers, whichareto have 
a speed in excess of anything now afloat, including 
the two new Cunarders, the first of which is this 
week running her preliminary speed trials on the 
Firth of Clyde. It is not yet possible to give 
details ; but it is said the vessels will each be some- 
thing like 60 ft. longer than the Cunard vessels. They 
areto be propelled by three screws. Weareinformed 
the stern framing is already under order, so that it 
is intended to proceed at once with the construc- 
tion of the vessels. The stern-frame is of novel 
design. The run of the keel has a curved rise in 
front of the rudder-post, as in the case of some 
torpedo - boats, and as it is of heavy section, 


Bot 


with suitable points for bearings, the intention 
is evidently to run a propeller in the space 
left by the curve on the keel-plate or bottom 
part of the stern-frame. The massive character of 
this frame will be appreciated when we state that 
it weighs about 20 tons. There are brackets for 
the two side.screws, and these weigh 8 tons each. 
As to the power to be generated by the engines, it 
is understood to be about 40,000 indicated horse- 
power. 


Gas v. STEAM. 

Tt will be remembered that at a recent meeting 
of the Institution of Civil Engineers, at which Mr. 
J. Emerson Dowson read a paper on ‘Gas 
Engines,” in his reply to the discussion he 
threw down a challenge to the steam engine 
makers, asking them to join in an exhaustive trial 
to ascertain the respective economies of the two 
sources of motive power. We believe that there is 
a strong probability that a part at least of the 
programme is to be carried out. It is said, we 
hope on good authority, that the preliminary 
arrangements for a thorough trial of a large 
Crossley gas engine have been completed, and Pro- 
fessor Kennedy has consented to take charge of 
the experiments, a guarantee that they will be 
carried out in an efficient and trustworthy manner. 
The engine will develop 100 horse-power effectual, 
and will be worked by gas made in a set of 
Dowson plant. Two Crompton dynamos will 
be operated, and there will be resistances to 
absorb allthe current produced. The gas generator 
will be placed on a weighing machine, as suggested 
by Mr. Dowson at the meeting referred to, so that 
there may be at all times an exact record of the 
fuel consumed, It is intended to work under full 
and varying loads ; in fact, it is to be the object of 
the experiments to imitate as nearly as possible 
what is actually required at a central station. The 
trials will be looked forward to with great interest 
by all classes of mechanical engineers, and we hope 
to give full particulars when they have been made. 


Fire JETS, 

In a paper recently read before the American 
Water Works Association, Mr. J. T. Fanning 
dealt with the question of supply for fire service. 
First, as regarded the pressure necessary ; as a 
general rule he thought that a pressure capable of 
throwing a jet 80 ft. high was sufficient to meet the 
requirements of small cities and the suburbs of 
large ones. ‘The lofty office buildings common in 
large American cities required, however, special 
methods. To facilitate the preparation of plans, 
Mr. Fanning has prepared the following Table : 


| Imperial | P 

yes Hori- | Gallons eo a 

Vertical : Pressure | : | Lost per 

Height ot| Diameter! at the |pZ0ntel | virca | 100 Ft. of 
stream ele ozzle. Play Pipes Projection charged | 24-In. 
| | of Streams Per + | vows 
| Minute. i 
{to sie ein lb. per ft Ib. per 
sq. in. | sq. in. 
70 1 46.6 59.5 | 162 10.75 
70 1} 44.5 61.3 199 =| ~=-15,50 
70 14 43.0 66.0 245 | 22.75 
ye of EE 67.0 292 | 32.50 
80 1 59.0 67 0 184 13.50 
80 14 55.5 =| 669.5 215 19.40 
80 1} 53.5 72.4 £74 28.40 
80 13 51.5 74.4 328 40.00 
90 1 78.0 76.6 214 17.70 
90 1} 72.0 78.5 259 25.40 
90 | 14 68.5 81.0 310 35.90 
9 | 1 65.5 82 6 374 51.40 
100 | 1 125 88.0 249 | 23.60 
100 Ay ie 103 $9.0 301 | 33.80 
100 14 93 92.0 868 57.75 
100 | 1g 88 92.0 432 72.00 


Tue Pic Iron Propuction oF AMERICA, 
The demand for raw material may be accepted as 
a fair criterion of the condition of any manufac- 
turing industry, and the decline in the production 
of pig iron in the United States recently is signifi- 
cant. The official return for 1892 shows that the 
total make, although rather more than last year, 
was 45,703 tons less than in 1890, when the total 
reached the maximum—9, 202,703 tons. The decline 
is the more marked, however, when one considers 
the output of each successive six months. In the 
second half of 1891 there was a recovery from the 
previous depression ; but since that time there has 
been a steady decline, the iron produced in the 
second half of last year being 380,000 tons less than 
in the first half. Moreover, indications point to a 
continuance of this decline. It would be interesting 
to inquire to what extent (if any) the reduced out- 
put is due to possibility of pig iron being imported 
tree from duty under the revised tariff; but there 
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are no data in the report on this point. There seems 
less decrease in the use of American iron than the 
production would indicate, for stocks are less than 
they were a year ago. Pennsylvania still produces 
over 4 million tons, nearly a half of the total of 
9,157,000 gross tons ; Ohio being second with an 
output of 1.2 million tons ; and Illinois third, with 
950,000 tons. In the nine southern States of 
Maryland, Virginia, North Carolina, Georgia, 
Alabama, Texas, West Virginia, Kentucky, and 
Tennessee, the output was greater than in any pre- 
vious year, totalling 1,890,167 tons, 1,460,007 tons 
more than in 1890. While Pennsylvania and Ohio 
produce 2,2 million tons of foundry and forge iron, 
Alabama, Tennessee, and Virginia make 1,426,850 
tons, so that it is pretty evident that the southern 
States are making great advances in iron production. 


Eectric Buastine, 

According to a paper recently read- before the 
American Society of Civil Engineers by Mr. Wil- 
liam L. Saunders, the electric method of firing 
cartridges in blasting is much more common in 
America than in Europe. In the United States 
the current is always supplied by a magneto 
machine, the fuze having a platinum wire imbedded 
in the fulminate, and this wire is rendered incan- 
descentbythecurrent. Frictional machines, in which 
a spark is passed between two platinum points in 
the fulminate, are not there used. The fuzes under 
ordinary conditions should, he holds, be placed 
about the centre of the length of the cartridge by 
making a hole in the latter with a pointed wooden 
stick. A knife ought, in his opinion, not to be 
allowed near the power house. If the fuzes have 
to be waterproofed, this is best done by means of 
cobbler’s wax, which, after being warmed, should be 
allowed to cool to the consistency of a jelly before 
being applied to the exploder. These exploders 
should only be bought from firms that test the 
resistance of each supplied, so as to insure uni- 
formity, otherwise misfires may occur. For insu- 
lating bare portions of the connecting wires 
where necessary, ebonite tape was very useful and 
was cheap. [For tamping, dry sand was as good as 
anything, save, perhaps, pebbles, the worst material 
of all being wet clay. The tamping material was 
best placed in a tamping bag of paper made the 
diameter of the hole, and about 12 in. to 30 in. 
long, as these bags could be filled with the best 
tamping material some time before required, 
instead of having to use otherwise the nearest stuff 
that would do. Dry clay, moistened broken brick, 
and the dust from the drill-hole could be used if 
nothing better was at hand. When the drill-hole 
was ready for the cartridge, it was best to put in 
first a handful of rubbish, such as dry grass, to form 
a cushion for the top of the cartridge. 


RartLways IN BELGIUM. 

The Belgian railway network is made up of the 
following 15 undertakings: Antwerp and Gand, 
314 miles; Chimay, 374 miles; West Flanders, 
111% miles ; Gand, Eccloo, and Bruges, 29% miles ; 
Gand and Terneuzen, 253 miles ; Great Central 
Belgian, 390 miles ; Hasselt and Macseyck, 253 
miles; Liége and Maestricht, 184 miles; Liége 
and Limbourg, 884 miles ; Malines and Terneuzen, 
41% miles; North Belgian, 1052 miles; Taviersand 
Embrezin, 52 miles ; Termonde and St. Nicholas, 
134 miles ; Belgian State lines, 20253 miles ; and 
light vicinal lines, 6734 miles; making an aggregate 
of 3622? miles. The first 13 undertakings may, for 
the purposes of our review—which is brought down, 
we should add, to December 31, 1891—be grouped 
together under the general heading of ‘‘ conceded 
lines.” This will greatly simplify matters, as we 
shall have only three groups to deal with, viz., 
“* conceded lines,” ‘‘State lines,” and ‘‘light vicinal 
lines.”” We may repeat that the first group com- 
prised at the close of 1891 some 924 miles of line ; 
the second group, 20252 miles; and the third 
group, 6734 miles. The number of locomotives 
upon the conceded lines was 5403; upon the State 
lines, 3988 ; and upon the light vicinal lines, 499 ; 
making an aggregate of 4727. The number of 
passenger carriages upon the conceded lines was 
833; upon the State lines, 4276; and upon the 
light vicinal lines, 563 ; making an aggregate of 
5072. The number of vans upon the conceded 
lines was 460; and upon the State lines, 641 ; 
making an aggregate of 1101. The number of 
goods trucks upon the conceded lines was 13,273; 
upon the State lines, 42)499 ; and upon the light 
vicinal lines, 1184; making an aggregate of 56,956. 
The revenue aequired from all sources in 1891 was 


as follows: Conceded lines, 1,630,841/. ; State 
lines, 5,912,6201. ; and light vicinal lines, 189, 359/. ; 
making an aggregate of 7,682,814/. The working 
expenses of the year were: Conceded lines, 
833,0521.: State lines, 3,378,561/.; and light 
vicinal lines, 102,353/. ; making an aggregate of 
4,313,966]. It follows that the net revenue of all 
the Belgian lines for 1891 was 3,368,848/. The 
ratio of the working expenses to the traflic receipts 
was 51 per cent. upon the conceded lines, 59 per 
cent. upon the State lines, and 74 per cent. upon 
the light vicinal lines, giving a general average of 
58 per cent. for the whole country. It will be 
observed that the ratio of the working expenses 
was sensibly higher upon the State lines than upon 
the conceded lines. Upon the light vicinal lines 
the ratio was higher still; this was attributable to 
the relative scantiness of the receipts per mile 
worked. Thenumber of persons killed upon the 
railways of Belgium in 1891 was 192, viz., upon 
the conceded lines, 35; upon the State lines, 
131; and upon the light vicinal lines, 26. The 
number of persons injured during the year was 
1002, viz., upon the conceded lines, 30; upon the 
State lines, 962 ; and upon the light vicinal lines, 
10. Here again the State lines do not compare 
very well with the conceded lines. 


Post Orrice TELEGRAPHY, 

From a financial standpoint, the position of the 
Post Office telegraphs would appear to be worse 
than ever. In the financial year ending March 
31, 1892, the network was worked at loss of 
389,167/., as compared with a loss of 231,033/. in 


the year ending March 31, 1891 ; 220,903/. in the 
year ending March 31, 1890; 265,183/. in the 
year ending March 31, 1889; 332,5011. in the 
year ending March 31, 1888; 471,890/. in the 
year ending March 31, 1887 ; 371,554/. in the 
year ending March 31, 1886; 362,767/. in the 
year ending March 31, 1885; 346,114/. in the 
year ending March 31, 1884; and 142,224]. in 


the year ending March 31, 1883. The aggregate 
loss sustained in working the Government tele- 
graphs from their acquisition by the Treasury in 
1870 to March 31, 1892, was 4,463,686/. It should 
be observed that this loss includes the interest on 
the 2? per. cent. consols issued to provide for the 
purchase of the undertaking. The original amount 
of this stock was 7,588,757/., but at the close of 
March, 1892, it had increased to 10,868,664l., in- 
volving an annual interest charge of 298,888). 
The actual excess of working expenses over current 
revenue in 1891-2 was 90,2831. It would have 
been 125,872. if allowance had not been made for 
the value of the services rendered by the network 
to other public departments in 1891-2, without 
remuneration being received for the same. It is 
right to remark that the capital account of the Post 
Office telegraph system is closed, and that all im- 
provements and extensions are now charged against 
revenue ; but for this, the year’s working would 
probably have been attended with somewhat better 
results.. But even allowing for all this, the Post 
Office telegraphs appear to produce no direct return 
upon the 10,868,664/. stock created to provide for 
their acquisition. Thus, in the twelve months end- 
ing. March 31, 1892, the gross receipts were 
2,484,098/., while the amount expended in the 
same period for salaries, rents, maintenance 
of telegraphs, &c., was 2,507,012/., show- 
ing a direct loss of 22,9141. Some allowance 
should be made for the fact that the Government 
is now forwarding twelve-word telegrams for 6d. 
from any part of the United Kingdom to any other 
part of it, while, when the original telegraphs were 
taken over in 1870 from the British and Irish Mag- 
netic, and the Electric and International Companies, 
the charge from the south of England to Edin- 
burgh and Glasgow was as much as 4s. per 20 words. 
A very large number of additional offices have also 
been opened by the Government during the last 
20 years, and the service is more complete and 
effective than it was a quarter of a century since. 


Nuw Swine Bripcr in Norway.—The swing bridge 
which is being constructed across the Tonsberg Canal is 
probably the largest of itskind in Norway. ‘There will 
be two passages, one on each side of the central pier, the 
diameter of which is 7.8 metres (26 ft.), the width of the 
two passages being respectively 19 ft. and 17 ft. The 
upper portion of the bridge is constructed on the 
Schwedler principle. The carriage road of the bridge is 
4,8 metres(16 ft.) wide, with a pathway for foot passengers, 
carried on brackets, on each side, the whole being 
planked, The ironwork and the moving mechanism have 
been manufactured at the Vulkan Kngineering Works, 
Christiania, and appear to be very satisfactory. 


IRON AND STEEL IN SWEDEN. 

Ar the recent meeting of the Society of Swedish 
Ironmasters the following statement was made about 
the Swedish iron and steel industry during 1892. The 
shipments were—the figures for 1891 being added for 
comparison’s sake ; 


1891. 1892. 
tons tons tons 
Pig and ballast iron 63,014 57,539 — 5475 
Ingots: ie 4,413 4,654 + 241 
Blooms, &c. 11,188 9,389 — 1749 
Other rolled or ham- 
mered bars 179,380 178,898 + 3518 
Cuts of bar iron 1,945 2,639 + 694 
Wire iron ... 5,247 4,614 — 632 
Plate iron ... 3,770 8,246 — 524 
Nails... 3,167 2,689 — 528 
268,074 263,619 4455 dec, 
--+ signifies increase. 
_— is decrease. 
The amount of warrants was: 
January Januar 
1, 1892. 1, 1893. 
tons tons tons 
Pigiron ... 20,284 34,117 or 18,833 increase dur- 
ing 1892. 
Bar iron . 7,658 5,714 ,, 1,844 decreasedur- 
ing 1892. 
Blooms sis 3,935 
Ingots 19,814 18, ul »» 5,964 increase dur- 
Other iron ie 7,899 ing 1892. - 
47,6566» 65,609 ,, 17,953 increase dur- 


ing 1892, 
During the last quarter of 1892 the following were 
going ; 
89 blast furnaces against bo same time 1891. 


325 furnaces Ae 4 ae a 
21 Bessemer con- 
verters 5h 25 - 3 
24 Martin —fur- 
naces i 25 rs % 
The production was : 
1891. 1892, 
tons tons tons 
Pig iron... 464,594 440,871 or 23,723 decrease 
Blooms ... 223,310 221,551 ,, 1,759 aa 
Bessemer ingots 93,144 82,478 ,, 10,666 ry 
Martin ingots... 76,179 75,294,, 885 5 


It will appear from the above particulars that the 
shipments of 1892 showed a decline of 4455 tons as 
compared with the previous year, whilst the quantity 
of iron, for which warrants had been issued, had in- 
creased by about 18,000 tons during 1892, of which 
pig iron accounts for 13,833 tons, which is the more 
remarkable, as the production of pig iron has decreased 
by over 23,000 tons, 

The cause must partly be looked for in a smaller 
production of steel and partly in the fact that a 
portion of 1892 shipments consists of 1891 production; 
in addition to which the home consumption has fallen 
considerably off. Since the end of 1888, when the 
warrants for pig iron amounted to 57,900 tons, there 
have not been such large stocks as on January 1 this 
year. During 1889, however, the stocks were reduced 
by 34,000 tons, owing to a sudden demand for the 
English market, but there are no prospects for a repe- 
tition of this at present, and there may be some occa- 
sion to reduce the blastings. It is, however, always 
difficult to bring about any agreement between the 
ironmasters on this point, as the various ports of the 
country are subject to different conditions. The 
society hardly feels called upon to take any initia- 
tive in this matter; it can only enlighten the iron- 
masters as to the actual position of the market, &c., 
and they must then decide for themselves what to do. 

Within the Lancashire trade a decrease in the sales 
to America of ‘‘ fineiron”” has made the market some- 
what duller, but of other kinds of Lancashire, such as 
rolled and hammered bars, there are hardly larger 
stocks than what, under ordinary circumstances, can be 
sold. Since the new year there has been a good deal of 
inquiry from abroad, but it has been difficult to bring 
buyers and sellers together, and only little business 
has so far transpired. 


New VESSELS FOR THE INDIAN GOVERNMENT.— Messrs. 
Laird Brothers, on Wednesday, the 22nd inst., launched 
from the Birkenhead Iron Works a screw despatch vessel 
for the Government of India. She was named the Minto. 
The India Office was represented by Mr. Joseph Parker, 
Director-General of Stores, and Sir E. J. Reed, K.C.B., 
M.P., their naval architect and engineer, under whose 
direction the vessel had been designed and built. The 
Minto is built of steel, and is of the awning-deck type, 
with clipper stem and elliptic stern, rigged with two 
masts as a fore-and-aft schooner. She has a length of 
205 ft. 6 in.; beam, 31 ft. 6 in.; depth to awning deck,: 
22 ft. 9in.; and a gross tonnage of 930 tons. . Her 
machinery will consist of a set of direct-acting inverted 
engines of the triple-compound type. Her speed is to-be 
15 knots. The saloon is aft, extending the full width of 
the ship. The vessel will be lighted throughout with 
electricity. She will have an armament of four 3-pounder 
quick-firing guns mounted on the awning deck, . 
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1500 HORSE-POWER TRIPLE-EXPANSION MILL ENGINE. 


CONSTRUCTED BY 


———————— 


MESSRS. 


DANIEL ADAMSON AND (CO, 


On our two-page plate we this week illustrate a 
pair of engines recently constructed and put to work 
by Messrs. Daniel Adamson and Co., engineers, 
Dukinfield, near Manchester, at the mill of the 
Minerva Cotton Spinning Company, Limited, Ashton- 
under-Lyne. The engines, as will be seen from our 
engraving, are of the horizontal type, and have two 
cylinders arranged tandem fashion on each side of the 
main driving drum, the high and one low pressure 
cylinder driving one crank, and the intermediate and 
remaining low-pressure cylinder the other crank. 

The high-pressure cylinder is 22 in. bore, and the 
intermediate pressure cylinder 36-in. bore, whilst the 
two low-pressure cylinders are each 40-in. bore, 
the stroke in every case being 6 ft. Running at 55 re- 
volutions per minute, the engines developed 15U0 horse- 
power with ease, when supplied with steam at 160 lb. 
pressure per square inch. . 

The power is given off from the engines by a main 
rope drum 30 ft. in diameter, grooved for 40 ropes 
14 in. in diameter, the speed of the ropes being 5185 ft. 
per minute. The drum is built up in segments, with 
loose arms and boss, having only one boss and one 
set of arms, andrim segments. The arms are socketed 
into the boss and bolted to the rim segments, all joints 
throughout being truly machined. The total finished 
weight of the drum is 65tons. It is cased with 
polished pine, and has an internal barring rack cast in- 
side the rim, the barring being effected, when required, 
by one of the makers’ automatic safety barring engines. 

The general design of the engines themselves is of 
the type commonly known as the Corliss or trunk- 
girder frame pattern. The frame portions nearest the 
cylinders have the slides for the crossheads cast 
therein. At the end of the slides a substantial foot is 
provided for bolting the frames to the foundations, 
whilst at the ends of the frames nearest the crank- 
shaft a suitable flange is provided for jointing the 
frames to the crankshaft pedestals, which are cast 
separate and jointed to frames with strong bolts. 

Between the two tandem cylinders on each side are 
fitted cast-iron distance pieces, having slides cast 
therein, in a similar manner to the main frames, for 
crossheads which are utilised as couplings for the 
piston-rods for the high and low-pressure cylinders, 
and as a support for the rods. The distance pieces are 
bored out for the crossheads, and the flanges faced for 
jointing to the cylinders, at one operation, the whole 
engine being thus jointed together with faced joints 
from the machines in true alignment with each other 
and mathematically accurate. These distance pieces 
are, moreover, made of such an internal diameter as to 
allow of the cylinder covers being removed and 
pistons examined, without disconnecting any other 
parts of the engine. All steam joints, we may add, 
are madeperfectly accessible without disturbance of the 
structural parts of the engine. 

Advantage is taken of the coupling crosshead for 
driving the air pumps, which are fixed immediately 
underneath the distance pieces, and are of the usual 
single-acting bucket type, driven direct from the 
crosshead by steel plate levers. 

The two low-pressure cylinders are fixed upon sepa- 
rate cast-iron foundation frames, which are bolted 
securely to the foundations, but the cylinders them- 
selves can slide freely on these frames, and thus 
accommodate themselves to the expansion and con- 
traction of the engines. The crankshaft pedestals 
are fitted with phosphor-bronze steps, made in 
four parts, the two side sections being adjustable 
horizontally by means of wedges and screws fitted 
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through the pedestal caps, whilst the top and bottom 
sections are turned and fitted into bored seats pre- 
pared for them, allowing their removal for examina- 
tion or renewal with very little trouble and very slight 
lifting of the shaft. 

The high and intermediate pressure cylinders are 
each fitted with automatic expansion gear, each being 
controlled by a separate and independent governor, 
positively driven by gearing. The two low-pressure 
cylinders are fitted with circular semi-rotating valves, 
one at each end of the cylinders. 

The expansion gear under notice is of the well-known 
Wheelock type, of which Messrs. Daniel Adamson 
and Co. are thesole makers in Great Britain. 

The general arrangement of this gear is illustrated 
on this page in detail, and is of the single eccentric 
type, the same eccentric being used for driving both 
the steam and exhaust valves, and arranged for giving 
automatic control of the expansion from zero to 75 per 
cent. of the pistons’ stroke, whilst retaining complete 
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control of the periods of release and compression. The 
valves, which are of the flat grid type, illustrated in 
detail, are driven by means of levers having a vibra- 
ting motion, keyed on the valve spindles, as in the 
earlier type of Wheelock valve, and are connected to 
the eccentric with adjustable coupling-rods in the 
usual manner, 

The steam valves are driven from the exhaust valve 
levers by means of the well-known Wheelock latch 
link, and are tripped by cams, the valves being in- 
stantly closed by means of a helical coil spring working 
in an air compression cylinder, cushioned and noise- 
less in action ; these cams receive a positive travel 
from the eccentric rod, the timing of the travel being 
varied and controlled by the governor, and the latch 
link can be tripped in every position of the gear ; safety 
cams, which prevent the steam valves opening in case 
of accident to the governor, are also fitted. 

The valves are worked by a toggle joint connection 
from the spindles, an almost instantaneous opening 
and closing of the valves being thus secured, with 
great ease of action under extreme pressures. 

Both steam and exhaust valves are contained in one 
chest at each end of the cylinder, the seats of the 
valves being formed in a plug turned to fit the 
cylinder, and these seats, not forming part of the 
cylinder casting, can be made of specially hard and 
durable iron, enabling spare valves to be kept in stock. 

The valve spindles are of the Wheelock self-packing 
type, which dispenses entirely with the usual stuffing- 
boxes and glands, whilst at the same time being prac- 
tically frictionless. The piston-rods are of forged 
mild steel, and their stufting-boxes are fitted with 
metallic packing throughout. The crankshaft is of 
Siemens-Martin mild steel, and has journals two dia- 
meters long, which are fitted with oil-circulating 
pumps to return all the oil used, from a low-level re- 
ceiving cistern to a cistern fitted upon the pedestal 
caps, trom which the supply of oil is regulated by 


means of a series of taps ; the oil for lubrication is thus 
used over and over again, and is strained and sieved 
thoroughly at each change. This system of lubrication 
is found to keep the bearings in perfect condition with 
very little expenditure of oil. 

As previously mentioned, both the high and inter- 
mediate pressure cylinders are automatically controlled 
by independent governors, thus forming two practi- 
cally complete engines, and as in cotton spinning 
absolute uniformity of speed is of the greatest import- 
ance, the governor controlling the high-pressure gear 
is fitted in addition with one of Higginson’s patent 
mercurial balance compensators, which keeps the 
speed constant in spite of changes in boiler pressure 
or variation in load on the engines. We have evi- 
dence of this from a remarkably even diagram taken 
indiscriminately from a number made by the Moscrop 
revolution recorder supplied with the engine. The 
main stop valve is also fitted with Tate’s electric 
stop motion, arranged to close the valve automatically 
in case of accident in the mill, to the different rooms of 
which it is connected. 

The engines have now been running since September 
last, and have given the greatest satisfaction frum their 
first start, and although not yet completely loaded, as 
the machinery is scarcely yet fully at work, we are 
enabled to give a set of indicator diagrams, which suffi- 
ciently indicate the capabilities of the engines and 
valve gear. We have also received, although we do 
not publish, the Moscrop recorder diagram previously 
alluded to, and which proves the great regularity of 
the running of the engines, 
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INDUSTRIAL NOTES. 

Tue report of the Labour Correspondent to the 
Board of Trade states, in the memorandum for this 
month, that although the state of the skilled labour 
market continues unsettled, there are no fresh dis- 
putes of an important character to chronicle. The 
total number of strikes reported in the month was 37, 
as compared with 38 in the month previous, and 48 in 
the corresponding month of last year. Of the total 
given in this month’s report, eight occurred in the 
coal mining industry, five in the metal trades, five in 
the building trades, four in the Clothing trades, the 
others being in miscellaneous trades. The total 
number of the unemployed in the majority of trades 
was rather less than last month, only four societies 
showing an increase, as against 11 in the previous 
month. The aggregate number of unions reporting 
was 23, with 280,377 members, of whom 26,624 were 
in receipt of out-of-work benefit. In the same societies 
last month 27,845 were unemployed, so that there was 
a total decrease of 1221; the percentage out of work 
was 9.49 per cent., as against 9.96 in the month 
previous. These figures show a slight tendency 
towards improvement, though only in a small degree 
in any case. The improvement is more manifest, in 
the engineering branches of trade than in any other 


group of trades, though it is also visible in the building 


and printing trades; the latter are, however, very 
slack. The report refers to the paralysing effects of 
the cotton dispute in Lancashire, all efforts at concilia- 
tion having so far proved abortive. Of the total trades 
only four report the state of trade to be good, six as 
moderate, and thirteen as bad. Inno case is there a 
sufficient revival of activity to justify any anticipation 
of an early return to prosperity, though in some 
instances a very slight increase of trade would point 
that way. 


The monthly report of the Boilermakers and Iron 
Shipbuilders shows some improvement in the state of 
trade. The total number on the funds this month 
was 8068, as against 8614 last month, a decrease of 
546. 
work on donation benefit. There was, however, an 
increase of three on travel, and of 50 signing the 
vacant book in search of situations. There was an 
increase of two on superannuation, and a decrease of 
64 on thesick list. The proportion out of work of all 
grades was 16.6 per cent., as compared with 18 per 
cent. last month. There was a slight increase in the 
total number of members, after allowing for 173 who 
had run out of benefit, though not necessarily out of 
the union. The report states that some of the members 
leave work in consequence of a supposed grievance 
without consulting any one, and they are cautioned 
against allsuch stoppages of work in the future, under 
penalty of a fine. These men are reminded that em- 
ployers have sufficient difficulty at the present time 
in carrying on their work, and that it shows a bad 
spirit when men do not act reasonably. At the same 
time the report complains of a large amount of work 
being done in some yards by unskilled men in the 
particular branches, and it recommends that steps be 
taken to remedy the evil; but it goes on to say that 
due discretion should be exercised in carrying out that 
advice. As regards another class of workers, more or 
less in the grade of labourers, an offer is made that 
they may be admitted toa higher class of work on con- 
dition that they enter the society as third-class mem- 
bers, and that they shall be allowed to transfer to the 
second class at the age of 20. In this way it is hoped 
that no injustice will be done, and that an opening 
will be made for these young men to become skilled 
workmen, after a probationary term has been served 
at the trade. 


The reports from the Lancashire districts are more 
favourable than of late, certainly in some of the engi- 
neering centres, and in some branches of that diver- 
sified trade. Locomotive builders are better off for 
work than they have been for some time. Railway 
carriage and wagon builders have recently secured 
some good orders, a thousand wagons having been 
placed with the principal firms, and also orders for 
carriages, which will keep them busy for some time to 
come. One or two of the large cotton machinists have 
also secured a considerable weight of new work. 
More orders are also stirring among boilermakers. On 
the other hand, machine tool makers are only indif- 
ferently employed, and the general run of engineering 
work is very quiet. So far no disputes of any con- 
sequence have developed, and no notices of reductions 
have been issued. The ‘‘ eight-hours system” intro- 
duced into the large engineering establishment of 
Messrs, Mather and Platt seems to be working 
smoothly, and is likely to give satisfaction. In the 
iron trade, business continues very slow, the purchases 
as arule being merely from hand to mouth, as the 
material is really required. In the manufactured iron 
trade there are no signs of any material improvement ; 
although prices have reached the lowest point, there 
does not appear to be any considerable weight of 


Of the total decrease 538 were members out of 


orders. In the steel trade some slight improvement 
has taken place ; fairly good orders have been secured 
for angles and flat bars for structural purposes. Prices 
are also a little firmer. 


In the Lincolnshire districts trade is a little more 
active. In some of the boiler-shops, especially, work is 
being pushed forward, and there are hopeful anticipa- 
tions of better trade in other branches. Some idea of 
the favourable conditions in this district can be formed 
by the expression in a report just to hand from the 
local officers of a very large union; they say: ‘‘ We 
hope that all our members are as well favoured as our- 
selves at the present time.” This cheerful view is a 
good set-off to the more gloomy prospects in other dis- 
tricts, such as Leeds, Dewsbury, and some other 
Yorkshire districts where engineering industries are 
carried on. 


In the South Wales districts trade is still in an un- 
settled condition. The negotiations for the new slid- 
ing scale for the steelworkers are not yet concluded, 
thongh they have been going on for months. The dis- 
pute atthe Dowlais Works among some of the workers 
has developed the new turn which was threatened— 
namely, the boycotting of the deliveries at the ports. 
Among the seamen there isa good deal of disquietude, 
the rates per month having gone down from 41. 10s. to 
31. All the efforts of the Sailors and Firemen’s Union 
have been unavailing to prevent the acceptance of the 
lower rates, though many of the men hold out. A 
year or two ago Cardiff was one of their strongest 
unionist centres, but the local branches seem to have 
gone to pieces. The tinplate trade has improved, and 
prices have been hardening in the district. 


The condition of trade in the Cleveland district is 
most unsatisfactory ; even the little spurt of activity 
recently reported has not been maintained, All the 
engineering and shipbuilding industries are extremely 
dull, and the indications of improvement seem to be 
very remote. The Eston Steel Works are idle, and 
the distress is so great that a relief fund has been 
started to feed the poor children and the starving 
families. About 600 children are being fed daily from 
this fund. Cleveland has suffered dreadfully for a 
whole year now. Last year the people were starved 
by the Durham strike, most of the works being idle. 
This condition of things was not the result of local 
disputes or strikes, nor isitnow. There isnot a dis- 
pute in the district in so far as the iron and steel 
workers are concerned. The blast furnacemen work 
under a scale, as do all the other branches of the in- 
dustry. Now, also, the ironstone miners, the coke 
burners, and the colliers have agreed to accept 5 per 
cent, reduction rather than stand idle; but trade will 
not revive, or does not revive, notwithstanding. 
The fact is, industry cannot be whipped into 
activity. As it is, the output of pig iron is about 
1000 tons per day more than the demand for it, so that 
there it no stoppage for stoppage’s sake. 


In the Birmingham district there has been some 
increase in the volume of business, the briskness shown 
being in orders for immediate requirements, Singu- 
larly enough, in comparison with some other districts, 
pig iron has been limited in supply and firm in price, 
makers refusing orders where there was only a margin 
of difference berween the prices offered and the re- 
served price of 6d. per ton. There has also been a 
brisk inquiry for galvanised sheets, the export demand 
having increased ; but the prices are low, and show no 
improvement. On the whole, the condition of the 
iron trade is better than it has been for some time; 
but the engineering industries are very slack, and 
most of the staple trades are dull. There are no 
fresh disputes in any of the branches of the engineer- 
ing, iron and steel, and cognate industries. 


In the Wolverhampton district the finished iron 
trade has manifested some improvement, and the out- 
look is more encouraging than for some time past. 
Inquiries are numerous, stimulated by a larger demand 
from abroad, while the stocks on hand are so low that 
production has beenimproved accordingly. Itappears 
that orders have been kept back in the hope of lower 
prices; but the makers refused to give way, being 
determined rather to decrease production than sell 
at unremunerative rates. The result has been that 
orders have become more pressing for immediate re- 
quirements than of late. There are no local disputes 
of any serious consequence in the district, 


In the Barrow district some slight signs of im- 
provement have manifested themselves recently, but 
they are not regarded as of a permanent character, 
or such as to indicate a more healthful activity. 
There has keen a little more activity in the minor 
branches of the steel trade, but orders for rails are 
not very numerous, and they are mostly for small 
consignments. Shipping is but indifferently employed, 
and the engineering branches are very quiet, There 
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are, however, no serious disputes in the district ag 
’ ’ 


regards any branch of the local trades, 


The notices of reductions in wages along the banks 
of the Tyne and the Wear were not altogether unex- 
pected. Trade has been depressed for some time, the 
average number employed being at least 5000 men 
below the normal level. But, as it is, the notices affect 
some 15,000 men in the various branches of engineer- 
ing, including the boilermakers. The reduction is not 
to commence till May, and therefore the men will 
have ample time to consider the situation. The pro- 
posed reduction is on all fours with a previous reduc- 
tion—namely, 5 per cent. on all wages of 20s. per 
week and under, and 10 per cent. on all wages above 
20s. per week. But with these notices of a reduction 
in wages comes the welcome intelligence that trade is 
moving a little in those districts, especially on the 
Wear. Some of the yards which were idle a short 
time since are working, and there are rumours of 
prospects of better trade in the near future. 


In view of the forthcoming debate on the Miners’ 
Eight Hours Bill, the advocates will quote, doubtless, 
as an argument in its favour, that the Legislative 
Assembly of New South Wales has inserted a clause 
in the Bill for the better regulation of coal mines, a 
provision limiting the hours to eight per day. The 
recent utterances on the question by Mr. Gladstone 
are being sharply criticised by the miners in various 
parts of the country, and particularly in some of the 
Scottish mining districts. Mr. Broadhurst has an- 
nounced that he will vote for the measure if returned 
to Parliament, and Mr. Bailey has commended him 
for it. 


Some strikes are pending in America, mainly in 
connection with the Chicago Exhibition. The railway 
men have been promoting a movement in that direo- 
tion, and others have followed on the same lines, 
Some convictions have followed upon the Homestead 
strike, and it is said that a new departure has been 
determined upon so as to minimise the union element 
at the works. 


The Employers’ Liability Act Amendment Bill has 
been under consideration by the Parliamentary Com- 
mittee of the Trades Union Congress, and jointly with 
the representatives of the various bodies of the mine:s. 
The general opinion expressed was favourable to the 
measure, but several very important amendments have 
been suggested which the labour members and others 
will be asked to support. The joint meeting con- 
demned Mr. Chamberlain’s amendment, as being 
outside the demand of the Trades Congress, which 
only went to the extent of fixing liability where re- 
sponsibility could be incurred. It was never intended 
to go to the extent of compensation for injuries beyond 
those caused by some act of omission or commission, 
or default. The meeting also refused to entertain the 
proposal of Dr. Hunter as an alternative scheme, 
based upon the principle of insurance, as being outside 
the province of an Employers’ Liability Bill. The 
point of view from which the men look at the matter is 
that the intention of such legislation should be to pre- 
vent accidents, rather than to initiate actions at law for 
compensation, As regards one point in the Bill, the 
meeting condemned it, namely, that which will allow 
the employers to plead as a set-off any allowance from 
the permanent funds, such as the miners’, from which 
the widows and orphans of those killed by accident 
are supported during a series of years. The meeting 
further required that the limit should be extended, 
some thought to 500/., so that expensive litigation in 
the higher courts may be avoided. Dr. Hunter’s Bill 
fixes a scale, in a schedule, for compensation in cases 
of accident from any cause, whether the result of care- 
lessness or default. But he thinks that a system of 
insurance will cover all risks at a moderate premium, 
such as any employer would consent to pay rather 
than go to law. 


The representatives of the National Federation of 
Miners held meetings towards the end of last week 
with reference to the ‘‘ wages question” remitted to 
them by the Birmingham Conference. The proceedings 
were private, and only very méagre reports have been 
given to the press. It appears, however, that no 
official notices of a reduction had, to that date, been 
given by the federated employers, and consequently 
action was deferred for the present. But thecommittee 
had under their consideration a number of local dis- 
putes in various parts of the country, many of which 
involve reductions, though in an indirect form. The 
meeting had also under consideration the question of 
amalgamation by the Sailors and Firemen’s Union, 
which was cordially discussed and indorsed ; but the 
matter was referred to the various branches of the 
federation for cousideration, and, if approved, for 
adoption. 

Many rumours were afloat with respect to the 


probable action of the coalowners, many of whom 


were in London at the time of the miners’ meeting 
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above referred to; but it appears that no formal 
meeting was held, or, if it was, nothing has transpired 
regarding it. Some of those who are in a position to 
judge of probabilities are of opinion that a substantial 
reduction is contemplated in the federation districts. 
That an uneasy feeling is beginning to prevail is 
certain, and the agents of the men are not free from 
that feeling. 

The posting of notices to terminate all contracts of 
persons employed above and below ground by the Old 
Silkstone and Dodworth Coal and Iron Company’s 
collieries near Barnsley, led to the supposition that 
this was an intimation of a general move in the reduc- 
tion of wages in the district. But it appears to have 
arisen from purely local causes, namely, the heavy 
cost and difficulty of working caused by the damage 
done, due to a ‘‘ fault” in an adjoining colliery. The 
number of men affected is over 1100. The notices 
expire at the end of next week. 

The wages dispute in Durham has been settled on 
the basis of 5 per cent. reduction as a compromise. 
The original demand of the coalowners was for a 10 per 
cent. reduction. . After various negotiations, the 
matter was relegated to the branches of the union, 
when the men decided by ballot to leave the matter in 
the hands of their committee. Subsequently an 
amicable arrangement was effected for the 5 per cent. 
reduction, but only as a temporary expedient, to pre- 
vent any rupture. Of course a minority of the men 
object ; some go as far as to say that even 30 per cent. 
could be accepted in six instalments rather than 
25 per cent. in two. But after all the advantage would 
remain with the men, because the reductions would be 
spread over a longer period. The only real question 
is, Can the men resist the falling market? The 
officials, and the more thoughtful of the men, think 
not. 

In the Lancashire district some disputes exist at 
several pits, mostly asregards allowances and stoppages, 
but in some cases regarding a direct reduction of 2d. 
per ton. In the latter case the men stopped work. In 
other cases the matters are being negotiated upon by 
the representatives of the men and the managers. <A 
local dispute occurred at the Newstead pit, Notts, 
owing to the action of the ‘‘ boys,” but it was dis- 
covered that they had committed a mistake. The 
stoppage caused much inconvenience. 

In the Yorkshire districts trade is in a bad condition, 
but it is said that there is no intention to reduce the 
miners’ wages. As the head-quarters of the federation 
are in Yorkshire, it is probable that a conflict will be 
avoided as long as possible. 

In South Wales the men are busy ‘‘reorganising,” 
and at the meetings some of the speakers reprobate 
the sliding scale. In the Scottish districts wages are 
still going downward. The coalowners demand 124 
per cent. reduction in two large districts ; the men 
have consented to 74 per cent., but the offer was not 
accepted. 


BOILER EXPLOSION AT COATBRIDGE. 

A FORMAL investigation has been made by the Board 
of Trade, of the facts of an explosion which occurred 
on Tuesday, December 27, at the Phenix Iron Works, 
Coatbridge, owned by Mr. John Spencer. The boiler 
was of single-flue construction, fired by the gases from 
a cinder furnace. The tube collapsed, apparently from 
overheating through shortness of water. The results were 
serious. Two men engaged on the works were killed, 
and three others on a neighbouring works were injured, 
while the houses in the adjacent street were literally 
bombarded with bricks, a great many of the windows 
being broken, and much alarm occasioned. 

The Commissioners appointed to inquire into this ex- 
plosion were Mr. Henry Johnstone, advocate, Edinburgh, 
and Mr. David Crichton, R.N. Mr. C. D. Donald, 
writer, Glasgow, appeared for the Board of Trade; Mr. 
Wm. Borland, writer, Glasgow, for Mr. Spencer; and 
Mr. Service, writer, Coatbridge, for Mr. Scott, super- 
intending engineer at the works, and D. Robertson, the 
boiler feeder. 

After some preliminary proceedings, and an inspection 
of the boiler by the Commissioners, Mr. Thomas Hudson, 
boilermaker, Coatdyke, was called by Mr. Donald, and 
stated that his firm made the boiler in 1888. The internal 
flue tube was 3 in. thick, and the shell4 in. The boiler 
was, he thought, tested to 120 lb., and was safe for a 
working pressure of 45 lb. The cause of the explosion 
must have been want of water. The tube, he thought, 
had been overheated, and its sustaining power much 
lessened thereby. 

By Mr. Borland: The breaking strain of the shell 
would be about 300 lb., and the collapsing strain of the 
tube over 400 lb. 

Mr. John Hogg, managing partner of Messrs. Gibb 
and Hogg, Limited, engineers, Airdrie, gave evidence as 
to their supplying the fittings, and described the operation 
of the float. He had had 40 years’ experience with boilers, 
and thought the tube had been overheated from want of 
water. 

Mr. John Spencer, proprietor of the works, stated he 
had 15 boilers, and had always regarded the one which 
burst as very sound and safe. Soon after it was set to 
work the tube had been repaired owing to being injured 
through low water. The boiler was insured for 1000/. in 
the North British Company, and then by their successors, 
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the Scottish Company. The last examination was at the 
holidays in July. As far as he knew, all the suggestions 
the inspectors made had been carried out. The explosion 
took place between three and four o’clock in the morning, 
and much damage was done to the works. j 

Mr. John Scott, superintending engineer, said he had 
been engaged at the works 15 or 16 years. _ The boiler in 
question was of the Cornish type, with a single flue. It 
was 14 ft. long, 7 ft. diameter in the shell, and 3 ft. 3 in. 
in the internal tube. The mountings were all that were 
necessary for safe working, and were in good order on 
December 26 and 27 last. David Robertson had charge 
of the boiler; he had to mind 12 out of the 15 boilers on 
the works. ‘The boiler was fired by the waste gases from 
the cinder furnace. ; 

By the Commissioner: He gave Robertson full in- 
structions as to feeding the boilers. The water was fully 
8 in. above the tube on the afternoon prior to the explo- 
sion, and this was sufficient to prevent overheating. ‘The 
boiler was worked at 50 lb. pressure. 

By Mr. Borland: The only opinion he could form as to 
the cause of the explosion was that over-heating had arisen 
from shortness of water. 

By Mr. Service: Robertson was a careful man, and he 
had never found him neglecting his duties. : 

Patrick O’Neill, engine tenter, said he fed the boiler at 
three o’clock on the morning of the explosion. He stopped 
before the water showed in the glass, as the weather was 
frosty, and if the water came up and stood in the glass 
awhile, it generally froze and broke the glass. 

James McKenzie, another engine tenter, said that about 
three o’clock in the morning, shortly before the explosion, 
he passed the boiler, and the water appeared to be half- 

lass. 

E David Robertson, boiler feeder, said it was his duty to 
attend the 12 boilers and see that they had sufficient 
water. He came on duty at half-past five the night pre- 
vious to the explosion, and shortly after saw that there 
was lin. of water in the glass. He turned the gauge 
taps and let them blow off; there was then no steam. 
The blow-out tap was in order, and shut tight. The 
boiler was fed to about half-glass at half-past nine that 
night, and he then closed the feed valve to shut off the 
supply. He had to keep feeding the boiler every three- 
quarters of an hour. The last time he tried the gauge 
was at 3.a.m., shortly before the explosion. He tried the 
two bottom taps, but not the one at the top. The cinder 
furnace had then been on six hours. He did not think 
the gauge pipe was choked, as he heard air coming 
through. 

Mr. Bolland, inspector, and Mr. Munroe, chief engineer 
to the Scottish Insurance Company, agreed that the tube 
had been overheated through shortness of water, with 
the result that rupture ensued. If the gauge glass had 
been in order, there would have been no difficulty in 
seeing that there was a short supply of water. The 
water had either evaporated, or escaped, or had not been 

ut in. 
: By the Commissioner: It often happened that the 
aperture of the pipe became choked with sediment. 

Mr. Wm. Ferguson, engineer-surveyor to the Board of 
Trade, said he had not the least doubt that the tube had 
been overheated through deficiency of water. 

Mr. Borland addressed the Court on behalf of Mr, 
Spencer, and contended that the boiler was a good one, 
and capable of standing a much greater pressure than that 
to which it had been subjected. His client employed a 
competen iengineer of many years’ standing and a suffi- 
cient staff of assistants under him, and no complaint had 
ped meds either as to the want of appliances or the want 
of help. 

Mr. Service also addressed the Court on behalf of Mr. 
Scott and David Robertson. 

Mr. Donald asked the Court to say whether Mr. 
Spencer was justified in leaving twelve boilers in the 
charge of one man, and whether one man was sufficient to 
see that the boilers were properly fed. Robertson, the 
feeder, had evidently not done his duty, and in saying 
that he had tested the gaugeon the morning of the explo- 
sion he was either mistaken or was not to be believed. 

Mr. Johnstone, in giving judgment, said that the Com- 
missioners were satisfied that the boiler had been made of 
good material, that it was sufficiently strong to bear the 
working pressure, and that on the day of the explosion it 
was in good, safe, and efficient order. They thought the 
glass tube was not of sufficient bore, and that such glasses 
should be at least 4in. bore instead of fin. or 3 in. 
Whether the glass was choked by sediment, and so de- 
ceived the attendant, could not be determined, and there- 
fore it was impossible to say that the collapse was caused 
by any fault in the gauge glass. Mr, Spencer seemed to 
have taken satisfactory precautions to see that his boilers 
were in good order, provided his men did their duty, but 
the works were not under proper supervision, at least 
during the night, being left, so far as regarded one very 
important part of them, under the charge and control of 
Robertson, who was only a boiler feeder. There was no 
one who, in any sense, supervised or was responsible 
for him. Further, to leave 12 boilers, scattered as they 
were, in the care of one man, evidently showed a want 
of superintendence on the part of Mr. Spencer, though 
the Court did not say this affected the explosion. The 
inspection of the boiler had been satisfactory. The 
explosion was simply due to overheating of the flue tube 
caused by loss of water, probably from the blow-out tap. 
The evidence of the feeder and of the enginemen was 
inconsistent, and they were probably deceived by the 
water gauge, which they did not take the proper means of 
testing, for, had it been tested, the absence of the water 
would have been disclosed. The decision of the Court 
was that Mr. Spencer ought to have had more respon- 
sible night superintendents in his works than he had, 
and that Robertson was negligent in his management of 


the boilers on the night in question. They ordered Mr. 
Spencer to pay 207. and Robertson 5/. towards the costs 
of the investigation. 


ROYAL METEOROLOGICAL SOCIETY. 

Av the monthly meeting of this Society held on Wed- 
nesday evening, the 15th inst., at the Institution of Civil 
Engineers, Dr. C. Theodore Williams, President, in the 
chair, Mr. Shelford Bidwell, F.R.S., delivered a lecture 
on ‘‘ Some Meteorological Problems,” which was illustrated 
with numerous photographs and experiments, Th. 
lecturer said that one of the oldest and still unsolved pro 
blems of meteorology relates to the origin of atmospheris 
electricity. Many possible sources have been suggested, 
among them being the evaporation of water and the fric- 
tion of dust-laden air against the earth’s surface. Having 
granted some sufficient source of electrification, Mr. Bid- 
well said that it is not difficult to account for the ordinary 
phenomena of thunderstorms. Photography hasshown that 
the lightning flash of the artists, formed of a number of per- 
fectly straight lines arranged in a zigzag, has no resem- 
blance in nature. The normal or typical flash is like the 
ordinary spark discharge of an electrical machine; it 
follows a sinuous course, strikingly similar to that of a 
river as shown upon a map. The several variations 
from the normal type all have their counterparts in the 
forms taken by the machine spark under different condi- 
tions, and the known properties of these artificial dis- 
charges may be assumed to afford some indication as to 
the nature of the corresponding natural flashes, Thus, 
for example, the ramified or branched flash, from which 
no doubt the dreaded ‘‘forked lightning” derives its 
name, is probably one of the most harmless forms of 
discharge. Ever since the time of Franklin it has been 
customary to employ lightning rods for the protection 
of important buildings. According to Dr. Oliver Lodge, 
these are of no good in the case of an ‘‘impulsive rush” 
discharge, which, however, is of comparatively rare 
occurrence. Lightning conductors, however well con- 
structed, cannot therefore be depended upon to afford 
perfect immunity from risk. Mr. Preece is of opinion 
that the ‘‘ impulsive rush,” though easily producible in 
the laboratory, never occurs in nature. Mr. Bidwell 
made some remarks as to the duration of a lightning 
flash and the causes of its proverbial quiver, and sug- 
gested an explanation of the characteristic darkness of 
thunder-clouds, and of the large rain-drops which fall 
during a thunder-shower. The lecturer concluded with 
some observations concerning the probable cause of sun- 
set colours, which he attributed to the presence of 
minute particles of dust in the air. 


LAUNCHES AND TRIAL TRIPS. 

Tue second-class cruiser Astrea was launched from the 
Devonport Dockyard on Friday, the 17th inst. The 
Astrza is one of 29 second-class cruisers provided under 
the Naval Defence Act of 1889, and is an improvement 
on the Apollo class. When completed she will have a 
displacement of 4360 tons, her dimensions being—length, 
320 ft.; breadth, 494 ft.; mean load draught, 19 ft. Her 
armament, which is to cost 11,065J/., will consist of two 
6-in. and eight 4.7-in. quick-firing guns, eight 6-pounder 
and one 3-pounder Hotchkiss, and four Nordenfelt 
machine guns, in addition to four torpedo tubes. The 
total estimated cost of the ship is 256,579/. All the 
machinery has been manufactured at Keyham, and is 
ready to be placed on board. The Astrea is expected to 
be ready for sea by the end of this year. 


The Union Steamship Company’s new steel twin-screw 
steamer Goth, which has been built for their service to 
and from South Africa, was launched on Thursday, the 
16th inst., from Messrs. Harland and Wolff’s yard, at 
Belfast. This is the second of the three steamers build- 
ing for the company by this firm, the first, the Gaul, 
having been launched in February. The gross tonnage 
of the Goth will be about 4830, and she will be propelled 
by manganese-bronze twin-screws, driven by two sets of 
triple-expansion engines developing an indicated horse- 
power of about 2000. The third vessel, the Greek, will 
be ready for launching in May. 


Boston.— Boston is calculating on becoming the termi- 
nus Of an important trade over the Canadian Pacific and 
Philadelphia and Reading Railways. Negotiations are 
pending with respect to a large tract on the water 
front, 


Tue “KaTAHDIN.”—The Katahdin, a ram built for the 
United States Navy, has just been launched from the 
Bath Iron Works, Maine. The Katahdinis built throughout 
of steel, and is of the following dimensions: Length over 
all, 251 ft. ; extreme breadth, 43 ft. 5 in. ; extreme depth, 
21 ft.; normal draught, 14ft.11lin.; fighting draught, 
15 ft. 5in. ; displacement at latter draught, 2240 tons. The 
hull is built upon the bracket system, and has a double 
bottom extending from the forward collision bulkhead to 
thestern. The longitudinals and girders supporting the 
deck are continuous to the stem and stern. The space 
between the two bottoms is divided into 72 water-tight 
compartments, while there are 30 compartments in the 
body of the vessel between the inner body and the deck, 
thus making a total subdivision into 102 watertight com- 
partments. The vessel lies very low in the water, in 
order that the ram, after striking, may continue its 
destruction by tearing or cutting through the enemy’s 
sides. The total cost of the Katahdin will be about 
187,0007. She is to be fitted with two triple-expansion 
engines propelling twin screws, Hercontract speed is 17 
knots per hour, 
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RETORT HOUSE. 


CONSTRUCTED BY THE NEW CONVEYOR COMPANY, LIMITED, ENGINEERS, LONDON, 
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On this page we illustrate a gas retort house, slightly | 


modified from one at Gateshead, having a capacity of 
35 to 40 tons, recently fitted up by the New Conveyor 
Company, Limited, of 3 and 4, Lime-street-square, 
London, E.C. The use of these conveyors enables 
hand labour to be very largely dispensed with, The 
conveyors are of the push-plate type, having a steel 
rope instead of a chain, and are claimed to take only 
half as much power. The makers have, we should 
add, recently proved that, in certain cases, as, for 
instance, with certain chemicals, where metallic con- 
veyors cannot be used, cotton or hemp rope may be 
substituted, and the grippers, or clips, which secure 
the push-plates to the rope, may be of lignum vite. 
Of course, in the present instance, with coal, difficulties 
of that kind do not occur.- The material is delivered 
into the boot of the elevator shown to the right of Fig. 1, 
and delivered by it into a conveyor, which carries it to 
the troughs through which the retorts are fed, which 
are best shown in Fig. 2. The coke, when drawn, is 
transferred to the trough of the low-level conveyor, 
shown dotted in Fig. 1, and in section in Fig. 2, by 
means of which it is carried to the elevator on the left 
of Fig. 1, which delivers it to a final conveyor intended 
to carry it to the coke pile. It will noted that the 
retorts are inclined, and are fed at the back, being 
drawn at the front. The management of the whole 
plant is simple, and requires few hands, 


AusTRO-HUNGARIAN Rarttways.—The revenue of the 
railways of the Austro-Hungarian empire amounted last 
year to 30,323,3187., as compared with 30,691,8437. in 
1891. The length of line worked last year was 17,388 
miles, as compared with 16,875 miles in 1891. 


BA.ttTimMore.—Baltimore capitalists are contemplating 
at present an expenditure of upwards of 60,000,000 dols. 
upon more or less important undertakings. In the 
60,000,000 dols. proposed to be expended, electrical and 
cable railroads figure for 15,000,000 dols.; municipal] im- 
provements for 6,000,000 dols.; a tunnel and belt rail- 
road for 6,000,000 dols.; new steel and iron works for 
10,000,000 dols.; a new abattoir for 750,000 dols.; copper 
works for 600,000 dols.; railroad dépéts and terminal 
facilities for 4,000,000 dols., &c. 


Coxr IN Nrew.Sovurn Wares—Mr. E. F. Pitman, 
Government Geologist in New South Wales, has prepared 
a report upon colonial coke, which he has presented to the 
colonial Minister for Mines. Mr. Pitman thinks there 
isroom for material improvement in the manufacture of 
colonial coke, both in the direction of reducing the ash 


ad 


or 


cf 


\ Ny | 
I 


and increasing the density or capacity for resisting pres- 


regards ash to the average of imported coke. 


OpEssA TRAMWAYS.—The revenue of the Odessa Tram- 
ways Company last year was 62,5837. The working ex- 
penses were 38,689/., leaving a profit for the 12 months of 
23,8941, The corresponding profit for 1891 was 24,9887. 
After providing for fixed charges and carrying 14771. to 
the statutory reserve, the council of administration paid 
a dividend of 5s. per share. This dividend absorbed 
14,9427., and a final rveliquat of 153/. was carried to the 
credit of the current year. The capital of the company 
stood at the close of 1892 as follows: Shares, 252,000J. ; 
obligations, 120,8041. ; total, 372,8047. 


CaATALOGUES.—We have received from Mr. Robert D. 
Stewart, of 61 and 62, Tenter-street, Goodman’s Fields, 
London, a catalogue of chemicals and lubricants for 
engineers’ use. Among these is a screwing and drilling 


é TN 


sure ; but at the same time he states that some of the coke | 
manufactured in New South Wales is nearly equal as_ 
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liquid, a boiler disincrustant (tannate of soda), a quick- 
drying paint, and an anticorrosive composition for bright 
metal. The screwing liquid is said to have sufficient 
body for the purpose, and yet to compare in price with 
soap and water; the paint dries in 20 minutes, and is 
designed for work wanted in a hurry; the anticorrosive 
composition is used by several leading railways, and by 


| engineers of repute. 


Soutn ArricAn Rarnways.—Surveys are being made 
for three new railways in the Transvaal. These are lines 
from the Koomalia Poort to the Murchison goldfields, 
from Johannesburg to the De Kaap goldfields, and from 
Pretoria to the Natal railway system at Charlestown. 
Another line has been projected from Walfisch Bay, on 
the west coast, through Bechuanaland to the Transvaal. 
It is affirmed that this line, if carried out, will displace 
Capetown as the first port of call for European steamers. 
Another line is in contemplation to connect the agricul- 
tural districts in the south-west of the Cape Colony with 
Capetown. Several light railways are also proposed in 
Kaffraria. : 
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THE SOUTHAMPTON WATER WORKS. 


Description of the Pumping Engines and Water-Softening 
Machinery at the Southampton Water Works.* 


By Mr. Witu1aAm Marruews, Water Works Engineer. 


In 1851 the Southampton Corporation equipped a 
pumping station at Mansbridge, and obtained a supply 
of water from the River Itchen. In 1865 additional 
plant was added; and this source was used until 1888, 
when new works were inaugurated at Otterbourne, eight 
miles from Southampton, drawing a supply from wells 
and headings sunk in the chalk. 

Mansbridge Pumping Engines.—The old plant at Mans- 
bridge consists of—firstly, a pair of single-acting Cornish 
beam engines, made and erected in 1851 by Messrs. 
Stephenson of Newcastle. The cylinders are 384 in. in 
diameter, with a stroke of 8 ft. ; jet condensers are used, 
and the working pressure 1s 15 1b. per square inch. The 
engines make ten strokes per minute, and in ordinary 
work consume 4.7 lb. of Welsh coal per indicated horse- 
power per hour. The pumps are of the bucket and 
(ais kind, 144 in. in diameter and 8 ft. stroke; they 

ave Harvey and West’s valves, and can each lift 734,000 
gallons per day against a head of 200 ft. Secondly, a 
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speed of 18 revolutions per minute each can pump 
2 million gallons in 24 hours, The cylinders are steam- 
jacketed and placed side by side; the high-pressure are 
281 in. in diameter with 4 ft. 9 in. stroke, and the low- 
pressure 38fin. in diameter with 7 ft. stroke. The 
intermediate steam receivers are unjacketed, and are 
placed underneath the high-pressure cylinders, forming 
their bases ; they are 2 ft. 9in. in diameter and 4 ft. 6 in. 
high inside. The steam pistons are 9 in. deep, cast solid 
and fitted each with three plain steel rings. The piston- 
rods are of steel, 44 in. in diameter. 

Valves.—The high-pressure cylinders have valve-chests 
at both ends, connected together by cast-iron pipes with 
an expansion joint. They are fitted with Meyer’s expan- 
sion slide-valves, giving a variable cut-off from one-eighth 
to three-quarters of the stroke, three-tenths being the 
normal, The valves are of cast iron, and the spindles of 
steel. The low-pressure cylinders also have valve-chests 
at both ends, which are connected by means of cast-iron 
side-pipes. Each valve-chest contains separate steam 
and exhaust valves of cast iron with steel spindles, the 
valves being of the ordinary double-seated type. Pneu- 
matic dash-pots are fitted to the valves; but as at present 
the valves fall almost noiselessly, their use is not resorted 
to, and the plugs are left full open to the air; the dash- 
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pot pistons, however, form capital guides for the valve 
spindles. Each valve gear is actuated by means of asteel 
lay-shaft, 4 in. to 34 in. in diameter, which is worked from 
the crankshaft of its own engine by means of a pair of 
bevel wheels 2 ft. 22 in. in diameter. The lay-shafts are 
carried under the floor, close to the cylinders; and by 
means of cast-iron cams, fitted with steel treads, they 
raise and let fall the plug rods connected with the low- 
pressure valves. The plug rods are 22 in. to 1fin. in dia- 
meter, and terminate at bottom with rollers; and as the 
cams revolve in an oil bath, the wear on them is reduced to 
aminimum. Close to the high-pressure cylinders the lay- 
shafts are each connected by means of a pair of spurwheels, 
1 ft. 74 in. in diameter, with a 3}-in. countershaft, which 
has at one end a crank and pin with 22 in stroke; this 
gives a travel of 5? in. to the main slide-valve spindle, to 


pair of rotative beam engines, coupled together with a | which it is connected by a short connecting-rod. The ex- 
common fly-wheel, made and erected in 1865 by Messrs. | pansion slides have each a travel of 6}in.; they are 


Haryey and Co., of Hayle. 
in diameter, with a stroke of 8 ft.; jet condensers are 
used, and the working pressure is 30 lb. per square 
inch. The engines make 124 revolutions per minute, and 
in ordinary work consume 4.9 lb. of Welsh coal per 
indicated Eon power per hour. The pumps are of the 
bucket and plunger kind, 18} in. in diameter and 8 ft. 
stroke ; they have Harvey and West’s valves, and each 
ae i 14 million gallons per day against a head of 
t. 

Otterbourne Pumping Engines.—At the Otterbourne 
works there are a pair of compound rotative beam 
engines, shown in the accompanying diagrams, Figs. 1, 
2, and 3; with supporting columns, entablature, and 
spring beams attached to the engine-house walls. Each 
engine is independent, with its own crankshaft and fly- 
wheel; but both pump into one delivery main. Ata 


* Paper read before the Institution of Mechanical 
Engineers, 


The cylinders are 40 in. | actuated from above by means of rods and cranks, the 


actual motion being derived from the end of the radius 
rod of the parallel motion. The shaft connecting the ends 
of the rods is hung in brackets, and at ‘one side pro- 
jects beyond, and has a crank keyed on it, which thus 
acquires the rocking motion of the radius rod. A steam 
starting gear Is arranged, so that with a single lever steam 
can be admitted into the low-pressure cylinder either 
above or below the piston at any position in the stroke. 
Condensers, &:c.—The surfacecondensers are of cast iron, 
3 ft. 3in. in diameter, fitted with 250 brass tubes 1 in. 
outside diameter and 5 ft. 9 in. long between the tube- 
plates, to which they are secured by wooden ferrules. 
The air pumps are of the usual vertical kind, 22 in. in 
diameter and 30.8 in. stroke. The buckets are of cast 
iron, 18 in. deep, without rings or packing. The foot, 
delivery, and bucket valves are all of indiarubber. Pumps 
for feeding the boilers and charging the air vessel are 
worked off the same crosshead, which, hung from the 
beams by double rods, gives motion to the air pumps, 


These boiler feeds have been put out of use, owing to 
trouble with the grease in the boilers. The cylinder 
jackets receive steam direct from the main boilers, which 
are at a lower level, so that the jackets drain back into 
them. 

Beams.—The engine beams are of cast iron, each com- 
posed of two panelled and moulded flitches, 24 in, thick 
in the panels and 4} in. at the mouldings. The flitches 
are 9 in. apart, 5 ft. deep in the centre, and rounded at 
the ends to a radius of 9 in; ; they are 23 ft. 044 in. be- 
tween extreme centres. Cast-iron balance weights are 
fitted on the cylinder end of each beam. The beams 
swing in heavy plummer-blocks, with brasses 9in. in 
diameter and 11 in. long, the steel gudgeons being 13} in. 
in diameter through the beams. ‘The piston-rod cross- 
heads are hung from one end of the beams by the usual 
side-links and parallel motion ; the air pumps and main 
water pumps have no parallel motions, but are worked 
from plain gudgeons fixed in the beams. The connecting 
rods are of wrought iron, hung to a gudgeon between the 
beam flitches ; each has a stroke of 6ft., and is 20 ft. 
long between centres, 7 in. in diameter at centre, and 
5% in, in diameter at each end. Both brasses are 7 in. in 
diameter, the upper 8 in. long and the lower 83 in., fixed 
in the strap ends with gibs and cotters. 

Shafts and Fly-wheels.—The shafts and cranks are of 
wrought iron, and the crank-pins of steel. The shafts 
are 124 in. in diameter, except in the outer bearings ; and 
the crank-pins are 7 in. in diameter and 84in. long. The 
bearings in the inner plummer-blocks are 12} in. in 
diameter and 16 in. long, and in the outer 94in, in 
diameter and 13 in. long. The fly-wheels, 18 ft. in 
diameter with six arms, are cast in three pieces, securely 
dowelled together and further secured by two wrought- 
iron rings shrunk on the wheel bosses, one on each side. 
The bosses are bored out 124 in. in diameter, and 
secured to the crankshafts with two keys to each wheel. 

Pumps.—There are two pumps worked off each engine, 
one lifting water from the well, and delivering it up to 
the softening works ; the other receiving it by gravity 
after softening, and forcing it up to the high-level 
reservoir. ‘Ten per cent. of lime water has to be added 
to the well water in the process of softening ; and as this 
lime water is made from softened water, the high-lift 
pumps must always deliver 10 per cent. more water than 
the low-lift. The pumps are hung from the engine beams 
so that their strokes shall be 7 ft. for the high-lift pumps 
and 5 ft. for the low-lift. 

The low-lift pumps are of the bucket and plunger type, 
and are hung one down each well tube by means of 23-in, 
pipes and two 2-in. hanging rods. The working barrels 
are 22 in. in diameter, placed near the bottom of the suc- 
tions. The buckets are of cast iron, 30 in. deep, with 
water grooves but no packing or rings. The bucket and 
suction valves are alike, with double indiarubber valves 
working against cast-iron guards and grids. The suction 
valves can be drawn up the 23-in. pipe for examination 
by means of a large eye-bolt, when fished for with a chain 
and hook. The plungers are of cast-iron 20 in. in dia- 
meter; and from them the buckets are hung by means of 
24-in. iron rods with steel couplings and keys. Each rod 
is about 65 ft. long over all; and when running fast it 
was found that whipping took place, with a consequent 
loosening and shearing of the coupling keys. To remedy 
this each rod has had two sets of rollers fitted to it; there 
are three rollers in each seb, fixed in a strong iron frame- 
work which is attached to the rod; and the 23-in. pipe 
itself forms the roller path, care being taken to alter the 
position of the rollers occasionally, so that grooving shall 
not take place. This plan has proved quite successful, 
and no difficulty is now found in keeping the keys tight. 
The pumps deliver through 18-in. stop-back valves of the 
regular hinged flap kind, into a common annular air 
vessel 4 ft. diameter inside and 13 ft, 10 in. high; the 
annular space is formed round a pipe of 23% in. in dia- 
meter, and the delivery main is 24 in. in diameter, 

The high-lift pumps receive their water from a higher 
level, and their suctions are furnished with open-topped 
standpipes. The pumps are plunger pumps, but so de- 
signed that they are double-acting on the delivery. The 
plunger is of cast iron unpacked, 194 in. in diameter and 
3 ft. 6 in. long in the working barrel; above and in the 
stuffing-box it is 14 in. in diameter. The suction and deli- 
very valves are four-seated, with easy and ample water- 
ways, although the lift is only 1} in,; they are of cast 
iron with gun-metal seats. The water is forced from 
under the plunger through a loop pipe and through the 
delivery valve to the top side of the plunger, whence it is 
discharged through a 14-in. stop-back valve into an air 
vessel common to both pumps, 3 ft. 9 in. in diameter and 
12 ft. 6 in. high, with a domed top. From the air vessel 
a 24-in. main leads up to the reservoir. The delivery 
valve-boxes are furnished with 3-in. relief valves. 

Each pump has a crosshead and guide attached to the 
prolongation of the plunger above the stuffing-box, and 
these work in guide grooves fitted against the foundation 
walls. The cross-heads are connected with the beam 
gudgeons by pairs of braced connecting-rods 27 ft. long 
between centres; for the low lift the rods taper from 
44 in. to 28 in. in diameter, while for the high lift they are 
3% in. in diameter at the ends, and 6$in. by 4} in. oval 
section at the centre. The brasses are alike at both ends, 
3 in. in diameter and 34in. long for the low lift, and 
3¢ in. in diameter and 5fin. long for the high lift; all 
are furnished with strap ends, gibs, and cotters. 

The pumps upon trial were found by actual measure- 
ment of water to have a slip of 2.73 per cent. 

Boilers.—Steam is supplied by three steel boilers, each 
28 ft. long and 7 ft. in diameter, having two flues of 
2 ft. 9 in. in diameter, in which are four Galloway tubes 
tapering 8 in. to 4in, in diameter. The shell-plates are 
7s in. thick, the ends 3 in., and the flue-tubes $in. The 
average tensile strength of the steel was 27.17 tons per 
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square inch, with an elongation of 24.9 per cent. 
boiler is fitted with a Cowburn’s deadweight safety valve, 
and also with Hopkinson’s combined low-water and 
pressure safety valve. Two boilers easily keep steam at 
60 lb. pressure with both engines working, and the con- 
sumption of coal is very moderate. 

Cost of Pumping.—The total cost of pumping during 
the years 1890 and 1891 has been 0.634d. per 1000 gallons. 

Trials.—The engines, pumps, boilers, and tools in the 
repairing shop were all supplied by Messrs. James Simp- 
son and Co., of Pimlico, and the following are the results 
of the trials which were made shortly after the starting of 
the engines. 


Trials of Engines. 


Engine .. Ae ec ae AD ail A B 
Date of trial 1888} Nov. 1 Nov. 9 
Duration of trial.. a .. hours 103 103 
Barometric pressure lb. persq.in.} 14.60 14,64 
Boiler-pressure above atmosphere “A 60.6 60.0 
Vacuum in condenser below atmosphere, 
lb. per sq. in.| 14.00 13.98 
Revolutions, total during trial -.| 10,850 11,060 
a) per minute eile alge 17.66 
Horse-power, indicated ee | 115.55 117.93 
ad actually obtained 98.00 100.02 
Be expended in friction.. 17.55 17.91 
Mechanical efficiency of engine percent.) 84.81 84.80 
Coal consumed, total during trial .. Jb. 1757 1750 
Be cH) per hour os ore “1 168 167 
* ay per indicated horse-power 
per hour.. Ee as ae jciam lbs 1.454 1.416 
Coal consumed per actual horse-power per 
hour) 5. Ste OE do es db.) 1.714 | 1.670 
Ashes, total made during trial Be Ea 14 15 
Quantity of water raised, high-lift pump,| | 
gals.) 955,125 | 973,612 
Quantity of water raised, low-lift pump ,,| 868,651 885,464 
Head of water against high-lift 4 ft.| 159.73 161.15 
= a Ow 5; én » | 58.90 57.70 
Duty of engine per hundred weight of coal, | 
millions of foot-pounds! 129.3 132.8 


Water-Softening Machinery.—The softening plant, 
shown in the diagrams,* is capable of satisfactorily deal- 
ing with from 2} to 24 million gallons per day of 24 hours ; 
and by the addition of seven filters and two lime water 
cylinders, for which space is provided, nearly four million 
gallons per day could be treated. The softening process 
may be divided into three operations: First, the pre- 
paration of cream of lime; second, the preparation of 
lime water and its admixture with the hard well water ; 
third, the filtering of the turbid water after softening. 

Cream of Lime.—The cream of lime is prepared in the 
following manner: The raw lime from the kilnsis tipped 
into two mechanical slaking machines, in which it is 
stirred up by revolving arms, and wetted by the ad- 
mission of water from the mains. Thus slaked and mixed 
with water, the cream of lime flows through screens into 
a large tank, where it is stored for use, a week’s supply 
being furnished at each slaking. 

Lime Water.—¥or the preparation of lime water are 
provided two large open-topped steel cylinders with their 
lower ends coned. Into these the cream of lime is pumped 
at intervals, and occupies the cone bottom; softened 
water from the mains is admitted to a tank fixed above 
the cylinders, and flows thence by gravity through pipes 
and valves into the cylinders, being admitted near the 
bottom of each cylinder. This water has therefore to 
rise through the cream of lime, of which it carries a por- 
tion with it, forming lime water. This is drawn off by 
collecting pipes from the upper part of the cylinders, and 
passing through regulating valves, flows by gravity into 
the mixer, where it meets the hard water from the well. 
The mixer is a large open-topped steel tank, fitted with 
baffle-plates ; the 24-in. main from the well pumps enters 
it at one end, and the lime water near the centre; and 
owing to the action of the baftes a thorough mingling of 
the two takes place before the lime water passes from the 
end of the mixer into the distributor. The latter is along 
steel trough, into which the lime water flows from the 
mixer, and from which itis discharged in a thin sheet 
over the entire length of one side of the trough, as over a 
weir; and as the lime water falls about 3 ft. into the 
softening tank, the most complete combination is assured 
of the hard water and the lime water, The softening tank 
is of brick and concrete, and the water travels through it 
slowly in order to give time for the chemical action of 
softening to be actually and surely finished before the 
water is admitted to the filters. 

Filters.—The filters are shown in Figs. 6 to9. They 
are 13 in number, and their function is to remove the 
bicarbonate of lime, which is present in the water as 
an insoluble precipitate after the softening has been 
effected. Had this to be removed by subsidence, 
as was the case in the old process, immense reservoirs 
would be necessary. The filtering material is cotton 
cloth mounted on perforated zine. Each filter consists of 
a cast-iron open-topped tank, in which is placed a hori- 
zontal hollow shaft carrying 20 discs. Each disc is 
formed of a light circular cast-iron frame, covered on 
either side with perforated zinc, over which is stretched 
the filter cloth. The water percolates through the 
cloth, and finds its way along the hollow shaft, and 
through valves and pipes, to the clear-water tank, whence 
it flows to the high-lift pumps. The deposit of bicar- 
bonate of lime thus accumulates upon the faces of the 
discs, until the time arrives when it becomes necessary 
to clean it off. This is done by means of water spray, 
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* The plant here described was fully illustrated by our 
two-page engraving published in our number of March 
11, 1892, and on pages 317 and 324 of the same issue. A 
reference to these engravings will render Mr, Matthews’ 
description clear.—Ep. E. 


Each | applied while the discs are revolving. The disc shaft 


is mounted in trunnion joints, and by means of spur- 
wheel and pinion is made to rotate. Small water pipes 
with spray holes in them are placed between each pair of 
discs; and upon high pressure softened water being 
admitted, the issuing jets wash the deposit off the cloth 
surfaces (Fig. 4). The filters are furnished with inlet and 
outlet valves; and also with a waste valve, whereby the 
deposit washed off is carried away to waste pits outside. 

Cost of Softening. —This softening apparatus acts effi- 
ciently and economically. The cost of softening during 
the two years 1890 and 1891 amounted to ‘only 0.248d. or 
4d. per 1000 gallons. The machinery was made and 
erected by Mr. John Cochrane, of Barrhead, for the 
Atkins Filter and Engineering Company. A complete 
detailed description of the plant and machinery has been 
given by the author in the Proceedings of the Institution 
of Civil Engineers vol. cviii. 


SOME MECHANICAL AND ELECTRICAL 
ANALOGIES. 


By Dr. F. BepEtt and Dr. A. C. CrEHORE. 


No phenomena are so readily comprehended as those 
which may be compared directly with facts that are 
familiar, and no reasoning is so quickly grasped as reason- 
ing ‘‘by analogy.” The analogies between certain 
mechanical and electrical relations are so striking that 
when either relations are understood the others follow, 
and from the laws of mechanics we can readily write 
those of electricity. The process is a reversible one, and 
the electrician can with equal ease step over into the 
realms of dynamics. To enable one to reason accurately 
in this manner, and to reach definite results with absolute 
certainty, ibis necessary to give with exactness the funda- 
mental relations of mechanics and electricity. The fol- 
lowing Tables are, therefore, given, showing the analogies 
between linear motion, motion of rotation, and the elec- 
tric current. Starting a current of electricity in a circuit 
is analogous to imparting motion to a body, and requires 
an impressed force. This force must overcome the resist- 
ance (electrical resistance corresponding to that of fric- 
tion) and the inertia of the mass or current. 

In the case of the electric current this inertia is called 
‘‘self-induction.” A revolving flywheel may well repre- 
sent the flow of electricity, its velocity corresponding to 
the current, its moment of inertia to the coefficient of self- 
induction, and the friction to ohmic resistance. 


TABLE I.—Linear Motion. 


Notation. 
leeDime= ts 
2. Distance = s. 


3. Linear velocity = v = a A COMED 


4, Linear acceleration = 
5. Mass = M. 
6. Momentum=M v. 
Frictional Resistance. 
. Frictional resistance = R. 
Force to overcome resistance=Fr=Rvy.  . 
. Energy expended in overcoming resistance in the 
time dt=d Wr=EFrds=Rr7 dt. 
Inertia, 
Force to overcome inertia = F! = Ma = Me 


co 


10. 


11, Kinetic energy acquired in the time dt = d W1= 


Fids=My at. 
dt 


dv 


dt 


12, Kinetic energy = W!= ab Mv dit=3Mv?, 
0 


Inertia plus Resistance. 
16} pool force applied = F=F, + F1=RV+M 
dv 
at” 
Total energy supplied in the time dt =d W = 
dW, +d W, or Fds=Fads+F ds, or Fudt= 


Reedt+ My @ at. 
dt 


14, 


TaBLe II.—Rotury Motion. 


Notation. 
ie Tame =<; 
2. Angle = ¢. 
3. Angular velocity = w= af. dg=wdt 
4, Angular acceleration = a = dw ae 
dt dt? 


5. Moment of inertia = I. 
6. Angular momentum = I w, 


Frictional Resistance. 
. Frictional resistance = R. 
Torque to overcome resistance = Tr =: Rw. 
Energy expended in overcoming resistance in the 
timedt=d WrR=Trdo=Rvwu2dt. 


aN 


Inertia. 


10. Torque to overcome inertia = T! = Ia=I Le 


11, Kinetic energy acquired in the time dt=dwi= 


Tdp=Iwe” at, 
dt 


12, 1 t= 41 we 


Kinetic energy = W1= f “Iw 4” 
3 dt 


Inertia Plus Resistance. 
Total torque applied = T=Tr+ Ti=Rwt+I 
dw 
dt ? ? 
Total energy supplied in the time dt = d W=d Wr 
+aW!; or, Td P=Trdp+T d $; or, T 


wdt=Rwdt+ lw oe at, 


13. 


14, 


TaBLE II].—Electric Current. 


Notation. 
1. Time = ¢. 
2. Quantity = q. 
3. Current =7 = ag dqz=idt. 


Current acceleration = 8 = ade 
fi 


5. Coefficient of self-induction = L. | 
6. Electro-magnetic momentum = Li, 


Ohmic Resistance. 


7. Ohmic resistance = R. ’ 
8. Electromotive force to overcome resistance =¢x = 


U 
Energy expended in overcoming resistance in the 


2 timed t=d Wr=endq=Redt. 
Sel f-Induction. 
10. Electromotive force to overcome self-induction = 
A=Lp=L%. ’ 
11. Energy acquired by the magnetic field in the time 
dt=dW=addq=Li tat, 
dt 
12. Energy of magnetic field = W!= ip Let a dt 
=$Le2 
Resistance plus Self-Induction. 
13. Total electromotive force applied = ¢=exr +e! = 
Ri+ L at 
14, Total energy supplied in the time dt=adW= 


Wr +d W!'; oredqg=exdq+ eldgq; oreidt 


9 Oat 
R@dt+ Lit qe 

A study of the tables will make these analogies more 
clear. It is to be noted that the flywheel or moving mass, 
in slowing down gives back its kinetic energy and the 
wheel is carried on, after the impressed forced is re- 
moved, until this is entirely consumed in overcoming 
friction. Similarly, when the current diminishes upon the 
removal of the impressed electromotive force, the energy 
stored in the magnetic field is restored to the circuit, and 
the current keeps flowing until the energy is entirely used 
up in overcoming the ohmic resistance. 

These analogies cannot be considered as rigorous proof. 
The truth of the relations here given for the electric 
current has been fully established and may be found in 
the introductory chapter to our work on ‘‘ Alternating 
Currents.” Other striking analogies will suggest them- 
selves, but space will not permit calling attention to any 
but the most fundamental ones given above. 

Physical Laboratory, Cornell University, 

January 16, 1893. 


Tur CortntH CANAL.—Theagegregate extraction effected 
upon this canal from the resumption of the works in 
October, 1890, to January 20 this year was 2,810,716 
cubic metres. The number of workmen employed at 
present upon the canal is 1700. There are also two steam 
navvies and two dredgers at work. 


THE FrencH Navy.—The French Government has now 
25 ships of war of various kinds in course of construction. 
The engines for these vessels will be supplied by the 
Creusot Company and by the Société des Forges et Chan- 
tiers de la Méditerranee. The armour-plating is being 
made by the Naval Steel Works Company, the Creusot 
Company, the St. Etienne Steel Works Company, and 
the Chatillon and Commentry Company. 


Evrore AND SoutH AmeErica.—There are now five direct 
and competing European lines of steamers to the west 
coast of South and Central America, and more than 30 to 
to the east coast. There are but six American lines to 
to the east coast, five of which are owned and -operated 
by English companies and sail under the English flag, 
while on the west coast the Americans are wholly unre- 
presented. 


ANOTHER MisstssiprI Briper.—A Bill authorising the 
construction of a bridge over the Mississippi at New 
Orleans has been passed, and the necessary surveys 
are about to be commenced. The bridge will be of the 
cantilever type, with a centre span of 1095 ft., and two 
shore spans of 757 ft. each. The bridge is to be at least 
85 ft. above high water. It is expected that the site 
selected for the bridge will be what is known locally as 
Nine Mile Point. 


AMERICAN Exxorrio Ranways.—An electric railroad 
between Chicago and St. Louis is now in prospect, a 
contract having been concluded with Messrs. Bagnell 
Brothers, of St. Louis, and Messrs. Garvey Brothers, 
of Memphis, to build the entire line, except 26 miles 
previously let to another contractor. The terms of the 
new contract provide for the completion of the line 
eles a year from the date of the commencement of the 
work, 
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breaks off, the freshly entering steam finds sufficient space for 
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ComrrteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of oprosition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


in" 


YOLLLLLLLORAMLAL: 


18 CUULQTULOUOOD 


N 


communication, whereupon the steam exhausts from the cylinder 
8a through the port 13a into the cylinder 8, and from there 
through the ports 13 and 14 to the main exhaust 15. Each has 
one end inoperative in the sense that steam is not admitted to it, 
but both these inoperative ends are always open through the 
ports 14 and 14a to the main exhaust, for the purpose of admitting 
exhaust steam freely into them, so as to keep up the temperature 


in the cylinders, and also to prevent back pressure. (Accepted 
February 15, 1893). 
2820. A. Boyd, Middlesbrough-on-Tees. Rotary 


Motive Power Engines. [9 Figs.) February 13, 1892.—The 
object of this invention is to construct a high-speed rotary engine 
capable of working smoothly on the single-acting principle, 
having surface contact between the driving cylinder and resist- 
ance pistons, and in which the defect of running pistons over 
ports is obviated, as well as having delicately adjusted working 

arts inaccessible whether the engine is in motion or at rest. 
The main and resistance shafts are coupled together to rotate in 
line, the driving cylinder, with the working pistons attached 
thereto, being axially secured to the main shaft, whilst resistance 
pistons are secured to the resistance shafts. The two shafts are 
connected endwise to a system of links and levers revolving about 
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(Fig 1. 


2820. 


acentre eccentric, by which the uniform angular velocity of the 
main shaft is converted into a variable angular velocity of the 
resistance shaft, the whole system being driven by a crankpin p! 
of the main shaft when the engine is running ahead ; and when 
the engine is reversed, the variable angular velocity of the resist- 
ance shaft is converted into the uniform angular velocity of the 
main shaft, the whole system being driven by a crank-pin p2 of 
the resistance shaft. The controlling shaft 0 is capable ofangular 
adjustment to the main and resistance shafts whereby the engine 
is reversed, and the lead, cut-off and exhaust, and compression of 
the steam controlled and regulated. A cylindrical valve is formed 
by inclosing an annular space round the main shaft a, and is fitted 
into a liner adjustable within the casing g’, the several parts being 
furnished with ports. (Accepted February 15, 1893). 


630. A. Friedmann, Vienna. Injectors, [1 Fig.] 
January 11,1893,—This invention relates to ‘‘ restarting injectors” 
in which, in the case of the breaking off of the water column, 
causing an interruption of the action, water is at once drawn up 
again as soon as steam is readmitted. The injector is provided 
with two steam nozzles a, b, the latter surrounding the former 
so as to form an annular orifice between the two, and it com- 
municates with the interior of @ by anumber of small lateral 
holes, so that on opening the steam inlet valve the steam issues 
simultaneously through the opening al of the central nozzle a, 
and through the annular opening 6! of the nozzle b, both jets 
being thus made to operate simultaneously, The condensation 
nozzle, which is also fixed, has a number of inlets, such as c’, 
e?, c3, The sum of the areas of these openings is equal to that 
of the steam jet openings a, b', in order that, if the water column 
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up again, and consequently restart the feed. (Accepted February 
15, 1893). 

24,154. H. Klein, Mulheim, Cologne, Germany. 
Divided Ships’ Boilers. [6 Figs.] December 31, 1892,— 
This invention has reference to a transversely divided ship’s 
boiler in which the flame goes backwards, and consists of the 
division of the boiler into two parts, one lying behind the other, 


the front one containing the fire and heating tubes, the hinder 
one the firebox. Both parts are connected to the whole by 
screws at the external circumference, and thus the water or steam 
room of the front boiler is connected with the water and steam 
room of the hinder boiler by correspondingly wide tubes. (Accepted 
February 15, 1893). 


23,422. J. Cochrane and W. Walker, Barrhead, 
Lanarks. Motive Power Engines. [11 Figs.] December 
20, 1892.—This invention relates to trip gear, the period of cut-off 
being automatically controlled by the governor. An oscillating 
cylinder is fitted with steel driving faces, which, when oscillating, 
describe the arc ofa circle, and force detent latches, in a tangen- 
tial line, untila point of release is reached. The detent latches 
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are pivoted on fulcrums, and fall on pads made to receive them. 
An oscillating lever is actuated from an eccentric made hollow 
and circular to receive a sliding trunk fitted with steel driving 
faces, this trunk being drawn inwardly or outwardly by the 
governor. Cams are provided for varying the depth of gear to 
which the ende of the detent catches engage, these cams acting as 
pads for receiving the latches when falling from their respective 
fulcrums, (Accepted February 15, 1893). 


ELECTRICAL APPARATUS. 


5655. J.P. Rees,London. ElectricSa fety Lamp 
{1 Fig.] March 22, 1892.—This invention has for its object to 
provide an electric safety lamp for use in powder magazines, coal 
mines, &c. This lamp is constructed so that, should the glass 
globe be broken, the electric circuit will at once be automatically 
interrupted and the lamp thus extinguished, thereby avoiding any 


risk of explosion through the ignition of gases by the incandescent 
filament. An incandescent electric lamp is arranged within an 
additional globe of thick glass attached to the topof an electric 
battery, the sjace between this globe and the glass bulb of the 
incandescent lamp being used as a chamber for compressed air, 
and the bottom of this chamber being made ofa flexible dia- 


phragm. Beneath the diaphragm a movable contact-piece is 
provided, which is arranged above another contact-piece, and is 
held away from the latter by a spring. When the chamber is 
charged with compressed air, the diaphragm is forced downward 
and the movable contact-piece thereby pressed against the con- 
tact-piece beneath it. When the Jamp isin operation, should the 
globes be broken, the compressed air therein at once expands the 
diaphragm, returning toits original position, and the movaoble 
contact rising under the action of its spring away from the con- 
tact beneath it, thus interrupting the circuit and extinguishing 
thelamp. (Accepted February 15, 1893). 


GUNS, &c. 


2839. ®. Jensen, London. (H. Thronsen, Finspong, 
Sweden.) Quick-Firing Ordnance. [23 Figs.] February 
18, 1892.—The object of this invention is to construct quick-firing 
guns of a larger calibre than possible with the existing block- 
or-wedge systems of breech. The breech plug, which is screwed 
externally, has the screw thread interrupted on two opposite sides 
where it fits, to work in a lateral curved slot in the breech and at 
the rear of the gun, the plug having a neck at its rear. a carrier 
inclosing the neck and capable of swinging round a fulcrum from 
which theslot curvesare struck. A hand lever is mounted on the 


centre of plug and carrier, and is provided with a locking lever 
and stops for limiting the sweep of the lever and permitting the 
opening and closing of the breech. The groove @5 in, and the 
ridge a5 on, the rear face of the breech plug are combined with 
the cocking piece e in the carrier 6, so that the hammer is held 
securely until the breech plug is in a firing position. The cocking 
thread a@2 in the rear neck of the breech plug and the cocking 
lug c’ are arranged so that the breech is prevented from opening 
when the trigger has been pulled before the shot has gone off, 
without a separate gripping action of the gunner. (Accepted 
February 15, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


6084, J. Fraser, London. Friction Clutches, [4 
Figs.) March 29, 1892.—This invention has for its object to 
provide means for gradually forcing the gripping surfaces into 
contact by means of the pressure of a liquid, caused by the rela- 
tive motion of the two members of the clutch, to flow through a 
valve which is gradually closed by the operator so as to raise the 
pressure of the liquid and force and hold the gripping surfaces in 
contact. One member of the clutch is provided internally with 
cylinders arranged parallel to the axis, and diametrically opposite 
one another, and communicating with one another by passages, 
and a combined valve and displacement chamber in which work 
a combined valve and plunger valve. In each cylinder is a piston, 
the outer end of which is adapted to bear on a cam surface fixed 
on the other member of the clutch. The cylinders and chamber 
contain liquid, such as oil. To put the clutch in gear, the plunger 
valve is forced further into its chamber, and forces out the 
pluvgers against the cam surface. The relative motions of the 
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two members of the clutch operate the plungers. which recipro- 
cate so as to keep up a flow of liquid between the two cylinders 
and through the valve chamber. On forcing the plunger valve 
further into the chamber, the former gradually closes the com- 
munication between the two cylinders, and the pressure of the 
plungers against the cam surface increases and forces the two 
members of the clutch into firm contact and holds them there, 
To disengage the clutch, the plunger valve is withdrawn, the 
plungers being then drawn into their cylinders out of contact 
with the cam surface, and the members disengage themselves. 
The displacement chamber is in communication with a reservoir 
provided with a spring piston, so that when the oil attains a cer- 
tain pressure, due to the action of the plunger valve, the surplus 
oil passes into the reservoir and raises the piston. The plunger 
valve cuts off all communication between the reservoir and the 
cylinders as soon as it begins to close, but all further oil dis- 
placed by its further movement passes to the reservoir. (Accepted 
February 15, 1893). 


12,507. W. H. Beck, London. (6. Spojord, New York). 
Sawing Metal. [3 Figs.) July 6, 1892,—This invention re- 
lates to machines for sawing metal, and consists of means where- 
by the saw is lifted from the metal during the return stroke. The 
saw S is mounted upon a sliding carriage which travels to and 
fro on a swinging arm B, and can be raised or lowered therewith. 
The arm B is fitted to swing around a sleeve } which surrounds 
the driving shaft D, and acts as the journal-box thereof. The shaft 
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D carries at one end the crank d which givesthe necessary recipro- 
cating movement to the saw S by meansof aconnecting-rod. The 
periphery of the crank plate is formed into acam d!, which by its 
revolution oscillates the lever C. Upon the swinging arm B isa 
projection, having a curved surface, the curvature being concen- 
tric with the arm B and bushing 6. To this curved surface is 
fitted a friction shoe c, which is secured to a carrier c! so that the 
pressure of c upon b! may be regulated by a set screw in the 
carrier cl. At each succeeding stroke the shoe ce takes a new 


hold of 0! at whatever level it may be, and lifts it a definite dis- 
tance while the saw is upon the back stroke. A spring is pro- 
vided to keep the lever C up to the cam dl. Under the bed A is 
hung a lever having an adjustable weight e and projection ; 
the latter, passing up through an opening provided in the bed- 
plate A, acts on the end of b! tending to lift it, and by means of an 
adjustable weight, regulates the proper degree of pressure of the 
saw S upon the work, and also assists the action of the lever C and 


shoec. (Accepted February 15, 1893). 
4008. T. J. Wilkie, Wimbledon, Surrey. Wood 
Planing and Moulding Machines. [3 Figs.] March 15, 


1892.—This invention relates to the arrangement of the feeding 
rollers for the timber to be planed, &c. The upper feeding rollers 
are mounted in pairs in a rigid frame capable of rising and falling 
between guides, so that the axes of each upper pair are directly 


above the axes of the lower pair for all thicknesses of timber. 
Rack and pinion gearing is provided for raising and lowering 
the frame, and intermediate gear connected by links to the axes 
of the driving shaft and the driven wheel of the feed roller to 
eae motion is first communicated. (Accepted February 8, 
1893). 


RAILWAY APPLIANCES. 


10,009. A. Ross, Manchester, and T. Wharmby, 
Guide Bridge, Lancs. Railway Signals. [4 Figs.] 
May 26, 1892.—This invention relates to means for interlocking 
signals and points, the object being to protect a train which has 
been shunted from one main line to another, or which is stand- 
ing at astarting signal. The lockingis arranged so that after the 
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home signal lever has been pulled over and put back again, it 
cannot be again pulled over until the starting signal lever has 
been operated and again put back. An incline is provided on the 
under side of a lever tappet blade and an incline @ on a corre- 
sponding tappet block for the purpose of allowing the tappet 
blade to mount and ride over the block without moving it. (Ac- 
cepted February 15, 1893). 


6398. E, L. Davis, Bridlington Quay, Yorks, and 
A. Christison, Neyland, Pembrokes. Signalling on 
Railways. [7 Figs.) April 2, 1892.—This invention has for 
its object to insure that the driver of an engine has due warning 
when asignal isagainst him. The apparatus for operating the 
signalling device on the engine comprises a pivoted striking bar 
B provided with a counterweight and adapted to be connected 
with a signal wire and hand-lever, the latter being pivoted within 
a ground frame provided with a stop at H2, the striking bar being 
normally held against the stop in a position in which it auto- 
matically causes the sounding of a signalling device on an engine 
passing over the striking bar in the right direction, whilst the 


semaphore is in the danger attitude, but will be removed into its 
inoperative position when the signal is pulled off or the hand 
lever is operated to give ‘Line clear.” Means, such as cocks, 
are provided for admitting steam to the whistle for causing 
the signal to be given. Twosets of signal-operating mechanism 


are arranged at opposite sides of the engine, and each comprises a 


bent lever K mounted on a bracket I provided with a stop I! for 
the arm K of the lever, and a rod J connected to the other arm of 
the lever and to the cock, each set of mechanism being arranged 
so as to act only when the engine is running in the proper direc- 
tion, and whether the engine or tender be foremost. (Accepted 
February 15, 1893). 


8355. W. L. Wise, London (W. &. S. Jones, Rajputana, 
India). Central Buffers for Railway, &c., Vehicles. 
(5 Figs.] May 3, 1892.—This invention has for its object to dis- 
pense with the buffer guides, thereby obviating friction and wear 
of the buffer shanks occasioned by the abrasion of contact surfaces. 


8355. 


The buffer-head is carried by and secured to a spring also con- 
nected to a fixed part of the vehicle, such as the head stock, the 
arrangement being such that the buffer-head and its shank cannot 
turn relatively to the spring, and the latter cannot turn relatively 
to the part of the vehicle to which it is joined, (Accepted 
February 15, 1893). 


MISCELLANEOUS. 


3079. C. R. Cowens, Durham. Calcination of 
Limestone, &c. [1 Fiy.] February 17, 1892.—This invention 
relates to the process of calcining limestone, &c. A mixture of 
air and steam is caused to enter into the pipe a, to be discharged 
therefrom immediately below the grating b through which it 
enters the producer A, and diffuses itself through and over the 
mass of material which is charged therein as fuel, setting up a 
slow and partial combustion, the products of which are delivered 
along the flues into the kiln B. In combination with these com- 
bustible gases air is admitted into the air dome d, and through 
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the chamber D, where it encounters a mass of hot lime, which at 
the commencement was heated by coke, and is thereby materially 
raised in temperature as it penetrates its way through to the 
kiln B. The mixture of this air with the gases from the producer 
A sets up the requisite combustion within the kiln B to liberate 
and expel the carbonic acid from the limestone, which is carried 
off with the waste products of combustion. Limestone is never 
in contact with the fuel, and the lime resulting therefrom is conse- 
quently free from any mixture of the impurities of the fuel. 
(Accepted February 15, 1893). 


5729. W.D. and S. Priestman, and J. Nicholson, 
Kingston-on-Hull. Screw Propellers. [11 Figs.] March 
23, 1892.—This invention relates to screw propellers constructed 
with blades pivotally mounted in the propeller boss, so as to 
admit of the inclination of the blades being reversed or varied, 
and consists in means whereby such axial movement may be 
effected and their angular pitch adjusted. Each of the blades A 
and A! is formed with a shank whereby itis mounted in the 
boss of the propeller. The parts D and D1 of the propeller boss 
are bolted together and to a flange h on the end of the propeller 
shaft H by bolts d. The face of each shank is provided with a 
central stud, which engages in a slot formed ina plate E or El, 
these two plates engaging with pins projecting from opposite 
sides of a central frame F. The frame F is provided with a 
spindle I, which extends through the centre of the screw-shaft 
H. The spindle F) ‘is keyed to a collar‘on the hollow part of the 
shaft H, the key passing through slots in the shaft. By means of 
a lever, the collar is moved to and froon the shaft, thus causing 
the central frame F to move to and fro a corresponding distance 
in an axial direction, the lever engaging with a quadrant and 
being arranged so as to permit of the collar rotating with the 


shaft. The extension of the spindle works in a hole in the part 
Dl. When the spindle F! is moved in an axial direction, the 
plates E and E! slide on and turn the rectangular blocks, and 
thereby impart a rotative movement to the blades A and Al, 
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which are thus set and held at any desired angle of inclination, 
thus causing the power to be applied in a forward or in a 
backward direction, or to be merely dissipated radially, the 
direction of rotation of the screw-shaft H and propeller A Al, 
meanwhile remaining constant, (Accepted February 15, 1893). 


4738. H. Lane, Birmingham, Valves of Reser- 
voirs for Air, &c. (3 Figs.) March 10, 1892.—This invention 
relates to valves and fittings of reservoirs for compressed air, &c. 
In addition to the ordinary external neck of the reservoir, a 
corresponding extension is made reaching into the interior of the 
reservoir. The lower end of this internal neckis perforated with 
a hole, and the interior is screwed continuously from the outer 
end of the external neck down to the perforated bottom. The 
bored plug which contains the stopper is made cylindrical, and is 
screwed externally for its full length and is screwed firmly down 
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into the screwed neck, its lower end being screwed down upon the 
perforated bottom, the inner angle of which is correspondingly 
rounded to fit it.. The plug only occupies a part of the depth of 
the screwed bore of the neck, the upper part of the latter being 
free to receive the winged union which is screwed into it to 
attach the service pipe when the apparatus is to be used. When 
the wing union andservice pipe are removed, less space is occu- 
pied, and the plug and valve are situated in the bottom of 
tue peer and are protected from injury. (Accepted February 15, 
1893), 


UNITED STATES PATENTS AND PATENT PRACTICE. 


Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


ARGENTINE RAILWAys.—Some progress is being made 
with the. construction of the Argentine North-Eastern 
Railway. Fifteen months since 150 miles of the line 
were opened for traffic. During the past year the first 
section of the eastern branch, from Monte Caseros to Paso 
de los Libres, a distance of 56 miles, has been completed. 
There are now accordingly 206 miles open for tratftic. 


DinprE AND NEWHAVEN.—The Western of France Rail- 
way Company has ordered a second twin-screw steamer 
for its service between Dieppe and: Newhaven. The 
steamer, which is to be named La Tamise, will be built 
by the Société des Forges et Chantiers de la Méditerranée, 
She is to be ready for service by October. Her dimen- 
sions will be as follows: Length, 273} ft. ; beam, 30 ft. ; 
draught of water aft, 23} ft.; displacement, 1014 tons. 
Her hull will be of steel, and will be divided into 11 
watertight compartments. La Tamise isin every respect 
a sister ship to La Seine, built some time since for the 
Western of France Railway Company. La Tamise will 
be fitted with triple-expansion engines capable of develop- 
ing 4500 indicated horse-power. is ordinarily favourable 
weather she is expected to steam between Dieppe and 


Newhayen, a distance of 65 miles, in 3} hours, ta 


Marcu 31, 1893. ] 
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AMERICAN INDUSTRIES AND 
BRITISH COMMEROE.—No, XII. 


IMMIGRATION—NATIONALITY—THE MotTHEeR 
CountRY SENTIMENT. 


THE optimist as regards the future commercial 
relations between Britain and America, and the 
relations between these two great manufacturing 
nations and the markets of the world, delights in 
the thought that Britain is the Mother Country— 
that Americans are our cousins in every sense of the 
term. It may be easy to parade statistics to that 
effect, to show that America is largely populated by 
our overflow ; but itis necessary, in order to arrive 
at an idea of the feeling and strength of cousinship, 
to analyse closely the motives of the colonist and 
emigrant, and the spirit which animates him in his 
new life. When America was but a colony, and 
when all associations and government impressed 
the people with their connection with the Mother 
Country, a strong bond might, we do not say would, 
be maintained ; but almost the moment the Deed of 
Independence was signed, a new era dawned. As 
we have already shown, the people were at that 
time feeling that, however much they were attached 
to the old country, filial duty or desires became of 
secondary importance to the necessity of developing 
industries and the resources of the country. 
Millions of our people have crossed the great ferry : 
some come back to enjoy their ease and old age ; 
others send money to old friends; but the great 
majority, mostly from Ireland, forget Britain ; and 
if they think of it, it is only to recall real or 
imaginary wrongs. 

It may be taken that the descendants of the 
early colonists are distinctly American, and in 
attempting to analyse the nationality of the people 
we can only consider as other than Americans the 
immigrants of recent decades and their descendants, 
The great tide of immigration setin at the beginning 
of the century. It must be admitted that prior to 
that the encouragement offered to labour in the 
States was not great. Manufacturers in this 
country regarded America in the colonial period 
simply as a great market for the sale of their 
products, and probably it was the result of this 
rigid maintenance of vested interests that caused the 
great revulsion in feeling, and the consequent 
early demand for Protection, to which we have re- 
ferred in our article on tariffs. One might almost 
trace the beginning of the emigration movement 
from Britain to America, to the Battle of Waterloo. 
It may only have been a coincidence, but many in- 
cline to the belief that in those dark days after the 
war, when trade was checked, the poverty and 
misery, which were widespread, induced thousands 
to brave the voyage in the old ships then trading 
to America. In the years following the war the 
emigrants averaged about 25,000 for three or four 
years, gradually declining until the commercial 
crisis of 1826, when the movement westward re- 
ceived a new impetus, the emigrants numbering 
over 100,000 in 1832, The number averaged about 
75,000 per annum until the Irish famine in 1846, 
when, within afew years, half a million sought 
their homes in the New World.* It is not our 
intention, however, to detail at length the various 
movements; the general results are shown on 
Diagram No. 54, which indicates approximately the 
additions tothe immigrantsinto America over a series 
of years. German immigration started at a later 
date than from Britain, the famine of 1853 giving 
it impetus ; but it has developed at a greater rate, 
the number in some years being a quarter of a 
million. The French are not, apparently, a migra- 
tory people.t Since 1867 Swedish emigration has 
enormously developed ; soalso Norwegian ; while 
in later years Italy and Russian Jews have tended 
to swell the population. 

Since 1820 over 15 million persons have immi- 
grated into the United States, and more than one- 
half of these entered since 1870. The numbers 
have fluctuated according to prosperity or depres- 
sion in Europe, while the commercial depression of 
1836-37 in America, the civil war of 1861-64, and 
again the trade depression of 1873, have checked 


* The migratory tendency was greatest in the western 
counties of Ireland, which show in some years an emigra- 
tion of 20 per 1000 of the population. 

+ It is interesting to note that in a recent year the ratio 
of emigrants per 1000 of the population was, in Italy, 
6.87 ; France, 0.61; Great Britain and Treland, 7.46 ; 
England and Wales, 5.97 ; Scotland, 8.88 ; Treland, 15.06 ; 
Germany, 2.10; Switzerland, 285; Sweden, 9.86: 
Norway, 10.58 ; Denmark, 401. (‘‘ Bulletin de l'Institut 
International de Statisque,” iv., page 190.) 


the progress. Other influences have been the in- 
creased comfort of travel, as compared with the 
great trials on sailing ships, when the death-rate 
among emigrants was sometimes as high as 10 per 
cent.* Railroads have increased the area of manu- 
facture and improved the chances of employment, 
and thecheapness of the Atlantic and railroad fares, 
combined with the extensive system of shipping 
agents in European countries, also tended towards 
this development. It is scarcely necessary to 
mention also that in many cases successful emigrants 
have sent for their relatives, and the steamship 
companies have issued prepaid tickets for this 
purpose.t This systemis taken greater advantage 
of by emigrants from the Continent than by those 
from Britain, These and other considerations, 
which need not be enlarged upon, have tended to 
add to the migratory movement. A powerful factor 
still is the idea that America is a veritable El- 
dorado—an idea not quite accurate, and sometimes 
urged for fraudulent purposes by commission agents, 
and in all faith by those who have gone before and 
been successful. 
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the United States ; but there must be conditions 
attached. The members added to the population 
must be industrious and work homogeneously in the 
widest sense of the term. Differences of nation- 
ality involve different ideas, and that there are 
different nationalities in the States is easily proved. 
The emigration statistics only afford inferential 
proof of the real extent of this difference, and the 
census returns do not materially assist, for they 
deal only with native born. But we cannot assume 
that the son of an Irish father and mother, brought 


* The Inman Line first carried emigrants in steamers 
about 1850. 

+ The Inman Line, it is said, have 3400 agents, and a 
third of their steerage passengers come with prepaid 
tickets ; 40 per cent. on the Hamburg-American Line; 
25 percent. on the Guion Line; 25 per cent. on the 
National Line ; 30 to 40 per cent. on the North German- 
Lloyd ; 33 per cent. on the Fabre Line; 10 per cent. on 
the Red Star Line ; 15 per cent. on the Cunard; and 50 
per cent. on the Anchor Line, who have 2500 agents in 
Britain and European countries. (‘‘Emigration and 
Immigration,” page 186.) 4/. 10s. to 5/. is the prevailing 
rate. ; 1/. more takes the emigrant to Chicago. 

} Ireland in recent years has sent about 70,000 per 
annum ; England, 7000; Germany, 160,000, 


up practically in an Irish colony, although within 


the city of a free republic, has not the same ideas, 
the same sense of injustice, and the same inten- 
tion of being ‘‘agin the Government” as in the 
beloved Erin. So with the German. The Herr 
and Frau do not readily allow their offspring to 
forget the Fatherland. In arriving at an estimate 
of the foreign population, these children of at least 
the first, if not also the second, generation, must 
therefore be included. The census of 1880 gave 
figures for some of the Western States, and brought 
out the fact that there was a preponderance of 
foreign husbands but native wives ; that was to be 
expected, for over 60 per cent. of emigrants are 
males, the majority of marrying age yet unmarried, 
while most of the females are already married or 
betrothed to male emigrants. Again, in the 
Northern States the Irishmen choose wives from 
amongst their own people. In New York 94 per 
cent. of Irishmen have Irish wives; but down 
South or away to the Far West there are fewer 
Trishwomen, and we find as many of the sons of 
Erin married to the native women as to their 
countrywomen. It is, however, fair to the 
Trish women to say that it is not a matter of choice. 
The Scandinavian is like the Irish in this respect. 
The Germans also marry chiefly among their 
own people, but show great freedom in yield- 
ing to considerations of personal adaptiveness, of 
affection, or pecuniary interest, or of propinquity 
in mating for life, in spite of differences of speech, 
and in some of the States under review there is one 
babe born of a German father and American 
mother to five born of German father and German 
mother, 

Taking the census return of 1880, we find that 
the foreign-born population was about 15 per cent. 
of the native-born population, and that there had 
been a larger increase of foreigners than in the 
previous decade. Germany and Ireland have now 
about the same proportion of natives to American- 
born citizens, but these Irish and German born in- 
habitants only make about 4 per cent. of the total, 
These details are shown on our Diagram No. 55, 
(The figures for 1890 are not yet available.) But 
the point to be determined is not exactly how 
many of the inhabitants of the United States were 
born abroad, but how many are imbued with foreign 
ideas. Dr. Edward Jarvis* entered into a calcula- 
tion to ascertain the population of foreign descent, 
based on the inerease by birth in several decades, 
and assuming that the immigrants or foreigners 
multiplied at the same rate as the total—and in view 
of the fecundity of the Irish and Germans and 
Scandinavians, the assumption did not by any 
means incline to excess—he arrived at the con- 
clusion that the descent of the white population 
was approximately as follows: 


Foreigners. Natives. 
In 1870 ... 11,607,394 21,479,595 
5, 1880 |. 18,000;000 25,500,000 
», 1888 ,.. 25,000,000 29,000,000 


The estimates for 1888 on the same assumption are 
by Mr. R. M. Smith, and given in his book on 
“Hmigration and Immigration,” already cited. 
Diagramatically these results might be given as 
follows : 

Natives. 


Foreigners, 


1870 
1880 
1888 


Probably now there are at least 28 million 
foreigners. It will, therefore, be seen that the 
foreigners increase at a greater rate than the 
natives, for the natural increase by birth is aug- 
mented by the increase by immigration. Making 
allowance for the coloured population, which is 
about one-seventh of the totalt, about half the 
population of the United States is therefore de- 
scended from foreign parentage. 

It is not easy to definitely fix the proportions 
of the different nationalities included in the 25 or 
28 million foreigners nowin the United States. 
Sixteen million immigrants have arrived in the 
United States since 1820, and, as shown by Diagram 
No. 54, 3,8 millions come from Ireland, 14 million 
from England and Wales, but only one-third of a 
million from Scotland. The Highlanders, who 
form a large proportion of the emigrants from the 


* Atlantic Monthly, vol. xxix., page 468 (April, 1872). 

t+ The coloured population totals 7,470,040, or 13.58 
per cent. of the total, against 15.16 in 1880, and 14.5 per 
cent. in 1870. The decrease is most pronounced in the 
Southern States, 
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latter country, prefer Canada to America; but no 
doubt a goodly number subsequently find their way 
across the frontier into the cities of the North 
Central States. Germany has provided the largest 
number of emigrants—4? millions—Norway and 
Sweden have sent nearly one million, France 
375,000, Italy about the same, and other countries 
in proportion. The principal elements added to 
the population are German and Irish, with a 
mixture also of Scotch, Scandinavian, and in 
recent years of Italians. The same proportion of 
elements is deduced from the figures in the 1880 
census, to which we have already made reference. 
From results in a group of States enumerated, it 
was assumed that the following was the relationship 
of the foreign nations contributing to the United 
States population :* 


Having German fathers 4,883,842 
5 Trish ‘3 ee 4,529,523 
* British ,, Ags 2,039, 808 
3 Scandinavian fathers 635, 405 
ra British American fathers... 939,247 
ae other foreign whos 1,321,485 
A native fathers and foreign 
mothers ... Ms ans 573,434 
native mothers and foreign 
fathers : : 1,337,664 


Many of these have also mothers of the same 
nationality as the fathers. These are the figures 
for 1880. When the returns are issued for 1890 
there will be an increase all over, but dis- 
tinctly greater in the case of Germany, Scan- 
dinavia, Russia, Norway, and Italy. It really 
matters not on what assumption we proceed, 
the result is the same, that Germany is contri- 
buting more to the population of the States, and 
that without in any way depleting her own popula- 
tion. This suggests one reason for the increase of 
German imports into the States, as shown in our 
previous article, and gives promise that this in- 
crease will continue to grow. They are undoubted] 
influenced more by sentiment towards the Father- 
land than any other people to their respective 
native lands, certainly more than the Irish to the 
United Kingdom. 

The existence of the foreign element is clear. 
But in what condition would America have been 
had not these immigrants been admitted? Had 
immigration been prohibited, or even restricted, the 
development of the country would have been 
materially checked. Before stating the objections 
it ig only fair to consider the advantages of the 
immigration system, and thereby to measure 
America’s indebtedness to the United Kingdom, 
for she more than any other nation helped to raise 
the great industrial nation of the West. The main 
effort of the world, it has been stated, is to keep 
itself alive and to provide a future generation 
to replace the present. This being admitted, 
and the evidence being established that 70 per 
cent. of the immigrants to the States being be- 
tween 15 and 40 years of age, only 20 per cent. 
younger and 10 per cent. older; it must be 
admitted that Europe’s contribution to the States 
is valuable. It is impossible to rate the money 
value. It has been shownt that the cost of bring- 
ing up a child to the age of fifteen is in Germany 
in all 1127. 10s., and some one has made a calcula- 
tion that it would be in the United States twice 
that amount, so that multiplying the adult immi- 
grants in one year by this amount shows apparently 
a contribution to America’s wealth of 60 millionsster- 
ling. This, however, isall butabsurd. One immigrant 
dies early, others become paupers, others develop 
into criminals, while of course many are industrious. 
If industrious, the immigrant is worth money ; if 
otherwise, he is worthless—nay, costs money. 
There is another method of computating the value 
of the immigrant, taking his earnings minus cost of 
living, and assuming that the net result capitalised 
is the worth of the man. Dr. Farr, for many 
years the head of the Statistical Department of the 
Registrar-General’s Office in England, sought to 
show the loss to Britain in this way, and brought 
out that the agricultural labourer on this basis was, 
at the age of twenty, worth 234l.{ ; that all male 

***Tenth Census of the United States Population,” 
page 674. 

+ By Dr. Ernst Engel, chief of the Prussian Bureau 
of Statistics, who works it out thus: 6. per annum for 
the first five years; 77. 10s. per annum for the second 
five years ; and 9. for the third five years, 

+ The total value of the future wages was given as 482/., 
the value of the necessary cost of future maintenance 
2481. ; and the net value of his service therefore 234. 
For all labourers the mean value of wages was 3491. ; cost 


of subsistence as man and child, 199. ; leaving 150/. as 
the net value, 
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labourers were worth 150/. each on an average; and 
that each resident, including females, was worth 
1101. It was taken that in 1876* the mean value 
of the emigrant was, on this assumption, 175l., 
and that the money value of the eight millions who 
migrated from the United Kingdom in 1837-76 was 
worth 1400 millions sterling, or 35 millions a year. 
But Dr. Farr was quite alive to the fact that 
we could, out of our surplus, give these 
workers to America and the Colonies; that 
we were simply transferring their field of 
operation for providing our supplies of food- 
stuffs, that they in their new field created 
articles of primary use which in exchange for our 
manufactures they supplied to the mother country. 
Difficulties may arise when they cease to take in 
exchange our products ; but that time has not yet 
come. It is also contended that each German 
emigrant is worth 401. or 501.; but clearly this 
value of the emigrants can only be accepted as loss 
to the European countries if it is established that 
they could by continuing in their old countries find 
sufficient work to enable them to produce the value ; 
and it can only be assumed as gain to the new 
country if the immigrant not only fills a vacancy 
or directs his labour to a new field. He can only 
make his value appreciable by making two blades 
of grass grow where one grew before. 

Three-fourths of the immigrants are agriculturists 
or common labourers, the farmers bearing a pro- 
portion of rather more than a fourth. Even this 
small proportion know little of farming as carried on 
in America, have little capital, and very frequently 
have not the hardihood for the rough work. Al- 
though there are waiting for the harvester large 
tracts of land, rich in soil and relatively cheap, 
with good railway facilities existing or in prospect, 
these farmers or labourers, instead of finding their 
way to the agricultural lands, drift into the large 
However extensive may be the industrial 
concerns of a country, this addition of a thousand 
men a day to the labour ranks must have far-reach- 
ing influences. And here we enter upon a phase of 
the question which has come home forcibly to the 
workers of London. It may be urged that labour 
is free, that the law of supply and demand must 
operate. But the contention is made—and it is 
based on facts—that the wages for which aliens 
choose to work are insufficient to maintain them 
according to the standard of civilisation of the com- 
munity. In London aliens working at tailoring, 
boot and shoe making, and cabinetmaking, &c., 
live in a squalid condition, while the pictures drawn 
before the Ford Committee of the lives led in 
America by the Italians, Hungarians, French Cana- 
dians, and Poles clearly indicate that they are not 
only a danger to civilisation, but to health. ‘‘The 
degraded labour with its lower standard of living 
does not make the same demand for commodities 
that the old did, and the increased cheapness, in- 
stead of bringing increased demand, is accompanied 
by a decreased power of consumption.’”’ Moreover, 
the conditions of life involve an enormous amount 
of ill-health, and the aliens can only then throw 
themselves on the charity of the people. The Irish 
drove the New England girls out of the cotton 
factories of Massachusetts, and in turn were driven 
out by French Canadians, who earned 28s. or at 
best 36s. a week, against 48s. by the Irish or native. 
The wives earn 3s. to 3s. 9d. per day, while those 
whom they displaced got 40s.a week. The expla- 
nation is that they all work—father and mother, 
sons and daughters. The result is that the civili- 
sation of the country is lowered. ‘‘A man’s 
character is the product of his environment,” may 
or may not be quite an accurate statement, but the 
influence of the environment is pronounced. In 
crime, pauperism, insanity, and illiteracy, statistics 
are not favourable tothe immigrants. The Massa- 
chusetts census returns of 1885 show that while 
27.1 per cent. of the total population were foreign 
born, 40.60 per cent. of the prisoners, 36.8 per 
cent. of the convicts, and 44.03 per cent. of the 
paupers were of foreign birth. Three-fourths of 
the foreign paupers were Irish, although they barely 
made a half of the total foreign population. Of 
the illiterates in Massachusetts 88.63 per cent. were 
foreign born, the Irish making up 54.95 per cent., 
French Canadians 19.78 per cent. The case is thus 
summed up by a writer who takes a dispassionate 
view of the situation :t+ 


*See Registrar-General’s 39th Report, 1877. 
{ Mr. R. M. Smith, Professor of Political Evonomy 
and Social Science in Columbian College, 
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‘*We cannot close our eyes to the fact that those 
national traits—respect for law and order, self-reliance, 
humane treatment of women and children, good temper, 
&c., are not likely to be strengthened in the first instance 
by the introduction of some of these foreign elements, 
These traits are the fruit of democracy, and the lower 
elements of the population of Europe have not been 
trained to them. The Irish Molly Maguires of the 
Pennsylvania coalfields have been succeeded by the Poles 
and Hungarians, who now represent the elements of 
violence and disorder. In every Socialistic labour party 
there is an extreme wing—anarchist or revolutionary— 
which is always led by persons of foreign birth. The 
demand for State interference and regulation, which 
seems unnecessary to the Anglo-Saxon, seems perfectly 
natural to the German, who has for centuries been living 
under paternal government. The French Canadian sees 
no reason why wife and child should be kept out of the 
factory, and has ideas of home life repugnant to the New 
Englander. The habit of seeking vengeance for personal 
wrongs with the stiletto clings to the immigrant from 
South Italy after he reaches this country. The habits of 
life and methods of living of many of the immigrants are 
undoubtedly below what economic prosperity has enabled 
us to establish in this country. Itis foolish to maintain 
that these are desirable elements to be added to our 
social life.” 

The interests of America and the European 
countries are, as the same writer admits, anti- 
thetical. No country wishes to lose its best 
men, although willing and sometimes anxious 
to get rid of surplus. America only wants 
strong, capable men of suitable occupation 
—the South particularly requires such men, and is 
prepared to do all to assist suitable men thither. 
America may yet feel justified in keeping out 
paupers or degraded immigrants, or those who have 
not the money nor the physique to enable them to 
take a vigorous part in her industrial advancement. 
Indeed, it might be well if Britain took some action 
in this matter also. Certainly the state of matters 
depicted as existing in some of the cities of the 
States is not creditable to any party concerned, 
The desire of most of the immigrants is to save 
money to return to their native land. That in 
itself is not acceptable to the American, for the 
sojourner has but a transient and not a permanent 
interest in his country. To Britain thousands 
return each year, having made a competence, but 
Britons and even the Irish prefer to wait, although 
sending their surplus earnings to the old folks at 
home. Since 1848 something like 35 millions have 
been thus sent back by settlers in the United 
States and British North America, or about 1} mil- 
lions per annum in recent years. 

The problem is one of great difficulty. The 
natives cry out that the importation of the cheap 
labour which means demoralising conditions of life 
is as great an evil as the free importation of cheap 
goods to compete with American labour, and that 
protective measures are as much required for the 
one as the other. Again, if foreign immigration is 
restricted, the gradual process of cheapening pro- 
duction may be hindered, and the American manu- 
facturer’s effort to capture some of the trade of the 
world somewhat handicapped. 


Gas at Panis.—The council of administration of the 
Parisian Company for Lighting and Heating by Gas 
recommends a dividend for 1892 of 27. 17s. 6d. per 101. 
share. The corresponding dividend for 1891 was 
21, 19s. 7d. per share. 


SMOKELESS POWDER IN SWEDEN.—The Swedish Govern- 
ment is contemplating the erection of a manufactory for 
smokeless powder at the Akers Powder Mills. The esti- 
mated cost is 219,000 kr., or about 12,0007. It is argued 
that powder of this description can be made in Sweden 
for about two-thirds of the price the Government has to 
pay for it from abroad. 


New Brivis Warsuirs.—The plans of the first-class 
battleship Magnificent, to be laid down at Chatham 
Dockyard during the ensuing financial year, have been 
received by the constructive staff. The vessel will be an 
improvement upon the Royal Sovereign class, and will 
be 390 ft. in length, with a breadth of 75 ft. She 
is to be furnished with engines of 13,000 horse-power, 
capable of producing a speed of 18 knots under forced 
draught and 163 knots with natural draught. Her 
principal armament will consist of four 46-ton guns, 
mounted en barbette. She will also carry ten 6-in. guns, 
besides a number of smaller quick-firing guns. The sum 
to be expended upon her during the year is 179,509/. 
The plans of the Minerva, second-class protected cruiser 
have also been received at Chatham Dockyard. Her 
principal dimensions are: Length, 350 ft.; breadth, 
53 ft. ; displacement, 5,500 tons. Her engines are to be 
of 9000-horse power, and will be manufactured in the 
dockyard. Working under forced draught, a speed of 
20 knots is to be attained, while with natural draught 
the rate of speed will be about 18 knots. Her armament 
will consist of five 6-in. guns, six 4.7-in. guns, and nine 
smaller quick-firing guns. 
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EARTH SLIPS AND SUBSIDENCES. 
By Henry E. P. Corrrert, Assoc. M. Inst. C.E. 


Tue recent landslip at Sandgate has attracted 
special attention to this form of earth movement. 
This is not the first time that such a subsidence 
has taken place there, and, unless proper steps are 
taken, a recurrence is to be feared. The matter is 
one that is well understood, and with which 
engineers are prepared to deal in a satisfactory 
manner. As an example in point it will be in- 
teresting to give an account of the well-known 
Harbury slip, and of the means by which its radical 
cure was effected. The writcr was engaged by the 
late Mr. W. G. Owen, M. Inst, C.E. (chief engineer, 
Great Western Railway) at the end of 1876 to super- 
intend the removal and cure of this large slip on 
the Oxford and Birmingham section of the Great 


Western Railway, and carried out all the works con- 


of slips which have blocked, or have threatened to 
block, this cutting ever since the line was first 
made. It will therefore be of interest to briefly 
trace its history from the commencement, and point 
out the various attempts made and devices adopted 
to cure this tendency to periodical slips which 
manifested itself from the very outset (Fig. 1). 
Historical, ¢:c.—Harbury Cutting is situated at 
about six miles on the Banbury side of Leamington, 
on the main line of the Great Western Railway 
running from Oxford to Birmingham, extending 
from about the 992 mile-post to the 1014. At its 
deepest part (near the tunnel) it is 96 ft. in depth, 
and for the greater part of its length it passes 
through the blue lias clay-beds above the great 
white lias rock. The formation (geological) as laid 
bare in the cutting is composed of alternate layers 
of lias limestone and calcareous clay. The distri- 


bution of the bands of limestone is very unequal. 
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Thus the band of white lias rock emerges from the 
formation on the Southern-road station side of the 
tunnel at 530 ft. from the mouth, and is 10 ft. 
above the rails at the tunnel, and runs gradually to 
the top of the cutting on the Leamington side. 
An Act was first obtained for a line from Oxford 
to Rugby, but this line diverged from the existing 
line on the Banbury side of this very cutting. In 
1846 an Act was obtained for the Birmingham and 
Oxford Junction Railway, which utilised part of 
the old Rugby line, and was made to pass through 
Harbury. The portion of the Rugby line from 
Harbury towards Rugby was then abandoned, and 
the work at Harbury Cutting commenced in 
1847. The original scheme contemplated a tunnel 
three-quarters of a mile in length (subsequently 
reduced to about 30 chains and finally to 3 chains), 
extending from about the 100 mile-post to the 1002 
post. After the line was set out, three shafts were 


nected therewith, involving the outlay of a con- 
siderable sum, as resident under instructions from 
Mr. W. D. Robotham, divisional engineer at Wolver- 
hampton. 

The materials for the present article were col- 
lected at that time for the most part, but circum- 
stances have prevented their being published until 
now. The lapse of time has, however, served one 
beneficial purpose in effectually proving the suffi- 
ciency and success of the works then carried out, 
and the excellence of the method adopted. In 
reply to an inquiry addressed to Mr. W. D. 
Robotham on the subject in the month of August, 
1882, he stated that no further work of any kind 
had been carried out in the cutting where the slip 
had occurred, and that the only attention bestowed 
on it amounted to a slight trimming of the surface 
here and there. A further inquiry, quite recently 
made, has received an equally satisfactory reply. 
The slip, with which the present account will 
have principally to deal, commenced on December 4, 
1876. Its immediate cause was the falling away 
of large masses of cliff, and the spewing out of 
the loose and saturated material accumulated on 
the top of the batters above the line. Here it 
may be as well to premise that there was nothing 
very exceptional either in the extent or magnitude 
of this slip, in the cutting in question, and that it 
ought to be regarded as one of a continuous series 


At some heights they are quite close together, 
separated by small bands of clay from 6 in, to 1 ft. 
in thickness ; at others they are divided by beds of 
from 3 ft. to 10 ft. of clay. These layers of clay 
and stone vary considerably in mineralogical com- 
position, some being very hard and compact, others 
comparatively soft and shaly. Their geological 
characteristics also vary inasimilar way. (For those 
interested in this subject a geological section and 
brief description of the strata is appended, for 
which the author is indebted to Mr. Beasley, of 
Banbury.) The distribution of water is also 
very irregular, occurring horizontally and verti- 
cally in patches at uneven heights and in unsym- 
metrical layers. It percolates exclusively along 
the upper and lower surfaces of the belts of lime- 
stone, in what are locally termed the soapy strata. 
The clay being perfectly impervious when undis- 
turbed, the water in the soapy strata is prevented 
from collecting in one mass, except at the surface 
of the cutting where the strata, right down to the 
impervious white lias rock, have been cut through. 
Ths pitch of the beds is from north to south, and 
varies from 1 in 60 to 1 in 100, and there is an 
outcrop to the north of the cutting where the 
water finds its way into the soapy strata. The 
general direction of the cutting, which is on the 
curve, is from east to west. The strata also pitch 
from west to east along the cutting about 1 in 55. 


sunk, the first to the west of the present tunne 
and on the down side of the line. This was carried 
down to the formation level (right through the 
white lias rock) ; it was 8 ft. in diameter and about 
90 ft. deep. It was sunk by 16 men (13 top wind- 
ing, three bottom sinking) working night and day 
with two-hour shifts, and took two months to com- 
plete. The second was to the east of the tunnel 
on the up side, was sunk for 30 ft. similar to 
the first, then the remainder down to the white 
lias, and 2 ft. into the rock was bored with an 
auger. The third shaft was sunk near the 
Southern-road distant signal to formation level, also 
onthe up side. An exact account of the strata 
pierced was kept, and the tunnel was let to Hodge 
and Shaw, contractors, the remainder of the earth- 
work to Messrs. Peto and Easting by day work at 
4s.aday permanallround. The resident engineers 
were Messrs. Chas. Gainsford and W. B. Blood ; 
the resident agent for the contractors was Mr. C. 
Watson. 

A driftway was cut on the Leamington side of 
the tunnel from the trial shaft at the level of the 
formation to the mouth of the tunnel, and it was 
intended to excavate and line this at the same time 
as the rest of the work proceeded. The amount of 
water, however, which was stopped, was so great, 
that the pumping power provided by the contractors 
proved totally inadequate, and the driftway had 
to be extended along the cutting right to its Lea- 
mington end. A free exit for the water was thus 
provided, and tram lines were laid to run out the 
spoil. The tunnel was commenced, and got out 
and lined for three chains, but so much difticulty 
was experienced by reason of the increased flow of 
water and the subsidence of the supports of the 
centreing, that the contractors had to abandon the 
work, and it was decided to give up the idea of 
prolonging the tunnel any further. It was at this 
time that the idea of a daylight route to Birming- 
ham was promulgated to cover the change of plan. 
An elaborate system was devised for the drainage 
of the Banbury end of the cutting, and a large 
central culvert was built about 10 ft. below forma- 
tion, with a gradual fall to the westward; elliptical- 


shaped shafts (4 ft. by 3 ft.) weresunk every 100 ft 
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on both sides of the cutting, 50 ft. back from the 
upper edge down to the level of the central culvert, 
and headings from this were driven in nearly every 
case to meet these shafts. At the bottom of the 
shafts above the level of the headings cast-iron 
perforated plates were placed, and then the shafts 
were filled with brushwood and loose stones. On 
the north side of the line the shafts were entirely 
without lining, but on the south side they were 
lined with brickwork.* 

When the cutting was completed. but before it 
was out of the contractors’ hands—viz., during the 
winter of 1848-49, the first slip occurred. The 
contractor was at that time Mr. Peto alone. This 
slip was of very large dimensions, from both sides 
of the cutting, and filled it up with slurry 
and wet spoil for half its depth. The cause 
was probably the undue steepness of the slopes, 
which were got out at a bare 1 to 1, and the 
excessive moisture of the season. The removal of 
this slip and the necessary repairs were undertaken 
partly at the company’s and partly at the con- 
tractor’s expense, and delayed the final opening of 
the section till 1851. From this date till the epoch 
of the slip which forms the subject-matter of this 
paper, more or less serious slips took place at 
irregular intervals of four, eight, and ten years, and 
the repair and regulation of this cutting was a con- 
stant source of anxiety and expense. It became, 
indeed, the practice to keep a watchman in the 
cutting day and night to signal trains through it, 
and the upheaval of the formation under the two 
lines, owing to partial slips, was of constant occur- 
rence. 

Theory of the Slips.—It was mentioned at the 
commencement of the article that the percolation 
of the water is restricted to the soapy layers exist- 
ing above and below the bands of lias limestone, 
and to the accidental and artificial cracks and fis- 
sures passing between and through the contiguous 
beds ; the strata were also stated to pitch from the 
northward across and towards the line (along cross- 
sections 1 in 64.81). Hence all the water coming 
from the high ground to the northward of the 
cutting, where the outcrop of the various bands 
occurs, finds its way to the surface of the slopes in 
the cutting. Under ordinary and normal circum- 
stances, this water would only find its way to the 
surface of the slopes in a diffused and distributed, 
way, and its effect would be to moisten the slopes 
more or less from top to bottom, collecting in the 
side drains of the cutting, and eventually to be con- 
ducted away with the rest of the surface drainage. 
But it will be remembered that in the case of this 
cutting, after the first trouble which was experienced 
ingetting rid of the abundance of water, an elaborate 
system of shaftsand headings was devised and carried 
out, with a view to tapping and conducting away 
subterraneously the major proportion of this water 
before it found its way to the surface of the slopes. 
To this system of shafts and headings, the writer 
considers, may be attributed the series of slips to 
which this cutting has been subjected since it was 
first excavated. The reasons for this opinion are 
the following. The vertical shafts or wells, full of 
loose stonesand brushwood, collected the water from 
all the various soapy strata, and as long as the hori- 
zontal headings remained clear, served their pur- 
pose admirably. But as soon as the fine silt and 
slurry washed out of the clay seams choked up the 
outlets with what was practically a stiff puddle, the 
action of the accumulated water was brought to 
bear on the strata at the base of the slopes, and soon 
caused the saturated and progressively disintegrated 
face to fall outwards (c.f. alternation of heat and 
cold, dry and wet). Thus the upper part of the 
slope was gradually undermined, and more and 
more of the face fell out from below upward as the 
obstruction and the water rose in the wells. This 
rising of the water in the wells also helped to 
loosen the upper portions of the slopes, which were 
already undermined, and caused them to fall away 
all the sooner. The percolation of the water along 
the natural fissures existing in the bands of lias 
limestone increased the natural weakness of the 
joints, dividing them vertically. Thus when 
the resistance to rupture along the line of 
the greatest number of fissures was exceeded 
by the weight of the overhanging cliff, the mass 
gave way and fell. The effect of the cross-trench 


* Between shaft and shaft a line of cross drains was 
Tun, connecting them at some depth below the surface by 
what was practically a drainage trench, filled with the 
same materials as the shafts themselves, 


between the shafts was analogous to that of the 


shafts themselves, and formed a line of greatest 
weakness, producing a distinct tendency in the 
slopes to fall away up to that line. The unequal 
falling-away along the cliff which existed at the 
period of the latest slip was due to the fact that the 
portions of the cutting where cross-drainage did 
not exist, stood longer than those where it had 
existed. It is worthy of note that in every case 
of fall the well-holes were the centres of the masses 
falling away, and that there was a distinct tendency 
to falling away towards the wells, and towards 
them only. From the above considerations and 
evidence the only possible conclusion is that the 
chief promoting cause of these slips has been— 
first, the sinking of the vertical shafts or wells, and 
the placing of cross-trenches from well to well; 
and, second, the fact of the horizontal drainage 
headings and the vertical shafts at their lower 
extremities having rapidly become choked and use- 
less. 

The Slip of 1876-77.—The moving mass of this 
slip on December 4, 1876, amounted to not less than 
30,000 cubic yards of material. At the time when 
the slip occurred a sort of irregular cliff existed at 
a distance of some 24 to 3 chains from the bottom 
of the original slopes, the intervening space being 
occupied by alow mound of clay and stones, the re- 
mains of the original slopes and former slips. This 
mound rose gradually from a level of 6 ft. to 10 ft. 
above the rails to 25 ft. and 30 ft. above them 
at the bottom of the cliff (Fig. 2). On this irregular 
mound had been collected for several years a vast 
mass of débris fallen out of the lower portions of 
the cliff, and which, by exposure to the action of 
rain, had been reduced to the condition of slurry, 
and was of the consistency of soft putty. On the 
top of this a large fall of undermined cliff occurred 
(some 12,000 cubic yards at least). | Under the im- 
pulse of this weighty mass the slurry was literally 
spewed out in the direction of this line. So rapid 
was its movement that in twenty-four hours from 
the time the cliff fell, the moving mass had already 
encroached on the formation, and in a few hours 
more it covered the up line and threatened the 
down line with a face 10 ft. high, moving at the 
rate of 2 ft. an hour. So near was it to the down 
line that the passing trains carried away tokens of 
the danger to which the line was then exposed, on 
their steps and door-handles, in the shape of grey 
mud. 

(To be continued.) 


THE INSTITUTION OF NAVAL 
ARCHITEOTS. 

In our last issue we gave an account of the pro- 
ceedings on the first day of the recent meeting of the 
Institution of Naval Architects. We now continue 
our report. On the members assembling on the 
morning of the second day, Thursday, March 23, 
the first paper taken was a contribution by Dr. F. 
Elgar entitled, 


THe STRENGTH OF BULKHEADS. 


This paper we shall print in full at an early 
date, and we may, therefore, at once deal with 
the discussion. The first speaker was Sir Edward 
Harland. He expressed his great regret that 
the author of the paper could not be present, in 
order to hear the criticisms, and then probably 
be able to meet them ; he was also sorry that he 
was unable to attend last year to hear Mr. Martell 
read his paper on a similar subjct. Sir Edward, 
it will be remembered, was the chairman of the 
Bulkhead Committee, whose report to the Board 
of Trade had been made public last year, and it 
seemed to him that Dr. Elgar in his paper had gone 
on an exactly opposite tack to that pursued by 
the Bulkhead Committee. They had looked on 
the bulkhead as if it were the flat side of a boiler 
which had to support the pressure brought upon it, 
and it was immaterial whether it were steam or water. 
The author had referred to the want of experiment, 
regretting that so little was known on the subject. 
Sir Edward could not understand such an expression, 
as the Committee had made most elaborate experi- 
ments, especially with regard to ascertaining the 
reliable strength of stiffening bars. The depth of 
holds varied very much, as also the distances 
between supports afforded by decks and fore-and- 
aft tie bulkheads, and the Committee’s experi- 
ments had been made to meet all probable con- 
tingencies. Some ships had a depth of 22 ft. 
between supports, with no lateral stiffening to the 


bulkhead, and this necessitated the experiment 
extending over a wide range. Sir Edward read 
from the report details of experiments that had 
been made. They had taken stiffening bars 24 ft. 
in length, and had loaded them with 68 tons, and 
got a deflection of 6 in. or 8 in. before an injurious 
stress was reached. They took various lengths 
and sections down to a length of 8 ft. of stiffening 
bar in their test. He thought it would be con- 
sidered, therefore, that these experiments in regard 
to stiffening bars had been quite exhaustive. 
and it was considered that they were sufficient to 
supply data on which to construct a reliable rule for 
determining the strength of stiffening bars. Such 
data were tabulated in the report of the Committee. 
The Committee had felt that it was the stiffening- 
bar question that required to be settled, as the bars 
were pretty sure to break before the plating rup- 
tured. Therefore the thickness of the plating was 
only required to be sufficient to withstand the 
stress brought to bear between the bars by the 
pressure of water. He should state that the Com- 
mittee did not take into consideration the question 
of corrosion, or such practical details as the possi- 
bility of puncture of the bulkhead plating by 
heavy objects being brought violently in contact 
with it. They supposed the work to be new and 
efficient. They did not take into consideration the 
strength of the plating in determining the scantling 
that should be allowed, as they did not think that 
affected the matter, at any rate to a material extent. 
Dr. Elgar, in his paper, did not give any conclu- 
sions, but the Bulkhead Committee, being com- 
posed of practical men, had produced a practical 
plan, which had resulted in a formula which could 
be readily applied in the absolute designing of ships. 
He would refer to Appendix C of the Committee’s 
report, in which the matter was cut and dried for 
the shipbuilder’s hands. Some statements in Dr. 
Elgar’s paper indicated that he had not given the 
same attention to the matter as the Committee had 
done. They had felt that there were so little data 
then to go upon, that they considered the report 
would not be complete unless they had advised 
shipowners how a bulkhead should be constructed, 
and on this account they had formulated the result 
of these experiments. Sir Hdward here quoted 
instances showing how such was applicable for the 
purpose of determining certain features in the de- 
signing of bulkheads. Sir Edward went on to 
state that he hoped to prepare a paper, to be pre- 
sented at an early date, in which he would deal 
with the question of subdivision of ships, as treated 
in the report of the Bulkhead Committee, a state- 
ment which met with hearty applause from the 
members present. He felt that the Bulkhead Com- 
mittee’s report was under a cloud, by its having 
been severely criticised by some persons without 
due examination, and he did not consider that the 
full value had been taken out of it by ship de- 
signers. 

Mr. Martell was the next speaker. It was a 
matter of great regret to him that Dr. Elgar was 
away at the present time. He had been obliged to 
go abroad for the benefit of his health, and he felt 
that every one present would join with him in the 
hearty wish that the author of the paper might 
come back completely recovered. Sir Edward 
Harland, the speaker thought, had quite misunder- 
stood the paper. He was sure that Dr. Elgar fully 
appreciated the report of the Bulkhead Committee, 
as indeed must every one else who had been brought 
in contact with it. Lloyd’s Committee had com- 
pared the decisions reached by the Bulkhead Com- 
mittee with their rules, and they had found that 
though the application might be different, the con- 
clusions upon which the matter was based were 
really alike. All valued the reports highly, but it 
was deeply to be regretted that the matter now 
referred to by Sir Edward Harland should be made 
public for the first time in a fragmentary manner 
in this way. The results were most valuable to 
ship designers. They were made at the expense of 
the public, and should have been given for the 
benefit of the public. He sincerely hoped that 
even at this date it was not too late for the details 
to be issued. The speaker thought that Sir Ed- 
ward Harland had mistaken the scope of the paper 
in this respect. Dr. Elgar had been misunderstood 
in his remarks made on the speaker’s paper of last 
year. It would be seen that he now said in effect 
in his paper that he had no reason to doubt that 
bulkheads as fitted were effective. He did not 
attach importance to plating as distinct from stiffen- 
ing, but what the author of the paper did desire, 
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and did very properly desire, was to have some 
means of arriving at a mathematical or scientific rule 
which could be applied to alJ cases. That could only 
be founded on experimental data, more ample and 
different to that which we now possess. We have 
experiments for individual cases ; something more 
universal was required. In the case of oil ships, 
for instance. When first these vessels were built 
they knew they were not stiff enough, and they 
therefore went on stiffening until they reached the 
proper degree of strength. That was not a desir- 
able course of procedure. But what Dr. Elgar 
wanted was experimental data to determine by in- 
duction what was the proper rule, and that, the 
speaker would submit, was only to be ascertained 
by experiments on the plane plates. These facts 
were what the speaker gathered from the paper. 
He would now put forward a suggestion of a prac- 
tical character. At the last House Committee Mr. 
W. H. White had referred to the work done by the 
Institution of Mechanical Engineers in their research 
committees, which were throwing most valuable 
light on many intricate problems. Seeing that 
they were now getting together means which would 
enable them to take a similar course, he would sug- 
gest that they should follow the example of the 
Mechanical Engineers, and no subject could be more 
appropriate for the purpose of investigation than 
that before the meeting. He would suggest, there- 
fore, that the chairman should put to the meeting 
a resolution by which the approval of members 
should be obtained to the Council taking this 
matter into their consideration, and preparing a 
scheme for submission at an early date. 

Professor Biles was the next speaker. He took 
up the position that the Bulkhead Committee con- 
sidered that plates should be supported at their 
edges. This could be done by a few big girders 
or more little ones, and therefore the question is, 
What thickness of plating is required with a given 
unsupported area? It was a problem worthy of the 
attention of the experimental inquirer and of 
mathematical investigation. 

Mr. Cowper was the next speaker. He illus- 
trated the effect of a weak bulkhead by reference 
to the collapse of a gasholder, which he had wit- 
nessed. The engineer who had designed this gas- 
holder had been in the habit of making smaller 
ones, and had made them with flat tops. That did 
well enough for the small work, but when he made 
a flat-top gasholder of 200 ft. in diameter, it col- 
lapsed at the sides. It seemed to him that the 
question was a very simple one in regard to bulk- 
heads. It was only a question of what distance the 
stiffeners should be apart, and a few very simple 
experiments would decide that. 

Mr. W. H. White asked Sir Edward Harland 
whether the Bulkhead Committee had made experi- 
ments with sections of a structure representing the 
bulkhead, or whether they had taken simply a 
number of girders and tested their resistance to 
deflection. In reply to this, Sir Edward Har- 
land stated that they had taken a number of 
stiffeners, details of which he gave. To them 
were riveted strips of plating, representing sec- 
tions of the plating of the bulkhead, having a 
breadth equal to the spacing of the stiffeners. 
These experiments were on an extensive scale, and 
something which engineers or shipbuilders would 
look on as approximating to the absolute practice 
of ship construction. One girder, of which he 
gave particulars, showed signs of weakness at a 
deflection of 5 in., and that, Sir Edward said, 
showed that they must depend on the girder for 
strength, because at that deflection the plating 
would not begin to be distressed, and very little 
strain would be put upon the rivets. 

Mr, White thanked Sir Edward Harland for the 
details given. He would suggest that they should 
be attached to the discussion when it was published 
inthe Transactions. The experiments were extremely 
valuable as experiments on girders made up of 
stiffeners to bulkheads, and such parts of the 
plating as might fairly be considered to support the 
stiffener. But the behaviour of the bulkhead as a 
whole would be affected by the fact that there were 
anumber of such girders connected together by 
the plating, and this removed it from the same 
category as tests on individual girders. In a bulk- 
head it is necessary to consider the subject of general 
flexure, and the thing most to be dreaded was the 
giving way of the connection at the edges. That was 
what he understood from conversation with others. 
In the Admiralty they had not the advantage or the 
disadvantage of experience in this matter, for with 


them no bulkhead had yet failed. It was to be re- 
membered, as had already been pointed out, that 
as soon as a leakage occurred the pressure was re- 
lieved. Experiments on the strength of individual 
girders were valuable, but what they wanted to get 
was a rule by which might be determined the 
extent to which they could go in the matter of 
lightness without sacrificing efficiency, and the 
stiffening required for a given thickness of plating. 
To ascertain this, it was necessary to learn the 
behaviour of the plating between stiffeners. He 
would heartily support Mr. Martell’s suggestion of 
an experimental committee to inquire into this 
matter. In Admiralty practice they had vertical 
and horizontal stiffening combined in bulkheads, 
and it was considered that this best met the 
stresses. As to the suggestiveness of the paper which 
had been presented by Dr. Elgar there could be no 
question. But in regard to the mathematical points 
raised by Professor Biles, he was inclined to agree 
with him that there would be contrary flexure at 
some parts of bulkhead plating, and the local 
strains, therefore, would be very severe. 

Mr. Macfarlane Gray would prefer that the 
paper should have been framed more on the model 
of Sir Edward Harland’s speech. A French lady 
had given a mathematical solution to the question. 
Mr. White here interposed, saying that he was not 
aware of what a French lady had done, but he 
knew that a distinguished English mathematician, 
Mr. G. Bryan, of Cambridge, had given a mathe- 
matical solution of the problem at the discussion 
before the Institution of last year. Mr. Macfarlane 
Gray said that under these circumstances it could 
not be necessary for him to continue that part of 
his speech. It seemed to him, however, that the 
stress was not borne by the plate, but by the 
framing. The principle outlined in the paper, the 
speaker continued, was only the converse of that 
applied when calculating the stress on a cylindrical 
boiler shell. The difference of radial forces, in- 
ternally and externally, on the shell is resisted by 
the circumferential stress set up in the shell plates. 
Similarly, when a flat disc is subjected to normal 
pressure, the difference of radial tension along the 
two circles of any annulus is resisted by the com- 
pression set up circumferentially in that annulus. 
But it is not the whole radial tension that is thus 
resisted, as stated in the paper, but only the differ- 
ence of tensions along the boundaries of any 
annulus. The whole radial tension is thus resisted 
only when the flat disc is without attachment at its 
bounding edges, and this condition is never fulfilled 
in bulkhead plating, to which, therefore, the remark 
in the paper could not be applied. 

Mr. G. Bryan said that it would perhaps be 
better that he should not go into the mathematical 
part of the question at that time, but there were 
certain practical considerations which it would be 
well to review before determining on forming an ex- 
perimental committee. He understood that when 
bulkheads gave way they generally ripped along 
the bottom, and he would ask whether that was not 
a proof that experiments were wanting in plating. 
Sir Edward Harland had said that the Bulkhead 
Committee had given a rule which was suflicient 
for practical purposes, but Mr. Bryan contended 
that naval architects should not rest satisfied with 
this. What they wanted was a rule by which a 
bulkhead could be properly proportioned both in 
regard to the stiffening and the plating. ~ 

Lord Brassey said that Mr. Martell had suggested 
that the funds of the Institution should be applied 
to the object of getting information on the question 
under discussion ; but he had just learned from his 
secretary how small a sum has been accumulated 
after many years of frugality and saving on the 
part of the Institution, Such a sum as they now 
possessed would go but a little way, and he thought 
the proper course would be for the Institution to 
memorialise the Board of Trade, whose province it 
was to carry out such investigations, and he 
had no doubt that.such a suggestion put forward 
by the Institution would receive the serious con- 
sideration of the department. There was no doubt 
as to the desirability of the matter. Mr. W. H. 
White here interposed, asking leave to say that he 
concurred that the experiment should be made, but it 
appeared to be the opinion that the Institution funds 
were not the proper source from which the money 
such experiments would cost should be drawn. He 
would suggest, however, that some steps should be 
taken, and he would ask that the opinion of the 
meeting should be ascertained as to whether the 
Council should consider this matter. Lord Brassey 


said it was hardly necessary to put the matter to the 
meeting, and Mr. White might conclude that the 
Council would take the step suggested. 

Sir Hdward Harland here asked leave to add a 
few words, as an explanation. The Bulkhead Com- 
mittee had given a rule, and it should be proved 
that that rule was wrong before any further steps 
should be taken. He thought, however, that 
Lloyd’s Registration Society were the proper 
persons to consider this matter. They framed 
rules by which shipbuilders were governed, and if 
their rules were called in question, they ought to 
prove their soundness. Mr. Martell said that 
Lloyd’s Committee were now considering this 
matter. 


THE MEASUREMENT OF WAKE CURRENTS. 


A paper by Mr. George A. Calvert entitled, ‘‘ On 
the Measurement of Wake Currents,’ was next 
read. This paper we shall also publish in full in 
an early number. 

The discussion on this paper was opened by Mr. 
R. E. Froude, who remarked on the value of the 
paper and the care taken by the author in the con- 
duct of the experiments referred to. He asked 
how far the calibrating tube was carried out from 
the vessel. It should be beyond the line of oblique 
wave, in the speaker’s opinion. Mr. Froude had 
himself made experiments, having the same end in 
view as that of Mr. Calvert, but he had found the 
results so contrary that he could deduce no law from 
them. These experiments were made with models 
of ships of the Agamemnon and Ajax, which, as 
is well known, have very fullruns. The interest- 
ing part of the paper was the light it threw on the 
comparison between the results of experiment and 
those gained by theoretical deductions. 

Mr. S. Barnaby said that he had to thank Mr. 
Calvert for his paper. He (the speaker) had recently 
prepared a paper which was to be read at a conference 
at the Chicago Exhibition. This paper was on the 
screw propeller, and in it he had referred to the 
‘‘impossibility ” of measuring the frictional wake. 
He had received Mr. Calvert’s paper just in time 
to enable him to substitute the word ‘‘ difficulty ”’ 
for ‘‘impossibility.” There were few things more 
badly wanted doing than the measurement of the 
frictional wake. 

Mr. W. H. White said that he shared the opinion 
held by other speakers as to the value of Mr. Cal- 
vert’s paper. Mr. Froude and he had been familiar 
with the experiments for some months past, having 
been supplied with details through the courtesy of 
Mr. Calvert. The investigations were of such a 
unique and interesting character, that he urged the 
author to write the paper now before the meeting. 
He had great difficulty in bringing Mr. Calvert to 
his view of the value of the paper, but he had 
overcome the author’s modesty, with the very valu- 
able result to the Transactions now before them. 
It will be remembered that some years ago Mr. 
Calvert had contributed to the Institution a paper 
on the screw propeller, in which he assigned values 
to various parts of the oblique surfaces of the blades. 
Mr. White was sure that the experiments here 
recorded were as perfect an example as could be 
pointed out of single-handed experiments of great 
ingenuity and usefulness. __In these respects they 
stood quite alone. Coming to the practical value of 
the work, it had been shown that the most impor- 
tant factor was the influence of wake on the action 
of the propeller. Mr. Froude in his experiments 
averaged that influence, but though he did so, he 
always recognised that it must be very great. 

Professor Biles said that the experiments quoted 
by the author as to the friction of a plank 28 ft. 
long were very valuable. The speaker had recently 
read the late Mr. Froude’s 1874 paper contributed 
to the British Association. It deserved to be 
better known than it was. Mr. Froude had deduced 
the velocity of the water next to the skin to be equal 
to the velocity of the ship. Mr. Calvert shows it was 
half the velocity at a given length, at one-sixteenth 
from the surface. Professor Biles warned the 
members present that naval architects were apt to 
carry Froude’s deductions too far. They were ap- 
plying them to ships of 500ft. in length and 20 
knots speed. He doubted very much if they were 
justified in jumping over such a gap as the limit 
which Froude himself set and that now applicable. 
The difference in shape also should be considered. 
Shipowners say that long and narrow vessels get 
through the water better than broad ones fined at 
the ends. That was a practical point to be 
remembered. 
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Mr. Calvert, in replying to the discussion, said 
that Mr. Biles’ remarks as to abnormal speed were 
just, but he had referred in his paper to a maximum 
speed. Other experiments had been made at lower 
speeds. The outrigger tube was first placed 18 in. 
off. It was found to be influenced by the waves, 
and another tube was fitted 5 ft. ahead of the 
boat. 


PROPULSION OF SHIPS. 


A paper ‘‘On the New Afonasieft’s Formula for 
Solving approximately various Problems connected 
with the Propulsion of Ships,” by Captain E. E. 
Goulaeff, was next read in abstract. This was a 
very long paper, containing the results of a vast 
deal of research on the author’s part. It would be 
quite impossible for us to give an idea of its scope 
in any abstract within our limits of space, and 
as the author will no doubt contribute further 
matter in this connection, we may leave it for the 
present, the remarks of Mr. Froude and Mr. Bar- 
naby being sufficient comment on the paper. 

The discussion on Mr. Goulaeff’s paper was 
opened by Mr. Froude, who said that the value of 
the paper was largely academic, as it illustrated 
formulze used to solve problems. If its direct value 
had to be considered, it must depend oi what the 
investigator wanted. One could hardly expect 
accuracy from an algebraical expression including 
only displacement, length, and breadth, but the 
author was not very ambitious, as he acknowledged 
to a variation between 23 and 25 knots; he there- 
fore took 24 knots as his figure. The ship might 
be, therefore, as calculated on this basis, either 
17$ or 18} knots. For his own part, he preferred 
the Admiralty formula turned upside down. 

Mr. 8. Barnaby said that he applied the formula 
to a number of torpedo-boats, and found that there 
was a wider range of variation than even the author 
stated, He wished, however, to bear testimony 


BN Ge. 


ENGINEER 


OF 


(For Description, see Page 378.) 


Fics, 8 anp 9, 


to the remarkable amount of painstaking work 
which had been carried out by the author, 
The meeting then adjourned until evening. 


THE TRANSMISSION OF HEAT THROUGH TUBE- 
PLATES. 


The first paper on the agenda for the sitting of 
Thursday evening, March 23, wasa contribution by 
Mr. A. J. Durston, the Engineer-in-Chief to the 
Royal Navy, and was entitled, ‘‘Some Experiments 
on the Transmission of Heat through Tubeplates.” 
This paper was the chief feature of the meeting, 
and may be taken as the official declaration of the 
engineering branch of the Admiralty on the great 
‘‘Leaky Tube Question.” Mr. Durston is to be 
congratulated in more ways than one—firstly, for 
a very excellent and soundly reasoned paper, which 
will form a most valuable contribution to the Trans- 
actions of the Institution; secondly, that he in 
his official position should have written a paper at 
all. It shows that the old narrow policy of secresy 
and hushing up defects is past. We should, of 
course, have liked to have had the report of the 
Boiler Committee, and we can see no reason why 
that should be withheld, Mr. Durston’s paper is a 
proof that it has not been kept back at the wish of 
the professional officers at the Admiralty. We 
print Mr. Durston’s paper in full elsewhere in the 
present issue, and we therefore may proceed at 
once to the discussion. 

The first speaker was Mr. Yarrow, who pointed 
out that the paper just read, as might have been 
expected from Mr. Durston, was one of the most 
interesting and instructive that had been laid be- 
fore the Institution, and would form a most valu- 
able addition to the Transactions. It would be 
admitted that when engineers found themselves 
faced by a difficulty which ordinary means do not 
enable them to overcome, it is by such a series of 
experiments as Mr, Durston had organised that 
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light is thrown upon the subject. At the present 
time, therefore, his paper was of more than special 
value. The experiments throughout proved conclu- 
sively the great difference in temperature which 
exists between the two sides of the tubeplate, and 
it was reasonable to suppose that the over-heating 
of the side of the tubeplate next to the fire, and 
the difference of temperature between the two sides 
of it, had been the chief cause of the trouble lately 
experienced with leaky tubes. The great extent 
of this difference of temperature is clearly shown, 
the speaker said, by the figures Mr. Durston had 
put before the meeting. He understood that all 
the experiments tried had been made with steel or 
iron tubeplates, and he would like to ask Mr. Dur- 
ston if he had tried any similar experiments with 
tubeplates of copper; a material which conducts 
heat six times as rapidly as steel. Consequently 
there would be a much less difference of temperature 
between the two sides of the plate; and the sidenext 
the fire would be maintained at a much lower tem- 
perature than would be the case if steel were 
the material selected. Mr. Yarrow would also like 
to inquire whether any similar experiments had 
been made with tubeplates less in thickness than 
described in the paper, as he thought that if steel 
tubeplates of, say, 7%, in. in thickness, or even 3 in., 
were tested in a similar way to the manner adopted 
with the thicker plates, the difference of tempera- 
ture between the two sides would be found to be 
very much reduced on account of the reduced dis- 
tance the heat would have to travel. He main- 
tained, therefore, that the use of copper or thin 
steel tubeplates might go far to diminish the dif- 
ference of temperature between the two sides, and 
to minimise the difficulties to be surmounted. If 
such experiments had not already been tried (and 
Mr. Durston, the speaker pointed out, said that the 
investigations are not yet complete, but would be 
carried further), he thought the Institution would be 
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under astill further obligation to the author if such 
experiments with copper plates and thinner plates of 
steel were made, and the results laid before some 
future meeting. The author had stated that copper 
or brass tubes do not stand so well as iron or stee) 
tubes. This is what Mr. Yarrow would have ex- 
pected, considering that the copper and brass tubes 
referred to were fitted into a steel tubeplate ; but 
it did not prove that copper or brass tubes are 
inferior to steel when used in conjunction with 
copper tubeplates, according to the practice of 
nearly all locomotive engineers in this country, and 
it was a combination Mr. Yarrow himself much 
preferred. If Mr. Durston had made any experi- 
ments indicating the behaviour of copper or brass 
tubes in copper tubeplates, the speaker thought 
it would no doubt be very interesting to the 
members of the Institution to know the results. 
With regard to the Admiralty ferrules fitted 
to the Barracouta boilers, it appeared ‘‘ some of 
them were loose, and could be turned round 
by hand. The faces of the ferrules, and in 
a few cases the insides, showed signs of burning 
and scaling.” This was the result of an eight- 
hours’ trial with only natural draught. Further 
on the paper stated with another ‘‘eight-hours’ 
natural draught trial new scalings were formed and 
a few ferrules were loose.” Again, it was said 
that another ‘‘eight-hours’ natural draught trial 
was made, and a few ferrules were loose, and further 
breaking off of the scale and deeper burning of the 
ferrules had occurred.” Mr. Yarrow would lke to 
ask Mr. Durston whether, with a continuous trial 
under forced draught, he did not think the ferrules 
would become still looser, and show more signs of 
deterioration, and whether they would not be so 
far loosened as to be readily swept out by a brush, 
and ultimately become so deteriorated as to be 
completely burnt away. His firm had found, 
under forced draught, a very large proportion of 
ferrules become so far loosened as to be easily 
swept out when cleaning the tubes, and, if the 
ferrules project much beyond the tubeplate, their 
life is limited to a very few hours of continuous 
full-speed steaming. The importance of ferrules 
remaining in their place was clearly demonstrated, 
for the author had stated in the case of the 
Thunderer the result of ‘‘ one ferrule being missing 
was to cause its corresponding tube to leak.” Mr. 
Durston had also stated that “the ferrules were 
thickly furred in a manner frequently observed in 
torpedo-boat locomotive boilers, and about 30 out of 
3000 were wornout.”’ Considering that this took place 
with a run when only 4ths of the natural draught 
was adopted, it would point to a very serious 
furring up of the tubes and a large increase in the 
number that would be worn out, if forced draught 
had been tried. Continuing his observations, Mr. 
Yarrow said that the aim of the marine engineer in 
these days is to obtain the greatest power from the 
smallest weight of boiler, and the various experi- 
ments which Mr. Durston had described referred 
to a rate of combustion considerably below that 
which those who endeavoured to obtain the lightest 
practicable boilers were aiming at. Mr. Durston 
had undoubtedly proved that the Admiralty ferrules 
are a great success, having enabled him to render 
available boilers which previously caused great 
trouble ; but that did not prove that with a further 
increase of the rate of combustion, with lighter and 
smaller boilers, the same success would be obtained. 
In fact, Mr. Yarrow said, the results described 
pointed to exactly the opposite conclusion ; be- 
cause with a greater rate of combustion, and higher 
temperatures, such as is customary in torpedo-boat 
boilers, the experience of his firm with ferrules 
showed that they very rapidly deteriorate, that they 
constantly become loose, and many are pushed out 
by simply cleaning the tubes ; and what is, perhaps, 
even worse, the small particles of coal adhere to 
that portion of the ferrule which is raised to a very 
high temperature, thus rapidly accumulating and 
closing up the orifice of the tube. This is a difli- 
culty which all those who use a very high rate 
of combustion have found to be so far insur- 
mountable, and the speaker could see no reason why 
the ferrules adopted by the Admiralty should be 
free from these difficulties. Owing to their large 
area of surface exposed to the heat, without the 
means of conducting it rapidly away, he thought 
it reasonable to suppose these new ferrules would 
be placed in a more disadvantageous position than 
ordinary ferrules. It was the speaker’s opinion 
that we must look to other means of getting over 
the leaky tube difficulty in cases where the rate of 


combustion is greatly increased, thereby enabling 
boilers of smaller size and less weight to be avail- 
able and to be capable of being forced to a much 
greater extent in cases of emergency. Mr. Yarrow 
suggested that, as the aim of the ferrule was to 
protect the tubeplate from becoming overheated, 
instead of using ferrules having circular caps, leav- 
ing a portion of the tubeplate still exposed to heat, 
similar ferrules should be tried with asquare face, 
so that the edges of the ferrules might come closer 
together and protect a still greater portion of the 
tubeplate. As regards loosening of the ferrules, 
and the risk of their coming out, which the speaker 
felt sure would frequently arise with the Admiralty 
ferrules, he would suggest that they should be 
swelled out slightly at their extreme inner extre- 
mity by a drift or expander, so as to, as it were, 
force themselves slightly into the tubes. This 
would prevent the risk of their being pushed out by 
the brush when cleaning. For this purpose tubes 
reduced at the tubeplate might be used, or simply 
by reducing the internal diameter of the ferrule at 
its inner extremity and driving a drift to slightly 
open it out. The ferrules at this part might have 
some slits cut in them so as to be more easily ex- 
panded, and yet not offer any excessive resistance 
to being driven out when it was necessary to replace 
them. In conclusion, Mr. Yarrow said that every- 
one must congratulate Mr. Durston and Mr. Oram 
on the measure of success which has been obtained 
by the Admiralty ferrule. It was a device which 
undoubtedly so far enabled boilers to be available 
which previously could not be worked; but he 
thought marine engineers should endeavour in the 
zase of new boilers to design them so that the diffi- 
culties experienced were got over by means not 
open to the objections he had indicated, and until 
this was done, he felt sure Mr. Durston would 
agree that the problem could not be looked upon as 
solved. 

Mr. Stromeyer remarked that experiments 
similar to those mentioned in the early part of the 
paper had been carried out by Mr. Hirst, and in 
one sense they were even more valuable than those 
mentioned to-day, because he measured not only 
the temperature of the plate, but also the rate of 
evaporation, and found that this had a great influ- 
ence. Unfortunately, he only experimented on iron 
plates, whereas now steel was universally adopted 
for boilers. Mr. Stromeyer then asked for further 
information on various points, and pointed out how 
necessary it was to know exactly how much air 
was passing through the tubes of a boiler the tem- 
peratures of which were being measured. In dis- 
cussing the tubeplate troubles, Mr. Stromeyer 
mentioned some experiments which he had recently 
witnessed, and which seemed to point very clearly 
to the real cause of leaky tubes, and possibly to a 
remedy for this state of things. It did not seem 
to be generally known, though it was almost self- 
evident, that when annealing iron bars or plates, 
which in the process of manufacture must have been 
stretched, they tend to revert to their original con- 
dition and grow permanently shorter. Similarly, 
if steel bars or plates are first shortened while 
cold, they will, on annealing, increase in length. 
These facts were very forcibly demonstrated in the 
experiments which the speaker had witnessed. Two 
holes were bored into a dished plate ; an ordinary 
tube was expanded into the one hole, and another, 
whose end had been first compressed, was inserted 
into the other. After a very severe trial over a 
smith’s fire, extending over several hours, and 
embracing such treatments as evaporating 100 lb. 
of water per square foot per hour, raising the 
plate to a blue heat and quenching in water, and 
then heating it to such a temperature that water 
which was repeatedly dashed on it remained in a 
spheroidal condition, the tubes were suddenly 
found to be slack, the common tube being quite 
loose. On carefully remeasuring its internal dia- 
meter, it was found to have contracted jin, 
which was quite sufficient for the most serious 
leakage. The compressed tube, on the other hand, 
had expanded where possible—viz., the projecting 
end of the tube had grown larger than the hole 
through which it had passed, but it only touched 
the fire side edge of the tube hole, for on the 
water side its diameter had increased more than the 
diameter of the tube ; the hole had, in fact, grown 
more taper than it was before. 

Mr. Langton, of the firm of Humphrys, Ten- 
nant, and Co., said that Mr. Durston had referred 
to the screwed ferrule introduced by his firm, and 
had also made reference to the trouble that had 
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been experienced in the Medea. In that ship it 
should be explained the tubes had been rolled and 
re-rolled, so that the success of the ferrule—which, 
however, should be described as a cap rather than 
a ferrule—was more creditable. There was a fall- 
ing in the indicated horse-power, and that was be- 
cause of the diminution of the heating surface on 
account of the abstraction of the tube. Reference 
had been made to the difticulty of withdrawing the 
screwed cap or ferrule, but that was not so great as 
was supposed ; and in the case of the Medea it had 
been done very easily by means of a key constructed 
for the purpose. The essential feature about this 
ferrule was the metallic contact that was maintained, 
which prevented burning away. 

Mr. Macfarlane Gray said that the ferrules were 
likely to get knocked out. He would suggest a 
cheap and effective means of keeping them in their 
place. This he illustrated by a sketch on the black- 
board, and which turned out to be a false tube- 
plate placed in front of the ordinary tubeplate, the 
whole corresponding with the tubes, but somewhat 
smaller, 

Mr. John Scott, of Greenock, said there were 
several lessons, apart from the protection of tube 
ends, to be learned from this very valuable paper. 
Firstly, they were the first quantitative experi- 
ments yet made as to the effect of mineral oil 
in a boiler. They all knew that there was an effect, 
but they were not aware before how sensible it was 
in regard to mineral oil in solution, and what he 
described as a thick or ‘‘ claggy ” state. He would 
confirm what Professor Lewes had said two or three 
years ago as to the efficiency of tube surface. The 
diagram Mr. Durston had: put on the wall, showing 
the varying temperatures of different lengths of the 
tube, reminded him of the experiments of Mr. Wye 
Williams, who had divided his boiler into different 
lengths, and found the evaporation which took part 
in the respective divisions, this course only being 
open to him, as he had not the Le Chatelier 
pyrometer. The results then obtained corresponded 
with those shown by Mr. Durston. Mr. Durston’s 
experiments also showed the greater value of furnace 
surface compared to tube surface. In conclusion, 
Mr. Scott would congratulate the author and his 
colleagues on solving a difficult problem which had 
given them so much trouble during a long time past. 
He was sure the public would be glad to learn that 
the difficulty was at an end. 

Admiral Long, as a naval officer of the executive 
branch, could not discuss engineering questions, 
but he felt that he must congratulate Mr. Durston 
and his staff on solving a difficult problem. To 
him it seemed that the ideal warship should be able 
to catch its enemies, and beat them when caught. 
To do this, the most important link was in the 
engine-room. 

Mr. Seaton, of Hull, pointed out that the ques- 
tion of stoking athwartships had been raised. For 
his own part he did not say how much there might 
be in this point, but it was worth calling attention 
to; for, as shipowners said, their troubles began 
with boilers when they were placed fore-and-aft. 
So firmly was this idea fixed in the minds of some, 
that they refused to have their boilers fixed in that 
position. That was with regard to priming chiefly, 
and the speaker had often thought that the absence 
of priming in the locomotive boiler was due to the 
shaking up it got on the journey. If the boilers 
were placed athwartships, the tubeplates were 
washed, if there were any motion of the sea at all. 
Mr. Seaton wished to add his testimony to that 
which had already been borne as to the credit due 
to Mr. Durston and Mr. Oram for the able manner 
in which they had got through their difficulties. 
It was no great mystery why tubeplates got hot. 
Evaporation. depended on the difference in tem- 
perature on the different sides of the heating sur- 
face. Mr. Seaton was quite at one with Mr. Yarrow 
on the efficiency and desirability of using thin tube- 
plates. Thick tubeplates were first forced on the 
marine engineer by the Board of Trade, and he 
thought they were at the bottom ofall our troubles. 
If we could have thin tubeplates, the trouble would 
vanish. He thought there was no doubt that the 
day was fast coming when shell boilers would be a 
thing of the past. The tube boiler was in the 
ascendant, and would soon be with us, especially 
for the high pressures demanded by quadruple ex- 
pansion engines. The French were ahead of us in 
this matter, having applied tubular boilers on a 
large scale, and some form of water-tube boiler the 
speaker felt convinced would have to be adopted. 

Mr. Macfarlane Gray suggested that Mr. Wye 
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Williams’ diagram as to the evaporative efficiency 
of the different lengths of tubes should be added to 
that of Mr. Durston, now shown on the wall, when 
the paper appeared in the Transactions. 

Mr. Joy desired to supplement Mr. Seaton’s re- 
marks by the statement that in the United States 
also they were ahead of usin regard to pipe boilers. 
In the past they had had trouble in this country 
with the pipe boiler, but he thought that with in- 
creased knowledge, improved appliances, and the 
better engineering practice of the present day, the 
old difficulties would be overcome, They arose from 
want of circulation. That was a thing in which 
great advances had been made recently. Mr. Joy 
next referred to certain steamers which have lately 
been built in the United States, and in which he 
was interested, and of which he gave a few particu- 
lars. Mr. Joy evidently referred to some vessels 
now building for lake service in America. These 
vessels are of remarkable interest. Two are being 
constructed now, and four others are, we believe, 
to follow. They are to run from Buffalo to 
Duluth, a distance of 1110 miles, the passage occu- 
pying about 60 hours, including stoppages. The 
length of these ships is 360 ft. between perpen- 
diculars, 44 ft. beam, and 34 ft. deep. They are 
to have quadruple expansion engines, driving twin 
screws. The indicated horse-power will be 7000. 
The cylinders are to be 25 in., 36 in., 514 in., and 
74 in., the stroke being 34in. They are to have 
Joy valve gear ; the steam is to be generated by 28 
Belleville boilers, the pressure being 1951b. The 
speed is to be 20 knots. 

Mr. Howden, of Glasgow, was the next speaker. 
He referred to the ferrules which had been adopted 
by the Admiralty, He looked on them only as a 
temporary remedy fora radical evil. He did not 
see why they should be wanted atall, if boilers were 
properly designed and worked. He had had much 
experience in forced draught, and had never had a 
drop of water out of the tube ends. With regard 
to leakage being due solely to temperature on the 
tubeplates, he held that it was the change of 
temperature that caused the evil. The opening of 
the furthest door, when working under forced 
draught with the closed stokehold, caused a rush of 
cold air to be admitted to the furnace, and this 
striking against the tubeplate and tube ends caused 
the difficulty. There were boilers working with 
forced draught on his system on the Atlantic with a 
ratio of 22 to 23 horse-power per square foot of grate 
surface, and there was never trouble from leakage at 
the tube ends. But in that case cold air did not rush 
in and strike against the tubeplate. The speaker 
held that it did not matter what the temperature 
might be against the tubeplate so long as the latter 
was not suddenly cooled. He had been advancing 
these opinions for several years, and in spite of 
that they still saw these elaborate appliances 
adopted by the Admiralty in order to overcome an 
evil which should not exist. 

Mr. Durston, in replying to the discussion, said 
he was obliged to Mr. Yarrow and the other 
speakers for their criticisms on his paper, and for the 
suggestions they had made. His object in writing a 
paper was to get from brother engineers expressions 
of opinion on this subject. He hoped to try copper 
tubeplates and also thinner tubeplates ; in fact, he 
was working in that direction. With regard to the 
wear of the ferrules, in the early days they wanted 
to try them as soon as possible, and therefore they 
took the material ready to hand. That was steel 
tubes which were in stock in the dockyard, and 
which were worked up into ferrules. In doing 
this they were thinned at the ends, which was not 
desirable. Afterwards they had made a number of 
malleable cast-iron ferrules, and that was the 
material they now used. We believe that it is the 
custom to supply vessels with one set of spare 
ferrules for a commission—that is to say, one set 
fixed and one set spare, for the period of three 
years. With regard to the ferrules getting loose 
and being knocked out, they did not find difticulty 
in that direction, The ordinary ferrule was more 
likely to become loose than these. He had great 
pleasure in testifying to the value of Mr. Peck’s sug- 
gestion, and which had had such successful results, 
and he considered that the Admiralty ofticials—that 
is, Mr. Oram—had extended the suggestion. With 
regard to swelling out the ferrule, as Mr. Yarrow 
had suggested, in order to keep it in the tube, he 
thought that it would make an undue resistance. 
They had just concluded the trials of the Vulcan, 
where they had got 22 horse-power per square foot 
of grate on the forced draught trial, and the run 


had proved quite satisfactory. He had no record 
of the velocity of the air. As to the cost, the fer- 
rules were put down at sixpence each. He had not 
tried a false tubeplate, as suggested by Mr. Macfar- 
lane Gray. Mr. Scott had made reference to the 
work done by the staff of contractors. Mr. Durston 
fully recognised the valuable aid that was rendered 
by the contractors and those they employed, as did 
all Admiralty officials. Speaking of the position of 
boilers, Mr. Durston pointed out that the boilers of 
the Thunderer were athwartship, while those of the 
Vulcan were placed longitudinally. He agreed that 
the course of inventionin boilers was tending towards 
the tubulous boiler. The Admiralty were now trying 
experiments both with foreign and British designs, 
and he thought in this respect that the British 
design would again come to the front. He did not 
agree with what Mr. Howden had said in regard to 
the rush of cold air on the tubeplate being solely 
responsible for the bad effect produced. That was 
not borne out by the experiments which he had 
quoted in his paper, in which the fan was kept going 
after the fire had been withdrawn. In that case 
cold air was brought against the tubeplate, and yet 
there was no leaking. He was of opinion that the 
rush of cold air would not cause damage if the 
tubes and tubeplates were not first overheated. 


ALTERATIONS IN BOILERS UNDER PRESSURE. 


The next paper was a contribution by Mr. T. J. 
Milton, Chief Engineer Surveyor of Lloyd’s, en- 
titled, ‘‘ Notesonsome Alterations of Formto which 
Boilersaresubject when under Working Conditions.” 
This paper we shall print in full at an early date ; 
for the present, therefore, it will suffice to say a few 
words as to its scope. Mr. Milton pointed out that 
in designing boilers, the requirements of strength 
are generally supposed to be fully met by consider- 
ing the cylindrical shell to bein perfect equilibrium 
under the uniform internal pressure. In practice, 
however, there are several conditions which lead to 
departures from the simple conditions above alluded 
to, and it is in consequence of these that deforma- 
tions take place. The most important changes are 
the variations of transverse dimensions of the com- 
bustion chambers and the alteration of shape of 
the cylindrical shell. The sides of the combus- 
tion chambers are stayed to the shell, and unless 
the staying be continuous round the crown and 
bottom of the boiler, the pull of the stays must dis- 
tort the boiler, lessening its horizontal and increas- 
ing its vertical diameter. With regard to flat sur- 
faces, when unequal surfaces are stayed together, it 
is evident that the load on the larger surface, being 
greater than that on the smaller, cannot produce 
supporting forces in the stays sufficient to prevent 
all yielding. The stays moving in the direction of 
the larger surface will bulge outwards, while the 
smaller surface will be drawn inwards. Thus, the 
area of the front tubeplate is greater than 
the combined areas of the three back tubeplates. 
They are tied together by the tubes, and when 
under pressure the front tubeplate bulges outwards, 
drawing the back tubeplates with it. The pressure 
on the sides of the combustion chamber tends to 
bulge them inwards, and this puts a tension on the 
stays which distorts the shell from a truly cylin- 
drical form. The author had attached to his paper 
a table in which details are given of the distortions 
referred to. In one case the increase of vertical 
diameter of the shell of the boiler at a working 
pressure of 160 1b. was ;/; in., whilst at the test 
pressure the increase in vertical diameter was + in., 
the test pressure being double the working pressure. 
On the other hand, the decrease of horizontal 
diameter at the test pressure was ,j; in. This was 
a boiler 14 ft. in diameter and 10 ft. long, having 
three flues. The thickness of shell plates was 1} in. 
Other particulars of tests are given. The author, 
by means of a diagram, which was hung on the 
walls of the theatre, illustrated the manner in which 
he would overcome this difficulty, and he proposed 
to place the stays radially, distributing them equally 
round the whole circumference of the boiler shell. 

The first speaker on Mr. Milton’s paper was Mr. 
A. E. Seaton, of Hull. He said that those who 
had listened to what the author had said could only 
come to one conclusion, that Mr. Milton had driven 
another nail into the coffin of the shell boiler. He 
would corroborate the fact that deformation takes 
place, but he had never seen it to such an extent 
as this, even with Admiralty boilers of light shells. 
The suggestion Mr. Milton had made in regard to 
the disposition of the stays had been carried out by 
Mr. Seaton previously, when they had goneto 150 1b. 


to a square inch pressure. He did not claim, how- 
ever, any merit in originating it. He believed the 
suggestion was due to Mr. Brock, who was the first 
to introduce the arrangement, at any rate. 

Mr. Martell said that the thanks of the Institu- 
tion were certainly due to Mr. Milton for bringing 
the paper forward. There might not be a great 
deal of danger owing to the stresses brought to 
bear upon boiler shells, but the paper was valuable 
in its suggestions, as it taught engineers where to 
look for the cause of deformation. 

Mr. Laird, of Birkenhead, referring to Mr. Milton’s 
table, pointed out that deformation at test pressure 
was double that at ordinary pressure of working, or 
at that rate. He thought it therefore a question for 
Lloyd’s whether they should go on insisting on test- 
ing boilers to double the pressure at which they were 
required to work, or whether it would not be better 
for them to follow the example of the Admiralty, 
and reduce test pressures. An excessive test pres- 
sure might subject boilers to distortion from 
which they would not recover. Atthe present time, 
with the higher pressures now used, to double the 
working pressure is an excessive test. 

Mr. Macfarlane Gray pointed out that the defor- 
mation must be in the direction of making the 
boiler bigger—that is, it would hold more than 
before. He would ask, Had Mr. Milton tried, and 
to what extent? 

Mr. Alexander Taylor, of Newcastle, remem- 
bered testing two large double engine boilers, in 
which the shell went in ;%;in. Although there 
were points in which the speaker did not quite 
agree with Mr. Milton, he considered the paper a 
most valuable one. 

In replying to the discussion, Mr. Milton said 
there were very few points which had been called 
in question. Mr. Seaton had said that in testing 
boilers he had not observed the same deformation 
as recorded in the paper. The question was, had 
he looked for it ? 

In reply to this, Mr. Seaton said certainly he had, 
and that he gauged all boilers under test. Mr. 
Milton then asked whether the boilers were stayed 
in the manner which he had suggested, with the 
combustion chambers attached to the shells all 
round. Mr. Seaton replied that some were, and 
some were not. The author next suggested that the 
figures might not have been carefully taken, to 
which Mr. Seaton replied that he had no doubt as 
to their accuracy. In regard to what Mr. Macfar- 
lane Gray had said as to alteration of form, the 
boiler shell, if cylindrical, must lessen in capacity if 
it changed form, but an additional content would 
be obtained, as Mr. Gray had stated, by the bulging 
of the sides of the combustion chambers, and that 
would more than account for the loss due to the 
change in form of the cylindrical shell. 

Mr. Stromeyer had made experiments as to the 
additional amount which could be pumped into a 
boiler after it became quite full, and had found it 
was about 1 per cent. 

A speaker here suggested that that might be 
due to the compression of air, Mr. Milton would 
not then take up the challenge which Mr. Laird had 
thrown down on the question of test pressures. 
He (the author) had his own opinion on the subject, 
but it was not convenient to refer to it at that time. 
He would point out this, however, with regard to 
recovery of boilers from deformation in test pres- 
sures. The test was applied but once, and any 
deformation would only have to be recovered from 
once. The working pressure was being always ap- 
plied whilst the boiler was in use, and any altera- 
tion would take place each time steam was raised 
and let down. A continuous spring would produce 
permanent deformation much more than if only 
once applied, 


VIBRATIONS OF STEAMERS, 


A paper by Mr. Otto Schlick was next read by 
Mr. Holmes, the secretary, this paper describing 
‘* An Apparatus for Measuring and Registering the 
Vibrations of Steamers.” Our readers will re- 
member that in the year 1884 the author read a 
paper on a similar subject, which, we believe, has 
supplied suggestions upon which investigators in 
this direction have since worked. Our readers will 
also remember Mr. Yarrow’s paper of last year 
before the Institution, in which he described a 
series of elaborate experiments made with torpedo- 
boats in order to determine the cause of vibration 
in the vessels. Since Mr. Schlick read his first 
paper he has been continuing his researches, and 
has produced an instrument, an illustration of 
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OVAL HOLE PUNCHING MACHINE. 


CONSTRUCTED BY THE LEEDS ENGINEERING AND HYDRAULIC COMPANY, LEEDS. 
(For Description, see Page 379.) 
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which was shown in wall diagrams. This he 


calls the ‘‘pallograph,” and it is founded on the Tek) es aA ie Eee 


principle of hanging a weight so that in conse- 


quence of its inertia it takes no part in the given CONSTRUCTED BY MR. W. H. ASTBURY, ENGINEER, GRANTHAM. 
direction in the tremblings and oscillations of the Ae 

point to which it is suspended. The author found (For Description, see Page 379.) 

it necessary for the purposes of experiment to take —— 

into consideration both vertical and horizontal vibra- | 

tions. The apparatus, therefore, has two weights ; | | 

one it can only move in a vertical direction, and the pa S 


< am AL 


other moving only horizontally. The vertical oscil- 
lations could be theoretically measured by hanging 
a weight to a spiral spring of unlimited length, for 
then if the point of suspension takes part in the 
vibrations the latter cannot be transmitted to the 
weight, because the tension exercised by the spring 
remains unchanged in all possible cases. As the 
use of an endless spiral spring is naturally im- 
possible, the author transmitted the effects of the 
tension at a comparatively short spring to a weight i ! 
by means of levers, and thus approximately a 
equalised the variations in the tension of the TT j mea 
spring under different conditions. We do not Hi 
propose to here enter into any description of the 
apparatus, which could not be made plain without 
the aid of illustrations, but must refer our readers : 
to the paper and the illustrations of the machine => if (a 
which we intend shortly to publish. : 

The first speaker on the paper was Mr. Zimmer- 
mann, who regretted that the author was not 
present, in order that he might reply to observa- 
tions which speakers would make. Mr. Schlick, 
the speaker said, was the first to work in the direc- 
tion of measuring vibrations of ships. His original 
instrument was rude and imperfect, and the present 
one, it would be seen, was a great improvement. 
A point that had been brought out by these measur- 
ing instruments was that when vibrations were 
correctly recorded it was found they were not 
nearly as big as was generally thought. He gave 
an instance of a vessel in which it had been required 
to get the very highest speed possible. The ship| stand on her. When on the bridge the poop looked | evolution, The vibrations were not measured 
had been laden, and on her trial made 22 knots, | to be jumping up and down a foot, whilst on the poop | however, but from subsequent experience gained 
but she vibrated so awfully that it was impossible to|the bridge appeared to be performing a similar with the pallograph, he was sure that the fullest 
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BURTON’S SELF-SUSTAINING PULLEY-BLOCK TRAVELLER. 


(For Description, see Page 379.) 
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altitude of vibration is not more than an inch. 
The speaker hoped that the experiments would be 
followed up here, as it was to England that they 
looked for instruction in such matters. Mr. White 
asked what was the maximum horse-power in the 
Meteor, to which Mr. Zimmermann replied about 
4500. 

Mr. Crohn said that at Messrs. Yarrow’s for the 
last ten years experiments had been carried on in 
this direction, but the instrument used by that 
firm would only register vertical vibration, whilst 
Mr. Schlick’s new design also gave a record of 
horizontal vibration. Mr. Yarrow’s instrument 
was very much more simple, and he thought more 
reliable, as the weight was not placed on a 
lever, and was heavier. He considered the 
vertical vibrations were those practically neces- 
sary to be known. He would confirm what 
Mr. Zimmermann had said as to the vibrations not 
being so ample as they appeared. A movement that 
seemed 3 in. or4in., on investigation, was found to 
be only half an inch. Vibration was not, however, 
confined to torpedo-boats. In fact, some of the 
finest ocean liners were subject to it, and in the 
Teutonic it had beenfound that thenodesof vibration 
were very strongly marked, for there were places in 
the length of the ship where there was no vibration 
apparent, whilst in others it was very unpleasant 
indeed. He had madearun inthe Fiirst Bismarck, 
and in the saloon they had been hardly able to keep 
their plates on the table, or the soup in the plates. 
Contrary to popular impression, the vibration due 
to propellers is very small indeed, as Mr. Yarrow 
had shown in his paper, and he had also shown how 
vibration can be got over by the use of balance 
weights. 

Mr. R. E. Froude said that he had only seen 
the paper on coming to the meeting, and it was 
impossible to master even its principal features in 
the short time allotted to the reading. The de- 
scription of the instrument itself had not been 
given, and though the President had allowed them 
about three minutes to master its principles, he 
had not been quite able to do this in the time. The 
question of vibration did not come within the 
scope of his professional work, but nevertheless he 


was familiar with the chief points on the diagram. 
Members were acquainted with Mr. Mallock’s 
instrument, which was smaller and lighter than 
that of the author. It was also extremely deli- 
cate and accurate, though portable. Unless the 
author was unduly modest, Mr. Mallock’s instru- 
ment gave closer records. It was stated in 
the paper that exception might be taken to the 
trustworthiness of the diagrams drawn by this in- 
strument. It might, for instance, be considered 
that the oscillation of the weights does not give the 
true amount of the amplitude of the vibration of 
the part of the ship under observation, for on the 
one hand the movements of the separate parts are 
influenced by friction, and on the other hand the 
centre of oscillation of the weights, and of the levers 
belonging to them, are not accurately known to every 
adjustment of the apparatus. That, the author 
acknowledged, was said not without reason, for the 
instrumenthad certaininherent faults, but it was only 
necessary to know the amount of error in order to 
apply the required correction. The following isthe 
way in which the author determined theerror. The 
apparatus was exposed to the action of vibrations of 
accurately known amplitude, and the results were 
then compared. These experiments were carried 
out by means of a lathe, a cylindrical body being 
fastened eccentrically in the lathe, and along board 
being laid with one end on the cylinder and the 
other on a firm foundation. The apparatus was 
then placed on the board immediately over the 
cylinder, and the lathe turned. By experiments 
systematically carried out, it was found that in 
general the vibrations as shown in the diagrams 
are somewhat smaller than the reality, and also 
that the errors are pretty constant, but rather 
larger in small vibrations than for those of con- 
siderable amplitude. The error has been ascer- 
tained to be about 4; in. If the apparatus be not 
adjusted to the right period of vibration it gives as 
a rule too great values. 

In Mr. Mallock’s instrument vibrations of a total 
amplitude of little more than one hundredth of an 
inch could be measured, and from observation Mr. 
Froude would say that there was practically no 
error at all. 


Mr. W. H. White said that Mr. Schlick’s paper 
in 1884 was the best contribution on the subject up 
to thattime. Theresultsobtained by Mr. Yarrow and 
by Mr, Schlick since then have added to the infor- 
mation and confirmed what the author had then 
put forward. The present paper should be read 
with that of 1884, and it shows how accurate 
were the author’s predictions. From his simple 
apparatus he had made certain broad deductions, 
which were now confirmed by the more delicate 
instrument. Public statements as to the extent 
of vibration were nearly always grossly exagge- 
rated. In the Admiralty they had made an 
apparatus of a simple kind which has been 
constructed in the model room, and this was found 
to do very good work. The experiments made by 
Mr. Mallock on many vessels for the Admiralty 
were also of the greatest value. Any one by the 
outlay of a few shillings can get an apparatus 
which would do reliable work within certain limits, 
and he hoped that others would be induced to take 
up the work. He laid special stress on what Mr. 
Crohn had said, and hoped it would be remem- 
bered. Herr Schlick had said in 1884 that vibra- 
tion was not due to high engine power and light 
construction in themselves, but to the moving 
parts and the synchronising of their reciproca- 


tions with the period of vibration of the hull. He 
had also predicted the nodal points, All these 
matters had been confirmed since then. To-day the 


author came forward to introduce a new feature, 
that of lateral movements. His remarks on tor- 
sional strains deserved the greatest attention, not 
only in regard to torpedo-boats and torpedo gun- 
boats, but they had a very practical applica- 
tion in the case of Atlantic steamers. Mr. 
Yarrow had described, in a discussion on the subject 
of vibration before the Institution, how, in making 
a journey across the Atlantic, he had selected what 
he thought would be a quiet berth away from the 
machinery. Unhappily, he had hit on a place 
where synchronisation worked its most dire effect, 
and Mr. Yarrow was all but vibrated out of bed. 
It by no means followed that in a given ship tle 
greatest vibration was felt at the time of greatest 
exercise of power on the part of the engine. In 
torpedo-boats it might be present at 10 knots 
and not at 17 knots or 20 knots. In torpedo gun- 
boats the vibration had been found to be greatest 
in some cases at comparatively low speeds. In 
one instance, at 65 revolutions, or a multiple of 
65, there was the most vibration. Thus at 65 
revolutions the effect was marked, but on in- 
creasing the speed of the engines it died away 
until they got to between 120 and 130 revolu- 
tions. Then there was a period of quietness until 
190 revolutions of the engine were recorded, and 
finally, there was another era of disturbance at 
260 revolutions. The greatest vibration was not, 
however, felt at the highest speed, for it was at its 
maximum at 130 revolutions, when the disturbance 
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is far greater than at 260 revolutions, when the 
boat was running at full speed. This was a curious 
phenomenon, but it had been predicted by Herr 
Schlick. The general idea was to put in more 
material—to stiffen up, in order to prevent vibra- 
tion. In one case with which he was acquainted this 
remedy was tried, and the vessel was stiffened up, 
but the stiffer they made her the more she vibrated. 
An eminent torpedo-boat builder had once sug- 
gested to him in the case of acertain class of vessels 
which had shown undesirable characteristics with 
regard to vibration, that he could only conclude 
they were building their vessels too strongly. It 
was in the human element that the effect of vibra- 
tion became apparent. Some persons were more 
sensitive to it than others. There was one member 
on his staff whom he always took with him when he 
went on trials where vibration was to be antici- 
pated. This gentleman might be described asa 
human pallograph, for so sensitive were his 
physical sensations that he could determine the 
extent of vibration, without an instrument, within a 
very close range of accuracy. Mr. Schlick said his 
apparatus would register within .); in., but the 
speaker believed that the quickness of vibration 
adds greatly to its effect on the human sensitive- 
ness. He would confirm what had been said 
about the optical illusion in regard to vibration, 
referred to by Mr. Zimmermann and Mr. Crohn. 
Some years ago, when less was known and less 
feared about vibration than at the present time, he 
had attended the trials of the Iris. Standing on the 
bridge of that vessel with an officer of the Navy, the 
latter had called his attention to persons in the after 
part oftheship. The officer hadsaid, ‘‘Lookat those 
people ondeck; they are fairly dancing.”’ Mr. White 
asked how much he thought they were moving, and 
the officer replied, ‘t Two or three feet.” In order 
to test the matter as far as possible and eliminate 
the influence of their own sensations, they lay down 
on the skid beams and glanced along them, so as to 
get a line of observation, when the persons no 
longer appeared to be moving. In another case, 
where an officer had made an equally liberal 
interpretation of the amplitude of vibration, 
accurate measurement proved it to be only 
75 in. He would point out that the question of 
vibration was simply one of comfort. At least, 
they never had vibration sufficient to distress the 
structure of the vessel in any way. In the case of 
the Seagull, one of the small fast class of vessels, 
the vibration had been enormous. It was accounted 
for afterwards by the discovery that one blade of 
the propeller out of three had been knocked off. 
This vessel had been constructed without putting 
in the pillars to connect the top and bottom 
of the vessel. That was through an error on the 
part of a foreman. Even under these circum- 
stances, there was not the slightest sign of move- 
ment of the paint, even at the rivet heads or seams. 
The fact showed how small was the result, even 
when the vibration was excessive. The condi- 
tion was one of discomfort. Mr. White was 
sure that the vibration could be reduced, and we 
should get knowledge of the periods of vibrations 
in vessels which would enable the designer to 
arrange his plans so that the times of synchronisa- 
tion would not be those at which the vessel would 
be worked. Certain causes were unavoidable, but 
they might be increased in effect. Mr. Yarrow, 
by means of his balance weights, had reduced 
the most serious of the causes, but he had not 
removed them all. The want of balance in pro- 
pellers was the thing that must be borne in 
mind. There were many other points with which 
naval architects and engineers were familiar, but 
much had yet to be done in collecting data and 
formulating them; but with such instruments as 
were now available the inquirer was able to proceed 
in his task. 

Admiral Boys asked whether vibration would be 
sufficient to affect the accuracy of gun fire. He 
had been on the trials of the Iris, and would confirm 
what Mr. White had said. The mast of the 
vessel was flicking about like a whip. 

Another speaker stated that he had tried experi- 
mants with balance weights on cranks. He had 
taken the weights off, with the consequence that 
the vibration of the vessel was less, but the friction 
on the bearings was increased. With four-crank 
compound engines; the vibration of vessels was 
reduced. 

Lord Brassey, who occupied the chair, next pro- 
posed a vote of thanks to the author, which was 
carried with acclamation. 


REPAIRS OF SHIPS. 


A paper by Captain J. Kiddel, R.N., was next 
read, entitled, ‘‘ A method for the immediate tem- 
porary repairs of any form or size of fractures that 
may be made in the iron plates of ships in naval 
actions, stranding, collision, or by any other 
means, in any part of the ship, where the damage 
may be either above or below the water line.” 
Perhaps the title of the paper sufliciently indicates 
its scope. The author proposes to drive wedges 
into the fissure in the ship’s side, and if he is as 
successful in the application of the principle as the 
illustrations he hung on the wall would lead one to 
suppose, he has probably brought to an end the era 
of armoured ships. We are not aware, however, 
that the principle had been put in action ona large 
scale, and we may, therefore, reserve any further 
reference to the invention until its inventor has 
shown that the very extensive claims he makes are 
supported by fact. 


CURVES OF STABILITY. 


A paper by Mr. W. Hok on ‘‘ Approximate 
Curves of Stability’ was next read. This paper we 
shall print in full at afuture date. It is of an 
essentially mathematical character, and we should 
have much difliculty in abstracting the many 
formule which it contains. For models of identical 
hull characteristics the method the author proposes 
is exact, but in models where the hull characteristics 
differ, either singly or collectively, to any appre- 
ciable extent, it is extremely difficult to frame 
with absolute certainty any rules for the 
amount of correction required without con- 
siderable experience in the different forms 
of ships. In his paper, the author shows how 
to obtain the curve of stability by an approximate 
measure for all kinds of ships, and also the prin- 
ciples on which it is based. The groundwork is 
founded on direct calculations, and the method of 
application is based on true scientific principles. 
The author points out that to build up a system of 
ratio curves embracing the different types of ships 
constructed in individual yards is a laborious task, 
but it will enable the builder to again utilise the 
enormous amount of stability work accumulated 
in his offices. | When completed, it forms a collec- 
tion of data by which any question of stability can 
be solved within a very reasonable time, and by 
which, if the information it contains is brought to 
bear on the designing and the lessons it teaches 
be acted on, the selection of dimensions and form 
of ships may, in the future, be selected than they 
have sometimes been in the past. 

Mr. J. J. Ellis said he had had the advantage of 
a conversation with Mr. Hék on the subject of his 
paper. The question discussed therein was how to 
obtain rapidly, in the early stages of a ship design, 
a curve of stability for the vessel, which, although 
approximate, should yet be sufliciently accurate to 
insure her safety when completed. The investiga- 
tions on which the proposed method for accomplish- 
ing this object were based, were very careful and 
ingenious. Mr. Hék had approached the ques- 
tion from the point of view of dynamical rather 
than statical stability, the reason being that by this 
means the work of calculation became considerably 
simplified. The method consisted in tabulating, in 
the manner described in the paper, certain data 
concerning the dimensions of a large number of 
vessels of which the stability curves were correctly 
known ; the data were so arranged that, when con- 
sidering a new design, by comparing with them the 
same data for the new vessel the corresponding 
stability curve could be derived almost immediately. 
Of course the value of the paper would depend en- 
tirely on the degree of accuracy which the approxi- 
mation gave in actual practice. Beyond that, the 
only hindrance he could see to the adoption of the 
method was the large amount of time required in 
the first place to compile the mass of data for its 
use ; if this time could be spared in any drawing 
office the plan proposed would, he thought, be of 
considerable value. 

Mr. Walsh, of the Institution of Naval Architec- 
ture, Greenwich, also spoke on the paper, entering 
into the details of the author’s calculations at some 
length. He pointed out that the paper is founded 
on a large amount of data, but he thought it could 
be used without reducing down to the standard 
breadth of one foot. He pointed out that the 
measures suggested by the author do not dispense 
with calculating accurately, but that would be done 


| later on, 


Mr W. H. White said that he did not now 
do much in actual calculation of curves of sta- 
bility, but in his time he had probably done 
as much as any one. He could sympathise with 
Mr. Ho6k in his position, and understand how 
necessary it was to construct a method by which he 
could arrive at an approximation. The two gentle- 
men who had already spoken were connected with 
warship design. They had a different problem to 
deal with to that which was set for the draughts- 
men of the commercial shipyard. There an inquiry 
might come in in the morning, and a reply had to 
be sent out in the afternoon or by the evening’s 
post, perhaps committing the firm to a design which 
would compromise them to the extent of many 
thousands of pounds. He thought Mr. Hok had 
introduced a new geometrical feature which showed 
that he was complete master of the principles of 
stability. As an old calculator of stability, the 
speaker would say that the paper possessed great 
practical utility and great scientific interest. 

In replying to the discussion, Mr. Hék said that 
his thanks were due to those who had commented 
on his paper, and especially to Mr. White for his 
kind remarks. Some questions had been asked, but 
he would prefer to leave their answers until he had 
had time for their further consideration. There 
was no doubt that his method did not enable naval 
architects to dispense with ordinary calculations, 
for without them the data upon which these ap- 
proximate curves were founded could not be 
obtained. 

The meeting then adjourned until the evening. 
We reserve our account of the further proceedings 
until our next issue. 


MESSRS. HUGHES AND LANCASTER’S 
WORKS, RUABON. 

Messrs. Huagures anp LANCASTER have recently 
opened new works at Acrefair, near Ruabon, from the 
designs of Mr. Claude W. Hill, of Manchester, the 
works occupying the site of the old shops of the ‘‘ New 
British Iron Company.” The new works occupy about 
36 acres, and will be devoted mainly to the manufac- 
ture of Shone’s sewerage plant, air-compressing ma- 
chine, and plant for the transmission of power by com- 
pressed air. The site of the works is shown in Fig. 1, 
page 372, and, as willbeseen from thatengraving, sidings 
from both the Great Western Railway and the Shrop- 
shire Union Railway and Canal Company are provided, 
running right into the works, where they pass under 
travelling cranes, so that the handling of the goods, 
when completed is reduced, toa minimum, The prin- 
cipal new building erected is the machine shop, ‘details 
of which are shown in Figs. 2 to 4, whilst perspective 
views of this shop are given on page 384. As will be 
seen from these engravings, the shop consists of three 
bays, each of which is 33 ft. span and 210 ft. long. 
The roofs of these bays were made by Messrs. Handy- 
side, of Derby. The roof principals are of two types, a 
heavy and a lighter type, the former of which is illus- 
trated by Fig. 3, and the other by Fig. 4. The prin- 
cipals are 15 ft. apart, and are carried on stringer cast- 
iron columns of J-section, having large openings cast in 
the web. At their upper ends these columns have 
brackets for the J-beams, on which the rails for 
the travellers are fitted. The first of the three bays into 
which this shop is divided contains stores, manager’s 
office, and drawing office, over which is a gallery for 
light tools, carried on steel IJ-beams. In the centre 
bay are grouped the heavy tools, whilst No. 3 bay con- 
tains light tools, and also forms the erecting shop. 
Travellers are provided for both these latter bays, and 
are driven by rope gearing. There are two lines of 
main shafting, each driven by an engine of the type 
shown in Fig. 7. These engines drive the line shafting 
direct, the first length of which is strengthened, being 
34 in. in diameter, in place of 2? in., as is the re- 
mainder of this shafting. Hach line of shafting is 
180 ft. long. All the belt pulleys are of wrought iron, 
and the bearings are of the swivel type. The engines 
have cylinders 10} in. in diameter by 16 in. stroke, 
and run at 150 revolutions per minute. They are sup- 
plied with steam from two boilers, each 6 ft. 6 in. in 
diameter by 26 ft. long. These boilers are fitted with 
Perret furnaces to burn small coal, which is obtained 
at a cost of 2s. per ton. In addition to the shop 
engines there is a third engine for the electric lighting 
plant, having two cylinders 7 in. in diameter by 14 in. 
stroke, and running at 195 revolutions per minute. 
There are also in the shop two Westinghouse air com- 
pressors, a fan engine, two donkey pumps, and a 
Sturgeon air compressor. The buildings are heated 
by the exhaust steam from the engines. 

The principal tools include a planer 20 ft. by 6 ft. 
by 6 ft., a break lathe to take 8 ft. in diameter and 
14 ft. between centres, and vertical boring machines 
to bore up to5 ft. in diameter by 4 ft. 6in. long. There 
are also a 6 ft. 6 in, radial and a 7 ft, 6 in. radial 
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machine, a Richards duplex planer, each headstock of 
which has a 10-ft. traverse, an 18-in. slotter, a planer 
16 ft. by 4 ft. 6 in. by 4ft. 6 in., together with power- 
ful capstan lathes, milling machines, &c. The electric 
lighting plant was arranged by Messrs. Hughes and 
Hill, of 5, Parsonage, Manchester. 

In connection with the works, the firm have erected 
a number of houses for their employés. Those shown 
in Fig. 8, page 373, are intended for foremenand clerks, 
They contain six rooms, yards, washhouses, gardens 
back and front, and all necessary conveniences. Wight 
of them have already been built, and more will be com- 
menced shortly. ‘The smaller class of houses shown 
in Fig. 9 are intended for the workmen. They con- 
tain four rooms, yard, and garden. Thirteen of these 
have been now completed, some of them being old 
buildings converted. 


HYDRAULIC OVAL HOLE PUNCHING 
MACHINE. 

Tus machine, which we illustrate on page 376 
was designed at the suggestion of Mr. Jones, manager 
to Messrs. William Gray and Co., Limited, West 
Hartlepool, to avoid the inconvenience of floor space 
being occupied when it was not in use. The machine 
has been placed in the centre of the plate floor of the 
south yard of the firm, where it would have seriously 
interfered with other work had it been a fixture, To 
obviate this, a pit was dug and lined with an iron 
casing, and on the bottom of this pit a wooden frame 
was fixed, forming the foundation for the four lifting 
rams of the machine. As will be seen, the machine 
consists essentially of a top and a bottom cross-head, 
connected together by four hexagon solid drawn-steel 
tubes turned at each end to fit these top and bottom 
castings, and secured thereto by steel nuts. These 
tubes are fitted with glands and stuffing-boxes through 
which pass the four steel lifting rams, which rest on 
cast-iron shoes bolted to timber foundations. 

When the machine is not in use it is let down into 
the pit, and the top covered over with plates level 
with the floor. When required for work, it is lifted 
into position by the hydraulic rams, all the cylinders 
being connected together by suitable pipes to the 
valve A (Fig. 1), and prevented from falling again by 
two angle irons resting on wood blocks as shown. 
The time required for raising or lowering only occupies 
a few minutes. The top crosshead is cast as a cylinder, 
in which is fitted aram. ‘This latter is also bored out 
and fitted with an automatic drawback, which, by a 
special arrangement, is balanced by the water when 
the pressure is admitted through valve B on to the 
main ram for punching the holes, thus obtaining the 
useful effect of the whole area of ram, and enabling a 
smaller ram to be used than would otherwise be 
required, The top and bottom dies are of cast iron 
faced with steel, and the machine is capable of punch- 
ing holes up to 21 in. by 16in. The table is fitted 
with rollers back and front for the plates to slide 
over, and two adjustable strippers are fixed in the 
head. Since the first machine was started, another 
has been supplied to Messrs. William Gray and Co. 
for their North Yard by the same makers, the Leeds 
Engineering and Hydraulic Company, Leeds. 


SELF-SUSTAINING PULLEY BLOCK 
TRAVELLER. 

Tue handy overhead traveller which we illustrate 
on page 377 is now being manufactured by Mr, C. W. 
Burton, of 158, Queen Victoria-street, London, E.C. 
As will be seen (Fig. 1), it consists of a couple of I 
beams resting on carriages at their ends in the 
usual way. ‘To the upper surfaces of these beams 
are fixed the rails on which the bogie truck carrying 
the hoisting tackle runs. This hoisting tackle is of 
the wormwheel type, the worm being cut to such a 
pitch that the load would run rapidly down of its 
ownaccord were it not for an ingenious friction brake, 
the arrangement of which is shown in Fig. 2. As 
will be seen from this engraving, the wormshaft does 
not abut directly against a thrust pivot at either end, 
but at the thrust end it is reduced in diameter, and 
carries there a flange firmly keyed toit. Any thrust 
on the wormshaft due to the weight on the chain is 
transmitted from this flange through a friction washer 
to a ratchet wheel, which runs loose, and transfers the 
thrust to a special casting which bears on the thrust 
pivot. When the load is being raised, the ratchet-wheel 
is rotated with the shaft by means of the end pressure 
on the wormshaft acting on the friction washer, but 
the direction of rotation is such that the pawl allows 
the ratchet-wheel to rotate freely. In lowering, how- 
ever, the rotation being in the other direction, the 
ratchet-wheel is locked, and the load is thus sustained 


automatically, the arrangement forming an efficient 
brake. 


TURRET LATHE. 
Tue lathe which we illustrate on page 376 has 
been constructed by Mr. W. H. Astbury, of Grantham, 
and is made considerably stiffer and stronger than is 


usual with lathes of this class, thus enabling it to deal 
with work usually done in larger machines. The 
headstock has a spindle of mild steel witha 2}-in. hole 
running through its entire length. The bearings are 
of phosphor-bronze, and are parallel, the thrust being 
taken at the back bearing.on a row of balls between 
steel rings, which are adjustable for wear. The cone 
pulley has three steps, and is designed for a 3}-in. belt. 
A lever is provided at the back for quickly stopping 
the machine, or holding the spindle when changing a 
chuck. Two chucks are provided, one at the front 
and the other at the back of the spindle. The turret 
head is 7}in. in diameter, and is bored with 14-in. 
holes to carry six tools. It is revolved by hand, and 
can be firmly locked, when in position, by a powerful 
spring stop engaging into a hardened steel plate. The 
turret slide is strongly proportioned and of ample 
length, having a bearing on the saddle of 18in, The 
cut-off rest carries two tool ports, each with indepen- 
dent adjustment for the height of the tool. This slide 
is worked by a lever, rack, and pinion, and has ad- 
justable stops for front and back tools, All the racks 
and pinions are cut from the solid. The bed of the 
machine is 4 ft. 6 in. long, and provided with a drainage 
pan underneath. The countershaft has reversing 
pulleys, and is carried on long swivelling bearings. 
The total weight of the machine is 11 cwt. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society, March 24, 
1893, Professor A. W. Riicker, F'.R.S., President, in the 
chair, several excellent photographs of flying bullets, and 
of the air waves produced by vibrating hammers, were 
exhibited, the originals of which had been taken by Pro- 
fessor Mach. ; ; ' 

A paper on “The Differential Equation of Electric 
Flow” was read by Mr. T. H. Blakesley, M.A. The 
object of the paper is to show that the ordinary mathe- 
matical expressions for electric flow fail to explain all 
known facts, and to point out that in order to inter- 
pret these facts certain properties of matter not usually 
recognised must be admitted. The subject is treated 
both algebraically and geometrically, in the latter case 
the magnitudes being represented by the projections of 
the sides of a triangle revolving in its own plane ona 
fixed line in that plane. Taking the ordinary differential 
equation for a simple circuit having resistance and self- 
induction, viz. : 


V=Le°=RO, 
at 


it is shown that this takes no account of any energy 
except that spent in heating the conductor, and that 
where radiation into space is concerned it is necessary to 
introduce another term A C, where \ is a quantity of the 
nature of resistance. It is further pointed out that if 
work be done outside the circuit, the line which geo- 
metrically represents the induced electromotive force 
cannot be perpendicular to that indicating the current 
and ‘‘ effective” electromotive force, the latter term being 
defined to mean the value of the quantity which is 
numerically equal to the product of the current into 
the resistance. A magnetic phase-lag must therefore 
exist. The author also shows that a magnetic field in- 
duced in phase with the magnetic induction would not 
result in a loss of energy, and no hysteresis could exist. 
Under the same circumstances there could be no radiation 
of energy from an alternating magnet. 

A Leyden jar discharging through a circuit having self- 
induction is next considered. Taking the ordinary pre- 
mises, it is shown that no provision is there made for 
energy radiated into space, and that magnetic lag is 
necessary for the existence of such phenomena. The 
differential equations for the variables in condenser dis- 
charges, according to ordinary assumptions, are shown to 
be of the same forms, and the variables can be repre- 
sented by the projection of the sides of a triangle which 
is simultaneously undergoing uniform rotation and linear 
logarithmic shrinking. The rate of shrinking is the same 
as that of the radius vector of an equiangular spiral of 
characteristic angle 8 where 


pal Sale 
on 8=a/K= 5 ; 


K, L, and R representing capacity, self-induction, and 
resistance respectively. The equations and their con- 
sequences are considered at some length, and several 
important properties brought out. To allow for radiated 
energy, R must be virtually increased from R to R 
++ X, and the total energy is divided between the circuit 
and the field in the ratio of Rto \. If, therefore, the 
circumstances be such that ) is large compared with R, 
say by having high frequency, the heating of the circuit 
may be only a small part of the total energy. In 
this direction the author thinks the true explanation 
of some of Tesla’s experiments is to be found, the 
energy being expended chiefly in radiation, and not in 
current through the experimenter’s body. When obtain- 
ing photographs of rapidly moving objects, Professor 
Boys had used discharges of high frequency, but since 
several sparks of nearly equal intensity were obtained the 
decay of amplitude was not very rapid, and the angle 6 
of the logarithmic spiral representing the magnitudes 
would be nearly 90deg. For the most rapid discharge 
8=45 deg., and the ratio of successive maxima was e": 1 
1.€., 23.14 to 1. 

Professor Perry thought that the C2 R term would not 
represent the heating of the wire when the oscillations 
were rapid, owing to the distribution of current not 


being uniform over the section of the conductor. Max- 
well had shown that certain throttling terms had to be 
considered. In condenser discharges the complete equa- 
tion would have many terms. 

Professor O. J. Lodge said the best definition of Rin 
such cases was that derived from Joule’s law, rather than 
that of Ohm. Frequency was very important in the 
radiation of energy, but even at ordinary frequencies of 
alternators some energy was radiated. Referring to 
Tesla’s experiments, he said the reason why no cerious 
consequences followed was that there was not much 
energy behind them. High frequency might be instru- 
mental in preventing injury, but this, he thought, re- 
mained to be proved. 

Dr. Sumpner pointed out that losses other than C? R 
(R being the ordinary resistance of the conductor) had to 
be taken into account. In some cases, such as trans- 
formers on open circuit, the effective resistance might be 
1000 times that of the coil. To discuss completely the 
problem taken up by Mr. Blakesley, it would be neces- 
sary to take account of non-uniform distribution of cur- 
rent, both across and along the conductor, as well as the 
character of the magnetic and electric fields surrounding 
the circuit. 

Mr. Swinburne thought there was a tendency to over- 
estimate the rate of high-frequency currents, for unless 
the coils of transformers were assumed geometrically 
coincident, calculations were difficult. Errors of hun- 
dreds per cent. were quite possible. In Tesla’s experi- 
ments no great power was involved, for the transformer 
could not give out any large power. 

Mr. Blakesley, in reply, said the term R was such that 
C2 R represented the whole waste in the conductor, whilst 
d included everything wasted outside the conductor. 

A paper on ‘' The Viscosity of Liquids,” by Professor J. 
Perry, F.R.S., assisted by Mr. J.Graham, B.A.,and Mr. CO, 
W. Heath, was read by Professor Perry. The viscosity was 
tested by suspending a hollow cylinder within an annular 
trough containing the liquid and measuring the torque 
exerted on the cylinder when the trough rotated at various 
speeds about its axis. In the paper the equation of motion 
under the conditions of the experiment is discussed, the 
error introduced by assuming that the liquid moves in 
plane layers being shown to be about 0.5 percent. To 
determine the torsional] constant of the suspending wire, 
two methods were employed ; in one, the turning moment 
required to produce a given angular movement was mea- 
sured directly, and in the other, the torsional constant 
was determined from the period of oscillation. By mea- 
suring the viscous torques exerted with different depths 
of liquid in the trough, the correction for the edge of the 
suspended cylinder was found to be 0.8 cm. On plotting 
the results obtained with sperm oil at different tempera- 
tures and constant speeds, a discontinuity was noticed 
about 40 deg. For a speed of nine revolutions a minute 
the viscosity (“) could be very approximately calculated 
from the formula “ = 2.06 (@ —4.2)—:®86 below 40 deg, Cent., 
and / = 21.67 (@ —4.2)—1:349 above 40 deg. Cent., 6 being 
the temperature. Experiments on the change of 
density of sperm oil with temperature made by Mr. 
J. B. Knight indicated a minimum density about 40 deg. 
Subsequent experiments with other samples had not con- 
firmed these observations. The paper contains several 
tables of the results obtained in various experiments. 
Those performed at constant temperatures show that for 
slow speeds the torque is strictly proportional to speed, 
but afterwards increases more rapidly, probably owing to 
the critical speed having been exceeded. The author had 
also attempted to determine the viscosity from the 
damping of the torsional vibrations of the suspended 
cylinder, but the mathematical difficulties were found to 
be considerable. 

After concluding the paper, Professor Perry read a 
letter he had received from Professor Osborne Reynolds 
on the subject, who doubted whether the true critical 
velocities had been reached in the experiments. In the 
particular arrangement employed he would expect no 
critical velocity in the outer ring of liquid, whilst in the 
inner ring the motion would be unstable from the first. 

Professor Lodge said he had tried whether the refrac- 
tion or the density of sperm oil exhibited a discontinuity 
about 40 deg., but found none. 

Mr. Rogers pointed out that experiments which corro- 
borated those of Professor Perry had been made by M. 
cei and published in ‘‘ Ann. de Chim. et de Phys.,” 
6] xxi. 

Mr. E. W. Smith suggested that the apparent discon- 
tinuity might be due to the separation of the constituents 
of an impure oil and certain temperatures and speeds of 
revolution, 


Duton Rattwars.—The extent of railway in operation 
in Holland is returned at 29502 miles. The rolling stock 
upon this mileage comprises 715 locomotives, 1833 pas- 
senger carriages, and 9860 trucks used for the conveyance 
of coal, minerals, and goods. The revenue acquired last 
year amounted to 2,981,448/, 


Tue NortH Sea-Bartico CaNat.—The old Eider 
Canal is, as may be known, no longerused. From some of 
its eastern sections the water has been drained off, and 
not even small vessels can now pass through it. This 
state of affairs is causing a good deal of inconvenience to 
many of the smaller vessels of the duchies, which generally 
use the canal. The Imperial Canal Commission are 
accordingly doing all to advance the works on the section 
Konigsforde-Sehestedt of the North Sea-Baltic Canal, so 
that this section may be opened for shipping on May 1, 
1893. From that date vessels of not more than 8 ft. 
draught will be able to pass through the canal from 
Holtenau to Renzburg, and from there through the Eider 
to the North Sea, 
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ENGINEERING. 


EXPRESS LOCOMOTIVE, L. AND S.-W. RAILWAY. 


MR. W. 


--- sabe centres. 


‘ United States’ metallic packing. The slides, of 
which there is only one to each cylinder, are of York- 
shire iron case-hardened. The crossheads are of cast 
steel, with cast-iron rubbing pieces, which are secured 
to the crosshead by #-in. turned bolts. The valve 
motion is of the curved link type, the links being 
suspended from their centres. The eccentric sheaves 
are made in two parts, and have a throw of 6 in. 
The straps are of cast iron. The reversing motion 
is fitted with a screw gear, and is on the right-hand 
side of the engine. The reversing shaft is of York- 
shire iron, with the levers forged solid with the shaft ; 
all working parts of the shaft are case-hardened. 
The connecting-rods are of Yorkshire iron, and 
measure 6 ft. 8in. from centre of crosshead-pin to 
centre of crankpin. They have adjustable brasses at 
the large end, and gun-metal bushes forced into place by 
hydraulic pressure at the crosshead end, The coupling- 
rods are also of Yorkshire iron, but they are machined 
to an H-section, and are fitted with plain gun-metal 
bushes on both ends. These bushes are, however, 
lined with white metal strips. The crankpins are of 
Yorkshire iron case-hardened, and are forced into their 
places on the wheels by hydraulic pressure, and 
riveted over on the inside. 

The engines are fitted with Adams’ vortex blast 
pipe, which is claimed to give a very even draught and 
a soft exhaust. The section through the annular open- 
ing for the discharge of the exhaust steam is 14.18 
square inches, equivalent to that of a plain blast pipe 
44 in. in diameter. The engines are fitted with a 
steam and an automatic vacuum brake, the brake-blocks 
being of cast iron. Two injectors are fixed, one on each 
side of the engine. 

The tender attached to the engine is carried on six 
wheels 3 ft. 9% in. in diameter, with a wheel base of 
13 ft. The bearings for the axles are 5}in. in 
diameter and 9 in. long, and are outside the wheels. 
The frames are double, the outer plates being { in. and 
the inner ones 4 in. thick respectively. The tender is 
ence to carry 3300 gallons of water and 3 tons of 
coal, 

The principal dimensions of the engine and tender 
are as follows: 

Engine. ft. in. 
Inside diameter of cylinders : 
Stroke of piston ... ee es = 
Length of boiler barrel between plates 
Diameter of boiler barrel outside ... 


ADAMS, LOCOMOTIVE SUPERINTENDENT. 


reahele 
Length of firebox shell outside... Be 6 4 
Heating surface : Tubes 1245.6 sq. ft. 
Firebox... 122.16 ,, 
Total 1367.76 ,, 
Grate area... st igs 18 sq. ft. 
Width of firebox shell at bottom 7 3 104 
Number of tubes as ; 240 
Diameter of tubes outside a as 0 12 
Height of centre of boiler from raila ... (fost) 
Length of engine frame ... ; 30 4 
Thickness ae ae 1 
Distance between frames owe 3 114 
Diameter of bogie wheels on tread. 3 92 
‘i driving wheels on tread, 
coupled ... 4. abe - ia ied 
Diameter of trailing wheels on tread, 
coupled... = Br es avs tee © 
Centre of bogie to centre of driving 
wheels... ane SS ro sive 10 9 
Centre of driving to centre of trailing 
wheels... ays is 8 6 
Centre of bogie wheels... RAs iss 7 6 
Wheel base from centre of leading bogie 
to centre of trailing wheels... as 23 0 
Height of centre of buffers from rails Sienf 


Working steam pressure... 175 Ib. p. sq. in. 


; ca tons ct, qr. 
Weight of engine: On bogie ES re 
On drivers ... Sy ALG ae) 
On trailing wheels... 1417 0 
Total 4813 2 

Tender. 

: ft. in. 
Diameter of wheels on tread 3 92 
Centre to centre of journals 6 6 
Length of journal ... Ae 0 9 
Diameter teitec 3 0 5 

F- axle in wheel .., 0 6% 

PR », atcentre... 0 64 
Wheel base ... 13 0 
Length of frame a pr 19 9% 
Total length of wheel base from centre 

of leading bogie wheels of engine to 

centre of hind wheels of tender 44 34 
Length over all, from front buffers of 

engine to hind buffers of tender 53 88 
Height of centre of buffers from rails... 3 5 
Capacity of tank ... bie aoe 3300 gals. 


The engines have heen designed for the fast express 
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assenger traffic of the London and South-Western 
Railway Company, and have given excellent results. 
The kind of work done is well shown by the profiles of 
the line, which we publish on page 393. The distance 
from Waterloo to Southampton West is run without a 
stop at a speed of 47.55 miles per hour, the distance being 
791 miles. The return journey to Vauxhall, 78 miles, 
is done still more quickly, the speed being 50 miles an 
hour. In this run, as will be seen from the profile, 
Fig. 5, long gradients have to be surmounted. Another 
good run is that from Waterloo to Christchurch, a 
distance of 104 miles, which is run without a stop at 
the rate of 46 miles an hour. Still more trying runs, 
perhaps, are those from Waterloo to Basingstoke, and 
from that place on to Salisbury, Crewkerne, and 
Exeter. The distance from Waterloo to Salisbury, 
833 miles, is run at a speed of 43.5 miles per hour. 
From this point on to Exeter some very heavy gra- 
gients are met with, as shown in the profiles, Migs. 
6 and 7, page 393, there being many stretches of 1 in 80 
to be surmounted, as well as half a mile of 1 in 70. 
To keep time over such a trying road requires powerful 
engines, especially as the train-load on these fast runs 
often amounts to 310 tons, engine and tender included, 
This load is made up of ten six-wheeled vehicles 
weighing 15 tons each, four bogie coaches of 20 tons 
each, and the engine and tender, which together weigh 
about 80 tons. The net train-load is therefore 230 tons. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 24, 1893. 

THE month of March has been less productive of 
heavy orders of iron and steel than was expected, but 
withal a satisfactory volume of business has been 
secured. Locomotive, car, ship, boat, and structural 
material interests are quite well supplied with work. 
Steel rails drag at 29dols. New roads are projected, 
but it will be late in the year, perhaps, before mills 
will be fully engaged. Steel billets are selling well, 
but buyers have no faith in the stability of present 
prices. ‘The policy of buyers is to purchase material 
only as fast as it can be used. No. 1 foundry is 
15 dols. ; No. 2, 14 dols. to 14.50 dols. ; forge, 13 dols.; 
billets 24 dols. to 25 dols. In Western Pennsylvania 
the mills are doing better than elsewhere. The Chicago 
market is active, and a heavy distribution is in progress 
throughout the north-west. Reductions of wages have 
been made in a few mills. There has been nothing 
said to indicate whether a wages contest will be waged 
next summer between the iron workers and the manu- 
facturers. The puddling rate, 5,50 dols., has remained 
the same for years against declining prices of iron, 
There is great activity in textile industries and in 
shop work of all kinds, Raw material continues low. 
Railroad earnings have not been satisfactory, because 
of the severe winter, 


NOTES FROM THE NORTH. 
Guascow, Tuesday. 

Glasgow Pig Iron Market.—There was very little busi- 
ness done in the Glasgow pig-iron warrant market last 
Thursday. In the afternoon not a single transaction was 
reported as having been done through the market. 
Scotch iron was advanced in price ld. per ton by sellers, 
and although buyers came up 3d., very little iron changed 
hands. Cleveland and hematite iron were both idle. 
Buyers of the former were 3d. lower in their offers, while 
sellers of the latter were seeking $d. per ton of advance. 
At the close the settlement prices were—Scotch iron, 
40s. 9d. per ton; Cleveland, 34s. 3d.; hematite iron, 
45s. 6d. per ton. Only a small amount of business was 
done in the market on Friday, not more than 5000 tons of 
warrants changing hands, but sellers were stronger in 
their quotations. Scotch iron recovered another 4d., 
while Cleveland iron recovered 1d. of the decline about 
mid-week. Hematite iron was again idle, and without 
change in price. One lot of Cleveland iron was sold at 
34s. 64d. cash in 28 days, and the price paid for Scotch 
iron was 40s. 94d. per ton cash. The closing settlement 
prices were—Scotch iron, 40s. 9d. per ton.; Cleveland, 
34s. 44d.; hematite, 45s. 6d. per ton. Yesterday’s market 
opened quiet, but at higher quotations. Scotch iron, of 
which some 5000 or 6000 tons changed hands, closed 1d. per 
ton dearer, Sellers of hematite iron were seeking 4d. per ton 
of advance, but buyers came up only 14d., and no business 
was done. Holders of Cleveland warrants were seeking 
1d. of advance, but buyers would not move. A large por- 
tion of the Scotch iron that changed hands was bought at 
41s. 0}d. one month open, the cash price in the forenoon 
being 40s. 10d. per ton, and in the afternoon 3d. per ton 
higher. The settlement prices at the close were—Scotch 
iron, 40s. 103d. per ton; Cleveland, 34s. 44d. ; hematite 
iron, 45s. 9d. per ton. There was a quiet business in the 
market this forenoon, but the feeling was somewhat 
firmer, Scotch warrants selling at 1d. of advance, and Cleve- 
land being nominally $d. per ton higher. Scotch warrants 
were a little easier at the close of the forenoon market, 
and hematite iron was inactive. Some 6000 tons of 
Scotch iron were sold in the forenoon at 40s. 11d. per 
ton cash, 41s.1d. one month, with 1s. forfeit in buyers’ 
option; 41s. fourteen days, and 40s. 9d. cash to- 
morrow. The market was very quiet in the afternoon. 
At the opening one lot of 500 tons was done at 40s. 10d. 
cash on Thursday. The closing settlement prices were 
—Scotch iron, 40s. 9d. per ton; Cleveland, 34s. 44d, 
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The following are some of the current quotations for 
No. 1 special brands of makers’ iron: Gartsherrie, 48s. 
per ton; Calder, 49s.; Summerlee, 50s.; Langloan and 
Coltness, 543. (the foregoing all shipped at Glasgow) ; 
Glengarnock (shipped at Glasgow), 493. 6d.; Shotts 
(shipped at Leith), 53s. 6d.; Carron (shipped at Grange- 
mouth), 52s. 6d. per ton. There are 70 blast furnaces in 


actual operation, as compared with 78 at this time last 


year. Last week’s shipments of pig iron from all Scotch 


ports amounted to 7510 tons, against 6692 tons in the 
They included 220 


corresponding week of last year. 
tons for the United States, 200 tons for Canada, 150 tons 


for South America, 256 tons for India, 210 tons for 
Australia, 216 tons for France, 455 tons for Germany, 405 
tons for Holland, 275 tons for China and Japan, smaller 


quantities for other countries, and 4918 tons coastwise. 


The stock of pig iron in Messrs. Connal aud Co.’s public 
warrant stores stood at 343,803 tons, as compared with 
344,299 tons this day week, thus showing a decrease 


amounting to 496 tons for the past five working days. 


Finished Iron and Steet Trades.—There is a general 
absence of business of any weight coming forward in these 
The demand for finished iron remains 
Most of the makers have sufficient work 
still on their books to keep them engaged for a month or 
so forward, but new business is very difficult to secure, as 
merchants are holding back orders in anticipation of 
It is not so much against 
scarcity of orders that makers complain, but rather of the 
prices got for it. Large quantities of unbranded iron have 
been booked in Coatbridge and Motherwell, mostly for 
In the steel trade matters remain 
almost unchanged ; if anything, prices for plates are a shade 
lower, 5/. 12s. 6d. per ton being freely taken. The sheet 
trade still continues active, there being plenty of inquiries 
in themarket. Large quantities of steel blooms and billets 
have been booked by Motherwell makers for America. It is 
understood thatthe prices are very fair. In connection with 
the steel trade it may be mentioned that a very important 


branches of trade. 
fairly steady. 


further reductions in prices. 


the Indian markets. 


extension of the Parkhead Steel Works has just’ been 


completed, in which there is embraced a new cogging 
mill, which is said to be the largest and most complete in 


the kingdom, The engines were constructed by Messrs. 
Duncan, Stewart, and Co., Glasgow, and Messrs. Miller 
and Oo., Coatbridge. 


Mining Extensions at Blantyre and Bellshill.—During 


the past few months a considerable impetus has been 
given to mining operations in Blantyre and Bellshill 
districts through the enterprise of colliery owners, and 
the opening up of new coalflelds in the neighbourhood. 
The finding of coal occurred on Wednesday last. The 
pits belong to the Coltness Iron Company, and the 
ground surface covers an area of 1400 acres. It is the 
intention of the company to erect a large number of 
workmen’s houses at an early date, and when these pits 
are in full working order they will give employment to 
between 600 and 700 men. This practically means an 
addition of nearly 3000 of population to the village of 
Bellshill, but, of course, the increase will only be gradual. 
The pit-head closely adjoins the main Glasgow and Kdin- 
burgh line, and is immediately east of Bellshill railway 
station. 


Loch Katrine Water Works ; Blane Valley Section.—The 
Glasgow Associated Students of the Institution of Civil 
Engineers paid a visit last Saturday to the Blane Valley 
section of the new aqueduct from Loch Katrine, which 
they minutely inspected under the guidance of Mr. 
Bruce, resident engineer, and Messrs W. M. Gale and 
R. F, Miller, from the corporation water engineer’s 
office in Glasgow. This portion of the aqueduct is over 
five miles in length, and it consists of several tunnels, 
with connecting bridge aqueducts, and of a pipe syphon, 
fully half a mile long, across the Blane Valley. The 
aqueduct proper is designed to carry 70,000,000 gallons of 
water per twenty-four hours, as compared with about 
40,000,000 gallons by the old aqueduct, which is near by. 
Only one-half of the pipe syphon is being laid in the 
meantime, but it will eventually consist of four lines of 
48-in. pipes. One of the tunnels in this section of the 
work, which is 882 yards long, is practically finished. It 
has a concrete invert throughout, and a large portion of 
the walls and roof is also made up of concrete. All the 
work is of a very thorough character. Messrs. James 
Young and Co., Glasgow, are the contractors for this 
section of the aqueduct, and their tender was about 
114,0007., not including the cost of the pipes, which are 
being supplied by the Water Commissioners. 


Banknock Coalfield.—In the course of boring operations 
during the last few weeks, which have been made in 
conjunction with extensive alterations at their works, 
Dennyloanhead, Stirlingshire, the Banknock Coal Com- 
pany, Limited, have just had the good fortune to cut 
through a fine seam of gas splint coal. This seam has 
been found at a depth of 40 fathoms, being 19 fathoms 
below the seam being wrought at present. The seam 
extends over an area of at least one square mile, which 
is about one-half of the leasehold of this company. It is 
calculated that it will contain about 3,000,000 tons of coal, 
and thus yield an output of 600 tons per day for the next 
20 years. The already large quantity of coal available 
in this field is thereby materially increased, and when in 
full operation will mean a considerable accession of pro- 
sperity to the district in which the works are situated. A 
new shaft is at present being sunk to the cannel coal, 
and it has been decided to extend this shaft to the new 
seam at once, with a view to having it in full operation 
before the winter sets in. The directors have also decided 
to continue their boring operations, as they have reason 
to believe that there are further yaluahle seams within a 
reasonable depth, 


Royal Scottish Society of Arts.—An ordinary meeting 


of this Society was held last night, Mr. Alexander 


Leslie, M. Inst. C.E., president, in the chair. The 


principal business was a paper by Mr. John Ritchie on 
‘¢The Utilisation of Water for Power, and the Transmis- 
sion of Same.” After referring to the hydraulic works of 
Switzerland, Austria, and America, to the gigantic 
scheme in progress at Niagara, and to similar works in 
India, he spoke of what was done in Scotland between 
the years 1825 and 1840 in the way of utilising water 
power in Scotland. His paper was a very comprehensive 
and interesting one in view of the progress now making in 
all directions for taking advantage of such power to gene- 
rate electricity and convey that power to great distances. 
Mr. Ritchie is to read another paper on the subject. 


Important Colliery Extension in Fife.-—The Fife Coal 


Company have just commenced to sink a new pit at 
Kelty, near Dumfermline, which will greatly add to their 


already large output of coal. The cost of the sinking, a 
depth of fully 200 fathoms, will be at least 30,0007. The 
annual output is now 800,000 tons, as compared with 
70,000 tons 21 years ago, when the company was first 
established. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


The Breakdown of the Eccup Reservoir—Probable Outlay 


of 100,0002.—The repairing of the faulty enibankment and 
puddle trench forming the northern boundary of the great 
storage reservoir at Eccup, the property of the Leeds Cor- 
poration, will, it is estimated, cost about 100,000/. A new 
trench 150 ft. deep has had to be cut. One-half is 30 ft. 
deeper than the original trench, the other half being 
105 ft. deeper than the old puddle wall. A feature of the 
work now proceeding is that the end of the puddle wall, 
that was worn away previously, is being constructed from 
top to bottom with a spur of brick projecting ten yards 
into the reservoir. The efforts to make secure the em- 
bankment and the puddle wall have so far cost over 
40,000/., the contract for the portion of work in hand is 
26,0007., and it is estimated that before the reservoir is 
sound, 100,000/. will have been expended, and the services 
of this great storage centre lost for six or seven years. 


Coal.—The local coal market continues to exhibit a 
downward tendency, and stocks are increasing in the 
district. Steam coal is obtainable at 8s. 6d. per ton at 
the pit banks, house coal from 9s. 6d., and engine coal 
from 5s. 6d. Competition with coal masters in the 
northern counties is also on the increase. Speaking on 
this question during the week, Mr. Harvey, one of the 
union leaders, said he was hopeful that, notwithstanding 
the predictions they heard, they would overcome the 
difficulties in their way, and avert any reduction in wages. 
He also hoped they would be able to stiffen the prices in 
the market. It must be clearly understood that should 
the Midland counties be called upon to stop, they had 
now the power to stop the others who would not join the 
federation. They had the seamen and coal porters on 
their side—a mighty power in their hands, and one that 
must be used with great care. 


Iron and Steel.—A flat market continues for pig iron, 
and prices have not been so low for many years past, 
forge being offered at 39s. 6d. and foundry at 41s. to 42s. 
Some of the foundries are, however, much better em- 
ployed on large-sized pipes and mains, but as a rule 
business is limited. Many merchant speculators have 
lost on the quarter’s contracts for raw iron, and the open- 
ing operations of the new one are sure to be conducted 
with great caution. An improved tone is noticeable in 
connection with manufactured irons, but it is confined to 
the better-class qualities, common makes being scarcely 
inquired for, as they are procurable cheaper than here. 
First-class bar, boiler plates, and cable iron are the best 
going items, with evidences of further growth, princi- 
pally on home, South African, and Kast Indian account. 
Manufacturers engaged in the heavy steel trades are 
busier on all classes of railway material, recent conces- 
sions in prices, without any reduction in quality, having 
no doubt, in some measure, induced this. Requirements 
of inspectors are so severe that no diminution of quality 
dare beattempted. Engine tyres are running at 12. 10s. 
per ton upwards, carriage and wagon tyres and springs, 
102.; axles, 6/. 10s.; Bessemer billets and slabs, 5. 7s. 6d. 
to 5l. 12s. 6d.; Siemens, from 6/. The call for crucible 
cast steel is on the increase, but only best tool qualities 
sell with freedom. The orders are from the principal 
mining countries of the world. Prices of the selling 
qualities range from 45J, to 70. per ton. 


Engineering, &c.—There is a move for the better in con- 
nection with some of the engineering branches. Leeds 
makers are in receipt of inquiries for traction and agri- 
cultural implements and machinery, and the number of 
unemployed mechanics is being gradually reduced. Those 
engaged on machinery for local use are slack of work. 
Ordnance and armour-plate makers are very short of 
orders, but some good lines are in hand for crank-axles, 
shafting, and other heavy forgings. Government now 
announces, in relation to its future file contracts, that it is 
immaterial whether the goods are machine or hand cut, 
so that the quality is maintained. Only hand-cut have 
previously been accepted. 


NOTES FROM THE SOUTH-WEST. 

Barry Railway.—The Barry Railway Bill was before a 
House of Commons Committee on Thursday. The Bill 
authorises the construction of a new dock, new railways, 
new tramways, and other works, the stopping of certain 
roads, and the acquisition of additional lands. The 
preamble was found proved, and the Bill was reported 
for third reading. 


Delivery of Forgings.—The Glamorganshire Assizes 
have disposed of a case involving some points of interest, 
“‘the Cardiganshire Engineering Company v. the Great 
Western Railway Company.” The plaintiffs claimed 
1201. for alleged breach of duty on the part of the de- 
fendants. ‘The plaintiffs in their statement of claim, 
alleged that on April 25, 1892, they intrusted certain 
special forgings to the defendant company to be carried 
from Cardigan to New Milford, for use in connection 
with salvage operations on the morning of April 26. At 
the time the goods were sent the defendant company, 
it was contended, knew that the goods were forwarded 
for special purposes, and the defendants, it was alleged, 
undertook to deliver them at their own risk on April 26, 
The forgings were not delivered on the day upon which 
they were required, but were sent on to Waterford by 
mistake. The defendants set up the defence that they 
accepted the goods under terms of special contract which 
relieved them from all liability. They also pleaded that 
there was no negligence ; that they accepted the gcods as 
common carriers, and delivered them in time, and that 
there was no breach of duty. They further set up the 
alternative defence that the plaintiffs were not entitled 
to more than 5/, damages, which sum was paid into court, 
Evidence in support of the claim was given by Mr. J. P. 
Baillie, managing partner of the plaintiff company, who 
stated that the salvage operations were in respect of a 
wreck off Minney Head, just outside the harbour, arrange- 
ments having been made for the raising of a boiler. The 
forgings went astray and did not arrive until April 
28. They were specially required for the work in hand, 
and by the non-delivery of the appliances on April 26, a 
stretch of fine weather and the ebb spring tide were lost. 
The failure of the railway company to carry out their con- 
tract, which was made through witness, delayed the work 
and necessitated the employment of divers and the keep- 
ing idle a steam tug, and also involved other expenses, 
particulars of which were set forth in the claim. Verdict 
for Ge plaintiffs, damages 507. with costs upon the higher 
scale. 


Milford Haven and Canada.—General Laurie visited 
Milford Haven on Monday, and, after being conducted 
over the docks by the general manager, Mr. G. H. Birt, 
he proceeded in company with Mr. J. B. Gaskell, agent 
to the Milford Estate, to Newton Noyes Iron Pier, which 
he was anxious personally to inspect, in view of the pro- 
posed new Canadian mail service. In the afternoon Mr, 
G. S. Kelway took him over the North German Lloyd’s 
steamship Spree, now undergoing extensive repairs in the 
graving dock. General Laurie, in addressing a meeting, 
said, the Canadian Government had offered a subsidy 
with a view to establishing a mail service between Eng- 
land and China. They had, however, laid down a con- 
dition that the steamers employed should call at a French 
port, but this would involve such enormous expense that 
no company could accept the subsidy on such terms. 
One of two things must, therefore, happen, either the 
subsidy must be greatly increased, or the condition 
relating to the French port must be withdrawn. So far 
as he could gather, the latter course was the one most 
likely to be adopted. 


The ‘‘ Astrea.” —The Astrea, just launched at Devon- 
port, was designed by Mr. W. H. White. She was laid 
down August 14, 1890. Her dimensions are: Length, 
320 ft. ; breadth, 493 ft. ; mean load draught, 19 ft. The 
weight of her hull, armour, and backing will be 2460 tons, 
with a total displacement of 4360 tons at load draught. 
Her coal capacity is 400 tons. Her armament, which will 
cost 11,065/., will consist of two 6-in. and eight 4.7-in. 
quick-firing guns, eight 6-pounders, and one 3-pounder 
Hotchkiss, and four 5-barrel .45 Nordenfelt machine 
guns ; in addition to which four torpedo tubes are to be 
fitted, viz. : one stem, one stern, and two broadside tubes. 
The money to be spent on the construction of the Astrea 
this year is 70,928/.; and when completed, the total esti- 
mated cost of the ship, including guns, will be 256,579J. 
This is a revised estimate, the original estimate having 
been 248,720/. Although the Astrea is a second-class 
cruiser she is to be fitted as an admiral’s ship. The 
machinery, which has been manufactured at Keyham, is 
ready to beplacedon board. The propelling machinery will 
consist of two sets of triple-expansion, surface-condensing 
vertical engines, capable of developing a collective force 
of 9000 horse-power, when under forced draught, and 
7000 horse-power with natural draught. The principal 
dimensions of the main engines are: Cylinders, high- 
pressure, 33 in. ; intermediate pressure, 49 in. ; low pres- 
sure, 74 in. in diameter, with a stroke of 3ft.3in. The 
propellers are of the three-bladed type, and will make 140 
revolutions per minute, which will give an estimated 
speed of 20 knots per hour. The boilers are eight in 
number, of the single-ended return-tube type; they are 
constructed entirely of steel, and will work at a pressure 
of 150 lb. per square inch, each boiler having three fur- 
naces of Fox’s corrugated type. The auxiliary machinery 
includes feed, fan, fire, and bilge, main and auxiliary cir- 
culating, turning, starting, and workshop engines, and 
steam injectors for filling reserve fresh-watertanks. 


The ‘‘ Sybille.”—The Sybille cruiser went outside Ply- 
mouth Breakwater on Thursday for a few hours’ natural 
draught trial of her machinery. This trial was for the 
purpose of proving the efficiency of a patch put on one of 
the wing furnaces in the place of a defective portion 
which had been removed. The results of the trial were 
as follows: Mean steam in boilers, 149 lb. ; vacuum star- 
board, 29in.; port, 28.3 in.; revolutions, starboard, 
132.5; port, 131.9; air pressure, .19in. ; indicated horse- 
power, starboard, 3655; port, 3595; total, 7250; speed by 
log, 18.98 knots per hour. 


Great Western Steamship Company, Limited.—At the 
annual meeting of this company at Bristql on Friday, the 
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chairman (Mr. Whitwell) expressed his regret that the 
accounts did not justify the payment of a dividend. The 
directors were unable to regulate freights or prevent 
depressed rates. Mr. Wethered, another director, said 
there was no ground for despondency. 


Dock Matters at Newport.—The report of the directors 
of the Newport (Alexandra) Dock Company for the half- 
year ending December 31, 1892, states that the net earn- 
ings for the six months amounted to 34,8231. ; and out of 
this sum a dividend of 44 per cent. will be declared, carry- 
ing over 8861/. Thelock of the new dock is making good 
progress, as are two new coal hoists in course of erection 
by Sir W. G. Armstrong and Co., Limited. The con- 
nection between the two docks is now complete. During 
the past year 291,787/. has been expended on the new 
dock ; it is proposed to expend 13,5191. during the current 
half-year, and in subsequent half-years 96,6132. 


Great Western Colliery Company, Limited.—The fourth 
annual meeting of this company was held on Thursday 
at Bristol, Mr. J. Wethered presiding. The chairman 
said the company had been prejndically affected by labour 
difficulties and lower prices for coal. A turn in the tide 
was expected at no distant date. The output of coal for 
the year was 421,715 tons. The directors’ report was 
adopted, and a dividend was declared at the rate of 5 per 
cent. per annum on the ordinary shares. 


The Electric Light at Bristol—The electrical committee 
of the Bristol Town Council has sent tenders received for 
switches to Mr. Preece for his report upon them. Messrs. 
Siemens are about to begin putting in the mains, and the 
other work is so forward that the committee hopes to be 
in a position to supply the light at the beginning of 
September. 


Water Supply of Bath.—The Bath Town Council has 
adopted a recommendation of the Water Works Com- 
mittee to construct a reservcir to hold 50,000,000 gallons 
at Monkswood. 


Cardiff.—The demand for steam coal has been pretty 
well maintained ; the best qualities have made 9s. 3d. to 
9s. 9d., while secondary descriptions have brought 8s. 9d. 
to 93. per ton. Patent fuel has been in moderate demand 
at late rates. The house coal trade has been dull; No. 3 
Rhondda large has made 10s. 3d. to 10s. 6d. per ton. 
Coke has shown little change; foundry qualities have 
made 16s. 6d. to 17s. 6d., and furnace ditto 15s. to 16s. 
per ton. The manufactured iron and steel trades have 
continued depressed ; heavy section steel rails have made 
81. 17s. 6d. to 4/., and light section ditto 52. to 5/. 2s. 6d. 
per ton. 


MISCELLANEA, 

ACCORDING to the Moniteur Industriel, aluminium can 
be hardened by rapid cooling in water, more especially 
if it be alloyed with a small percentage of titanium or 
tungsten. 


During 1892 there occurred in Denmark ten boiler ex- 
plosions, whereby eight persons were killed. Seven of 
these boilers were under the supervision of the official 
boiler inspectors. 


The cost of the new magazine rifle, as now manufac- 
tured at Enfield, was stated by Mr. Woodall, in the 
House of Commons, on Friday, tobe about 3/. 15s. ; but 
as the output is to be reduced this figure will, it is thought, 
be increased to 4/, during the next year. 


At the ordinary meeting of the Owens College En 
gineering Society, held on Tuesday, March 14, at the 
college, Mr. F. B. Lea read a paper on the possi- 
bilities of high-speed electric traction. The reading of 
the paper was followed by a discussion, 


A meeting of the Engineering Students’ Club, New- 
castle-on-Tyne, was held in the Durham College of Science 
on Wednesday, March 2%, when Mr. A. Clement Hovey 
read a paper on ‘‘ Practical Work in the Construction of 
Boilers for Land Use.” 


The Council of the Royal United Service Institution 
have instructed the General Electric Power and Traction 
Company, Limited, to put in an electric lighting plant in 
the old Chapel Royal in Whitehall, which is being altered 
for the new museum, 


Mr. James Williamson, Director of Dockyards, has 
gone to Malta, there to meet the First Lord of the Ad- 
miralty, with the view of making an official tour of 
inspection of the dockyard. Lord Spencer proceeds to 
Malta after his week’s attendance on the Queen at 
Florence. 


Electric railroads between neighbouring townships are 

‘now becoming common in the United States, andare said to 

be seriously affecting the local trafficof theregular railroads. 

The electric lines maintain a speed of about 15 miles an 

hour, and passengers can frequently mount the car at their 
own doors, without the trouble of going toa station. 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended March 19 
amounted, on 16,454% miles, to 1,259,067/., and for the 
corresponding period of 1892, on 16,379} miles, to 
1,196,407/., an increase of 75} miles, or 0.4 per cent., and 
an increase of 62,660/., or 4.9 per cent. 


A method of coating steel with copper is now bein 
developed by Mr. W. B. Hollingshead, of vcnavilles 
New York. Copper is deposited on a sheet of steel by 
electrolysis, and the sheet is then rolled; after this a 
second coat of copper is deposited and the sheet rolled 


again. The deposit thus obtained is said to be firmly 
adherent, 


According toa paper recently published in the Moniteur 
Industriel, there appears to be a considerable divergence 
of opinion on the French railways as to the best material 
for rails. Extra soft steel is used on the Western and on 
the Northern lines, whilst on the Eastern line soft steel is 
used. On the P.L.M., the P.O., and the State lines 
moderately hard steel is used, whilst very hard steel is 
used on the Southern lines. 


In a paper ‘‘On some Experiences with the Alternat- 
ing Current System,” recently read before the National 
Electric Light Association of America, by Mr. R. H. 
Sterling, the author stated that lead fuzes screwed down 
with a screw-head and washer were sure to give trouble, 
for the soft metal soon flowed and made a poor contact, 
causing heating and breakage of the circuit. The remedy 
was to solder flat copper terminals to the fuze wire, these 
terminals being slotted to slide under the screw-head. 


A coaling station, completely equipped with machinery 
for loading coal into the bunkers of our warships, has just 
been completed at Portsmouth. Hitherto Her Majesty’s 
vessels have been loaded by sacks and baskets, a slow, 
expensive, and out-of-date process. The new coaling 
station can store 50,000 tons of coal, and has a large water 
frontage. The plant is all worked by hydraulic power, 
and has been supplied by Messrs. Tannett and Walker, 
of Leeds. We understand, however, that the sack system 
will still be used for the large ironclads. 


The first of a fleet of flat-bottomed barges for use on 
the Ship Canal has been launched at the Canal Company’s 
shipbuilding yard at Runcorn. The vessel is 60 ft. long, 
with a 14 ft. 2 in. beam, the ends being semicircular and 
the sides almost perpendicular. The barge possesses 
great carrying capacity, and is fitted with apparatus for 
connecting a number of barges together, forming one long 
train. By this fleet of barges large ships, when necessary, 
can be unloaded in the lower portion of the Ship Canal, 
and the cargo despatched expeditiously on to its destina- 
tion, even if on smaller canals, the barges being con- 
structed to draw only 4 ft. when loaded. 


A general meeting of the Mason College Engineering 
Society was held in Mason College on Wednesday, 
March 22, Professor R. H. Smith in the chair. Mr. J, 
Watkins read a paper on ‘‘ The Engineer’s Slide Rule.” 
The author gave a short history of the origin of the slide 
rule, describing the work of Napier, Gunther, Foster, and 
Routledge in this direction, and then proceeded to give 
numerous industrial illustrations of the use of slide rules, 
The paper was followed by a discussion, in which Pro- 
fessor Smith and Messrs. Muirhead, Ballard, Waynforth, 
and Archer took part, the proceedings terminating in a 
vote of thanks to Mr. Watkins for his paper. 


In the Journal of the Franklin Institute Mr. E: F, 
Northrup describes a primary battery in which bromine 
was used as the depolariser. Bromine is a non-conductor, 
and special arrangements were necessary to make use of 
it for this purpose. The carbon element, which was } in. 
in diameter, was hollowed out, and free bromine poured 
into the cavity, which was then plugged up. When 
placed in a glass beaker containing a sheet of zinc for the 
negative electrode and a solution of caustic potash as the 
electrolyte, the cell gave a P. D. of overtwo volts, and a 
current of 3} amperes, as read on a low resistance am- 
meter. The bromine, however, soon became exhausted, 
but the experiment shows that non-conducting depola- 
risers can be used when desired, 


Sir Frederick Bramwell, the arbitrator appointed to 
assess the value of the tramways to be purchased by the 
London County Council, has now made his award. In 
fixing the amount to be paid, he has excluded all ques- 
tions of any allowance for compulsory purchase, or for 
past or future profits of the undertaking, and estimated 
the value simply by what it would cost the company or 
the County Council to establish the lines if they did not 
exist. The amount of his award is 64,5407. for the line 
alone. The purchase of dépéts and the rolling stock will 
involve about 62,000/. more. This award is considerably 
in excess, we understand, of what the Council proposed 
to pay, but much less than the amount claimed by the 
See h The costs of the arbitration will fall on the 

ouncil, 


The following tenders have been accepted for lighting 
the city of Londonderry with 160 arc lamps: 


Accepted tender of Siemens Brothers 
and Co. for dynamos, arc lamps, con- 


ductors, &c. ie 23. an a0 S900 
Accepted tender of A. Brown and Sons, for 
engines, boilers, &c. si as v-- 4293 
Accepted tender of M. McClelland for 
buildings ... ee es Bt zou 990) 
Accepted tender of M. McClelland for 
purchase of site... a ae Bia 600: 
Amount of tender for opening and closing 
streets soe ah ea .» 300 
Engineer’s fees ... 700 
15,793 


M. Saladin has described in the Bulletin de la Société 
de Chimie a new form of electric furnace in which the 
heating of any material desired can be effected under 
pressure, The apparatus consists of a receiver of cast 
steel, which is nearly filled with fireclay. A space is 
hollowed out in this mass of fireclay to receive a spiral of 
platinum, and the heating is effected by passing a current 
through this spiral. A small crucible of platinum or 
porcelain can be placed inside the spiral, and in it the 
objects to be heated. The conductors conveying the 
current pass through a plug which fits perfectly air-tight 


into an opening through the main casting. At one side 
of this casting a small tube isscrewed in. This tube is 
connected to a pump by means of which any desired 
pressure can be obtained. The temperatures actually 
reached in this furnace were found, by means of the Le 
Chatelier pyrometer, to be from 1500 deg. Cent. to 
1800 deg. Cent. 


The Zemps states that the total length of railway lines 
in Europe, at the end of last year, was 142,658 miles, or 
2590 miles more than at the end of 1891, this being equiva- 
lent to an increase of 1.85 per cent. The 142,658 miles of 
railway are distributed as under: Germany, 27,130 
miles, with an increase of 316 miles ; France, 23,715 miles, 
with an increase of 655 miles; Great Britain and Ireland, 
20,435 miles, with an increase of 50 miles; Russia and 
Finland, 19,420 miles, with an increase of 85 miles; 
Austria-Hungary, 17,540 miles, with an increase of 655 
miles; Italy, 8240 miles, with an increase of 175 miles ; 
Spain, 6330 miles, with an increase of 155 miles; Sweden 
and Norway, 6150 miles, with an increase of 160 miles; 
Belgium, 3315 miles, with an increase of 62 miles ; Swit- 
zerland, 2045 miles, with an increase of 50 miles; Hol- 
land and Luxemburg, 1925 miles, with an increase of 
11 miles; Roumania, 1590 miles, with no increase ; 
Portugal, 1430 miles, with an increase of 105 miles ; Den- 
mark, 1320 miles, with an increase of 18 miles; Turkey, 
Bulgaria, and Roumania, 1074 miles, or no change; 
Greece, 572 miles, with an increase of 87 miles ; Servia, 
337 miles, and Malta, seven miles, in neither of the two 
latter cases there being any change. 


In a paper recently read before the chemical section of 
the Franklin Institute, Messrs. W. H. Greene and W. H. 
Wahl describe a method they have devised for preparing 
manganese on an industrial scale. The great difficulty is 
to get rid of the iron contained in commercial manganese 
ore. Magnetic separation was first tried, but proved a 
failure, and recourse was then had to a chemical method, 
it being found that on digesting rich manganese ore with 
about 30 per cent. of hot sulphuric acid, nearly the whole 
of the iron was removed, whilst the manganese was 
practically unattacked. Having got rid of the iron in 
this way, the next difficulty met with was that of obtain- 
ing the metal free from carbon. After trying various 
methods, the plan of reducing the metal by means of 
carbon had to be abandoned. Electrolysis was then tried, 
but without success, so that finaily the experimenters fell 
back on a chemical process: the pulverised ore, purified 
from iron, is exposed to the action of reducing gases at 
a temperature near redness, by which means the ore is re- 
duced to manganese monoxide, which must be cooled out of 
contact with the air to prevent oxidation. This monoxide 
is then mixed with 18 per cent. of granulated aluminium, 
and the whole placed with a suitable flux in a crucible. 
As soon as the temperature of reaction is attained the 
mass fuses, and should be poured out when at its highest 
temperature. In this way manganese containing only 
about 4 to 3 per cent. of impurities can be cbtained, it is 
claimed, at a cost of 1s, 64d. per lb, 


CATALOGUES.—We have received from the Electrical 
Power Storage Company, Limited, their revised price- 
list, from which we notice that the prices of storage 
batteries, on and after the 3rd prox., are to be consider- 
ably reduced, It will be remembered that some two 
years ago, in introducing the new ‘‘ K” type of cell, the 
prices per ampere discharge were reduced some 40 per 
cent. ; so that with the further reduction which is now 
being made, it is now possible to obtain a battery, for the 
same rate of output, at less than half the price at which 
they were selling some three years ago. Another im- 
portant item, more especially for central stations, is that 
the battery now occupies only half the space that it 
formerly did. The catalogue, we may add, is beauti- 
fully printed and well illustrated.—Messrs. Archibald 
Smith and Stevens have also sent us a copy of their new 
illustrated catalogue of lifting machinery. The hydraulic 
passenger lifts supplied by this firm have been used for 
the Imperial Institute, and are fully illustrated and 
described in the catalogue. These lifts are made for both 
high and low pressures, and are fitted with efficient safety 
devices. The same firm also supply electric lifts, par- 
ticulars of which will also be found in the catalogua, 


NortH German Luoyp Line or SteamErs.—Import- 
ant changes are about to be made in the arrangements 
of the North German Lloyd steamship service with the 
East, which are likely to strengthen the opposition 
offered by this company to the operations of the British 
steamship companies trading between Great Britain and 
Eastern ports. These alterations have the support of 
the German Government, and the changes come under 
new clauses of the subvention agreement. In the first 
place, the main line steamers of the China and Australia 
mail service will in future, both outwards and homewards 
call at Naples, in addition to Genoa; but the connection 
between Brindisi and Port Said will be discontinued. 
The new arrangement will commence with the Preussen 
which sails from Bremen next Wednesday, and from 
Southampton next Sunday. This vessel, by the way 
has been lately thoroughly overhauled, the second-class 
accommodation increased, and several new first-class 
deck-rooms fitted; while two sister ships, also built in 
1886-7 for the service, are being similarly enlarged, a 
clear indication of the success of the line away in the far 
East. Again, a new service is to be started at once 
between erneapore, Batavia, and New Guinea, in con- 
nection with the mail steamer calling at the first-named 
port. For the Eastern service the company have a sub- 
vention of 220,000/. a year from the German Govern- 
ment, in addition to a heavy subsidy for the Atlantic 
service, 
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THE AMERICAN INVENTOR. 


Or all the countries of the world, none is so 
prolific in inventions as America, There are 
several reasons for this. The ease of obtaining 
patents, and their cheapness, holds out to every 
man the chance of creating for himself a piece of 
property by the exercise of his brains. The high 
rate of wages insures the inventor of a labour- 
saving appliance a patient hearing from capitalists, 
while the independence of thought and feeling, 
which pervades all classes, leads to original views, 
and to bold attacks on difficult subjects. Hence 
every one is a potential inventor, especially if he 
have an acquaintance with science or manufacture. 
Whatever a man’s occupation, he must daily find 
himself called upon to do or to suffer many things 
from which he would gladly emancipate himself. 
The proverb says, ‘‘ There is a remedy for every 
ill but death,” and seeing how many ills there are, 
the opportunities for devising remedies are not 
only numberless, but they are present to all. The 
unenterprising bear with patience the inconveni- 
ences that surround them, but those of active mind 
busy themselves in devising expedients to lighten 
the burden of life, and look for their reward under 
the provisions of the patent law. The inventor is 
the greatest benefactor of the human race, 
and especially of that part of it which is 
indigent ; he is the real friend of the poor man, 
and, indeed, almost his only friend. The rich can 
always find sources of pleasure, and since happiness 
is principally a matter of comparison, they pro- 
bably fared even better in this respect in earlier 
ages than they do now. The Roman millionaire 
was certainly far better situated than his American 
representative of to-day. It is true that he could 
not travel at 60 miles an hour, his yacht could not 
steam independently of the winds, and his letters 
took days and weeks to reach their destination, and 
often miscarried. But his expectations had never 
soared to such rapid transit, nor to such perfect 
communication. On the other hand, he enjoyed the 
unspeakable luxury of perfect service; his slaves 
were drilled like an artillery regiment, and antici- 
pated his slightest desires ; his home was decked 
with everything that was beautiful, and contained 
the choice products of the entire world ; his food 
and his wines were not only better prepared than 
those of common people, but these were different 
in substance. He had the intense satisfaction of 
feeling himself apart from the herd of humanity 
which surrounded him ; his superiority was patent 
to all, and was unquestioned. When he journeyed 
he did not form a unit in a crowd on an unclassi- 
fied vehicle, as does the American millionaire of 
to-day, and when he voyaged a thousand steerage 
passengers did not share equally with him in the 
latest outcome of the shipbuilder’s art, His 
chariot and trireme were his own, and were 
beyond the wildest dreams of hope on the part 
of those beneath him in station and in fortune. 
We need not confine ourselves to Rome for 
illustrations to show that the rich derived more 
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benefit from their riches in the past than they do 
to-day. The case of the medizeval baron is one in 
point. He lacked the delicacy and refinement of 
surroundings which characterised the Roman, and 
was, in fact, subject to much we should consider as 
hardship. But then he was of rough fibre and 
hardy nature ; his ideal of happiness consisted in 
mastery, and he enjoyed it to the full. In his own 
district he reigned supreme, not seldom contriving 
that the king’s writ should be of little avail as 
against his will. His servants were absolutely 
under his control, and as regards his tenants he 
pushed his interference, at any rate under some 
forms of tenure, into the most sacred relations of 
life. The opinion that he was of a different order 
to common humanity was not only held by himself, 
but was received by his social inferiors, and acts 
that would have roused the deepest resentment if 
attempted by others, were accepted as natural and 
right from him. Even so late as the commence- 
ment of the present century the baron’s descendant 
—the English lord—was paramount in his own dis- 
trict. One could neither live in his village without 
his goodwill nor publish opinions that he disliked. 
He was surrounded by people who, to all appear- 
ance, regarded him as the fountain of knowledge 
and light. The school-children curtsied at 
the sight of his coach, the labourers doffed their 
hats before him, while even substantial tenants 
treated him with extraordinary deference. Every 
one conspired to give him a good opinion of him- 
self. What a contrast to all this was the life of Jay 
Gould! In spite of his millions, he could not walk 
the streets in safety without an escort. On all 
sides he saw lowering faces, and his ears were 
assailed by threats and curses ; he knew that men 
hated him, and that even those who, for sake of 
gain, co-operated with him in business, would have 
been glad to have seen the money market freed 
from his preponderating influence, and his securities 
distributed among themselves. His home was the 
only spot in the world where he found love and 
confidence, and, unless the American ‘‘help” is 
much maligned, he must have had to exercise con- 
siderable self-control there for the sake of peace 
and quietness. His wealth resulted from the skill, 
ingenuity, and enterprise of the American people, 
but the very forees that created it combined to 
prevent it bringing him that satisfaction and general 
adulation which still attaches to the wealthy in 
slower moving communities. 

It is when we compare the condition of the poor 
to-day with that of previous ages, that we see how 
much the inventor has done for humanity. To 
know how hard life must have been before the 
advent of machinery, we have only to imagine a 
family set down on an island, and called upon to 
provide all their food and clothing without the 
aid of modern mechanical appliances—to plough 
and reap; to thrash, winnow, and grind ; to raise 
cattle, kill and dress them; to shear, card, spin, 
and weave their wool; to make and mend their 
clothes ; to provide soap, candles, tools, cutlery, 
earthenware, paper, pencils, nails, medicines, 
leather, boots, ropes, and the thousand and one 
things that are needed in a home. Evidently it 
could not be done, even if labour were continued 
from dawn to eve, and then extended far into the 
night. And this under the favourable conditions 
of a yeoman’s family without rent to pay. How 
much worse must it have been under the exactions 
of a feudal landlord. Two-thirds of what we con- 
sider necessaries must have been omitted from the 
list of that day, and to sore toil must have been 
added scanty fare and insufficient clothing. 

Long before America was discovered, the in- 
ventor had commenced the amelioration of the lot 
of the race. The man who devised a form of ship’s 
rigging that would enable a vessel to beat up the 
wind, unlocked the fetters of thousands of galley 
slaves, and by rendering communication easier and 
cheaper, made matters better both for buyer and 
seller. The windmill and the water-wheel released 
womankind from the immemorial task of ‘ grind- 
ing at the wheel’ to provide the daily ration of 
flour. The movable type and printing press did a 
still greater work by conveying the knowledge of 
the few to the many, and thus putting the ignorant 
and the inept in possession of the experience of the 
wise and the skilful. Besides such notable in- 
ventions as these, hundreds of a less imposing nature 
had been made, and their authors had passed away 
and been forgotten. It was only when the patent 
law was passed in this country that an enduring 
record was commenced of the names of those who 


386 


have endeavoured to use their brains to save their 
time and muscles. 

The colonisation of America commenced, from an 
Anglo-Saxon point of view, with the settlements in 
the early part of the sixteenth century. By that 
period an immense progress had been made in arts 
and manufactures, but still the load of labour 
pressed very heavily on the lower classes. It was 
only when the windmill and the water-wheel could 
be utilised that work could be undertaken on a large 
scale. The sickle, the scythe, the flail, the hand- 
loom, the spinning-wheel, the sledge-hammer, the 
axe, the handsaw, the file, the wagon—these were 
the implements with which the clearing and 
peopling of the forests of the New World were 
commenced. Much progress was made by their 
aid, but only ag the result of great suffering, in- 
domitable perseverance, and endless labour. In 
some cases whole settlements perished for want of 
supplies, cut off from civilisation for lack of means 
of communication ; and in others it was only the 
bounty of nature, in respect of fish and game, that 
turned the scale. The rigorous climate prevented 
outdoor work during several months of the year, 
and manufacturing operations were not sufficiently 
advanced to enable labour to be fully utilised 
under shelter. It was the policy of the home 
Government to make the colonists purely agri- 
culturists, and to pay for their foodstuffs and 
raw products in goods, and for a long time 
this was successfully pursued. The American in- 
ventor had scarcely a market until the connection 
with England was snapped. Then the aspect of 
affairs was changed, and the desire to become 
manufacturing people soon found expression in the 
passage of a patent law. The first patents were 
granted in the year 1790, and there were only three 
of them for that year. The first was to Samuel 
Hopkins, for a process of manufacturing ‘‘ pot and 
pearl ash ;” the second was to Joseph Sampson 
for manufacturing candles, though the method of 
dipping candles was very generally followed for 60 
years after that. The third patent was awarded tc 
Oliver Evans for a method of manufacturing flour 
and meal. Thirty-three patents were granted in 
1791, 9 in 1792, 20 in 1793, 21 in 1794, 11 in 1795, 
37 in 1796, 51 in 1797, which appears to have been 
a year of unwonted activity in the demand for 
patents, as only one week passed without one being 
granted. In 1798 the business fell off one-half, 
only 25 patents being awarded, and in 1799 39 were 
granted. Among the patents for these ten years 
we find 16 for nail-making machines, though nearly 
all the nails used even during the first years of 
this century were made by hand, as blacksmiths 
formerly made horseshoe nails. During this period 
only two patents were issued for washing machines, 
but 128 such machines were patented last year, 
and several thousand patents had already been 
issued for such devices. We do not find a single 
patent issued for a churn during these ten years, 
though the pump was patented nine times. Here 
we note that Eli Whitney’s cotton gin was patented 
March 14, 1794. Hodgen Holmes, of Georgia, 
also patented a cotton gin two years later, March 
12, 1796, and John Murray, of Georgia, also 
patented one December 23 of the same year. 
John Kitch’s patent for propelling boats by steam 
was taken out August 26, 1791. 

During the last ten months of 1790 five patents 
were awarded for candlemaking, 12 for all kinds 
of mills for sawing or grinding, 12 where steam 
was the leading word in the titles, one for the 
manufacture of boots, one for a bed, four for 
handling and treating flax, five for distilleries, five 
for threshing machines, seven for all kinds of 
tile and brick making devices, 11 for methods of 
propelling boats, three for the pendulum, two for the 
windmill, four for papermaking, three for looms 
and weaving, four relating to iron and steel, four 
for iron stoves, three for cleaning rice, two for 
printing presses, three for bridges, three for pills, 
two for bread and dough making, three for salt- 
making, four for saws, and two for tobacco-making. 
During these ten years one patent was issued for 
each of the following articles : A bell, wire, furnace, 
piano, plough, clock, saddle, boat, broom, culti- 
vator, comb, chimney, window, soap, a fire-engine, 
and a tooth extractor. During the last decade of 
the last century only 249 patents were issued by 
the Government. Even as late as Jefferson’s Ad- 
ministration, Cabinet meetings were frequently 
called to consider applications for patents. <A 
thousand patents are now issued for one during 
the last ten years of the last century. 
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Thousands of patentees, for only a brief period, 
enjoyed the ownership of the property their talents 
created, and even during that period Lhey realised 
only a very small portion of the benefit flowing 
from their inventions, the public reaping the larger 
share in added comfort and lower prices. In order 
to induce able men to give their time and talent to 
inventive work, Congress was authorised in the 
Constitution to secure ‘‘for limited times to 
authors and inventors the exclusive right to 
their writings and discoveries,’ in order ‘‘to 
promote the progress of science and useful arts,” 
and all can now see how grandly the useful arts 
have been promoted by the patent laws. While 
James Watt made money out of his steam engine 
patents, the amount he made compared with the 
benefit he conferred upon the human race and the 
wealth his inventions created, is an exceedingly 
small fraction of the one-thousandth part of a 
sovereign. We can have no better illustration 
than this, that the great and permanent value of 
inventions and discoveries goes to the human 
family, and lifts the race to higher levels. 

Exclusive of applications for the registration of 
trademarks and labels, the total number of applica- 
tions received at the Patent Office for the year 
1891, including mechanical applications, designs, 
and re-issues, was 40,552. The total number of 
patents granted was 23,244, and the total number 
of registrations was 1899. The total receipts of 
the office for the year were 1,271,286 dols., and the 
expenditures were 1,139,713 dols., leaving a surplus 
of 131,000 dols. tobe turned into the Treasury of the 
United States. The balance now in the Treasury 
to the credit of the patent fund is over four 
millions of dollars. During the year, 1928 patents 
were granted to citizens of foreign countries, 1538 
of them being from England, Germany, Canada, 
and France. Persia, Peru, Portugal, Roumania, 
Tasmania, Turkey, Bulgaria, Cape of Good Hope, 
Ceylon, and Chili asked and obtained one patent 
each. Japan, San Domingo, Java, Scotland, and 
South Africa took two each; Brazil, India, and 
(Queensland three each ; and South Australia took 
four. 

It is curious to note that while Mississippi takes 
one patent for every 20,469 of her population, 
Connecticut takes one for every 1018 of hers. 
South Carolina takes one patent for every 23,490 
of her population, and Massachusetts one for every 
1055 of hers. North Carolina takes one for every 
21,288, and Rhode Island one for every 1191. 
Georgia takes one patent for every 14,817 persons, 
and New York one for every 1635. Alabama took 
one for every 18,457, and Illinois one for every 1944. 
Where we find the largest general intelligence, the 
widest diffusion of the benefit of free schools, there 
we find the largest inventive activity and the best 
fruitage of mechanical talent. 

Many great American inventors have earned 
world-wide fame: Fitch and Fulton for steam- 
boats, Whitney for the cotton gin, Hvans for 
milling machinery, Whittemore and Jenks for 
looms, Terry, Ives, and Jerome for clocks, Loril- 
lard for tobacco-making, Hdwards for leather- 
making, Wood for ploughs, Blanchard for lathes 
for turning irregular forms, Spencer for geome- 
trical lathes, Hoe, Adams, and Gordon for printing 
presses, Collins and Root for axe-making, Ames 
for shovels, Woodworth for wood machinery, Fair- 
banks and Howe for scales, Howe and Crosby for 
pinmaking, Knott and Mott for stoves, Stuart for 
sugar refining, Baldwin and Winans for locomo- 
tives, Pullman for sleeping cars, McCormack and 
Ketchum for reapers, Colt, Sharp, Spencer, Smith, 
and Wesson for fire-arms, Phillips for matches, 
Wells for hats, Goodyear for indiarubber, Ericsson 
for naval construction and hot-air engines, Howe, 
Wilson, Singer, Gibbs, Grover, and Baker for 
sewing machines, Morse for the telegraph, Tatham 
for lead pipe, Whipple for screws, Chickering and 
Steinway for pianos, Burden for horseshoes, Yale 
for locks, Roebling for wire cables, Corliss for 
steam engines, Disston for saws, Stephenson for 
horse-cars, and Gatling for quick-firing guns. 

The result of all this activity is to be seen in the 
comfortable condition of the working classes in 
America. During the term of his patent the in- 
ventor, or his assignee, may make money out of it, 
but when it expires it practically becomes a gift to 
the masses. The producing power of the world has 
been increased manifold, without any correspond- 
ing lucrease in the consuming power of the upper 
classes. The wealthy do not eat more bread and 
meat to-day than they did years ago, Yet the out- 
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put of these commodities has been vastly aug- 
mented, and they are consumed in large quantities 
by a section of the population which once seldom 
got flesh food, and often went short of bread. And 
so of nearly every other industry; the working 
classes take the bulk of what is produced, for 
the very good reason that they are able, by the 
aid of machinery, to turn out several times 
as much work in a day as could their fore- 
fathers. At the same time that their production 
has increased, their actual labour has diminished. 
A man with a heavy job in a foot-lathe not only 
worked slowly, but painfully. When his long day 
was ended every faculty was exhausted, and he 
tramped home to rest, expended both in body and 
mind. Now he looks on while the lathe does the 
work, and in the evening discusses the provisions 
of the Employers’ Liability Act. His hours, too, 
are shorter than they were, while the appreciation 
of gold, which has taken place, has enormcusly 
increased his wages by augmenting their purchas- 
ing power. 


QUICK-FIRING GUNS IN THE FIELD 

Tue use of quick-firing guns in the naval service, 
and more especially the application of those of the 
sinaller natures to the repulse of torpedo-boats, 
has occupied our attention so largely that we have 
been apt to overlook the importance of arms of this 
nature as applied to land purposes. Another rea- 
son why the quick-firing gun has so much engrossed 
attention in the Navy is the extension of the prin- 
ciple to arms of larger calibre, such as the 6-in, 
quick-firing gun, which, it will be remembered, 
forms the principal arm in some most formidable 
vessels constructed for foreign Powers, the Pie- 
monte being the pioneer in this direction. 

Our attention has been drawn to the use of quick- 
firing guns for land service by a lecture delivered last 
week by Oaptain Headlam, R.A., who has brought 
the question before the Royal United Service 
Institution in view of its importance owing to the 
re-armament of the infantry. Captain Headlam 
deals fully with the tactical side of the question, and 
very properly insists on the disadvantages of weight, 
especially in the wagons; as he truly says, we are 
little better off with a light gun and a heavy wagon, 
asthe wagon must accompany its gun. In Afghanis- 
tan, for instance, it was often necessary to put 12 
horses in the wagon, and in Egypt the guns of the 
Horse Artillery at Kassassin were left absolutely 
without ammunition at a very critical time. 
At the battle of Wéorth the Horse Artillery 
of the Germans was left without ammunition 
because the wagons could not climb the hill. 
At last one was got up, but one only, and that 
by hooking in 12 horses. The weight of these 
wagons was 38% cwt., only ? of a cwt. heavier than 
our 12-pounder wagon. ‘The matter is one well 
worthy of the attention of our own authorities, and 
shows the necessity of bringing to bear construc- 
tive skill in devising lighter wagons, or better ar- 
rangements in dividing the load. The matter has 
before been referred to in these columns. As 
Captain Headlam remarked, in the early part of the 
century, when we had the experience of long- 
continued war to guide us, the wagons of our field 
artillery were rather lighter than their guns. 

Captain Headlam, in dealing with the quick- 
firing gun question for field artillery, adopts Mr. 
Nordenfelt’s definition of what a quick-firing gun 
should be, as set forth in his pamphlet published 
in Paris last year. Five points are included, <s 
follows: 1. The ammunition in metal cartridge 
cases, with caps like those of small-arms. 2. A 
breech action so rapid as to cause no delay beyond 
that necessary for laying and fuze-setting. 3. A 
breech action as simple as possible, both safe and — 
easily worked. 4. A carriage provided with both 
elevating and traversing gear. 5. A non-recoil 
carriage, so that only the slightest correction in 
laying for the vibration caused by firing may be 
necessary between rounds. Captain Headlam takes 
these points and criticises them in order. In favour 
of the ammunition being in cartridge cases, he 
points out that in this way the powder is perfectly 
protected from deterioration—a matter, as he 
justly says, of great importance. It will be 
remembered that in the case of the Piemonte 
smokeless powder only was used, and although 
it has been shown that the fears entertained 
with regard to deterioration are not so fully 
justified as might have been. imagined, an efficient 
protection for the powder is a matter of first 
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importance, especially in this regard. With re- 
gard to the caps, as the author points out, the 
slow and clumsy method in which first the cartridge 
is pricked and then the tube put into the vent, a 
lanyard having afterwards to be pulled, is done 
away with, and indeed is the chief point which 
gives the gun its claim to be ‘‘quick-firing.” On 
the contra side the author points out the extra 
weight that has to be carried, in which he refers 
doubtless to the ammunition side of the question. 
With the smaller charges that can be used with 
cordite this disadvantage is considerably reduced. 
With the thin metal case having a heavy shell 
attached to the end of it, there is liability that the 
cartridge will get put out of shape, and in con- 
sequence jammed in loading. Captain Headlam 
states that he has seen this frequently happen with 
qvick-firing ammunition which has had no unusual 
treatment. He appears to augur badly from this, and 
says that “ until it has been proved by actual trial 
I cannot believe that this ammunition will stand 
the knocking about in the limbers and wagons.” 
The worst part is that when a jam occurs it is often 
very difficult to extract the cartridge, and witha 
fuze at one end from which the safety pin has been 
withdrawn, a cap at the other, it is not a thing one 
cares to treat too lightly. Thereis no doubt thatin 
this Captain Headlam draws our attention to one 
of the great disadvantages of the quick - firing 
system in the field. It is a matter to which 
attention has not been sufficiently drawn even 
in regard to naval use, where the danger is un- 
doubtedly less. Itis, however, a matter that can be 
guarded against within reasonable limits of safety, 
so far as shipboard is concerned; but in the field 
there will be greater difficulties, and the results, as 
is pointed out, might be very serious. The difficulty, 
however, is one which has to be faced—to be 
minimised, as far as possible, perhaps, by special 
proportions and some protecting device ; more, 
perhaps, by additional care on the part of the 
artillerist. The same may be said of the danger of 
explosion in the limber. The caps are usually 
covered by a safety clip, which must be removed 
before sending the ammunition up to the gun. 
Captain Headlam is afraid that in limbering up in a 
hurry the clips would rarely be put on again. 
Dealing with the rapid breech action, the author 
points out that our present service action is very 
quick, It is not the opening and closing of the 
breech which delays the fire, but the time taken in 
running up, laying, and fuze-setting. With regard 
to the cost in weight of the extra rapidity of the 
quick-firing gun, the author stated that the breech 
action of the 3-pounder Nordenfelt quick-firing gun 
weighs 453 1b., and that of the 6-pounder nearly 
78 lb., while that of the service 12-pounder, firing 
more than twice as heavy a shell, with a double 
charge of powder, is only 341b, He prefers the 
service quick-firing breech action to any other. The 
problem of non-recoil carriages is one with which 
the author does not deal at great length, consider- 
ing the importance of the subject. Here again, the 
Army is at a considerable disadvantage as compared 
with the Navy, where the problem is naturally a 
simple one. A non-recoil carriage would un- 
doubtedly increase the rate of fire enormously, 
and Mr. Nordenfelt is quite right in saying that 
no gun should be called a quick-firing gun unless 
mounted on a non-recoil carriage. By its use, not 
only would the time actually employed in run- 
ning up be saved, but also the very considerable 
pause, after the order to fire is given, before the 
numbers are clear of the recoil or the gun can be 
fired. Captain Headlam reminds us that any gun 
ean be mounted on a non-recoil carriage. Our 
service 12-pounder, the author says, would be 
very nearly as fast as a quick-firing gun, if so 
mounted. This, he maintains, was shown when it 
was tried against the Nordenfelt 8-pounder, the 
service gun not being run up between the rounds, 
when the difference in rapidity was very small. 
The question he would raise is whether the increase 
. of rapidity in fire is worth the undoubted disad- 
vantages of a non-recoil carriage. In addition to 
giving a greater rapidity of fire, however, the 
non-recoil carriage has several other advantages. 
It saves labour to the detachments, and enables 
the gun to be worked with fewer men, it 
makes the protection given by a shield far more 
complete. On the other hand, the disadvantages 
are increase of weight, sacrifice of simplicity, and 
necessity for traversing gear, and the difficulty of 
turning the guns suddenly on to a new target. 
Trayersing gear, Captain Headlam says, has had 


a short life with us. It has been fairly tried 
and unanimously condemned. Whether any other 
system would better stand the test of actual work 
it is impossible to say at present. All non-recoil 
carriages have a plough under the tail, which digs 
into the ground. This necessitates traversing gear 
for slight alterations of direction. ee 

In regard to the question of ammunition, Mr. 
Nordenfelt proposes to obtain the extra rounds re- 
quired with a quick-firing gun in two ways, and 
here it may be pointed out that the ratio of 
efficiency is not necessarily proportionate to the 
increase in rapidity. He would reduce the weight 
by firing a lighter shell and by reducing the de- 
tachments and the number of guns ina battery. 
Captain Headlam is opposed to this. He says that 
by reducing the weight of shell you will give far 
more dead-weight to the same gross weight of am- 
munition. In dead-weight he includes the fuzes, 
bursting charges, and the cartridge-cases. He illus- 
trates his assumption by a comparison of 10 rounds 
of ordinary ammunition for a 12-pounder gun with 
12roundsof quick-firingammunitionforal0- pounder. 
In the first place, the percussion fuzes weigh 14 oz. 
each. Therefore, 10 fuzes weigh 8 lb. 12 oz. ; 
twelve fuzes 10 lb. 80z. The bursting charges 
must also weigh the same for both shell, 
but in each case they will be the smallest 
part that will give a sufficiently large burst 
for ranging. Putting them at 14 0z.,, 10 burst- 
ing charges equal 15 oz., and 12 bursting charges 
1 lb. 2 oz. The weight of the metal cartridge- 
cases may come to 12 lb. or more. It would 
appear, therefore, according to Captain Headlam’s 
figures, that the total of useless weight will be for 
the ordinary ammunition 9 lb. 11 oz., for the quick- 
firing ammunition 23 lb. 10 oz, 

With regard to the second proposition of re- 
ducing the detachments, the author finds two ob- 
jections. First, the difficulty of getting wagons in 
the front going into action ; and, secondly, which 
is the most important consideration, the zeal for 
economy which about this time of year possesses 
every Secretary of State for War. ‘‘ How long, I 
wonder,” says the author, ‘‘should we have 
all those wagons? There is nothing romantic 
about them to stir the newspapers, and I am afraid 
that their teams will soon be sacrificed to the exi- 
gencies of party government.” It is evident, on 
the whole, that the author is not altogether favour- 
able to the quick-firing gun as a field arm. Even 
in the matter of rapidity of fire he is not apparently 
convinced that the advantages would be all on one 
side. ‘‘ The idea seems to be,’ he says, ‘‘ that a 
quick-firing battery should lie in wait for the 
enemy, having previously prepared a certain number 
of rounds. (How their fuzes are to be set before 
trial shots have established the right length is not 
explained.) And then at a given moment they 
should overwhelm their foe with a very rapid fire. 
This is the fire by ‘‘ gusts,” or ‘‘ squalls,” of which 
we have heard a good deal lately. It is, I 
admit, a very taking idea—is it practical? I 
wish I could think it, but my experience of the 
practice ground goes all against it. Do not let us 
forget that the duty of the artillery is to hit. Would 
these gusts of fire conduce to hitting? Rapidity 
is of great importance, but accuracy is of greater, 
I confess that I think we are far more likely to get 
good results in the same time by a smaller number 
of larger shell, fired with careful observation.” 

The author also quotes Von Lobell’s annual re- 
port on military affairs. ‘‘ Our view is that artil- 
lery now, as before, must adhere to the principle of 
observing every shot, even after the ranging is 
completed. The rapidity of fire will therefore not 
be materially altered. If the ranging be incorrect, 
the rapid fire that follows is not only useless, but 
actually harmful ; it costs much ammunition, makes 
the recognition of the error committed more diffi- 
cult, and causes unsteadiness among the gunners.” 

There are many parts of this interesting paper 
which might be read with advantage by others 
beside military officers. In dealing with the gun 
generally, and not quick-firing guns in particular 
—the latter being the part of the paper which we 
have selected for comment—the author treats of 
the various points raised, by consideration of flat 
trajectory, high bullet velocity, better ricochet 
effect of bullets, better effect with case shot, and 
increased accuracy—all of which five points are 
influenced by high muzzle velocity. Against these 
he places destructive effect on carriages, requiring 
complicated and heavy gear to resist it ; excessive 
recvil, requiring complicated and heavy brakes, 
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inaccuracy due to excessive jumps, irregu- 
larity of burning of fuze, necessity for the very 
strong shell, high velocity of rotation, small 
calibre, and light shell. These are only points raised 
by the question of muzzle velocity, and an enume- 
ration of them will show that the author treats the 
subject very exhaustively. In regard to the ques- 
tion of the shell, he states that the general re- 
quirements for field artillery are as follows: Ashell 
which will give a clearly visible burst for ranging 
purposes, a shell which will give to its weight the 
greatest number of man-killing fragments, a shell 
whose fragments will cover a considerable space in 
depth (it is well known that correct line is easy 
to obtain, but that correct range is difficult), a 
shell which will have destructive effect against 
troops in ordinary buildings, uniformity of am- 
munition. 

On the whole, it will be seen that Captain Head- 
lam’s lecture was one of more than usual interest, 
and we have pleasure in referring our readers to it 
in the Transactions of the Institution. 


THE ATLANTIO PASSENGER AND 
EMIGRANT TRADE. 


THE interesting feature of a return just issued of 
the number of passengers landed at New York from 
European steamers, is the light it throws on the 
immigration problem in the United States, and 
which is dealt with at length in our article this week 
in connection with American industries (page 367.) 
Circumstances assisted towards a diminution in the 
stream of immigration. The stringent quarantine 
regulations, owing to the outbreak of cholera in 
Europe, and the subsequent attempt to stop immi- 
gration, at least for a period, tended to decrease the 
number of emigrants leaving Europe, for the steam- 
ship companies decided not to carry emigrants 
rather than run any risk of the debarkation of cabin 
passengers being delayed, if not prohibited. It is 
not, therefore, surprising that the number of im- 
migrants at New York should show a decrease on 
the total of the previous year; the diminution, 
indeed, is less than might have been anticipated. 
The total is 388,486, against 445,290 in the 
previous year, or 12.8 per cent. less; but when 
comparison is made with 1890, it is found that 
there is an increase of about 17,000. Of this 
total 110,507, or 28 per cent., were conveyed in 
British ships sailing from Liverpool and Glasgow ; 
but a preponderating majority of these came to 
Britain with the express purpose of emigrating 
thither. It is not possible to tell from the returns 
the nationality of the immigrants, but it may be 
accepted in confirmation of what is established in 
our article on page 367, that fully one-third are 
Germans, for of the total 125,000 sailed from 
Bremen and Hamburg with the North German 
Lloyd and Hamburg-American Company’s ships. 
It is interesting to note further that from Copen- 
hagen and Amsterdam a greater number of emi- 
grants have sailed ; while the Italian lines show a 
less decrease than some of the others. 

The decrease in the number of steerage pas- 
sengers is, however, partly compensated for by the 
increase in cabin passengers. The difference in 
fare for steerage and second cabin is not very 
marked, and in view of the large number of emi- 
grants who embark at the instigation of, and with 
tickets prepaid by, friends in the States, it is 
reasonable to suppose that the difficulties put in the 
way of immigration of steerage passengers have 
resulted in many paying the extra sum demanded 
for accommodation in a second-class cabin. Cabin 
passengers increased in number from 99,178 in 
1890 to 105,023 in 1891, and now to 120,991, the 
ratio of increase on the two years having been over 
20 per cent., and on 1891 about 15 per cent. 

Taking the list as officially published, the 
North German Lloyd come first with 17,768 cabin, 


an increase of about 7 per cent., and 65,051 steer- 


age passengers, a decrease of 4.7 per cent. Of 
course of the 17,700 cabin passengers a large pro- 
portion joined the steamers at Southampton, where 
they call both on the outward and homeward run. 
The Genoa line of this company, which may be 
said to have started only last year, took to New 
York 1800 cabin and 7670 steerage passengers. 
The Hamburg-American come second on the list by 
reason of their large emigration trade, but this 
year there has been a very great decrease in the 
latter = 23.4 per cent. ; the total having been 
58,131. The company took an increased number 
of cabin passengers, about 12,000, of whom 2522 
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embarked at Southampton. The Liverpool lines, 
it is interesting to note, indicate in the aggregate 
a greater ratio of increase of cabin passengers. The 
total number of cabin travellers embarking at 
Liverpool was 51,768, or about 11 per cent. more 
than in the previous year ; and while all the com- 
panies participated, the Inman vessels seemed to 
have shared more largely than the others, their 
increase being 17 per cent.; that of the Cunard 
8.8 per cent. ; of the White Star 7 per cent. ; and 
of the Guion 9% per cent. The Cunard carried 
16,065 ; White Star, 14,095; Inman, 14,069 ; and 
Guion 7539 cabin passengers. There is a decrease 
of about 15 per cent. in the number of emigrants, 
and the same holds good as regards the Glasgow 
lines, where the cabin passengers, however, show 
an increase of over 25 per cent. It may be in- 
teresting to give the details of passengers carried 
by British as against Continental lines : 


7 se 
1892. 1891. 

Lines. Js3s oc ot 

| Cabin. | Steerage.| Cabin. | Steerage. 

British.. ..  ..| 63,891 | 123,532 | 56,238 | 160,429 
Continental .. «|. 56,187° | 260,741 47,700 292,116 
Miscellaneous 963 | 4,213 1,090 2,745 
120,991 388,486 105,023 | 445,290 


From this Table it will be seen that cabin pas- 
sengers on British lines have increased 134 per 
cent., and on Continental lines about 17 per cent., 
while steerage passengers have decreased 18 and 
10? per cent. respectively. The Red Star Line, 
which is now incorporated with the American Line, 
shows an increase of over 40 per cent. cabin pas- 
sengers, the total being 7772, and a decrease of 
15 per cent. on emigrants, who numbered 30,390. 
The French company carried 9975 cabin passengers, 
3240 from Cherbourg, and the others from Havre ; 
an increase of 15 per cent., but the number of emi- 
grants (20,954) shows a decrease of nearly 20 per cent. 


ALLOYS. 


In commencing his fourth Cantor lecture on the 
above subject, before the Society of Arts on Mon- 
day last, Professor W. Chandler Roberts-Austen, 
C.B., referred to the extraordinary mistakes some- 
times made by candidates in answer to examination 
papers. One of these answers was read from the 
learned little work on ‘‘ Literary Blunders,” re- 
cently published by Mr. H. B. Wheatley, Assistant 
Secretary of the Society of Arts. Curious as the 
statements in such answers often were, still if a 
candidate ten years ago had stated that in a solid 
metal the atoms and molecules were still free to 
arrange themselves, it would have been thought as 
erroneous and absurd as many of the most extra- 
ordinary replies often received. Still this remark- 
able fact was now recognised. 

The lecture that evening was to be considered in 
the light of a supplement to his second lecture. 

It had long been known that the presence of a 
small amount of a salt dissolved in a liquid decreased 
the vapour pressure of the solvent, and Raoult had 
shown that this lowering of the vapour pressure 
was the same for all solutions when the molecules 
of the salt bore the same proportion to the mole- 
cules of the solvent. Dr. Ramsay had shown 
that this was also true when metals were dissolved 
in mercury, the vapour pressure of the latter being 
lowered. It was further shown by Dr. Ramsay 
that most metals tended in such cases to form as 
simple molecules as possible. With calcium and 
barium the molecular weight found from the 
above experiments was only half that found by the 
ordinary methods. Aluminium and antimony 
were, however, exceptions, as they tended to form 
complex molecules, a fact which had an important 
bearing on many of the peculiarities in alloys con- 
taining these metals. 

To explain the lowering of the vapour density, let 
them consider what went on in a closed tube above 
a column of pure water. Molecules were continu- 
ally leaving the surface of the water in the form of 
gas, whilst others were constantly passing through 
the surface again, and, when equal numbers of mole- 
cules were condensed and evaporated, equilibrium 
was established. ‘This motion of the molecules 
produced the pressure observed. When a salt was 
added to the water, however, the upper layer from 
which evaporation took place no longer consisted of 
pure water, certain molecules of this being replaced 
by molecules of salt, and hence the area of water 
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surface was reduced, and it was from this surface 
only that evaporation and condensation of the 
vapour above could take place. Hence it was found 
that when equilibrium was established the vapour 
tension was lowered. 

This diminution of pressure formed a means of 
calculating the molecular weight of the dissolved 
salt. 

Another point he had referred to in _ his 
second lecture was the osmotic pressure to which 
the lowering of the melting points of alloys was 
attributed. Messrs. Heycock and Neville, of 
Cambridge, had done much service in observing this 
lowering of the melting point of not very infusible 
alloys. The matter was difficult to explain, but, 
stated briefly, what happened was, that when the 
metal began to solidify, it tried to squeeze out the 
impurity, and so did work. The consequence was 
the heat which otherwise would appear as latent 
heat was utilised in overcoming this work, and the 
horizontal portion of the cooling curve marking 
the point of solidification of a pure metal was, as 
he had shown in the case of the cooling curve of 
gold with 0.2 per cent. of aluminium, practically 
obliterated. 

He wished to show them that molecular changes 
might take place in a solid metal. Thus, fusing lead, 
tin, and bismuth together, an alloy was formed 
known as Newton’s metal. This might be cooled 
quickly, when the alloy would set quite solid, and 
being perfectly cold, it could be handled quite 
freely. In a few minutes, however, the metal 
would become warm, and finally so hot that it 
could not be held in the hand. [Experiment 
shown.| This development of heat was due to 
molecular changes taking place inside the solid 
metal. When the metal was first cooled, if broken 
it would be found to have a vitreous fracture and a 
silvery colour, but if broken after the molecular 
changes above described, the fracture showed a 
grey, granular texture, 

Molecular changes of precisely the same cha- 
racter took place with solid iron when it cooled 
down from a high temperature. He had placed 
on the wall a diagram showing the cooling curve of 
mild and hard steel, manganese steel, and pure 
iron. When steel was heated to a bright red heat 
and cooled in water, it was found to be very hard, 
whereas if cooled slowly it was comparatively soft. 
In the case of steel containing 0.8 per cent. of 
carbon, the cooling curve showed a gradual fall of 
temperature until about 680 deg. Cent. was reached, 
when not only did the fall of temperature cease, but 
the steel actually became hotter, from the heat 
given out in internal molecular changes, and the 
metal was suddenly raised from a dull red to a 
bright red again. This phenomenon was known 
as recalescence, and was due to a rearrangement of 
the molecules of the carbon and the iron. This 
was not, however, the whole of the story, as with 
the purest iron a similar development of heat due 
to internal molecular changes took place, but at a 
temperature of 855 deg. Cent. Osmond held that 
there were two distinct forms of iron, the Beta or 
hard iron, and the soft iron. Above 855 deg. Cent. 
the molecules of pure iron were in the hard or 
8 state. They could not be kept in this state, how- 
ever, unless carbon was present, otherwise as the 
temperature lowered the metal would change to the 
soft state. With mild steel it was found that there 
were two points of recalescence, one corresponding 
to that in which the change from £ to a iron took 
place, and the other to a rearrangement of the 
molecules of carbon and iron, and the cooling curve 
showed two distinct humps, one on each side of the 
recalescence point of hard steel. The carbon in 
mild steel did, however, delay the change from 6 
to a iron, which took place at a much lower tem- 
perature. The first point of recalescence with mild 
steel was at about 730 deg. Cent., and the second at 
654 deg. Cent. When a larger proportion of carbon 
was added, the two points coalesced. Ignorance of 
the fact that it was necessary to work steel before 
the change from 6 to a iron had taken place was 
largely responsible for the treacherous character 
attributed to steel in the early days of its more 
extended use, before people learned its peculiarities. 

The magnetic properties of iron also changed as 
it was heated. When red-hot it was perfectly non- 
magnetic. The change from magnetic to non- 
magnetic iron was quite independent of the pre- 
sence of carbon, and corresponded more nearly to 
the change from 8 toa iron, Manganese steel was 
naturally hard, its cooling curve did not show 
recalescence, and the iron in it existed in the 8 con- 


dition. It was also non-magnetic, but became 
magnetic if cooled to a low enough temperature, 

He would try the experiment of drawing the 
cooling curve of a high carbon steel in the neigh- 
bourhood of the critical temperature. [A little 
block of steel was heated to a high temperature 
and placed above a thermo-junction. The spot of 
light from the galvanometer connected with the 
couple was reflected on a sheet of squared paper, 
which was moved upwards through equal intervals 
in equal spaces of time, and the position of the 
spot marked on the board at the end of each of 
these time intervals. The curve thus obtained 
showed the phenomenon very clearly. | 

In a previous course of Cantor lectures on alloys, 
he had advanced a law to the effect that when a 
metal was alloyed with a small quantity of im- 
purity the results obtained depended on the atomic 
volume of the impurity added. If the atomic 
volume of the added element was large, the 
tenacity of the alloy would be less than that of the 
parent metal, and vice versd. Lead and potassium 
had both large atomic volumes, and they diminished 
the strength of gold enormously. The work done 
during the past few years had shown that the law 
in its simplest form was not of universal applica- 
tion. He had never supposed it was. Still, in 
many cases his theory was supported. Thus, 
carbon, manganese, cobalt, and nickel, when 
added toiron, all delayed the change of g to a iron, 
whilst boron, tungsten, arsenic, and phosphorus 
tended to raise, or at least maintain, the tem- 
perature of the change. Hence in the most com- 
plicated case of all, viz., that of the alloyed iron, 
the facts showed that the molecular volume of the 
impurity added was of vital importance. 

Jn the course of lectures already referred to, an 
attempt was made to electrolyse an alloy of lead 
with five or six per cent. of gold. The two metals 
were placed in separate compartments, made in a 
block of fireclay, the two being connected by 
a fine canula, intended to prevent any recomposi- 
tion of the alloy by diffusion, should any separa- 
tion take place. ‘Though a strong current of 300 
amperes was passed through the fused alloy, abso- 
lutely no signs of electrolytic separation of gold 
could be discovered, and the result supports the 
view that alloys conduct as pure metals and not as 
electrolytes, which view had since been confirmed by 
other experiments. This was remarkable, as the 
arsenides of metals occupied a position intermediate 
between salts and alloys, yet even with these no 
signs of electrolysis were obtained. 

Tegetmeir and Wartburg had, however, recently 
made some experiments which looked, at first 
sight, something like electrolysis of an alloy. A 
suitable receptacle was divided into two parts by a 
plate of sodium glass. One compartment was filled 
with pure mercury, and the other with an alloy of 
sodium and mercury. The whole apparatus and its 
contents were heated up to a moderate temperature 
(200 deg. Cent.) to render the glass a conductor, and 
acurrent passed through. Atthe end of some hours 
it was found that a certain amount of sodium had 
passed into the compartment originally containing 
pure mercury, whilst an equal quantity was miss- 
ing from the sodium amalgam compartment, the 
composition of the glass remaining unchanged. 

The sodium amalgam was then replaced with 
lithium amalgam, and the experiment repeated. 
Sodium now passed from one surface of the glass 
into the pure mercury, whilst the other surface 
was rendered opaque by the substitution of lithium 
for sodium in the glass. The whole of the glass 
finally became opaque, and finally lithium began to 
appear in the mercury compartment. From this it 
appeared that the lithium molecules could traverse 
the tracks left by the sodium molecules. When, 
however, lithium was replaced by potassium in the 
amalgam, none of the potassium appeared in the 
mercury ; the atomic volume of this metal being 
much larger than sodium, it could not traverse the 
same path, : 

A good deal had been heard lately of the elec- 
tric furnace, which was devised by Sir William 
Siemens shortly before his death. M. Moissan had 
recently revived its use, and got some remarkable 
results. Using a current of 70 volts, he got a tem- 
perature of 3000 deg. Cent., which was probably at 
least one-third that of the sun. To show some- 
thing of the capabilities of this furnace, he would 
boil silver with the one he had on the table, which 
worked with an alternating current of 100 volts 
and 40 amperes. [Experiment shown.] M. Mois- 
san stated that the furnace produced the effect of 


and scheduled to go through to Montreal by 7.30 
p.m. We reached Albany three-quarters of an hour 
late, only to learn that the connecting line (Delaware 
and Hudson) had gone without us, and we were 
compelled to wait for the train which left New York 
at 6 p.m. to get through. Now this was a small 
species of outrage, and we held an indignation 
meeting, but to no purpose. The assistant super- 
intendent informed the writer, after a local train 
had gone, there was achance of connecting by it. 
These sort of things may happen on some roads, 
but after many years of experience your correspon- 
dent is prepared to state they never happen on one 
line—viz., the Pennsylvania Railroad. So we 
waited from 2 p.M. till midnight, and enough warm 
talk was indulged in to melt all the snow between 
New York and Albany if we could have found a 
suitable transmitter and transformer. Heat units 
were lost to an amazing extent, We did reach 
Montreal the next day at 11, several hours late, 
much to the delight of others of our Institute who 
had started from New York in the evening, and 
laughed at us for taking so much trouble. 

The writer has stated that the Canadians are hos- 
pitable to aremarkable extent, and on arriving at 
the station he was met by an old friend, who could 
not entertain at his own house because of illness in 
his family, but who insisted on driving your corre- 
spondent to the house of a friend—a perfect 
stranger to the writer—who was expecting him. 
It seemed so singular to quietly quarter oneself on 
a stranger when there was a good hotel in the city ; 
but all protestations were met by an absolute 
refusal to go anywhere else, and the American was 
quietly landed, baggage and all, at the Canadian’s 
door. The cordial welcome dissipated at once any 
feeling of intrusion, and the visit will long be re- 
membered as one of the most delightful experiences 
in that American’s history. 

The Institute assembled at the Windsor Hotel, 
and was welcomed in due form. The President’s 
aldress followed, entitled, ‘‘ The Development of 
Technical Societies.’”’ This naturally dealt largely 
with the growth of the Institute in 22 years, till 
now it numbered 2376. But the speaker, with his 
usual broad view of things, did not limit his subject 
to a single society, and with proper pride he pointed 
to the results of such development in improved 
metallurgical and mining methods, due to a generous 
spirit of rivalry among its members. The address 
was interesting, and very much enjoyed by all who 
heard it, showing considerable pains had been taken 
in its preparation. After a short reception, the 
members and their friends were quite willing to 
take a much-needed rest. The next day the meet- 
ings began in the Physics Hall of McGill University. 

The Secretary’s annual report showed that there 
was a total membership of 2376, divided as follows : 
Honorary members, 15; foreign members, 38 ; 
members, 2136 ; associates, 187. The total receipts 
were 26,595 dols., and disbursements 23,131 dols., 
leaving a balance of 3483 dols. The 4000 dols. to 
be raised by the Institute for the Chicago meeting, 
during the week beginning July 31, was reported 
as already subscribed. This was the amount assessed 
against the Institute for the general fund con- 
tributed by all the engineering societies. But the 
Institute had only 160 dols. subscribed for carrying 
on its own meeting at Chicago, and the treasurer 
will be glad to hear from every member, so that the 
Institute may have to its own credit a sum sufticient 
to maintain its dignity. This is a very important 
matter, and members are earnestly requested to 
give it their immediate attention and their cash. 

The first paper was, ‘‘ The Geological Survey of 
the United States,” by Major J. W. Powell, Direc- 
tor of the Survey. 

The following were the essential requisites for a 
geologicalmap: 1, A basemap on which to represent 
the rock formations ; 2, a systematic classification 
of the formation ; and, 3, a system of conventions 
for representing these formationson the map. One 
of the first things to be done was to arrive at a sys- 
tematic classification of rocks, and scheme of repre- 
senting them. The system adopted by the Geolo- 
gical Survey was described, with notes on the 
classification. Sections are of most value if printed 
on the body of the map instead of in the margin ; 
but as this would complicate the colours and sym- 
bols, special sheets of sections, topography, surface 
deposits, &c., are issued, The maps are mainly on 
a scale of lin. to the mile, and are published as 
atlas sheets. About 12,000 square miles have been 
covered. The total cost, including engineering, is 
given as 4 dols. per square mile for the topographic 


sunstroke, and it was necessary to protect the eyes. 
In this way, the investigator mentioned, he had 
obtained with ease carbides of chromium, uranium, 
and manganese. In the case of silver, a carbide 
could also be formed in the electric furnace, and 
when this compound was dissolved in nitric acid 
the carbon was obtained in the form of bort or 
black diamond. 

There was one other point he should like to 
mention, viz, the variation with temperature in 
the resistance of metals and alloys. With all these 
the resistance increased with the temperature. 
Professor Dewar had shown by his experiments 
on the liquefaction of oxygen that very low 
temperatures could be obtained, and, in con- 
junction with Professor Fleming, had investigated 
the electrical resistance of metals at very low tem- 
peratures. With pure metals the curves showing 
change of resistance with fall of temperature were 
all straight lines passing towards the absolute zero 
of temperature, at which point the resistance of all 
pure metals would apparently be nil. The lowest 
temperature actually obtained was, however, —200 
deg. Cent. With alloys the above was not the case. 

There was ample evidence that in alloys the 
molecules of metals were often different from what 
they were in the ordinary pure metal. Thus 
aluminum would not decompose water, but an alloy 
of aluminum and mercury would do so, with an 
evolution of very pure and active hydrogen. Also 
when an alloy of gold and potassium was placed in 
water, the gold was liberated in a finely divided 
state, and was in an entirely different condition 
from ordinary gold. 

In concluding his course of lectures, he had to 
thank Messrs. Jenkins and Stansfield for their 
admirable assistance throughout the whole of his 
lectures, in which so much had depended on the 
success of the experiments shown. 


survey, and 7 dols. to 8 dols. per square mile for 
the geologic survey. 

The Canadian view was presented by Professor 
Selwyn, Director of the Canadian Geological Sur- 
vey. The system in Canada was hampered by an 
appropriation of but 60,000 dols. He did not be- 
lieve in imitating the colour of rock formations on the 
maps, but desired the use of lines and letters as well. 


MANGANESE AND MANGANESE ALLOYS. 


‘*The Greene-Wahl Process for Manufacturing 
Manganese and Alloys of Manganese free from 
Carbon” was next presented. 

The process consisted in removing the iron from 
rich manganese ores by digesting the pulverised ore 
with sulphuric acid of 30 per cent. strength, which 
does not materially affect the manganese. But for 
the ability to recover the copperas from the waste 
acid by means of treatment with scrap iron, this 
process would be too expensive. The efficiency ap- 
pears from the statement that in a few hours the 
percentage of iron in the manganese ore may be 
reduced from five or six to a few tenths, without any 
perceptible effect upon the manganese in the ore. 

The process of Messrs. Greene and Wahl has thus 
far been conducted only on a laboratory scale in 
crucibles yielding at most 2 lb. or 31b. of manganese 
at acharge. To obtain the manganese in a state of 
reasonable purity, it was found at the outset that the 
use of graphite crucibles was impracticable, as the 
‘metal at the temperature of reduction saturated 
itself with carbon from the crucible. After experi- 
menting with various materials with which to line 
graphite crucibles, it was found that magnesia gave 
results entirely satisfactory, and that in graphite 
crucibles lined with calcined magnesite a manganese 
could be produced containing only small percentages 
of impurities. A number of reductions were made 
yielding in this manner metallic manganese of very 
uniform quality, and having an average composition 
as follows : 

Manganese, 96.5; iron, 2 ; silicon, 1.5 (sulphur and 
phosphorus undetermined). It is an interesting fact 
to note in this connection that only the merest trace 
of aluminum, if any, is retained by the manganese. 

This metal is dense and homogeneous, with a 
steel-gray colour and a pinkish to reddish bronze 
tint. It has an irregular fracture, it is hard and 
brittle ; when containing over a certain amount of 
silicon the lustre becomes more brilliant and 
the fracture distinctly conchoidal. When cast 
in iron moulds it is often observed to have 
become fractured and fissured, the fresh surfaces 
exposed by such fissures and fractures being often 
covered with an exceedingly thin film of tombac- 
brown oxide. The metal exhibits no tendency to 
oxidise and disintegrate in moist air, as does all the 
manganese reduced by and containing considerable 
amounts of carbon. It is soluble in dilute acids, 
and practically infusible at ordinary furnace tem- 
peratures. 

The specific gravity of a number of specimens 
prepared by this method was found to vary between 
7.26 and 7.38, or an average of 7.32. To what 
extent the presence of small percentages of im- 
purities in the metal may affect its physical proper- 
ties it is impossible to say. 

A peculiar characteristic of the metal produced is 
that when freshly fractured it will give out a 
pungent odour like garlic if breathed upon. 

The method of producing the specimens shown is 
as follows: The manganese dioxide (MnO,) was 
reduced to the state of monoxide (MnO) by heating 
to dull redness in a stream of reducing gas, this 
preliminary reduction requiring about an hour. 
The monoxide thus obtained must be permitted to 
cool down entirely in the stream of gas before ex- 
posure to the air, otherwise it will immediately be 
converted into the red or proto-sesquioxide (Nn,O,), 
often with sufficient energy to ignite spontaneously 
if exposed to the air while even moderately warm. 

The monoxide is then mixed with the calculated 
quantity of aluminum, preferably in the granulated 
condition, in order to have the advantage of the 
increased surface, and with the flux of lime anda 
small quantity of fluorspar, which will vary accord- 
ing to the nature of the impurities contained in the 
ore. The mixture is then introduced into the 
magnesia-lined black lead crucible, covered with a 
lid and placed in a furnace. The furnace used in 
making these specimens was one commonly em- 
ployed in melting brass. |The mass in the crucible 
remains unaltered, save for some shrinkage, until 
it has reached a bright red throughout. At this 
stage the energetic reducing action of the aluminum 


AMERICAN INSTITUTE OF MINING 
ENGINEERS AT MONTREAL. 


(By our New York CorRESPONDENT. ) 


Tus meeting, held on Feb. 21 to 25 last, pos- 
sessed an unusual interest to many of the members 
living in the United States, because of the time and 
place of holding the convocation. 

After one of the severest winters in our com- 
paratively warmer climate, known to that fabled old 
fraud—‘‘the oldest inhabitant”—to voluntarily 
seek a much colder section, had a certain spice of 
novelty as well as asmack of independence and de- 
fiance of the elements. And then, too, there has 
been so much noisy talk among a few inspired 
babblers on the annexation question, that Canada 
offered to all visitors from the United States a 
chance to see this discussed country, and to judge 
from one’s own point of view how much there was 
in the desire for annexation so frequently quoted 
in some of our sensational journals. The writer 
was not actuated by either motive, for having been 
in Canada several times and visited various portions 
of it, seeing in every instance some of its most pro- 
minent citizens, and quite often some of its legis- 
lators, he does not hesitate to affirm an opinion 
expressed in the columns of the ENGINEERING many 
years ago—to wit, that the Canadians do not want 
to be annexed, and if they did, with the exception 
of Nova Scotia, the acquisition of the new territory 
would be no advantage to the United States. 

One has but to visit among them and talk with 
them to see their firm loyalty to Great Britain, and 
a love for the Sovereign and the Royal Family un- 
excelled evenin England. The whole question is 
kept alive by a lot of disgruntled politicians, and 
does not represent the popular feelings at all, They 
are good neighbours and hospitable to Americans 
(by this term is meant dwellers in the United 
States) to the greatest degree, and are as fond of us 
as we are of them ; but they like their own ways 
and institutions, and love and respect their Sove- 
reign, as they ought to do, in which case theyare a 
model to many native-born Englishmen. The 
writer has heard far more fault-finding with the 
Queen in London than he ever heard in all Canada, 
or from Sydney even to the western slope of 
British America. So much for this question from 
the standpoint of a New Yorker. 

The journey to Montreal was not devoid of in- 
terest and experience. After being roused at an 
early hour—far too early—your correspondent and 
several other trusting members, started from New 
York City in a driving snowstorm onatrain marked 
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upon the manganese monoxide sets in, and proceeds 
with great energy for a few minutes until com- 
pleted. The heat liberated in this reaction is 
sufficient to liquefy the contents of the crucible 
and bring it to an intense white heat. A slight 
fuming proceeding from the crucible gives evidence 
that the reaction is going on. If the metal is to be 
poured, it should be done at the moment that 
liquefaction appears to be complete. The tempera- 
ture of fusion of the metal is so high that only the 
enormous amount of heat developed by the reaction 
is sufficient to liquefy the resulting metal, and the 
temperature attained is very much higher than that 
of the furnace. If this high heat is permitted to 
dissipate itself, the metal chills and pouring is 
impossible. 

A yield of 2.84 parts of manganese per unit of 
aluminum has been obtained by producing 2 tons 
of metallic manganese per week; it will require 
1460 1b. of aluminum and 5 tons of manganese ore. 


(To be continued.) 


NOTES. 
Tue Zone Tarirr In Huncary. 

THE zone tariff in Hungary continues to show 
wonderfully favourable results. During the five 
years preceding the introduction of the zone tariff 
(August 1, 1889) the returns showed a number of 
passengers varying between 6.1 and 7.6 millions. 
During the first year of the zone tariff, from 
August 1, 1889, to July 31, 1890, this number rose 
to 16.2 millions ; during the second year, 1890-91, 
to 19.0 millions; and during the third year, 1891-92, 
to 28.3 millions. The receipts have during the 
same time been very nearly doubled. It is not to 
be wondered at that influential voices are raised in 
Austria, Germany, Sweden, &c., for the adoption 
of the zone tariff. Eduard Engel, the well-known 
German statesman, has suggested the following 
fares for a German zone tariff : 
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These fares are in pfennig ; 100 pfennig make 1 mark, 
which is equivalent to a shilling, within a fraction. 


New Soutn Wares Rattways. 

From the report of the New South Wales Rail- 
way Commissioners for the quarter ending Decem- 
ber 31, 1892, we learn that the general depression 
of trade in this colony has decreased the railway 
revenue by 61,2731. Of this 10,3511. represents the 
falling off in passenger traffic. Against this there 
has been a reduction of 46,228/. in working ex- 
penses. A reduction of 334,610 train miles has 
been effected in the passenger service, and the 
earnings raised from 8s. 23d. to 9s. per train mile. 
The expenditure per train mile has increased to the 
extent of 34d. The proportion of working ex- 
penses to earnings for the quarter stands at the low 
figure of 53.56 per eent. The tramway traffic has 
fallen off by 937/., while the expenses have been 
reduced by 38571. The commissioners are burdened 
with lines made at a capital cost, including rolling 
stock, of 97,0001., the total revenue from which 
amounts to about 9000/. per annum only, while the 
working expenses, exclusive of interest on capital 
cost, are 13,600/. Other lines are in course of con- 
struction, and three new ones projected, all of 
which will be a burden upon the working in future. 
When Mr. Eddy and his fellow-commissioners as- 
sumed office, the tramway property was returning 
less than 2 per cent. on its capital, and the rolling 
stock was in a most dilapidated condition. This 
has now been changed, and over 5 per cent. is being 
earned. This satisfactory condition of affairs can- 
not be expected to continue, if unprofitable exten- 
sions are persisted in. In October, 1888, the staff 
of the railways and tramways included 11,394 per- 
sons, and the total revenue for the preceding year 
amounted to 2,531,000/. In December last the 
staff amounted to'11,400 persons, while the revenue 
for the year ending June 30, 1892, amounted to 
3,412,000/. In the meantime the railways had in- 
creased by 187 miles, and the tramways by 10} 
miles. Evidently the staffis much better organised 


than formerly, when appointments were largely 
made for purely political reasons, and without re- 
ference to the abilities of the candidates. 


MANGANESE STEEL. 

In a lecture delivered before the Franklin Insti- 
tute, February 20, 1893, Mr. H. M. Howe described 
the properties of manganese steel. Amongst the 
points brought out by the lecturer was the fact 
that the strength and ductility of the material 
were both increased by hastening the cooling of 
the metal. In doing this in the case of man- 
ganese steel castings, however, it is necessary to 
take care that the rapid cooling does not cause 
cracks at re-entrant angles and other weak spots. 
In forging ingots of the steel, the temperature, 
Mr. Howe says, should be raised gradually, as the 
metal conducts heat slowly. During forging the 
metal acts like a carbon steel containing 1.25 to 1.50 
per cent of carbon, and requires heavier blows than 
most steels. It may be rolled hot into sheets ‘049in. 
thick without special difficulty, and with proper 
precautions to as thin as ‘014 in. thick. Cold, it 
has been rolled still thinner, but requires frequent 
annealing. In machining it the hardest carbon or 
chrome steel should be used; Mustet and other 
self-hardening steels being unsuitable. Light cuts 
and a very slow feed are essential. As an estimate 
it takes four times as long to machine manganese 
steel as common carbon steel. At present the 
metal has been very successfully used for the pins of 
dredger buckets, as it resists abrasion in a remark- 
able manner, wearing only about one-sixth to one- 
eight as fast as the best carbon steel. For armour 
plating preliminary trials with thin plates showthat 
to offer the same resistance asa manganese steel plate 
a wrought-iron plate would have to be 75 per cent. 
thicker. The metal has also been used for car 
wheels; 22 such have run on an average 168,653 miles 
before the first turning. These results were obtained 
on a New England line. This figure, Mr. Howe 
says, is seven times the average mileage of chilled 
cast-iron wheels on this line, which is a peculiarly 
trying one owing to the frequent stops. 


Taz Brrmincuam HypRaAvic Suppiy SraTIon. 

In an interesting paper recently read before the 
Mason College Engineering Society, Mr. Henry 
Lee, M. Inst. M.E., described the Birmingham Hy- 
draulic Supply Station. It appears that, though 
the plant was only recently laid down, the water 
engineer of the town, Mr. J. W. Gray, had for 
some years previously made provision for such a 
supply, by laying pipes suitable for a pressure of 
700 to 800 lb. per square inch in those streets of 
Birmingham in which macadam was being, or would 
shortly be, replaced by wood paving. The object 
of this was to avoid disturbing the wood pavement 
when the time came for the erection of the high- 
pressure water plant. The Birmingham water- 
power station is peculiar, in that the pumps are 
driven by three Crossley gas engines, one of which 
is of 12 nominal horse-power and the other two of 
20 nominal horse-power each. The exhaust of 
these engines passes in iron pipes through a large 
brick flue to the base of a chimney 50 it. high, 
whence it is discharged upwards through a series of 
1} in. pipes from 3 to 4 ft. long. ‘This plan was 
adopted with a view to deadening the sound of the 
exhaust, and has proved successful. The pump 
suctions are connected with the water jackets of the 
gas engine cylinders, and an ample circulation in 
them is thereby secured. The pumps worked by 
the smaller gas engine have plungers 24 in. in 
diameter by 10in. stroke, whilst those driven by 
the larger engines have plungers 3 in. in diameter 
by 12 in. stroke. In each case the engine crank- 
shaft runs rather more than three and a half times 
as fast as the pump crankshaft. The working 
pressure of the pumps in each case is 820 1b. per 
squarein. The accumulators are two in number, 
having rams 18 in. in diameter by 20 ft. stroke. 
The total amount of energy which can be stored by 
these accumulators is about 4.2 horse-power hours. 
Special precautions are taken to prevent the over- 
pumping of the rams of these accumulators. As 
the ram rises it firsts opens a bye-pass between the 
suction and discharge pipes of one of the pumps, 
and, later on, similar bye-passes on the other 
pump mains. If the ram should still rise, it opens 
a relief valve, allowing the water to escape from 
the cylinder of the accumulator. If its motion 
were continued still further, grooves cut in the 
ram would come through the stuffing-box, thus re- 
ducing the pressure to that of the atmosphere, 
whilst, as a final precaution, further movement of 


the ram is limited by three long bolts, the nuts in 
which would come in contact with a heavy flange 
cast on the accumulator cylinder. A Brotherhood 
hydraulic engine is used to start the gas engines, 
being worked from the pressure mains. These 
engines, as well as the rest of the hydraulic plant, 
were supplied by the Hydraulic Engineering Co., 
Limited, Chester. The working of the plant has 
been perfectly satisfactory. 


THE LATE SIR GEORGE FINDLAY. 

By the death, on Sunday morning last, of Sir George 
Findlay, there has passed away the doyen of railway 
managers. For years he had not enjoyed robust 
health. Indeed, when Sir Richard Moon retired from 
the chairmanship of the London and North-Western 
Company, the directors desired him to assume that 
position ; but he resolved to continue in the general 
management of the railway which has so prospered 
under his direction, he himself remarking that he had 
some years’ good work still left in him. His natural 
enemy was the gout, but recently he fell a victim to 
a serious internal disease. He underwent an opera- 
tion two or three weeks ago, and failing to rally, 
died, as we have stated, on the 26th inst., at his 
residence at Edgware. He was but 63 years of age, 
having been born of Scotch parentage in 1829 ; but he 
had almost reached his fiftieth year of railway service, 
for in 1845, when a lad of 16, fresh from the grammar- 
school at Halifax, he started that career which 
has been such a brilliant success. He was particu- 
larly fortunate in beginning his railway life under the 
auspices of the great ‘‘Tom” Brassey, then engaged 
on the Trent Valley Railway from Rugby to Stafford, 
and which in 1846 became part of the newly esta- 
blished London and North-Western Railway. But 
before the transfer the subject of our memoir had gone 
to the Welsh railways, subsequently becoming manager 
of the Shrewsbury and Hereford hne, then leased by 
Mr. Brassey, but which, in 1862, also became part of 
the fast-extending London and North-Western system. 
This time Mr. Findlay, as he himself put it afterwards, 
‘*was taken over with the rest of the rolling stock.” 
He required but the opportunity to display his powers 
of organisation and of grasping detail, and Euston pro- 
vided it, so that, with application and perseverance, 
he rapidly advanced, becoming chief goods manager, 
and in 1874 succeeded Mr. Cawkwell, now deputy- 
chairman of the company, in the office which was first 
known as that of traffic manager; but has since been 
called by a title more in keeping with the actual 
duties—general manager. 

It might be possible, although scarcely necessary, to 
indicate some idea of the great duties devolving upon 
Mr. Findlay, who only last year received the honour 
of knighthood, a tardy recognition of the great ability 
witk which those duties were performed—to indicate 
the responsibility of administrating a railway extending 
from London to Cambridge, to Carmarthen, and to 
Carlisle, with a capital of 110 millions sterling, involy- 
ing an annual expenditure for wages alone of about 
3 millions sterling, the number of employés being 
61,000. One feature of the management, as brought 
out in his book on the subject,* was his close ob- 
servance of the maxim, ‘‘One thing at a time,” 
and his complete organisation of assistants to whom 
he could relegate detail. But the secret of success 
is so fully entered upon in the book we have referred 
to, that it is only needful here to refer to it such as 
wish to learn the lesson of Sir George Findlay’s active 
life, in which he found time not only for his immediate 
duties, but for assisting railway advancement by ad- 
dresses to technical institutions, and, at the same 
time, had opportunities for enjoying his favourite 
amusement of angling. 


THE BLACKPOOL TOWER. 
To THE EDITOR OF ENGINEERING. 

Srr,—I should like tobeallowed to enter a protest against 
architects undertaking what is, more properly, engineers’ 
work, and in doing so, to take the opportunity of asking a 
few questions of Mr. Max am Ende, on whom the princi- 
pal responsibility for the sufficiency of the designs of this 
tower will probably fall. I would wish to know, to begin 
at the bottom, if he isaware of the nature of the stratum 
on which the foundations are laid; if he considers four 
blocks of concrete, which you describe as containing about 
14,000 cubic feet each, are sufficient foundation for this 
tower; if he is of opinion that a base 98 ft, square is 
wide enough for a tower 500 ft. high ; if it came under 
his notice that the columns are not complete square 
shafts, but are practically large angle irons about 24 in. by 
24 in. by 1 in. thick ; if he considers the bracing between 
the inner column on one side and the inner column on the 
other side sufficient to prevent racking ; and last, but not 
least, if he is aware of the exposed situation in which this 
tower is being built, and of the force of the gales to which 
it willbe exposed. The tower is surrounded on three 
sides by hotels and other dwellings, and I consider it a 
public duty to put these questions, on which I am notin a 


* See ENGINEERING, vol. liv., page 67, 
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position to express any opinion, and, therefore, must not 
be considered to have said anything adverse to the design 
or to the work in any respect. 
Yours truly, 
BABEL. 

Blackpool, March 25, 1893. 

[We publish ‘‘ Babel’s” letter, not because we attach 
the slightest importance tothe doubts he expresses, but 
because we feel sure that Mr. Max am Ende will be 
anxious to set at rest the fears of any nervous inhabitant 
of Blackpool. Meanwhile, we may ask ‘‘ Babel » if he 
has himself considered—or has had investigated by a 
competent engineer—the points which he queries. If such 
investigations have been made, the conclusions arrived at 
was of interest. At present we cannot quite under- 
stand why the questions are asked. We should have 
thought that it might have been safely assumed that an 
engineer of Mr. Max am Ende’s experience had given all 
these points full consideration.—Ep. E. ] 


ECONOMIC BULKHEADS. 

To tHe Eprror or ENGINEERING. 
Sir,—The subject of calculating the strength of bulk- 
heads having brought forward some differences of opinion 
amongst those who ought to be quite agreed upon the 
subject, I beg to offer a suggestion which, I believe, is a 
new one, and which may tend to bring about an entire 
agreement, as well as greater economy, in the construc- 
tion of efficient bulkheads. You are no doubt aware that 
some wish to calculate upon the strength of a flat plate, 
and trust to it, whilst others ignore the strength of a flat 


of concrete 48 ft. long, and merely supported at its ends, 
should be to just support its own weight and no more. 
The conclusion that he comes to, and perfectly correctly, 
is that it should be 16 ft. deep. But the floor of the 
Newport Dock is merely 7 ft. deep and does not collapse, 
therefore, says Sir Benjamin, the theory is wrong. Sir 
B. Baker seems to forget the fact that the concrete is not 
merely supported at its ends, but is there tangentially 
fixed, and that its own weight is not the only force acting 
upon the concrete, but also forces acting in the opposite 
direction due to the pressures of the water and the earth 
on its under surface. How the concrete could at any 
time be acted on by its own weight alone is a mystery to 
me, as it must have been deposited in close contact with 
the earth beneath when the dock was constructed. 

But Sir Benjamin Baker has a theory of his own to 
account for the non-collapse of this concrete floor. He 
says that ‘‘it would be found they really got not a beam 
of concrete with tensile stresses, but what might be called 
a concealed arch in the thickness of the concrete invert.” No 
doubt the lateral water and earth pressure do nearly, or 
perhaps altogether, reverse any tension in the concrete, 
but wherefore a concealed arch? It seems to me the cal- 
culation is that for a piece loaded endwise with lateral 
forces in addition, the piece being encastré at its ends. 
Tf Sir Benjamin has some method of his own, it would be 
but charitable to let us know it. But, perhaps, he would 
evolve the dimensions from his inner consciousness. 

Sir Benjamin goes on to adduce the case of a young 
man who calculated the strength of a work and found it 
wanting. Sir Benjamin says that it has, as yet, shown 
no sign of failure or of weakness ; ergo, theory must be 
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plate, except for small areas, and (correctly, as I think) 
calculate the strength of the girders, whether vertical or 
horizontal, and stiffening bars, that truly support the 
jlat plating of which the bulkhead is composed. I quite 
agree with Sir E. J. Harland’s Committee that the latter 
is the right course, but now I beg to introduce a new 
element—viz., ‘‘ buckled plates,” in place of flat plates ; 
in fact, to use ‘‘Mallet’s buckled floor plates,” which 
will sustain very great weights, even when quite thin. 
These may be used some 6 ft. or 7 ft. long by, say, 3 ft. 
wide, witha series of vertical girders of sufficient strength 
at 6 ft. or 7 ft. apart, with light horizontal T-irons 
between them at 3 ft. apart, and the buckled plates 
riveted to the whole, allowing the buckled part to project 
between the girders, This would give a perfectly plain 
vertical surface on the other side of the bulkhead, 
with some little extra room for cargo in the hollows 
of the plates, and no room would be taken up by 
a secondary set of girders or stiffeners, as is now some- 
times the case. 

: eres to append a sketch of such construction of bulk- 

ead. 

I may just mention that the whole of the roadway on 
Westminster Bridge and the St. Pancras Station is carried 
on thin buzkled plates. 

Yours truly, 
HK. A. CowPER, 
Associate Institution of Naval Architects. 


GRAVING DOCKS. 
To THe Eprror or ENGINEERING. 

Si1r,—My attention has lately been called in the new 
volume (vol. cxi.) of the Minutes of the Proceedings of 
the Institution of Civil Engineers to some remarks made 
by Sir Benjamin Baker in the discussion of three papers 
on graving docks read at the Institution a short time 
ago. 

Sir B. Baker refers to the dock at Newport, Monmouth- 
shire, not to criticise it, or even to offer any valuable sug- 
gestions as to the design of graving docks, but in order 
to depreciate the value of theoretical calculations in 
general. The part of this dock which he uses for this 
purpose is the floor, 48 ft. in width and 7 ft. thick, the 
whole of the dock being built of concrete. 

Now Sir B. Baker calculates what the depth of a beam 


rotten. But will it remain in this happy condition? If 
the theory be the generally accepted one, and the calcula- 
tions be correct, it is but a small chance which that 
building has. 

He adduces another instance in which the man_ of 
theory is supposed to calculate the tension ina tube due 
to a certain fluid pressure, and he does it to any number of 
places of decimals ! He says, ‘‘if the question were put to 
all the senior wranglers in the kingdom, they would say 
unanimously 7.55 tons; but if put to three poor me- 
chanics (how humble) like the Director-General of Ord- 
nance?actories, Sir F. Bramwell, and himself, they would 
say ‘we do not know.’” The inference is that senior 
wranglers, or men of theory, would be unable to realise 
that materials are not theoretically perfect and uniform, 
and would blindly swear to the accuracy of the calcu- 
lated value. 

_ Another instance of a foolish man of theory adduced, 
is of a young engineer giving evidence before a Royal 
Commission in Australia. The young engineer is a 
“* master of engineering,” and he expresses a great con- 
tempt for the ignorance of members of the Institution 
of Civil Engineers. Sir Benjamin Baker remarks ‘‘ that 
the gentleman was labouring under the delusion that the 
degree of ‘master of engineering’ in some strange way 
constituted a man an engineer.” One would think that 
it entitled him to be called so more than the title 
M. Inst. C.E., or even Vice-President of the Institution of 
Civil Engineers, since he would have to know a great 
deal to obtain the former. 

Yours very truly, 
THEORY AND PRACTICE. 


MARINE BOILERS AND LEAKY TUBES. 


To THE Eprror or ENGINEERING. 

Srr,—I note in your issue of the 24th inst. a communi- 
cation from J. H. Abercrombie, Hsq., of Newark, N, J., 
U.S.A., and showing a woodcut of a tubeplate. As this 
ismy patented system of indented flanges for tubes and 
stays, a description of which was sent you last summer, 
I will thank you to correct same. 

Your numerous correspondents during the past few 
months have been gradually turning their attention from 
boilers with leaky tubeplates, to the manufacture of 
boilers with tubeplates that will not leak. In a former 


communication you were made aware of my views on 
this subject, and now the summing-up of the whole 
matter is simply, as your correspondent expressed it— 
(1) thin tubeplates (2) making the connection between 
tube and plate in solid water. ‘ ’ 

By this system there is no difficulty in producing tube- 
plates ;°; in. thick to stand 200 lb. working pressure. The 
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same may be said of flat surfaces, such as locomotive fire- 
boxes; and as we are leaving low pressures behind, and 
striving to still higher pressures with a corresponding 
increase in thickness of the heating surfaces, which not 
only reduces the boiler efficiency, but incurs increased 
tear-and-wear, any method, therefore, by which this 
may be reduced is bringing us nearer to the solution of a 
more reliable and efficient boiler. 
Yours truly, 
JOHN Wart. 
174 Oleveland-street, Birkenhead, March 25, 1893. 


To THe Epiror or ENGINEERING, 

S1r,—I shall feel much obliged if you will kindly allow 
me space in your next issue to call the attention of your 
correspondent, J. H. Abercrombie, to my letter in 
ENGINEERING of 4th inst., page 252, where he will find a 
description of tube and tubeplate connection, which covers 
the plan proposed by him in your present number, as 
also that suggested in the letter of Mr. J, A. Curling in 
ENGINEERING of 10th inst., page 283. 

On a future occasion I hope to send you a drawing of 
my arrangement, with further particulars, if you will find 
room for them. 

T am, yours faithfully, 
JOHN PHILLIPS. 

4, Corona-road, Burnt Ash Hill, Lee, March 25, 1893, 


METRIC WEIGHTS AND MEASURES, 
To THE Eprror or ENGINEERING. 

Sir,—Your correspondents, Mr. Koss and Dr. Preller, 
have fairly stated some of the reasons for adopting the 
metric weights and measures, and there are other well- 
known reasons which I need not repeat. I prefer to 
assume that the advantages have been abundantly 
proved, and that the practical question is how to bring 
about the change. Without doubt we want the weight of 
public opinion, and although this is growing steadily in 
favour of the metric system I find that many persons 
think it cannot be used in this country, because of its 
difficult nomenclature with Greek and Latin prefixes. 

Permit me to point out that it is altogether a mistake 
to suppose that it is necessary for us to learn a long list of 
foreign names, and that those who say it is necessary can 
have but an imperfect knowledge of what is actually used 
on the Continent. 

For all practical purposes the advantages of the metric 
system can be secured by the use of the three monosyllabic 
units metre, litre, and gram, with the sub-multiples of 
each. To these may be added the terms kilometre, 
hectolitre, and kilogram, which are no more difficult to 
understand or remember than such words as subtraction, 
multiplication, avoirdupois, telegram, &c. 

It is to be regretted that the Chancellor of the 
Exchequer confined his remarks almost entirely to the 
question of coinage; but the New Decimal Association 
has decided to press for a change of the weights and 
measures first, and to deal with the more thorny question 
of a decimal coinage afterwards. As a first step, it is 
proposed to ask for a Select Committee to consider the 
question in the light of our present requirements, and 
then our case can be fully stated and investigated. 

I remain, Sir, faithfully yours, 
Emerson Dowson, 
Chairman of the Executive Committee, 
New Decimal Association. 
3, Great Queen-street, Westminster. 


To tHe Eprror or ENGINEERING. 

Sir,—The importance of the adoption of the metrical 
system, if we are to retain any footing in the Continental, 
Japanese, and South American markets, can hardly be 
overrated. 

While agreeing with Mr. Du Riche Preller in his main 
contention, I differ from him in believing that English 
manufacturers are averse to its introduction. Many are 
only waiting for the Government to take the initiative. 

I believe that Messrs, Willans and Robinson have 
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already taken the bull by the horns, and are now using 
metric measures entirely. I myselfam hesitating, noton 
account of the slight expense that the change would cost 
me, but in consequence of the difficulty which I might 
have in obtaining steel keys, and other things which I 
buy, made to metric dimensions, without going to Ger- 
many for them. A second objection, which applies to 
weights only, is that I should have to convert metric 
weights into that abomination, avoirdupois, when con- 
signing by rail. : 

If the metric system were adopted in the Post Office, 
Customs, and Excise, there would be little need of legis- 
lation on the subject. Railway companies would follow 
suit as a matter of course, and other traders find it to 
their interest to fall into line. Metric scales should also 
be printed on all new editions of the Ordnance maps. I 
inclose a copy of the Customs schedule reduced to metric 
weights and measures. Its meaning in its ordinary form 
is, to the uninitiated, nearly as intelligible as the cata- 
logue of the Library at the British Museum. No one 
can see without calculation what is the duty on a gallon 
of beer. Nor is it easy tocompare the duties on raw and 
roasted coffee respectively, the former being levied on the 
hundredweight and the latter on the pound. 

I am, Sir, yours obediently, 
CHarues Louis Herr, 
Turbine Foundry, Brigg, March 28, 1893. 


SCREW PROPULSION WITH NON- 
REVERSIBLE ENGINES. 
To THe Eprror or ENGINEERING. 

Str, —A boat illustrating one development of my 
system is now on the Thames, and [I shall be pleased to 
hear from anyone desirous of inspecting it. 

Your obedient and obliged servant, 
Rosert MoGuasson, 
39, Dagnall Park, Selhurst, London, S.H, 
March 27, 1893. 


THE S.8. ‘‘PERSTA.” 
To THe Epritor or ENGINEERING. 

Sir,—With reference to the fate of the old Cunard 
paddle steamer Persia, I may inform your correspondent 
Mr. Gunsberg, that she was broken up on the Thames, I 
think at Silvertown, or thereabouts, in either 1871 or 1872. 

I was a cadet at the Royal Military Academy, Wool- 
wich, at the time, and remember seeing her there quite 
well. Your obedient servant, 

Golborne, March 28, 1893. GUNNER. 


CRUISERS IN NAVAL WARFARE. 
To THE Eprror oF ENGINEERING. 

S1r,—In the summary of my paper entitled ‘‘On the 
Present Position of Cruisers in Naval Warfare,” read on 
March 22 before the Institution of Naval Architects" 
which appears in your issue of to-day, there is a very im- 
portant omission to which I beg you will allow me to call 
attention. 

In the summary, under conclusion (2), the following 
words are omitted, ‘‘but that the fighting qualities (of 
cruisers) should never be diminished below those of cor- 
responding vessels of other nations, but, if necessary, 
resort should be had to increased displacement.” 

I remain your obedient servant, 
SAMUEL LONG. 

Blendworth, Horndean, March 24, 1893. 


CUNARD LINERS. 
To THE EpiTor oF ENGINEERING. 

Srr,—Referring to the note of your correspondent, Mr, 
W. M. Henderson, M.E., of Philadelphia, U.S., I think 
the Persia of this line was sold and renamed. I believe she 
is still an ocean tramp. As to the Scotia, the crack ship 
of the late Captain Judkins, who laid her up during the 
winter months, she was, as your correspondent states, 
purchased by the Telegraph Construction and Mainten- 
ance Company, and converted into a screw steamer. I 
have seen her on several occasions off the Telegraph 
Company’s wharf taking in cable, and she looks as hand- 
some as she ever did, her fine lines being better displayed 
now her paddle-boxes have been removed. The same 
company own another very old friend to those who take 
any interest in the Atlantic steamship trade of 20 years 
or so ago—the old Kangaroo, once of the Inman Line. 

Then, again, as an evidence of the skill and good work- 
manship displayed in old-built iron steamers, witness the 
Himalaya, now in her thirty-ninth year of continual 
service, in latter years as atroopship. I fear few of the 
present recently built crack boats will be heard of in 20 
years hence, Certain it is that they are not built as 
strongly as in years past, or so able to do the work or 
more, and so well resist the extra wear and tear put upon 
them in modern times. 

Yours faithfully, 
SamurL Haywarp, C.E. 
22, Parliament-street, S.W., March 22, 1893. 


COLUMBIAN EXPOSITION NOTKHS. 

THE General Kitchen Building, of Jackson Park, will 
be erected in the south-eastern portion of the park. Its 
dimensions will be 325 ft. by 125 ft. In addition to the 
bake shops it will contain the laundries, cold storage 
rooms, wine cellars, ‘ice-cream factory, general offices of 
the company, and a dining-room for the Columbian 
Guards which will seat 1000 men. 


The superintendent of the Philadelphia mint is now 
arranging his display in the Government Building. Like 
most other exhibitors, he complains that the allotted 


space is so cramped that he will be able to show only 
one coining press, which will be at work turning out 
some sort of souvenir medals. The feature of the exhibit 
willbe the great cabinet of ancient and modern coins in 
possession of the mint. 


Mr. Walker Fearn, Chief of the Department of Foreign 
Affairs, has received a letter from Colonel J. Hayes 
Sadler, British Consul in Chicago, stating that he has 
been instructed by the Earl of Rosebery to express to 
the Director-General, chief of the departments, and 
management of the World’s Columbian Exposition, his 
lordship’s sense of gratitude at their action on the occa- 
sion of the funeral of the late Colonel Grover, as evincing 
friendly regard for Colonel Grover personally, and courtesy 
towards the Royal British Commission. 


The first structure put up in the Electricity Building 
was for the display of the Western Electric Company. It 
is a rectangular Hgyptian temple, which, without losing 
its thoroughly Egyptian character, is sufficiently conven- 
tionalised to meet the requirements of an exhibit room. 
The four sides bear friezes and panels filled with the 
peculiar flat and angular figures of fellaheen at work. 
They are manufacturing electrical machines and ap- 
pliances. Within the temple will be lighted 2000 con- 
cealed incandescent lamps. The main room will be 
ornamented with six massive columns, composed of glass 
prisms. In the centre of each column is placed a re- 
volving chandelier of electric lights. 


‘The entire plan of making awards and giving medals 
at the Columbian Exposition will probably be changed, 
as a result of a tired clerk’s blunder and the refusal of 
Congress to makean appropriation to pay for jurors. It 
now seems probable that the scheme proposed by Direc- 
tor-General Davis some months ago, and which was 
defeated by John Boyd Thacher, the Commissioner from 
New York, will now go into effect. Colonel Davis’s 
plan was to make the position of judge a purely honorary 
one, and instead of paying the men and women who 
served in that capacity large salaries, to merely pay their 
expenses, allowing a nominal sum in all cases. Colonel 
Davis estimated that the expense of making awards 
under this system would not exceed 125,000 dols.” 


‘Long Tom” is the name that has been given to the 
58-ton coast defence gun manufactured at the United 
States Arsenal at Watervliet, N.Y., especially for 
Chicago. It is a 12-in. breechloading steel rifle, and 
measures in length 33 ft. 6in. The gun fires a charge of 
460 lb. of powder with a 1000-lb. projectile. Two steel 
cars constructed expressly for the purpose by the Penn- 
sylvania Central, conveyed the gun from the arsenal to 
Chicago. The cars are mounted on six trucks, with 
30-in. wheels. Two girders, supported by the two trucks, 
formed the bed on which the gun rested while en route. The 
width of the car body is 8 ft., and the length of cars 
over the drawheads is 70 ft.9in. The total weight of 
the cars is 253,300 lb. 


Foreign exhibitors in the Electricity Building have 
their space in the north end of the building. Two-thirds 
of the foreign space is on the main floor and one-third in 
the galleries. France and Germany have 23,000 square 
feet each and will make the largest exhibits of any foreign 
countries. As between Europe and America, the main 
rivalry will doubtless be as to finish and workmanship. 
American inquiries express the opinion that Europe may 
excel in workmanship, but in the variety of practical 
uses of electricity in the arts and sciences, America will 
be found to lead the world. An interesting comparison 
will be made in the north end of the building, where the 
special Edison exhibit will adjoin those of France, Ger- 
many, and England. 


The Minister of the United States at Madrid, an- 
nounces that the autographs of Columbus, his com- 
missions from the sovereigns of Spain, the original of 
his contract with them for the first voyage of discovery, 
the will of Queen Isabella, and many other precious 
relics, which were secured by Mr. William E. Curtis, 
during his recent visit to Spain to carry the invita- 
tion from the Government of the United States to the 
Royal Family, and the descendants of Oolumbus, have 
been delivered at the Legation. They will be for- 
warded to America by the United States s.s. Newark, 
which sails from Cadiz on February 15. The same vessel 
willalso carry a portion of the Vatican exhibit shipped at 
Naples, and also many valuable relics loaned by France, 
which were placed on board at Marseilles. Upon their 
arrival in New York every precaution will be taken and 
a special car provided for their careful transportation to 
Chicago. 


The Barre Water Railroad, that was to carry the 
traffic up and down the Midway Plaisance, does not 
appear in a good way. According to a Chicago paper, 
the scheme will not slide. The scheme has at last suc- 
cumbed to the many difficulties it has had to deal with, 
and it has been announced that the road will not be com- 
pleted. This will take from Midway Plaisance one of 
its most interesting features. The Barre Sliding Railroad 
was recently given an ordinance to cross certain streets, 
but the victory was won after a long and costly battle. 
The company has had a constant drain upon its resources, 
and has finally become discouraged. The road was in- 
tended to run the full length of Midway Plaisance, and 
it was calculated it would afford a means of transporta- 
tion at once noveland useful. Water was to furnish the 
power, and it was expected that the cars would slide 
along the elevated rails at a rate of 100 miles an hour. 
It may be that even now the scheme will be revived. 


Some particulars of the exhibit to be made by the 
colony of British Guiana at the World’s Columbian Expo- 
sition have been received at the Bureau of American Te. 
publics, Articles have been sent into the head-cquarters 
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at Demerara so plentifully that the Commission had a 
very wide field for selection. In the timber display will 
be 12 large panels, 33 ft. by 9 ft. in height, prepared so as 
to show the working qualities of the principal furniture 
woods. These will probably be formed into an avenue 
leading to the British Guiana Court. There are a quan- 
tity of forest curiosities, barks, skins for mounting, and 
other articles to arrange a native exhibit, of which several 
aboriginal Indians will form an interesting part. The 
Chinese in the colony will send a curious model of the 
charcoal kilns, used for making charceal up the Demerara 
River, together with a model of the rice husker used by 
the Celestial colonists. The handbook, which will con- 
tain a great variety of useful information about the 
country, is now nearly ready, and will be distributed at 
Chicago during the Exposition. 


Great Britain’s Pavilion in the Mines and Mining 
Building appears—judging from the following extract 
from a Chicago paper—to excite derision at Jackson 
Park. ‘‘Of severely plain architecture, it will attract 
universal attention. Several days ago some workmen, 
with an umistakeable English air, tramped in the Mining 
Hall.. An express wagon, partly loaded with lumber, 
followed. The light boards were thrown off on the space 
given to Great Britain, and the carpenters went to work. 
One day later they had completed England’s great mineral 
pavilion at the Fair, and the British carpenters were not 
swift workmen, either. The pavilion, which occupies 
one of the most prominent places in the Mining Hall, 
did not cost more than 50 dols. It is one corner of the 
two main aisles which cross in the centre of the building. 
Just to the south, German exhibitors are spending 
100,000 dols. in decorating the space assigned to that 
empire’s mineral show. Fifty or more workmen haye 
been busy on the great iron structure for two months, 
and nearly another month will be required to finish it, 
The German pavilion, if such it could be called, consists 
of a fine collection of mineral trophies, with heroic 
statues in bronze at intervals. _ Across the way, on the 
American side of the house, Missouri and Michigan are 
putting up two of the most artistic pavilions at the Fair. 
The Missouri edifice, a particularly tasteful and attractive 
edifice, costs something like 28,000 dols., and will contain 
a splendid collection of minerals. The Michigan mineral 
house is even more attractive. About 40,000 dols. is 
being expended in making the display. Some burly 
workmen from Missouri were talking with several 
Michigan stonemasons about the British pavilion yester- 
day. ‘Johnny Bull’s goin’ to sell peanuts across the 
way, the Missouri man remarked, pointing to the little 
coop. ‘Naw, that’s where the house-water barrels are to 
be kept.’ The English pavilion is about 12 ft. square and 
9 ft. high, made of lumber, and without any ornamental 
features, It utterly destroys the symmetry of the central 
court of the building.” 


Several modern marine dredging vessels have been sent 
for exhibition by Messrs. Simons and Oo., Renfrew, a 
firm which has for over a quarter of a century made the 
manufacture of such, a speciality, with a considerable 
degree of success. ‘here are six models, each repre- 
senting entirely different types of dredging vessels and 
the most casual observer cannot fail to notice that in these 
vessels, as in the case of ocean steamships, great advance- 
ment has been made in their design and construction. 
Of the models forming this exhibit we will first take that 
of the Melbourne. It is fitted with an endless chain of 
steel buckets, some 36 in number, each of which has a 
capacity for 22 cubic feet of mud. It might be remarked 
that each alone weighs 24tons. These are capable of 
raising 1000 tons of sand an hour from a depth of 37 ft. 
The material so raised is discharged into barges alongside, 
and by them taken to the site of deposit. This dredger 
is propelled by twin-screws, and made the voyage from 
the Clyde to Melbourne under its own steam. Another 
is the Dolphin. It is also a screw-propelled dredger and 
discharges the material lifted into barges. It is so con- 
structed that the buckets can project in advance of the 
hull and thus dredge in advance. This craft is princi- 
pally engaged dredging coral at one of the West Indian 
ports. In No. 3 Belfast we have altogether a different 
type of dredger, known as a ‘‘hopper dredger.”» The 
exhibitors are the inventors of this type of dredger, and 
within the last 10 years have built over 50 of them for 
different parts of the globe. The hopper dredger, of 
which this is a model, has a capacity to contain 800 tons 
of mud, and the buckets are of a capacity equal to 
raising 1000 tons an hour, and from a depth of 35ft. The 
iron framing on which the upper end of the bucket ladder 
rests is of such construction that the ladder and 
buckets can be travelled a considerable distance forward, 
and allow of the ladder being lifted clear of the water. 
There is also a model of the sternwell dredger, St. 
Andrew ; and of the Toward, a steam hopper barge; 
and of a suction pump hopper dredger, Jupiter. The 
Jupiter is fitted with two centrifugal suction pumps and 
pipes which reach to a depth of 35 ft. under water. The 
hold or hopper space can contain 550 tons of sand. At a 
recent trial with both pumps working this was filled 
with sand in 17 minutes, and with one pump only 650 
tons were raised in 21 minutes. It is propelled by two 
sets of triple-expansion engines and twin screws, and has 
aspeed of 9 knots. To come to figures, Simons and Co. 
have completed about 200 dredging vessels in which an 
aggregate capital of some 15 million dollars is involved. 


Pig In GermMANY.—The production of pig in the Zoll- 
verein in January, 1893, was 373,641 tons, as compare 
with 408,375 tons in January, 1892. The total of 373,641 
tons, representing the production of January, 1893, was 
made up as follows: Puddling and spiegel pig, 132,111 
tons; Bessemer pig, 27,048 tons; Thomas pig, 159,009 
tons ; and casting pig, 55,478 tons. - 
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ENGINEERING. 


furnaces, but still there isa large output in the district. 
It is said that upwards of 50,000 tons are ordered for 
shipment as soon as the Baltic trade opens. The state 
of the manufactured iron and steel trade shows very 
little improvement, if any. The immense steel works 
at Eston are idle, all being still and quiet in that once 
busy centre of industrial activity. It is said that 
these enormous works could put out all the steel rails 
required for the world’s use if they were in full work, 
at full speed. Instead of being regularly at work, they 
have been idle fully half the time for a long period. 
The works are admirably situated for the cheap pro- 
duction of material also, as they have a splendid mine 
of ironstone of the best quality, from 8 ft. to 18 ft. in 
thickness, the saving being in transit alone of from 
2s. 6d. to 3s. on the 3} tons of ironstone required to 
make a ton of pig iron, 

The condition of the iron and steel trades in the 
Birmingham district has manifested signs of improve- 
ment, as compared with recent reports. But the 
general run of the hardware trades is not so brisk as 
usual at this period of the year. The branches con- 
nected with agriculture are not so active as was 
expected, but in the shipping trade branches there has 
been a little more stir. It is stated that the firms 
doing business with Ulster are in a bit of a scare over 
the political situation, they having been circularised 
over the proposed change in the form of government. 
The gun trade has shown more activity, but there are 
complaints of severe competition by Belgian makers. 
More orders are stirring as regards pig iron, and prices 
have been fairly firm. Wire-workers are busier, and the 
brass tradesare experiencing more activity. In the gene- 
ral run of engineering branches of trade there is dulness, 
but in connection with ammunition work of all kinds 
there is more business doing. Labour questions are 
quiet, there being no serious disputes in any of the iron 
and steel branches of industry. 


In the Wolverhampton district trade is tolerably 
busy, but in the crude iron branches it is said that com- 
petitionis very keen. The prices of hematite iron are 
low, in consequence of the lessened demand for steel, 
and the various districts in which it is produced com- 
pete one against the other for orders. In the tube 
iron branches the prices remain firm, but some 
alterations have been anticipated. The business of 
the Wolverhampton Galvanised Corrugated Iron 
Company has been turned into a limited company, 
and the New British Iron Company, Cradley Heath, 
is about to change hanis. Whether these changes 
will much affect the activity of trade remains to be 
seen. There have been no serious disputes in the 
district in any of the branches of local or general 
trade, the wages in many departments being regulated 
by a wages scale on the basis of prices. On the whole, 
this district has not felt the depression in trade very 
severely. 


The condition of trade in the South Wales districts 
shows very little signs ofrealimprovement. The iron- 
workers are fairly well employed at the large iron 
works ; but the boycott of the vessels carrying ore to 
Dowlais, Ebbw Vale, and Blaenavon Works is causing 
serious inconvenience to the companies. The dispute 
that has been the chief cause of the boycott has long 
been in existence, and all efforts hitherto have been 
unavailing to bring it to anissue. There has been an 
improved demand for tin bars and plates, but buyers 
are rather coy at present, in the hope of lower prices. 
Makers, however, are not disposed to quote lower than 
at present. The demand for fuel is not good, though 
some good orders have been recently booked for steam 
coal and coke. No further disputes have arisen in the 
district, except in the shipment of crews, touched upon 
in another paragraph. 


In the Tyne district the engineering branches of 
trade are very depressed, but the shipyards are getting 
a little busier, especially in repairing jobs. The notices 
of reductions in wages from May 1 next are not 
evoking so much opposition as was expected, for 
the trades are so depressed that there is a disposition 
to accept the inevitable until business revives. The coal 
trade of Durham and Northumberland shows signs of 
greater activity, some of the collieries having sold the 
entire output for the whole of the present year, but 
only at moderate prices. 


The condition of the shipping trade, in so far as 
the carrying branch is concerned, has long been de- 
pressed ; freights have been scarce and low. This has 
been reflected in many of the chief ports of the king- 
dom, and crews have been shipped at very low rates, 
as compared with what they were a couple of years 
ago. The failure of the Sailors and Firemen’s Union 
to keep up the rates is shown by the attitude of the 
general secretary at Cardiff a few daysago. He had 
to admit that the federation had beaten the union for 
the time being, and he advised the men to accept the 
federation ticket, and with it the reduction of rates 
from 4/, 15s. per month to 2/. 15s. per month, until 


better times. In giving this advice, he told the men 
that 60,000 of the men had not been true to the union, 
leaving some 25,000 to fight the battle. Bitter words 
were used at the meeting as to the lowering of the 
wages of the men, but the most bitter were against 
those in that locality on whose behalf 10,000/. had 
been spent to keep up the wages, and then the men 
had deserted the union when the day of trial came. 


The dispute at the works of the Staveley Hill Iron 
and Coal Company, over the discharge of two engine- 
men, has been mutually arranged, the men being re- 
instated. It was expected that the whole of the men 
—about 2500 in all—would have ceased work if the 
manager had refused to re-engage the men. Butaftera 
conference in which the whole matter was discussed, 
the manager agreed to the terms proposed, and the 
two men were reinstated in their places. 


There was a dispute at Coatbridge in the hoop-iron 
branch last week, but it only lasted a couple of days, 
the men having consented to return to work at a 
reduction of 8d. per ton. The state of the trade was 
such that the more prudent of the men could not see 
their way clear to a prolonged resistance, and the 
whole body of the men agreed to the terms offered to 
them. 


In the House of Commons last week labour occupied 
a very prominent place. The Railway Servants’ 
Hours of Labour Bill passed through the Grand Com- 
mittee on Trade, and as it emerged from that Com- 
mittee the railway men have very little reason to 
complain of it. An attempt was made to fix the 
maximum hours at eight in certain cases, but this 
proposal was not carried, the contention being that 
even eight hours might be too long in a signal-box 
where ninety trains per hour passed the signal, as was 
the case in one instance quoted by the President of 
the Board of Trade. But power is given to the Board 
of Trade to limit the hours in certain cases, the com- 
panies having the right of appeal to the Railway Com- 
mission. There was a contention that it would be 
better to give the absolute power to the Board of 
Trade, but this was overruled, on the ground that a 
right of appeal should be given to what is, after all, a 
kind of legal tribunal. 

There was also a resolution passed by the House of 
Commons giving the right to a two-thirds majority of 
the shopkeepers in any given locality to close all shops 
at eight o’clock at night, or some other fixed hour, in 
particular trales, or generally. This is supposed to 
be done in the interests of the shop assistants, but it 
will operate in all cases, whether there be shop assis- 
tants or not. The passing of the resolution is one 
thing, but, unless there is a great change in public 
opinion, the measure will be sure to evoke a good deal 
of opposition from small shopkeepers. 

The Employers’ Liability Bill was again discussed 
on the second reading and adjourned. The labour 
members to a man are averse to the substitution of 
universal insurance in lieu of responsibility and lia- 
bility, in cases where the injury is caused by neglect or 
default. The object of the measure ought to be, in 
their opinion, to prevent accidents, not to provide 
compensation, the latter only coming in where the 
requisite precautions are not taken to insure safety. 
The general feeling is that the Bill is a good one on 
the whole, but that it requires amendment. 


The miners of South Wales are vigorously reor- 
ganising the several districts on trade union lines. 
Each pit is to have its union, and the whole of the 
local unions are to be federated, with a central fund 
of 3d. per member per month. The other portions of 
the funds are to be lodge funds, the contributions to 
be only 2d. per week. This small payment is but 
trifling by the side of the contributions of the engi- 
neers, the boilermakers and iron shipbuilders, the 
moulders, the masons, carpenters, and other buildin 
trades. There can be little doubt but that the dis- 
organisation of South Wales led to the recent reduc- 
tions, because even the smooth working of a sliding 
scale presupposes the existence of a strong union, in 
view of possible contingencies. This is the secret of 
the success of the iron and steel workers in the North 
and in the Midlands, as those bodies well know. The 
coal trade is not brisk in South Wales, and the men 
fear that, unless they are prepared to resist, there 
may be a further request for a reduction after the 
expiry of the date given in the last arrangement for 
the re-enactment of the sliding scale. The districts 
forming the council have been determined. 

The strike at the Granville Colliery continues, and 
it is evoking a good deal of unpleasant feeling in the 
district. The men are rather prone to be obstreperous, 
and to intimidate those who remain at work or 
show a disposition to goin. The district has usually 
been tolerably free from strikes, and it is said that the 
present turnout is due to the coalowners. 

In the Forest of Dean trade is dull, and some dis- 
putes are on hand, This is thought by some to be the 
district in which the federation is most likely to be 
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attacked, if a general reduction is determined upon by 
the great body of the coalowners, For the present, 
however, the disputes are local and technical. 


In Germany some of the labour leaders are in gaol, 
and the men are somewhat intimidated. They are, at 
least, very quiet. It is now generally admitted that 
the recent strikes were not only great failures, but 
most ill-advised. The condition of the men is not 
improved, but is worse than ever, 


Some of the Bristol labour leaders have been con- 
victed of intimidation in connection with the recent 
labour troubles, and have been sent to prison for three 
months. The grand jury have also brought in a true 
bill against Mr. B, Tillett, but his trial is removed to 
London, in consequence of what is alleged to be the 
strong local feeling against him. The law is being 
invoked in other directions against alleged intimidation 
and conspiracy to injure employers in certain cases, 


THE TRANSMISSION OF HEAT THROUGH 
TUBEPLATES. 


Some Experiments on the Transmission of Heat through 
Tubeplates.* 


By Mr. A. J. Dursron, Engineer-in-Chief of the 
Navy (Member of Council). 


Dur1nc the past three years various experiments haye 
been made at Devonport with the view of ascertaining 
the temperature of tubeplates and tubes under certain 
conditions of working, and their bearing on the leakage 
of tubes, the results of which, it is hoped, may be of 
interest to the members of this Institution. 

Although these experiments are not complete, and will 
be carried further, it is submitted the record of what has 
been obtained up to the present will, in addition to being 
of interest to members, secure their valuable co-operation 
in making similar experiments, such as those made by the 
late Dr. Kirk, and published in ENcrnEERING of July 15, 
1892, and thus enlarge the sources of our information, 
and tend to throw more light on the important subject 
of the limit of working endurance of tube and plate- 
nesting surfaces, and of the materials of which they are 
made. 

The first experiments were made in 1890, as follows: 

1. Zo ascertain the temperature of the hot side of a plate 
through which heat is passing to bviling water. 

For this purpose a circular flanged dish, 10 in. in dia- 
meter and 3 in. deep (see Fig. 1, page 395), had attached 
to the bottom eight pieces of fusible solder of different 
compositions, the melting points ranging from 220 deg, 
Fahr. to 250 deg. Fahr. The vessel was half filled with 
water, and placed over a Bunsen gas flame—the tempera- 
ture of which was about 1500 deg. Fahr.—and allowed to 
remain until the water had been boiling freely some time. 
It was then found that the alloys whose fusing points ran 
up to 240 deg. Fahr. melted, but the next, which would 
fuse at 243 deg. Fahr., only slightly softened. The tempe- 
rature of that side of the plate was therefore assumed to 
be about 240 deg. Fahr. 

A layer of grease obtained from the interior of the 
boilers of a new ship was next spread about #5 in. 
thick over the inside of the bottom of the vessel, and 
the previous experiment repeated. The temperature 
of the outer surface of the plate was this time shown by 
fusible alloys to be about 330 deg. Fahr., or a rise of 
90 deg. Fahr., due to the presence of the layer of grease. 
The increase of temperature was not so large as was ex- 
pected, and the experiment on being repeated gave 
virtually the same results. 

2. To ascertain the temperature at the centre of its 
thickness of a plate resembling a boiler tubeplate exposed 
to a forced blast fire. 

A flanged ?-in. plate was fitted with short lengths of 
steel boiler tube, as shown in the sketch, Fig. 2, page 
395, the centre tube being of large size to allow of drilling 
7s in. holes in the centre of the thickness of the plate. In 
these holes were placed square pieces of fusible alloys, and 
the tubes rolled as usual. Water was then put in nearly 
to the depth of the flange, and the apparatus placed over 
a forge fire, the blast being used, and the temperature of 
the fire being about 2000 deg. Fahr. The experiment 
was continued for about half an hour, fresh water being 
supplied to replace that boiled away. It was found that 
the alloys whose fusing points ran up to 290 deg. Fahr. 
had melted, but the next, which would melt at 336 deg.. 
Fahr., was unchanged. The temperature of the plate at 
the centre was therefore taken to be between 290 deg. 
Fahr. and 336 deg. Fahr., a greater temperature even 
than on the fire side of the plate in the previous experi- 
ment when using the Bunsen flame (1500 deg.). ; 

3. To determine the temperature of the tubeplate at which 
injurious overheating (i.e., such as to cause leaky tubes) 
takes place. 3 

For this purpose a small boiler was made, as shown in 
Figs. 3 and 4, page 395, in which there were twenty-four 
tubes, 24in. in diameter, the tubeplate being ¢ in. thick. 
Of these tubes eight were brass, seven steel, and nine iron, 
so that any difference in the behaviour of the different 
materials might be observed, the tubes being as far as 
possible grouped in threes (one of each), in order to insure 
their being exposed to thesame conditions. A calculated 
amount of water was put into this boiler, such that, when 
wholly evaporated, the internal pressure would be 100 Ib. 
on the square inch, means being fitted to prevent this 
pressure being exceeded by the expansion of the steam 


* Paper read before the Institution of Naval Archi- 
tects. 
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gas. The boiler was placed over a forge with the tubes 
vertical, and the blast put on and continued until the 
tubeplate showed a red heat, equal to about 1400 deg. 
Fahr. The pressure of steam inside was at first 100 lb., 
but it fell as the plate overheated. The boiler was then 
removed from the fire, and allowed to cool. 

On testing with water, all the tubes leaked so badly 
that no pressure could be obtained. No difference was 
noticed in the behaviour of the brass, steel, or iron tubes. 
This indicated that raising a tubeplate to red heat causes 
tubes of all these materials to leak very badly. 

Next a number of holes were drilled and tapped partly 
through the plate, and plugs of lead inserted. The pre- 
vious experiment was repeated, the boiler being removed 
from the fire as soon as the lead melted, it being assumed 
that the plate was then at about the same temperature 
as melting lead—viz., 630 deg. Fahr. The boiler was 
afterwards tested by water pressure to 200 lb. on the 
square inch, practically without any leaks. The tapped 
holes were next filled with zinc plugs, and the experi- 
ment repeated, the steam pressure being 80 lb. on the 
square inch. ‘Two of the brass tubes split during this 
experiment, and, on testing the boiler after replacing 
them by new, it was found necessary to roll two other 
brass tubes, after which the boiler was practically tight 
up to the test pressure of 200 lb., the iron tubes being 
without a weep, and a few of the brass and steel tubes 
leaking very slightly. It is therefore assumed that a 


| 


when boiling fresh water. More blast was then applied, 
and the temperature of the plate went up to 280 deg. 
Fahr. This experiment was extended by repeating it 
with various foreign substances in the water, with the 
results shown in the Table: 

Tempe- 


Tempe- 
ant rature of 
of Plate. Fire. 

deg. Fahr. deg. Fahr., 

Clean fresh water ... st 280 2200 
*Mineral oil gradually added 

up to 5 per cent. ... oi 310 2300 
Fresh water, with 24 per 

cent. of paraffin ... eae 330 2100 
Fresh water, with 25 per 

cent. of methylated apirits ree 2500 

+ A greasy deposit y5 in. above . 
tick'Dn the plate {7550 ¢ 2500 


*Genuine American distilled oil, with the paraffin 
scale extracted, so that the oil will remain fluid at 32 deg. 
Fahr., with a minimum density of .91, and a minimum 
flash point of 400 deg. Fahr. f 

+Other experiments showed that this temperature 
varies greatly, and depends chiefly on the nature and 
thickness of the deposit. 


6. Temperature of plates when boiling water under 


Outlet 


Gas supply to 
Burner 


tubeplate, to be overheated sufficiently to make the tube 

joints leak to an appreciable extent, must be raised at 

fod to the temperature of melting zinc—viz., 750 deg. 
ahr, 

4, To ascertain the loss of efficiency of the heating sur- 
face of tubes in a boiler, due to a thin coating of grease 
deposit. 

A tube taken from a boiler of a new ship was cut into 
lengths, and tried in the apparatus shown in Fig. 5, 
annexed. This consisted of a rectangular iron vessel A 
to hold the water, with holes and stuffing-boxes B, for 
the piece of boiler tube under test, the heat being sup- 
plied by a horizontal Bunsen burner C. The results of 
the experiments showed that the thin coating of grease 
deposited on these tubes during the ship’s trials caused a 
loss of efficiency as heating surface, as compared with a 
perfectly clean tube, of from 8 to 15 per cent., the mean 
of many experiments giving 11 per cent. 

During the past year (1892) some of these experiments 
have been repeated on an extended scale as follows: 

5. Temperature of plates when boiling water in an open 
vessel under various conditions corresponding to previous 
experiment (1). 

_ A larger vessel than before, being a flanged dish 2 ft. 
in diameter, 24 in. deep, and 4in. thick, was used, and 
a constant supply of water maintained. The vessel was 
laced over _a forge fire instead of over a Bunsen burner. 
ith a moderate blast the temperature of the hot side of 
the plate was as before found to be 240 deg. F'ahr., 


Sos is ey a Ed 
Y/N NIGH; 
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Water test Cock Vy Stee/ 
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Pellets of Fusible Metal 


Sia | 
oso ws 7 


<A ir holes to Bu 


be es conditions at a higher temperature than 212 deg. 
‘ahr. 

The higher temperature was obtained by using a closed 
vessel, as shown in Fig. 7, annexed, and boiling the water 
at pressures above atmospheric. The following results 
were obtained : 

a. Using clean water and surfaces : 


Tempe- qT 
rature of SIN pe : 
Hot Side "ature of Difference, 
of Piste. Water. 
eg. deg. deg. 
Fahr, Fahr. Wane 
Over Bunsen 
burner ee 430 363 67 
Over blast forge 
(full blast) ... 430 344.5 85.5 
b. Bottom of vessel coated ee grease: 
empera- 
ture of ‘nae peg Dif- 
Hot Side Wat °F ference. 
ue Plate. Sale, 
eg. Deg. Deg. 
Fahr. Fahr. Fake. 
Over forge fire—grease de- 
posit 3; in. thick 510 359 151 
Ditto, but using grease of 
drier or earthier nature 550 851 199 


* Ditto, and spreading the 


> a 


grease up the sides of 
vessel as well 617t 80 537 


* The grease was spread 14 in. up the sides of the vessel 
from the bottom, being then 1 in. below the water level. 

+ This temperature was reached three minutes after 
placing the vessel] on the fire with the blast turned on. 


7. Experiments showing the bchaviour of tubes of 
various materials. 

The last-mentioned experiments were repeated several 
times with the apparatus shown in Fig. 3, annexed, ex- 
cept that the tubeplate was % in. thick, and tubes of 
capper, brass, iron, and mild steel were tested simulta- 
neously. It is not thought necessary, however, to insert 
the particulars of these experiments, which varied con- 
siderably as they were repeated on a larger and more 
reliable scale, as described in Experiments 9 and 10, but 
it is worthy of remark that on all occasions some brass 
and copper tubes leaked even when the plate was below 
the temperature of melting lead, viz., 617 deg. Fahr., show- 
ing that these materials did not stand so well as iron or 
steel, whilst between the latter materials—Staffordshire 
as well as Lowmoor iron tubes being used—there appeared 
to be practically no difference. 

8. Hxperiments to determine whether at higher pres- 
sures of steam there 1s any marked addition to the excess 
of temperature of the hot side of the plate over that of the 
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These were carried out with the closed vessel shown in 
Fig. 7. A large number of results were ‘obtained, the de- 
tails of which showed that there is no marked addition to 
the excess of temperatures at the higher pressures. 

9. Experiments on the temperature of the centre of the 
thickness of a tubeplate, with an cuperimental boiler work- 
ing with closed ashpits and moderate air pressure. 


Results. 
Mean. Maximum, 
Steam pressure... 143 150 
* Air pressure in closed 
ashpit ... 310, Duin 


+ Temperature ‘of com- 
bustion chamber... 2850 dg. Fah. 3100 dg. Fah 
Temperature in tubes 


(middle of length) TOGO TS00R as 
Temperature in smoke- 

box”... Aes 1400 _ Si, 1600 —,, 
Coal used per hour 188 lb, 

” ” square 

foot of grate .. 30 ,, 


Water evaporated per 
hour — oe 
Water evaporated per 
hour per square foot of 
tube and tubeplate 
surface He ee 4.62 ,, 
* The highest air pressure with the fan then available. 
+ Temperatures measured by a Le Chatelier Pyrometer, 


1039 ,, 
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Figs. 8 and 9, annexed, show this experimental boiler | fusible alloy 3 in. long let into the plate at the middle of 
with its built-up brick furnace. The tubeplates are bolted | its thickness, as shownin Fig. 11. The conditionof these | had fused completely. The ten ranging from 540d 
to the shell, so as to admit of being easily removed and | at the conclusion of the trial is given on the next page ;/upwards remained unchanged. Of the intormediais 
replaced by others, As first fitted, the draught was sup- | the maximum temperature obtained in the combustion ‘ones, those having melting points of 500 deg, ane 


Heating Surface, tubes 213 Sg. Ft [i outta] 


n ” tubeplates_0'5, , 


melting points run from 435 deg. up to 490 deg. Fahr, 


; » — eotal 2235 
Grate Area 6-259 Fug.8 . 
Weight of Water contained in - 2460 Ibs. 
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Fig 70 


A. fusible Pellets in midle of plate. B. Fusible pellets in Face ofplate. 
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| 510 deg. remained unchanged, whilst two others with 
melting points of 520 deg. and 530 deg., were fused just at 
the ends near the tubes. It would appear, therefore, 
that the temperature of the plate at the middle of its 
thickness did not rise to 540 deg. Fahr., but at some of 
the tube joints it rose to 530 deg. Fahr. 

10. Further experiments to ascertain the temperature 
of fire side and middle of thickness of tubeplate in expert- 
mental boiler with forced draught and closed stokeholds. 

Due ua od SO i: oe the boiler arene ~ 

. : revious escribed, the flames blowing out into the 
plied through a closed ashpit, and under these conditions | chamber was 3100 deg. Fahr., and the maximum tempera- SoLohold. unless the draught was aint oft the ashpit 
a two hours’ trial was made, of which particulars are given | ture of the steam 366 deg. Fahr. each time of firing, the boiler was inclosed in an air-tight 
in the Table. Five of the tube holes (see Fig. 10)—| From the above it will be seen that of the pieces of |stokehold, and the draught supplied by a fan and engine 
Nos, 10, 14, 28, 45, and 59—had each four pieces of! fusible alloys placed in the tubeplate, all the six whose | of increased dimensions, in order to obtain a higher rate 


To Galvanometer 


Marcu 31, 1893.] ENGINEERING. 


397 


E ——————————————————————————————————————— —————————___———— 


of combustion, Under these altered conditions the trials 
were continued, and, in addition to the fusible alloys let 
into the middle of the plate, four pieces :% in. in length, 
and yin. in diameter, were fitted into the face of the 
plate, around each of the tubes mentioned, and as shown 
in Fig. 12, on opposite page. These pellets projected s': in. 
beyond the plate. 


Tubes Nos. 14 and 28. 
Temperature at face of plate : : 
Antimony partly melted, ¢.e., 1060 deg. Fahr. 


Temperature at middle of plate : 
680 deg. alloy melted; zinc not melted ; “.e., 
between 680 deg. and 750 deg. Fahr, 


* s or 11. Experiments as to behaviour of Lowmoor tron versus 
aaa of aoa ote steel baste regards leakage in experimental boiler, 
; alee viene . ake bred Ca above Benne’ math hit boiler 
; w ee shown in Figs. 8 and 9, page 396, were utilised for this 
= F pees oD letely. purpose, the Sebo being arranged as shown in Fig. 15, 
5D 460 Titer so that, as far as practicable, Lowmoor iron and steel 
470 Matted tubes were placed alternately. Particulars of the four 
480 Tikeor trials made are those given on Mable: Any ae ls 
490 Mikko! First trial of five hours’ duration with 3 in. air pressure. 
45 500 Not fused —No leakage of tubes occurred at this trial. . : 
540 iDitias Second trial of five hours’ duration with 3in. air 
510 Dsttoe pressure for first two hours, and 3} in. for next three 
520 Tased atiend ae aie hours.—At the conclusion of this trial the fan was kept 
10 530 Meo * | going for some time after drawing the fire, but no leak- 
540 Not anal age of tubes occurred. Attention is called to this fact, as 
550 IDR) great stress is frequently laid on the action of cold 
617 Ditto: currents of air in producing leaky tubes. _ : . 
23 680 IDstkoe Third trial of five hours’ duration with 3in, air 
773 Ditto. 
( 850 Ditto. 
14 617 Ditto. 
680 Ditto. 
773 Ditto. 


Fig.18. 


The following Table shows the observations made in 


was being worked at its normal capacity, the consump- 
tion of coal being about 17 lb. per square foot of grate. 

The following are the mean results of eight sets of 
records : 


Deg. Fahr. 

Temperature in combustion chamber 1644 
a just inside i be 1550 
: : rom combus- ; 

os in tube 1 in. { Gon charmer \ 1466 
19 ” 2 in. ” ” 1426 
19 ” 3 in. ” ” 1405 
” ” 4 in. ” 49 1412 
” ” 5 in, ” ” 1398 
” ” 6 in. ” ” 1406 
ss Be aRind Ges », 1400 
“ fs aS 1T ee 3 An 1410 
a fp aelift Gimics tae 21268 
ee pa ft. Ratko, 5 1295 
a 2 ft. Sin. ,, Stig 4h198 
- Se itesinds », 1106 
‘A wy 8 Ait, Blin. » —-:1015 
i uo fb2 80.15, 45 926 
6 ay Git. Santas af 887 
or in smokebox = 782 


five trials with this boiler ; 
Taste A.—Data of Trials. 
Number of Trial. First. Second. | Third, Fourth. | 
Duration of trial, hrs.| 5 5 5 | 8 . rs ° 2 | (PPK Pe fa gnc 
Pressure of steam, lb.| 145 142 140 | 144 BY z ry 5 3 5 g 
3 for first } S = = x 2 SR 
Air pressure in stoke. two hours, 
held a Rial: } ~ i 3} for next | 8 | = eea| 
_ three hours (x ‘A End | 1563 M 
| | ot accu- 
Total coal used dur. : et del 
ing trial 1p,| 2800 | 8,188 | 2,682 |) rately or aT Tr Fe a mn fe 
er d nae Ae 14,125 | 14,775 13,148 10,276 
rate . . " | ea 3, 4 
Coal per square a 2 pressure, a certain proportion of mineral oil being mixed | These results are plotted out and shown graphically on 
a sonics sia Mee ag car with the feed water.—On this trial no leakage of the | Fig. 18 annexed. It will be seen that about ,*,ths of the 
aa square fee of | tubes occurred. total fall of temperature takes place in the first 2 in., after 
tube and tubeplate _ The fourth trial was proposed to be an eight hours’ con- | which the fall is fairly evenly distributed throughout the 
surface per hour,}b.| 12.64 18,22 11.76 11.99 tinuation of the last, using oil in the proportion shown on | length of the tube. The above shows that even beyond 
Temperature in com: the table.—At this trial leakage of tubes occurred under | 6 ft. in length thereis an appreciable transfer of heat, but 
bustion Pig ad 2750 2500 8100 5200 the following circumstances : a further experiment will be made by shortening these 
enaner ot Oe rail Z Just before the end of the fourth hour the fire was | tubes by 1 ft. and lengthening the combustion chambers 
Milsised tee A Uy 9 5% being burned down to clean it, in order to be able to |by the same amount, and making comparative trials as 
Oil used in percentage! | work for eight hours, the air pressure being gradually re- | compared with the boiler as now arranged. 
of feed see ea | .07 .05 duced. Ten minutes after beginning to burn down, and| The above concludes, so far as we have gone, what 


with the air pressure at 1in., the tubes gave out, and 
began to leak badly. On examination of the boiler, it 
was seen that six Lowmoor iron tubes and one steel tube 
leaked badly ; three Lowmoor tubes and nine steel tubes 
leaked slightly. On applying water pressure it was 
found that at 60 1b. all the tubes in the boiler leaked, 
more or less, except No. 34 and the tubes in the two 
bottom rows, which were probably protected by ashes, &c., 
during the trial; but the three Lowmoor tubes, Nos. 14, 
16, and 18, were leaking most. 

The results of these trials, therefore, appear to show 
that Lowmoor iron tubes are, at least, not superior to 
steel ones ; and, as from experience we know the latter 
will stand more rolling than the ordinary iron tube of 
commerce, it justifies our preference for steel tubes. 

12, Results obtained with grease in boilers. 

As bearing on the important point of the presence of 
grease in boilers, it may here be stated that in one of the 
yard boilers at Portsmouth the furnace crown came down 
shortly after concluding some experiments in using greasy 
water. Ina similar boiler at Devonport the Adamson 
joint of the furnace gave out after similar treatment. 
These boilers were ordinarily worked at about 60 lb. 
pressure, and used only fresh water from the yard mains, 
and had experienced no serious defect till the introduction 
of grease experimentally. This is again borne out by re- 
peated examples in Navy boilers of all types of the dele- 
terious effect of the presence of greasein them. Referring 
back to the former ay of this paper, the five experiments 
on page 4 and the three experiments on page 5 also show 
how very great is the effect of grease on the water side of 
the plate-heating surface. These are also confirmed by 
the trials with the experimental boiler, which, although 
subjected to the high temperature of about 3000 deg. Fahr. 
in the combustion chamber, and 1600 deg. Fahr. in the 
smokebox, and further subjected to hard treatment by 
admission of cold air through the tubes after drawing the 
fire at the conclusion of the second trial, did not leak till 
grease was used in it. 

13. Experiments on the temperature at various parts of 
the tubes of an ordinary marine boiler. 

The following experiments were made to ascertain the 
fall of Se of the products of combustion in pass- 
ing through the tubes of an ordinary marine boiler used in 
Keyham Yard. This boiler (see Figs. 16 and 17, page 396) 
had two furnaces and 166 return tubes 2? in. in external 
diameter, and 6 ft. 8 in. long from outside to outside of 
tubeplates. The temperatures were taken by a Le Cha- 
telier thermo-electric pyrometer, the junction of which 
was passed through the smokebox and down the centre of 
the tubes, as shown in the sectional elevation. Tubes in a 
vertical row nearly over the centre of one of the furnaces 
were taken for the experiment. The temperature was 
recorded at each foot length until near the combustion 
chamber, where it was taken at every inch. The boiler 


* Boiler not cleaned out from previous trial. 


On the first trial (five hours with 3 in. air pressure, 
using clean feed water) sixteen of the pellets in the face 
of the plate were made with melting points from 490 deg. 
to 690 deg. Fahr., and the remaining four were of anti- 
mony (melting point 1060 deg. Fahr.), All were melted 
except the four aararigy 

On the second trial (five hours with 3 in. air pressure 
during the first two hours, and 34in. during the next 
three, using clean feed water) the pellets placed in the 
face of the plate around each of the five tubes were as 
shown in Fig. 13 on the opposite page—viz., one of 
antimony (1060 deg.), two of zine (750 deg.), and one of 
alloy melting at 690 deg. Of these the five antimony and 
three of zinc (at tubes 14, 45, and 59) remained intact, all 
the rest melted. 

On the third trial, which was of five hours’ duration 
with 3 in. air pressure, with the pellets arranged as on the 
preceding trial, a total quantity of 9 1b. of oil was ad- 
mitted to the boiler mixed with the feed. The five anti- 
mony and one (at tube 45) out of the ten zinc plugs 
remained intact, all the rest melted. As this was the 
last trial at which the tubes remained tight, the tempera- 
ture of the plate should be noted for comparison with the 
_ next trial when the tubes gave out. Since all the zinc 
pellets melted (except one low down at the edge of the 
tubeplate), the temperature of the tubeplate must have 
been above that of melting zinc (750 deg.) and below that 
of antimony (1060 deg.). On the fourth trial, which was 
a continuation of the third, an additional 5 lb. of oil was 
admitted with the feed water. During this trial the 
tubes gave out when cleaning fires after 3% hours’ run. 
The pellets in the tubeplate were arranged as before, and 
melted as follows : 

Around tubes 10, 14, and 28 (hottest part of the plate) 
all the zinc and alloys melted; the antimony partly 
melted in Nos. 14 and 28, but remained intact in No. 10. 
Around tubes 45 and 49 the antimony and zinc remained 
intact. This shows that the plate was about the tempera- 
ture of 1060 deg. Fahr., at all events during the latter 
part of this trial, and it is presumed that the tubes then 
gave out ; whereas, from the results of the third trial, 
the tubes remained quite tight up to and above the tem- 
perature of melting zinc, 750 deg. Fahr. 

The five tubes were now drawn, and the fusible alloys 
which had been let into the plate at the centre of its 
thickness were examined. They were made with melting 
a ranging from 480 deg. to that of zinc, 750 deg. 

ahr., and arranged as shownin Fig. 14. All were found 
to be melted, except the zinc at tubes 14 and 28. 

Comparing the highest temperature shown at the face 
and centre of the plate around the tubes most exposed to 
heat, the temperatures are as follows: 


may be termed the experiments made on a small scale, 
and an account will now be given of some experiments on 
a larger scale on shipboard, with the object of avoiding 
leakage of boiler tubes. It is a matter of common know- 
ledge that the Admiralty has experienced considerable 
trouble with leakage of tubes in the double-ended common 
combustion chamber boilers and those of the locomotive 
type. 

Of the former there are three kinds, distinguished by 
having either two, three, or four furnaces at each end. 

As regards the two-furnace type, various expedients 
have been tried in one or other of the ships so fitted to 
overcome the leakage. These may be summarised as 
follows: Rolling tubes with a shoulder inside the tube- 
plate. Beading tubes over the tubeplate. Rolling the 
tubes parallel. Fitting ordinary ferrules in tubes. 
Shortening the grates, involving an increase in the air 
pressure. Replacing the stays from the top of the com- 
bustion chamber to the shell of the boiler, by dog stays 
having no connection with the top of the boiler. to) 
definitely beneficial results have attended any of these 
measures, 

The modification in these boilers that gave the greatest 
benefit was that of removing two vertical rows of tubes 
over the centre of each furnace, as suggested to me by 
Mr. Seaton, of Messrs. Harle’s, and this has been applied 
to all the boilers of that type. It has also been applied 
to those having three and four furnaces at each end, but 
the results in these cases were not nearly so satisfactory. 
In these boilers the expedients of shortening the grates, 
and easing the stays immediately above and below the 
tubes, so as to allow a slight movement of the tubeplates 
with the expansion of the tubes, have also been tried, 
but with no permanent benefit. Continued experience 
with the Thunderer and Vulcan—vessels having this 
double-ended common combustion chamber boiler with 
three furnaces at each end—was so unsatisfactory, both 
on trials and on actual service afloat in the former ship, 
that the reboilering of these ships, as well as the Devasta- 
tion, was provided for in the Navy Estimates for the cur- 
rent financial year. In all these boilers the combustion 
chamber was divided by brick walls into a separate com- 
bustion chamber to each furnace, or to each two adjacent 
furnaces in the eight-furnace boilers. In the Thunderer 
and Devastation, from the arrangement of the nests of 
tubes, it was only possible to divide the combustion 
chamber into two parts, one to each end of the boiler. 

Concurrently with the efforts that were being made to 
overcome the leaky tube troubles by improving the cir- 
culation, experimental trials were being conducted in 
the locomotive boilers of the torpedo gunboat class: 
(1) by plastering the tubeplate with a non-conducting 
composition, thus protecting it on the fire side, and (2) 
by ferruling the tubes with fireclay cap ferrules, the caps of 
which afforded protection to the tube ends and the larger 
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part of the tubeplate. The object of these experiments 
was not to demonstrate the effectiveness of the materials 
used, but to show whether the leakages of boiler tubes 
were not due to the overheating of the tubeplate and 
ends. This was established, for as long as, in the first 
case, the cement adhered, and, in the second case, the 
ferrules lasted, leakages did not occur. They were, how- 
ever, both liable to rapid destruction, and could not be 
relied on as a permanent protection. Numerous devices 
having a similar object were from time to time suggested, 
but all had practical difficulties preventing their adop- 
tion. Amongst the first of the practical suggestions 
made for ferruling the tube ends was that patented by 
Messrs. Humphrys, Tennant, and Co., and illustrated by 
Fig. 22, page 396. It will be seen that this ferrule is 
screwed into the tube at the firebox end, and that the 
cap fits into an annular recess cut in the tubeplate. The 
principle of this ferrule is that when a contraction in 
diameter takes place, due to variations of temperature, 
the outer part of the ferrule tends to tighten upon the 
concentric portion of the tubeplate. Further, as the fer- 
rule is screwed into the tube, it has the advantage of the 
holding power afforded by the rolling of the tube into the 
cooler smokebox tubeplate. It will also be seen that 
from its construction it provides a large amount of joint- 
ing surface, and an intricate passage to prevent the 
escape of water. On the other hand, it has the dis- 
advantage that tubes cannot be withdrawn for cleaning 
and repairs, but must be cut out, and it is somewhat 
costly in fitting. Messrs. Humphrys’ proposal to fit these 
ferrules in the two after six furnace common combustion 
chamber boilers of the Medea for trial was approved. 

For these trials iron tubes were fitted in the starboard 
boiler, and steel tubes to the port boiler. The modifica- 
tions that had already been made in the furnaces, com- 
bustion chambers, and tubes were allowed to stand for 
these trials. They consisted in shortening the grates of 
the middle furnaces by the removal of the back tier of 
bars, dividing the common combustion chamber by 
brick walls to form a separate combustion chamber to 
each furnace, and the removal of vertical rows of tubes 
over the furnaces. An eight hours’ trial of both boilers 
was made at natural draught power, which was satisfac- 
torily obtained with a mean air pressure of 1.26in. The 
examination of the boilers showed that about 70 tubes in 
all hadleaked very slightly. The ferruleshad practically not 
scaled by oxidation. The leaks were so trivial that nothing 
was done to them before proceeding with the four hours’ 
forced draught trials, which were successfully made with 
each boiler singly, 1895 and 2039 indicated horse-power 
being obtained with the starboard and port boilers re- 
spectively with 2.85 and 2.9 in. of air pressure, as against 
2250 indicated horse-power, the specified power per boiler. 
On examination, slight unimportant leakage of the tubes 
was observed, and the ferrules were practically free from 
oxide scale. Subsequently the eight hours’ natural 
draught trial was repeated, 3013 indicated horse-power 
being obtained with a mean air pressure of 1.05 in. On 
examination, a few tubes were found to be leaking slightly 
under the water pressure, but not sufficiently to necessi- 
tate further rolling. No difference was observed in the 
behaviour of the ironand steel tubes. Shortly after the 
above ferrule was suggested, Mr. Peck, of Messrs. 
Yarrow’s firm, sent me a letter proposing a ferrule of 
the shape shown in Fig. 20, page 396. The points claimed 
for this, in his own words, were as follows: 

“*Something in this direction has, I am aware, been 
already proposed, but in this proposal you will see that 
the tube ferrule or protector does not touch the tube where 
it is fixed to the tubeplate, but is in contact with the tube 
only at a part where allits heat may be readily absorbed. 
The space between the protector and the tube is rather 
exaggerated in the sketch, but is only intended to be that 
due to expanding the ordinary straight tube.” 

It will be seen from this that Mr. Peck considered the 
space produced by the rolling of the tube in the tubeplate 
would be effective in producing the desired result ; and it 
was not proposed to protect the tubeplate by any flanging 
of the ferrule. 

The idea of a space formed between the ferrule and the 
tube at its junction with the firebox tubeplate was recog- 
nised as an important point, and a few hours subsequently 
Mr. Oram, engineer inspector, proposed to me the cap 
ferrule shown in Fig. 19, page 396, as one which would pro- 
vide an effective air space between the ferrule and the 
tube at, and for ashort distance beyond, its junction with 
the tubeplate, and by its cap also protect the greater por- 
tion of the firebox tubeplate from direct contact with the 
products of combustion, and proportionately reduce the 
formation of steam on the water side of the tubeplate. 
Experience has resulted in the shape of ferrule shown in 
Fig. 21, page 396, but it will be seen that the effective 
points remain the same, In order to make a practical 
test, these cap ferrules were fitted in the Barracouta’s 
boilers, which were of the double-ended common combus- 
tion chamber type. The port boiler was fitted with 
wrought-steel ferrules, and the starboard boiler partly 
with the same and partly with malleable cast-iron ones. 

On an eight hours’ trial of the port boiler at natural 
draught, 978 indicated horse-power was developed witha 
mean air pressure of 1.07 in., as against 950 indicated horse- 
power specified, the trial being in all respects satisfactory. 
It was found that not a single tube had leaked ; some of 
the ferrules were loose, and could be turned round by 
hand, but none of them could be swept out by a brush. 
The faces of the ferrules, and in a few cases the insides, 
showed signs of burning and scaling. 

The loose ferrules were tightened by light rolling with 
expanders, and on a four hours’ trial of the same boiler at 
forced draught, 1450 indicated horse-power was developed 
with ameanair pressure of 2.41in. Slight priming occurred, 
which prevented the development of the full power of 
1500 indicated horse-power. This trial was also satisfac- 


tory, examination showing that no tubes hadleaked. The 
scaling of the ferrules seemed to be no worse, the first 
formation appearing in a measure to protect the ferrules 
from further burning. Next an eight hours’ natural 
draught trial was made of both boilers ; 1912 indicated 
horse-power was satisfactorily obtained with a mean air 
pressure of .69 in., the specified power being 1900 indicated 
horse-power. All the tubes in the port boiler were tight, 
but one tube in the starboard boiler showed slight indi- 
cations of having leaked. 

The scaling of the ferrules—more especially the 
wrought-steel onesin the port boilers—after this trial was 
observed to have increased ; the first formations had in 
many cases curled up and broken off, leaving fresh sur- 
faces exposed to the fire, and consequently new scalings 
had formed. A few ferrules were loose. 

A forced draught trial was next made with the star- 
board boiler. Difficulties arose with the fans, and it was 
decided te stop the trial after three hours; 1416 indicated 
horse-power was obtained with a mean air pressure of 
2.3in. Nota single tube leaked. 

Subsequently an eight hours’ natural draught trial with 
both boilers was repeated, 1932 indicated horse-power 
being developed with a mean air pressure of .77 in. 
Examination of the boilers showed that not any tubes 
had leaked, a few ferrules were loose, and further breaking 
off of the scale and deeper burning of the ferrules had 
occurred. It was noticed that the scaling of the malleable 
cast-iron ferrules appeared to be much less than that of 
the wrought steel. 

At the conclusion of these trials the full water pressure 
test of 245 lb. was applied to both boilers, and not a 
single tube leaked. 

After these satisfactory trials the ferrules were fitted 
to the six furnace double-ended common combustion 
chamber boilers of H.M.S. Thunderer, which had given 
great trouble from leaky tubes at all powers down to less 
than one-third natural draught. On an eight hours’ 
natural draught trial after the cap ferrules were fitted, 
the indicated horse-power obtained was 5900, with an 
average air pressure of 1.2 in., the specified power being 
5500. Examination showed a few throat seams, rivets, 
and stay nuts to be leaking, but not one tube. 

Next, a few hours’ forced draught trial was carried out, 
the results being 7066 indicated horse-power with an air 
pressure of 1.96 in., that specified being 7000, Examina- 
tion shcwed only ten tubes leaking slightly out of about 
3000. With a view to testing the durability of the cap 
ferrules, the Thunderer was directed to proceed to 
Madeira and back at four-fifths of her specified natural 
draught power, 7z.¢., 4400 indicated horse-power, and 
sailed for that purpose on the morning of July 16, at 
6a.m., arriving at Funchal at 1.30 p.m. on the 20th. 
Leaving again at 9.30 a.m. on the 23rd, the power on 
entering the Bay was increased to 4700 indicated horse- 
power, and maintained till Portsmouth was reached at 
3.45 p.m. on the 27th. The average speed out and home 
was 12.8 knots. Examination of the boilers showed one 
ferrule to be missing, and its corresponding tube leaking; 
also one adjacent tube showed signs of haying leaked 
slightly. Several ferrules had become loose, but could 
not be removed by hand. The ferrules were thickly 
furred in the manner frequently observed in torpedo-boat 
locomotive boilers, and about 30 out of 3000 were worn 
out. 

During the past week, the Vulcan, after having the 
vertical rows of tubes—those which had been removed to 
improve the circulation—replaced, and the tubes cap fer- 
ruled, has gone through a satisfactory four-hours’ forced 
draught trial, the indicated horse-power being 12,032, as 
compared with 12,000 indicated horse-power specified, the 
mean air pressure being 1.8 in. These cap ferrules have 
been fitted to several other ships having various types of 
boilers with satisfactory results, and requests for them 
are being made by ships of the fleet with the view of pro- 
tecting the tubeplates and ends from overheating pro- 
duced by accumulation of grease or scale in the boilers, 
and they will be probably fitted to most vessels. In 
respect of protecting the tubeplates and ends from over- 
heating, whether by want of circulation, excessive tem- 
perature in the combustion chamber, or from the 
presence of grease or solid matter, it is submitted these 
cap ferrules have fully answered their intended purpose. 

In conclusion, I beg to take this opportunity of ex- 
pressing the very deep obligation I feel under to my 
brother engineers of the Admiralty, Dockyard, and Fleet, 
for their cordial co-operation and assistance in the 
endeavours that have been made to elucidate and over- 
come the difficulties that have arisen in modern practice 
with marine boilers, and for the cool pluck and determin- 
ation with which they have carried out their arduous 
duties on the steam trials in connection therewith. Last, 
but not least, a meed of praise is also, I consider, due to 
the artificers and stokers of the Fleet for their important 
share in this work. 


LAUNCHES AND TRIAL TRIPS. 


On Tuesday afternoon, the 21st inst., Messrs. Craig, 
Taylor, and Co. launched from their Thornaby shipbuild- 
ing yard, Thornaby-on-Tees, a steel screw steamer of the 
following dimensions: 244 ft. by 34 ft. by 17 ft. 9 in. 
Her engines are by the North-Hastern Marine Engineer- 
ing Company, Sunderland, and have cylinders 18% in., 
30 in., and 49 in. in diameter by 33 in. stroke. 


On Monday, March 20, the ss. City of Kingston left 
the Cleveland dockyard of Sir Raylton Dixon and Co., 
Middlesbrough, for the purpose of testing her speed 
during a series of runs over the measured mile, and also 
along the coast. Excellent results were obtained under 
all conditions, and the high speed of 13 knots guaranteed 


by the builders was exceeded by over one knot. The 
engines were fitted by Messrs. Westgarth, English, and 
Co., Middlesbrough, the cylinders being 20in., 32in., 
and 52 in. in diameter by 36 in. stroke. The principal 
dimensions of the steamer are: Length, 214 ft.; beam, 
29 ft. 6 in.; depth, 21 ft. 6 in. 
order of Messrs. T. S, and G. Vipond, of Montreal, and 
is of special design throughout, for the carrying of fruit 
and passengers from the West Indian Islands and Florida 
to Canadian and United States ports. 


Messrs. Fleming and Ferguson, shipbuilders and engi- 
neers, Paisley, launched on March 21 a steel screw steamer 
having dimensions 175 ft. by 26 ft. 6in. by 13 ft. She is 
to be fitted with a set of the builders’ patent quadruple 
engines to indicate 1000 horse-power, to drive her a loaded 
speed of 12 knots. This steamer has been built to the 
order of Messrs. Archibald Finnie and Son, Kilmarnock, 
and is to be employed by them in their coasting trade 
between Scotland and Ireland. 


On March 20 Messrs. Furness, Withy, and Co., Li- 
mited, launched from their shipbuilding works at Hartle- 
pool a large steel screw steamer built to the order of the 
Commercial Steamship Company, Limited, London, 
The vessel is a very substantial type of a modern cargo- 
boat, measuring over 300 ft. in length, and built through- 
out of Siemens-Martin steel. 


On the 15th inst. there was launched from the yard of 
Messrs. Ramage and Ferguson, Limited, a steam yacht 
of about 380 tons, named the Gundreda, and built to the 
order of Mr, H. J. Barrett, Langford Park, Maldon, 
Essex. The principal dimensions of the boat are—length, 
166 ft.; breadth, 22 ft.; depth, 14 ft. 6in.; and sheis fitted 
with triple-expansion engines having cylinders 15 in., 
24 in., and 39 in. in diameter by 24 in. stroke, supplied 
with steam from a large single-ended steel boiler work- 
ing at 160 lb. pressure. 


The steamship Mark Lane, owned by Messrs. John 
Cory and Sons, of Cardiff, ran her trial trip in Hartle- 
pool Bay on the 14th inst. The boilers of the old boat 
being entirely worn out, the owners, at the suggestion of 
the Central Marine Engine Works at Hartlepool, decided 
to adopt a higher pressure in the new boilers, and to line 
up the cylinders, as it was not deemed desirable to put 
in triple expansion engines. The new boilers, two in 
number, are designed for a working pressure of 120 lb. 
per square inch. At the trial the engines ran at 70 reyvo- 
lutions per minute, giving a speed of 12} knots. 


On Wednesday, the 22nd inst., Messrs. Laird Brothers, 
Birkenhead, launched a screw despatch vessel, built to 
the order of the Government of India, named Minto. 
The Minto has a length of 205 ft. 6 in., beam 31 ft. 6 in., 
depth to awning deck 22 ft. 9 in., and a gross tonnage of 
about 930 tons. Her machinery, also constructed by 
Messrs. Laird, consists of a set of direct-acting inverted 
engines of the triple compound type, having cylinders 
22 in., 34 in., and 5lin. in diameter, with a stroke of 
2 ft. 9in. The boilers, cylindrical, double-ended, of steel, 
are two in number, about 12 ft. 3in. in diameter and 
14 ft. 10 in. long, fitted with corrugated furnaces and iron 
tubes, and having a total heating surface of about 5070 
square feet, stayed for a working pressure of 160 lb. per 
square inch, and proved by water pressure to 255 lb., as 
required by the British Admiralty. ‘The intended speed 
is 15 knots. 


The Nile, a steel screw steamer, of about 6000 tons, 
built for the Royal Mail Steam Packet Company, was 
launched on the 22nd inst. by Messrs. James and George 
Thomson (Limited), Clydebank. The vessel, which is 
the first of two Messrs. Thomson are building for the com- 
pany, is specially designed for the first-class mail and 
passenger service between Southampton, Brazil, and the 
River Plate. Her length between perpendiculars is 
420 ft. ; breadth, 52 ft. ; and depth (moulded) 35 ft, 5 in. 
The hull is divided into 11 compartments by 10 water- 
tight bulkheads. She will also be available for charter- 
ing by the Admiralty in time of war. On the main, 
upper, and promenade decks there is accommodation for 
215 first-class and 36 second-class passengers, and on the 
main and lower decks for 350 emigrants. The first-class 
saloon, a large and airy apartment, with dining accom- 
modation for 107 persons, is situated on the upper deck 
forward of the machinery, while below the dining-room 
on the main deck is a smaller saloon with accommoda- 
tion for 69 persons. The engines are of the ordinary in- 
verted direct-acting triple-expansion type, and steam 18 
supplied by four large double-ended steel boilers. 


The Argentine ironclad Independencia, which has re- 
cently been completed by Messrs. Laird Brothers, of 
Birkenhead, has been formally handed over tothe Argen- 
tine Naval Commission in England. The ship having, 
with an air pressure of 4in., attained a mean speed of 
13.5 knots, or more than the contract, upon a four hours’ 
trial, the commission did not deem it necessary to pro- 
ceed with the 1 in. pressure trial. The vessel, at a 


draught of 13 ft., displaces 2300 tons, and has twin | 


screws driven by compound engines of 2780 collective 
horse-power. She has an 8-in. compound-armour partial 
belt with athwartship armoured bulkheads, an over-all 
steel deck, about 40 watertight compartments, and 
bunker capacity for 340 tons. Her sister ship, the 
Libertad, which was fully described in ENGINEERING, 
vol. liv., page 648, and page 52 ante, recently steamed te 
Buenos Ayres at an average speed of about 104 knots, 


burning but 21 tons of coal per diem, ; 


She has been built to the ~ 
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‘s ENGINEERING” ILLUSTRATED PATENT 
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Comrizzep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names 
é&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


7007. B. R. Adkins, London. Fluid Pressure 
Engines. [10 Figs.) April 12, 1892.—This invention has 
reference to fluid pressure engines. The engine is constructed 
with a rotary valve comprising a hollow plug formed with a 
hollow stem arranged to rotate in a socket at the end of the 
motive fluid supply pipe. A casing having a seat for the plug is 
formed with three branches, two of which are connected with 


pipes leading to the respective ends of an engine cylinder, while 
the third is connected to an exhaust pipe, the hollow plug being 
formed with a lateral opening which, during the rotation of the 
plug, serves to place the supply in communication alternately 
with each end of the cylinder, and with a groove that alternately 
places each of these ends in communication with the exhaust 
pipe. (Accepted February 21, 1893). 


2908. H.Salmon, Hunslet, Leeds. Treating Smoke 
and Fumes. (3 Figs.) February 15, 1892.—This invention 
relates to apparatus for treating smoke fumes or vapours, 
whereby the matter contained therein is condensed and collected. 
Fans are supported upon shafts driven by pulleys. One propeller 
injects the smoke to be treated into the apparatus, and is fixed 
near the ingress port. A water-pipe communicates with the 
smoke-pipe at the ingress end, so that a streain of water is driven 


pipe. After coming in contact with the water the smoke is 
driven down the pipe and impinges upon the second propeller, 
which drives it through the condensing water contained in 
a tank provided with an inner casing having apertures through 
which the smoke passes, in connection with which isa condensing 
chamber, (Accepted February 21, 1898). 


7180. R. M‘Kinnell and J. Buchanan, Glasgow. 
Indicators for Steam, &c., Engines. [2 Figs.) April 14, 
1892.—This invention relates to indicators for taking graphical 
diagrams of the power exerted in steam, &c., engines, and consists 


in a method of securing the helical pressure springs over and out 
side the indicating cylinder, instead of inside. A stationary 
crosshead @ is mounted over the cylinder A on two standards «1 
projecting up from snugs attached to opposite sides of the fixed- 


cylindér bas2 below the revolving head of the central radial arms 
carrying the actuating levers A% of the pencil lever, and at a 
sufficient height above these to allow them to swivel and oscillate 
freely below the crosshead « and between the columns a!, when 
taking the diagram. The mode and means of fitting the scale 
pressure helical springs b of indicators outside the cylinders, is 
applicable to all forms of indicators such as those with single 
scribing levers. (Accepted February 21, 1893.) 


6887. R.Richardson, Paisley, Renfrews. Direct 
Acting Pumps. [18 Figs.) April 11, 1892,—This invention 
relates to the construction and arrangements of direct-acting 
reciprocating pumps, especially the steam and water valves. A 
hollow cylindrical steam valve has close piston ends oscillated 
direct from the crosshead by aconnecting-rod and lever, the parts 


being arranged to have Corliss and slide valve movements, 80 as 
to give steam to one end of the valve and exhaust from the other, 
a reciprocating valve giving the main steam and exhaust to 
actuate the piston. The steam valve is set at right angles to the 
cylinder, and has ports arranged to have combined turning or 
oscillating and reciprocating motions to actuate itself, and a 
pistonof theengine. (Accepted February 21, 1893.) 


3130. P. Hesse, Iserlohn, Germany. Water-Tube 
Boilers. [8 Figs.] February 17, 1892,—This invention relates 
to boilers consisting of systems of water-tubes arranged in the 
fire space, one end being closed whilst the other ends open into a 
chamber common to both systems ; these chambers being connected 
to an upper boiler from which the steamis taken. Two single- 
chamber boilers are combined to form a double-chamber tubular 


boiler having one and the same firebox, by reversing the boilers 
and sliding one into the other, and then connecting the tube 
chambers a, » by means of the upper boilers c, cl and tubes 
arranged outside the firebox. Ribbed plates are provided to 
form the covering, and the lower row of tubes are connected to 
the uprer boiler c by means of a pipe. (Accepted February 21, 
1893). 


GAS, &c., ENGINES. 


5740. P. Bilbaut, Paris. Gas, &c., Engines, (3 
Figs.) March 23, 1892.—This invention relates to a gas and 
petroleum engine, which gives an impulsion for every revolution 
of the crank. The slide valve is arranged upon the front of the 
cylinder and orifices in the jacket, these orifices communieating 
with the interior of the latter and those corresponding with the 
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which is taken from the supply reservoir. A governor having 
balls N adapted to roll Darwen two level airiaoon is provided. 
As these balls move away from the centre they displace the upper 
cone O, which rises, and is connected with a small cord traversing 
the sleeve of the former, and to which is fitted a spiral spring 
regulated by a nut so as to enable the velocity of the engine to be 


varied ; this mechanism operating a device for controlling the 
admission of gas. (Accepted February 15, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


7229. I. Braithwaite and E. O’Brien, Kendal, 
Westmoreland. (The Dodge Manufacturing Company, 
Mishawaka, Inviana, U.S.A..). Journal Boxes. [6 Figs.] 
April 14, 1892.—This invention refers to self-oiling journal boxes, 
wherein a pocket is provided in the lower, anda groove in the 
upper, part to receive and hold a volume of oil which is con- 


tinuously distributed upon the shaft by a small chain which hangs 
upon and runs with it, dipping into the oil in the pocket. The 
box is cast with an open pocket, accessible and visible at every 
point for cleaning, a separate plate being provided for closing 
over the pocket, and being locked in place by the lining of the 


box. (Accepted February 21, 1893). 
MINING AND METALLURGY. 
7210. J. Lewis, Cardiff. Gas Valves for Blast 


Furnace Regenerative Stoves, &c. (2 Figs.) April 14, 
1892.—A valve with parting faces is prolonged to form a trunk, 
open at the end remote from the valve, and provided with lateral 
ports. The casing is provided with an end chamber, which is 
divided from the valve chamber by a partition. A passage through 
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this partition is surrounded by the valve seating. The axis of 
the hollow trunk corresponds with the axis of movement of the 
valve. The trunk is movable backwards and forwards in the line 
of its axis, and is closed at one end and open at the other, and is 
provided with lateral ports adapted by rotation of the trunk to be 
brought into or out of coincidence with fixed gas supply ports in 
the valve casing, (Accepted February 21, 1893). 


13,194. E. G. Brewer, London, (4. A. Cowles, New 
York, U.S.A.) Annealing Furnaces, [4 Figs.) July 19, 
1892.—This invention relates to a heating chamber provided with 
end doors that are opened for the insertion or removal of the 
articles. In the bottom of this chamber are tubular chainways, 
slotted along their upper portions for the passage of lugs by which 
the chains are caused to move along the trays having the articles 
to be annealed, the chains being returned through an archway 
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beneath the bottom of the annealing chamber, and are moved 
progressively by wheel3 around which the chains pass. At one 
side of the annealing chamber are furnaces, and at the opposite 
side are descending flues with dampers opening into a longitudinal 
chamber leading to a chimney, so that by this construction the 
heat can be regulated and confined more or less within the 
chamber, and allowed to pass off through either of the descend- 
ing fiues, thus obtaining uniformity in the annealing operation 
(Accepted February 15, 1893). 


MISCELLANEOUS, 


18,662.. J. Christensen, San Francisco, California, 
U.S.A. Ships’ Rudders. [7 Figs.) October 18, 1892.—The 
object of this invention is to relieve the ship’s rudder and steering 
gear from strains produced by abrupt movements under the 
blows of the waves, &c. An hydraulic cylinder is filled with 


liquid and contains a piston having a rod extending through the 
end, and means by which direct and positive connection is made 
between the rod and the rudderhead, so that the piston is moved 
in the cylinder and checks the movement of the rudder. Ports 
and passages connect the cylinder space on one side of the 
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piston with the corresponding space on the opposite side, and the 
area of the passage between the two ends of the cylinder is in- 
creased or reduced so as to regulate the flow of the liquid 
through the passage from one side to the other of the piston. 
(Accepted February 21, 1893). 


5989. A. Taylor, Hipperholme, Yorks. Apparatus 
for Dressing Stone. [10 Figs.] March 28, 1892.—This in- 
vention relates to apparatus for dressing stone. Oppositely 
arranged sets of tools are caused to alternately advance towards 
and recede from each other by means of eccentrics, the tools of 
one set being arranged opposite spaces between the tools of the 
other set, so as to permit the points to overlap, the stone being in 


a position so that the tools act upon the face to be dressed. A 
clamping frame is provided for holding the stone in position, and 
is guided and retained in position by adjustable holding bars, 
means being provided for intermittently moving it for the pur- 
pose of laterally feeding it. The tool holders have rotatable slotted 
tubular tool carriers, provided with nuts and crosspieces whereby 
the latter can be adjusted. (Accepted February 21, 1893). 


9621. G. Little, London. Elevators, &c. [3 Figs.) 
May 20, 1892.—In this invention the plates of the conveyor are 
secured to a wire rope passed over driving and guiding pulleys. 
The use of the wire rope enables the elevator to work smoothly. 
Metal attachments are provided with a pair of arms extending 
radially at each side of the division of the collar. The arms, by 


the application of sufficient force, are brought together so that 
the rope is gripped and compressed in the recess in the clip. 
Upon these clips are brackets to which the buckets are attached. 
The clips are formed with bevelled ends, so that they take the guide 
pulleys without injurious shock. (Accepted February 21, 1893). 


10,665. H. Coward and W. L. McNay, London. 
Producing Currents in Air, &c. [8 Figs.) June 4, 1892. 
—This invention relates to jet nozzles operated by fluid pressure, 
for the purpose of causing the circulation of other fluids. A 
cylindrical shell has an internal annular passage to which the 
fluid pressure is introduced A tube, inserted from the back end, 
is intended to slide longitudinally in the shell, and has secured to 
it the nozzle, which is provided with a number of small peri- 
pheral recesses, so as to allow of the passage of the fluid pressure 
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between the nozzle and the tube. Thetubeis adapted to fit fluid- 
tight within the shell, and is provided with passages so as to 
allow of the entrance of the pressure between the tube and the 
nozzle, the latter being tapered in the part within the tube, in 
the reverse direction to that of its outer portion. A screw passes 
through the cover of the shell, and is connected with the tube 
and nozzle, so that it can turn round without turning them, but 
will cause them to move longitudinally with it. (Accepted Feb- 
ruary 21, 1893.) 


7299. B. S. Armitage, (Shepley, Huddersfield. 
Jacquards of Looms for Weaving. [2 Figs.) April 16, 
1892.—This invention relates to Hollingworth and Knowles’s looms, 
in which are employed ‘‘ vibrating levers” connected to toothed 
wheels oscillated backwards and forwards by two toothed cy- 
inders, one arranged above the segments and one below them, 
they giving rotary motion to the segments when opening and 


closing the ‘‘ shed.” 
vertical spindle is placed, the foot of which is notched to fit on to 
the levers. The tops of the spindles pass through holes in the 
top adjustable bar, and between it and acollar at the bottom of 


it. 
of the levers insured. 


(Accepted February 21, 1893). 


7279. J. A. Steven, Glasgow. Hydraulic Hoists. 
(2 Figs.) April 16, 1892,—This invention relates to hydraulic 
hoists. The cylinders are inverted, and the chain pulley blocks 
are carried on parallel vertical rods attached to the upper ends of 
ram cylinders. The upper central pulling rod passes through 
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stuffing-boxes fitted on the main cylinders, and is secured to the 
upper close end of the hollow ram. The upper ends of the two 
parallel rods are attached to the reciprocating pulley blocks, 
and their lower ends are secured to the lower part of the ram 
cylinder, and carry the adjustable counterweights of the cage 


and fitting. (Accepted February 21, 1898), 


7276. J.A. Laughlin, Belfast, Ireland. Hackling 
Machines for Flax, &c. [3 Figs.] April 16, 1892.—The 
object of this invention is to provide the channels of hackling 
machines with an alternate up-and-down motion, uniform at all 
points of traverse, and capable of being adjusted so as to permit 
them to rest any required time at any point. A T-shaped lever 
has at the head radial slots, in which the lifting rods are studded 


and by which theheightof liftis set, while onits sides atthe tailend 
are wedges by whichthe required restis given. Theleveris studded 
centrally between two crankpins, which are fixed in toothed 
wheels engaging with each other, and as it receives its oscillating 
motion from the alternate impingement of these crankpins on 
the wedges it carries, any alteration in the position of the latter 
varies the duration and position of the rest of the channels. (Ac- 
cepted February 21, 1893.) 


5092. T. Eddleston, Blackburn, Lanes. Pumps. 
{14 Figs.] March 15, 1892.—This iavention relates to pumps. 
The pump is double, and has two rams h working in two barrels a. 
The double pump barrel a and valve boxes ql, @2 at each end are 
cast in one piece. The hinge of each flap inlet valve hl is carried 
on the end cover a3, the removal of which gives access to the 
inlet and outlet valvesh', h2, and cover a3, having projections a4, 
a, so that when secured it keeps the pivots of the outlet and inlet 
flap valves in their places. The upper part of a projection a$ from 
the barrel casting @ forms the bearing fora short shaft ?, which 
when in position is held by a cap, secured to the upper part of the 
projection by bolts passing through holes in the flanges. Upon 
the short shaft ¢ is an arm, the boss of which has a square hole in 
it to fit the square part of the short shaft within the projection. 
The free end of an arm 7! is enlarged and fits a slot in the con- 
necting bar h3 between the two ram pistons h, and the outer end 


On to the top of each vibrating lever a | of the shaft 7 has a two-armed lever secured to it, io each end of 


which the lower end of a rod 73 is jointed, the upper ends of 
the two rods 73 being jointed to a lever on opposite sides of i:s 
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fulcrum, which is upon a pin carried by a bracket secured to the 
stand-pipe el. (Accepted February 15, 1893). 


5529. W. de Normanville, Leamington, Warwick, 
Sprinklers for Irrigation Purposes. [2 Figs.] March 
21, 1892.—This invention relates to an automatic travelling appa- 
ratus for scattering liquid for irrigation, consisting of a frame 
travelling on wheels and carrying an automatic device for scat- 
tering the liquid. The wheels are connected with this device by 
gearing, so that the motion thereof drives them, an hydraulic 


motion being connected to and driving the wheels. The hollow 
rotating head K, with tubular arms R, automatically scatters 
liquid, and drives the wheels B, B! through the spindle L and 
worm gears ST and W X. The upward pressure of the liquid 
within the head is counteracted by its downward pressure on the 
enlarged part and the weight of the rotating parts. (Accepted 
February 21, 1898). 


6254. T. L. Aveling, Rochester, Kent. Scrapers for 
Road Roller, &c. Wheels. [4 Figs.] March 31, 1892.—The 
scraper blade is carried by rods pivoted to a fixed axis parallel to the 
surface of the roller, the attachments of the scraping blade to the 


rods being adjustable to provide for the wear of the former. 


Fixed to the rods is a crossbar, supporting a cylinder containing 
a spring and a piston pressing upon it. The piston-rod is pivoted 


to the fixed axis, and carries two projections one on each side, which 
bear against abutments fixed on the axis. These abutments are 
arranged so as to cause the piston to slightly compress the spring, 
making it, in its turn, press the scraping blade against the roller. 
If a stone gets between the blade and the roller the former can 
give way by turning about the axis, compressing the spring, 
which brings it back again when the stone has passed through, 
Accepted February 21, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford: 
street, Strand. 


REBUILDING oF THE STENVIKEN RAILWAY BrinGE IN 
Norway.—It having been ascertained that the Stenviken 
railway bridge, across the Glommen, is not ina fully 
satisfactory position, it has been decided to substitute a 
new iron bridge in place of the old wooden bridge, as soon 
as possible. Examinations of the stone foundations 


also having proved these unfit for the requisite exten- . 


sion, it has been decided to build quite a new bridge, 
and ona different spot. The new bridge will cost some 
10,0007. or 12,0002, : 
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The Register of Letters, &c., of the Governour and Company 
of Merchants of London T'rading into the East Indies, 
1600—1619._ Edited by Srr_ Georce_ Brrpwoop, 
M.D., K.C.1.E., assisted by Witt1am Foster, B.A. 
Awos 5 éreNecero Bovkn. London: Bernard Quaritch, 
Mpccexcu. 

Tue history of our Indian Empire is the history of 
our rise in the scale of nations. It was the wealth 
which we derived from the Oriental trade that 
enabled England to engage in the long Continental 
wars of the sixteenth and seventeenth centuries. 
Previously our campaigns had been most fruitless ; 
victories were won, but before they could be fol- 
lowed up the King’s exchequer was empty, and the 
unpaid troops were only too ready to march home- 
wards. Thecountry, with little beyond its agri- 
cultural and pastoral resources, which were handi- 
capped by the erratic climate, could not stand the 
steady drain of a prolonged campaign, unless, like 
the Elizabethan raids on the Spanish Main, there 
was plenty of portable plunder to be obtained. 
But the founding of a foreign market which could 
take animmense amount of manufactured goods, 
and the institution of a centre at home from which 
many of the needs of the opulent classes of Europe 
must be satisfied, if satisfied at all, altered the con- 
dition of affairs. Work became plentiful, population 
increased, capital began to accumulate rapidly, and 
England entered upon a new phase in her career. 
The first men who clubbed together the few 
thousands of pounds to send their tiny fleet to try 
and get a footing in the East, had very little idea 
of the importance of their act, though had they had 
the same access to the records of history as our- 
selves, they could not have failed to see that great 
issues must follow success. The story of this 
enterprise is told in the volumes before us in a 
somewhat disjointed manner. The business letters 
of a company fall very far short of being a con- 
nected narrative, and, unless supplemented by a 
general knowledge of the objects and history of the 
concern, form perplexing reading. Fortunately, 
the editing of these records has been undertaken 
by Sir George Birdwood, who has written an intro- 
duction distinguished by a wonderful charm of 
composition, by deep erudition, wide local know- 
ledge, and historical accuracy. After perusing this 
introduction, the subject becomes irradiated byanew 
light for the general reader, and the somewhat dry 
and stilted documents acquire a great interest, due 
to a knowledge of the national and commercial con- 
ditions under which they were written. 

Sir George Birdwood is not content to be merely 
an historian, well versed as he is in the records of 
the past and in the lessons to be learned from 
comparative philology. He is also a moralist, a 
preacher, anda prophet. He is always striving to 
impress on the reader the lessons to be learned 
from the matter before him, and to raise him to a 
full realisation of the gravity of the altered com- 
mercial conditions under which we are now 
working. In relation to the changes effected by 
the opening of the Suez Canal, he writes : 

‘The time has evidently come when we can no longer 
neglect to make the best of every natural advantage we 
possess, and to diligently make up for every disadvantage 
with which we may be weighted. It is the sum of un- 
observed, unconsidered deficiencies and negligencies which 
brings about the deadliest forms of failure, and in these 
days of close international competition a serious cata- 
strophe suffered by any cne of the leading powers of the 
world could only with the greatest difficulty be retrieved, 
ifatall. It is remarkable what a difference the slightest 
natural advantage makes in even the most artificial condi- 
tions of human society, and in the ordinary retail business 
of shopkeepers. In most northern cities every street has 
what those living in it call a ‘‘right side” and a ‘‘ wrong 
side,” the rents differing between the two sides so much 
as from 25to 30 per cent. I have never met with anyone 
who could explain it, except that it had always been so. 
It will, however, be invariably found that the right side 
of the street is that on which the sun shines from the south 
and west, making a brighter show of the shop windows, 
and therefore attracting the greater number of people 
and of casual buyers to them. But every nation is a 
shop, and the ocean and the rivers are the high streets 
and the by-ways of the nations, and when the busy 
traffic that always has subsisted, and always will subsist, 
between the Hast and the West went overland, the nations 
situated along the Euphrates, the Nile, and the Mediter- 
ranean made the first and the whole profit of it. Then, 
after it was diverted round the Cape, the nations fronting 
the Atlantic, and particularly England, which fronts 
at once India, Hurop2, and America, monopolised it, while 
the Mediterranean nations had, as it were, to put up their 
shutters and retire from business for nearly 300 years. 
And now that this trade is gradually returning to its 
original overland routes, our Readeinvage in relation to 
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them is at once beginning to be seen, and would be still 
more clearly seen but for our immense present dealings 
with the Americas. Nevertheless, the Kastern trade is 
the great trunk trade current of the old world, and 
France, with her unique advantage of having a frontage 
on both the Mediterranean and the Atlantic, if she ever 
seriously enters into the trade with the East Indies, will 
compete with us on almost equal terms round the Cape 
of Good Hope, and on more than equal terms in the 
Mediterranean, where her recent acquisition of Tunis, 
the corner-stone of her Algerian shop-frontage, and the 
modern representative of Carthage, gives her a command- 
ing commercial position throughout northern Africa, to 
be neutralised only by our exercising a perpetual protec- 
torate over Egypt.” 

Even isolated in this way the passage is forcible, 
but, when read as the sequel to the history of the 
Eastern trade, it acquires double force. ‘‘The 
history of the Old World has, in brief, been the 
history of its commerce in the dyestuffs, cloth, and 
spice, and gold of India; and it was the fame of 
the East Indies for their fresh spices, deep-toned 
dyes, bright cloths, and precious stones, and 
wrought gold and silver, and sumptuary arms, that 
led Columbus on to the unexpected discovery of 
the Americas.”’ It is impossible, says our author, 
to give too early a date to the origin of the trade 
between the East Indies and Europe. The first 
traces are to be found in the use of words of 
Sanskrit origin ; at first it was an insensible inter- 
change of productions maintained from the first 
migrations of the Caucasian races westward. But 
evidence of a regular trade, organised by Sabzean 
Arabs and Chaldzeans, is found in the fact that 
muslin is entered in the cuneiform lists as sindhw ; 
teak and blackwood from India were found among 
the ruins of Jamjama ; indigo came to the Greeks 
through Persia; while cotton, tamarind wood 
(Arabic, tamar wl Hind, ‘‘ date of India”), Indian 
garnets and carbuncles, the Indian elephant and 
Indian bear were imported into Egypt before the 
date of the new Theban Empire founded by the 
eighteenth Pharaonic dynasty, sB.c. 1700-1400. 
Ivory and tin became known to the Greeks by 
their Sanskrit names; and cotton, in the form of 
x‘rwv, before the age of Homer. Many of the 
spices referred to in the Hebrew Scriptures are 
exclusively Indian products, while the word karpes, 
translated ‘‘green” in the passage of Esther i. 6, 
is evidently the Sanskrit word karpasa, which 
means cotton in the pod, an aboriginal Indian 
production. Many other instances might be 
quoted, nearly all the objects of luxury and 
ostentation, such as peacocks, apes, ivory, silver, 
and gold, referred to in the early books of the 
Bible, betraying their Indian origin by their names, 
even in cases where they might possibly have been 
obtained from other sources. The same traces are 
to be found through the Iliad and the Odyssey, 
through the writings of Herodotus, of Strabo, of 
Theophrastus, of Pliny, of Dioscorides, of 
Dionysius Periegetes, and others. We have not 
space to pursue the subject further, but in the 
volume before us it fills several pages, which will 
be full of fascination to those who delight to see 
how one science aids another. When the historian 
gets to the limit of his knowledge, the philologist 
takes up the subject and carries it back into the 
misty ages, which have left no record except in the 
languages of the world. This is a useful lesson for 
those who clamour for an education that is ex- 
clusively utilitarian. 

k The first systematic review of the Eastern trade is 
given, Sir George tells us, in the Periphus of the 
Erythrean Sea, attributed to the historian Arrian, 
who lived from a.p. 90 to about <.p. 180, and 
obviously founded on documents dating back to at 
least the time of Alexander the Great, B.c. 256 to 
323. This is confirmed by statements in the 
Universal Christian Topography of Cosmos Indico- 
pleustes, who traded in the Indian Ocean between 
A.D. 530and 550. It gives the imports and exports 
of every emporium in the Indian Ocean from 
Adulis (Massowah) to Masalia (Masulipatam). The 
list includes agate, iron, cotton, muslin, gum-lac, 
corn, tin, iron, gold, silver, cassia, cinnamon, 
rice, sugar, cloths, saffron, teak, ebony, spikenard, 
indigo, silk, furs, jade, sapphire, onyx, pepper, 
ivory, pearls, gems, diamonds, rubies, tortoiseshell, 
armour, graven images, figured cloths, wine, and 
other things. 

The New and Complete Guwide to the East 
India Trade, published in 1775 by Robert Stevens, 
shows that in the last century the trade was 
essentially the same as in the 500 years B.c., and 
probably a like uniformity existed for hundreds, 
and possibly thousands of years previously. Whether 
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under the control of Egypt, Assyria, Babylonia, 
or Persia, or in the hands of the Phcenicians, 
Greeks, Carthaginians, Romans, Byzantines, or 
Saracens, the Eastern trade was alike profitable to 
its possessors and an object of envy to all others. 
As long as Tyre was the seat of the traffic it arose 
almost uninjured from its two burnings, but when 
the discovery of the route by the Cape of Good Hope, 
in the fifteenth century, diverted commerce into the 
hands of the Portuguese, then the curses uttered 
by the prophets on Tyre and Sidon found their 
fulfilment. 

De Gama’s discovery changed the face of Europe, 
bringing Portugal, Holland, and England succes- 
sively into the forefront of human advancement, 
and in the course of three hundred years made the 
United Kingdom the emporium of the whole sea- 
borne merchandise of the world. The opening of 
the Suez Canal again shifted trade back into one of 
its old routes, the full effect of which has not yet 
been realised. The quotation we have given shows 
that our author feels considerable misgiving as to 
what will be its final effect. Great as has been the 
advantage of De Lesseps’ work, it is certain that it 
has deprived England of her position of immense 
superiority, and that her hold on the Eastern trade 
can now only be kept by great exertion on the part 
of the trading classes, and of wise statesmanship in 
our rulers. Above all, we need honesty in all our 
dealings. ‘‘A people cannot determinately give 
themselves up to manufacturing piece goods which 
fade in the sun, andstream with size in the rain, 
and to fabricating shoddy cloth and Brummagem 
hardwares, without running the risk of becoming 
dishonest and false in all the undertakings and in- 
stitutions that constitute their national life, and 
individually, also, rotten to the core. The arts are 
the final expression of the whole moral and ma- 
terial condition of a people.” 

The volume contains some of the earliest notices 
of modern commerce in Indian opium. The drug 
was introduced by the Mahomedan Arabs from the 
countries of the Mediterranean Sea to those of the 
Indian Ocean, and its use rapidly spread. The 
earliest mention of Indian opium is in the letter of 
Giovanni da Empoli in 1511, in which he mentions 
the capture of eight ships ladened with opio thebaico 
and other merchandise. Berbosa, in 1515, states 
that the Chinese junks, on their return voyages 
from the Indian Archipelago, loaded at Malacca 
with ‘‘much anfiam, which we call opium,” from 
Cambay. Some half-a-dozen other references are 
to be found before the year 1600, all showing that 
a large trade was being done in opium before even 
an English vessel appeared in Indian waters. It 
was not until 1773 that the United East India Com- 
pany undertook the supervision of the opium mono- 
poly in Bengal and Behar, and their first regular 
exports of the drug were not commenced before 
1796. Nearly a thousand years before this the 
true opium poppy was cultivated in Szechuen, the 
eastmost province of the Chinese Empire, and in 
the eleventh century 4.p. it was ‘‘ found every- 
where.” In 1523 official instructions were issued 
for the more careful preparation of opium in China, 
and in 1589 a duty was imposed to protect the 
native article. An immense controversy has raged 
for years in the press, in Parliament, and, in a one- 
sided fashion, in Exeter Hall, as to the moral re- 
sponsibility of Great Britain in regard to the opium 
traffic. In relation to this, Sir George Birdwood’s 
opinion is of great weight. He is an eminent 
medical man, he has spent many years in India, he 
was at various times in charge of several native 
regiments, of gaols, and hospitals. He gave special 
attention to this subject, and expresses his opinions 
with great firmness, his conclusion being given in 
the following extract. In the face of expert testi- 
mony of this kind, Government is not likely to 
throw away its best source of revenue in India : 


‘Indian opium is, as it always has been, the luxury of 
the rich in China, just as champagne is in Europe and 
America; the only difference between them being that, 
while the daily use of champagne, or other wines and 
spirits, malt liquors, et cetera, may prove deleterious, the 
smoking of pure extract of Indian monopoly opium cap, 
in itself, never be injurious to health, not even when in- 
dulged, so far as time and money wasted on it are con- 
cerned, to so-called excess... .. 

“* Opium, in brief, is one of the greatest gifts of Provi- 
dence to the people of the tropics; and not simply as a 
soothing adjuvant to the digestion of a vegetarian diet, 
such as that used by the Hindus, anda prophylactic against 
malaria, through its specific action on the perspiration, the 
only secretion it stimulates, but, above all, because its 
use, like that of tea, coffee, and tobacco, anticipates and 
allaysthenatural thirst of mankind foralcoholic stimulants, 
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which certainly cannot be safely indulged in by the emo- 
tional people of Southern Asia and Africa, except with the 
greatest circumspection and carefulness. Opium, further- 


more, is one of the most economical of stimulants. The 
English drink bill for 1891 was calculated by Mr. Dawson 
Burns in the Zimes for February 17, 1892, at 140,000,0002. 
Sir John Hart calculates the Chinese annual opium bill 
at 25,000,000/. ; and were we, in this country, to substi- 
tute opium for wine and spirits, et cetera, our proportion: 
ate bill would be only 3,150,000/., as against 140,000,0000. 

‘*T am not entitled to discuss the administrative and 
economical sides of the question ; but, surely, those who 
hold that the habitual use of opium is harmful, should be 
the last to object to the State monopoly of the drug in 
India. I, on thecontrary, holding that its habitual con- 
sumption is conducive to the health, wealth, and happi- 
ness of the inhabitants of the tropics, and more especially 
of those who are vegetarians, would freely throw the manu- 
facture of it open to private enterprise, and raise as high 
a duty onits export as it could with safety bear in the 
intertropical competition with ardent spirits to which the 
drug seems predestined. And within 30 years the whole 
imperial, provincial, and feudatory expenditure of India 
might, in this way, be met out of the yearly increasing 
opium revenue, while the country itself would be left 
practically untaxed.” 


Having dealt with the preface, we will now turn 
to the book itself, which we must dismiss very 
briefly, as our space is exhausted. The London 
Kast India Company obtained from Queen Hliza- 
beth, on December 31, 1600, a patent for the sole 
trade with the East Indies for the term of fifteen 
years, and the volume covers all the years of the 
company’s ‘‘ Separate Voyages,” and the first seven 
years of the ‘‘ Joint-Stock Voyages.” The first 
period of 12 voyages extended from 1601 to 1612, 
while the first ‘‘ Joint-Stock Voyage” was in 1614, 


The book is not a record of the ordinary business 
letters of the company, its buying and selling of 
cargo, and its daily operations. It contains only 
such matters as came before the ‘‘ Court” or board, 
and affected the supreme interests or constitution 
of the association. As examples we give a list of 
documents relating to the first voyage: (1) Council 
order for the payment of overdue subscriptions ; 
(2) Commission from Queen Elizabeth to Captain 
Lancaster for the First Voyage; (3) The Com- 
pany’s Commission for the same voyage ; (4) Letter 
from the Council to the Adventurers ; (5) Warrant 
from the Lord Treasurer for passage of victuals 
from port to port ; (6) Second order of the Council 
for payment of subscriptions ; (7) Royal Warrant 
for coinage of moneys for the first voyage ; (8) Notice 
to bring in overdue subscriptions; (9) Circular 
Letter from Queen Elizabeth to the kings of the 
East Indies; (10) Agreement for an expedition 
in search of a North-West Passage; (11) Letter 
from Sir Julius Czesar to the Company, ordering a 
stay of certain goods in consequence of a claim for 
prize money ; (12) Answer of the Company ; (13) 
Letter from the Lord Treasurer to the Company, 
forbidding the sale of their pepper until the King’s 
stock shall have been disposed of ; (14) Answer of 
the Company ; (15) Further Letter from the Lord 
Treasurer on the same subject; (16) Reply of the 
Deputy Governour ; (17) Instructions from Captain 
Lancaster to the factors and others left by him at 
Bantam in the First Voyage ; (18) Letter from the 
Company to the factors at Bantam; (19) Letter 
from the Council to the Company on the subject of 
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the sale of the King’s and the Company’s stocks of 
pepper ; (20) Answer of the Company. 

The above catalogue will give a fair idea of the 
general nature of the correspondence, and throws a 
curious light on the manners of the tines, especially 
as regards the King’s trading. The return cargoes 
seem to have consisted very largely of pepper and 
spices. It is difficult to understand how they were 
disposed of, but the constant allusion we find in 
literature of the sixteenth and seventeenth centuries 
to spiced ale, mulled wine, and cordials may, 
perhaps, account for the consumption of a good 
deal. It is stated in one document that the inhabi- 
tants of certain places, ‘‘doe give in Barter Mace, 
Nutmegge, and Cloues.” In many cases the first 
articles obtained in exchange for the cargo were 
taken to a second port and bartered for spices. 
Chinese velvets were bought at Bantam, carried to 
Celebes and exchanged for rice—among other 
things—and the rice again sold at Amboyna for 
spice. The profits on the voyages seem to have 
been considerable. In an agreement between the 
company and Pieter Floris and Lucas Antheumes, 
for their services as factors to the seventh voyage, 
the scale of their remuneration is set down as: 


For a profit under cent. per cent. nil 
” of cent. per cent. mo 4 p. cent. 
” d9 150 ” Lior} eno 5 ” 
ns », 200 Ae Se a 6» 
” ” 250 ” 7 ” 
» »> 300 BA 3 as 
9 %? 350 ” ate ate 9 ” 
400 a ae Pr G3) 


” 49 


om 
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The capital sum for the voyages was 12,0001., of 
which the two factors found 15001. 

Naturally there are a great many points that are 
difficult to understand for the general reader, and 
had it not been for the explanatory notes of the 
editor, these would have detracted from the use- 
fulness of the compilation, Sir George Birdwood’s 
wide scholarship, both western and oriental, enables 
him to smooth many a knotty point, and, by re- 
ference to Sanskrit, Arabic, and Greek roots, to 
show the meaning of obscure words and phrases. 
It is not too much to say that the value of the 
work is increased tenfold by his contributions, and 
that he has welded a mass of disjointed records into 
an animate whole, full of interest to the scholar 
and antiquary, and burning with admonition to 
the statesman, the merchant, and the manufac- 
turer. The time has gone past when we could 
trade while other nations waged thirty years’ wars. 
Their populations are increasing as well as ours, and 
must become shopkeepers to the Eastern World or 
lack the means of subsistence. The arrogant motto 
of the Scottish chieftain, ‘‘ Thou shalt starve ere I 
do,” is the dominant sentiment of nations, in spite 
of all the sentimental twaddle that is talked, and 
each is doing all that is possible to put it into prac- 
tice. With our history we should be the last to 
complain of it. The danger is that we shall despise 
the efforts of others, andit is high time that we 
should be reminded that we no longer hold absolute 
command of the highway along which the greatest and 
most ancient traftic of the world flows. Our wealth 
arose with our Indian Empire, and will certainly 
depart withit. The man that makes this fact 
clear to the trading classes does a public service of 
the greatest magnitude. 


EARTH SLIPS AND SUBSIDENCES. 
By Henry E. P. Corrreit, Assoc. M. Inst., C.E. 
(Concluded from page 370.) 

THe work undertaken in dealing with the slip 
may be conyeniently divided into four periods, 
viz. :— 

1. Removal of the moving mass. 

2. Drainage of the lower slopes. 

3. Lightening and battering back of the cliff. 

4, Soiling, sowing, and planting of new slopes. 


laborious on account of the adhesive nature of the 
materials composing the slip, the men experienc in 


the greatest difficulty in getting the stuff on and off | low slopes was commenced. 


their shovels; engine ashes had to be extensively 
used to dip the shovels into while working. In 
addition to this, the weather was most unfavourable, 
a very great amount of rain falling day after day, 
accompanied by a high range of temperature. It 
is certain that no ordinary navvies could have been 
got to do the work, and that the fact of the men 
employed being maintenance men, alone enabled 
the down line to be kept open for traffic. Allow- 
ances of bread and beer were served out to the 
night gangs every four hours ; the cutting pre- 
sented a weird and picturesque sight at night, 
dimly lighted by fires fed with old sleepers and 
scraps of broken plank, and with the clay-besmeared 
men working as if their lives were at stake—a 
picture worthy of the brush of a Salvator Rosa. 
By the end of the first week in January, 1877, the 
up line was so far cleared that it could be made use 
of for the spoil trains to stand on while being filled ; 
this greatly facilitated the progress of the work, as 
it avoided the shunting of these trains out of the 
way of the ordinary trattic, which had previously to 
be regularly done. The down line was worked as 
a single line from Southam-road to the Leamington 
side of the tunnel; flagmen were, however, still 
kept out at both ends of the cutting to signal trains 
through, the speed being limited to four miles an 
hour. 

Stage B.—From the end of the first week in 
January till April 8, 1877, when no more spoil 
was removed from the slip, the system adopted for 
getting it into the wagons was as follows :—Trestles 
were made of such a height that when placed on 
the formation a plank resting on the top of them 
would clear the top of the engine. Roads were 
laid in with planks from the working face, and the 
spoil tipped from the ends of the overhanging 
planks direct into the wagons. These were ordinary 
medium-sided goods wagons hired from the traffic 
department at 6d. per day, and containing on an 
average 6? cubic yards apiece. Before the up line 
was cleared and made available for the special 
service of the slip, the trains full of spoil were run 
off either up or down the line to suit the ordinary 
traffic, carrying a certain number of men with 
them, and the contents were cast out on the batters 


First period (divided into two stages : A, con- 
tinuous work, day and night, December 4, 1876, to 
January 7, 1877, and, B, day work only, January 7 
to April 8) :— 

Stage A.—Nothing could be done at first but 
work energetically, with relay gangs of mainten- 
ance men, night and day, to keep the line open. For 
over a month the work was carried on by two 
changes of sixty-six men, two engines, and thirty 
wagons. This was entirely shovel work, and very 


| wherever it was most convenient, but subsequently 
a spot was chosen near Fenny Compton station, 
where a deep gulley existed between two portions 
of the railway, and this was systematically filled up. 
After the trestle-work was commenced the mass of 
the slip still continued tomove down towards the line 
for somewhat over a month, and it often happened 
that during the night planks and trestles were 


‘standing on the up line, 


carried forward and toppled over on to the trucks 
As soon as all danger 


from the moving mass of the slip was considered to 
be at an end, the serious business of draining the 
The general result of 
the work of removing the sliding portion of the slip 
may be summarised as follows : 

December 4 to January 1, 1877, removed 9192 
cubic yards at 1s. 9d. a cubic yard. 

January 1 to April 8, 1877, removed 16,613 
cubic yards at 1s. 3d. a cubic yard. 

The workmen were paid half as much again for 
night work as day work, and averaged 3s. 4d. per 
day. Engine hire departmentally cost 3l. a day. 
All charges are included in the cost per yard. 

Second period (overlapping the first, February 25 
to September 30) : 

Drainage of the Low Slopes. —The moving mass 
having been at last brought to a standstill by re- 
moving the excess of material, as previously 
related, the task of cure was at once undertaken. 
Longitudinal sections at the top and bottom of the 
cutting, and fifty cross sections at half-chain 
intervals of the portion affected by the slip, were 
taken by the writer, the latter as accurately as 
the state of the ground and the consequent difli- 
culties of measurement would permit, and from 
these approximate quantities were calculated, and 
estimates framed as a basis for the work. The 
first portion to be undertaken was the drainage of 
the low slopes between the formation and the 
bottom of the cliff. The object to be attained by 
the proposed drainage was twofold :—(1) The re- 
moval of all water accumulated (or shut up) in the 
lately moving and still untouched remains of the 
slip, and the prevention of the accumulation of any 
water therein for the future ; (2) the anchoring 
down or buttressing up of the mass so as to remove 
all reasonable chance of renewed motion under the 
provocation of any percolating moisture or super- 
imposed loading in the future. This twofold 
object led to the selection of stone-filled sunk 
buttress drains—no less than twenty-five drains 
were laid out at right angles to the general run of 
the cutting, averaging about one chain apart, but 
unevenly distributed to suit existing inequalities on 
the site of the slip. These were carried down 
wherever it was practicable to the white lias rock, 
but in any case to a bottom that had never been 
affected by any slip. They were excavated from 
6 ft. to 7 ft. in width and roughly timbered with old 
footway material sawn up on the spot, and thus 
kept open till the material for the filling became 
available. (Figs. 1 and 2, page 369 ante.) 

Ten cross drains of a superficial character were 
dug at irregular intervals, between the larger main 
drains mostly at the foot of the cliff. These were, 
however, designed simply to collect and discharge 
the surface water which might lodge in the hollows 
parallel to the line which existed in the old slip. 
A large buttress drain parallel to the main line, 
where the white lias rock lay below the formation, 
was excavated to a depth slightly above the level of 
the water in the main culvert, and this received 
the ends ofall the drains at right angles to the line, 
and the stone-filling of this was carried up in the 
form of a dry-rubble retaining wall to 5 ft. above 
the formation, to serve as a support to the toe of 
the old slip. This was continued on meeting the 
emerging white lias rock, till it ran out to nothing 
where the said rock reached a corresponding level 
above formation. Another longitudinal drain was 
dug in the space between the two lines opposite 
the centre of the slip, to thoroughly drain the for- 
mation there, which had been particularly trouble- 
some during the slip owing to its saturated 
condition, constantly lifting the up line, and 
slewing both lines out of position in obedience 
to the impulse from the toe of the slip. All 
these drains were filled partly with pieces of lime- 
stone and partly with furnace slag (big cinders), 
the former obtained by first collecting all the stones 
contained in the remains of the slip and the ex- 
cavation for the drains, and second by picking out 
the whole of the stone met with in the excavation 
subsequently undertaken to lighten the cliff at the 
back of the slip. The latter was obtained from the 
numerous furnace tips adjacent to the Great 
Western Railway, between Birmingham, Wolver- 
hampton, and Dudley. 

The whole of the material which had been in 
motion between drain and drain was carefully 
turned over, packed and consolidated (and the 
stone contained in it picked out), so as to form, 
with the material cast out of the drains, rough 
ridges between furrows represented by the drains 
themselves. The stones procured in this way were 
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as carefully cleaned as possible and then thrown 
with the slag into the drains. The slag filling, had 
it not been for the question of cost, would have 
been exclusively used, as it was both heavier and 
cleaner, as well as more pervious to the water, than 
the limestone fragments. 

In addition to the drains mentioned above, 
dummy headings were, ina few cases, run under the 
cliff to meet the few remaining wells and thoroughly 
drain them into the new main drains, and these 
headings were also filled up with stone and slag, 

The stone in the slip, the drains, and the heading 
above, was found to be pretty evenly distributed 
through the clay as to quantity, a fairly accurate pro- 
portion for the whole being, clay to stone, as 1 to 0.27. 

All the drainage work was carried out by day 
labour in preference to sub-contract, as it was con- 
sidered that, in this way alone, sufficient care to 
entirely free it from stones and properly consolidate 
it could be insured. The amount of work done in 
draining was 14,000 cubic yards of excavation, and 
the same of filling, while about 5000 additional cubic 
yards of slip were turned over and consolidated. 
The average cost of labour was again 3s. 4d. per 
man, of the excavation ls. 53d., of the turning 
over and consolidation 8$d., of the stone filling 
8d., and of the slag filling 1s. 10d. a cubic yard. 

Third period (also overlapped the former, com- 
mencing May 21 and terminated November 4) : 

Lightening and Battering back the Cliff.—This 
portion of the work was also carried out by day 
labour and hired tip wagons and horses. A 
temporary road was laid in with second-hand 
materials to run the spoil on to the original spoil 
banks to the north-east of the cutting. Advantage 
was taken of the remains of an old benching at the 
east end of the cliff, which had originally extended 
right along the cutting, but had fallen away when 
the last slip occurred. The fall of this benching 
was probably accelerated by the existence of a deep 
open drain between it and the back slope, which 
wasltol. Neither of these defects were continued 
in the new one, and a portion of the old was im- 
proved as to slope to render it uniform with the 
new, which was extended on an even rising 
gradient of 1 in 66 to the extremity of the cutting 
near the tunnel, the back slopes being 14 to 1 (and 
width 10 ft.and length 11 chains). This work might 
have been very properly let by contract, but the 
amount of work involved was considered to be 
somewhat uncertain owing to the continued partial 
falling away of portions of the cliff up to the middle 

of 1877. No tenders were forthcoming except for 
day work, and it was considered on the other hand 
better to carry this out also in a similar way to the 
rest. The work amounted to a total excavation of 
15,750 cubic yards, and cost, all inclusive, 1s. 64d. 
acubic yard. The labour cost the same as before ; 
26 (cubic yards) tip wagons were used at 2s, a wagon 
a week, and two tip horses at 10s. a day each, and 
second-hand materials at departmental rates. 
The increase in volume due to excavation in the 
clay was found to be 22 per cent. 

Fourth period (contemporaneous with the second 
and third, from February to November) : 

Soiling, Sowing, and Planting New Slopes.—This 
work was undertaken as soon as each portion was 
completed, and consisted in covering the more 
clayey portions of the new slopes and ridges 
between the drains with a thin layer of good 
soil, and sowing the whole with good sodding 
grass seed. In addition to this, several hundred 
slips of willow were put in, wherever it was thought 
they would grow. All the sowing succeeded very 
well, and the surface was soon well bound together 
by close grass roots, while the willow slips did the 
same for a lower stratum. 

The total cost of the removal and cure of the 
slip was the following :— 


1. Removing slip.— £ os, -d.0 £45.44. 
Excay. oub. yds. 
25,740 at 1s. 54d. ses 1751 0 0 


2. Draining slopes.— 
Excav. cub, yds. 
14,000 at 1s.54d. 102016 8 
Do. Filling stones, 
8500 at 8d. ... 2388 6 8 
Do. Filling | slag, 
5500 at 1s.10d. 504 8 6 
Do. Turning over 
and _ consolidat- 
ing 5000 at 8id. 177 2 8 1940 9 6 
3. Lighteningtop, &c., 
Excav. cub. yds. 
15,750 at 1s. 63d. Hot 1189 9) 1 
4. Soiling, sowing, &c. a rhe aly 33 


Total ... 5000 0 0 


In conclusion, the writer would remark that the 
cure effected by the work above described was more 
likely to be permanent than any of the previous 
attempts which followed on earlier slips, because 
the work was extensive enough to insure thorough- 
ness, and because the probable original cause of 
the slips, viz., the wells, had, on the slipping side 
of the cutting, been practically all done away with 
by the operation of the slips themselves. 


Section of Lower Lias, Railway Cuttiag, Harbury, 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 

In our last two issues we have given accounts of 
the proceedings at the recent meetings of the In- 
stitution of Naval Architects. We now complete 
our report. On assembling in the evening of 
Friday, March 24, the members found two papers 
on the list, and one had subsequently been added to 
theagenda. The first read was by Mr. John Inglis, 
and was on the subject of 


Warwickshire. 
By the Rev. P. H. Brodie, F.G.S, and T. Beesley,} Trre~z anp Compound WorKING OF MARINE 
: F.C.S, May 14, 1873. ft. in. ENGINES. 
i Sao BE Grane tel bet ce ee The title of the paper was, ‘‘On some Experi- 
3 Shale ments with the Engines of thes.s. Iveagh.” Thiswas 
4 Limestone ... a very short but interesting paper, and we shall 
5 Shale =: print it in full at an early date with the diagrams. 
7 wae * The vessel on which the experiments were made 
J ibaa... has a three-cylinder engine of 1000 indicated 
9 Shale ae horse-power. ‘On one trial, the intermediate slide 
J0 Limestone ... valve was removed, the connecting rod detached, 
11 Paper shale the piston supported at the top of the cylin- 
12 Limestone eee ian der, and the engine run as a compound engine, 
14 Limestone, yellow edged with two cylinders only. The feed-water was 
15 Shale «HAE SY measured bya meter. The engines were run at 


a speed as nearly uniform as possible for four 
consecutive hours. The next day the engines 
were run as an ordinary triple. The eondi- 
tions on both trials were arranged so as to give a 
just approximation of the respective values of the 
two systems. The coal consumed per indicated 
horse-power without the intermediate cylinder in 
use was 2.238 lb. per hour; while in the ordinary way 
of running as a triple the consumption was 1.47 lb. 


16 Limestone ... oF re se mle 

17 Dark grey shale, with brown seam 
near bottom ... : ced ae 

18 Limestone ... 

19 Shale a iste ace ae 

20 , Pecten , Concretionary limestone 

PAL Pra- Shale ets a 

22 < doanus > Limestone ... 

23 Lima Shale 

24 \gigantea’ Limestone ... 


36 Tiestane an The feed-water per hour per indicated horse-power 
27 Shale Cem, ests ence as a two-cylinder compound was 23.18 Ib. ; as a 
28 dhimestone (Gryphea) ... triple it was 15.25 lb. The speed of the vessel was 
2 Lim Setons: Gn thioe bedava. plac slightly greater, about a quarter of a knot, running 
tissima) Fie SS: Bete Mie triple, the respective speeds being 12.18 knots 
31 Shale ePleeat ere and 12.42 knots. This was due to the higher power 
32 Limestone (Rhyn. plicat.) developed when running triple—namely, 810 as 
33 Shale soe eee ea eee against 729. 
a pate rae pands oo A paper by Mr. H. A. B. Cole, “ On Working 
SG malinastonomm Triple Expansion Engines as Compounds,” was next 
37. Shale e 5) <A 1 read. The author gave his experience of the work- 
38 Limestone (Rhyn. plicat.) ing of vessels in a line of steamers engaged in the 
39 Shale o Bone ieee South African and Indian trade. The conditions of 
mh Limepicne Varge fucoids) the service require the boats to steam on their pas- 
BOUETHcatonotintfoumbodeie sage to the Cape at a speed of 10$ knots. After 
43 Shale : a leaving there, they proceed to India at a more 
44 Limestone ... economical speed—from 8$ to 9 knots. Con- 
45 Shale Bae pba sigh closer Sec sequently they have about twice as much power in 
46 LENS in two beds (Ostrea and fish them as is required for the second part of their 
47 Shale oh anes voyage, and are therefore not then working under 
48 Timestone ... conditions conducive to economy in terms of 
49 Shale the power developed. The method has been 
50 Limestone ... adopted of throwing the low-pressure engine out 
51 Shale of work by taking out its slide-valve and piston 


52 Limestone ... Sie ne on es 
53 Paper shale (fish scales, Ostrea, Penta- 
crinus)... 5 ae ne ee 
54 Yellow-edged limestone ms ee 
55 Concretionary limestone, in six beds, 
with shaly partings (Nautilus, 


ring. As the pumps are all worked off this engine, 
it cannot be disconnected altogether. The reasoning 
the author pursues in advising this treatment of 
the engine is that the mean forward pressure re- 
duced to the low-pressure piston falls very low (to 


COW SFOSCOCOS COSOFrSOCOCOFMPOCOHOwWH wococosocococooonw SOoOSKrFORPCOCOOCOCOOrROCOHRNH 
NDP POR FNDH NWROOWWROTINANNOR SOW WRU CO CON RRO PPPOWOLADWNWNORDOOGD 


56 slow eiged Vacances teats “9 ¢ [about 19 Ib.) at the diminished speed, while the 
57 Shale 2 arity a aes Piper wns back pressure acting on the same piston remains 
58 Congrotionary limestone 1 about the same as when a ores is dere its 
59 Shale ios clemson stg papiaans Ree, full power—say 4 1b. When, however, the medium 
60 ea Noy limestone (Pecten strion- 6 pisanire nton becomes the low-pressure of a com- 
61 Baer oe c nae, , 3 pound, the back pressure becomes a much smaller 
62 Oe ee ( ay ang., Cardinia, are een of the mean seul bre as Here 
ima, Gervillia) ... oe ee o this mean-pressure pistor, than when a re 

63 Shale (fish scales, Am. ang., Pect. pistons are in ie If the cards for equal powers 
strionat, Modiola, Astarte, Uni- _ obtained under these two different conditions are 

gi ieee oa itaukilag “Arn, angulation’ combined, itis found that the anes aa™ 

5 inte ee ees (i)-<(E e combined diagram, representing loss to the bac 

66 Teer (Am. angulatus, Lima suc- : pressure, bearsa much larger proportion to the area 
cincta, gigantea) rm a of the cards representing indicated power when the 

Be epee Ko : ; 4 three cylinders are used, than when only the high- 
69 Papershale |. ... Micka pressureand medium -pressure are working. Ofcourse 
70 Clay, disturbed ... > 30 0? the number of expansions is much less when working 
71 White lias limestone to ... 5 ED compound, and there must be a loss of economy from 
a this cause. The author was unable to state what 

98 4 was the increased efficiency, if any, obtained in prac- 


tice by working triple-expansion engines in this 
way. He was sure, however, that there was an un- 
doubted saving effected by the arrangement, for 
practically all wear and tear of the low-pressure 
engine is avoided, the only load upon any part of 
it being due to the pumps. The triple engine was 
thus brought back to the comfortable circumstances 
of the compound engine at sea, having only two bot- 
tom ends instead of three to be carefully looked 
after and watched, besides the advantage of the 
eccentric being relieved of the heavy weight of the 


In reply to recent inquiries the writer has re- 
ceived the following from the divisional engineer, 
under whose superintendence the work was carried 
out : 

Dear Sir,—In reply to your letter of yesterday’s date, 
there has been no difficulty with the Harbury Cutting 
since I dealt with it in 1878. 

Yours truly, 
W. Bb. Roporuam, 

Henry Cottrell, 


26, Rockmount-road, Upper Norwood. 
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low-pressure slide. The author had made an ex- 
perimental run in one of these vessels to Dover, in 
order to test the arrangement. The engines were 
first run triple, and afterwards the low-pressure 
slides were taken out, no further alteration being 
made. An attempt was made to keep the revolu- 
tions the same in each case, but not quite success- 
fully, as there was a difference of half a revolution per 
minute more in the case of the triple—namely, 554 
against 55. The indicated horse-power when run- 
ning triple was 706 ; running compound, 687. The 
initial pressure absolute in the first cylinder running 
triple was 129 lb.; running compound, 135 1b. 
The ratios of expansion were 10.4:1, and 3.9:1 
respectively. The information, as the author says, 
is not very full on this point as given in the paper. 
Several steamers have made passages across the 
Indian Ocean with the low-pressure piston out of 
use. The author did not put forward any exact par- 
ticulars, but he said at any rate there was no 
marked economy of fuel, and he was inclined to 
regard the arrangement more from the point of 
view of convenience than efliciency. 

The discussion on this paper was opened by Mr. 
Durston, the Engineer-in-Chief of the Royal Navy. 
He agreed with Mr. Cole that working in the man- 
ner described, with the cylinder thrown out of use, 
was a matter of convenience rather than of economy. 
They had tried the arrangement in the Navy, 
where there was a great deal of running at very re- 
duced power, and they had found that even with a 
very small proportion of the power available being 
exerted by the engine, the triple working still held 
best. His statement, he said, made good the claim 
urged by the author. 

Mr. Edwards worked one of the steamers under 
his superintendence without the low-pressure cylin- 
der, and found little or no difference in regard to 
coal consumption. In regard to linking in, the 
author had stated it is difficult for sea-going engi- 
neers to reduce the power of an engine very much 
below its normal performance. There is trouble 
about linking in sufficiently far, lifting of inter- 
mediate escape valves, &c., which is avoided by 
this plan of lopping off part of the engine. As the 
author had stated, the system can only be regarded 
as a makeshift. 

Mr. Milton asked if the author used the engines 
linked up at the low power, or was the steam 
throttled ? 

Mr. Thompson stated that on one occasion at 
sea he ran short of coal, and ran the engines linked 
up to full boiler pressure. He found that the wire- 
drawing of steam through the ports more than 
compensated for the advantage of the increased ex- 
pansion. He then opened full gear, but reduced 
the pressure, running at 80 lb. instead of 150 lb. 
He found the greatest economy when the low-pres- 
sure cylinder valve was not linked up. Itappeared, 
therefore, that the gain of a high ratio of expansion 
might be lost by wire-drawing, and if the engines 
were much linked up the aperture through which 
steam passed at the ports became very small. 

Mr. Crow, of Rotterdam, said that two years ago 
he had built asmall triple-compound engine. The 
boiler turned out not quite large enough for easy 
working ; but, as they had a premium on speed, it 
was desirable to get the utmost duty out of the 
engines. In order to arrive at a conclusion, experi- 
ments were conducted at the yard, by which it was 
shown that the most advantageous way of working 
was neither to trust altogether to the closing of the 
stop-valve or to the linking up of the engines, as 
the best results were obtained with the stop-valve 
partly closed, and the engine partly linked up. 

Mr. Thom questioned the accuracy of Mr. Inglis’s 
reading of his figures, but pointed out that the re- 
volutions of the engine were in accordance with 
what would be foretold by scientific reasoning. 
Mr. James Hamilton, also, had had occasion to 
consider this question, and had run an ordinary 
triple as compound. 

Mr. McCall said that the cylinders in Mr. Inglis’s 
engine appeared to be designed for running at 
160 lb. pressure. Why, then, were they only 
worked at 125 lb. when the engines were running 
compound? Perhaps the difficulty in getting steam 
accounted for this, and he was confirmed in his 
opinion by the figures as to coal consumption, 
11 per cent. of additional power being got only 
from 33 per cent. more coal used. In working 
compound, 84 revolutions were got with 1251b. steam 
pressure, against 87 revolutions with 127 lb. steam. 
That was 3 lb. more pressure, but there was 33 per 
cent. more water used by the engine. The result 


seemed to him very extraordinary. In a steamer in 
which he had crossed the Atlantic the high-pressure 
cylinderhad brokendown. The cylinders were 24in., 
39 in., and 64 in. in diameter, by 42 in. stroke. 
The steam was 160 1b. pressure. The revolutions 
were 59 per minute. With the intermediate and 
low-pressure cylinders only in use, the engines ran 
three revolutions less—namely, 56 per minute, but 
the consumption of coal was 25 per cent. more. The 
orders given to the engineer were to preserve the 


same speed, and although the consumption was 
higher, it was one of the best voyages the ship ever 


made. That, however, was due to external cir- 
cumstances. 


Mr. Inglis, in replying to the discussion, said 
that the last speaker was quite right in his sur- 


mise. The engines were designed to run at 160 lb. 


pressure, and the reason that only 125 lb. were used 
was that they did not know how the strains on the 
shaft would be distributed by working with only 
It was just as well, however, that 


two cylinders. 
they had determined to run at 125 lb. pressure only, 


for it was all the firemen could do to maintain that 
It should be pointed out that when run- 
ning two cylinder compounds, the intermediate 
The amount of 
water thus produced was not ascertained, but they 
He had been found 


pressure. 
cylinder was really a condenser. 


could have filled a 1-in. pipe. 
fault with an account of the shortness of his paper, 


but he thought it best to stop when he had got to 
He was glad that 
Mr. Thom had found the revolutions as given in the 
paper to agree with his (Mr. Thom’s) scientific inves- 
tigation. The counting of the revolutions was under 
the speaker’s care, and it was the only thing he had 
a doubt about in the recorded paper. It was a great 


an end of what he had to say. 


relief to his mind, therefore, to find that his obser- 
vations were supported by scientific evidence. 


Mr. Cole, in replying to the discussion, dealt 
chiefly with the question as to whether the engines 
were linked up when running triple and when run- 
So far as he could 
judge, the matter was left in some obscurity, in 


ning compound respectively. 


spite of the efforts of Mr. Macfarlane Gray, Mr. 
Edwards, and Mr. Milton in cross-questioning. 


THE CycLocRAM. 


Mr, I’. Edwards next read a paper entitled ‘‘ The 
the 
Sequence of Pressures in Multi-Cylinder Steam 
This was a short paper, which we shall 
print in full at an early date, together with the 


Cyclogram, or Clock-faced Diagram of 


Engines.” 


diagram. 


Mr. was the first speaker, 


Stromeyer 


ceeded to illustrate by a diagram on the blackboard. 


He suggested that the straight-line diagram would 


be more useful for the purpose. 


Mr. Macfarlane Gray said that Mr. Stromeyer 
did not know all about this diagram. It was indeed 
intended at first to make it straight, but afterwards 
it got round, as it was not considered desirable to 


present it in the former manner. 


Mr. Milton agreed with Mr. Stromeyer that the 


straight-line diagram was more convenient. The 
difficulty experienced was in transferring from the 
indicator to the diagram. There were many ways 
in which it might be inaccurate. He pointed out 
that in some respects the steam was shown to gain 
in pressure where it could not be so. It would add 
to the value of the information if the valve open- 
ings were shown in connection with the diagram, 
and that would make plain to engineers the value 
of the exhaust period. Designers seemed often 
only to consider the admission, and to let the 
exhaust take care of itself, but the latter was quite 
as important as the former. j 

Mr. Crohn suggested that the diagram should be 
turned inside out, using the low-pressure card as the 
outer one. This would reduce the difficulties re- 
ferred to by Mr. Milton in transference. 

Mr. Edwards, in reply to the discussion, stated 
that undoubtedly the arrangement of clock-faced 
diagrams presented some drawbacks; if only one 
end diagram were shown they would not be able to 
tell the pressure at any part of the stroke. He 
would state in regard to Mr. Milton’s criticism that 
this particular diagram was constructed from the 
mean cards of the Iona, and it was a fact that the 
end overlapped, which would indicate that the cards 
were taken from one cylinder at one time, and from 
another at a different period of time. 


Lorp RAVENSWorRTH’s RETIREMENT. 
This brought the reading of the papers to a con- 


and 
thought the author would be better able to arrive 
at his conclusion by another method which he pro- 


and load directly on to the cars. 


clusion, but the most important part of the meeting 
in many respects was yet to be gonethrough. This 
was the presentation of an illuminated address 
which had been intrusted to Admiral Sir John Hay 
to give to Lord Ravensworth in recognition of his 
long period of presidentship. Sir John made a 
really eloquent speech in presenting the address. 
Mr. W. H. White(now Dr. White) and Mr. Mar- 
tell seconded the resolution. Lord Ravensworth 
replied in feeling terms, and the usual formal votes 
of thanks having been accorded, the members 
separated. 
CanpirF MEerrina. 


As already stated, the summer meeting will be 
held in Cardiff, and will take place about June 11. 
A very large number of members have signified 
their intention of being present, and there is little 
doubt that the meeting will be one of the most suc- 
cessful ever held by the Institution. 


AMERICAN INSTITUTE OF MINING 
ENGINEERS AT MONTREAL. 
(By our New York CoRRESPONDENT. ) 

(Concluded from page 390.) 

THE next paper, or papers, were by Professor 
W. P. Blake, and consisted of ‘‘The Mineral 
Deposits of South-West Wisconsin,” ‘‘ The Sepa- 
ration of Blende from Pyrites,” and ‘‘ A New Form 
of Furnace for Roasting and Oxidising Ores.” 

After describing the lead and zinc deposits, the 
second paper was taken up. The complex ore 
is first crushed and concentrated, producing raw 
concentrates, which contain 2 to 3 per cent. of 
lead, the balance being about one-half blende and 
one-half pyrites. These raw concentrates are roasted 
in a roasting furnace especially designed by him. 
The mass swells considerably in roasting, and is then, 
after cooling, jigged, the lead and the blende being 
separated. The roasted pyrites are magnetic, so 
that magnetic separation could be employed were it 
not for the fact that the lead remains with the 
blende. 

The furnace treated of in the third paper consists 
of acircular floor 16 ft. in diameter, revolving on 
balls set in a circular track, and is arranged in 
circular terraces, and charged from the top, while 
the fire passes across the chamber. The ore is 
moved from step to step by means of ‘‘ plows” 
set in the roof of the chamber, and by this method 
the ore is thoroughly subjected to the heat, and is 
nearer the fire just before its discharge. Super- 
heated air is used in the furnace, and the table 
makes about 10 revolutions per hour. It has a 
capacity of from 10 to 20 tons per day, varying 
with the size of the particles of ore. 

Professor R. H. Richards, of the Massachusetts 
Institute of Technology, read a paper on ‘‘ The 
Prismatic Stadia Telescope.” The points claimed 
for this instrument are additional accuracy and 
the elimination of the personal equation of error. 
That these claims were verified may be assumed, 
for Professor Richards is one of those careful 
investigators who never take any position for 
granted till it is proved. 

Mr. Rossi followed with an account of a series of 
experiments to establish the position that titani- 
ferous ores may be used in a blast furnace so as to 
make a commercial success of their employment. 

The result seemed to be that there was a possi- 
bility under favourable conditions, but this was 
derived purely from experiment and not’ on 
alarge scale. If this can be done there is little 
doubt of an enormous fortune to the successful 
inventor of the process, for there are enormous 
masses of such ore to be had ata price to reward 
liberally those who can solve this problem. 

Then followed a paper on ‘‘ The Biwabik Iron 
Mine,” by H. V. Winchell and J. T. Jones, 
read by Mr. Winchell. This is one of the newest 
mines of the Mesaba Range, and while no ore has 
yet been shipped, a considerable amount of money 
has been spent in thorough exploration. The work- 
ing will be by stripping and open pit mining. 
There will be about 2,800,000 cubic yards of glacial 
drift removed to prepare the deposit for working, 
and the deposits are about half a mile wide and 
100 ft. thick in places. The grades of the steam 
shovel tracks will be 14 per cent. The ore is soft, 
and averages 63.25 per cent. metallic iron and .036 
phosphorus. The steam shovels will dig the ore 
The stripping 
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this was stated by a member to be 16 cents per ton 


406 


ENGINEERING, 


[APRIL 7, 1893. 


TURBO-MOTOR AND DYNAMOS FOR THE ENGINEERING LABORATORY, CAMBRIDGE. 


CONSTRUCTED BY 


Fees) 


i Dining 


MESSRS. C. A. PARSONS AND CO., 


(For Description, see Page 408.) 


TT 


i 
i) 


ttn 


Suto 


for stripping, mining, and loading. Another noted 
the fact that the explorers who located the Ver- 
milion Range entirely overlooked the Mesaba. 

That evening the Institute was taken in sleighs 
to the Montreal Snow-Shoe Club and to the 
St. George Club. A snow-shoe race was given, 
and, after singing, dancing, and speech-making, the 
evening concluded with ‘‘ bouncing,” the speakers 
being sent toward the heavens by means of a 
blanket, and this may be described as a brilliant 
flight of oratory. At all events, this, or something 
else, promoted slumber, for the members were very 
late in assembling the next morning. The session 
opened with Professor Richards’ paper on ‘‘ Gra- 
phical Slag Calculation,” and which must be given 
in full to be understood. It was a short process 
and an extremely ingenious one. 

After this came a paper on ‘‘ Unfreezable Dyna- 
mite.”’ This was an invention of Liebert, a German, 
and has been used to some extent in Europe, and 
has been favourably reported on by chemists and 
experts in explosives, and it would appear most 
advisable to test its practical efficiency in this 
country. The dynamite is made in the usual way, 
but its composition includes a chemical by which 
its freezing point is lowered from 40 deg. above to 
50 deg below 0 Fahr., while the explosive power is 
slightly increased and the sensitiveness to concus- 
sion slightly decreased. This dynamite, it is 
claimed, is not affected by damp; it may be kept 
for a considerable time without deteriorating or 
losing its special properties, and its cost is little, if 
at all, in excess of that of ordinary dynamite. It 
is patented in the United States. 

The various members then gave their experiences 
as to the best method of preventing dynamite from 
exploding prematurely, and their theories as to 
what caused the explosion. As to the first, each 
one had a different method ; and as to the second, 
they were as divided as a lot of ministers on the 
doctrine of original sin, or on the future state of man- 
kind. They all agreed, however, that if some chap 
who had been disintegrated by dynamite could just 
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step in with his experience, they would know all 
about the cause. But up to the present time they 
had not been able to find enough remaining of an 
eye-witness to hold an inquest. They had most of 
them ample illustrations of the effect. Slow thawing 
was the best method reached—that meant to thaw 
the dynamite so slowly it wouldn’t explode. 

In a paper on ‘‘ The Phosphate Mines of Canada ” 
which followed, it was stated the section inclosed 
by the Gatineau and the Lievre Rivers, tributaries 
of the Ottawa River, together with a belt four or 
five miles wide on the east and west, constitutes the 
phosphate country. From 1878 to 1891, inclusive, 
there were exported from Canada 267,729 tons of 
phosphate, valued at 4,483,746 dols., the maximum 
thus far being reached in 1889, when 29,987 tons 
were shipped. In 1891 the quantity was only 15,153 
tons, valued at 119,532 dols. 

The following papers were then read by title: 
**Note on Anthracite Coal-Apples from Pennsyl- 
vania,” by W. 8. Gresley ; ‘‘ The Reduction Works 
of the Mount Stewart Lead and Silver Mining 
Company, Leadville, New South Wales,” F. M. 
Drake ; ‘‘ The Mineral Resources of South-Kastern 
Alaska,” G. W. Garside ; ‘‘ The Cause of Fault- 
ing,” John A. Church; ‘‘A Variable Speed 
Pulley,” H. C. Spaulding ; ‘‘The Big Gap Ccal- 
fields,’ James M. Hodge; ‘‘ An Investigation of 
Coals for Making Coke in the Semet-Solway Ovens, 
with the Recovery of Ammonia and Tar, and Re- 
marks on the Commercial Sources of Ammonia,” 
J. D. Pennock ; ‘‘ Notes on Emmerton’s Method 
for the Determination of Phosphorus,” H. C. 
Babbitt ; ‘‘ Notes on the Geology of the Half-Moon 
Mine, Pioche, Nev.,” EK. A. Wiltsee ; ‘‘ Method 
of Plumbing a Shaft,” A. Neustaedter, and ‘‘The 
Phosphate Mines of Canada,” Henry B. Small. 

The following were announced as the officers of 
the Institute for the coming year: President, 
Henry M. Howe, Boston, Mass. ; Vice-Presidents 
(two years), A. J. Bowie, Jun., San Francisco, 
Cal. ; Robert G. Leckie, Londonderry, N.S., and 
KE. G. Spillsbury, New York, N.Y.; Managers 
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L. Sheafer, Pottsville, Pa., and A. M. Shook, 
Tracy City, Tenn. ; Treasurer, T. D. Rand, Phila- 
delphia, Pa. ; Secretary, Rossiter W. Raymond, 
New York, N.Y. 

That evening toboganning was indulged in at 
the slides. As your correspondent lives near a 
slide 1600 ft. long, which requires but 15 seconds 
to pass over, he went to the ‘‘ Kennels” to see the 
hunt, and later to take that wonderfully beautiful 
view from Mount Royal, and came very near adding 
an upset into a drift to other Montreal experiences. 
That evening a joint session was held with the 
Canadian Society, and the following papers were 
read and discussed : ‘‘ Hydraulic Mining in British 
Columbia,” J. McKvoy ; ‘‘ Apatite Mining in 
Quebec,” J. Burley-Smith, and ‘‘The Electrolytic 
Extraction of Metals from their Ores,” W. T. Gibbs. 
Captain Adams then read a brief paper, ‘‘ Notes on 
a Recent Visit to West Kootenay, B.C.,” giving 
some particulars of the Kootenay mineral region, 
which he thought was the greatest silver-producing 
district in the world. He was impartial in his 
criticisms of the United States Government and of 
the Canadian. The former ought not to impose a 
duty on the importation of this ore, and the latter 
should not require a duty on machinery, nor com- 
pel the purchaser to bring home-made supplies 
through Canadian territory. In other words, — 
neither Government ought to prevent these mine- 
owners from making all the money they could in- 
dependently of its effect on the manufacturers of 
railways of either nation. This is the usual argu- 
ment of a free-trader. Your correspondent went 
to the Canadian Society of Civil Engineers for 
relief. It proved to be a wise move, for it re- 
sulted in a pleasant meeting with Lord Stanley, 
the Governor-General, and hearing a most in- 
teresting paper on ‘‘The Transmission and Dis- 
tribution of Power by Compressed Air,” an abstract 
of which will be prepared for these columns at a 
later date. As the correspondent was one of the 
American engineers who went to see the Popp des 
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Landes system in Paris in 1889, the paper was 
particularly interesting to him. 

The next day was one marking an era, not alone 
in the history of McGill University and in that of 
Montreal, but an era in the history of the Dominion 
of Canada. On this day was dedicated, with im- 
posing ceremonies, the magnificent McDonald 
Engineering Building, the princely gift to McGill 
University of Mr. W. ©. McDonald, and repre- 
senting, with its machinery and apparatus, the ex- 
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| penditure of 1,000,000 dols. As it isthe purpose of 
| your correspondent to write a separate article on 
| this university, no description will be attempted 
here ; but it will suffice for the readers of ENGIN- 
EERING to know that the most perfect apparatus 
/in existence for electrical and engineering tests can 
be seen in this building. 

|__ The day was not only one of great glory to Mr. 
|McDonald, but also to that faithful and genial 
Dean of Engineering, Professor H. T. Bovey, who, 
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from his activity and general supervision of every- 
thing and everybody, was most happily and wittily 
described in Lord Stanley’s address as ‘‘the Dean 
of Perpetual Motion.” The following account 
chronicles this great event. After an imposing 
procession, in which each of the faculty was 
arrayed in a suitably coloured gown, and the 
other notables wore their various insignia, such as 
K.C.B., S.P.Q.R., R.S.V.P., and other alpha- 
betical combinations unknown to Americans, in- 
cluding S. T. 1860 X.—not unknown here—ad- 
dresses were made by Sir Donald Smith, Lord 
Stanley, Governor-General of Canada; Mr. Birkin- 
bine and Dr. Raymond, of the American Institute 
of Mining Engineers; Mr. Charles Macdonald, 
Vice-President of the American Society of Civil 
Engineers ; Mr. EH. P. Hannaford, Chief Engineer 
of the Grand Trunk Railway ; Dr. Grant, of King- 
ston College ; Sir Casimir Gzowski and Mr. C. T. 
Keefer, of the Canadian Society of Civil Engineers, 
and Professor Bovey, Dean of the Faculty and 
Professor of Applied Science. Wiis Aa Ce 
McDonald, the founder of the building, presented 
to the Governor-General the keys of the building, 
but made no speech, and this was truly a case 
where silence was more eloquent than words. The 
donor was too modest to claim any recognition 
of his great services by any words of his own, but 
the pride he took in this achievement was plainly 
shown in his beaming face. The ceremony con- 
cluded with a pleasant lunch, at which the Queen’s 
health and that of our President were drunk, and 
that of Mr. McDonald followed. 

That afternoon the Workman Physics Building 
was opened with similar ceremonies, the first be- 
quest for this haying been made by Mr. Thomas 
Workman. 

In the evening there was first a fancy-dress skat- 
ing carnival, and later a conversazione given in the 
McDonald Building by the Governors of McGill 
University. The following day the party of mining 
engineers went by special train over the Quebec 
Division of the Canadian Pacific Railway to the 
Radnor Forges of the Canada Iron Furnace Com- 
pany, where charcoal pig iron is manufactured. 
The works are amongst the oldest on the continent, 
iron haying been made there in the sixteenth cen- 
tury. The engine-room, blast furnace, casting 
house, and charcoal ovens were visited, and then 
the party assembled in the church, where a few 
addresses were made. The train then proceeded 
north to Grand Piles, stopping at Lake la Tortue, 
where bog ore is dredged. At Grand Piles a num- 
ber of lumber sleighs fitted with seats were in 
readiness, and the whole party was taken for a 
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most interesting and beautiful drive across the 
St. Maurice River and through the woods. 

That evening Sir Donald Smith gave a dinner to 
Lord Stanley, to which, as a mark of courtesy, he in- 
vited a few of the Mining Institute, and your cor- 
respondent was included among the number. Fol- 
lowing this came a grand reception at Sir Donald 
Smith’s residence, and this formed a fitting close to 
theconvention. After perusing this account, does 
not the reader deem the statement in the early part 
of this narrative, to the effect that Canadian hospi- 
talty was unbounded, fully justified by the story ? 

At all events, we all left Montreal with the 
greatest regret, having in our hearts the most 
friendly sentiments toward all our hosts, and trust- 
ing they would speedily cross that imaginary border 
and give us an opportunity to show them some 
American courtesies, for they had made by their 
kindness the border line seem not only imaginary, 
but absolutely non-existent. 


RICHMOND LOCK AND WEIR. 

On page 402 we publish an illustration of the 
Richmond half-tide lock, which is now in process 
of construction in the reach of the Thames which 
runs between the bridge where the South-Western 
Railway crosses and Isleworth Eyot. For long a 
stubborn battle raged between Richmond and 
Twickenham on one side and the riparian districts 
below on the other side, with the Thames Conservancy 
intervening. Richmond and Twickenham had un- 
doubtedly a strong case. By reason of the constant 
dredging that has been carried on in the river, and 
various other causes, such as the less obstruction to 
ebb and flow due to the smaller foundations of modern 
bridges, the tides in the upper part of the river are 
now far swifter than of old. The flood comes in with 
a rush, and fills the river bed in a very short time ; 
it then turns to ebb almost immediately, with scarce 
any period of slack water, and the channel is left dry 
in a short space of time, nothing but a narrow 
stream flowing between two wide margins of dingy 
mud flats. Such is the spectacle the once ‘ silvery 
Thames” affords to the dwellers on the banks of upper 
tidal reaches for all but the short period when the tide 
is up—an eyesore in place of a delight. But, in spite 
of the manifest wrong, it was in vain that Richmond 
and Twickenham protested, and it was generally taken 
for granted that they would never get their Act to 
make the lock. The result, however, ha proved the 
virtue of dogged perseverance in a righteous cause, 
for the Act was passed, and the work is now more than 
half done. 

Our illustration is from a photograph kindly taken 
for us a week or two back by Mr. J. B. Hilditch, of 
Asgill House, Richmond, a gentleman who has been 
prominently identified from the first with the move- 
ment in favour of the lock, and indeed to whose skill 
as a photographer the success of the agitation is 
largely due, for it was the fine series of photographs 
taken by him, showing the deplorable state of the 
river bed at low tide, which so strongly impressed the 
Parliamentary Committee ; proving even more eloquent 
than the costly evidence of opposing scientific 
witnesses, even of the superlative degree. The work 
of constructing the lock and weir has been taken up 
by the Thames Conservancy, and is being admirably 
carried out under the superintendence of Mr. More, 
the engineer to that body. We shall shortly publish 
drawings of the general plan, and shall therefore 
reserve any details until these illustrations appear. 
At present, as our illustration shows, only one span of 
the weir is complete, that shown in the engraving; 
but that part of the river now unbridged is also to be 
spanned by a bridge carrying a lifting weir similar to 
that shown. Since our engraving has been prepared, 
the piles obstructing the waterway under the span 
have been removed, and the river traffic now passes 
under the arch shown. 

The general scheme is that of a lock on the Surrey 
shore and two lifting weirs, the whole surmounted 
by a double-track footbridge. In our illustration the 
timber dam inclosing the lock-work is shown on the 
right. The weirs will only be lowered when the water 
is at its lowest half of ebb and flow, and then, of course, 
the lock will be brought into requisition for passing 
the traffic, excepting for skiffs and light pleasure- 
boats, which will be taken over rollers, as at Tedding- 
ton and other locks higher up. At the top of the tide 
—i.é., high water, the weirs will be tucked up between 
the two spans of the footbridge in the manner shown 
in the engraving. The sluices which form the weirs 
are constructed of iron plates, and are strengthened 
at the back in the manner shown in the engraving, 
where the bowed member is not a part of the bridge, 
but the truss which strengthens the weir. In order 
to make this plain it should be explained that the 
weir is turned in a horizontal position when lifted, 
and in descending it turns automatically to a vertical 
positionin order to form the proper obstruction to the 
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escape of water. The principle of the Stoney sluice 
has been adopted, and this part of the work is being 
carried out by Messrs. Ransome and Rapier, of Ipswich. 

As we have said, at high water the sluices will be 
opened or raised, and craft will pass under the arches 
as they would under any ordinary bridge. This will 
goon until the water has ebbed away, say, to half 
the distance of the rise and fall. The sluices will then 
be lowered, so that the water above the lock will no 
longer fall, and the traffic will pass through the lock. 
The sluices will remain closed until the tide has again 
risen until the water level below the lock is equal to 
that above. when the sluices will be raised and the 
spans will be open for craft to pass beneath. The 
operation of working the sluices is to be performed 
by hand gear placed on the bridge, as shown in the 
engraving. As a matter of fact, the lock is not likely 
to be much used, as very little barge traffic is carried 
on excepting when there is a fair depth of water, and 
then the sluices will be open. Nevertheless the lock 
is a very commodious one, and will be fully equal to any 
demands made upon it. The chief sufferers will be 
the small pleasure-boat people, who will have to pay 
3d. or 6d. where they formerly passed free. We 
think, also, the Conservancy would have been well 
advised had they made a smaller lock for steam 
launches and such small craft, which, however, are 
too large to take over rollers. The small lock at Ted- 
dington is a great convenience in this respect. 

Our illustration shows the general character of the 
construction ; the piers being in granite and the spans 
of steel. The work is being well carried out under 
the control of Mr. More, of the Conservancy Engi- 
neering Department. 


PARSONS’ TURBO-MOTOR. 

Tuer steam turbine combined with two dynamos on 
one shaft, which we illustrate on page 406, has been 
presented by Messrs. C. A. Parsons and Co., of New- 
castle, to the Engineering Laboratory of Cambridge. 
Its chief point of interest is that one of the dynamos, 
designed by Professor Ewing, has a periodicity of 
14,000 complete cycles per second at 12,000 revolutions 
per minute. The steam turbine has anormal speed of 
12,000 revolutions, and is coupled directly to the 
dynamo shaft. 

There are two distinct dynamos—one of the usual 
two-poled type, with a continuous current armature, 
for an output of 15 ampéres at 100 volts, with 12,000 
revolutions per minute. This armature may at will be 
converted into an alternator by slipping two contact 
rings on to the commutator, each ring being connected 
to diametrically opposite segments of the commutator 
and insulated from the others, the magnets being in 
this case separately excited. An output of 20 ampéres 
at 40 volts, with a periodicity of 200 cycles per second, 
is obtained. 

Professor Ewing’s dynamo is complete in itself, and 
is bolted on toa prolongation of the bedplate. The field 
magnets, which revolve, consist of two mild steel discs 
laid together, but insulated from each other and form- 
ing one disc, which is of conical form, thickest near the 
axis, to give it strength to resist the centrifugal force 
due to its high speed of rotation. The edge of this disc 
is sawn into 140 projecting teeth, and the exciting coil 
consists of an insulated strip of copper wound zigzag 
around between the teeth and held in place by a ring of 
projecting lips formed by turning a low fillet on the 
side of each disc just at the circumference. The ends 
of the exciting coil are connected respectively to the 
two discs, An exciting current is supplied from an ex- 
ternal source to two brushes rubbing on the discs. 
Each alternate tooth is thus magnetised north and 
south respectively. The armature is formed of about 
sixty thin charccal iron disc rings about 0.01 in. thick- 
ness, built up into a cast-iron frame. The rings are 
bored to z/ in. larger than the magnet discs, and sawn 
radially by 140 cuts 3 in. deep, thus forming 140 poles 
around which the armature wire is wound. 

It will be seen that there are 70 complete cycles of 
current per revolution, and at 12,000 revolutions per 
minute, this gives 14,000 complete cycles per second, 

The output is about 5 ampéres at 100 volts. It is, 
we believe intended to carry out a series of experi- 
ments on the physiological effects of alternating cur- 
rents of high frequency, as well as other interesting 
investigations. 

———————————— ons. 


FRIEDEBORN’S TWIN-SCREW ENGINES. 
Tux engines which we illustrate on page 407 were 
designed by Mr. H. Friedeborn, of Hann, Minden, for 
a four-screw tug, and were built for the inventor by 
Messrs. Conrad Ranke S¢thn., of Frankfort-on-Main. 
Kach set of engines, of which there are two, drives 
two shafts, which are connected together by a tri- 
angular coupling rod. The apex of the triangle 
is connected to an idle crank, as shown in Fig. 1, 
to prevent the two shafts moving in opposite direc- 
tions when on the dead point, as this arrangement 
insures that the coupling rod shall always remain 
parallel to itself, and the whole work of the engine 


can at need be taken off one shaft. The engine, ag 
will be seen, has a cross frame, the cylinders being 
placed on two arms of the cross, whilst the cranks are 
at the extremities of the other arms. The connecting 
rods cross each other, one of them being forked for 
this purpose. The valve gear (Fig. 2), of the ordinary 
link type, is placed at the back of theengines. The 
screw shafts have only one bearing between the 
stuffing-boxes and the engine framing, this bearing 
being a combined thrust and plain bearing. The 
engines were placed in a barge 82ft. long by 16 ft, 
6in. broad by 3 ft. 2 in. draught, and have worked 
very steadily, giving a speed of 10 knots. The 
cylinders are 200 milimetres (7.87 in.) in diameter, by 
250 millimetres (9.84 in.) stroke. The distance be- 
tween the shaft centres is 800 milimetres (31.5 in.), 
and the screws are 1 metre (3.28 ft.) in diameter by 
1.4 metres (5.51 ft.) pitch. The outer screws are 
placed about 300 mm. (11.8 in.) behind the inner pair, 
the designer holding that a more satisfactory flow of 
water to the screws is thus obtained than when the 
inner pair are placed in the sternmost position, 
With steam at 147 lb. per square inch, the engines 
run at 240 revolutions per minute, the vacuum being 
21.6 in., Korting condensers being used, which do not 
require air pumps. Mr. Friedeborn has recently 
made some changes in the engine, and has com- 
pounded it by replacing one of the two 200 mm. 
cylinders by one 340 mm, (3 ft. 4 in.) in diameter. 


THE MURREN WIRE ROPE AND ELECTRIC 
MOUNTAIN RAILWAY. 

On page 414 we give a very striking illustration of 
the Murren Wire Rope and Electric Mountain Rail- 
way. The first, or wire rope, section of the line, from 
Lauterbrunnen to Grutsch, 1.2 kilometres in length, is 
one of the steepest lines of its kind, its maximum grade 
being 60 per cent. The second, or electrical, section, 
from Grutsch to Murren, is 4.3 kilometres (2.7 miles) 
in length. In future issues we shall completely illus- 
trate and describe both the construction and rolling 
stock of this line, 


ENGLISH COMMERCIAL ENTERPRISE 
ABROAD. 
To THE EpiTor or ENGINEERING. 

Sir,—In your issue of October 28, 1892, a letter ap- 
peared under the above heading, in which your corre- 
spondents, Messrs. J. Birch and Co., drew a comparison 
between the methods adopted in preparing structural 
work for export, by English and by Continental firms, 
with conclusions very much in favour of the latter. 

As our experience in the East has differed considerably 
from your correspondents, it may perhaps be of interest 
if I give particulars of a recent case. 

During the past few months we have received consider- 
able quantities of steel girder-work from Europe, about 
half from English firms, the remainder from a leading 
Continental firm. It was all made to the same specitica- 
tion, which directed that special precautions should be 
taken in packing, timber or angles being bolted to all 
projecting parts, and all straight bars or plates being 
fastened together in bundles, also that the girders should 
be very plainly marked, and all fitted together before 
leaving the manufacturer’s works. 

As regards the girder-work supplied by English firms, 
these directions were very fairly carried out. The 
packing was especially well done, and although some 
few parts were damaged when being unloaded, this was 
in no case due to defective packing. All parts were 
clearly marked, the marks being painted as well as 
stamped on the plate, and by the use of different coloured 
paints the parts of the various spans were plainly dis- 
tinguished. 

Now as to the Continental girder-work. Packing 
was almost entirely neglected, no special packings of 
wood or metal being provided, and all small bars and 
angles being separate and unprotected. As a result of 
this neglect, the girders were badly damaged in transit, 
projecting flange plates being doubled up, and in some 
cases torn off, and consequently extensive repairs were 
necessary on their arrival inthe Hast. The only erection 
marks were stamped on the metal, and were so small as 
to be difficult to find; and, further, as many of the 
girders had not been fitted together by the manufacturers, 
some glaring errors in construction had remained unde- 
tected, in some cases the wrong templates having 
apparently been used, so that the plates had to be 
re-drilled on erection. : 

The lists of parts, directions for erecting, and drawings 
accompanying the English girders, were far better gob 
up than those sent with the Continental ones; the 
drawings in particular of the latter being very rough, — 
and such as no self-respecting English engineer would 
allow to proceed from his office. 

In design there was also a great difference between the 
two lots of girders, the English ones having few parts 
and simple connections—no small boon in a country 
where skilled Jabour is scarce—whereas the Continental 
ones were specially complex, with an excessive number 
of rivets to be put in in the field. 

I should mention that the Continental girder-work 
cost, weight for weight, over 20 per cent. more than 
the English. 

Although our experience has thus differed from your 
correspondents, they are without doubt right in calling — 
attention to the advisability of very carefully packing 
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work for export, appropriateness of design and careful 
packing being of much greater importance than a slight 
reduction in price. It should never be forgotten that 
buyers judge of the quality of work not by the state in 
which it leaves the manufacturer’s yard, but by the con- 
dition in which it reaches its destination. 

Iam, Sir, yours truly, 


TW ak. LUCKEY, 
China, January 25, 1893. 


TRANSITION CURVES. 
To THe Eprror or ENGINEERING. 

Str,—I have read with interest your article on the 
above subject in your issue of January 13, just to hand. 
Having devoted a considerable amount of attention to the 
subject, I would like to bring under the notice of your 
readers a most simple and, for all practical purposes, an 
accurate way of applyinga transition curve when laying 
out a new line, In June, 1888, I read a paper_on the 
subject before the Royal Society of New South Wales, in 


length of the maximum offset of the transition curve ; 
this will reduce the radius of the circle, but to an extent 
quite inappreciable in practice. : 

For example (Fig. 2): Let the two tangent lines A B, 
B C be joined by a circular curve of 12 chains’ radius, A 
and C being the tangent points. It is desired to apply a 
transition curve of two chains in length. Referring to a 
table of offsets, we find that for a 12-chain curve the offset 
at the first chain is 33 in. ; dividing this by three, we get 
11in., as the distance the pegs will have tobe set in. The 
origin of the transition curve will be one chain back from 
the tangent point, and that the offset for the transition 
curve will be as follows: ‘ 

(Fig. 3)O =O No, 1=.08 in., No. 2=.68 in., No. 3 = 
2.32 in,, No. 4= 5.5 in., No. 5= 10.74 in., No. 6 = 
18.56 in., No. 7 = 29.47 in., No. 8 = 44 in. 

In New South Wales this form of transition curve has 
been introduced in the deviations on the Western line 
over the Blue Mountains, where a number of 8-chain 
curves have been cut out, and 12-chain curves, with tran- 
sition curves two chains in length, substituted. They are 
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which the properties of the cubic parabola are investi- 
gated. (A copy of the paper is herewith enclosed.) From 
this investigation we get the following results : 

That from the origin of the curve to a vertical line 
drawn through the centre of the circle is half the length 
of the curve of adjustment; also that the distance the 
circle has to be set in from the parallel tangent is equal 
to one-third the tangent offset at the point of junction of 
the circle and the cubic parabola, and is also equal to one- 
fourth of the ordinate at thesame point. (Fig. 1.) 

ee ON=NT; MN=4U P=#'TP and Mh= 


The length of the transition curve must be governed by 
the local circumstances where it is applied, and for curves 
from 8 to 20 chains radius a length of from two to three 
chains for the transition curve is sufficient to work up the 
full cant of the rails, and to insure easy running. For 
example, let us consider a curve of 10 chains radius to 
which we wish to apply a transition curve of two chains 
inlength. Taking the tangent offset for a curve of 10 
chains radius one chain from the tangent point, which is 
39.6 in., and dividing this by three, we get the distance 
that the auxiliary tangent has to be set in, namely, 13.2 in. 
Setting out the circular curve from the auxiliary tan- 
gent in the usual way, the transition curve will start at 
“*O” the origin one chain back from the tangent point on 
the old tangent, and will meet the circle at the first 
chain peg from the tangent. Any intermediate point 
can be found in the transition curve by simple calcula- 
tion, remembering the ordinates are proportional to the 
cubes of this distance from the origin. Thus for eight 
points on the curve the proportions are as follows : 
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A plan of applying the curve of transition, simpler even 
than the above, and one that for all practical purposes is 
correct, is as follows : 

Set out the circular curve in the ordinary way from 
the tangent lines, and simply set the pegs in towards the 
centre of the circle by an amount equal to one-quarter the 


now also adopted on all new lines where the curve isof a 
less radius than 20 chains. The result has been most 
satisfactory, as where these transition curves are in use 
there isa most marked improvement in smoothness of 


running. 
Yours, &c., 
Wa ter SHELLSHEAR, M. Inst, C.E. 

Goulburn, New South Wales. 

[The rules given by our correspondent are only approxi- 
mate, and while they are, undoubtedly, useful in a large 
number of cases, the errors involved become more im- 
portant as the necessity for the use of transition curves 
increases, 7.¢e., aS the radius of the circular curve di- 
minishes.—Ep, E.] 


MECHANICAL FLIGHT, 
To THE Eprror or ENGINEERING. 

Sir,—After reading your article on ‘‘ Mechanical 
Flight,” I asked Mr. Phillips to show me his apparatus. 
This he kindly did, and I saw it working. It certainly 
lifted itself in the way you describe, well off the ground. 

The principle of the apparatus appears to be exactly 
the same as that of the aeroplane machines of the Maxim 
type, but curved surfaces are used to sustain the weight 
instead of plane ones. These curved surfaces are much 
more effective, because, while they have greater power to 
lift a given weight, the resistance to driving them along 
is very trifling, owing to their small angle of inclination. 

Mr. Phillips’s invention appears to have the following 
merits : 

1. Owing to the greatly increased carrying power per 
square foot, a very much smaller surface is required to 
carry a given weight, and consequently the apparatus 


- | generally can be made much lighter. 


2, The arrangement of the slats tends itself to making 
a very strong ‘‘sustainer.” 

3. Owing to the increased sustaining power, it will pro- 
lh not be necessary to use an exceptionally light 
motor. 

I would strongly recommend anyone interested in the 
subject of ‘aerial navigation” to go and see Mr. Phillips’s 
apparatus at work, 


Yours ay, 
J. L. Funterron, Major R.E. 
2, Gloucester crescent, Hyde Park, W., March 18, 1893. 


SOUTH WALES RAILWAY 
COMMISSION. 
To THE EpitoR OF ENGINEERING. 

Srr,—In your issue of January 6, 1893, you havea 
leading article captioned as above, one statement of which 
I must ask you to correct in yournext number. You say, 
“Tt willbe sufficient to recall that Mr. Schey was dis- 
missed by the Railway Commissioners from their em- 
ployment, and that he then entered Parliament as a 
labour member.” There is not one word of truth in that 
statement. I was never in the employment of the Rail- 
way Commissioners, and was never dismissed therefrom. 
I left the railway service over two years before the Com- 
missioners took office, was a member of Parliament for 
very nearly two years before they were appointed, and 
was one of the strongest advocates of the Act which 
created the Board of Railway Commissioners, and in such 
spirit was one of the first persons who waited on Mr. 
Eddy on his arrival here, proffering him the heartiest 
welcome, and every assistance in my power. When I 
left the service I received a certificate which states: 
“Cause of leaving: Resigned voluntarily. Conduct: 
Very good.” This was after very nearly seven years’ 
service, and the then head of the department indorsed 
the certificate as follows: ‘‘ I desire to add to this cer- 
tificate that during Mr. Schey’s service in the department 
it became evident that he possessed qualifications which 
fitted him for a better position than the one he held ; and 
if he had elected to remain in the railway department I 
should have taken an early opportunity of promoting 
him.—Cu. A. GoopcHap, Commissioner for Railways, 
September 14, 1886.” This speaks for itself, and I need 
only add that my antecedents, career, and character have 
already been fully investigated in the Supreme Court of 
this colony, where a newspaper which made my par- 
liamentary actions an excuse for assailing same was mulct 
in 500/. damages and costs for so doing. 

Iam, yours &c., 


Wa. F. Scuey. 
Sydney, N.S.W., Feb. 27, 1893. 
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THE NORTH GERMAN LLOYD LINE. 
To THE Eprtor of ENGINEERING. 

Str,—I made inquiries some time ago for the purpose 
of an article I was then engaged upon as to the subsidies 
received by this company. I then discovered that the 
‘“heavy subsidy ” referred to in your paragraph on this 
subject does not exist. The line has subsidies for its 
other services, but for the Atlantic trade it only receives 
postage money. The idea that the North German Lloyd 
Company is subsidised on the Atlantic is so universal 
that it is desirable that the truth should be published in 
your widely circulating journal. 

Yours truly, 
B. W. Ginspure. 

12, King’s Bench Walk, Temple, E.C., 

March 30, 1893. 


THE AUSTRIAN TORPEDO CORUISER 
‘*SATELLIT.” 
To THE Eprror or ENGINEERING. 

Str,—I beg to state that the Austrian torpedo cruiser 
Satellit was not designed by me, but by the Austrian 
Admiralty and the firm of Mr. J. Schichau. 

Tam, Sir, yours very truly, 


R. A. ZrEse. 
St. Petersburg, March 16-28, 1893. 


METRIC WEIGHTS AND MEASURES, 


To THE Epiror oF ENGINEERING. 

Str.—I should not have referred to this subject again, 
were it not to point out that, apart from the easily-remem- 
bered, monosyllabic units of metre, litre, and gram, with 
their submultiples and compounds, as mentioned by Mr. 
Emerson Dowson in your last week’s issue, the interna- 
tionally recognised abbreviations or conventional signs of 
the metric system are fully as short, simple, and expres- 
sive as those of British weights and measures, and in 
many cases more so than the latter—e.g. : 

m=metre; km = kilometre ; cm = centimetre; m2 = 
square metre; 1=litre; hl=hectolitre; mm = milli- 
metre; m*=cubic metre; g = gram; kg =kilogram; 
t=:metric ton; atm=atmosphere (1 kg per cm? = 
14.2 lb. per square inch); hec = hectare = 10,000 m2=2.5 
acres; mkg = metre-kilogram; sec. mkg = metre-kilo- 


gram per second ; gradient 1> or 100 = 1 in 100; 
1 


scale 1 in 1000 or —— = 63.36 in. to one mile, 
1000 


I do not think my contention with reference to the 
aversion of manufacturers and engineers gencral/y to the 
adoption of the metric system is invalidated by Mr. C. L. 
Hett’s letter (also in your last week’s issue.) The latter, 
indeed, shows that there are afew laudable exceptions; but 
it is the exception that proves the rule, and, therefore, 
the Decimal Association will render a signal service to 
British engineering and industry generally if it perseveres 
in “‘ hammering away ” in order to overcome the few prac- 
tical, and the many imaginary, difficulties, and, above 
all, the prejudices and inertia of the public, of the railway 
companies, and of the Government. 

Tam, Sir, your obedient servant, 
C. S. Du Rice Prete. 

18, Margaret-street, Cavendish-square, W. 

April 4, 1893. 


BELGIAN FIsHPLATES IN Ecypt.—The Ougrée Steel 
Works Company has obtained an order for 600 tons of 
fishplates for Egyptian railways, 
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90-TON PORTABLE CRANE; STOCKTON CORPORATION 
ENGINEERS, 


CONSTRUCTED BY 


On this page we illustrate a 20-ton portable crane, 
recently built by Messrs. Robert Roger and Co., of 
the Stockton Iron Foundry, Stockton, for use on the 
Stockton Corporation Wharf. As will be seen, the 
crane is arranged for hand power; such heavy loads as 
20 tons have only occasionally to be lifted, and there 
is already anample supply of steam cranes for lighter 
loads on the wharf. The crane has, however, 
been arranged so that steam power can be fitted ata 
future date if found desirable. The crane is capable 
of lifting 20 tons at 30ft. radius. As will be seen 
from our illustration, it is carried on a six-wheeled 
car, and is provided with powerful holding-down 
clips and screw-jacks at each end. The gauge of line 
on which it is intended to run is 12 ft. The crane is 
provided with three speeds for lifting, and a powerful 
screw brake. There are also slewing, travelling, and 
jib-adjusting gear, the whole of which are worked 
from the platform connected to the body of the 
crane. 


UNITED STATES CRUISER ‘‘OLYMPIA.” 

ON our two-page plate, and on the present page, 
we give illustrations of the machinery of the 
United States cruiser Olympia. This vessel has 
been built and engined at the Union Iron Works, 
San Francisco, the designs for her machinery having 
been prepared in the Bureau of Steam Engineering at 
the Navy: Department, Washington. We shall pub- 
lish further illustrations of the machinery of this 
vessel, and, therefore, defer a detailed description 
until the other engravings appear, but in the mean- 
time we may state that the vessel is 340 ft. long, 58 ft. 
wide, and has a displacement of 5500 tons. 
posed speed is 20 knots, which is to be reached with 
13,500 indicated horse-power. 

The Olympia is the largest eruiser yet constructed 
for the United States Navy, and, in view of the con- 
troversy now being carried on with regard to big 
cruisers in our ‘own Navy, the progress of American 
designers in the matter of size possesses some interest. 


STeeL In FraNcE.—The production of finished steel of 
all kindsin France last year was 655,086 tons, The corre- 
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sponding production of 1891 was 638,530 tons. The pro- 
luction of steel rails and merchants’ steel increased con- 
siderably last. year, but the production of steel plates 
decreased to the extent of 6158 tons. 

Berwizr’s ‘ TRaMways TuBULAIRES ” IN Panis.—This 
contemplated local underground tramway or railway, 
which will, no doubt, supply a distinct want, seems, so 
far, to have met with a favourable reception. The con- 
cession having been secured, and part of the necessary 
capital obtained, the preparatory works have been 
steadily and quietly progressing. The route of the new 
tubular line is from east to west, under Cours de 


Vincennes, Boulevard Diderot, Rues de Lyon, Saint- 
Antoine, and Rivoli, Place de la Concorde, and the 
Avenues Champs-Elysées, Victor Hugo, and Bugeaud ; 
so that the termini points will be Porte de Vincennes and 
Porte Dauphiné. An iron tunnel has, for various reasons, 
been given the preference to brickwork, and the whole of 
the work will be done underground, so that no disturb- 
ance will be caused on the surface. The interior of the 
tunnel will have a diameter of some 24ft.. There will be 
a double line for the electric trains, which will comprise 
four carriages each, and follow each other at two minutes’ 
interval. There will be 17 stations, and the fare will be 
20 centimes (barely 2d.) for the whole distance, 
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TESTS OF STEAM BOILERS IN THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

By Frank Kriya, M. Inst. E.E. 

Tue following particulars of tests on the two classes 
of boilers in use by the Chelsea Electricity Supply 
Company at their central station in Draycott-place, 
Sloane-square, 8. W., may prove of interest. 

The boilers are of two kinds, there being one pair of 
Mills sectional boilers and two pairs of Babcock and 
Wilcox water-tube boilers. The trials were made on 
two evenings, January 23 and 24, 1893, and were con- 
ducted personally by the author and Mr, Percy Still, 
A. M. Inst. C.E , the resident engineer of the company. 
The boilers used for the purpose were one pair of the 
_Babcock boilers and the pair of Mills. 

There being two chimney stacks in the station, and 
the load being equal to the capacity of four boilers, 
both classes of boiler were used on each night, the 
boilers under test being fed with water supplied 
through the heater, and those not at the time under 
test being supplied with water by means of injectors, 
which are attached to each boiler. 

The Mills boilers (Fig. 1) were tested on the even- 
ing of January 23, and the test commenced at 4.30 p.m. 
The Babcock and Wilcox boilers (Fig. 2) were tested 
on the 24th, and the test began at 5.15 p.m., the dif- 
ference in time of commencement of the tests indicating 
that on the 24th the load was not sufficient until the 
later hour. The water was measured in a tank which 
was carefully checked before and after the tests, and 
wasfound to contain 1480 lb. of water between the limits 
used. The tank was also calibrated for every 10 
gallons between these limits, so as to enable the feed 
to be stopped at any moment, and a correct reading of 
the water used to be taken. 

The coal was weighed out in lots of 200 lb. each on 
a platform weighing machine, which was tested for 
accuracy after the trials against a new machine, 

The temperature of the feed used in the calculations 
was the temperature between the boilers and the 
heaters. On both occasions no notice was taken of the 
rated capacity of the boilers. 

The illustrations show the arrangement of flame 
bridges and path of gases in each class of the boilers, 


and it will be noted that in the Babcock boilers, which 
have been lately altered, the flame has to pass several 
times around the tubes, while in the Mills boilers the 
arrangement is such as to carry the gases more directly 
to the flue, and thus a considerable amount of heating 
effect is lost. The tabulated results show that the 
temperature of the flue gases from the Mills boilers is 
519 deg. Fahr., while in the Babcock boilers it is only 
353.9 deg. Fahr. 


Comparative Result of Tests of Mills Sectional and Babcock 
oe Wilcox Water Tube Boilers, January 23 and 24, 
1893. 


a Mills Babcock 
Boilers. | Boilers, 
Duration of test .. .. hours 6 6 
Wayne’s | Wayne’s 
Fuel Se 3° wig Merthyr | Merthyr 
Rated horse-power at 30 lb. water evapo- 
rated from 212 Fahr. at 70 1b. pressure .. 190 192 
Heating surface .. ve ne -. 8q. ft. 1900 2020 
Grate area,. ae oe a ‘= 37.0 37 0 
Ratio of heating surface to grate area 61.3 64.6 
Temperature of water supplied to heater, 
average .. ot: a ae .. Fahr. 51.6 62 
Temperature of boiler feed, average =f 197.1 204.8 
Average steam pressure by gauge .. Ibe} 147;2 149.8 
Coal fired .. hig ay 33 ie 3702 3200 
Ashes... ne 78 190 
Combustible On A 3624 3010 
Ash.. Ee a a a per cent. 2.1 5.9 
Coal consumed per square foot of grate 
area per hour .. ne rs <= AD, 16.8 14.4 
Average draught cat so apy bh 64 51 
», temperature of flue gases 
deg. Fahr. 519.5 353.9 
Total water evaporated ae Ib.| 34,515 38,450 
Water evaporated per hour .. ms as 5752.5 6408.3 
Evaporation per square foot of heating sur- 
face per hour .. Ars ae fie ee AD. 3.03 3.17 
Water evaporated per pound of coal under 
actual condition aa ue ee " 9.32 12.01 
Water evaporated per pound of coal from 
and at 212 deg. Fahr. ep ae ee 9.92 12.68 
Water evaporated per pound of combus- 
tible and from and at 212deg. Fahr. 10.13 13.49 
Power developed (30 lb. water per horse 
power per hour at 150 Ib. pressure) 
horse-power| 191.7 213.6 
Per cent. above rated capacity, assuming 
above conditions as rating .. Hi es 0.9 Ah 
Temperature of boiler house.. deg Fahr. 76 74.5 


| the same scale, 


The figures for temperature of the flue gases may 
require some modification in consequence of the fact 
that it was not possible to take the observations of 
flue temperature at an equal distance from the back 
of the two classes of boilers. The temperature from 
the Babcock and Wilcox boiler was taken 20 ft. 
further away therefrom than in the case of the Mills 
boilers, 

The test-sheet herewith gives the averages and 
totals of the observations taken, and the figures are 
plotted on the accompanying diagrams, Figs. 3 and 4. 
These diagrams are plotted for both types of boilers to 
The curve of draught shows that the 
Mills boilers had the larger draught. Several attempts 
were made to check this by closing the damper, but 
the evaporation immediately showed indications of 
falling, and accordingly the dampers had to be raised 
again, 

“The curves for coal and water are plotted to a scale 
of 10 to 1—that is to say, every 100 lb. on the vertical 
scale for coal corresponds to 1000 lb. of water, so that 
if the evaporation under actual conditions exceeds 10 lb. 
of water per pound of coal, the water curve will come 
above the coal curve. If, on the contrary, the evapo- 
ration is below 10 lb. of water per pound of coal, the 
water curve will be under the coal curve. 

On examination of the diagrams it will be seen that 
in the case of the Mills boilers the coal curve lies 
above the water curve all through the test, while in the 
Babcock boilers, with the exception of the first portion 
of the test, the curve for the water lies well above the 
curve for coal. The results show an evaporation under 
ordinary conditions of 9.32 lb. of water per pound of 
coal by the Mills boilers, and 12 1b. of water per pound 
of coal by the Babcock boilers, 

It should be noted that the boilers, although in 
pairs, were tested as one. 


Tur Unirep States Nayy.—It is reported that the 
Cramps, of Philadelphia, are about to receive orders for 
two first-class ships of war for the United States Navy. 
These vessels are to receive the names of the Iowa and 
the Brooklyn. Should this information prove correct, 
the Cramps will have built altogether 12 ships of war for 
Uncle Sam, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig Tron Market.—The market was quiet last 
Wednesday forenoon. Only some 4000 tons of Scotch 
iron were sold, one lot at 40s. 11d. per ton cash ; 2000 tons 
were sold at 40s. 104d. one month, with 1s. forfeit in 
seller’s option, but the seller at once intimated delivery, 
so that the transaction was practically acash one. Busi- 
ness was also done on other terms. In the afternoon 
business was more active, almost 10,000 tons of Scotch 
being dealt in. One operator alone sold 5000 tons at 
40s. 1ld. and 40s. 113d. one month, and the remainder 
was done at 40s. 9d. cash next day. Hematite iron was 
marked 2$d. per ton down. Otherwise prices were un- 
changed. The closing settlement prices were—Scotch 
iron, 40s. 9d. per ton; Cleveland, 84s. 4$d.; hematite 
iron, 45s. 9d. per ton. On the following day nearly 
15,000 tons of Scotch iron were sold (one firm doing all 
the selling), and 2500 tons of Cleveland. In the forenoon 
one line of 6000 tons fetched 40s. 11d. one month, 
and another of 1000 tons brought 41s. one month. 
Some 1500 tons of Cleveland were also sold at 
343. 7d, per ton cash on May 8. The market 
was quiet at the opening in the afternoon, not a single 
transaction having been recorded till near the close. 
Just about the last, however, there was a little doing, 
1000 tons of Scotch iron changing hands at 41s. one 
month. In Cleveland 1000 tons changed hands, 500 
tons at 34s. 5d. per ton cash on Tuesday, and 500 tons at 
34s. 74d. one month, The settlement prices at the close 
were—Scotch iron, 40s. 9d. per ton ; Cleveland, 34s. 6d. ; 
hematite iron, 45s. 9d. per ton. After being closed on 
Good Friday and Easter Monday, the market was again 
opened on Tuesday morning, when operations were 
resumed, but only 2000 tons of Scotch iron were dealt in. 
Scotch and Cleveland iron remained unchanged in price, 
but sellers of hematite iron were quoting 3d. per ton less 
than on Thursday. The market was still quiet in the 
afternoon. About 2000 tons of Scotch iron changed 
hands at 40s. 10d. cash to-day, and other 2000 tons at 
41s. 0d. one month. One lot of 500 tons of Cleveland 
was sold at 34s. 9d. one month. At the close the settle- 
ment prices were—Scotch iron, 40s. 104d. per ton ; Cleve- 
land, 34s. 6d.; hematite iron, 45s. 44d. per ton. The 
market was comparatively idle in the forenoon, and prices 
were unaltered. In the afternoon the market was firm, 
Scotch iron advancingin price 1d. per ton, with few sellers. 
The following are some of the prices for No. 1 special 
brands of makers’ iron: Gartsherrie, 48s. per ton ; Calder, 
49s. ; Summerlee, 50s. ; Langloan and Coltness, 54s. (all 
the foregoing shipped at Glasgow); Glengarnock 
(shipped at Ardrossan), Shotts (shipped at Leith), 
53s. 6d.; Carron (shipped at Grangemouth), 52s. 6d. 
per ton. The number of blast furnaces in actual operation 
is still 70, as compared with 77 at this time last year. 
Twoare making basic iron, 21 are working on hematite 
iron ore, and 47 are making ordinary iron. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
5585 tons, against 6676 tons in the corresponding week of 
last year. They included 318 tons for Canada, 298: tons 
for India, 225 tons for Australia, 550 tons for Italy, 620 
tons for Germany, 245 tons for Holland, smaller quan- 
tities for other countries, and 3002 tons coastwise. The 
stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 342,901 tons yesterday afternoon. 


Finished Iron Trade.—The depression which has so long 
characterised the finished iron trade of Scotland has now 
led to a reduction in the prices (which dates from April 1) 
to the extent of 5s. per ton, so far as bars are concerned. 
The price now quoted for common bars is 5l. 5s. to 
51. 12s. 6d. per ton, and best bars reach up to 
61. 2s. 6d. per ton. For export there is a better inquiry 
for manufactured iron, but home requirements are still 
easily met. It is hoped that the reduced prices will 
bring out increased orders for bars. Iron sheets, for 
which there is a soniewhat brisk demand, are quoted on 
the basis of 7/. 7s. 6d. per ton. Makers of hoops and 
eabine strips have a fair amount of work on their order 

ooks. 


The Steel Trade.—There is little or no improvement to 
report in respect of the local steel trade. The following 
are some of the prices for Siemens steel: Plates, 57. 10s. 
to 5. 13s. 9d. per ton; angle bars, 4. 15s. to 5/. per ton 
for shipbuilding sections, usual extra of 10s. per inch for 
sizes under. Boiler plates, 6/. 2s. 6d. to 61. 5s. ; joists, 
51. 17s. 6d. to 61. 23. 6d.; tees and structural sections, 
5l. 17s. 6d. to 6. 5s. per ton. 


Dalziel Steel Works.—At Messrs. Colville’s Dalziel 
Steel Works, Motherwell, there seems to have been 
some record-breaking last month, one of the large plate 
mills having turned out over 460 tons of finished plates 
in twenty-four hours, the material being principally for 
boilers. This is said to have been the biggest day’s out- 
put of plates ever known in Scotland. 


Bothwell Castle Collieries.—Operations have now been 
begun in connection with the sinking of the two new 
coal pits near the Priory, Blantyre, Messrs. William 
Baird and Co. having contracted with Messrs. Eadie to 
carry out the work. A few days since the joiners started 
work at the site of the pit heads, which will be named 
“Bothwell Castle, Nos. 3 and 4,” and are situated close 
to the Glasgow and Hamilton (Caledonian) Railway. 
The field of coal is a large one. The depth from the sur- 
face to the splint coal seam is said to be 210 fathoms; but 
little difficulties are looked for, so that in the course of 
18 months or so the first of the coal should be struck. 


Roads in the Island of Lewisx—Mr. Charles McKay, 
Inverness, has contracted with the County Council of 
Ross and Cromarty and the Lewis District Committee, 
to construct some new roads in the island of Lewis, at a 
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cost of upwards of 13,0007. A start has been made at four 
different points, but as yet only about 250 workmen are 
employed. 


Contract for Water Pipes.—Messrs. R. Maclaren and 
Co., ironfounders, Glasgow, have contracted with the 
Lanark County Council to supply the pipes wanted for 
the Glengavel water supply scheme for the Middle Ward 
of Lanarkshire. The contract price is said to be 47,8071. 


Important Machinery Contract.—Messrs. J. and R. 
Houston, of Cartsburn Foundry, Greenock, have just 
secured another large order for sugar-refining plant and 
machinery for a sugar refinery abroad. Messrs. Houston 
have at present a large amount of work on hand for sugar 
refineries in the Colonies, notwithstanding that within 
the past few months they have shipped large quantities 
of plant and machinery to various foreign ports. 


Leith Dock Works.—The Leith Dock Commissioners 
have resolved on going on with some important harbour 
extensions, including a reclamation embankment on the 
East Sands, a new wet dock, and a new graving dock, 
with relative works. It is expected that these new 
works will cost something like 450,0002. Sir A. M. 
Rendel, Great George-street, Westminster, is the engi- 
meet the resident engineer being Mr. Peter Whyte, 

eith. 


Munificent Gift to the University of Aberdeen.—At a 
special meeting of the Aberdeen University Court, held 
last week, the Marquis of Huntly, Lord Rector, presiding, 
letters were read from Mr. Charles Mitchell, Jesmond 
Towers, Newcastle, offering 20,000/. in all towards Aber- 
deen University extension, including the heightening of 
the central tower, estimated at 3000/., and 30002. for con- 
tingencies. This is an addition of 7000/. to the previous 
offer. On the motion of the Lord Rector, the thanks of 
the court were unanimously passed to Mr. Mitchell. It 
was remitted to the Plans and Sites Committee to direct 
the architects, Messrs. McKenzie, Matthews, and 
McKenzie, to prepare working plans and_ specifications, 
with a view to taking estimates. The Senatus of the 
University have recently intimated their intention to 
confer the honorary degree of LL.D. on Mr. Mitchell, 
who, by the way, is an alumnus of the university. 


Clyde Shipbuilding—Launches during March. — The 
output of new shipping on the Clyde last month included 
29 vessels of various kinds, and of a total of 27,532 tons, 
or not very much more than half the tonnage output of 
the corresponding month of last year. There is also a 
large decrease to report in respect of the quarter’s out- 
put, which was 54,312 tons, against 92,263 tons in the 
corresponding three. months of 1892. Amongst the 
vessels launched last month there were the Nile, 6000 
tons, built by Messrs. J. and G. Thomson for the Royal 
Mail Steam Packet Company, and the London City, a 
steamer of 7200 tons deadweight capacity, built by Messrs. 
Stephen and Son, of Linthouse. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Newton, Chambers, and Co., Limited.—The report of the 
directors of this company states that, after deducting 
7862l. for interest paid to debenture-holders, and trans- 
ferring 50002. to the reserve fund, there remains 30,8300. 
available for dividend. It is proposed to apply this as 
follows: 6 percent. on 7348 preference shares of 201, 
88171. ; 6 per cent. on 7975 ordinary shares of 20/., 95702, 

carrying forward to next account a balance of 12,4431. 


Coal Mining and its Prospects.—The outlook in this 
district from a collier’s point of view is not promis- 
ing. Competition with the adjacent counties for 
the steam coal trade at the neighbouring ports 
is on the increase, and in the local trade prices are 
declining. At Aldwarke Main Colliery, the property 
of Messrs. John Brown and Co., Limited, 1100 men have 
come out on strike, on a question of tramming, and in 
many directions there are disputes of a serious character. 
In very few places do the men show anything like a con- 
ciliatory attitude. Some of the more important colliery 
proprietors say they are now working at a loss, and if 
business does not improve it will be necessary to ask for 
concessions in the matter of wages. 


Iron and Steel.—There are no movements of any im- 
portance in the iron market this week, as the holidays 
have been prolonged. Forge pig is procurable at 39s. 6d. 
per ton, and foundry from 42s. Merchants will hold back 
their specifications until there are further indications as 
to the course prices may be expected to take during the 
new quarter. Some good inquiries are coming in for 
best and medium qualities of bar and boiler plates. In 
the steel trade principal orders are for railway material, 
at—best engine tyres, 12/. 10s. and upwards per ton ; car- 
riage and wagon tyres and springs, 10. ; axles, 6/. 10s. 
Armour-plate rollers are looking to the arrival of new 
contracts at an early date. Makers of ordnance are short 
of orders. The spring demand for agricultural imple- 
ments and machinery promises to be up to the average. 
Some very good lines are in for best qualities of crucible 
tool steel, both on home and export account. 


East to West Railway.—The contractors are now busy 
on the Langwith and Beighton section of the new railway. 
Extensive fitting shops have been erected at Norwood, 
and huts for the workmen are being built in various direc- 
tions. An overland railway has been laid down from 
Cresswell to Upper Langwith, and very shortly the con- 
nection will be made with the main line from Chesterfield 
to Ollerton. The main line, after leaving Upper Lang- 
with, crosses the valley of Gildwells, and will then run in 
a straight line to Scarcliffe. The tunnel commences near 
to the village, and will be nearly a mile and a half long, 
terminating near Bolsover, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiEsproucH, Wednesday. 

The Cleveland Iron Trade.—Yesterday, although the 
Exchange here was open, there was really no market, 
very few people indeed putting in an appearance on 
*Change. Business was almost suspended, but anybody 
wishing tobuy No. 3 g.m.b. Cleveland pig iron would 
have experienced difficulty in securing the ruling quality 
under 34s. 6d. for prompt f.o.b. delivery. The quotation 
for Middlesbrough warrants was 34s. 6d. cash buyers. 
To-day affairs somewhat resumed their ordinary state, 
but the amount of business transacted was only small, 
many people not having returned from holiday-making, 
The tone of the market, however, was very cheerful, 
and prices, though hardly quotably altered, had 
rather an upward tendency. No. 3 was still put at 34s. 6d. 
for prompt f.o.b. delivery, but several sellers were inclined 
to advance the price to 34s. 9d., and some makers asked 
35s. No. 1 was steady at about 37s., and was reported 
in fairly good demand. The lower qualities were firm at 
33s. 3d. for grey forge, and 33s.. 9d. to 34s. for No, 4 
foundry. There was nothing doing in Middlesbrough 
warrants, but they closed very firm at 34s. 64d. cash 
buyers. A satisfactory account was given of the hematite 
pig-iron trade. Makers reported east coast brands in 
fairly good request, and nothing under 43s, 6d. would be 
listened to for mixed numbers, whilst one or two pro- 
ducers were disposed to ask a rather higher figure, 
Spanish ore was steady, with quotations unaltered. 


Make and Disposal of Pig Iron.—The return of the 
make and disposal of Cleveland pig iron for the month 
of March, issued by Mr. John Dennington to the Cleve- 
land Ironmasters’ Association, is much more favourable 
than for a very considerable period, stocks having only 
increased 10,106 tons, against 28,506 tons for February, 
and notwithstanding that there has been an increased 
output of almost 25,000 tons for all classes of pig iron ; 
the quantity, indeed, being the largest for the past five 
months. Notwithstanding that stocks have increased 
during the month, they are still some 50,000 tons below 
the corresponding month of last year. The total make of 
Cleveland pig, inside and outside the port of Middles- 
brough, reached 124,182 tons, an increase of 11,200 tons on 
February, and more than double the quantity produced in 
March, 1892, but being within a few hundred tons of the 
return for March, 1891. Of other kinds of pig iron 
110,845 tons were produced, an increase of 13,586 tons on 


February, and more than double the figures for the 


corresponding month. In the makers’ stocks and stores 
within and outside the port of Middlesbrough, there are 
131,991 tons of pig iron, a decrease of 3312 tons on Feb- 
ruary, but being considerably above the figures for the cor- 
responding month. In the public stores there are 62,440 
tons, an increase of 13,418 tons, the total stocks and stores 
thus being 194,431 tons, giving the increase mentioned 
above. It may be mentioned that whilst in March, 
1892, there were 139,426 tons in Connal’s stores, the 
quantity of Cleveland iron held by that firm at the end of 
last month was 80,000 tons less. There are 51 furnaces 
producing Cleveland pig iron, or one less than in Feb- 
ruary, and 37 turning out hematite, &c., being no change 
for the month. 


Manufactured Iron and Steel. — Little of an encouraging 


character can be said of the finished iron and steel indus-. 


tries. Quotations are the same as those last mentioned, 
and orders, in spite of the prevailing exceedingly low 
rates, are scarce. Messrs. Bolckow, Vaughan, and Co. 
have this week re-started a portion of their extensive 
Eston steel works, but only a few hands have, as yet, been 
set on. 


The Fuel Trade.—Fuel is steady, but the output of coal 
is not yet up to its normal volume. On Newcastle Ex- 
change best Northumbrian steam coal is firm at 8s. 6d. 
f.0.b., and small steam is quiet at 3s. 3d. The demand 


for bunker coal is poor, and the price weak. Gas coal 


varies a good deal in price. About 12s. is the quotation 
here for good blast furnace coke delivered at Cleveland 
works, 


NOTES FROM THE SOUTH-WEST. 

Welsh Industry.—The Cyfarthfa Collieries have been 
better employed of late; full time has been the rule at 
the Plymouth pits. The manager of the Werfa Colliery, 
Aberdare, has informed the working staff that he is 
determined to discontinue working for the present the 
seven-foot and the yard seams ; about 350 men are affected 
by this notice. Messrs. Lancaster and Co. have stopped 
the Lower Deep and Cinder Pits at Blaina. It appears 
probable that the latter will be closed altogether, as the 
coal will be worked more easily from a new pit which is 
being sunk by the firm. A number of the workmen 
have been drafted to another pit, but many will still be 
thrown out of employment. 


Dowlais.—The depression in the iron and steel trades at 
Dowlais is greater than has been known for-many years. 
No new orders have been secured, and attention is being 
concentrated upon the manufacture of steel rails and tin 
bars. In the coal trade matters are moving on fairly 
well, % 


The Severn.—Several London, Bristol, and Cardiff 
capitalists are forming a company, with a capital of 
100,0002., to construct steam barges and other vessels for 
the purpose of trading between Bristol Channel ports and 
Worcester as soon as the deepening of the Severn has 
been completed. The traffic between Cardiff and Wor- 
cester is expected to comprise timber, grain, coal, hard- 
ware, machinery, &c. The company will have its own 
wharves. Reasonable terms are stated to have been 
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obtained from the Severn Commissioners, and certain 
landowners and canal proprietors. 


Welsh Lighthouses.—Cardiff has three lighthouses, two 
of which are lit by gas, the other by oil; Barry, two oil, 
two electric; Porthcawl, one gas, one oil; Neath and 
Briton Ferry, three gas; Swansea and Mumbles, two 
oil, two electric, three gas; Barry Port, one oil; Llanelly, 
two oil; Tenby, one gas ; and Neyland, three oil. 


Cardif/.—Shipments of steam coal have been upon an 
extensive scale ; the best qualities have made 9s. 6d. to 
9s. 9d., while secondary qualities have realized 9s. to 
93. 3d. per ton. The ie aioonl trade is drooping with 
the advance of the season; No. 3 Rhondda large has 
made 10s. to 103. 6d. per ton. Some good orders have 
been received for coke; foundry qualities haye made 
17s. to 17s. 6d., and furnace ditto, 15s. to 16s. per ton. 
The manufactured iron and steel trades have continued 
depressed ; there is only a restricted demand for rails. 


The ‘ Téméraire.”—The refit of the Téméraire, at 
Devonport, has cost 80,0002. On her trial ip she de- 
veloped a speed of 134 knots per hour. Up to the present 
time the vessel has cost 780,0000. 


The ‘‘Hussar.”—A gunboat, to be named the Hussar, 
of the Sharpshooter type, has just been laid down at 
Devonport. The Harrier and the Halcyon, sister vessels, 
are being advanced to completion on adjacent slips. The 
Harrier will be first ready for launching. 


The ‘* Cockchafer.”—The Cockchafer gunboat went out- 
side Plymouth Breakwater on Monday for a three hours’ 
commissioning trial of her machinery. The results were : 
Mean steam, 60.5 lb.; vacuum, 25.5 in.; revolutions, 
118.1; indicated horse-power, 371; speed by log, 9.3 knots. 
The steam blast, an arrangement for producing artificial 
draught, was slightly opened at intervals. 


Bristol Docks. —The tonnage movement at Bristol Docks 
for the 47 weeks ending March 25 amounted to 613,277 
tons, showing a decrease of 36,660 tons as compared with 
the corresponding period of 1891-2. Theamount received 
in dues in the 47 weeks ending March 25 was 84,6351/., 
showing a decrease of 44071. this year. 


The ‘* Superb.” —The Superb line-of-battle ship, now at 
Devonport for her annual refit, is to have the blades of 
her propeller altered. They are to be bent until a pitch 
of 18 ft. 6 in. is attained. The boiler tubes of the Superb 
are also to be ferruled, after which the vessel will be sub- 
jected to a four hours’ full power trial with the forced 
draught to test the effect of the alterations, 


Bristol and Barnstaple. — A steamer service for the 
carriage of goods is about to be established between Bris- 
tol and Barnstaple. 


The ‘‘ Bonaventure.”—Messrs. Hawthorne and Leslie, 
the contractors for the engines of the Bonaventure cruiser 
at Devonport, will be ready to carry out their steam trial 
in June. The vessel is expected to be ready for sea in 
August. 


Bath.—The first stone of new municipal buildings at 
Bath is expected to be laid in the course of next month. 


The Antelope.—The boilers for the Antelope gunboat, 
now building at Devonport, have been taken from Key- 
ham to the dockyard to be placed on board. As the date 
for the launching of the Antelope has been deferred, the 
contractors for the engines, Messrs. Yarrow and Co., will 
have them in an advanced state by the time the vessel 
leaves the slip. The boilers have been supplied by Messrs. 
Maudsley, Sons, and Field. They are four in number, 
and are of the single-ended locomotive type; each weighs 
upwards of 17 tons, 


MISCELLANEA, 

Some recent experiments made on Bull metal at the 
Broadway Testing Works showed a tensile strength of 
25.48 tons per square inch, with an elongation of 14.0 per 
cent. on 3 in. he elastic limit was found to be 13.81 
tons per square inch. 


H.M.S. Howe was successfully floated on Thursday 
last, and towed to her anchorage in Ferrol Harbour. 
The successful floating of this vessel, after so many months 
on the rocks, is a striking testimony to the quality of 
material and workmanship put into her. 


The ordinary general meeting of the Institution of 
Electrical Engineers will be held at 25, Great George- 
street, S.W., on Thursday, April 13, at 8 p.m., when 
Mr. Albion T. Snell, member, will read a paper on ‘‘ The 
Distribution of Power by Alternate-Current Motors.” 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
March 26, amounted, on 16,4543 miles, to 1,297,844/., and 
for the corresponding period of 1892, on 16,379} miles, to 
1,238, 848/., an increase of 754 miles, or 0.4 per cent., and 
an increase of 58,996/., or 4.5 per cent. 


The Foreign Office has promised, when commercial 
negotiations with Spain are resumed, to endeavour to 
counteract the effects of the reciprocity treaty between 
Cuba and the United States, under which American 
manufactures are admitted to the island on specially 
favourable terms. 


An exhibition of petroleum, and the uses of petroleum 
for lighting, heating, and as motive power, will be held 
at Bolsward, in the Netherlands, from July 19 to 
August 11, 1893. English exhibits are invited. En- 
tries will close on April 10. Further information may 
be obtained from the secretary of the exhibition com- 
mittee, Mr. Th. H. van der Meulen, at Bolsward, 
Holland. 


The directors of the Cunard Company have presented 


to each of the engineers of the Umbria a substantial 
cheque in recognition of his persevering effort in repair- 
ing the thrust-shaft of that vessel, which gave way at sea 
on December 23 last. A cheque was presented to 
each of the officers of the ship, and it goes without saying 
that Captain McKay and Chief-Engineer Tomlinson were 
not forgotten. The sums thus distributed, amounting in 
all to over 1200/., were given by the underwriters of the 
ship, by two American insurance companies who were 
interested in the cargo, and by the Cunard Company 
themselves. 


The Engineering and Mining Journal of New York 
have opened an office in London at 20, Bucklersbury, 
E.C., which will be under the direct superintendence 
of a representative, whose entire services will be de- 
voted to the management. This journal, in addition 
to the valuable technical articles which it publishes on 
mining and metallurgy, has also done much good work 
m exposing ‘‘ wild cat” mining schemes, into which 
the British investor has too often been led in the past, 
and it is, we are informed, the intention of the paper to 
keep even a sharper tip on such gentry, as the promoters 
of these schemes, in the future, 


At Svartén, in Sweden, the terminus of the Gellivora- 
Lulea Railway, arrangements are in course of completion 
tending to facilitate the shipping of ore, and to reduce 
the cost. The railway line to the Svarté passes up the 
lower terrace to a height of some 50ft. above the sea 
level, and 6 ft. above the elevator quay ; it will terminate 
in a wooden viaduct 20 ft. high, and 400 ft. long, in which 
timber shoots will be placed for the shipment of the ore. 
These shoots can hold two or three wagon loads, and 
through the aperture at their bottom end the ore passes 
direct on to the Decauville trucks; the aperture can be 
closed and opened at will. These appliances are for storing 
the ore in winter time. Other arrangements are in progress 
for directly reducing the loading expenses during the 
summer. The elevator will be provided with another 
hoist for the empty wagons, but whether these various 
improvements will be completed in time for this year’s 
shipping traffic is as yet uncertain. 


Ina paper entitled ‘‘Some Thoughts on Boiler Inspec- 
tion,” recently read before the North-West Railway 
Club, the author, Mr. John Hickey, remarks that the 
question as to whether a boiler is strained more severely 
by steam than by hydraulic pressure will be found to 
resolve itself almost entirely into the question of con- 
struction. It is possible to design a boiler that will 
explode at a low steam pressure, and which will not be 
unduly strained by a hydraulic pressure three times as 
great. A boiler being steamed is often strained in a 
longitudinal direction by unequal expansion of the top 
and bottom of the shell. As this straining would not 
take place with hydraulic pressure, and leaks due to 
unequal expansion would not be produced, it follows 
that the hydraulic test must fail to indicate weakness, 
which must be produced and made apparent by the 
steam test. From this it would appear that all boilers 
when new, or newly repaired, should be tested first by 
hydraulic pressure and afterwards by steam, the latter 
being used to determine if any unequal expansion exists, 
and, if so, to what extent. 


At a recent meeting of the German Association of 
Engineers, the chief of the locomotive department of the 
Prussian State Railways stated that the trials of the 
compound locomotive by the Prussian Government indi- 
cate the superiority of the compound over the simple 
system in the following points: Greater total amount 
of work performed, increased economy in the use of fuels, 
reduction in spark-throwing. At the International Rail- 
way Congress at St, Petersburg, the French engineers 
were not unanimous on the subject. The representatives 
of the French State Railways and of the Paris and Lyons 
Company asserted as their opinion that hitherto tests 
have practically shown that in countries where coal is 
cheap, the changing of ordinary into compound locomo- 
tives, or the building, at the outset, of compound locomo- 
tives, isnot likely to lead to any advantage. Where coal, 
however, isdear, the building of new compounds, and the 
rebuilding of old single engines to work on the compound 
system, and the adoption of higher steam pressure, are 
advisable. With the two-cylinder compounds at least, it 
has been found that there is no increase in cost for oil, 
maintenance, &c., as compared with ordinary locomo- 
tives. Statistics were given, showing that the number 
of compound locomotives in use has been increased in less 
than three years from about 680 to 1858. The two- 
cylinder pon ponnd locomotives increased in number from 
522 to 1731, the three-cylinder compound from 99 to 108, 
and the four-cylinder engines from 59 to 379. 


In his specifications for highway bridges Mr. Edwin 
Thacker, M. Am. Soe, C.E., makes the following general 
requirements in addition to others: The effective dia- 
meter of the driven rivet in punched holes will be taken 
as its size before driving, but in making deductions for 
rivet holes in tension members the diameter of the holes 
will be assumed as } in, larger than the rivet. In reamed 
holes the rivets will be assumed as +; in. larger than be- 
fore driving, the same deductions to be made as with 
poecbed holes in estimating strength of tension members. 

he pitch of rivets shall not exceed 6 in., nor be less than 
three diameters of the rivet. At the ends of compression 
members the pitch shall not exceed four diameters for a 
length equal to twice the depth of the member. The 
distance from centre of rivet to edge of plate shall not be 
less than 1} in., nor exceed eight times the thickness of 
the plate. The distance between centres of rivets for 
plates in compression shall not exceed 20 times 
the thickness of the plate in the line of stress, nor 
40 times the thickness at right angles to this line, 


No plate or shape shall be less than} in. thick, when 
both faces are accessible for painting, nor less than ;'; in. 
when only one face is accessible. For spans over 75 ft. 
in length friction rollers must be provided. These rollers 
shall not be less than 2 in. in diameter, and the pressure 


per lineal inch of the roller shall not exceed 900 4/d for 


wrought iron, nor 1100 /d for steel, where d = diameter 
of roller in inches, The pressure on the masonry under 
the bedplates shall not exceed 300 lb. per square inch. 
Bridges under 75 ft. in length shall have one end free to 
move on planed surfaces. 


In a paper on ‘' The Construction of Manufacturing 
Buildings,” recently read before the Gloucestershire Kngi- 
neering Society by Mr. R. Phillips, county surveyor, the 
author stated that the roof of a building was the most ex- 
pensive portion, and hence the cost per-superficial foot de- 
creases with the number of floors. Buildings were roughly 
estimated by thecubic foot, being measured from the bottom 
of footings to half-way upthe roof. Railway goods sheds 
now cost about 3d. per cubic foot, and factories 4d. to 6d. 
When a yard was required, the buildings were often best 
arranged as an L, with the foreman’s office, having win- 
dows into each shop, at the corner. In setting out the 
buildings the longer face should be lined out first, and a 
cross-staff might be used for setting out lines at right 
angles, though the 3, 4, 5 lines were invariably used by 
practical builders. If the site was covered with grass, 
the turf should be cut and removed, but the surface then 
left should not be disturbed till the main walls were set 
out. The setting-out lines should be those of the finished 
walls, and not of the trenches. Where possible, the main 
pegs should be driven 4 ft. or 5 ft. outside the walls. These 
pegs should be 5 in. to6in. in diameter, and should be 
driven with sledge and never moved till the walls were 
wellabove ground. By driving nails in the top of these 
pegs the lines could be set out with great exactness and 
checked atany time. From the lines thus fixed 2} in. should 
be measured off for each course of footings, in addition to 
6 in. outside this for the width of the concrete. For 9-in. 
walls two courses of footings were usually used ; for 14-in. 
walls, three courses ; for 18-in. walls, four courses; for 22-in. 
walls, five courses ; and for 27-in. walls, six courses. As 
regarded the depth of foundation, care should be taken not 
to replace good hard ground by bad concrete, though, as 
clay was liable to shrink and swell, the concrete in founda- 
tions in this material should be carried deep enough to 
reach the moist clay, where it would not be affected by 
atmospheric influences. The average depth of concrete in 
foundations for factory buildings was 18 in. to 24 in. The 
best damp courses were made of 14-in. sawn slate with 
tongued joints, and with stoneware, and the worst with 
felt and tarred paper. So-called British asphalte was 
treacherous, but a fairly good material for this purpose 
could be made from one pail of pitch, two and a half pails 
of tar, and eight pails of sand, well boiled together. 


New Canat Progecr 1n SWEDEN.—In connection with 
the proposed extension of the Trollhitta Canal, another 
project has come to the front, viz., that of a canal with 
its terminus at Uddevalla, instead of at Gothenburg, 
which entails a longer canal. A committee has been 
formed to investigate the matter, but there is not much 
probability of Uddevalla being given the preference. 
The cost of a canal from the Venern Lake to Uddevalla is 
estimated at about 12,000,000 kr., or 670,000/., but 
if carried as far as Gothenburg the cost would be 
50,000,000 kr., or 2,775,.000/. 


ELECTRIO TRANSMISSION OF PowER IN SWEDEN.—An 
application has been made to the Swedish Government 
for a concession to install an electric transmission of 
power from the Dal River waterfall at Mansbo to the 
Norberg mining district, a distance of some ten miles, 
The power to be transmitted will, to begin with, be about 
200 horse-power, and the potential will be about 10,000 
volts. The town of Ostersund will also soon have an 
electric transmission of power from the Strup waterfall 
of the Indal River, which has not yet been utilised. The 
distance is about eleven miles, and the tension of the cur- 
rent is also to be 10,000 volts. 


THE JUNIOR ENGINEERING Socrety.—At a numerously 
attended visit of this Society on the evening of the 9th 
ult., the lifting, haulage, and refrigerating machinery, 
and the electric light installations of Messrs, Nelson 
Brothers’ cold meat stores were inspected. The members 
were first shown over the stores at Cannon-street Arches, 
the arrangement and working of the machinery and ap- 

liances there being explained by Mr. Sargeant and Mr. 
olecey. They then proceeded to the new stores at 
Commercial-road, Lambeth. Here the machinery for 
elevating the frozen carcases—brought from New Zealand 
and other parts—and carrying them into the building, has 
been designed to deal with 2000 sheep per hour. Mr. H. 
Graham Harris, M. Inst. C.E., met the party and showed 
them round, and also kindly arranged for the machinery 
to be in motion at the time of the visit. Amongst other 
features, much interest was manifested in an elevator 
shown, provided with a telescopic action enabling one end 
to descend into the barge being unloaded. The elevators 
consist of powerful chains running at about 120 ft. per 
minute ; they carry cross bars, upon which the sheep are 
laid by men working in the barges. The whole of the 
hydraulic apparatus is supplied with water at a pressure 
of 700 lb, per square inch by a duplex pump of Messrs. 
Smith and Vale. The ammonia refrigerating plant is of 
the De la Vergne double-acting compression type, with 
horizontal compound engines supplied with steam by 
Lancashire boilers fitted with Vicar’s mechanical stokers. 
The electric light engines are two of Gwynne’s high-speed 


double-acting engines coupled direct to two low-speed 
dynamos. mY 
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SHIPPING CHARGES AND BRITISH 
INDUSTRY. 


In times of depression, such as those through 
which we are now passing, it is natural that com- 
mercial men and manufacturers should strain their 
eyes with a view to the discovery, if possible, of 
some means of reducing the cost of distribution, as 
well as the cost of production. The principal 
element in the latter is generally raw material ; the 
next element, wages. But, as regards the former, 
the control is not quite so much in the hands of the 
trader. He is, in point of fact, pretty much at the 
mercy of railway and dock companies, subject only 
to the limitations imposed by their several Acts of 
Parliament, which are seldom an effectual restraint 
on high charges. The railway companies, as well 
as their congeners, the canal companies, have dur- 
ing the last two or three years been passing through 
a period of reorganisation in reference to their 
powers and prerogatives, which is likely, before 
long, to place their relations to the trade of the 
country on a more definite, if not on a more satis- 
factory, footing. The dock charges, however, have 
not been submitted to the same process of revision 
and reconstruction, and traders every now and 
again have to complain that their chances and 
prospects are spoiled by the difficulty of making 
their business pay in view of the payments that 
shipping is called upon to make at our docks and 
harbours. 

In Great Britain dock control and railway control, 
whether for good or for evil, are fast becoming 
almost synonymous terms. The railway companies 
are becoming the owners of the docks and harbours 
over a great part of the country. On the north-east 
coast, the docks of Hartlepool, Middlesbrough, 
Hull, Newcastle, and one or two other smaller 
ports, are largely owned by the gigantic railway 
monopoly that serves the district. Some of the 
principal docks in South Wales are also under 
railway dominion. The South-Western Railway 
Company have recently become the owners of the 
docks at Southampton. And this movement con- 
tinues to develop in the direction indicated— 


primarily, no doubt, owing to the very intimate 
connection between the railway and the dock 
interests, and the consequent facility afforded to 
the railway companies of more readily handling 
traffic and adjusting charges in equitable propor- 
tions between the one system and the other. But 
the suckers of the great railway octopus have not 
yet got hold of the two main systems of docks 
that serve the country—the docks of London and 
the docks of Liverpool—nor is it probable, from 
present appearances, that this result will happen. 
That being so, the trade of the country is not 
as yet in much danger, if any ever existed, from 
the railway ownership of docks and harbours. 
London and Liverpool carry on between them 
something like 23 per cent. of the total import 
and export business of the country, and of this 
part, at least, it cannot be said, even by the 
most pronounced advocate for independence, that 
they are subject to railway tyranny and oppres- 
sion. The docks of both cities, moreover, are 
served by a number of different trunk lines, those 
of London having access to all the lines north of 
the Thames, and those of Liverpool being con- 
nected with the three principal lines that serve the 
great port on the Mersey. 

It would appear, however. that the shippers and 
traders dependent on the two most independent 
dock systems in the country have gained little, if 
anything, by being exempt from railway control. 
The fact is that the dock dues on the Thames and the 
Mersey are higher than at any of the other principal 
ports of the country. In explanation of this the 
argument has been put forward that the docks 
are better, and that the facilities afforded to 
shippers are greater. But so also is the amount of 
business done, so that the one fact should be set 
off against the other. Not only so, but as the 
amount of trade done has been steadily increasing 
from year to year, and as the march of mechanical 
invention has provided the dock authorities with 
facilities which cheapen, to them, the cost of the 
services they render, the traders have a right to look 
for larger reductions than they have hitherto had 
conceded in matters of charge. As itis, the dock 
dues and other charges are, sometimes, almost as 
high, taken collectively, as the freight across the 
Atlantic. A statement recently prepared showed 
that the total charges on rice, at the port of Liver- 
pool, from the ship to the truck were as much as 
4s. 10d., including dock dues; on wool they 
amounted to 7s. 2d.; on wheat to 3s. 11d.; on 
sugar to ds. 4d. ; and on bacon and hams to 5s. 5d. 
per ton. These were much higher than the charges 
made for the same service in any other ports in the 
kingdom. Liverpool, however, is exceptionally 
situated, in this respect, that the dock dues, as 
such, are comparatively low compared with the 
other charges on shipping. Thus, it appears that at 
a recent date the dock dues alone on a ton of wheat 
amounted to 1s. 4d. at Liverpool, as against 2s, 2d. 
at London, but the total charges from ship to truck 
at the Mersey port were, nevertheless, 8d. per ton 
more than the total charges on the Thames. In 
both cases the dues were much higher than at other 
leading ports, and especially at the ports of Barrow, 
Cardiff, and Hartlepool. The differences are re- 
markable, and, on the face of them, not easy to 
explain in all cases, except upon the hypothesis 
that the so-called inferior ports are quoting lower 
rates of charges in order to attract the trade which 
the superior ports, in consequence of their location, 
and of their enormous facilities for distribution, 
continue to retain. A few examples may be chosen 
by way of illustrating the differences referred to. 
Wheat delivered into trucks (including dock dues) 
from the ship at Liverpool has to pay 3s. 11d. per 
ton, but at Barrow the charges only amount to 
1s. 6d., and at Cardiff to 1s, 5d. Wool, similarly 
compared, costs 7s. 2d. at Liverpool, but only 
Is. 9d. at Barrow, 2s. 3d. at West Hartlepool, and 
3s. Id. at Hull. And yet the cheaper ports, 
curiously enough, do not appear to succeed in 
attracting to themselves any large share of the trade 
which the larger ports enjoy. This is no doubt 
because of the fact that both at Liverpool and at 
London the commodities are delivered at once 
almost into the very heart of two of the most densely 
populated centres on the earth’s surface, and that, 
therefore, their distribution is more easily and 
conveniently effected, if not also more economi- 
cally. Economy might be expected in both cases, 
so far as the short railway transport involved is 
concerned, but it is not a little remarkable that on 
the Mersey the densest traffic and the highest 
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railway charges go hand in hand. The statement 
was madein the course of the hearing of the Man- 
chester Ship Canal Bill that the Liverpool-Man- 
chester system of railway rates was the highest in 
the world, and it was never effectively disputed, 
although it has, of course, been shown that the high 
cost of terminal charges, in relation to the total 
amount of the rate, made the profit to the railway 
companies much less than might be supposed. 

In dock traffic, as in other mundane affairs, the 
rule appears to apply that ‘‘to him that hath shall 
be given.” Although struggling with might and 
main to compete with the larger systems of docks 
on the Thames and the Mersey, few of the other 
British ports, except Cardiff, have made very 
much headway during recent years. Some of the 
most modern systems in the country, like that at 
Barrow, have not been able to earn a bare living. 
Geographical position has, no doubt, much to do 
with this condition of things, and so long as the 
docks fail to tap the main arteries of population, it 
is, perhaps, inevitable that their business should 
either be very special, like the shipment of coal 
from Cardiff, or very small. Competition in dock 
charges, under these circumstances, becomes more 
apparent than real, Certain descriptions of freight 
are bound to come to certain ports, whether the 
charges are high or whether they are low, and to 
this extent the shipping interest is powerless to 
help itself. It is probable that a check will be im- 
posed upon the dock charges at Liverpool by the 
opening of the Manchester Ship Canal, but it yet 
remains to be seen how far it is possible to apply 
any similar restraint on the charges elsewhere. 
Nor should it be overlooked that the London dock 
system, taken as a whole, has been very unsuccess- 
ful from a commercial point of view. Probably if 
placed under one control, like the admirably 
managed Mersey Dock Estate, the results would be 
more satisfactory. 


EUROPEAN CANALS. 


Amone the canals constructed for the purpose of 
establishing a shorter and quicker connection 
between different seas, the North Sea-Baltic Canal 
deserves special notice.* As early as in the Middle 
Ages there was a question about connecting the 
North Sea with the Baltic by means of a navigable 
canal, whereby the long and dangerous sail round 
the Scaw could be avoided. During the years 
1391-1398 the still existing Stekenitz Canal was 
constructed ; this connects the River Stekenitz, 
which enters the Trave at Liibeck, with the River 
Delvenau, which enters the Elbe at Lauenburg. 
In the year 1525 the Alster-Trave Canal was com- 
pleted, only, however, to be again destroyed in 
1550. These canals were only intended for river 
boats, but Prince Frederick of Denmark succeeded 
in establishing a connection for sea-going vessels 
through the building of the Eider Canal (1777- 
1785). Still this canal was not of sufficient dimen- 
sions to be of any use for war vessels and large 
merchant vessels. When, however, Germany’s 
desire to have an efficient connection for the use 
of her North Sea and her Baltic fleet became pre- 
dominant, Herr Leutze, in 1865, produced a plan 
for such a canal, selecting for its two mouths St. 
Margarethe, on the Elbe, and the Eckernforde 
firth on the east coast of Sleswick. It having in 
the meantime been decided to make Kiel a naval 
port, Herr Leutze altered his plan accordingly. 
This plan was afterwards, with the permission of 
the Prussian authorities, further developed by a 
Hamburg merchant, Herr H. Dahlstrém, and, the 
State having taken up the matter, it was eventually 
completed by Herr Baensch, whose plan, entailing a 
calculated expenditure of 7,800,000/., was almost 
unanimously passed. by the German Parliament. In 
1887 (June 3) the German Emperor, William I., 
laid the foundation stone, and since then the work 
has progressed satisfactorily, in accordance with 
the original plan. 

Of other similar canals only the Corinth Canal 
has been commenced. The plan of shortening the 
way for vessels coming from the western part of 
the Adriatic and the Mediterranean, and bound for 
the Greek Archipelago or the Black Sea (or vice 
versa), by cutting through the Isthmus of Corinth, 
is a very ancient one. As early as B.c. 625 
it was under contemplation, and was then 
allowed to rest for about a century, partly on 


* A previous article on the subject appeared on page 
639 of our last volume, 


account of the political disturbances of Greece, 
and partly from the belief that the level of the sea 
on the west coast was considerably higher than the 
level of the sea on the east coast. ‘The conquest 
of Greece by the Romans gave a great impetus to 
the shipping from west to east, and again drew 
attention to the great benefits which a Corinth 
Canal would confer. Both Julius Czesar and Cali- 
gula are understood to have seriously considered 
the matter, but Nero was the first to actually take 
the matter in hand, probably in A.p. 67, as 
remnants of works are still found. These include 
excavations extending over about a mile on the 
ARgina side, at the other terminus an aqueduct of 
about a mile’s length, and in the centre holes from 
20 ft. to 30 ft. deep. No doubt this large undertaking 
was started with considerable energy, but owing to 
political complications it was soon interrupted, and 
after Nero’s death the matter was allowed to 
remain in abeyance for some 1800 years. 

In 1881, General Piir read a treatise on the 
cutting through of the Corinth Isthmus before the 
Geographical Congress at Venice, the congress 
unanimously giving its verdict in favour of this 
canal being realised. General Piir the same year 
obtained a concession from the Greek Government, 
and the Hungarian engineer, Bela Gerster, worked 
out three plans, the one resembling Nero’s plan 
being chosen. It is about four miles long, and cuts 
in an almost straight line through the isthmus 
from north-west (Posidonia) to south-east (Isthmia). 
The calculated expenses were 1,200,000/., which was 
to be raised through the Comptoir d’Escompte in 
Paris. The work was commenced in April, 1882, by 
the ‘‘ Société des Travaux Maritimes et de Construc- 
tion,’ but had to be discontinued on the occasion of 
the Comptoir d’Escompte’s failure in 1889, at which 
time the calculations had already been far exceeded. 
A Greek company was, however, subsequently 
formed, and the time for the completion of the 
canal has been prolonged till December 31, 1894. 

Among ambitious plans which are, perhaps, 
destined never to be realised, is the one having for 
its object to bring about a connection, through 
France, between the Atlantic Ocean and the Medi- 
terranean. Sucha canal would not only greatly 
shorten the road for all merchant vessels, but it 
would enable France to establish a co-operation 
between the warships in the two oceans, without 
having to consider Gibraltar. The plan is on the 
basis of a north-south canal, proceeding from La 
Manche at Calais or Dunkerque, following the 
Upper Seine and Loire, at Lyons joining the Rhone, 
and, following this river, entering the Mediterranean 
at Marseilles. A canal like this would pass through 
fertile country, and connect the two largest towns 
of the interior, Paris and Lyons, with both the 
coasts, with large quarries, and with the largest coal 
mines in France. Another and simpler plan would 
employ the waterway which has for two centuries 
existed in Southern France between the two 
oceans, and which can be used by vessels of only 
slight depth ; this route might be utilised for the 
building of a canal capable of accommodating the 
largest vessels. This waterway consists of the 
Gironde, which runs about. 55 miles up the 
country, and which can be navigated by fairly 
sized vessels; of the Garonne, which joins it, 
and is 35 miles long ; of a canal proceeding from 
this river, about 120 miles long ; and finally of the 
South Canal, about 145 miles long, proceeding from 
Toulouse to the Mediterranean. The first plan for 
this canal was in 1880 laid before the Government 
by M. Lipmay, director of the Bridges and Roads 
Department, but was criticised in a very different 
manner by the various authorities. The supporters of 
the canal, and a society comprising a number of engi- 
neers and large contractors (founded in 1883), pro- 
duced a second plan, giving due consideration to 
the various objections, which was laid before the 
Government in 1884 by M. Hardy, the basis being 
a concession extending over 99 years and a State 
grant. During the following year a considerable 
amount of preliminary work was done, but the 
result was no more encouraging than in the previous 
attempt. The society, however, did not givein; the 
plan was again overhauled and brought forward, 
although no definite results have been achieved so 
far. The length of the canal proper (Bordeaux- 
Narbonne) is about 250 miles, and of the two exits 
rather more than 75 miles ; the depth would be 
about 25 ft., or between 27 ft. and 28 ft. in case the 
canal should also be navigable for large ironclads. 
The cost is, by the society, estimated at 30,000, 0001. , 
but the official commissioners think this amount 


should be doubled. Recently fresh attempts have 
been made to realise this plan. 

In Italy an engineer, M. Vittorio Bocca, hag 
proposed a canal which is to connect the Tyrr- 
henian and the Adriatic Sea. This canal, which 
would be about 125 miles long, would proceed 
from Montalto di Castro, in the province of Rome, 
in a north-easterly direction, and reach the east 
coast at Fano. The breadth is proposed at 270 ft., 
and its depth at 40 ft., so that it would be nayi- 
gable for the largest warships. Besides vastly 
increasing Italy’s defensive power, it would lay dry 
large boggy districts and the lakes of Bolsena, 
Chinsi, Montepulciano, and the Trosimenian Lake, 
whereby immense areas would be reclaimed. The 
cost is estimated at 24,000,000. A less ambitious 
project is the one advanced by the contractors, 
Fazzori and Morandini. They propose to construct 
acanal, about 24 miles long, through Reggio, in 
the province of Cotenzaro, proceeding from the Bay 
of Santa Euphemia, in the Tyrrhenian Sea, follow- 
ing the rivers of Amato and Carace to the Bay of 
Squillace in the Ionian Sea. By using this canal 
the vessels would avoid the sail round Sicily or the 
passage through the Straits of Messina. The pro- 
moters are of opinion that the land which would 
be laid dry and made fit for cultivation would pay 
the expenditure. 

In Russia much attention has been given to the 
plan of connecting the Baltic with the White Sea by 
means of a canal about 150 mileslong. Of this dis- 
tance there already exists a river course for about 
half the distance, 10 ft. deep, which only requires 
deepening. This waterway is formed by the Neva, 
between the Finnish Gulf and the Ladoga Lake, the 
lake itself, the River Swir between Ladoga and 
Onega, and this latter lake. At the town of 
Powjenya, at the end of the Onega Lake, the canal 
would leave the lake and follow the River Powjenya 
to the Langen Lake, cut through the lakes of 
Matko, Telekino, and Wyg, and finally, through the 
Wyg River, reach the White Sea. As far back as 
1870 the Minister of Commerce pointed out the great 
importance of this waterway, which would not only 
connect the respective coasts, but also bring them 
in touch with the rich ore deposits in the Govern- 
ment of Archangel. The Minister’s plan comprised 
a canal 30 ft. deep; it was taken up by private 
enterprise, but has never been realised. In the 
year 1889 the Government again began to move in 
the matter, and some preparatory work was com- 
menced. The expenditure was calculated at 10 
million roubles, but although this sum is not extra- 
vagant, it may prove more than Russia sees her way 
to spare at present. 

A still older canal project in Russia is that of 
connecting the Black Sea with the Caspian Sea. 
This plan has been discussed for more than a hun- 
dred years, but although it would, of course, greatly 
facilitate shipping, its importance is somewhat dis- 
counted by the comparatively small depth of the 
Azov Sea (through which the canal must pass), and 
which is only navigable for vessels 15 ft. deep at 
the utmost. The connection between the Caspian 
and the Black Sea can be established in two ways. 
According to the one plan, the Volga would be used 
from the Caspian Sea to Zaripys, from whence a 
canal, with locks, 54 miles long, would proceed to the 
River Don, and finally the Don would be used as far 
asthe Azov Sea. In the year 1885 the French en- 
gineer Léon Drue was commissioned to conduct 
the preliminary work in this matter. His plan, en- 
tailing a calculated expenditure of 2,800,000I., pro- 
poses to commence the canal below Zaripys from 
the Volga, carrying it through the valleys of Prudo- 
waja and Karpowka to the River Don. The canal, 
the highest point of which is to be some 280 ft. above 
the level of the sea, and which would require 21 
locks, would be passed in 70 hours by vessels of 
500 to 600 tons, and in as little as 24 hours by 
smaller vessels. The Russian engineer A. Dani- 
low, who had investigated the former plan, in 
1891 framed a new one, according to which the 
River Don wouid be used as far as the mouth of 
the Manitoch River ; the canal would then follow 
this river to its springs, and subsequently follow 
the River Kumi to the Caspian Sea. A startin the 
direction of this plan was made in the year 1888 by 
the cutting through of the isthmus at Perekop, 
about 10 miles, which connects the Crimea with the 
Continent. The waterway from Odessa to Mariapol 
is thereby shortened over 125 miles, but this has 
no real importance for the shipping generally until 
the Caspian Sea has been connected with the Azov 
Sea by a canal, 
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It will thus be seen that there is a wide field for 
engineers in connection with contemplated, or 
more or less advanced, European canals. 


THE WEATHER OF MAROH, 1893. 

Tue weather of March has been exceedingly pro- 
pitious and beautiful. Though scarcely any sort of 
weather is likely to be appreciated by everybody, 
few interests can be supposed to suffer from, or 
few people to complain of, that of the month just 
passed. In some years March exhibits all the 
bitterness of winter ; this year it has displayed the 
graciousness of spring in all its sweetness. To find 
its compeers a retrospect is required to 1882, 1859, 
1841, 1822, 1780, and 1779, and its nearest analogue 
is probably 1841. The opening days gave evidence 
that 

‘* The winter grey had passed away, 
Like a ghost before the broadening day.” 


The flowering spring spread on the greensward 
snowdrops, primroses, crocuses, daffodils, narcissi, 
and hyacinths, in early profusion. Where all was 
green to-day, the next showed a magical sprinkling 
of whiteness in all its purity, or purple and gold of 
utmost brilliancy. 

The agricultural year is usually regarded as com- 
mencing in November; but the active period of 
plant life excludes winter. Hence March in olden 
times commenced the year, was the first month, 
November, as its name implies, being the ninth, 
the schome adopted by the poet who asks : 

‘* Why do the seasons still enrich the year, 
Fruitful and young as in their first career ? 
Spring hangs her infant blossoms on the trees 
Rocked in the cradle of the western breeze ; 
Summer in haste the thriving charge receives 
Beneath the shade of her expanded leaves, 
Till autumn’s fiercer heats and plenteous dews 
Dye them at last in all their glorious hues.” 


Thus Pope and Thomson follow the same order: 


‘* The flowering spring, the summer’s ardent strength, 

The sober autumn fading into age, 

And pale concluding winter comes at last 

And shuts the scene.” 

The land was in a sodden state, ploughings 
and seedings backward; but dryness, sunshine, 
moderate winds, and a few frosts, have brought the 
soil into workable condition. 

The mean pressure and temperature of the 
atmosphere at extreme positions of the British 
Islands to which the Isle of Man is central, were as 
follows: 


. Mean . 
= Mean Difference Difference 
Positions. Pressure, | from Normal. ouners: from Normal, 

in. in. deg. de: 

North 29.82 above 0.09 43 above 4 
South 30.15 Aen. 29; 48 A 3 
West 30.04 ~ 21 48 AP 4 
East 30.06 eo i 43 a 2 
Gentral 80.05 “A -20 46 Ff 4 


The distribution of rain in frequency and amount 
may be inferred from the following results : 


Places. Rainy Days. | Amount. |, wasn 
in. in. 
Sumburgh .. a9 24 2.39 less 0.40 
Scilly .. ee fd 7 0.73 ie RR 
Valentia “= 17 1.70 5» 2.50 
Yarmouth . 10 0.47 AR aT 


The daily general directions of the winds over 
these islands give a resultant from S.W. by S., 
or from W,S.W., taking the estimated force into 
the computation, and W. by S. as indicated by the 
mean barometrical pressures ; the normal resultant 
being from W. by S._ The least pressure, 28.9 in., 
occurred on the 15th ; the greatest, 30.5in., on the 
25th. On the Ist a cyclonic disturbance passed 
eastward across Scotland, and a strong wind blew 
over the northern district on the 15th, otherwise 
the winds were chiefly from S8.W., moderate to 
light till the 20th, afterwards from S. to E. very 
light. The highest temperature, 70 deg., was 
reported at Cambridge on the 29th; the lowest, 
16 deg., at Lairg on the 17th. The mean tem- 
perature, at 8 a.m, for the entire area of these 
islands, at sea level, was 43 deg. on the lst, 
47.5 deg. on the 7th, 87 deg. on the 17th, 
48 deg. on the 25th, 43 deg. on the 28th, 47.5 deg. 
on the 3lst. At 8 a.m. on the 19th, while 
the temperature at Valentia was 48 deg., at Cam- 
bridge it was only 28 deg., and on the subsequent 


days Valentia, Scilly, and Jersey had generally 
from 50 deg. to 55 deg., while such inland places 
as York and Loughborough had only from 28 deg. 
to 33 deg. Temperature was much above the 
normal in all parts. The 17th was the coldest 
day. On the 16th and 17th showers of rain, 
hail, and snow were prevalent, but they contributed 
little to the rain gauges. In all parts there was 
very small rainfall and few rainy days, except in 
the extreme north, where the rainfall was nearly 
normal. Dust, which is always looked for in 
March, there was in abundance, but it was seldom 
raised, as the winds were too light. It has been 
found that the highest maximum temperatures 
occur on days of high dust, the lowest minimum 
when dust in the air is imperceptible. Reckoning 
by the weather notations, clear days ranged 
between 5 in the north and 11 in the east ; over- 
cast days between 5 in the south and 16 in the 
north and west districts. From the 19th to the 31st 
extremely fine, bright, dry weather prevailed all 
over the kingdom, with bright sunshine, clear 
nights, and frosty mornings, accompanied with mist 
attaining to fog in places, especially about London. 
The diurnal range of temperature at inland stations 
often exceeded 40 deg. According to weather 
lore, ‘‘ Fog in March denotes frost in May ;” ‘‘So 
many mists in March you see, So many frosts in 
May will be;” and ‘‘March flowers make no 
summer bowers.” These maxims may be admoni- 
tory, if not premonitory. The mists notwithstand- 
ing, ‘‘ Fair smiled the morns and soft the zephyrs 
blew,” and on several occasions it could be said, 
‘¢The morn is lovely, though the air is cold,” for 
** Lovely is the silvery scene 
When faint the sunbeams smile.” 

When the mists dispersed the days exhibited ‘‘ the 
brightest sunshine of spring’s unclouded weather.”’ 
The week ending the 25th had a sunshine per- 
centage of 66 for the entire kingdom; 91 for the 
Channel Isles — the highest hitherto obtained 
during any week. For the five weeks ending with 
April 1 the duration of bright sunshine, estimated 
in percentage of its possible amount, was for the 
United Kingdom 43, Channel Isles 60, south 
England 52, south-west and east England 51, 
central England 48, north-east England 43, east 
Scotland 41, north-west England 40, west Scotland 
37, south Ireland 35, north Ireland 31, north 
Scotland 24. 

At Greenwich, over nine hours’ sunshine was 
recorded on the 12th, 20th, 21st; ten hours on the 
24th, 25th, and 28th. 

The latter part of the month presented generally 
soft blue sky without cloud, and the gentlest of 
easterly breezes. Of each of these days, it could 
with truth be said : 

‘* This day, which when the sun 
Shall on its stainless glory set, 
Will linger, though enjoyed 
Like joy in memory yet.” 

The University Boat Race on the 22nd was 
favoured with magnificent weather ; Good Friday, 
the 31st, had also splendid weather. 

‘* The east wind slept last night (Oh ! be its rest 

As deep as death and long) and with the morn 
The soft fresh breath of April from the west 
Came blithely whispering, ‘Spring at last is here. ’” 


Aurora was seen in north Scotland on the 14th. 
The month was beneficial to health ; the metro- 


politan death rate averaged twenty per thousand 
per annum. 


ON THE USE OF SUPERHEATED 
STEAM IN STEAM ENGINES. 


By Bryan Donxty, Jun. 


Ir is probably only a question of another ten or 
fifteen years before engineers generally will again 
be using slightly superheated or dry steam not only 
in land engines, but at sea and with locomotives. 
Modern ideas favour the change, and the economy 
which will be obtained by preventing the large 
amount of condensation now going on in steam 
cylinders. The presence of water is acknowledged 
to be uneconomical and injurious. A steam jacket 
is only a simple means of raising the temperature 
of the cylinder metal touched by the steam. For the 
maximum economy it is important to increase the 
temperature of our cylinders, and this is precisely 
the effect of superheated steam, the result being 
that there is much less condensation. The tem- 
perature of cylinders is nearly always less than 
that of the incoming steam. When we wish to 
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condense steam in a surface condenser we arrange 
to keep the surfaces much cooler than the steam. 
Through carelessness we do the same thing, only in 
a less degree, in cylinders of engines when the 
opposite result is desired. 

Thirty or forty years ago superheated steam was 
agood deal used in steamers with a pressure of 
10 lb. to 20 lb. per square inch. John Penn and 
Wethered made experiments, and several engineers 
testified to the considerable economy obtained, but 
in a few years the whole system, for various reasons, 
was abandoned. ‘The failure was probably due to 
the small surface of the superheaters or to the in- 
ferior materials employed, but especially to the lubri- 
cant then used (tallow), which produced cutting or 
scoring of the cylinders at the higher temperatures. 
With the superior metals and good mineral oils 
used at present, there seems to be no difficulty with 
the cylinders and valves, nor are the superheaters 
injured if proper precautions are taken. In fact, 
engines indicating some thousands of horse-power 
are now satisfactorily running with superheated 
steam, without injury to the cylinders or valves, in 
single, compound, and triple engines. 

In gas engines combustion flames are inside the 
cylinders. Tens of thousands of these engines are 
working with very much higher temperatures, say 
from 2000 deg. to 2700 deg. Fahr., than with 
engines using superheated steam. With proper 
lubricants there is no cutting of the dry surfaces of 
gas motors. 

In Germany, France, and other countries, experi- 
ments are being made with superheated steam, with 
various kinds of engines and different apparatus. 
The writer has lately seen many different types of 
superheaters at work. These are sometimes placed 
in the boiler flues, but in other factories they are 
fired separately. A number of engines of consider- 
able power, are now regularly working with steam 
superheated from 50 deg. Fahr. to 100 deg. Fahr. 
above the temperature due to the working pressure. 

In the writer’s opinion the time has arrived to 
reopen this question of superheating in England. 
With modern conditions of lubrication and better 
materials, further experiments should be under- 
taken. At present we are not even following in 
this matter, when we should be taking the lead. 

It is very necessary that after the steam has been 
raised in temperature, it should be conveyed as 
short a distance as possible, as the loss by radia- 
tion, even with well-covered pipes, is great, say 
about 1 deg. Fahr. to 2 deg. Fahr. per yard. 
It is even advantageous to use superheated steam 
in the jackets as well as in the cylinders, but the 
gain is of course less as compared with saturated 
steam. The main object in using dry or super- 
heated steam is to diminish the formation of water 
in cylinders and passages. The mixture should 
be allowed to escape into the condenser as dry as 
possible, or with the minimum percentage of water, 

Many experiments have been made to test the 
economy obtained in practice with superheated 
steam. This necessarily varies with the working 
conditions and the particular engines, boilers, and 
pressures of steam used, as also with the degree of 
superheating employed. The gain is greater, the 
higher the number of expansions, and the more the 
boilers are forced. In practice the percentage of 
economy is found to vary from 10 to 33 per cent. 
working with the same engine and boilers, first 
with and then without the steam being super- 
heated. Where boilers prime there is considerable 
advantage in superheating and working with a pure 
steam, instead of using a mixture of steam and 
water. 

In some mills they have been able to reduce the 
number of boilers fired, as so much less water is 
evaporated to do the same work ; sometimes one 
boiler in five can be laid idle, or if the same amount 
of water is evaporated, more work can be obtained 
from the same cylinders. 

J. Howard, of Bermondsey, had in 1832 a special 
superheater giving 30 per cent. economy, and, about 
the year 1835, Dr. Haycroft, of Greenwich, a friend 
of John Penn, advocated superheated steam, and 
found an economy of 30 per cent. In 1859 John 
Penn, President of the Institution of Mechanical 
Engineers, gave an account of many applications to 
marine engines, showing an advantage of from 20 
to 30 per cent., with steam of 20 1b. pressure, 
superheated about 100 deg. Fahr. The superheat- 
ing apparatus consisted of a nest of small tubes 
placed at the base of the chimney just after the 
boiler. Various applications were made to steam- 
ships, one to the P. and O. s.s, Valetta, saving 
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about 20 per cent. of the coal. The superheater did 
not leak or give trouble. The superheating surface 
was 23 square feet per nominal horse-power of 
engine. Different systems, as Wethered’s, Par- 
tridge’s, and Pilgrim’s, were used about the years 
1850-1860. Parson’s and Pilgrim’s system gave 
about 33 per cent. economy, and in some experi- 
ments at Woolwich Arsenal 30 per cent. was 
obtained. 

Superheaters were placed in many Thames paddle 
steamers, giving 33 per cent. economy. The Board 
of Trade asked Faraday to investigate the supposed 
risk attending the use of superheated steam, and he 
reported that there was no danger to the public. 
The Partridge superheater gave 20 to 25 per cent. 
economy about the same time, and there were said 
to be engines of 5000 horse-power using it. The 
superheating surface was about 24 square feet per 
nominal indicated horse-power, with a temperature 
of 400 deg. Fahr. to 450 deg. Fahr. About 1859 
Siemens also advocated the use of steam super- 
heated 100 deg. Fahr. beyond the temperature due 
to pressure. 

At this period Wethered, of the United States, 
introduced his system of mixing superheated and 
ordinary steam together, and it was applied to 
several steamers, giving some 30 per cent. gain. 
Tt is a curious fact that very little seems to have 
been done in America in drying or superheating 
steam, and no modern experiments appear to be on 
record. 

Among the final improvements of the land, 
marine, or locomotive engines, moderate super- 
heating seems to be one of the most promising. In 
all cases arrangements should be made, with bye- 
pass valves, so that the superheater can be used or 
not at will. Superheating naturally increases the 
volume as compared with saturated steam. 

Hirn, about forty years ago, made many experi- 
ments at Colmar with superheated steam, and it 
was used for twenty or thirty years in his 
single cylinder beam engine. From very careful 
experiments the mean economy he obtained was 
about 23 per cent. The superheater consisted of a 
series of cast-iron horizontal pipes, and the gases 
passed round the pipes after leaving the fires, in an 
underfired elephant boiler. 

Professor Unwin says, in his interesting address 
as President of the Mechanical Section of the 
British Association last year: ‘‘ There is only one 
known method, not now much used, by which 
cylinder condensation can be directly combated. 
Thirty years ago superheating was adopted with very 
considerable increase of economy. It is likely that 

t was thought by the inventor of superheating that 
an advantage would be gained by increasing the 
temperature range. If so, his theory was probably 
a mistaken one, for the cooling action of the 
cylinder is so great that the steam is reduced to 
saturation temperature before it has time to do 
work ; but the economy due to superheating was 
unquestionable, and was very remarkable, con- 
sidering how smalla quantity of heat is involved in 
superheating. The heat appears to diminish the 
cylinder wall action so much as almost to render a 
jacket unnecessary. The plan of superheating was 
abandoned from purely practical objections, the 
superheater then constructed being dangerous. 
Recently superheating has been tried again, and the 
experiments are interesting because they are at 
higher pressures than in the older trials. It appears 
that even when the superheater was heated by a 
separate fire there was an economy of steam of 25 
to 30 per cent., and an economy of fuel of 20 to 25 
per cent. 

‘It may be pointed out as of some practical im- 
portance that if a trustworthy method of super- 
heating could be found, the advantage of the triple 
over thecompound engine would bemuch diminished. 
For marine purposes the triple engine is perfectly 
adapted. But for other purposes it is more costly 
than the compound engine, and it is less easily 
arranged to work efficiently with a varying load.” 

Professor Ewing’s interesting experiments pub- 
lished lately in ENGINEERING show also a very con- 
siderableadvantage by using moderately superheated 
steam with Mr. Parsons’ latest type of rotary con- 
densing engine. The pressure of the steam was 
about 115 lb.-and superheated about 100 deg. Fahr. 
with the engines going at some 4500 revolutions per 
minute. 

M. Gilain, in Belgium, made many experiments 
with superheated steam about 1868. 

Professor Kennedy’s interesting experiment in 
1891, on the Serpollet boiler, is also a case in 


point. Although the steam was utilised in a small 
engine 5 in. by 5 in., the lubrication question is 
much the same as in larger engines. He reported 
upon this non-condensing single cylinder engine 
running at 285 revolutions per minute. The steam 
used was superheated about 200 deg. in the steam 
chest, and much more in the boiler, and the exhaust 
steam was also found to be superheated. Here we 
should expect an economical result, as the tempera- 
ture of the metallic walls was raised considerably. 
Professor Kennedy obtained 254 1b. steam per indi- 
cated horse-power per hour, and this with only about 
3 cut off, and with 55 lb. of steam pressure. He 
adds: ‘‘ With an engine of this type it is hardly 
about half the consumption which might fairly be 
expected, and the saving is no doubt entirely due 
to superheating. I have not found any sort of in- 
convenience with superheated steam as far as my 
experiments have gone with this engine, and the 
amount of oil used in the cylinder, &c., was very 
moderate.” 

There are many of these boilers working and 
engines running at Paris and in France using super- 
heated steam, and after careful inquiry it has been 
found that no difficulty has been experienced, nor 
has cutting of the rubbing surfaces occurred. 

The author has also made experiments at Ber- 
mondsey with superheated steam, on a single 
cylinder experimental engine, at a speed of 220 
revolutions per minute, working condensing and 
with 50 lb. pressure. When superheating only 
about 50 deg. Fahr. the economy, as compared 
with saturated steam, varied from 15 to 27 per cent., 
depending on the cut-off, the economy being greater 
with the number of expansions. The temperature 
of the cylinder walls was found to be considerably 
greater with superheated than with saturated 
steam, and this is doubtless the chief reason for 
the important economy obtained. 

It is hoped that this important question of super- 
heating will again be taken up seriously by 
engineers in England, and some good experiments 
made by independent experts on different classes of 
engines, with various types of superheaters, after 
they have been some time at work. The economy 
in fuel for the same power obtained is likely to 
range from 15 to 25 per cent., or for about the same 
consumption of fuel considerable additional power 
can be obtained from the same engine. 

Some of your readers who can remember the 
superheating period of 1830 to 1840, will perhaps 
also give their recollections. 


HARMONIC VALVE DIAGRAM. 
By W. E. Datsy, Cambridge. 

Tue form of valve diagram described and exem- 
plified in this article is one which does not appear 
to be generally known to engineers, although it is 
used in more than one engineering laboratory. My 
attention was first directed to its merits by Pro- 
fessor Ewing, who teaches it in his lectures here, 
and who has informed me that he made its ac- 
quaintance whilst acting as examiner at Victoria 
University, in the answer which a pupil of Pro- 
fessor Osborne Reynolds made to a question on the 
design of a slide valve. He was at once struck 
with its advantages, and learnt that Professor 
Reynolds preferred it to other geometrical methods 
of dealing with many valve problems. In this pre- 
ference no one who studies the method can fail to 
concur. It is peculiarly well fitted for application 
to valve gears of the Meyer type, where a separate 
expansion valve works on the back of the main 
slide valve. 

Taking, first, the case of a simple valve where no 
separate expansion valve is used, let A B, Fig. 1, 
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represent a crank joined to a piston by the con- 
necting rod B C, and let C be the central position 
of the piston. In the figure the crank stands at an 
angle @ with the centre line, and the corresponding 
distance of the piston from its central position c is 
d. Draw a diagram which shall for any value 
of @ represent the corresponding value of d. To 
do this draw a horizontal line X X1 (Fig. 2), and let 
any distance represent 360 deg. ; subdivide it into 
any convenient number of parts—say 36--then each 
division will represent 10 deg. At these points erect 


perpendiculars, making their lengths equal to the 
corresponding value of d. Draw a curve through 
the extremities of these perpendiculars. Such a 
curve is shown in Fig. 2 at A BC D E fora com- 
plete revolution. If the connecting - rod were 
infinitely long this curve would be a simple har- 
monic curve, 7.¢., the lengths of the perpendiculars 
corresponding to any angle would be proportional 
to the cosine of the angle. In practice, as is well 
known, the shortness of the connecting rod intro- 
duces a want of symmetry between the first and 
second halves of the stroke, which distorts the 
curve. The difficulty which is experienced in 
getting cut-off and compression to take place at the 
same fraction of the stroke at each end of the 
cylinder is due to this cause, which becomes more 
and more influential the shorter the rod is rela- 
tively to the crank. 

To draw the diagram correctly when the lengths 
of the connecting-rod and crank are known, the 
various values of d may be calculated from the 
formula: 
d=1l—acos0 + J 1? — asin2?6 
2 = length of connecting-rod, 

a = radius of crank. 

6 = angle between the crank and the centre 
line of the cylinder. 

Or, what is generally more convenient, the crank 

may be set out in various positions and the dis- 

tances found by direct measurement from a 

drawing. ; 

The motion of the valve may be represented in 
exactly the same way by a curve showing its dis- 
placement from its middle position for a more 
angular position of the eccentric, and as the length 
of the eccentric is generally a large multiple of the 
eccentricity, a harmonic curve may be used without 
introducing any sensible error; the length of the 
perpendiculars may then be calculated from the 
formula: 


when 


d, = € cos g, 


d, being the distance of the valve from its central 
position, e the eccentricity, and ¢ the angle which 
the line of eccentricity makes with the direction of 
the valve face. The ordinates of this curve may be 
drawn to any convenient vertical scale, but the 
horizontal distance representing 360 deg. must be 
the same as the corresponding distance in the curve 
representing the displacement of the piston, 

These two curves, viz., the piston and valve 
curves, have now to be connected in such a way 
that for any given distance of the piston from its 
central position, the corresponding distance of the 
valve from its central position may be readily 
found. This may be done very easily, the angle 
between the crank and line of eccentricity of the 
eccentric sheave being a constant, viz., 90 deg. + 
angular advance. If the two curves be drawn over 
one another on a common axis X X! so that the 
zero of the axis of the piston curve coincides with 
the angle 90 deg. + angular advance on the axis 
of the valve curve, the curves will be represented 
in their proper relation to one another, for if a 
perpendicular be then drawn to the common axis, 
the respective intercepts between the curves and 
the axis will represent the simultaneous displace- 
ments of the valve and piston from their central 
positions. In Fig. 2 a valve curve a bc d eis 
drawn over the piston curve, the angular advance 
being 30 deg., the vertical scale in the valve curve 
being exaggerated to a convenient extent. Let 
any line P Q R be drawn perpendicular to X X', 
the distance P Q represents the displacement of 
the piston from its central position, at the same 
instant Q R represents the distance of the valve 
from its central position. The crank is then at an 
angle of 40 deg. from a line through the centre of 
the cylinder. 

Knowing then the distance of the valve from its 
central position for any position of the piston, the 
percentages of the stroke at which cut-off, release, 
compression, and admission occur are easily found 
as follows : : 

The steam port begins to open when the valve, 
moving in the same direction as the piston, is at a 
distance from its central position equal to the out- 
side lap. 

It is closed when the valve moving in the oppo- 
site direction to the piston is at a distance from its 
centre equal to the outside lap also. 

Draw then in Fig. 2 a line J1, at a distance from 
X X! equal to the outside lap. The intersections of 
this line with the valve curve at] and? are the 
points at which the valve is at a distance from its 
central position equal to the outside lap, and moving 


| 
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respectively in the same and opposite direction as 
the piston; hence J and l! mark the points of 
admission and cut-off. Through these points draw 
perpendiculars to X X', cutting the piston curve in 
q and q'. The piston is then at a distance m q 
from its centre at admission, and m! q! at cut-off. 
These distances may be transferred to the scale of 
percentages at the side of the diagram. 

Again. The exhaust port begins to open when 
the valve, moving in the opposite direction to the 
piston, is at a distance from its central position 
equal to the inside lap. 

It is closed when the valve, moving in the same 
direction as the piston, is at a distance from its 
central position equal to the inside lap. 


Down Stroke 


(W088 Cj 


Further, in Fig. 2 draw a line ii! at a distance 
from X X? equal to the inside lap. The intersec- 
tions of this line with the valve curve at i and i! are 
the points at which release and compression occur, 
and by transferring these two points to the piston 
curve as before, the percentage of the stroke at 
which these events take place may be found. 

The port opening for steam is equal to the 
distance of the valve from its central position, 
minus the outside lap. Consider the perpendicular 
PQRS again, then the port opening, when the 
crank is at a distance P Q, from its central posi- 
tion, isevidently SR. Draw a perpendicular A K k 
to X X' through A, i.e., when the crank is on a 
dead centre ; then K k represents the lead. 

_ Similarly the port opening to the exhaust is the 
intercept between the valve curve and i i}. 

_Thus all that requires to be known about the 
distribution of steam by a valve worked by a single 
eccentric may readily be found from the diagram. 

_ Consider now an engine with a separate expan- 
sion valve working on the back of the main slide 
valve, each valve being worked by a separate eccen- 
tric. The distance of the expansion valve from its 
central position may be represented by a cosine 
curve, in just the same way as the distances of the 
main valve from its central position kas been re- 
presented, drawn to the same horizontal and 
vertical scale. The proper position of the expan- 
sion valve curve, relatively to the two other curves, 
is fixed by causing the zero on the axis of the piston 
curve to coincide with the angle (90 deg. + angular 


Cut off by Bxpansvow Valve 


advance of expansion valve) on the axis of the ex- 
pansion valve curve. A perpendicular to X X! at 
any point gives as before the simultaneous displace- 
ments of the piston, main valve, and expansion 
valve from their central positions, and the intercept 
between the two valve curves is the distance 
of the centre of the expansion valve from the centre 
of the main valve. 4 ’ 

As this gear is usually arranged, the chief point to 
be considered is when the expansion valve closes 
the steam port in the main valve. The cut-off is 
determined by the closing of the steam port in the 
main or distribution valve, and this occurs when 
the centre of the expansion valve is at a distance 
from the centre of the main valve equal to the lap 


E__it 


Up Stroke 


Incly 


Vertical Scale for Valve Gurves 


of the expansion valve. This lap may be positive 
or negative, generally negative, as it is necessary 
for most degrees of expansion that the steam port 
in the main valve should stand open when the 
centres of the two valves are coincident. Such 
opening may be termed negative lap. 

Referring to Fig. 3, the thin curves are 
drawn for an angular advance of 40 deg. for the 
main eccentric, and 90 deg. for the expansion 
valve eccentric. Draw a perpendicular to X X', 
anywhere cutting the valve curves in R and T; the 
distance RT represents the distance of the centre 
of the expansion valve from the centre of the main 
valve, and if this distance were equal to the lap, 
the intersection of R T, produced, with the piston 
curve would give the point of cut-off. 

Conversely, to find the lap on the expansion 
valve necessary to cut off steam at a given per- 
centage of the stroke-—say 20 per cent.—draw a 
horizontal line S P through 20 on the scale of per- 
centages to cut the piston curve in P, and through 
P draw a line at right angles to X X! cutting the 
valve curvesin RandT. The intercept R T is the 
required lap. This lap will be + or — according to 
whether the perpendicular cuts the expansion 
valve curve at a point farther from or nearer 
to the axis X X! than it cuts the main curve. 
R Tis therefore a negative lap. 

Fig. 3 is a diagram drawn for an experimental 
engine in the engineering laboratory at Cambridge 
University, and shows the events for both strokes. 
The stroke is 8 in., and the ratio of connecting-rod 


Cut off by Expansion. Valve. 


to crank 2.5. The steam is distributed by a main 
valve, having 0.4 in. outside lap, 0.24 in. inside 
lap at the bottom, and 0.14 in. inside lap at the top, 
and is driven by an eccentric keyed at an angular 
advance of 40 deg. The expansion valve consists 
of two plates, whose distance apart can be varied 
by means of a wheel on the valve spindle, the 
spindle having a right and left-handed screw cut 
on it, and being connected to the plates in the 
usual manner. The eccentric for this valve is 
keyed on the shaft at an angular advance cf 90 deg. 
The eccentricity of both eccentrics is 0.775 in. 

The piston curve A B C D E was drawn by 
setting out the crank in thirty-six positions, and 
measuring the displacement of the piston from its 
central position. It will be noticed that the curve 
crosses the axis X X! at about 84 deg., and that 
when the crank is at 90 deg. the piston is about 
5 per cent. of the stroke from its central position. 

The main valve curve is plotted as a cosine curve, 
as the ratio of eccentric-rod to eccentricity being 
large, viz., 28, the centre of the valve is only 0.018 in, 
from the centre of its travel, when the line of 
eccentricity is 90 deg. from its zero position. The 
angular advance being 40 deg., zero on the axis of 
the piston curve must coincide with 90 deg. + 
40 deg. = 130 deg. on the axis of the main valve 
curve. In order that the lead should be the same 
at each end of the stroke, viz., 0.1 in., the lap must 
be 0.4 in., and an examination of the diagram will 
show that the cut-off by the main valve will take 
place at 70 per cent. for the down stroke, and 
62 per cent. for the up stroke. This is not a matter 
of any consequence, as the cut-off is to be regulated 
by the expansion valve. The inside laps are 


E 100% 


arranged to cause compression to take place at 
80 per cent. of the stroke. It will be seen from the 
diagram that this can only be accomplished by 
giving the valve 0.14 in. inside lap at the top, and 
0.24 in. inside lap at the bottom. 

The angular advance of the expansion valve 
eccentric being 90 deg., the curve is put in its 
proper position on the diagram, when zero on the 
axis of the piston curve is coincident with 90 deg. 
+ 90 deg. = 180 deg. on the axis of the valve 
curve. Itis shown so in Fig. 3. As before ex- 
plained, the lap required to cut off at 20 per cent. 
during the down stroke is equal to R T, and 
to the scale to which the diagram is drawn this 
measures 0.27 in. To cut off at 20 per cent. 
during the up stroke the diagram shows that the 
lap must be 0.36 in., so that to cut off at 20 per 
cent. during both the up and down stroke the ex- 
pansion valve must have 0.11 in. more lap at the 
top than at the bottom. The valve once being set 
with this difference of lap, though the laps may be 
altered by turning the valve spindle one way or the 
other, yet there will always be a constant difference 
of 0.11, and it becomes a point of great interest to 
see within what limits the range of expansion may 
be varied from 20 per cent., the percentage of cut- 
off at each end still being equal. 

The diagram affords a very easy way of ascer- 
taining this. If lines be drawn cutting the valve 
curves at places corresponding to 10 per cent., 
15 per cent., 25 per cent., 30 per cent., and 35 
per cent. of the piston’s stroke, and the laps be 
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measured, a constant difference of about 0.1 in. will 
be found, showing that for all these degrees of ex- 
pansion the cut-off will be practically equal at each 
end of the stroke. When the cut-off is later than 
at 35 per cent. of the stroke, the difference between 
top and bottom laps must be altered a little to 
make the cut-off equal on both sides of the piston. 
For instance, the diagram shows that the negative 
lap required to cut off at 47 per cent. during the 
down stroke is 0.54 in. ; if there were a constant 
difference of lap of 0.1 in., the lap on the other 
side of the valve would be 0.64 in., and the posi- 
tion of the perpendicular to X X where the inter- 
cept between the valve curves is 0.64 in., corre- 
sponds to a cut-off at about 53 per cent. For this 
position the mean cut-off is then 50 per cent. To 
cut-off at 47 per cent. during the up stroke, the lap 
would have to be .6l1in., and hence, to secure 
equality with so late a cut-off as that, the difference 
in the laps would require to be only .07 in. In 
designing a valve gear by this method, the piston 
curve should be plotted on squared paper, and the 
valve curves on tracing paper. The tracings may 
then be moved about over the piston curve and 
pinned down for various values of the angular 
advance, and the alteration in cut-off, compression, 
&c., can then be seen almost instantly. 

A trial of the method will convince any prac- 
tical draughtsman that the harmonic diagram of 
Professor Osborne Reynolds has advantages which 
are probably not shared by any of the construc- 
tions in more common use. It has heen found so 
useful at Cambridge in designing new valves, as 
well as teaching the action of valve gears, that I 
believe an account of it may be of service to many 
readers of ENGINEERING. 


NOTES. 

ExtENDED MEANS OF COMMUNICATION IN AUSTRIA. 

SEVERAL new plans are under discussion in 
Austria with a view to increase and improve the 
means of communication. It is proposed that the 
State shall prepare a most comprehensive plan for 
an immense system of State railways in all parts of 
the empire. A large loan will be necessary for the 
carrying out of this plan, for the State would 
build a considerable number of the lines itself, and 
would, as far as several of the private lines are 
concerned, undertake a guarantee as to interest. 
Another plan refers to the building of the canal 
between the Danube and the Elbe. The neces- 
sary capital would be raised partly by a sub- 
vention in the shape of founders’ shares for 
2,000,000/., which would be entitled to no revenue 
before the canal paid an interest of 5 per cent., 
and partly by ordinary shares. The districts prin- 
cipally interested in the undertaking—Bohemia, 
Moravia, and Nether Austria—have already voted 
1,600,000/., and it is hoped the empire will find the 
remaining 400,000/. It is already difficult for the 
North Railway to carry all the coal which Vienna 
alone requires. In addition to the above large 
undertakings, the ‘‘ Iron Gate” at the southern 
Danube will have to be regulated within three 
years, and the narrow passages at Gongo, anda 
canal connection between the Elbe and the Oder on 
the one side, and the Danube on the other, will 
again open out a Continental waterway from the 
Black Sea to the Baltic and the North Sea. 


LENGTHENING Swine BRIDGES. 

In connection with the alterations now being 
made by the Joint Committee of the London and 
India Docks at the Blackwall entrance to their 
West India Docks, it is necessary to lengthen the 
swing bridges over the import and export locks, 
as the width of these locks is now being increased 
by some 20 ft. These bridges carry the railway 
passenger traffic between the Millwall Junction 
Station and North Greenwich, besides a large 
amount of goods traffic, so that there are only very 
short intervals when a train is not passing over 
the bridges. As the railway traffic may not be 
interrupted, some method of increasing the length 
of these bridges had to be adopted that would 
allow the alterations to be proceeded with with- 
out in any way interfering with the trains; the 
plan adopted is as follows: The bridges are 
first supported on trestles, resting on the bottom 
of the lock, and when these are made to 
carry the bridges and their live and dead loads, 
the rivets are cut out of the existing lattice web of 
the main girders, and the top boom of the girders 
is raised so as to increase the depth by 4 ft. By 
this arrangement the stress per square inch on the 


booms of the main girders is not increased by the 
addition to their length, or by the extra load they 
will have to carry over the increased span. A new 
web of greater depth is necessary throughout the 
main girders, as well as in the portion that has to be 
added at the ends, but nothing has to be done to 
the existing booms. The work is under the charge 
of Mr. Donaldson, the engineer for the docks, and 
is being carried out by Messrs. Sir William Arrol 
and Co., contractors, Mr. J. E. Tuit acting as 
their representative engineer at the site. 


PROGRESS OF AMERICAN MptaLLuRGICAL 
INDUSTRIES. 

The returns of the production of Bessemer steel 
in America for the past year, and the tables of 
imports of iron and steel into the United States 
for the same period, just issued, suggest that the 
American metallurgical industries continue to 
develop at a rapid pace, at the expense, too, of 
those countries which formerly supplied manufac- 
tures to the States. Notwithstanding that most 
other countries have reduced their make of Bes- 
semer steel during the past year, manufacturers in 
the United States have increased their production 
to the extent of 284 per cent., for the total is 
4,160,972 gross tons, as compared with 3} million 
tons in 1891. The aggregate exceeds by nearly 
half a million the highest tonnage hitherto reached 
—in 1890. Pennsylvania has increased her output 
by only 164 per cent., and still produces more 
than a half of the aggregate, or 2,388,330 tons. 
Illinois makes more than a fifth, 880,234 tons—an 
increase of 454 per cent. Ohio comes third with 
411,982 tons, an addition equal to 234 per cent.; 
while other States, principally in the south, have 
nearly doubled their output. The details of 
manufacture indicate a development in many direc- 
tions, for while in 1890 one-half of the Bessemer 
steel was rolled into rails, only 1,458,743 tons, or 
rather less than a third, was last year utilised 
for this purpose. In a study of the imports 
one finds some indication of the effect of this de- 
velopment, for the imported rails of all kinds now 
total only 347 tons, whereas ten years ago the total 
was about 300,000 tons. Again, of bar iron 19,282 
tons were imported, against 67,000 tons ten years 
ago; of wire rods, iron and steel, 42,425 tons, 
against 86,200 tons; of tin-plates 268,223 tons, 
25 per cent. less than in some recent years. In 
some cases, however, where the material is not a 
finished product, there are increases, notably in 
the case of steel ingots, blooms and billets, sheet, 
plate, and taggers iron and steel, pig iron, &c. But 
generally a consideration of the statistics of recent 
years bears out the assumption, tardily gaining 
credence in this country, that the iron and steel 
industries of the United States are advancing so 
rapidly as to materially and permanently affect our 
markets in the western hemisphere, and that they 
will soon be, if they are not already, sufticiently 
established to progress without extreme protective 
tariffs. 


STEEL Propucrion In Britain. 

A bulletin of the British Iron Trade Association, 
just issued, gives the total production of open- 
hearth steel in the United Kingdom as 1,418,830 
tons, or about 6.7 per cent. less than in the pre- 
ceding year, while, as we showed a few weeks ago 
(page 323 ante), the decrease in the make of Bes- 
semer steel was 8.6 per cent. The position is as 
follows : 


Tons. Tons. 

Open - hearth steel 1,418,830 Decrease 95,708 
Bessemer steel ... 1,500,810 141,195 
Together 2,916,640 59 236,903 


The decrease is still more pronounced when com- 
parison is made with two or three years imme- 
diately prior to 1891. Scotland, which makes 
little Bessemer steel, occupies first place for open- 
hearth steel, the make having been 461,967 tons, 
or nearly a third of the total, the decrease being 
but 34 per cent. The north-east coast comes next 
with a total approaching another third, or 428,156 
tons—2} per cent. less than a year ago. But 
Cleveland produces a fifth of the Bessemer steel, 
so that the district excels Scotland in steel produc- 
tion. So also does Wales, where 223,541 tons of open- 
hearth stee] were made, in addition to the 414,959 
tons of Bessemer; but makers there suffered 
more largely from the depressed condition of 
trade, &c., largely due to the falling off in 
the demand for tin-plates. The decrease in 
open-hearth steel made was 124 per cent. Shef- 
field and Leeds, however, show a decrease of 


20 per cent., the output having been 115,491 tons ; 
Lancashire and Yorkshire have made 109,719 tons, 
or 12 per cent. less. Staffordshire alone shows an 
increase = 9} per cent., the tonnage manufactured 
having been 79,956 tons. In connection with 
Bessemer steel, it was pointed out that only a fifth 
was made by the basic process, while of open-hearth 
steel barely a fourteenth part was by the basic pro- 
cess. The open-hearth steel was mostly for plates 
and angles, half of the total being thus rolled ; 
while bars, tees, and forgings account for a fifth ; 
and blooms and billets for a seventh. 


SUBMARINE TELEGRAPH HNTERPRISE, 

The working expenses of the Anglo-American 
Telegraph Company, Limited, for the second half 
of 1892 amounted to 58,628]. In this sum repairs 
to cables figured for 10,4531. The expenses of the 
company’s steamer Minia amounted to 97741, 
while the value of the cable expended was 679). 
The repairing operations undertaken during the 
half-year related to the north and south Placentia 
cables and the Duxbury cable. The company’s 
steamer Minia was also employed during the half- 
year by the Direct United States Cable Company, 
Limited, and the Western Union Telegraph Com- 
pany, in the repair of cables belonging to those 
companies, 3000/. being received for her services, 
The Anglo-American Telegraph Company’s Brest 
and St. Pierre cable was broken in July, 1892, 
and was repaired in the following month by the 
Britannia, the Minia not being able to undertake 
the work, as an entire renewal of her decks had 
become necessary. The renewal fund formed by 
the company was charged during the half-year 
with 65461. for expenses connected with the repair 
of the Brest and St. Pierre cable. After this 
amount had been charged off the fund, it still 
stood at 1,000,0007. This is considered a suf- 
ficient amount, and 1620/1. of the dividends received 
from securities held for the fund was accordingly 
transferred to revenue. At the close of June, 
1892, the fund stood at 990,3897.; the fund, 
accordingly, increased during the second half of 
1892 to the extent of 96111.; and 1,000,000. being 
regarded as the necessary maximum amount of the 


. 


fund, a portion of the interest received on the 


securities representing it will now be available for 
dividend purposes—subject, of course, to the fund 
not having to sustain the pressure of any great 
cable disasters. The 1,000,0001. forming the 
renewal fund at the close of December, 1892, was 
made up as follows: Value of cable, 30,965/.; 
sundry securities, 923,307/.; and cash not yet 
invested, 45,7281. The revenue of the Hastern 
Telegraph Company (Limited) for the six months 
ending September 30, 1892, included 33,4311. 
received in dividends upon shares held by the 
company in the Eastern and South African, 
the Black Sea, the Direct Spanish and the 
African Direct Telegraph Companies. The Govern- 
ment of New Zealand has agreed that that 
colony shall be included in arrangements for re- 
duced through rates to and from certain of the 
Australasian colonies, and has joined with those 
coloniés in a guarantee. The guaranteeing Aus- 
tralasian Governments found that the reduced tariff 
brought into force for a provisional period of 
12 months resulted in a greater loss than had been 
anticipated ; and to meet their wishes, the asso- 
ciated telegraph companies agreed to an increase of 
9d. per word in the rates for o:dinary telegrams. 
This amended tariff came into force in January, 
1893. During the past 16 years the Eastern Tele- 
graph Company has charged no less than 1,202,745l. 
to revenue and reserve funds account for new cables, 
land lines, instruments, cable renewals, &c. This 
sum of 1,202,745/. was made up as follows : Dupli- 
cate Red Sea and Indian Ocean cables, 1877, 
100,000/. ; partial renewal of Lisbon and Gibraltar 
cable, 1878, 13,9971. ; triplicate Red Sea and other 
cables, 1884, 300,000/.; triplicate Porthcurnon 
Malta cable, and extension to Zante, 1888, 
315,000/. ; payments on account of quadruplicate 
Red Sea cable, 1890-91, 249,4791 ; payments on 
account of triplicate Aden and Bombay cable, 1891, 
84,2301. ; sundry other cables, duplex, electrical, 
and other plant, land lines in Egypt and India, &c., 
140,0391. 


THe STRENGTH OF Bripgr MemBers WITH 
INCLINED JOINTS. 

Some very interesting experiments were de- 
scribed in a paper recently read before the 
American Society of Oivil Engineers by Mr. 
Bertram B. Flint, M. Am. Soc, C.E., in which an 
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attempt was made to determine the number of 
rivet-holes which ought to be deducted, in calcu- 
lating the strength of a tension member, when the 
line of rivets, connecting it to some other part of 
a structure, makes an angle with the axis of the 
bar. The specimens tested were both steel and 
iron, the former being found by experiment to 
have an average strength of 67,650 lb. per square 
inch, and the iron to have one of 49,880 lb. The 
general results of the experiments are given in the 


James Dalziel, engineer in Messrs. Paterson’s employ, 
said that from the appearance of the firebox he thought 
the explosion was due to want of water. The boiler had 
been working for sixteen hours, and under those circum- 
stances the suction pipe would not freeze. Whenever 
the injector was stopped the water would flow out of it. 
His opinion was that, owing to the severe frost, the 
water in the gauge glass had been frozen, and had led 
the fireman astray. ; 

Thomas Merry, who had charge of the boiler and crane 
at the time, said he attended to the feed supply, and blew 
through the gauge glass about 40 minutes before the 


annexed table, the last column of which has been | explosion. He thought there was no possibility of the 
| on | 
‘ : D a ~ HP © Number of Holes 
rs] a g 5 2 43 4 i uy, Eo to be Deducted 
= ;|= |e a ag - |Pas = in Estimating 
z-) = S\a | ae o§ 3 Rags Strength of Joint, 
3 | So tsuic se ees Bag A De3 Method of Failure. Taking Iron 
BS| ¢ qa |/Slslse| ga Bos | 2. laos = 49,880 Ib. per 
og g ae Se | = os on Be (ass Square Inch, 
BE g 3 o|/£|8s| sf ke $a (8 39 Steel = 67,650 lb. 
xe) 8 s |jalz|lee¢ Sm Rso 6? Rawk per Syuare Inch. 
in. in. deg. min.|} 1b. lb. 
Dl) 6.3 ¥ Iron | % 3 | One | Punched - 0 72,900 | 45,800 Plate broke between holes 3.27 
2| 6x4 af t 3 » | Reamed 0 82,500 | 50,000 Rivets sheared 
3 se Ac Ae Punched| 14 2 75,000 47,410 Plate broke between holes 3.16 
4 | oe | Reamed | 14 2 83,300 50,700 Rivets sheared : 
5 | a | Punched] 26 384 78,500, 48,850 Plate broke between holes 3.07 
6 «s Reamed | 26 34 | 83,600, 50,100 Rivets sheared 2 
7)6xX es ee Boh Il tae .. | Punched] 36 52 79,100 | 55,660 Plate broke between holes 2.69 
8 | 6X . ts o so eS os Reamed | 36 62 80,000 | 54,500 Rivets sheared 
9/ 6x% Punched | 45 0 | 86,600} 60,640 Ditto 
10 ae ae oe Reamed 45 0 83,000 | 50,120 Ditto 
11 - ee 6 | Two = 0 95,000 | 60,430 Plate broke between holes 2.48 
12 Steel] .. |... 3s | - 0 156,000 | 101,300 Ditto 2.00 
13 TPGt csiiiices ; 14° 2 94,000 | 60,460 xe broke diagonally between 2.48 
oles 
14 Steel 14 2 | 149,800} 98,500 ia 2.06 
15 Iron 26 34 | 99,000) 63,750 2.35 
16 Steel 25 34 | 160,000 | 101,800 1.99 
17 Iron 36 52 97,000 | 64,180 2.33 
18 Steel 36 52 | 158,000 | 102,800 oe ‘ te 1.97 
19 Iron 46 0 93,000 | 61,430 Plate broke straight across 2.42 
20 Steel 46 0 | 158,000 102,600 Plate broke between holes 1.97 
21 Iron 51 21 | 102,100| 66,300 Plate broke straight across 2.26 
22 Steel 51 21 | 164,000 | 108,500 oe BS 1.87 
23 me Iron 66 19 93,800 | 59,670 2.51 
24 oe ” 60 15 98,400 | 98,400 Ae 1.52 
25 ee ” 63 26 97,000 | 97,000 os 1.54 


calculated by us from the other figures given. The 
principal point brought out by the first ten experi- 
ments is the serious loss of strength caused by 
punching. ‘This was effected with a punch }@ in. 
in diameter, working with a die 1 in. in diameter. 
The reamed holes were punched with a punch 
j4 in. in diameter and a die } in. in diameter, 
and were reamed out to }in. Another important 
point is the fact that in no case was the metal as 
strong as if one rivet-hole only were deducted. 
This fact seems to us to be a point in favour of the 
contention of some elasticians that failure always 
takes place by shearing, even when a specimen is 
broken by a direct pull or thrust. 


BOILER EXPLOSIONS AT GLASGOW 
AND LYNN. 


Two formal investigations under the Boiler Explo- 
sions Act have been recently conducted by the Board 
of Trade, and the following brief particulars may be of 
interest to our readers. 

The first was at Glasgow, before Mr. E. T, Salveson, 
advocate, and Mr. Holland Harrison, consulting engi- 
neer, and had reference to an explosion which occurred 
on Monday, December 26, and by which three persons 
were injured, at the subway works now under construc- 
tion in West Scotland-street by Messrs. John Paterson 
and Sons, Limited, contractors, who owned the boiler. 
Mr. C. D. Donald appeared for the Board of Trade, Mr. 
Hill for Messrs. Paterson, and Mr. Gillespie for Messrs. 
Marriott and Graham, the makers of the boiler. 

After Mr. Donald’s opening statement, Mr, Reuben 
Marriott, of the firm of Marriott and Graham, boiler- 
makers, Glasgow, stated that they made the boiler in 
November, 1889. It was of vertical construction, 6 ft. 
9in. high and 2ft. Yin. in diameter, the firebox being 
made partly of steel and partly of iron. The working 
pressure was 601b., and an hydraulic pressure of 120 lb. 
was applied before the boiler left their works, at which 
point it was quite tight. After the explosion he made 
an examination, and found the firebox severely collapsed 
down one side, and the cross tube as much as 12 in. 
out of shape. This, in his opinion, was due to shortness 
of water. There were evidences of overheating in the 
part where the collapse occurred, as well as lower down 
on the steel portion of the firebox. 

The Commissioner: How do you account for one side 
of the firebox collapsing and not the other? 

Witness replied that on one side of the firebox giving 
way the other would be relieved. There was a large rent 
caused by the collapse. He thought the shortness of 
water arose from the apply. pipe being frozen during the 
severe frost then prevailing. 

The foreman of the works, and Mr. John Paterson, of 
the firm of Messrs. Paterson and Sons, Limited, deposed 
to the boiler having worked satisfactorily during the last 
three years. It was fed by an injector from a tank 
placed alongside. 


water in the glass having frozen, as the heat from the 
boiler would have melted anything. 

By the Commissioner: The explosion could not have 
been caused by shortness of water. His theory was that 
there had been a weak plate. The firebox was split up 
to within 2 in. of the crown. Had there been a scarcity 
of water, the fusible plug would have given way, but it 
had not melted. 

Mr. E. W. Gemmell, engineer-surveyor to the Board 
of Trade, said that in his opinion the explosion was due 
to the steel plate forming the firebox suddenly cracking 
close to the weld, thus causing the collapse. The failure 
of the steel plate was due to the internal strains set up 
by local heating and hammering in the process of manu- 
facture, which had not been removed by subsequent 
annealing, combined with the action of the ordinary 
working pressure and the vibration of the crane. 

By the Commissioner: He thought the fracture took 
place first, and then the collapse resulted. There was a 
latent defect in the firebox caused by the way in which 
it had been welded to the crown. It had been shown 
that the welding of steel and iron should not take place 
unless there was subsequent annealing. 

Mr. Marriott, recalled, said it had never been the 
practice of his firm to anneal steel and iron after they 
had been welded. None of their boilers had given way, 
although for 25 years they had sent out at the rate of 150 
boilers annually. 

_After an examination of the boiler by the Commis- 
sioners, Mr. Hill addressed the court on behalf of Messrs. 
Paterson, and submitted that as they were not to blame 
they were entitled to expenses from the Board of Trade. 
Mr. Gillespie also spoke on behalf of Messrs. Marriott 
and Graham, pointing out that the boiler was made in 
the ordinary way, that it stood the test, and that their 
connection with it ended there and then. 

Mr. Donald replied, and said that to ask for expenses 
against the Board of Trade because there was no fault on 
the part of Messrs. Paterson, showed a complete misap- 
prehension of the scope of the Boiler Explosions Act and 
the meaning of these official investigations. 


Mr, Salveson then delivered judgment. There were, 
he said, two conflicting theories with regard to the cause 
of the explosion, one by Mr. Marriott and the other by 
Mr. Gemmell. The court had come to the conclusion 
that Mr. Marriott’s explanation as to the explosion being 
due to shortness of water was not supported. Mr. Gem- 
mell’s theory was that there had been a latent flaw in the 
steel plate composing the circular part of the firebox, 
and that in the course of working it had gradually ex- 
tended and ultimately given way under the pressure of 
steam, so that the collapse down the side of the firebox 
was a direct result of the fracture. This flaw might, Mr. 
Gemmell said, have been caused by the iron and steel not 
having been annealed after they had been welded; but 
the strongest point against this was that the boiler should 
have been continued in use and submitted to very much 
the same conditions as those under which it was working 
at the time of the explosion, without any appearance of 
injury to the metal. The court agreed with Mr. Gemmell 
to this extent—that the cause of the explosion was some 


latent defect in the steel plate-—how caused it was not very 
easy to say—which, in the course of working, suddenly 
gave way, and produced first the fracture and then the 
collapse of the side of the firebox. Under these circum- 
stances they could not say that blame attached to any 
person. Mr. Marriott was not to blame, even if it were 
proved that annealing might have prevented the explo- 
sion. As regarded Messrs. Paterson, the court did not 
impute to them any blame whatever. They did not, 
however, see their way to accede to the application for 
expenses which Messrs. Paterson had made. 

The second formal investigation to which we may refer 
was held at Lynn with regard to an explosion which 
occurred, on January 13, at the farm of Mr. Lionel 
Rodwell, Bagthorpe Hall. 'The Commissioners were Mr, 
Howard Smith and Mr. McIntyre. 
ducted the case for the Board of ‘l'rade. 

The boiler, Mr. Gough said, was of the portable loco- 
motive type, and was made by Messrs. Burrell, of Thet- 
ford, in 1873. The length of the barrel was 6 ft. 3in., 
and the diameter 2 ft. 9in. The plates of the firebox 
were originally % in. thick, and the working pressure was 
about 701b. ‘The boiler was made for Mr. Dugmore, of 
Bagthorpe Hall, and in 1890 some repairs were effected, 
ef it was tested by hydraulic pressure. In October, 
1890, Mr. Rodwell bought the boiler and engine for 42/, 
or 44/., and then assumed the boiler would last for several 
years. It was attended at first by a blacksmith named 
Palmer, who worked it at a pressure of from 60J)b. to 
701b., and appeared to consider that as the steam gauge 
was graduated to 126 lb. there was no danger whatever 
in working at any point below that pressure. The fixing 
of the pressure and the cleaning of the boiler were, how- 
ever, principally left to the engine-driver, Wm, Vince, 
who had had some 15 or 16 years’ experience in that 
capacity; but it did not appear to have occurred to 
either of them to have the boiler examined in order to 
ascertain its condition. Vince’s experience led him to 
calculate that the boiler was constructed to meet the 
requirements of the engine—that is to say, he reckoned 
that 101b. pressure of steam was required in the boiler 
for each horse-power of the engine; and knowing that 
his master had purchased a 10 horse-power engine, he 
assumed that the boiler would be perfectly safe to work up 
to a pressure of 1001b. He therefore adjusted the thumb- 
nut on the spindle of the safety valve so that the valve 
should blow off at about 751b., and worked at about 
701b. The boiler was used one day a week in the winter 
months for supplying steam to an engine which drove 
machinery for cutting chaff. On the afternoon of Satur- 
day, January 13, when the gauge indicated 70 lb., the 
boiler exploded, a portion of the left-hand side of the 
firebox being blown out, fortunately, however, without 
inflicting any personal injury. 

Mr. Frederick Burrell, of the firm of Charles Burrell 
and Sons, gave evidence relating to the construction of 
the boiler in 1873. It was of iron, and was made to work 
up to a pressure of 60lb. The cost of the boiler and 
engine when new was 240/. 

y Mr. Gough: He did not think that any system of 
examination of farmers’ boilers prevailed in the district. 
Sometimes, though not often, his firm were asked to 
examine, and, if they were, it was generally witha view 
to repairs, 

By Mr. Howard Smith: Such boilers should certainly 
be examined at least once a year. 

Mr. Rodwell deposed to buying the boiler in 1890, and 
stated itwas soon afterwards overhauled by Mr. Blackett, 
an engineer of Sculthorpe, who said that, for the work 
required, the boiler would last for years, but that for 
heavy threshing a new firebox would be needed. He 
thought it was strong enough for his purpose, or would 
not have incurred the risk of running it. It was seldom 
rests 70lb. was necessary. It oftener ran at 30 1b. or 
40 lb. 

By Mr. Howard Smith: The reason he did not have 
the boiler examined in 1891 or 1892 was because he did 
not think it had done any really hard work. It was kept 
in a house that was wind and water tight, and was fed 
with rainwater. 

George Moss and William Palmer gave evidence as to 
attending the boiler, and the pressure at which they 
worked. They screwed down the thumb-nut on the 
safety valve according to the pressure required. The 
latter witness stated that ‘‘he could have got any pres- 
sure he liked by screwing down the nut.” 

William Vince, engine-driver, stated he had had 15 
years’ experience with engines, but did not pretend to 
know anything about boilers, He thought the boiler safe 
a to lb., but he only ran occasionally to as high as 

Mr. G. E. Brown, engineer-surveyor to the Board of 
Trade, presented a report, and stated that the firebox in 
places was seriously reduced by corrosion, principally on 
the fire side. It was, in fact, practically worn out, and 
should not have been subjected to any pressure such as 
was likely to be required for driving the engine in 
question. 

Mr. Howard Smith then delivered judgment. It was 
the opinion of the court that Vince, as well as Moss and 
Palmer, were perfectly unable to take charge of the boiler 
in the sense of having any superintendence over it, and 
quite incompetent to fix the proper working pressure. It 
was extraordinary that people should tamper with safety 
valves without knowing that they were doing wrong, 
and yet persons who were quite ignorant of the construc- 
tion of a boiler and the object of its fittings frequently 
did so. Vince, however, had no doubt acted according 
to his light, and the court could not hold him to blame 
for the explosion. Mr. Rodwell was very much to blame 
for intrusting the boiler to incompetent men. He had 
been told in 1890 that if he wanted to work the boiler 
at a high pressure a new firekox would be needed, which 


Mr. Gough con- 
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meant that he must not work at a high pressure, for if 
he did it would not be safe. Since 1890 and up to the 
time of the explosion, he had never caused the boiler 
to be examined by any one, competent or incompetent. 
Tt had been said that in this respect Mr. Rodwell did the 
same as other people in the district, and he (Mr. Howard 
Smith) had no difficulty in believing that statement, but 
that did not relieve Mr. Rodwell of responsibility, 
especially as he knew, from a similar case which had 
occurred in the locality, that by neglecting this class of 
boiler, explosions had taken place, and it was desirable 
that such boilers should be periodically examined. 

Mr. Rodwell, addressing the court, said he thought they 
had unfairly censured him, and, in regard to the question 
of payment of costs, he urged that he was a tenant farmer 
with a large family, and the Commissioners were aware 
of the depression in agriculture. 

Mr. Howard Smith said the court would take a lenient 
view of the case, but if in other inquiries in the future 
they found that similar neglect had led to explosions, they 
would make severe orders. Mr. Rodwell would have to 
pay to the Board of Trade the sum of 25/. towards the 
expenses of the investigation. 


COLUMBIAN EXPOSITION NOTES. 

A MonomitTH of coal, called the ‘‘ anthracite needle,” 
will represent Pennsylvania in the Mines Department. 
This monolith required two cars to transport it to 
Chicago. 

The counter for the Wellington restaurant, which was 
made from a single tree, has arrived from Washington. 
This immense log was brought to Chicago on three flat 
cars, and is 111 ft. in length. The restaurant company 
will build a pavilion in which to place it. 


Mr. Max E. Schmidt, of Chicago, has been appointed 
Secretary of the General Committee of the Associated 
Engineering Societies of the United States and Canada, 
and also of the General Committee of the World’s 
Congress Auxiliary or International Hngineering Con- 
gress. 

The Swedish Government has made a larger appro- 
sriation for an exhibit at the World’s Fair than any other 
Bironean nation, according to population. The amount 
appropriated for the exhibit was 350,000 kroner, or about 
100,000 dols. In addition to this, the Government has 
distributed about 50,000 kroner to professional men, 
engineers and artists, toward paying their expenses when 
they visit the Fair. 

Mexico’s exhibit will be brought to Chicago in 5000 
cases. Seftor Don Serrano, the Mexican World’s Fair 
commissioner, has gone to the City of Mexico to hurry 
forward shipments, as the display to be made by that 
country has been collected. In the absence of Sefior 
Serrano, J. F. Godorz, auxiliary agent for Mexico, will 
superintend the installation of exhibits. Mexico will 
make a particularly fine display in the departments of 
mines and mining and manufactures. There will be no 
display from that country in the live-stock pavilion or in 
the electricity department. 


A reproduction of the Convent of La Rabida is now 
nearly completed. The story connected with the convent 
is that early in 1492 Columbus, while travelling on foot 
and in a destitute condition through Spain, applied for 
food to the Franciscan fathers in charge of La Rabida. 
He was kindly and hospitably received. The prior, 
Father de Marchena, was a man of education and culture, 
and had a large influence in the Court of Ferdinand and 
Tsabella. Columbus explained his plans to the prior, who 
became interested, and finally secured for the unfortunate 
navigator an audience with the Queen of Spain, who with 
the King was then in camp with the besieging army 
before Granada. Had it not been for the good abbot, 
Columbus would probably never have had an opportunity 
to discover the new world. 


Amongst the United States Government exhibits is one 
of the new rifled mortarsfrom Providence, models of which 
have been recently approved by the ordnance boards, and 
which, as soon as they can be completed, will be placed in 
groups of 16 at all important points on the Atlantic and 
Pacific coasts. The specimen which will come to Chicago, 
has been specially cast by the Builders’ Iron Foundry of 
Providence. Itis a breechloader of 12-in. calibre. The 
body is of cast iron, over which are shrunk a series of steel 
hoops. The mortar is 10 ft. 9in. in length, 313in. in 
outside diameter, and 424 in. over the hoops. Test speci- 
mens cut from both ends of the mortar show a tensile 
strength of 35,000 lb. per square inch, with an elastic 
limit of 17,0001b. The projectile discharged by this 
mortar weighs 630 lb., and contains a bursting charge of 
30 lb. 

Mr. Michael Straus, fine art commissioner from Bel- 
gium, stated to the representative of a Chicago paper 
that the pictures and statuary had been forwarded from 
Antwerp vid the steamer Westernland. This shipment 
contained representative works of prominent artists of 
Belgium, both paintings and sculpture. Belgium’s 
space in the palace of art would contain 300 works. The 
interest taken in the World’s Fair by artists in Belgium 
had been very general. Amongst the works to be exhi- 
bited were two canvases, ‘‘The Avenue of Oaks” and 
‘“ Winter,” executed by the great landscape painter, 
Franx Lamoriniere. These were exhibited at the Inter- 
national Exhibition'in Berlin, where ‘‘The Avenue of 
Oaks” received the great diploma of honour. In Paris 
the same picture and ‘‘ Winter ” brought about the artist’s 
promotion to the Legion of Honour and obtained besides 
a gold medal. 


Two fignres cut from marble, and made to represent the 
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typical American male and female forms, will make one 
of the most interesting features of the ethnological 
exhibit. They will be installed by Professor Putnam in 
his laboratory in the anthropological building. The 
figures are really the result of measurements carefully 
taken by the most approved anthropological methods of 
no less than 10,000 different persons, nearly all of them 
in the bloom of youth, that is, between 18 and 25 years of 
age, and the great majority of them college students. 
The measurements include the girth of head, neck, trunk, 
arms, and legs, each in a number of different places, the 
length of the body and limbs, both standing and sitting, 
and other dimensions too numerous to mention. The 
faces are taken from composite photographs. Some 
300 faces of young men will be represented in the face of 
the male figure, and about as large a number in that of 
the female. 


The Austrian imperial commission is located at Jack- 
son Park, and now the work upon the general exhibit of 
that country is progressing with great rapidity. Already 
290 cases of Austrian exhibits have arrived for installa- 
tion in the Machinery and Manufactures Buildings. Over 
200 cases of decorative material for pavilions in the dif- 
ferent buildings have also been received; 150 paint- 
ings are on their way from New York, and will form 
a part of the fine arts exhibit from Austria. The Art 
Society of Vienna will send Mr. T. Temple to Chicago to 
oversee the installation of these paintings in the fine arts 
palace. Mr. Temple is one of the most prominent artists 
in Vienna, and his arrival will serve to stimulate interest 
in the work.of brother artists of the Danube region. Mr. 
Bressler, the architect of the imperial commission, is 
rapidly pushing the work of arranging the Austrian 
court in the great building for manufactures. The sections 
of the exhibit in the machinery, agricultural, mining, 
and transportation buildings are also being cared for. 


The display by Austria in the manufactures building will 
occupy nearly 52,000 square feet. Work upon the 
Austrian village in Midway Plaisance is progressing 
satisfactorily. Mr. Djoerup, of Vienna, contractor for 
this enterprise, has secured a sufficiently large number of 
expert workmen to complete the 36 buildings at the 
village by May 1. 


By special arrangement with the Director-General, the 
department of electricity has the privilege to add to the 
classification originally adopted by the National Commis- 
sion, and it has been determined that this addition shall 
take the form of a new group. Classes have been added 
under this group sufficient to cover a variety of apparatus 
either properly electrical or auxiliary to other exhibits 
essentially electrical in character. In speaking of this 
arrangement to a representative of a Chicago paper, 
Chief Barrett said: ‘‘A number of our exhibitors have 
found difficulty in properly classifying some of their 
apparatus, and it is hoped that this new group has been 
made general enough to cover everything not heretofore 
classified. Those exhibitors who have found difficulty 
in properly classifying their exhibits should send us 
immediately a list of those things in their exhibits which 
can be better classified under this new group than in the 
old classification,” The group will be classified as follows: 
Class A. Construction tools, repairing tools, apparatus 
used in electrical construction. Class B. Apparatus for 
transmission of power to electrical generators. (Steam, 
compressed air, turbine, oil, friction, gearing, belting, 
&c.) Class C. Processes of electro-engraving. Olass D. 
Carbon and its application. Class G. Metals and their 
application in the construction of electrical apparatus. 
Class H. The ‘‘kinetograph.” Class J. Direct coupled 
engine dynamos. Class K. Electric lubricators. Class 
L. Application of electricity in testing and ageing liquors, 
Class M. Electric tanning. 
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INDUSTRIAL NOTES. 
Tur Easter holidays have had the effect of quieten- 
ing labour movements. The one chief disturbing 
element in the labour world for some time past— 
namely, the cotton dispute in Lancashire—happily 
ended ere the first quarter of the year terminated, and 
the mills generally in south-east Lancashire reassumed 
the appearance of activity even before the holidays set 
in, The reopening of the mills was received with much 
rejoicing in all the chief centres of industry where the 
dispute existed, though at Oldham there were signs of 
some little discontent at the terms agreed upon. But 
the dissatisfaction was not sufficiently expressed to 
deter any of the operatives from accepting the condi- 
tions and returning to work. In the districts where 
weaving is carried on, together with spinning, such 
as Ashton-under-Lyne, Blackburn, Burnley, Staley- 
bridge, and other places, there were outward signs of 
great rejoicing at the termination of the dispute and 
the resumption of work at the factories. 


Though the general condition of the engineering 
trades in Lancashire remains about the same as re- 
ported in last week’s ‘‘ Industrial Notes,” it is evident 
that there are some signs of an improving activity in 
many of the important branches. The improvement, 
though slow, is not fitful. The heavy stationary 
engine builders are well supplied with work for the 
most part; the boilermakers generally are also fairly 
well off for work, and the locomotive builders in 
several instances are better supplied with orders than 
they have been recently. The machine toolmaking 
branches are, however, for the most part extremely 
quiet ; even the best firms have very little weight of 
work on hand, while others have scarcely anything to 
do. The more general branches of engineering are also 
very quiet, and there is very keen competition for 
whatever orders are in the market, or are in prospect 
of coming forward. There are no signs of any move- 
ment for reductions in wages in any of the engineer- 
ing branches as yet, though rumours are afloat of a 
possible attempt, when the time draws near for the 
reduction on the north-east coast to commence to 
take effect. The iron trade generally has been very 
quiet, very little business being done in view of 
the holidays, which have. been generally observed in 
all the districts. The rates remain steady, though 
little was done on the two last days of the market 
to test prices. In the finished iron departments 
business seems to be still more quiet than it has 
been, the feeling being that prices have not yet 
touched the lowest Jevel. The steel trade is slightly 
better, especially as regards boiler plates. On the 
whole, the prospects seem a little encouraging as com- 
pared with what they have been during the last three 
months, and possibly the close of the cotton dispute, 
the advent of finer and warmer weather and longer 
days may give an impetus to trade, and increase its 
activity. The men seem to be more hopeful generally 
than they have been. 

The report of the steam engine makers states that 
the condition of trade generally has not materally im- 
proved. Indeed, in very few of the branches are there 
any real signs of improvement, in so far as the dimi- 
nution of the number of unemployed is concerned. 
The number of out-of-work members on the funds is 
slightly increased, as compared with the previous 
month. Reference is made to the rumours of reduc- 
tions at the date of the last report; since which date 
notices have been given of 10 per cent. reductions at 
Newcastle, and of 5 per cent. at Hull, in each place to 
take effect on the first pay-day in May. In both those 
places the men submitted to a small reduction towards 
the close of last year. There are some indications of 
a possible resistance to these reductions, but the long 
struggle at Newcastle last year wasted the fighting 
powers of the several trades, and drained their ex- 
chequers to a large extent. There are indications of 
possible disputes as regards piecework. Onesuch dis- 
pute nearly eventuated in a strike at Burton-on-Trent, 
but it was averted. A circular has been issued 
with respect to the encroachments of the ship- 
wrights on what is regarded as fitters’ work in 
the Government dockyards, and possibly some steps 
will be taken to deal with the matter either by the 
unions or in Parliament. It is possible that the matter 
will be referred to in the Estimates. The total number 
out of work on the funds is 305, of whom 172 are 
fitters, 96 turners, 13 millwrights, 13 sea-going engi- 
neers, four pattern-makers, six smiths, and one 
draughtsman. There were also 158 on the sick list, 
and 126 on superannuation allowance. The society 
has had a large accession of members during the first 
three months of the year—a circumstance which is 
unusual as compared with former experiences, as 
members usually fall off when trade begins to show 
signs of depression, 


In the Birmingham district there is very little im- 
provement in the general condition of the engineering, 
or the iron and steel, branches of trade. Many engi- 


neers are out of employment, and some who had left 
the town in search of work elsewhere have returned, 
being unsuccessful in their efforts. In the prospect of a 
reduction in the wages of the ironworkers of 25percent., 
there is an anticipation of a further demand for re- 
duction in the price of iron on the part of purchasers, 
but makers do not encourage any such expectation. 
Very little business was done during the past week, 
in consequence of the holidays and in expectation of a 
change in the rates. There have been no disputes of 
any consequence, nor are there indications of reduc- 
tions at the present moment to disturb the state of 
trade. The reductions in the ironworkers’ wages are 
under the sliding scale, the average price of iron hav- 
ing gone down ls. ld. per ton during the two months 
covered by the report. 


In the Wolverhampton district trade is dull, and 
business was very restricted just prior to the holidays. 
The mills had only been running short time, many 
only half-time, and when the forges were damped down 
last week it was generally understood that little would 
be done during the present Easter week. The trade 
has been so bad that many employers were only too 
glad to be able to take advantage of a long holiday to 
lessen the output. Notices of reductions in the wages 
of puddlers have been given in some instances, and it 
is thought that there will be a general move in that 
direction immediately. Prices are extremely low in 
many branches of the iron and steel trade. But there 
is a fair demand for many kinds of material, parti- 
cularly for hoops, rods, bedstead strips, and also for 
steel plates and billets. Sheet makers are fairly busy, 
the mills, as a rule, being able to keep going pretty 
regularly, 


The action of the Shipping Federation at Cardiff is 
being reproduced at Hull. It appears that the drop 
in the wages of seamen and firemen is the same in all 
the ports in which the federation is active—namely, 
from 5l. or 4. 15s, to 27, 15s. or 2/. 10s. per month. 
At Cardiff it appears that the men cannot hold out ; 
at Hull no definite decision has been come to, but the 
men are not shipped unless they agree to the lower 
rates. The complaint at Hull is that the employers 
will not meet the men to discuss matters, nor will the 
secretary of the Conciliation Board call it together to 
try and arrange the difficulty. As the engineers and 
others are also under notices of a reduction at Hull, 
the movement seems to be general there. 


The North of England Board of Conciliation and 
Arbitration have received the report from the auditor, 
from which it appears that the price of iron has been 
51. 1s. 2.57d. per ton, which will so operate as to 
reduce the wages of puddlers 3d. per ton, and the 
wages of other workers 24 per cent. from and after 
March 27. A similar reduction is expected in the 
Midland district, based upon a similar return of the 
average price of iron for the two months comprised in 
the review. 


It appears that the workers in the Government fac- 
tories at Enfield and at Woolwich are organising a 
movement for the demand of an eight-hours day for all 
the men employed by the Government, at the same 
rates of wages as at present. The men claim the re- 
duction on the grounds that the Government-ought to 
show an example to otker employers, that a large 
number of men are out of work, and that in an eight- 
hours day the men can do nearly as much as in ten 
hours. But the two latter contentions do not agree. 
Few will, however, dispute the point that workmen 
in Government factories can do as much in eight hours 
as they now do in ten, but will they? And if so, will 
the unemployed be reduced in number ? 


The Employers’ Liability Bill was not read a second 
time before the Easter recess. There was a long de- 
bate about it before the motion for the adjourned de- 
bate was taken up, but when it recommenced it was 
late, and the Speaker refused to apply the closure, so 
that the debate was again adjourned. Some of this 
was due to the long speech of the opener, mainly on 
the question of including within its provisions the 
seamen, which was opposed by the chairman of the 
P. and O. Company. 


Energetic preparations are being made for the May- 
day demonstrations on the eight hours movement, both 
in England and on the Continent of Europe, and to 
some extent in America. In London a committee 
reflecting all shades of opinion has been formed for the 
purpose of promoting the demonstration. 


The miners are preparing for an earnest campaign 
in favour of the Mines EKight Hours Bill, the Wednes- 
day fixed for the debate having been exempted by the 
Government from their proposals to avail themselves 
of all the time of the House after the Easter recess, ex- 
cept on special occasions. 

The cotton operatives and the master cotton spinners 
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and manufacturers have waited upon the Home Secre- 
tary, the first to urge the Government to support an 
Eight Hours Bill, the latter to oppose it. The chief 
spokesman of the employers did not lay so much stresg 
upon the reduction of hours as he did upon the neces. 
sity for a corresponding reduction in the wages of the 
operatives. The Home Secretary did not see his way 
to interfere at the present juncture. 


A strike of the gasworkers at Keighley, in Yorkshire, 
was settled after a very brief suspension of work by 
the promise of an eight hours day by the corporation, 
instead of 12 hours as at present, and the discharge of 
an obnoxious workman. Other grievances are also to be 
dealt with forthwith. : 


The pending troubles in the coal trade have not yet 
developed into any active stage, but evidences are 
not wanting of a possible outburst at an early date. 
Many think that the first move will take place in 
Lancashire, and that the demand will be for a 10 per 
cent. reduction. Recently there has been a lessened 
consumption of coal, owing to the stoppage of the 
cotton mills, and other causes, and at many pits 
there has been a decreased output for some time. But 
the Miners’ Federation is strong in Lancashire, and the 
feeling of the men generally is averse to any reduc- 
tion. In some quarters there is a disposition to 
revert to a week’s stoppage, or even to a stoppage for 
a month, but the recent decision of the Birmingham 
conference will have its effect in this direction. On 
all sides a stout and prolonged struggle is anticipated, 

In the Durham and Northumberland coal districts 
the state of the coal trade is dull, almost to stagna- 
tion. At several pits in Durham the men are idle; 
at others they are under notice; and at many more 
the men are on short time, only working seven or eight 
days a fortnight. Altogether the outlook is not very 
encouraging, nor have the recent reductions in wages, 
and the reductions in the price of coal, been able to 
stimulate the demand to any appreciable extent. 

In South Wales the Sliding Scale Committee have 
before them the most disagreable duty of submitting 
to the men a reduction of 6} per cent. in wages from 
April 1, in addition to the 24 percent. as from March 1, 
making a total of 8% per cent. reduction since De- 
cember 1 last. These continuous reductions cannot fail 
to influence wages and prices in other coalfields, and 
especially in the Forest of Dean and in Somerset- 
shire. In all therecent reductions in wages the South 
Wales miners have suffered the most. The conse- 
quence has been that the active federationists con- 
demn the sliding scale, and are still agitating for its 
abolition in all the districts. 

The strike at the Granville Colliery in Derbyshire 
continues, the negotiations having fallen through. It 
is stated that the managers are unable to get men, 
the only workers being the deputies and a few boys, 
and these refuse to get coal. There is, therefore, no 
coal worked, and no output since the strike. 

In North ani South Staffordshire the coal trade has 
been rather bad. There have been several local dis- 
putes, but in all cases the matters have been arranged 
without a strike. But in some instances men are on 
the funds of the union in consequence of indirect 
attempts alleged to have been made affecting wages, 
but not of such a character as to involve a strike. 

In the Forest of Dean the coal trade is in a very 
depressed condition, but no move has been made in 
the way of reductions, nor have any fresh notices been 
issued in that respect since the lapse of those issued 
last year. The coalowners seem to be awaiting de- 
velopments elsewhere, as they do not care apparently 
to take the initiative in a great labour fight. On the 
whole, the workmen and their employers are on good 
terms, and especially so the coalowners and the men’s 
representatives. But there are many out of work, 
and things begin to look serious in so far as employ- 
ment is concerned. Trade has been quiet for a long 
time in this district. 


ON THE MEASUREMENT OF WAKE 
CURRENTS.* 


By Mr. GrorcE A. CatvertT, Member. 


THE investigation of the relative speeds of the water in 
different portions of a ship’s wake is a subject which has 
hitherto scarcely received the attention which its import- 
ance appears to warrant, and any addition, however 
small, to our knowledge of the phenomena of ‘‘ wake 
motion ” will probably prove acceptable to naval archi- 
tects and engineers alike. I propose, therefore, in this 
paper, ‘to describe some experiments on a comparatively 
small scale, which I have made during the last few years, 
with the view of ascertaining the actual condition of the 
water around the stern of a moving vessel. The object 
of my experiments included inquiry into many points 
more or less intimately connected with the problem of 
marine propulsion, but, in consideration of the limits of 
time and space, I shall confine the following remarks to 
the simple case of a vessel being towed through water 
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which is otherwise undisturbed, and an investigation of 
the nature of the currents set up in consequence of the 
vessel’s motion. : 
At the outset, it appeared natural to select a full-size 
vessel as the subject of the experiment, and, accordingly, 
when an opportunity offered in January, 1889, I fitted a 
light wire-rope framework around the keel and counter of 
a steamer, then lying in Holyhead Graving Dock, upon 
which I fixed 10 ‘‘ Walker’s towing logs.” ‘The vessel was 
about 260 ft. in length ; and, as her propeller had been 
removed, it was possible to arrange the logs in the space 
ordinarily swept by the propeller, and they were disposed 
so as to represent 20 different positions in that area. 
The steamer was towed to a graving dock in Liverpool, 
and, when the dock was emptied, the readings of the 10 
logs were compared with that of a similar log which had 
been towed astern in the usual way. The records were 
interesting and instructive, but they did not appear to 
have much connection with the results anticipated by 
theory, and several sources of possible error suggested 
themselves. The speed of the vessel necessarily varied 
during the voyage, and the logs showed only the average 
of a number of different speeds ; the action of the rudder 
would influence the stream lines, and the wash from the 
towing steamers might also affect the results; the logs 
were fixed in a fore-and-aft line, and would not accurately 
register the velocities of currents meeting them ob- 
liquely ; and the speed at which the vessel was towed 
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system of tubes was accurately balanced by the lever d, 
the horizontal tube necessarily assumed a position 
parallel to the direction of any current in which it might 
be placed (as a weather-vane indicates the direction of 
the wind), and its open forward end was consequently 
always presented normally tothecurrent. In order that 
the attitude of the submerged tube b might be noted by 
the observers in the boat, the vertical tube c carried a 
light rod g, the top of which indicated the inclination in 
any direction of the tube &. Four or five such horizontal 
tubes were fitted at one time, each on its vertical wire a, 
and having its connections as described; and another 
such tube with similar connections was carried by an out- 
rigger, reaching out into water that was practically undis- 
turbed. 

As the cross-sectional area of the wake under measure- 
ment was more than 7000 times as great as the aggregate 
area of the tubes 6, the disturbing influence of the latter 
would be very slight. The gauge glasses f were grouped 
together inside the boat, in front of a scale of inches, and 
the index rods g had also a specially lined background. A 
camera was arranged so that the gauge glasses and index 
rods could be simultaneously photographed, There were 


‘other details of the apparatus to which I need not refer, 


as they were either adopted to economise time, or for 
other experiments not described in this paper. The air 
having been sucked out of the whole system of tubes, the 
water in all the gauge glasses f stood at the same level as 


never exceeded one-half her full speed under her own 
steam. Even assuming that corrections could be made 
for each of these disturbing elements, the readings simply 
represented the velocities in 20 positions, in one athwart- 
ship section of the wake, and afforded no information as 
regards the condition of the water before, or ‘abaft, that 
section. 

In consideration of these objections to full-size experi- 
ments, and also of the improbability of many such 
opportunities presenting themselves in practice, I de- 
cided to construct a large model, one-ninth the lineal 
dimensions of a vessel whose performances were known, 
and to adapt this model for carrying measuring appliances, 
which would show, from instant to instant, not only the 
velocity, but also the direction of the wake currents. It 
was necessary that the measuring apparatus should be 
readily adjustable, so that the condition of the water 
might be ascertained in all usual or probable positions 
occupied by single or twin screws. 

The dimensions of the model were as follows: Length, 
28 ft. ; beam, 3.66 ft.; mean load draught, 1.55 ft. ; dis- 

lacement at that draught, 2.88 tons; wetted surface, 
154.5 ft. It formed, therefore, a fair-sized boat, pro- 
viding accommodation for those who conducted the 
experiments, and also carrying iron ballast for adjusting 
the trim, or varying the displacement when required. 
During the experiments I am about to describe, the pro- 
peller boss was fitted in place, but no blades were 
attached. The immersed surface of the model was 
coated with black varnish. A cross-section of the model, 
abreast the screw aperture, is shown at Fig. 1, which also 
represents the main features of the apparatus employed 
in measuring the wake currents. 

Across the stern was fitted a framework upon which 
several fine vertical wires a were stretched, extending 
from the deck to some distance below the keel. Each of 
these wires, and the apparatus connected with it, being 
exactly similar to its neighbours, it will simplify the de- 
scription if I refer at present to one only, and on the 
longitudinal section of the stern shown at Fig. 2, 
one of these vertical wires is again marked a. Upon 
this wire, and at the level at which the wake measure- 
ment was required, a horizontal tube 6, }-in. internal 
diameter, was carried by a universal joint near its open 
forward end. The after end of this tube was in communi- 
cation with another tubs ¢ closed at its upper and lower 
ends, and hung by trunnions to one end of a weighted 
lever d, Fig. 1. One of the trunnions being hollow, 
formed a connection through the rubber tube e to 
the underside of a gauge glass f inside the model, so that 
through this system of jointed tubes there was free com- 
munication between the gauge glass and the water out- 
side. On the after end of the tube b four thin radial 
feathers were fixed, and as the weight of that end of the 


the surface of the river. The model was then towed a 
a determined speed by an engine and winch, which were 
fixed on a barge moored in the river; and a photograph 
was taken, which recorded the heights of the water in 
the gauge glasses and the inclination of each of the hori- 
zontal tubes. 

If the water into which these horizontal tubesad vanced 
were at rest—or if its velocity throughout were uniform— 
then the water in the gauge glasses, rising higher and 
higher as the speed increased, would still stand at the 
same level in all the glasses. Assuming that the tube 
carried by the outrigger was alwaysadvancing into undis- 
turbed water, then the water in the gauge glass con- 
nected with that tube would serve as a datum line from 
which at that instant the relative elevation or depression 
of the water in any other gauge glass could be measured, 
indicating for its corresponding horizontal tube that the 
water through which it was passing was either meeting or 
following the boat. 

As the rise of water in the gauge glasses during these 
experiments was owing partially to the head correspond- 
ing to the velocity with which the horizontal tubes passed 
through the water, and partially to the local elevation of 
the river surface due to the wave at the stern, it was 
necessary that the exact height of this wave should be 
ascertained. This was done by photographing the wave 
profile on each side of the model, the cameras being fixed 
on booms projecting over the port and starboard quarters. 
Water lines 1 in. apart were painted around the stern, 
and thus the outline of the wave was readily plotted from 
the photographs. Longitudinal sections of the wave, 
clear of the stern, were plotted in a similar manner from 
photographs of its profiles on thin vertical metal plates 
carried by the model; these were approximately parallel 
to the centre line of the model, but curved longitudinally 
to correspond with the curvature of the stream lines, so 
as to interfere as little as possible with the wave motion. 
Special arrangements were also made, at different speeds, 
to determine the absolute depression of the boat’s stern 
below the still water level. Applying these corrections 
to the recorded heights of the water in the gauge glasses, 
the net rise in each, due to velocity, was translated into 


feet per second by the usual formula, v=A/ 29h. 
Although the shape of this boat presents no special 
features of interest, the model being that of an ordinary 
full-lined steamer, it may be useful to place on record 
some particulars of the conditions of its wake as measured 
by the process I have described, and I therefore show in 
Figs. 3 to 7 sections of the water around the stern—longi- 
tudinally, transversely, and horizontally—giving the 
measurements resulting from a series of runs made ata 
speed of 460 ft. per minute. 

The three transverse sections were made at distances of 
3in., 12in., and 21in. respectively before the rudder- 


post, and the figures marked on those sections represent 
the forward speed of the wake as measured in 204 
positions. The speeds are shown, for convenience, as 
percentages of the model, and the interval between the 
figures represents a distance of 4in. The horizontal and 
longitudinal sections show the inclinations assumed by 
some of the submerged tubes, and the stream lines which 
I have added appear to be consistent with those inclina- 
tions. 

At first sight it may appear that the forward speeds in 
many portions of the wake are overstated and inconsistent, 
but after repeated and cautious experiment, I conclude 
that the figures are accurate, and I will now attempt to 
show how they may be accounted for. 

First, then, as regards the frictional wake. What is 
the maximum forward speed induced in the water by the 
passage through it of a surface 28 ft. long in the direc- 
tion of its motion, at a velocity of 460 ft. per minute? 
How far from that surface is the water disturbed? and 
what are the speeds at intermediate distances from that 
surface? In order to obtain information on these points, 
I fitted measuring appliances (somewhat similar to those 
already described) to a flat plank, which was towed at 
different velocities on the surface of the water. The first 
series of experiments with the plank was made to ascer- 
tain the velocity of the frictional wave in contact with 
its surface, which was coated with black varnish. The 
open ends of five tubes (one of which is shown at Fig. 8) 
projected beneath the underside of the plank, the other 
ends of the tubes were connected with the gauge glasses 
already described. ! 

The speeds recorded at distances of 1 ft., 7 ft., 14 ft., 
21 ft., and 28 ft. from the leading end were respectively 
16 per cent., 37 per cent., 45 per cent., 48 per cent., and 50 
per cent. of the velocity of the plank; and these propor- 
tions appear to be maintained at all speeds between 200 ft. 
and 400 ft. per minute, the latter being the highest speed 
that the arrangements would allow. Having thus deter- 
mined the maximum velocity of the frictional wake, other 
experiments were made with this plank to show the 
manner in which the motion of the water in contact with 
the surface was gradually imparted to the layers of water 
lying underneath. For this purpose six tubes were 
arranged in a vertical row, being placed 28 ft. from the 
leading end of the plank, and carried by fine wires, as 
shown on Fig. 9; the forward ends of the tubes being 
open, and their after ends connected to the gauge glasses, 
The results of experiments at 200 ft., 300 ft., and 400 ft. 
per minute are also shown by Fig. 9; and it would appear 
that the velocity decreases in a geometrical progression as 
the distance from the surface increases in arithmetical 
progression ; thus at a distance of 28 ft. from the bow 
end, witha quality of surface similar to that of this plank, 
the forward velocity of the water in contact with that 
surface being 50 per cent. of the velocity of the surface, at 
a distance of £ in. away, it is reduced to one-half, or 25 
per cent., at 1? in. away to one-fourth, or 124 per cent., 
and so on; so that at a distance of about 5 in. or 6 in. 
away from the surface the water remains practically un- 
disturbed. The retardation of velocity in the somewhat 
analogous conditions of orbital wave motion, of the flow 
of rivers, and possibly of glaciers, appears to confirm the 
foregoing observations as regards the ratio of decrease in 
velocity of the frictional wake. 

An interesting mathematical investigation of the thick- 
ness of the frictional wake will be found in the Report of 
the British Association for 1874, where Dr. Froude points 
out that the new momentum WV, generated in each 
second in the surrounding fluid by the transit of a surface, 
the resisting force of which is F, must be equal to F g 
(g being the force of gravity, W the weight operated on 
in pounds, and V its velocity in feet per second). Probably 
some portion of the operating force F may be expended 
in raising the temperature of the water; but, neglecting 
this, and substituting the measured speed of the wake in 
contact with the surface, for Dr. Froude’s assumption 
“that it possesses a velocity equal to that of the surface,” 
and modifying a}so his assumption of the intermediate 
gradations of speed being uniform, it is possible to calcu- 
late the velocity of the frictional wake at any distance 
outward from a surface of which the fractional resistance 
is known ; and the correspondence between experiment 
and calculation, as applied to the cases shown at Fig. 9, 
is strikingly close. The frictional resistance of the model 
vessel, at a speed of 460 ft. per minute, estimated from its 
resistance at lower speeds (when wave-making resistance 
was practically eliminated), and assuming that the resist- 
ance varied as the 1.85 power of the velocity, would be 
about 32 lb. Now, if it were possible that the whole of 
the frictional wake could be confined within the area of 
the propeller disc (which in this model was 270 square inches 
net), and that it possessed a uniform velocity throughout 
that area, then its utmost velocity N, in the equation F 
gt = WV, would be but 1.38 ft. per second, or 18 per 
cent. of the speed of model. If, with somewhat greater 
probability, the frictional wake, after following the curved 
surface of the vessel, be ultimately found at the stern 
flowing in vertical strips of the same depth as, and 
parallel to, the stern frame, the central maximum speed 
being 50 per cent. of the speed of model, and the speed of 
the outlying strips decreasing in the same ratio as in the 
case of the plank, then, to satisfy the equation, the total 
thickness, on each side of the disturbed water, would be 
about 8 in. ; and the speed of the frictional wake in the 
six positions indicated by the vertical rows of figures, next 
the sternpost, at Fig. 5, would be 25 percent. of the speed 
of model, and _in the next row outside 3 per cent. or 4 per 
cent. only. Clearly the frictional wake is inadequate to 
account for the speeds shown by experiment. 

Another element of wake disturbance is that due to the 
orbital motion of the particles of water in the stern wave 
raised by and moving with the vessel. There are several 
circumstances in connection with this wave which are not 
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comparable with the case of a free wave, having its 
internal motion in accordance with the trochoidal theory ; 
still, the points of resemblance may warrant an attempt 
at comparison, and I would therefore refer to Fig. 7, 
which shows the profile of the wave in contact with the 
model, at a speed of 460 ft, per minute, the maximum 
height of its crest above the still water level being about 
4in, Fora trochoidal wave of the same height, the orbit 
of the surface particles is about 7 in. in diameter; and, 
as the length of the wave was about7 ft., and its velocity 
that of the model, or 460 ft. per minute, the surface par- 
ticles have an absolute forward velocity, at the crest of 
the wave, of 120 ft. per minute, or 26 per cent. that of the 
model. At the level of the keel this orbital forward 
velocity is reduced to about 5 per cent. of the model’s 
speed. These are the maximum velocities due to a 
trochoidal wave, 4 in. high. The crest of the wave, how- 
ever, was not uniformly 4 in. above the still-water level, 
but was reduced in height as it left the vessel’s side, so 
that at the outward limit of the wake section (shown at 
Fig. 5), the height of the wave and the orbital forward 
velocities were little more than one-half the maximum. 
If the internal motion of this wave corresponded through- 
out with a trochoidal wave, then at a cross-section 
about 18 in. forward of its crest, the orbital motion would 
be simply upwards, and could not contribute in any way 
to the forward wake motion. It so happened that the 
measurements shown at Fig. 3 were made near this 
position, whilst the numerals on Fig. 5 show the measured 
velocities near the wave crest, and the influence of the 
wave motion can be roughly traced by a comparison of 
these two diagrams. 

Before making any numerical comparison between the 
measured velocities and those deduced from the foregoing 
assumptions, it may be well to call attention to some of 
the circumstances in connection with the actual wake 
which are not similar to the assumed conditions, and 
which would necessarily show discrepancies in the results. 
As regards the stern wave, the orbital motion of the 
particles of water is probably being rapidly accelerated 
during the short time occupied in its formation (less than 
1 second), whilst the trochoidal theory assumes that this 
motion is uniform, and also that the fluid is frictionless. 
Then the orbits of the trochoidal wave are circular, so 
that each particle returns to the crest in precisely the 
same position that it occupied on the preceding crest ; but 
the frictional wake distorts this circle into a looped 
figure. Modifications are also introduced by the inter- 
ference of other waves formed by, and travelling with 
the vessel. It was assumed that the frictional wake 
would appear at the stern frame as a series of vertical 
strips, each having a uniform velocity from the keel to 
the surface of the water, and that this velocity had been 
communicated in consequence of such strips retaining 
their relative distances from the surface of the model 
throughout its length, notwithstanding the continuous 
change in its cross-section. But this assumption credits 
the water with a mobility which it does not possess; and 
the inclinations assumed by the measuring tubes, such as 
shown at Fig. 6, appear to indicate clearly that particles 
of water, which at one instant are comparatively close to 
the vessel’s side, and are thus sharing the velocity due to 
such proximity, may a second later be found much further 
away from the vessel, there contributing their previously 
acquired forward motion to the wake, in positions where 
no frictional motion could be found if those particles had 
continued to fiow in directions parallel to the surface of 
the vessel’s stern. Being thus prepared to find discrepan- 
cies, such as may fairly be anticipated, between the 
measured velocities, and the theoretical wake motion, so 
far as itis accounted for by the wave and by the friction 
of tha model, we may now, with advantage, refer to Fig. 
10, on which are plotted the velocities, abreast the screw 
aperture, due to the combined effect of the frictional 
wake, and the wave motion, calculated in accordance 
with the assumed conditions of a trochoidal wave, and of 
a frictional wake moving in vertical strips. These veloci- 
ties, for comparison with Fig. 5, are shown as percentages 
of the speed of model, and they are plotted at intervals 
of 4 in. apart. 

The deficiency in velocity, not accounted for by the 
supposed conditions, is shown at Fig. 11, being the 
differences between the numerals on Fig. 5 and Fig. 10; 
and although in some of the positions the differences will 
not, perhaps, be thought very great (about one-third of 
the actual measurements differing not more than 5 per 
cent.), still the majority of the measurements are in 
excess, and in many of the positions they are considerably 
in excess of the velocities accounted for at Fig. 10. This 
unexplained excess in velocity appears to indicate the 
influence of some source of disturbance beyond those 
already discussed, and I think it is not unreasonable to 
conclude that the residuary velocities shown at Fig. 11 
are really owing to what has been denominated ‘‘dead 
water.” The term, however, in this connection is some- 
what misleading. Instead of a large volume of water 
accompanying the vessel inertly (as ‘‘ dead water” is 
assumed to do), no measurement recorded a forward 
speed more than 67 per cent. of the speed of the model, 
including the velocity due to all causes. This speed, 
however, was measured at a distance of 2in. from the 
centre line, and it seems probable that immediately 
behind the sternpost a velocity of 100 per cent. might 
have been found. 

Dead water has been described as constituting the con- 
ditions of established motion belonging to the ship, the 
conditions differing in the principles of their constitution 
from the frictional wake, inasmuch as, when once estab- 
lished, they no longer expressed any elements of which 
the ship’s resistance consisted, since they had been estab- 
lished once for all. 

As any mechanical measurement of the wake currents 
must necessarily take account of the total velocity, de- 


rived from whatever source, and as it is only after the 
frictional and wave elements have been eliminated, that 
the extent of the dead water influence is apparent, I 
have reserved the consideration of this element of wake 
motion until some conclusions could be formed respecting 
the others. 

It is significant that those positions in which the unex- 
plained forward velocities are highest, are just those 
portions of the wake where the existence of some obstacle, 
preventing the particles of water from following the 
contour of the vessel, appears to be indicated by the 
direction of the stream lines outside (see Fig. 6), this 
obstacle being, apparently, a more or less permanent fluid 
addition to the stern, as if an attempt were being made 
(so to speak) by the water to effec) an improvement in 
the ship’s lines in order to allow the streams outside to 
flow past in their natural courses. These courses, 
shown at Fig. 6, may, perhaps, suggest the extent as to 
which it would be necessary to fine the model’s stern, if, 
at the experimental velocity, the forward speed of the 
wake were to be confined to frictional and wave motion 
only. But, if those particles of water which have been 
near to, or in contact with, the vessel for the greater part 
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shown to be due to the frictional wake, 9 per cent. to wave 
motion, and the remaining 5 per cent. has been credited 
to the influence of ‘‘dead water ;” and I submit that the 
various speeds {shown at Fig. 5 have been thus approxi- 
mately accounted for. But it must be admitted that the 
attempt to explain, circumstantially, all the phenomena 
shown by these experiments has not been completely 
successful, and there are some apparently anomalous 
results which do not appear to fit in with the suppositiong 
introduced, To this extent, any calculations and predic- 
tions as to the wake of a vessel, apart from experiment, 
will be liable to error, and should be verified by actual 
measurement with model or ship. 

As regards the total value of the frictional wake, there 
is, perhaps, little chance of mistake, as our knowledge of 
frictional resistance (due principally to Dr, Froude’s re- 
searches) is fairly complete, and the connection between 
that form of resistance and wake motion is based on ‘‘the 
universal law connecting force and momentum.” The 
analysis of the confused internal motion of a wave in 
_course of formation is much less satisfactory, there being 
nothing to guide us except a profile of its surface. That 
the ‘‘dead water ” of model and of ship will be similar at 


LIL 


Cross section through 


\ Plankat 28 fret from 
ecading ena 


of her length are thus abruptly diverted from the vessel’s 
surface on their nearing the stern, so as to escape past the 
dead water, then our supposition that the frictional wake 
appears at the sternpost in the form of vertical strips, is 
no longer tenable, and we must now credit the dead water 
with a greater forward speed, in the upper central por- 
tions of the wake, than that shown at Fig. 11, because its 
velocity there has not been augmented by the frictional 
wake as was supposed. Again, in apportioning the fric- 
tional wake, none of its velocity was allotted to any 
position lying more than 6in, from the centre line; 
but if the streams are split away from the vessel’s stern, 
and the particles of water, with their acquired forward 
motion, are now really to be found at some distance from 
the centre, then the excess of velocity in the outlying por- 
tions of Fig. 11 must really be credited to the frictional 
wake ; whilst the velocities in the upper central portions, 
especially representing the dead water element, are really 
shown too low, by the amount that was erroneously ap- 
portioned as frictional wake to those positions. 

The body of water included in these measurements had 
a breadth equal to the extreme breadth of the model, and 
a depth equal to her draught. The mean forward 
velocity of this water, measured abreast the screw 
aperture, was 19 per cent. Of this, 5 per cent, has been 


“corresponding speeds ” is an assumption based on the 
stream line theory ; and although observations of the cor- 
respondence between the model ship’s waves and the full- 
sized ship’s waves have verified predictions made in ac- 
cordance with that theory, as regards the dead water 
the assumption requires practical confirmation, Still, 
there should be little fear of error in applying the — 
model wake speeds to the ship, provided the neces- 
sary corrections are applied for the variation in fric- 
tional resistance in terms of the variation in the length 
of surface. 

With these remarks on the connection between the wake 
of model and wake of ship I will conclude this paper, 
reserving for some future occasion a description of the 
modifications in the wake motion which resulted from the 
rotation of the propeller blades, and a discussion of the 
nature and causes of ‘‘augmentation.” The diagrams I 
have given are probably the first record of grouped local 
measurements of the wake, and although they show but 
one set of observations at one speed, and refer, strictly 
speaking, to the conditions of the water around one 
small vessel, I hope they may be found a useful contribu- 
tion to our limited stock of information respecting the 
phenomena which, in the aggregate, constitute the wake 
currents. 
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THE STRENGTH OF BULKHEADS. 


Some Considerations Relating to the Strength of Bulk- 
heads.* 


By Dr. F. Exvear, LL.D., F.R.S.E., Vice-President. 


Tux Report of the Board of Trade Committee upon the 
spacing and construction of watertight bulkheads in ships 
raises, broadly and pointedly, the aati of how the 
strength of a large area of perfectly flat thin steel plating, 
which is supported at the edges and subjected to normal 
pressure, may be determined by calculation. This is the 
simplest form of the question thus raised. In applying 
it to the case of a ship’s bulkhead, we require to deal, not 
with a continuous area of plating whose thickness is uni- 
form, but with an area made up of separate plates that 
vary in thickness, and are connected with riveted joints ; 
and which has stiffening bars riveted across in parallel 
lines at equal distances apart. : 

The Appendix B to the Committee’s report gives rules 
and tables for the construction of bulkheads which fix the 
thicknesses of plating, the sizes and arrangements of 
stiffening bars, &c.; and concludes by stating that ‘any 
other method of construction of equivalent strength may 
be allowed, provided the plans and, if necessary, calcu- 
lations be approved by the Board of Trade.” An Ap- 
pendix C, which was preferred to Appendix B by Sir E. J. 
Harland, Bart., M.P., the chairman of the Committee, 
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and another member, differs somewhat from this upon 
points of detail, but concludes with a similar proviso. 

Mr. Martell commented upon this portion of the Bulk- 
head Committee’s Report in a paper, read before this 
Institution last session, upon ‘‘ Divisional Watertight 
Bulkheads as applied to Steamers and Sailing Vessels,” 
and in the discussion which took place after the reading 
of the paper, I expressed the opinion that, in the present 
state of our knowledge of how to deal accurately with the 
subject, no calculations that are made of the stresses set 
up in large plane areas of plating, when supported all 
round the edges and subjected to normal pressure, have 
any exact value. I also suggested that a series of test 
experiments upon the resistance to flexture of thin flat 
plates under these conditions are absolutely essential 
before any method of calculation can be accepted as 
trustworthy. 

The sense in which these remarks appeared to be 
understood by subsequent speakers showed that I had 
failed to make my meaning clear. I therefore arranged 
to make a small series of experiments of the nature re- 
ferred to, and to lay the results before the present 
meeting. Absence from England has prevented the 
fulfilment of this intention; but I have thought it might 
be desirable to submit the few following notes upon the 
subject by way of explanation of my remarks last session, 
and to call attention, incidentally, to some of the salient 
features of a problem which is full of practical interest 
and importance, as it is of mathematical difficulties. 

Mr. Martell pointed out that ships’ bulkheads may be 
divided into two classes when considering them with 
reference to strength. One class includes those which 
require to be absolutely watertight or oil-tight—such as 
the end bulkheads of deep water-ballast tanks, or the 
bulkheads of vessels that carry petroleum in bulk; and 
the other class consists of the ordinary divisional water- 
tight bulkheads of a ship, which, while they require to 
be strong enough to retain water in a compartment, would 
be practically effective for all that is required of them 
without being perfectly watertight. This division into 
two classes does not apply to the scientific problem, 
which deals with the effect of normal pressure upon plane 
areas that are continuous and homogeneous ; but it has 
all the importance that Mr. Martell states, when bulk- 
heads that contain numerous joints, and are not con- 
tinuous in strength, have to be dealt with from a 
practical point of view, as Lloyd’s Register Society con- 
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stantly have todo. It has resulted in the bulkheads of 
deep water-ballast tanks and petroleum ships being 
strengthened from time to time, as experience has proved 
to be necessary, till it can now be said with comparative 
certainty what thicknesses of plating and what sizes and 
arrangement of stiffeners will be necessary in any par- 
ticular case. , ’ 

There may not be the same quantity of experimental 
data available for regulating the strength of ordinary 
divisional bulkheads, because bulkheads of this class are 
rarely subjected to the strain of having to retain water in 
a compartment for a long time. any persons have 
feared, as Mr. Martell says, that these bulkheads are, or 
were, sometimes useless in the event of a vessel being 
bilged ; and it is satisfactory to see the list of thirty-three 
steamers given by him which have reached port safely, 
after collision or other accident, with a compartment full 
of water and the bulkheads intact. There appears no 
sufficient reason to doubt that the ordinary bulkheads of 
ships as now fitted are strong enough for what is required 
of them. ; 

My remarks last year had no reference to the practice 
of shipbulders in regulating the strength of bulkheads in 
petroleum ships or other special vessels ; or to the quality 
or sufficiency of the data they and Lloyd’s Register 
Society have at command in fixing the scantling of bulk- 
heads for ships of all classes. The scantlings of bulkheads, 
like those of most other parts of a ship, are regulated by 


the results of many years of experience with ships under 
different conditions, during which time such defects as 
were discovered have been corrected, in subsequent prac- 
tice, by increased scantlings or improved arrangements. 
Lloyd’s Register Society have the benefit of all this expe- 
rience, and shipbuilders of much of it. I did not suggest 
that it was necessary to supplement this by further experi- 
ments of any kind. 

What I said about the strength of bulkheads, and 
about the necessity for experimental data, related exclu- 
sively to attempts that have been made to determine or 
criticise the strength of a bulkhead by pure calculation, 
instead of by the results of the practical experience re- 
ferred to. I merely say that if we are to look outside the 
practical considerations by which the strength of bulk- 
heads is now regulated, and to employ calculations for 
the purpose, we require data of a different kind from any 
we now have for basing such calculations upon, and for 
giving them any real value. 

It is not easy to give a clear description of the nature 
of the problem that has to besolved before the strength of 
a bulkhead can be even approximately determined by cal- 
culation. It is, best, however, for the purpose of illustra- 
tion, tostart with the simple case of a large area of thin 
plating that is continuous and homogeneous throughout, 
of uniform thickness, and that has no joints or stiffeners. 
This plating is supported all round the edges; and the 
problem is to determine the nature and amount of the 
stresses set up when it is acted upon by normal pressure. 

The problem referred to has been discussed before this 
Institution ; and, judging by what was said ata meeting 
of the Bulkhead Committee which I attended, it was 
much discussed by that Committee. Such discussions as 
I have heard have, however, taken one of the two follow- 
ing forms—first, a large area of thin plating, when sub- 
jected to normal pressure, is thrown into a state of ten- 
sion, The resistance to bending of any strip of the plating 
is so small in comparison with the resistance to extension 
that it may be neglected, without much error, in calculat- 
ing the resistance to bending of the plating as a whole, 
The strength of the plating as a whole might, therefore, 
be determined approximately by supposing the area under 
consideration to be divided into a series of narrow parallel 
strips, and calculating the tension upon each strip that is 
due to the normal pressure upon it—assuming that the 
strip offers no resistance to bending. Mr. T. C. Read 
worked out this hypothesis with great ability and com- 
pleteness in a paper read before this Institution in 1886, 
on ‘*‘The Strength of Bulkheads.” In this paper Mr. 
Read calculated the tension of the various parallel strips 
into which a large area of thin plating might be supposed 


to be divided, taking two separate series of strips, one at 
right angles to the other. Second, another form in which 
this problem has been treated, and that which was appa- 
rently adopted by the Bulkhead Committee, is to divide 
the area of plating into a single series of parallel strips of 
equal width, with a stiffening bar in the centre of each 
strip, and calculate the resistance to bending of each 
strip, with its stiffening bar, as though the plating were 
made up of a series of parallel girders. 

The first mode of treatment assumes that a large area 
of thin plating, subject to normal pressure, may be 
treated as regards strength, without serious error, as 
though it were composed of two separate series of strips, 
one at right angles to the other; and the curvature pro- 
duced in these strips by the pressure upon them could 
take place merely by stretching each strip independently 
of the others, and without any interaction between the 
strips, or resistance to independent movement, being 
caused by the process of curvature that it is essential to 
take into account. This would be analogous to the case 
of a woven material, the separate fibres or strips of which 
could slide past each other without friction, connected 
all round the edges to a rigid framework, and subjected 
to normal pressure. The only resistance to curvature 
would then be the tensions of the various strings or strips, 
each of which would act independently of the others, and 
between which there would be no connection to cause dis- 
tortion, or any other form of stress, as they extended in 
length. 

According to the second mode of treatment referred to, 
the flexure of a bulkhead might be considered analogous 
to the simple bending of a series of girders, each of which 
is formed by astrip of plating with its stiffening bar, 
supported only at the ends. 

Let us now try to consider what takes place when a 
large area of plating, like a bulkhead, is subjected to 
normal pressure. For the purpose of illustration, we will 
suppose that the area in question is circular, like the 
end of a cylindrical boiler, that it is supported all round 
the circumference, and is acted upon by uniform normal 
pressure. 

It will be obvious at once, from the symmetry of the 
figure, and of the forces that act upon the surface with 
reference to any diametral line, that, whatever form of 
curved surface the originally flat circular area may tend 
to assume, the particles of material that are equidistant 
from the centre will be in the same condition of stress. 
In other words, if the area be divided radially into any 
number of parts, the stress at any point on a given radius 
will be the same as at points on other radii that are at the 
same distance from the centre. There is no reason why 
the amounts and distribution of the stresses along one 
diameter should differ from those along any other. It is 
only necessary, therefore, to determine the stresses along 
one diameter of the circle, 

Let A BC D (Fig. 1) represent a circular area of plating 
whose centre is O, which is supported all round the cir- 
cumference, and acted upon by a uniform normal pres- 
sure. Each diameter will bend under pressure, in a plane 
at right angles to the plane of the circle, into a curve 
which we will represent in an exaggerated form by B O! D, 
This curve will be the same for any diameter; and the 
line B O! D, which represents it, is a section of the inter- 
section of the curved surface, which the originally plane 
area A B C D assumes under uniform normal pressure, 
by a plane through B D at right angles to the plane area 
ABCD. In what follows, the resistance of the plating 
to bending at right angles to its own plane is neglected. 

One effect of this curvature is, therefore, to extend the 
length of any radius O B of the plane circle A BC D to 
that of the arc B O'!. The increase in length of the radius 
is the difference between the semi-are B O! of the curved 
surface and that of the semi-chordO B. ‘The tension 
thus caused along the diameter B D is borne by the resist- 
ances of successive rings of material, formed by a series 
of circles concentric with A B C D, to compression. 

But nocurvature of any diameter B O D into the form 
B O! D can take place, under the conditions of flexure of 
the plane area, without the diameter at right angles to it, 
A C, being curved, in the same direction, into a precisely 
similar form. This curvature of A C pari passu with 
that of BD can only take place by compressing the 
material in a direction at right angles to A C at, and near, 
the extremities A and C of the diameter A C, and stretch- 
ing the material in the same direction at, and near, O, 
along the diameter A C. 

Now, since the stresses along any diameter are the 
same, it follows that the transverse stresses set up along 
the line A C, by A C being curved in the same way as 
BD, are precisely the same as the corresponding stresses 
set up along the line BD. We, therefore, have at any 
diameter B D the following distribution of stresses: 1. 
Tension along the diameter between B and D. 2. Ten- 
sion at right angles to the diameter from the centre O to 
points N and N!, where it becomes zero. 3. Compres- 
sion at right angles to the diameter from N and N! to 
the extremities B and D, whereit reaches a maximum. 

The stresses at right angles to any diameter B D, for a 
given curvature of the surface, are analogous to those in 
a bent beam whose section is the same as that of the 
curved surface under consideration. For example, let 
B O' D (Fig. 2) be the section of a girder which is formed 
by a bent plate that has the same curvatureas B O! D in 
Fig. 1, and let this curvature be uniform throughout the 
length of the beam. Bend the beam in the direction of 
its length till it has the same curvature longitudinally 
that it has in transverse section. The extension at O!, 
and the compression at B and D, and the variation of 
strain between B and O!, will be the same as the corre- 
sponding extension and compression, and as the variation 
of strain, along the diameter B D in Fig. 1. The points 
N and N!, where the neutral axis intersects the section 
of the beam in Fig. 2, will correspond with the points N 
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and N1 in Fig. 1, and a circle drawn with O as centre 
and O N orO Nias radius in Fig. 1 will be a neutral 
circle on which there is no stress at right angles to any 
diameter. 

It thus appears that stresses are set up in the plane of 
a plate that is bent in the manner under consideration 
similar to those in a beam which consists only of a plate 
set on edge without any top or bottom flanges, that is, 
bent in its own plane; and no method of calculation of 
stresses can be expected to be satisfactory that leaves out 
of account these stresses in the plane of the plate. For 
instance, seeing the important part that compressive 
stresses must play near the edge of acircular area of plate, 
such as that shown in Tig. 1, it would be no more pos- 
sible to calculate the strength of such a plate, without 
taking these into account, than to calculate the strength 
of an ordinary beam to resist bending without taking 
account of the compression of one of its flanges. The 
fact is that, when a large area of plating is bent in this 
way, there is not only a resistance to bending set up at 
right angles to its plane—which is neglected in this in- 
vestigation—but there is a resistance to distortion set up 
in its own plane which is analogous to the bending of the 
plating, at any section in its own plane, from the centre 
outwards to the circumference ; and this lateral distortion, 
or virtual bending action outwards from the centre, is 
one of the most important factors in the resistance to 
bending—especially when the plating is so stiffened 
round the edges as to prevent collapse by buckling at the 
edges under compression. 

In the above remarks I have only attempted to de- 
scribe the nature of the stresses that require to be dealt 
with, in calculating the resistance to bending of a large 
area of plating, and the general character of their distri- 
bution. The exact amount of these stresses and the exact 
rate of their variation are affected materially by the fact 
that the modulus of elasticity of the material varies with 
the stresses. This, again, affects the amounts of the 
stresses, and also the position or length of radius of the 
neutral circle through N N?! in Fig. 1. Hach particle 
along any radius O B isstrained in two directions at right 
angles to each other, except those in the neutral circle, 
which are strained only in one direction. Those between 
Oand N are subject to tensile strain in both directions 
of varying relative intensities, and those between N and 
B to tensile strain in one direction and compressive strain 
in the other. Under these conditions the modulus of 
elasticity—which is taken for ordinary cases of bending 
as though the material is strained in one direction only 
and is free to expand or contract trausversely—varies 
according to the state and the relative amounts of the 
strains, and, therefore, varies from point to point in the 
area of plating under consideration. 

The problem thus imperfectly sketched is one of the 

reatest mathematical ditficulty, and I am not aware that 
it has been worked out satisfactorily for any other case 
that that of a circular plate. (See Thomson and Tait’s 
‘* Natural Philosophy,” vol. 1i., § 649.) Theincreased diffi- 
culty in the case of a rectangular plate, which a bulkhead 
more nearly resembles, is that of satisfying the boundary 
conditions at the edges with any simple form of solution. 

A complete solution of the problem for a rectangular 
plate, which has yet to be discovered, would still leave 
many difficulties untouched that have to be got over 
before applying calculations to the case of an actual bulk- 
head. A bulkhead is not merely in the state of a plate 
that is supported at the edges, such as A B O Din Fig. 1. 
Itis usually firmly connected all round the edges to the 
bottom and sides of the ship and to a deck; so that the 
portion of the structure of the ship nearest the bulkhead 
relieves the outer edges of the plating of the compressive 
strains in the same manner that a flange, upon the edge 
of a beam that is in compression, relieves the portion of 
the web adjacent to it of compressive strain. A similar 
effect would be produced upon the circular area of plat- 
ing in Fig. 1, if it were formed with a large flange all 
round the circumference. This flange would stiffen the 
plating and prevent it from collapsing by buckling at the 
circumference under compression; and it would increase 
the radius of the neutral circle N N! and move it out very 
near to the circumference. 

The effect of connecting a bulkhead all round its edges 
to the structure of the ship is, therefore, to stiffen the 
bulkhead and aid it in bearing the tensile and compres- 
sive stresses in the plane of the bulkhead that are set up 
when it is bent under normal pressure, just as when a 
girder consisting of a single plate is bent inits own plane, 
it can be made to bear the tensile and compressive stresses 
without collapse at the edge under compression by attach- 
ing a wide flange to that edge. 

The general character of the stresses at right angles to 
a diameter B D, in Fig. 1, may be shown by the illustra- 
tions (Figs. 3 and 4): 

Let Fig. 3 represent a plate beam similar to that shown 
in Fig. 2, which is bent longitudinally to the same cur- 
vature as that of the transverse section of the beam; 
and let A B and C D be the intersections of the beam 
by planes at right angles to the axis of the beam which 
passes through the centre of curvature. Then draw A; By 
parallel to A B, and C, D, parallel to C D, to intersect 
each other in the neutral axis, which is shown by a 
dotted line. The shortest distance between the lines at 
any point will show the extension or compression at that 
part of the section of the beam which had taken place in 
the length included between AB and CD. Fig. 4shows 
in plan the intersection of the curved surface by the two 
planes A, B, and ©, Dj. These intersections are A, 
B, A, and ©; D, C;. The distance by which these two 
curves are separated at any point between N and N, 
denotes extension, and between N or N, and the cir- 
cumference it denotes compression. The curvatures are 
exaggerated in order to make the figures more clear. 

In a bulkhead the neutral circle, shown dotted in Fig. 4, 


becomes a line that most probably follows generally the 
outline of the bulkhead with rounded corners; and it will 
approach near to the edge of the bulkhead, when the 
latter is well connected to the structure of the ship— 
because the compressive strains, represented by the dis- 
tances between N C, and N A, in Fig. 4, will then be 
transferred to the parts of the ship it is connected with. 
The tensile strains will be greatest in the neighbourhood 
of the centre. 

I trust the above will be found sufficient to explain the 
remarks I made at the last meeting about the impossi- 
bility, in our present knowledge of the subject, to de- 
termine the strength of bulkheads by mathematical 
calculations ; and to show that much is required, both in 
the way of mathematical investigation and of quantita- 
tive experiment upon the flexure of thin plates under 
normal pressure, before any such calculation that may be 
attempted can be considered sufficiently exact or trust- 
worthy to serve as a guide in practice. 


THE RIVER PIERS OF THE TOWER 
BRIDGE. 

Ar the ordinary meeting of the Institution of 
Civil Engineers, held on Tuesday, March 28, 1893, 
Mr. Harrison Hayter, President, in the chair, a paper 
was read giving an account of the methods adopted 
in the construction of ‘‘The Foundations of the ‘Two 
River Piers of the Tower Bridge,” by Mr. G. E. W. 
Cruttwell, M. Inst. C. E. 

Owing to the weight of the lofty towers supporting the 
suspension-chains of the shore-spans, and the high-level 
footways over the opening span of the bridge, the dimen- 
sions of the foundations, with a load of 4 tons per super- 
ficial foot, worked out to 100 ft. in width by 2044 ft. 
from end to end of the cut-waters. This large area was 
excavated by sinking four caissons, each 28 ft. square, on 
the north and the south sides of each pier, with two tri- 
angular-shaped caissons at each cut-water. The twelve 
caissons of each pier were all spaced 2 ft. 6 in. apart, and 
inclosed between them a rectangular space, 34 ft. by 
1243 ft., in the heart of the pier. ‘This was not excavated 
until the permanent work forming the outer portion of 
the pier had been built continuously within the caissons, 
and in the narrow spaces between them, up to the level 
of a few feet abovehigh water. This method was cheaper 
and was attended with less risk than that of using larger 
caissons extending across the pier. 

The caissons consisted of a single skin of wrought iron 
varying in thickness from 4 in. at the bottom to 4 in. at 
the top. The skin was supported every 3 ft. or 4 ft. in 
height by pitch-pine frames, with diagonals of the same 
material across. The joints of the removable portions 
were made watertight with indiarubber. The bottom 
section of each caisson was erected on a temporary plat- 
form fixed a short distance above low water. Two pairs 
of trussed beams were placed above the caisson, with 
their ends supported upon the staging on either side, and 
four 24 in. rods passed between the beams, and were con- 
nected to the caisson near each corner. The rods were 
screwed at the top for several feet, and, by setting up the 
screws, the caisson was slightly lifted, whilst the platform 
was cleared away from beneath. ‘The caisson was then 
lowered down on to the bed of the river, and the excava- 
tion was commenced. Divers and grab-machinery were 
employed at first; but, as the ground consisted of the 
London clay, it was only necessary to sink the caissons 
some few feet beneath the river-bed, when the water 
could be pumped out of them, and the excavation con- 
tinued in the dry. 

The reliable nature of the clay rendered it possible to 
undercut beneath and beyond the bottoms of the 
caissons, whereby a considerable saving was effected in 
contracting the limits of the caissons within the outside 
line of the foundations. The undercutting was timbered 
with 14in. poling-boards, strutted back with timber 
props against the bottom of the foundations. By exe- 
cuting the undercutting in sections, and quickly filling 
in the concrete as soon as the excavation of each section 
was completed, the danger that was liable to arise from 
any serious swelling of the clay was much diminished. 
After two adjoining caissons had been sunk and partially 
filled with concrete, the space between them was inclosed 
by driving piles in grooves specially provided at the 
corners of the caissons. This allowed the adjoining 
sides to be removed and the intervening space to be ex- 
cavated and concreted up; thus converting the two 
caissons into one. By repeating the process, a continuous 
caisson surrounding the heart of the pier was obtained. 
Within this, the outer portion of the pier was built toa 
height of 4 ft. above Trinity high water, thus forming a 
cofferdam to exclude the tide from the inner portion of 
the work. When the latter had been pumped out and 
excavated, the inner sides of the caissons were taken out, 
and the heart of the pier was filled in. The whole work 
was bonded together by numerous dovetails in the con- 
crete, and by toothings and rackings in the brickwork. 

The materials in the two piers, from foundation line up 
to a level of 4 ft. above Trinity high water (a height 
of 60 ft.), consisted of 25,220 cubie yards of cement con- 
erete, 22,400 cubic yards of brickwork in cement, and 
3340 cubic yards of Cornish granite; making a total of 
50,960 cubic yards. The cost of the same, including all 
subsidiary items, such as stagings, caissons, and excava- 
tions, amounted to 111,122/. ; so that the average cost of 
the construction was 2/. 3s, 7d. per cubic yard. 


»LAUNCHES AND TRIAL TRIPS. 

Tue new first-class protected cruiser Gibraltar has been 
officially reported as ready for delivery from the works of 
Messrs. Napier and Sons, of Glasgow, and the Admiralty 
have given orders for a navigating party to receive her 


from the contractors. The Gibraltar is one of five first- 
class protected cruisers put out to contract under the 
Naval Defence Act, and is sister ship to the Royal Arthur, 
which has just been dispatched from England to relieve 
the Warspite as flagship on the Pacific station. The 
Gibraltar is 360 ft. in length, and has a displacement of 
7700 tons. She has been fitted with engines estimated to 
develop 12,000 horse-power under forced draught, with a 
speed of 19.5 knots, and 10,000 horse-power under natural 
draught, with a speed of 18.5 knots. The armament of 
the Gibraltar is to consist of two 9.2-in. breechloading guns, 
ten 6-in. quick-firing guns, and seventeen 3-pounder and 
6-pounder quick-firing guns. She will also be fitted with 
a powerful torpedo equipment. She is to be completed 
for commission at Portsmouth Dockyard. The total cost 
of the Gibraltar is estimated at 373,935/ , and she will be 
ready for service about the middle of the year. The 
building of the Gibraltar was begun on December 2, 
889. 


An important addition has been made to the effec- 
tive strength of the Royal Navy by the passing ont 
of hand at Sheerness Dockyard of the new second- 
class cruiser Brilliant, which was officially inspected 
and found fully equipped, and in every respect ready 
for active service. The Brilliant, which is the first 
second-class cruiser built and completed for sea at Sheer- 
ness Dockyard, was laid down on March 24,1890. She 
has been built from the designs of Mr. W. H. White, 
Director of Naval Construction, and has a length of 
300 ft., a breadth of 43 ft. 8 in., and a mean load draught 
of 17 ft. 6in. At her eight hours’ natural draught trial 
her engines registered a mean of 7522 horse-power, with 
an average speed of 19.2 knots, or nearly a knot above 
the estimate. Her forced draught trial was equally 
satisfactory, the engines indicating 9180 horse-power, 
with a speed of 20.4 knots, the speed estimated being 
19.75 knots. The horse-power contracted for was 7000 
under natural draught and 9000 under forced draught. 
The Brilliant has been armed with two 6-in., six 4.7-in., 
and nine 82-pounder and 6-pounder quick-firing guns. 
She has been built under the provisions of the Naval 
Defence Act, and her total cost, including guns, has been 
about 220,0002, 


Mr. James Laing, Sunderland, launched from bis yard, 
at Sunderland, on the 18th ult., the Spondilus, the 
third of the three ships he is building for Messrs. M, 
Samuel and Co. The vessel is 347 ft. long by 45 ft. 6 in. 
beam by 28 ft. 6in. deep, and, like the two previous 
ships, is intended for carrying petroleum through the 
Suez Canal to the Hast and bringing back general cargo, 
having been constructed from the designs of Messrs. 
Flannery, Baggallay, and Johnson, of London. With 
thirteen tanks she can carry fully 5000 tons of oil. Kn- 
gines by Messrs. George Clark, Limited, will be fitted, 
which will give her a sea speed of 10 knots. 


The largest steamer for purely cargo purposes yet built 
on the Clyde, was launched on the 22nd ult. from the 
works of Messrs. Alex. Stephen and Sons, Linthouse, 
Glasgow. She is of about 5000 tons gross register. Her 
dimensions are: Length, 400 ft. ; breadth, 48 ft. ; depth, 
moulded, 314ft. The engines, also constructed by 
Messrs. Stephen, are of the triple-expansion type, having 
cylinders 26 in., 41 in., and 67 in. diameter by 48 in. stroke. 
The boilers are of the double-ended type, and are de- 
signed for a working pressure of 160 Ib. per square inch, 
The London City has a deadweight capacity of about 
7200 tons, while her measurement capacity for cargo is 
equal to no less than 9500 tons of 40 cubic feet to 
the ton. 


Messrs. Fleming and Ferguson, Paisley, launched, on 
the 22nd ult., a steel screw steamer, named Archibald 
Finnie, having dimensions of 175 ft. by 26 ft. 6in. by 
13 ft., fitted with a set of the builders’ patent quad- 
ruple engines, to indicate 1000-horse power, to drive her 
a loaded speed of 12 knots. This steamer has been built 
to the order of Messrs. Archibald Finnie and Son, 
Kilmarnock, for coasting trade between Scotland and 
Ireland. 


The Venus, a steel screw steamer, built to the order of 
Det Bergenske Dampskibsselskab, by Messrs. 0. 8. Swan 
and Hunter, Wallsend, went on her trial trip recently. 
The vessel, which is for passenger and mail service to 
Norway, is 240 ft. in length, 31 ft. 4 in. in breadth, and 
21 ft. 10 in. in depth. The engines, which have been 
built by the Wallsend Slipway and Engineering Com- 
pany, Limited, are on the triple-expansion type. In a 
succession of runs over the measured mile, off Tyne- 
mouth Castle, a speed of 144 knots per hour was obtained. 


Messrs. Workman, Clark, and Co., Limited, Belfast, 
launched, on the 16th ult., a steel twin-screw steamer 
named Moya, built for the Commissioners of Irish Lights. 
The dimensions of the vessel are: Length, 126 ft.; 
breadth, 23ft.; depth, moulded, 11 ft. 7in. The twin 
engines are compound direct acting, with cylinders 16 in. 
and 30in. by 18 in. stroke, with one large steel boiler. The 
propellers are three-bladed, and made of manganese 
bronze. ? 


On Saturday, the 1st inst., Sir Raylton Dixon and Co., 
Middlesbrough, launched a screw steam hopper for the 
London and South-Western Railway Company, for use 
in connection with the improvement of docks, &c., at 
Southampton. Shehasa hopper capacity of over 500 tons 
of dredged materials. Her dimensions are: Length, 
152 ft. 6 in. ; beam, 25 ft. lin.; depth, 10 ft, Engines 
will be fitted by Messrs, Westgarth, English, and Co., of 
Middlesbrough. 
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*“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ComPiLteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of oprosition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


7219. W. B. Joicey, Gateshead-on-Tyne, Durham. 
Furnaces of Steam Boilers for Consuming Smoke. 
(5 Figs.) April 14, 1892.—This invention has reference to furnaces 
of steam boilers for consuming smoke. Each furnace is fitted 
with firebars A which rest on a hollow perforated dead-plate 
which also forms an air chamber on the hollow bridge. An 
inverted bridge is formed of refractory material, and has 
perforations to allow of the passage of air from the blast 
pipe B, which has an orifice to allow of the discharge 
of a portion of the blast into the bridge, from whence 
leads an air pipe to the dead-plate. The air current 


from the fan N passes from the air trunk C along the pipe B 
untl it reaches the orifice, where the current divides, one 
portion passing along the pipe through the dead-plate and over 
the top of the fire, another through the orifices in the bridge, 
and a third a'ong the pipe B and through the inverted bridge 
into the combustion chamber. Another current of air is drawn 
by the action of the fire through the cowls, and pipes F from 
above the deck into the wind trunks G, thence down the pipes 8 
inside the firebox where it is warmed, into the air-box communi- 
cating with the lower row of tubes, and thence through the 
tubes into the combustion chamber. (Accepted March 1, 1890). 


1593. C. W. Hullings, Philadelphia., Penns., U.S.A. 
Steam Boilers. (3 Figs.) January 24, 1893.—This invention 
has reference to the arched hollow deflecting plate which extends 
from the top of the furnace opening inserted in the doorway 
inward and downward over the grate. The firebox has a fuel 
opening, through the upper part of which the arched hollow 


deflector extends, a series of lead pipes communicating with the 
inner part of the deflector, and detachably connected at their 
forward ends with pipes communicating with the mud legs and 
with the boiler, detachable pipe connections being provided 
between the outer end of the baffler and the boiler and mud legs. 
(Accepted March 1, 1893). 


24,141. P. Ferguson and W. Y. Fleming, Paisley, 
Renfrews. Steam Boilers. [6 Figs.) December 31, 1892. 
—This invention relates to steam bvilers in which steam and 
water drums are connected by a large number of water tubes 
situated over a furnace, and it has for its object to provide for 


withdrawal and replacing of any of the tubes which may leak, 
without removing the casing in which the heating surfaces of the 
boiler are inclosed. The boiler is composed of a main drum 
partly filled with water, the upper portion being steam space, 
two lower drums D entirely filled with water, and two horizontal 
water tubes c. The lower drums are connected to the main drum 
by a large number of small water tubes d, any one of which may 
be withdrawn into the inside of the drum should it prove 
defective, and a new tube inserted. The downflow of the colder 


water fromthe main drum takes place through tubes f fitted out- 
side the furnace and smoke casing j, these tubes being connected 
to the horizontal water tubes c. The circuit is completed through 
vertical pipes g connecting the horizontal water tubes to the 
lower drums}. The hot gases from the furnace h pass upward 
between the small water tubes, which are so arranged as to inter- 
cept their passage as much as possible, and thence to the funnel. 
(Accepted February 8, 1893). 


1394. W. P. Thompson, Liverpool. (L. B. Battin, 
Elizabeth Union, New Jersey,U.S.A.) Water-Tube Boilers. 
[3 Figs ] January 23, 1893.—This invention has for its object to 
provide afrustum shaped cover to the tubes of water-tube boilers, 
and a manhole in the end thereof, whereby access can be had to 


the interior of the head, so that the boiler can be cleaned. The 
ends of the tubes A extend through and are expanded over the 
tube sheets B. The heads are provided at their outer ends with 
manholes D having covers. F is an asbestos packing lining 
between casings GandH. (Accepted March 1, 1893). 


GUNS, &c, 


3809. W.F. Paddison, London. “Try Guns.” [9 Figs.) 
February 27, 1892.—This invention relates to ‘‘try guns.” The 
pivot for effecting the cast on or cast off of the stock in relation 
to the barrels, is placed at the point where the sight is taken in 
using the gun. The sear arms are pivoted in their length and 
engage the triggers so as to permit of the relative movement of 
the stock and barrels without causing the arms to become disen- 
gaged either from the triggers or from the hammers of the gun. 
An arm is carried by the strap of the action and extends beyond 
the horizontal pivot, the rear end of the arm engaging a 
nut through which works a screw. The cheek is made separate 
from the stock, the line of the division of the two beirg in a 


PSS 


direction slanting to the length. They are hinged together at 
the bottom and towards the rear of the stock, ahinged projection 
on the cheek entering a recessin the other part of the latter. A 
screw works through karat ip and engages a nut in the other so 
as to adjust the cheek and stock in relation to each other. The 
bottom of the heel-plate is composed of separate portions flexibly 
connected together, and also to the top of the plate, a screw work- 
ing through projections from the separate bottom portions, so as 
to enable the different partsto be moved in relation to each other 
and the curvature of the heel-plate to be thus adjusted. (Accepted 
March 1, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


1555. H. H. Lake, London. (0. le G. Noble, Boston, 
Mass., U.S.A.) Lathes, &c. [3 Figs.) January 24, 1893.— 
This invention relates to machines employing a cross-feed which 
moves the cutting tool in a plane at right angles to the central 
line of the lathe. The longitudinal shafts ¢, e! are in line with 
each other and at a right angle to the spindle }, and carry wheels 
i, 7, means being provided for rotating the shafts in opposite 
directions. The friction discs j. j! are in contact with the wheels 
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i, v, and are geared together and to the bevel wheel o. Other 
shafts pS, pl0 are geared together and have arms engaging the 
shafts e, el. The worm gear p+ is splined tothe shaft p*, and the 


vertical shaft p1 is journalled in bearings on the lathe carriage, 
bevel gear p? meshing with the gear p, and the worm p? meshing 
with the gear p4*. (Accepted March 1, 1893). 


MINING AND METALLURGY. 


3441. G. W. Winn, Wakefield, Yorks. Coal-Head- 
ing, &c., Machines. (3 Figs.) February 22, 1892.—This 
invention relates to the cutter heads and driving of machines for 
boring or tunnelling, the arrangement being such that while a 
circular cut can be made, an elliptical one can also be effected 
with the longer axis in any required direction. A shaft carries 
the main part of the cutter head, which is revolved by spur 
gearing. A sleeve works through the frame with the cutter head 
and shafts, but does not revolve, and has a fixed spurwheel 
keyed on its outer end. Two spurwheels, each half the diameter 
of the fixed one, work on studs on the cutter head, and 
engage with the larger wheel, Two smaller spurwheels carry 
slides in which are crankpins, which may be fixed by nuts at any 
position in their length, according to the size of the heading 
required. The outer part of the cutter head carrying the cutting 
tools slides onthe part of the former, and these two heads carry 
near their outer extremities pins, which are connected by rods to 


the crankpins in the slides of the two smaller spurwheels. As 
the shaft revolves, carrying the cutter head, the two smaller 
spurwheels revolve round the fixed one, and the sliding parts of 
the head are alternately extended and closed by the connecting- 
rods, and the two spurwheels being half the size of the larger one, 
the sliding cutter heads are extended and closed twice in each 
complete revolution of the fixed head, and give the necessary 
motion to the cutters for forming an ellipse or oval heading. By 
varying the position of the pins in the slides, various sizes of 
headings may be made, and if the pins are run into the centres 
of their wheels a circular one is made. A spurwheel is bolted to 
the framework of the machine, and another, running on a fixed 
sleeve in which the cutter shaft revolves, receives motion from a 
pinion on the main shaft, a bushed hole being formed near the 
extremity of this spurwheel, in which a pin revolves, carrying on 
either side of the wheel a pinion, one gearing into the fixed 
wheel, the other into one keyed on to and driving the cutter 
shaft. (Accepted March 1, 1893.) 


RAILWAY APPLIANCES, 


196. B. T. Giraud, Burgess Hill, Sussex. Railway 
Signals. (6 Figs.) January 4, 1893.—This invention relates to 
means by which a signal is transmitted from the signal-box direct 
to a moving locomotive or to a guard’s van on the train. The 
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auxiliary post is furnished with an arm C pivoted near its top, 
and connected by a wire D to the lever on the post B. The lower 
and signalling position of the arm C is horizontal, being raised 
when the signal is not required to the position of dotted lines 
(Fig. 1). The post A is placed so as just to clear the engine and 
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carriages, in order to shorten the arm C as much as possible. One 
of the posts E is placed at each side of the engine, and carries the 
striking arms F at their upperend. These arms are connected to 
a contact-making device, so that when they are moved back con- 
tact is made between the wires G leading to an electric generator 
and toa box H, having an electro-magnet and armature which 
closes the circuit leading to the bell J, causing it to ring until the 
armature is raised by hand, a spring returning the arm F and 
contact-maker to their normal position when released, (Accepted 
March 1, 1893). 


MISCELLANEOUS. 


6833. J. H. Stott and J., A.,and A. Bridge, Middle- 
ton, Manchester. Stop Motion for Looms. [5 Figs.] 
April 9, 1892.—This invention has reference to looms. On one 
end of the axle of the emery roller is fixed a spurwheel which, by 
means of the train of change wheels, drives a shaft or axle sup- 
ported on a bracket bolted to the loom side. On one end of this 
shaft is keyed a worm driving a flanged wormwheel, which is 
provided with a spring stud which, as the wheel revolves, comes 
in contact with a hook, and causes it to liberate a lever mounted 
in a vertical position at one end of a shaft which extends across 


the loom, and provided with a similar vertical lever at the other 
end, which is in connection with the weft forked lever working 
against the setting-on rod, a horizontal lever held down bya 
coiled spring being also connected to the same shaft. As soon as 
the required length of cloth has been woven, the spring pin in the 
wormwheel comes against the catch, liberating the vertical catch- 
lever, and the coiled spring being thus set free, pulls down the 
horizontal lever, when the other vertical lever acts against the 
weft forked lever, and thus releases the setting-on rod from its 
notch and stops the loom. (Accepted February 21, 1893). 


138. H. H. Lake, London, (W. A. Thacher, New York, 
U.S.A.) Dumping Wagons. [7 Figs.] January 3, 1893.— 
This invention relates to dumping cars or wagons, and comprises 
a car having a pivotally mounted body and catch mechanism 
whereby thecar body may be maintained in its horizontal position, 
and compressed air apparatus, whereby the car may be tilted to 
dump its contents, and then returned to its horizontal position, 
The piston in the dumping cylinder has a hollow extension pass- 


F Fig.}. 


ing through the head of the latter, and is connected by a hinged 
rod with the cylinder, to both ends of which pipe connections 
lead ; the dimensions and relation of the parts are such that the 
position of the piston is at the middle of the cylinder when the 
car body is in a horizontal position, and the body is tilted to 
either side under the action of the air in the cylinder. Means 
are provided for securing the cylinder in a horizontal position. 
(Accepted March 1, 1893). 


1003. G. A. Ayer, New Bedford, Massachusetts, 


and fixed to the arm g on the shaft. h is a gear fixed on the 
shaft and taking into a quadrant gear provided with an arm, on 
which is an adjustable weight, this gear being mounted on a 
shaft. J is a bevel gear fixed to the shaft and meshing with 
similar gear secured to that meghing with the toothed rack 0, 
provided with the belt-shipper p,so that when the trumpet ¢ is 


moved backward or forward the belt is shifted on the cone cl, 
and the speed of the rolls b increased or decreased thereby. The 
rolls a and 0 are provided on their ends with gears meshing with 
each other in order that the top rolls may receive positive motion 
from the under ones, and not depend on friction for that motion. 
(Accepted March 1, 1893). 


21,858. H. Winckler, London, (C. J. A. F. Jastram, 
Hamburg, Germany.) Reversing Gear for Propellers. 
(3 Figs.] November 30, 1892.—The object of this invention is to 
provide a reversing gear for a propeller worked by engine power 
with a reversing countershaft revolving in an opposite direction 
to the main shaft. The shaft d (Figs. 1 and 2), which is connected 
with the crankshaft A by means of a friction clutch C, has 
attached to it a cogged friction wheel R', a similar wheel R2 being 
attached to the reversing countershaft B, which is driven by the 
crankshaft A by cogwheels M, N, and hence is made to revolve in 
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the opposite direction. The shaft B serves to reverse the pro- 
peller by means of a second pair of friction wheels R3, R4, which 
are arranged one at either side of Rl, R?, and supported by and 
bearing into lever arms H!', H2, H3, H+. These friction wheels 
are thrown into gear with R', R2 by pressing down the cam E1 of 
the lever E upon the joint piece G, with which the lever arms 
bearing the wheels R®, R4 are connected above D. Allfour cogged 
friction wheels are thus pressed against each other, causing the 
motion to be transmitted from B to D. (Accepted March 1, 1893). 


3711. S. Barnwell, Manchester, Small- Ware 
Looms. [6 Figs.] February 25, 1892.—In this invention the 
loom is constructed to receive three or more sets of warp threads 
drawn through to form as many sheds one above another, and the 
healds and harness are constructed and arranged to carry these 
sets of warps, additional mails being provided to carry the 
threads above one another. Each of the sheds are changed 
simultaneously. Three or more shuttles are employed, each 
placed above the other, the number corresponding with the 
number of sets of warps, The races for these shuttles are also 
placed one above the other, and the latter are all propelled forward 


U.S.A. Carding Engines. [5 Jigs.) January 17, 1893. 
This invention relates to engines for carding cotton, and its 
object is to provide means whereby the sliver as it comes from 
the carding engine is drawn to a uniform weight so as to obviate 
the necessity of many subsequent doublings and drawings, and 
also means to automatically stop the operation of the carding 
engine, when too great or toolittle an amount of sliver is being de- 
livered from the doffer. In front of the rollsa@ are arranged a similar 
pair of rolls b, to act as drawing rolls. The lower one of the rolls a 
is connected by its shaft and a gear with a gear on the doffer, so 
as to receive motion in the ordinary manner. The lower one of the 
rolls b, has its shaft extended, and provided with a cone cl, 
immediately under which is mounted a similar cone c, whose 
shaft q extends to andis connected to the gearing on the doffer, 
so as to receive a motion about 50 per cent. greater than the 
front rolls «, so that when the belt, wbich communicates 
motion from the lower cone by friction to the upper cone, is in 
the centre, the rolls } shall have about 50 per cent. greater motion 
than the rolls @. In the rear of the rolls @ a trumpet e is mounted 
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through their respective sheds at the same time. The batton is con- 
structed in several parts screwed together, from which one part 
can be removed and replaced without disturbing or disarranging 
the others. Theshuttles and their respective races are placed on 
a frame which can be fitted into and removed from the batton. 
The shuttles can then be filled and placed in the removable frame, 
and when the quills of one set are empty, all the shuttles can be 
removed at once and another set supplied. The slay is arranged 
to beat up the weft in several sheds after each shot of the 
shuttles. (Accepted March 1, 1893). 


3578. P. Meura and L. Janssens, Tournai, Bel- 
gium. Refrigerating Apparatus. [6 Figs.) February 
23, 1892.—This invention relates to the employment of a gas, such 
as ammoniacal gas, which is drawn in by suction in its gaseous 
form and afterwards condensed, the effect of this transformation 
being the production of cold. The al is circulated, partly in a 


rarefied and partly in a condensed condition, through the appa- 
ratus. To set this gas in motion by suction or compression, a 
pump A is employed (Figs. land 2), To cool thegas which becomes 
hot in the compressing process, condensers B, D are employed, 
An ice generator C is provided for the production of cold, in 
which the compressed gas escapee through a row of nozzles, at 
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the same time giving off the cold produced during expansion and 
imparting it to the surrounding mass of water. Collecting re- 
servoirsL, J, Q, T, provided with discharge orifices, are arranged 
in the plant for intercepting and collecting the lubricating oil 
which is carried from the cylinder with the ammoniacal gas, 
(Accepted March 1, 1893). 


3576. F. Trier, London. Stone-Dressing Machines, 
[1 Fiy.] February 23, 1892.—In this invention two slides work- 
ing at an angle to one another are employed, and to each slide a 
cutter holder is attached, carrying one or more cutters. For 
wide stones the slide is made sufficiently wide to carry two cutters 
or groups of cutters placed at certain distances apart, so as to 
reduce the length of their travel, To these two slides a recipro- 


cating motion is imparted from two cranks which are geared 
together, but can be disconnected. The movements imparted to 
the two slides are so adjusted relatively one to the other that though 
dressing the adjacent faces and conjointly producing the arriss 
at the line at which the two surfaces meet where the tracks of 
the cutters cross each other, the latter do not interfere with one 
another. (Accepted March 1, 1893). 


555. W. P. Watson, New York, U.S.A. Manufac- 
turing Gas. [3 Figs.] January 10, 1893.—This invention 
relates to the process of forming a fixed illuminating gas, con- 
sisting in heating a converting chamber by passing the products 
of combustion through it from a bed of incandescent fuel, intro- 
ducing a fine spray of hydrocarbon and steam into and passing 
it through the converting chamber in a direction opposite to that 
in which the products of combustion pass, thereby forming a 


fixed hydrocarbon gas, and, simultaneously with the passage of 
the hydrocarbon spray through the converting chamber, passing 
steam through the bed of incandescent fuel employed in heating 
the converting chamber, thereby forming a water gas which 
mingles at the surface of the incandescent fuel with the hot 
hydrocarbon gas, as it escapes fromthe converting chamber, to 
form an illuminating gas without further fixing. (Accepted 
March 1, 1898). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINHERING, 35 and 36, Bedford- 
street, Strand. 


Tue Yuxon.-—The opening of the Yukon asa high- 
way of commerce this spring, by a service of side-wheel 
steamers, will be an event in the history of Alaska. The 
first boat now building will run from St. Michael’s Island, 
55 miles from the mouth of the Yukon, at which point it 
will connect with Norton Sound steamers. 
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AMERICAN INDUSTRIES AND 
BRITISH COMMERCE.—No. XIII. 

Agricotture—TueE Cost or Livine.* 
AGRICULTURE is not perhaps directly a subject of 
interest to the mechanic or engineer ; but we refer 
to it in this series of articles because of its influence, 
not only on the balance of foreign trade, but also 
on the cost of living, America now produces a 


far greater quantity of breadstuffs than she can | 


consume, yet she continues to dosoin the certainty 
that other countries, notably Britain, cannot pro- 
duce sufficient for their needs, and must therefore 
take of her surplus. It is pretty clear that 
America can produce her grain at a very cheap 


Diag” N?56. Production in U.S. of all Cereals. (Corn, 
Wheat, Rye, Oats, Barley, Buckwheat). 
oh et * 
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expenditure of labour—a year’s work of seven men, 
it is said, is sufficient not only to farm the grain, 
but to transport it, mill it, and convert it into 
bread sufficient to feed 1000 men for a year. 
There are products which cannot possibly be made 
for the same cost of labour, but may be purchased 
for, say, the amount received for supplying 1000 
men with loaves, so that by confining labour to 
the legitimate channels of trade, America, like all 


* The Diagrams for this article, Nos. 56 to 67, have 
been compiled from the Statistical Abstract of the United 
States. The following figures are taken from Census 
Bulletins or the Statistical Abstract of the United States, 
and while not a complete list of the natural products of 
the United States, are of interest: 


1889 or 1890, 1880. 
Dols. Dols, 
Minerals 587,230,662 369,319,000 
Cerealcrops ... 1,320,255,398 1,361,497,704 
Potato crop 81,413,589 81,062,214 
Cotton crop 22,672,553 29,336,560 
ay 408, 499, 565 371,811,084 
Tobacco 43,666,665 43,372,336 
Flax 10,436,228 
Hemp gene 1,102,602 
Nurseries 52,425,609 
Hops ~.!, 11,105, 420 
Cut flowers 14,175,328 
Fruits .. ee. 14,116,226 
Truck farms 76,617,155 
2,643, 617,000 


920954 
M" Bush? 


other countries, can easily afford to purchase certain 
commodities more cheaply than she could make 
them. : ; 

The development of agriculture is an important 
factor in the question of the cost of living, and there- 
fore on the wage problem. The primary wage 
which the workman seeks is the food, fuel, shelter, 
and other means of subsistence with which the 
sum of his earnings will supply him. This, at 
all events, civilisation demands that he shall get. 
Now the investigations in connection with the New 
York Census Department, and of Dr. Engel, of Ber- 
lin, show that the cost of subsistence of a workman 8 
family, earning from 60/. to 1501. a year, is 60 per 
cent. of his whole expenditure ;* so that if food- 
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stuffs show a decrease in cost the minimum wages 
may be less ; but as they are not—the increase, on 
the other hand, is put as from 28 to 40 cents per day 
in 30 years—the purchasing power of wages is much 
greater, ahigher degree of comfort attainable, and a 
greater demand created for the productions of the 
country. The creation and diffusion of wealth are 
therefore promoted by cheap agricultural produc- 
tion, 

The diagram showing the growth of all cereals 
(No. 56)—corn, wheat, rye, oats, barley, buckwheat— 
proves not only that there has been a great increase 
in the grain reaped (it has more than trebled in 
39 years), but that the productiveness of the soil has 
improved, for the ratio of the ordinates is as one acre 
to 10 bushels, and the latter having advanced on 
a much steeper grade establishes the fact of greater 
productivity per acre. Moreover, the value of the 
grain has decreased, the price of the bushel now 
being about one-half what it was 30 years ago. 
We do not say that this is entirely a loss to the 
farmer. It is partly, in some cases very largely, to 
be accounted for by cheaper production, due to the 


_* This subject is elaborated in detail in ‘‘ The Distribu- 
tion of Products,” by Edward Atkinson, who analyses 
the Sere cerune of America on the basis of total produc- 
tion, showing it to be equal to 8s. 9}d. per day for each 
person ; and that on the basis of the cost of the living of 
factory girls in a large boarding-house in Maryland, pri- 
soners in Massachusetts, workmen and family operatives 
in New England, and students in Harvard University, 
the consumption of food required 1s, 8d. per day ; but 
that waste or indifferent cooking, or purchasing under poor 
conditions in workmen’s families, brings it to 2s. or 3s. per 
day, and this induces him to make a strong plea for a 
cheaper method of retail distribution (t.c., large stores) 
and for cookery education. These are secondary con- 


siderations on the cost of living, and need not be enlarged 
upon here, 


~nGANAN DS 


extensive use of machinery on large farms. Perhaps 
the best instance is to be found on the Bonanza 
farms of the north-west, especially Dakota. The 
point is intimately associated with the question of 
large holdings against peasant proprietorship, and 
we have no intention of entering into a considera- 
tion of the question ; but in many kinds of crops, 
such, for instance, as wheat, which contains the 
maximum of nutriment in the least bulk and isa 
prime necessity of life, the application of machinery 
on an extensive farm is advantageous, since it 
secures a large production at small cost. The greater 
portion of the grain of the United States is grown 
upon farms of over 100 acres, and practically none 
(except corn) on farms of less than 20 acres. This 


Diag”N°59 Production &e. of Corn. 
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Diag” NW? 6I. Production Ac. of Oats. 
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tendency to large holdings coupled with cheap means 
of transport, to which we have referred. largely ex- 
plains why America can send us graincheaperthan we 
can grow it.* Itis a reason why the western States 
can grow it cheaper than some of the eastern States. 
The increase in grain produced has been at a faster 
|rate than the growth in population. The increase 


*The preliminary agricultural statistics of the United 
| Kingdom for 1892, founded on returns collected on June 4 
| last, are interesting. They show that the total area of 
land under cultivation, including that temporarily in 
| fallow, is only 47,977,908 acres, against 48,179,473 acres 
in 1891. If the fallow land be deducted in each case, the 
net area is 47,728,071 acres, against 47,493,469 acres, giv- 
ing a decrease this year of 234,602 acres. About 50,000 
acres of this apparent reduction is accounted for by the 
fact that small holdings not exceeding an acre in extent 
| are, for some unexplained reason, not now taken into ac- 
count. The following Table exhibiting the surface under 
each principal kind of crop in 1882 and 1892, affords 
material for instructive comparison : 


Cultivated Area of the United Kingdom. 


1882, 1892, 

| Acres. Acres. 
Grain crops ... ... 10,620,196 9,328,701 
Green crops... 4,748,257 4,467,115 

Clover, grasses, and 

| pasture ... 31,296,269 33,506,782 
Flax ... 118,722 72,065 
Hops. 65,619 56,259 
Small fruit ... ... not stated 62,547 
Fallow 806,167 484,434 
Total .-- 47,655,230 47,977,903 


The quantity of land under wheat in 1882 was 3,163,899 
acres, and this year it was only 2,298,607. The falling off 
within the interval has thus been not less than 865,192 
acres. he number of cattle is this year returned as 
11,519,417, against 11,343,686 in 1891, showing a substan- 
tialincrease. Of sheep also the number has augmented, 
being 33,642,808, against 33,533, 988, 
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during the past decade, it is true, has not been so 
great as in the previous ten years, for the crop of 
1880 showed 1100 million more bushels than in 1870; 
while that of 1890 showed 400 million bushels 
additional; but the increase in the acreage has 
not been so great. There is enough, however, and 
to spare, as the following diagram shows : 


Year. Bushels per Capita of Population. 
1850 37°49 — 
1860 39:40 ——_—-—— 
1870 35 98 =———— 
1880 53 79 ———_-———_- 
1890 54 


This isa greater production than any other country 


Diag” N62. Average yield of Oats. 
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jn the world,* and it is evident that the United 
States must depend on foreign nations taking 
nearly, if not quite, half the agricultural pro- 
ducts. She cannot afford, therefore, to close her 
ports to goods in exchange—few manufacturing 
nations will give bullion. 

Taking first the wheat crop (Diagram No. 57), it 
is interesting to note that it has steadily increased 
at a greater ratio than the population, for 60, 50, 
and 40 years ago there were tive bushels for each 
capita of the population, and now there are about 
9} bushels, so that America must export half of her 
wheat production. The production of wheat is, 
as just stated, about nine bushels per member 
of the United States population. These nine 
bushels may be converted into two barrels of 
flour. Now as each adult consumes annually 
the 275 lb. of bread which may be baked from 
one barrel of flour, it is evident that the soil 
of the United States at present supplies with bread 
every member of the population, and in addition 
over 60 millions of the other inhabitants of the 
world. In other words, the States grow wheat suffi- 
cient to feed themselves and half of Europe. The 
exports are shown on Diagram No. 57, and indicate 
an export of nearly a half, showing that the actual 
results conform with the consumption as estimated 
theoretically. The exports in wheat, as well as in 
corn, show decreases following poor harvests. But 
the noteworthy point is the fact that instead of 
sending us the wheat, the growing tendency is to 
send flour. The reader in studying the diagram 
should remember that wheat is shown in 10 million 
bushels, while flour is shown in 1 million barrels, but 
each barrel of flour is equal to 44 bushels of wheat, 
so that America is exporting as much wheat already 


5 See Mulhall’s ‘‘ Balance Sheet of the World” (page 


milled as of wheat in its natural state.* The Diagram 
No. 58 shows that the yield per acre has not in- 
creased ; the fluctuations are due to good or bad 
harvests. The results for 1892 are the worst on 
record financially, notwithstanding the apparently 
good yield. It is interesting to note that the value 
is affected by other considerations than the yield, 
and that the trend of the curve is downwards. A 
good harvest in Europe has a great influence, but 
there is no doubt that the price of wheat has 
steadily fallen by 20 or 30 per cent. to between 3s. 
and 3s. 6d. per bushel, even without considering 
the very low price reached last year. The steady 


yield partly compensates for this decrease. Re- 
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cently, prices have been very low —2s. 6d. ; so the 
yisld per acre has brought only the lower figures, 


25s., the improvement of the 1891 crop being only 
temporary. * 

We have casually mentioned the Dakota farms, 
In these large holdings, where machinery is ex- 
tensively employed, the production is 20 bushels 
to the acre, and so economically is the work done, 
that one man’s labour for a year is equal to 5625 
bushels ; so that he keeps in bread, 1000 of hig 
fellow-men besides himself. The mills are close at 
hand, and only the valuable flour need be trans- 
ported by rail; and this, with subsequent opera- 
tions again, is done so cheaply that the flour can be 
delivered over the counter of the bakers in New 
York, 1700 miles from the farm, at 2c. perlb. As 


Diag™ N°64, Farm Animals. 
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stated above, itis calculated that seven men’s labour 
thus directed serves to find bread for 1000 persons.+ 
Of course labour in the bakery is also made the 
more valuable by machinery. We have men- 
tioned that the yield throughout the States is about 
50s. an acre under the best conditions. Before we 
can purchase the produce it has to be conveyed on an 


*The following is a reasonably accurate list of the 
leading flour-making towns in the United States. We 
de. not include mills owned in the cities but located out- 
side : 

Barrels daily. 


Minneapolis ... 43,000 
St. Louis ... 12,000 
Milwaukee .. 9,000 
Duluth ... ot 6,700 
Rochester, N.Y. 4,700 
Niagara Falls ... 4,700 
New York City 4,500 
San Francisco ... 4,500 
Toledo ... 3,500 
Nashville 3,500 
Buffalo ... 3,400 
Baltimore 3,000 
Indianapolis 3,000 
Topeka ... 3,000 
Richmond 3,000 
Cleveland 2,700 
Quincy ... 2,600 
Atchison 2,500 


Akron ... a 2,500 
Wilmington, Del. 2,500 
Chicago ... & 2,400 
Detroit ... 2,300 
Brooklyn 2,200 
Denver ... 2,000 
Fosteria... 2,000 
Pittsburg 2,000 


*The review of the crops for 1892 shows the wheat crop 
slightly above an average one in yield, the volume hav- 
ing only been exceeded in 1891, 1884, and 1882, though 
1889 and 1880 nearly equalled it, In the revision of acre- 
age the principal changes are made in some States in 
which the decline of the past 12 years has been heavier 
than had been reported ; there has also been considerable 
enlargement of breadth during the past year in several 
western States. The rate of yield is 13.4 bushels per 
acre, and the average value per bushel 62.4c., which is 
the lowest average value ever reported. In 1884 it was 
64.5c., and in 1887 68.1¢., whilst the average of the crop 
of 1891 was 83.9c. 

t The interesting details are given in Atkinson’s “‘ Dis- 
tribution of Products,” page 296, 
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average 5000 miles, and probably to find profits for 
several middlemen ; yet it can be introduced into 
England cheaper than wecan growit. Lord Forester, 
in a letter to the T'imes in September last, showed 
that from about four acres he harvested, in 1891, 
wheat which, with the straw, brought 48/.; so that he 
earned 12/. an acre. After paying rent, taxes, seeds, 
ploughing, &c., harvesting, manure, depreciation 
of implements, he had a balance of about 61. to 
6!. 103. per acre ; but this result is exceptional in 
England. The average gross home value of the 
American wheat does not bring 3l. an acre. The 
success of the wheat-growers in the far West is in 
large measure a matter of distribution and the great 
efficiency of railroads ; while steamship service has 
not only cheapened wheat in New York, but in 
this country to the extent of 50 per cent. But 
withal the loaf is not cheaper. It is said to be 
dearer in some districts ; and doubtless this is ex- 
plained by inefliciency of labour in the bakery, and 
the multiplication of middlemen. The same in- 
fluences affect America. For no other apparent 
reason bread is, or was but a year or two ago, 
dearer in Boston than in New York.* 

Somewhat the same results as to yield _and prices 
are brought out by similar diagrams. Nos. 59 and 
60 show the growth of corn, or Indian maize, as it 
is sometimes called. The price per bushel shows a 
decrease, although the general trend not only of 
the corn but of the wheat curves indicates that 
it may have reached what promises to be a fairly 
stationary point—ls. 9d. per bushel. The yield 
per acre has not greatly changed, so that the 
financial result per acre has decreased. The acre- 
age, however, has immensely increased. Thirty or 
forty years ago 25 bushels of corn were raised to 
each inhabitant ; now it is 40 bushels, as compared 
with 35 bushels ten years ago. The result is greatly 
increased export, as shown in the diagram. This 
export trade is being largely encouraged by some- 
thing like a propagandist movement in Europe. A 
second mill has been established at Hamburg, at 
which only American corn will be ground, the first 
mill having proved exceptionally successful. It is 
the intention to give away gratis large quantities of 
the flour as samples, and a bakery for the sale of 
bread made exclusively from American grain may be 
opened at Berlin. 

It is interesting to note how the great wheat and 
corn growing centres have moved westward. The 
production of wheat in the central part of New 
York State is about as large as it ever was when it 
was the great wheat centre of the country. Yet it 
is now a very insignificant factor of wheat produc- 
tion, and the farmers in this section have attained 
vastly greater prosperity by diversity in their pro- 
ducts and by the application of improved tools, 
combined with hand labour, than they ever ob- 
tained under the former method. But the secret of 
success, as Mr. Atkinson points out, lies in the 
freedom of the land from the artificial restrictions 
of leases, settlements, and the like, by which Eng- 
lish land is so much encumbered, and the reason why 
the agriculturists of the eastern and middle States 
have advanced in method and prosperity, notwith- 
standing western competition, is to be found in the 
absolute freedom in the purchase, sale, and use of 
land, which is the rule in the States. Glancing at 
the production by the different States, we note that 
the districts which ten years ago were far down the 
list, advance into first places. Thus Dakota in 
1891 produced 13 per cent. of the total, Minnesota 
and Kansas each 9 per cent., Indiana 8.65 per cent. , 
Ohio 7.5 per cent., Illinois 5.7 percent. California, 
Towa, Missouri, and other States also occupy a high 
place in the list. As regards corn, in the 1891 crop 
we note that Iowa takes first place, having produced 
17 per cent. of the total, Illinois being second 
with 113 per cent. ; Missouri next, with about 10 
per cent. ; Nebraska, Indiana, and several of the 
southern States occupy good positions. 

The production of oats (Diagrams Nos. 61 and 62) 
has increased sixfold since 1839. Indeed, the crop 
of 1892 was double that of 1879, the increase in the 
past decade being very marked ; but this greater 
supply has not had the same effect in the decrease 
of prices as in wheat and maize, as will be seen by 
reference to our diagrams. But the yield per acre 
has not increased, being still about 24} bushels ; 
so that the value per acre of the crop shows a slight 
decrease. There is not an extensive export trade in 
oats or oatmeal, which approximates more to groats 
than to Scotch oatmeal. In hay (No. 63) there has 


* Atkinson, ‘‘ Distribution of Products,” page 292. 


been a great increase in the production, but values 
have not moved upwards in the same grade, so that 
the total value of the crop has not improved. Nor 
has the yield per acre increased ; but the greater 
production is satisfactory. 

The subject of farm stock only comes incidentally, 
but in respect that it reflects the growing wealth of 
the States, it may be shown by Diagram No. 64. 
It indicates a relatively small increase in horses, 
due probably to the greatly increased use of agri- 
cultural machinery. The acreage under cereal crops 
has increased from 60 to146 millions since 1868, while 
at the same time horses have increased from 6 to 15 
millions since 1868; and it can scarcely be as- 
sumed that one horse serves for 10 acres of land, 
without including land under root crops. Of 
course we leave out of account the mules, which in 
the period under review had increased from 855,000 
to 2.3 millions. But, willing workers as they are, 
they do not much affect the question. Features of 
the Diagram No. 64 are the increases in sheep and 
swine. Interest attaches to the growth in cattle, 
and suggests reference to the ranges. In ten years 
there have been great changes in this industry. 
Large areas once used as ranges are now inclosed 
as farms, and cattle are driven to new and more 
distant feeding grounds. A large portion of Texas, 
Colorado, Oregon, Washington, and California, one- 
third of Kansas, and one-half of Nebraska, have 
been converted into farms during the last decade. 
Now on the ranges there are 15,390 men in care 
of stock, which includes nearly 7 million cattle, 
6? million sheep, and half a million of horses, with 
mules, asses, and swine. The trade may be ap- 
preciated when we state that the cattle sold ina 
recent year brought fully 34 millions sterling ; 
sheep, half a million ; and horses, 280,000/.* 

We may dismiss the subject of crops by re- 
marking that splendid results have been got by 
irrigation,t and mentioning the fact that 36.8 
million pounds of hops are annually produced, 
principally in New York and Washington States, 
valued at 11 million dollars. ¢ 

We have already indicated how the great grain 
areas have moved westwards. As a consequence, 
New York and other Atlantic States which were 
formerly the centre of wheat production, yielding 
to the competition of the great western farms, have 
devoted their lands to other crops, such as potatoes, 
fruit, and vegetables which would bear trans- 
portation only over short distances, and the lands 
close to cities are devoted to market gardening. 
Thus the movement has proved advantageous to all 
parties. It is not, therefore, surprising to note 
that 75 per cent. of the truck produced in the United 
States comes from a belt of country along the 
Atlantic coast from Southern Georgia, Alabama, 
and Florida ; along the railroads in the Mississippi 
Valley from the Gulf to Chicago, St, Louis, and 
Kansas City, and from the celery districts of 
Michigan and Ohio. We do not purpose entering 
at great length into this question,§ but would 
simply remark thatfrom the 534,440 acres of land, 
the crop got was valued at over 15 millions, the 
annual product being equal to the value of the land. 
An extensive use of implements—nearly two mil- 
lions sterling worth, or 4/. per acre—and cheap 


* Vide Census Bulletin No. 117. 


+ Vide Census Bulletin No, 23. 

t Vide Census Bulletin No. 143. 

§ Vide Census Bulletin No. 41. As to the profit 
per acre, it is found that in the New England States 


and those of New York and Philadelphia, vegetable 
farmers secure the largest profit, notwithstanding that 
wages are higher, that seeds cost as much as in the 
other districts, and that the fertilisers used cost more, 
This last fact might account in a measure for the greater 
profit. The Pacific coast net a very great profit, equalling 
New England in asparagus, which yields 43/. per acre. 
The most pronounced influence, however, is the close 
proximity to the markets, for when supplies have to be 
sent great distances their quality has often deteriorated 
by the time the destination is reached. 


Profit per Acre. 


New York Missis- 

New and Phila- South sippi Ohio, 

Eng. delphia, Atlantic. Valley. &c. 

£ os. in a £ 4 £ 8. Leis 
Beets ... ... 10 0 30 0 19° 0 + 20 0 
Beans ‘ee — —- 8 12 10 10 — 
Ceélery/e. Dann 42 18 — — 35 (6 
Cabbage ... 36 15 26 14 22 14 25 14 19 14 
Kale’ at — = — We fs! 
Peas at 260 13 8 10 20 0 14 5 
Trish potatoes 20 0 18 0 20 6 15 10 LISG 
Sweet do. _ 15 0 DA el} — 23 10 
Spinach ... 35 0 16° OF 14-0. — 8 18 
Tomatoes ... 60 0 33 (0 18 19 23 11 26 13 
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meansof transport, thus materially reduce the cost of 
living in populous centres. The Diagram No. 65 
showing the potato crop, indicates considerable 
fluctuation in the production, due largely to 
weather influences; but, withal, the aggregate 
value has remained pretty stationary. But even in 
the worst years the average price per bushel is 30 
per cent. less than what it was 20 years ago, while 
ina good year the price is not half what it then 
was. Those desiring information on this special 
point will find much in the census bulletin we have 
referred to, regarding yield, expenditure, and net 
profit per acre. We are concerned, not with the 
profit of the agriculturist, but with the influence of 
his work—his economical work, for competition 
insures this—on the cost of living. 

We have, therefore, prepared a diagram (No. 66) 
showing the average price of wheat, corn, oats, 
coffee, and sugar, and it is interesting to note 
that the advances in the prices of grain were due in 
large measure to indifferent harvests and depletion 
of stocks. More interesting still, and much more 
suggestive, is the average export prices of commo- 
dities of domestic production for each year, from 
1866 to 1891, as shown on Diagram No. 67. It may 
be urged that export prices are not quite the selling 
prices in New York market; but the tendencies 
at least are the same; the fluctuations are perhaps 
less violent in connection with home consumption, 
and there cannot be a doubt that, judging, from 
this diagram, and from the average value ot wheat 
and corn per bushel, life can be supported at about 
half the cost of 20 years ago. The fact that the 
prices are barely half what they were, is very 
largely due to the more efficient and cheaper means 
of transport ; and if the working man does not se- 
cure the advantage of this, the fault is due to the 
distribution. Great loss is doubtless attributable 
to the multiplication of retail houses, and conse- 
quently of middlemen. But the leakage long ago 
was as much—nay, more than it is now, so that in 
all probability the contention holds good that the 
cost of subsistence, which involves 60 per cent. of 
the working man’s expenditure, is but half what it 
was 20 yearsago. Shelter may cost more; but 
withal, if it is granted, as we urged at the outset, 
that ‘‘the primary wage which the workman seeks is 
the food, fuel, shelter, and other means of subsist- 
ence with which the sum of his earnings will supply 
him,” then he can secure these at a much less 
cost than 20 years ago. Of course, improved con- 
ditions suggest more comforts and luxuries ; the 
ability to purchase these constitutes a national ad- 
vantage. 


THE MURREN WIRE-ROPE AND ELEC 
TRIC MOUNTAIN RAILWAY. 


By C. S. Du Ricne Preiizer, M.A., Ph. D 
M.LE.E., A.M.I.C.E. 

Or all the Alpine districts of Switzerland, there 
is none that can boast of so great a variety of 
mountain railways as the Bernese Oberland, of 
which Interlaken is the favourite centre. These 
railways comprise, besides the wire-rope lines of 
Beatenberg and Giessbach, the Rothhorn (Abt’s 
rack) Railway, lately described in these columns, 
the Interlaken, Lauterbrunnen, Grindelwald, Wen- 
gern Alp, and Schynig Platte ladder-rack lines, 
and the recently-opened wire-rope and electric 


railway from Lauterbrunnen to the Alpine 
health resort of Murren. It is this last-named 
railway which deserves special notice, owing 


alike to its altitude, to its unequalled position 
facing the Jungfrau group, and to’ the charac- 
teristic features of its alignment, construction, and 
working. The first, or wire-rope section of the 
line, from Lauterbrunnen to Grutsch, 1.2 kilo- 
metres or 0.75 mile in length, is one of the steepest 
lines of its kind, its maximum grade of 60 per cent. 
having only been attained on a short length of the 
San Salvatore Railway near Lugano; while the 
second, or electrical section, from Grutsch to Mur- 
ren, opposite the Jungfrau, 4.3 kilometres or 2.7 
miles in length (Figs. 2 and 3), not only constitutes 
aremarkable instance of an Alpine railway, but is 
the most recent of the electrical lines opened for 


;| traffic in Switzerland. On the San Salvatore, as 


also on the Burgenstock (Lake of Lucerne), wire- 
rope and rack lines electro-motive power is used, 
not for directly propelling the cars, but for driving 
the cable-drum. Of the other electrical lines, the 
Vevey and Montreux, and the Mont Salére (Geneva) 
are worked by motor-cars, and the Lissach (Basle) 


434 


ENGINEERING. 


[APRIL 14, 1893. 


and the Murren railways by electrical locomo- 
tives. It should, moreover, be mentioned, as an 
interesting feature peculiar to these different lines, 
and characteristic of Switzerland, that in a’l the 


: 2 | 
cases referred to it has been possible to use water 


as primary motive-power instead of steam. Like 
the Bernese Oberland railways, the Lauterbrunnen 
and Murren line is constructed on the me're 
(3.28 ft.) gauge. 


J.—Tue Wire-Rorre Raitway. 
(Figs. 2 to 10.) 


its lower terminus at Lauterbrunnen 


From 


LAKE BRIENZ 


LI 


land the difficulty of transport, the construction of 


‘the line was exceedingly troublesome and very 
costly. The cuttings had to be lined with masonry 


embankment, 10 metres in depth, fully one-fourth 
of the line consists of stone and iron viaducts up 
to 17 metres or 56 ft. in depth (Fig. 8), with open- 
‘ings from 10 ft. to 33 ft. (see illustrations on page 
446). On the viaducts is an outside footpath 
(Fig. 5), supported by angle irons 3 metres apart, 
which are fastened to the transverse sleepers, and 
bent up at the end toform the railing. In cuttings, 
the lateral ditches, as well as the channel under the 
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(Fig. 2), at 815 metres (2673 ft.) above sea level, 
about 15 metres above that of the Interlaken Rack 
Railway, the line runs straight up the declivity 
to Grutsch (at an altitude of 1490 metres or 4887 ft.) 
by successive gradients of 42, 50, and 60 per cent., 
this last-named maximum extending over two-thirds 
of the entire length. The changes of grade are 
rounded off by a vertical curve of 2300 metres 
radius from 42 to 50, and of 1800 metres radius 
from 50 to 60 per cent. grade. The total rise 
between terminals is 675 metres or 2214 ft., the 
length measured along the line being 1392 metres 
or 1522 yards, against 1200 metres or 1312 yards 
measured on the datum line. 

Owing to the unevenness of the ground, the loose 
nature of the soil overlying the limestone strata, 
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sleepers, are lined with concrete for the running off 
of the surplus water from the car tanks. 

The width of formation level in cuttings and on 
bridges is 3.6 metres, or 11.8 ft. (Fig. 5), except 
at the passing places half-way up and at the sum- 
mit. At the passing place, where the two lines have 
curves of 1000 metres, or 50 chains radius, the 
width is 6 metres, or 20 ft., for a length of 125 
metres or 137 yards, and for the last 40 metres 
from the summit it is the same, as the lines at this 
point diverge towards the summit, thus facilitating 
the unwinding of the rope from the drum, and 
lessening the strain on the rope itself. The per- 
manent way consists of a double line (Fig. 6) with 
two ladder racks, but only three ordinary rails, ex- 
cept at the passing place near the summit, where 


throughout, whilst with the exception of a short 


there are two separate lines, properly speaking, ag 
already mentioned. The rack, instead of being in 
the centre between the two rails, is placed 10 centi- 
metres, or 4 in., towards the middle rail, in order 
| to afford more space for the rope-pulleys, which, in 
‘their turn, are placed 16 centimetres, or 6.4 in, 
‘from the centre outwards. It is composed of geo. 
tions 3 metres, or 10 ft., in length each, and is 14 
centimetres, or 5.5in., in depth, the upper edges 
being 4 centimetres, or1.6 in., above the head of the 
ordinary flange rails. The width of the rack, inelud- 
ing flange girders, is 24 centimetres (9.4 in.), that of 
the teeth 12 centimetres (4.7 in.), and the trapezoi- 
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Electrical Section 


dal cross section of the latter is 5.4 cm. by 3.6 cm. 
by 3.6 cm. (2.12in. by 1.42 in. by 1.42 in.), the rack 
and the rails weighing 48 and 20 kilos. per metre, or 
971b. and 40.3 lb. per yard respectively. The trans- 
verse bearings to whichthe rack and the rails (Fig. 7) 
are fastened by clamps and bolts, consist of heavy 
30-centimetres by 13-centimetres zores (steel 
sleepers) 23 metres or 7.6 ft. in length, weigh 
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ing 26 kilogrammes per metre, or 60 kilogrammes 
(132 lb.) each. As seen from Fig. 6, the load of 
the car is so distributed that the bending strain 
to which the sleeper ig subjected between 
the longitudinal bearings, 1.8 metre apart, 1s 
limited to the load of one wheel at the time, on 
the centre rail, or one-fourth of the carload, viz., 
45 tons. The cross section of the sleepers is such 
that each is capable of bearing a load of 9 tons. 
Their lengths and the positions of the rails upon 


them are given in Fig. 5. These sleepers, 
placed one metre, or 3.28 ft., apart, are 
as 
“Sea level Wire Rope __,)....-..---------. Electric R¥8Y 4-3 Km 
1100| 7 | 
! R™Y 12 km uh 
' x 
5 
Fig. 4. 8 
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GRUTSCH 


Viaduct /4 openings 


1300 


1200 


) Viaduct 24 | | openings 


‘diameter being 3.5 centimetres, or 1.4 in., and its _sponding quantity of water which, upon the number 


weight 3.5 kilogrammes per metre, or7 lb. per yard. 
It was tested up to a breaking strain of 62 tons, 
‘whereas the greatest tractive strain to which itis tank of the descending car, and runs to waste 


| 


of ascending passengers being telephoned from the 
‘lower to the summit terminus, is let into the 


subjected is 10 tons—equal to a factor of safety when the car arrives at the foot of the incline. 


of 6. 


The guide and supporting pulleys on On the comparatively long Lauterbrunnen incline, 


| which the rope is carried along the line, and which’ however, the considerable difference between the 
‘are held by curved irons suspended between the gradients succeeding each other, from 42 to 50 per 


sleepers, are from 13 to 16 metres, or 42.7 ft. 


cent., from 50 to 49 per cent., and from 49 to 60 


‘to 52.5 ft., apart in the straight, while the large per cent.—equal to differences of 8, 1, and 11 per 
cable drum at the summit is 3.6 metres, or 11,8 ft., cent. respectively—precluded the line from being 
| worked on the principle of continuous and uniform 


in diameter, 
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fastened by screws to longitudinal timber bear- 
ings, 18 centimetres by 21 centimetres, or 7 in. by 
8 in., and these rest on concrete walls of 50 centi- 
metres, or 19.6 in. in upper width, to which they 
are fastened by anchor-screws 2 metres, or 6 ft., 
apart. As additional protection against creeping 
of the permanent way, concrete anchor-blocks are 
inserted between the longitudinal timber bearings 
at the suspended joints of the rails, viz., at equi- 
distances of 6 metres, or 19.7 ft., corresponding 
to one anchor-block to every six transverse sleepers. 
The rope is made of crucible cast steel, and consists 
of six strands, each composed of 21 wires, its 


ti 


| Unlike the Salvatore and Burgenstock lines, 
where the cable drum is actuated by hydro-electric 
motive power, transmitted by gearing, the Lauter- 
brunnen line is worked by the loads of the ascend- 
ing and descending cars being balanced by water 
carried in a tank by the descending car. This 
system is applied, and is of easy application on 
shorter wire-rope railways, such as those of Zurich 
and Montreux-Glion, where the gradient, and con- 
sequently the momentum of the car and the strain 
on the rope, are fairly uniform. In these cases the 
weight required to haul the varying load of the 
_ascending car up the incline is made up by a corre- 


Ia S I+ 


UT 


wack | 
Rail 


rope tension, as mentioned above, because the differ- 
ence of load and strain varying according to the num- 
ber of passengers, and to the up and down cars travel- 
ling on different gradients, would have to beequalised 
by considerable additional brake power. On the 
first section of the incline, for instance, where the 
gradient is 42 per cent., and the load of an ascend- 
ing car is 11 tons (the water tank being empty), the 
tractive force exerted by tlie rope, or the resistance 
of the car load, is 11 x 420 per thousand =4.6 tons, 
while the component of gravity of a descending car 
(the water tank being full) on the upper, steepest 
section, is about 10 tons, so that the excess of about 
5.4 tons would have to be neutralised by brake 
power. In order to meet this difficulty, without 
having to incur the expense of an installation of 
electro-motive power, provision is made for equalis- 
ing the differences of load and strain on the dif- 
ferent gradients by allowing the tank water to run 
to waste gradually on the descent, that operation 
being under the control of the driver by means of 
a regulator fitted on his platform. It is for this 
purpose that a concrete channel is formed under the 
permanent way of the whole incline. The water is 
derived from springs rising in the Alps above the 
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famous Staubach Fall, and is conveyed to the 
reservoir situated at the back of the summit ter- 
minus, by a conduit 1.4 kilometre, or 0.87 mile, in 
length, the inflow at the orifice of the reservoir of 
100 cubic metres or tons capacity, being regulated 
by an automatic stopper. 


(To be continued.) 


THE NICARAGUA OANAL,. 


(Continued from page 277.) 

Hisrory is often stranger than romance, for the 
original notion started by the Spanish discoverers 
of America bids fair to become a leading factor 
in the solution of the commercial problems of the 
coming century. No sooner had Columbus and his 
fellow-explorers satisfied themselves that the land 
they had discovered was a huge island of the far 
West barring the way to the far East, than they 
set about seeking for a waterway across its centre. 
This, native information told them, actually 
existed, and the Spanish explorers at once 
recognised its existence to be the indispensable 
condition for the establishment of commercial 
relations in that direction with the far Kast which 
was the objective point of the very enterprise 
which led incidentally to the discovery of America. 
What was true then is practically true now; the 
westward route to the far East is just as important 
to the world as the eastward route, and it only 
requires the creation of a waterway across Central 
America to remove the disability under which the 
westward route at present labours, owing to the 
geographical position of Cape Horn, for without 
this the commercial circulation along the ocean 
highways is fettered and incomplete. An inter- 
oceanic waterway across Central America, in respect 
to the westward route, must play an exactly 
similar part for the world’s westward com- 
merce as the Suez Canal has played on the 
world’s eastward commerce; and, indeed, the 
parallel between the two routes is a very close one, 
for in both cases, previous to the establishment of 
the artificial interoceanic waterways, the routes 
passed round the most southerly continental capes 
of the world, the alternative northern routes 
being in both cases barred by adverse climatic con- 
ditions. The question of the rivalry between the 
two routes will continue to be determined, as here- 
tofore, by the question of distance, as both will 
contain in their respective interoceanic canals an 
equivalent element of extra cost and delay, as 
compared with the older open-sea routes. But the 
eastward route (vid the Suez Canal) to the far 
East must always, irrespective of distance, pre- 
sent special conditions and inducements for at 
least the European trade, which will give it a 
decided preference over the westward route (vid 
the Nicaragua Canal); for the eastward route lies 
almost entirely along the coasts of rich and 
populous countries, with which trade can be done 
on the way, while the westward route lies almost 
entirely across the great oceans of the world, with 
no possibilities of trade except half-way and at 
the two ends. 

The only reasonable conclusion, therefore, is 
that the eastward route, as far as Europe is con- 
cerned, will continue to be intrinsically the more 
valuable, and will never meet with a very formid- 
able competitor in the westward route. But—and 
there is a very serious ‘‘but” in the matter—the 
Central American route, orat least that portion along 
the American continent and thence to the far Hast, 
must produce an extraordinary effect on the 
trade of that continent, and give it an impulse 
exceeding that given to European trade with the 
far East by the opening of the Suez Canal. 

At the time of the Spanish search fora west- 
ward route to the far Kast, and for several centuries 
later, Europe was the chief centre of commerce in 
the world, and were it possible for Europe to con- 
tinue to retain this exceptional position, the 
opening of an improved westward route would be 
simply an extra string to the Kuropean commercial 
bow ; but the enterprise and energy of the European 
races have created a second centre for the commer- 
cial productions of the world in the very continent 
incidentally discovered while seeking a new route 
from Europe to the Asiatic markets. This second 
centre has developed with such unprecedented 
rapidity under the combined influences of steam, 
electricity, rapid increase of population, and 
almost boundless natural resources of every kind, 
that it cannot fail in any case to very shortly com- 
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pete on. a footing of equality with Europe for the | A mere cursory glance at the above Tables (and 
trade of the rest of the world. The perfecting of Fig. 1, p. 209) will readily reveal the probable 
the westerly route to Asia, by the opening of a effect of the new route upon the commerce of the 
Central American Ship Canal, will place the centres world. The gain in distance for trade from Euro- 
of American commerce (see Fig. 1, p. 209 ante) at pean centres exists only in respect to the Central 
once on an equality with those of Europe in point Pacific islands and the coasts of North, Central, 
of convenience for the development of trade with! and South America, therefore the direction of this 
the far East ; and the fostering of American trade | trade alone is likely to be affected, and will 
in one direction must inevitably react in all other probably be carried through the Nicaragua Canal, 
directions, and the competition will not be limited and it is highly improbable that the Australian, 
to the far East, but will extend everywhere else Chinese, and Japanese trade will be carried along 
with increasing vitality and augmenting volume. |that route, seeing that the Suez route would 
Nay, there can be little doubt that the requisite) present, in addition to immeasurably superior 
impulse will be given thereby to American carry-|advantages for doing intermediate trade, and for 
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TABLE I. 
| Saving effected 
| | by 
Via Pe eee lees Via : = 
| Vii | Difference | Via : Difference | , 
Remarks. | = | Covet Cape | infavour | Suez | Nica | in favour 42a5 |, ae 
ood | Horn. | of | Canal, | 22808 of >8ssistsag 
| Hope. * | Canal. ga0bigsos 
| | | la om Zz Eo ata 
eee | eee as | ee eed Pears = ||) 
| Liverpool to __ Cape of Suez | 
weal ‘Good Hope. | 
Position of neutral com-| Singapore .. ‘ miles| 13,505 | 18,570 | 5,065 | 7,958 | 14,326 | 6,868 | 5547 4,244 
eting line: | | | 
“ | Hong-Kong .. «| 15,051 | 18,030 | 2,979 9,810 | 13,786 | 3,976 5241 4,244 
For Cape routes. Shanghai . ..| 15,921 | 17,610 | _—-1,689 10,680 | 13,370 | 2,690 5241 | 4,240 
Bee ee a | Yokohama... -.| 16,040 | 17,529 | 1,489 | 11,765 | 12,111 | 346-4275 | 5,418 
= ¥ | } | Cape Horn. | | Nicaragua | 
S. lat. 40 deg.; E. is | Vancouver .. -.| 20,280 | 15,850 | 4,930 | 16,125 | 8,168 7,957 | 4155 7,182 
long. 150 deg. cl ” | | 
| San Francisco | 20,100 | 14,690 5,410 | 16,445 | 7,508 8,937 | 3655 | 7,182 
For Canal routes .. ..| Sandwich Islands. . ..| 18,060 | 14,080 3,980 | 12,130 9,138 2,992 | 5930 4,942 
A) : | 
Die aa foe AN, Brito. .. .. «| 20,800 | 12,070 | 8,730 | 15,800 | 4,929 | 10,861 | 5000 | 7,181 
ae ee a | Callao .. .. —..| 21,500 | 10,539 | 10,961 ‘| 17,381 | 6,461 | 10,870 4169 | 4,078 
% Valparaiso .. 21,850 | 9,600 12,250 18,318 | 7,448 10,870 | 3532 | 2,152 
Auckland .. 14,405 | 12,400 2,005 12,610 | 11,349 1,261 | 1795 1,051 
Cape of | 
Good Hope Suez 
eo eee 13,140 | 13,352 212 11,350 | 12,748 1,398 1790 604 
arsellles to 
Singapore .. 13,265 | 18,350 5,085 6,628 | 14,136 7,508 6637 4,214 
Hong-Kong 14,811 | 17,810 2,999 8,180 | 13,596 5,416 6631 | 4,214 
Position of neutral com-| Shanghai 15,681 | 17,390 1,709 9,050 | 13,180 4,130 6631 4,210 
peting line : 
For Cape routes. Yokohama .. 15,800 | 17,309 1,509 10,135 | 11,920 1,785 5665 5,389 
: Cape Horn Nicaragua 
ae chee oe! Vancouver .. 20,040 | 15,130 | 4,910 | 14,490 | 7,978 | 6,512 5550 | 7,152 
Sone ce ae E. }S. | San Francisco 19,760 | 14,470 5,290 | 14,815 | 7,318 7,497 4945 | 7,152 
Sandwich Islands... 17,820 | 13,860 3,960 10,5(0 | 8,948 1,552 7320 | 4,912 
For Canal routes .. .-| Brito.. ba 20,550 | 11,850 8,700 14,170 4,749 9,421 6380 7,101 
Se aroaeet ee Callao .| 21,240 | 10,319 | 10,921 | 15,701 | 6,271 9,430 5539 | 4,048 
ie o ke te. Valparaiso... .. «| 21,660 | 9,380 | 12,280 | 16,688 | 7,258 9,430 | 4972 | 2,122 
Suez 
Auckland | 14,165 | 12,180 1,985 10,989 | 11,159 170 3176 | 1,021 
Cape of 
Good Hope 
Melbourne oh ..| 12,900 | 13,132 232 9,720 | 12,558 2,838 3180 574 
New York to | 
Singapore .. 13,655 | 18,720 5,065 11,549 | 11,578 29 2106 | 7,142 
Nicaragua | 
Hong-Kong.. 15,201 | 18,180 2,979 13,401 | 11,033 2,363 1800 | 7,142 
Shanghai ..| 16,071 | 17,768 1,697 14,229 | 10,626 | 3,608 1842 | 7,142 
Yokohama .. | 16,190 | 17,679 1,489 15,314 | 9,363 5,951 876 | 8,316 
Cape Horn 
Vancouver .. 20,430 | 15,648 4,782 19,674 | 5,619 14,055 756 | 10,029 
San Francisco 5 20,250 | 14,840 5,410 19,994 | 4,760 15,234 256 | 10,080 
Sandwich Islands... 18,210 | 14,230 3,980 15,679 | 6,388 9,291 2531 7,842 
Brito eco ee .| 20,950 | 12,220 8,730 19,391 | 2,191 17,200 1559 | 10,029 
Callao _ .| 21,600 | 10,689 10,911 20,922 | 3,718 17,204 | 678 | 6,971 
| Valparaiso... .. ..| 21,940 | 9,750 12,190 21,909 | 4,709 17,200) nest 5,04 
Auckland ..  .. ~—.. | 14,495 | 12,550 1,940 16,200 | 8,680 | 7,520 | ., 3,870 
Cape of 
| Good Hope | 
wea) 5 Gee Po 13,290 | 13,502 | 212 14,920 | 10,000 | 4,920 | .. 3,502 
ew Orleans to | | 
| Singapore .. | 13,860 | 18,932 | 5,072 12,100 | 10,865 | 1,235 | 1760 8,067 
Hong-Kong 15,400 | 18,392 2,992 13,650 | 10,325 3,325 | 1750 8,067 
| Shanghai 16,270 | 17,980 | 1,710 | 14,420 | 9,913 | 4,507 1750 8,067 
| Yokohama .. 16,400 | 17,891 | tee 14,650 | 8,650 6,000 1750 | 9,241 
Cape Horn | 
| Vancouver .. 20,650 | 15,860 | 4,790 | 19,620 | 4,906 | 14,714 | 1030 | 10,954 
| San Francisco 20,450 | 15,052 | 5,398 19,950 |. 4,047 | 15,903 | 500 | 11,005 
| Sandwich Islands.. 18,400 | 14,442 | 3,958 15,620 | 5,675 | 9,945 | 2780 | 8,767 
| Brito. 6... 21,150 | 12,482 | 8,718 20,870 | 1,478 | 19,392 | 280 | 10,954 
| Callao. on 21,800 | 10,901 | 10,899 22,640 | 3,000 19,6405 | ee 7,901 
| Valparaiso.. = ., 22,150 | 9,962 | 12,188 23,849 | 3,987 | 19,862 | .. 5,975 
| Auckland .. ., 14,700 | 12,762 1,938 16,150; |. 73967". (8,183 a eae 4,795 
Cape of | 
| Good Hope | | e 
Melbourne ., --| 18,500 | 13,714 214 14,790 | 9,287 5,503 oF 4,427 


ing trade, that is destined to finally burst through | obtaining supplementary freights, also a decided 
and break down those artificial and obsolete advantage in distance. On the other hand, the 
barriers which the present fiscal policy of the gain to trade from American centres is far more 
United States of America has erected against conspicuous and extensive, reaching to China, 
the natural and speedy development of its home Japan, and Australia, Here without hesitation 
manufactures and its foreign trade. it may be asserted that the carrying trade of 

But leaving generalities, which, though fasci- the United States of America, which is now toa 
nating, must be more or less crude and inexact, we great extent limited to the coasts of the American 
will now proceed to discuss the question in detail continent, will be at once profitably extended to 
by reference to statistics and figures. Thefollowing the whole Pacific Ocean and the far East, and 
tables give the steaming distances from Liverpool, American ships will be able to compete with 
Marseilles, New York, and New Orleans, to various British ships between Great Britain and Japan, 
important points in the Pacific vid the Capes of China and the Asiatic Archipelago, Australia and 
Good Hope and Horn, and the Suez and Nicaragua all the Pacific islands, while they could readily 


Canals, take exclusive possession of the whole of the 


*, 


ApriL 14, 1893. ] 


ENGINEERING. 


437_ 


Pacific coasting trade in America, 
that and Europe and the far East as well. 

Now the trade of Great Britain in the Pacific, 
which will be seriously menaced by American com- 
petition upon the opening of the Nicaragua Canal, 


has been shown (see introduction) to amount to at|ing effect must, 
least one-eighth the total foreignand colonial trade | greater 


and between| Europe and Africa by 7000 miles. Also, as we have 


shown, the relative saving in distance is far more 
important in the case of the Nicaragua Canal than 
in that of the Suez Canal, as compared with the two 
great routes for the world’s commerce ; the foster- 
therefore, be commensurately 


on the commerce of the nation (the 


of the United Kingdom, and this amount would | United States of America) who will chiefly benefit 


represent no less an increase than one-fifth on the 
total external trade of the United States. 

On the whole, therefore, 
opening of the Nicaragua Canal 


by the improvement, than it was in the case 
of the United Kingdom and the Suez Canal. 


the effect of the| Without being pessimists from the British stand- 
must be to] point, 


nor optimists from that of the United 


seriously curtail British trade generally, and its| States, we think the Jatter will gain immeasurably 


carrying trade in particular, 
United States will be proportionately increased. 
Section 3.—Who will use the Nicaragua 
most, and who control it ? 
If the precedent furnished by the Suez Canal 


while those of the| more from the opening of this ship canal than 


the former. The existing carrying trade and sea 


Canal| power of the world is no doubt Jargely held and 


controlled by Great Britain, while the share 
claimed by the United States of America is rela- 


be acorrect criterion, then undoubtedly the same| tively insignificant; but a momentary change in the 


results may be anticipated in the case of the 


Nicaragua Canal : the nation that does the greatest | her accumulated wealth 


fiscal policy of the latter country, enabling some of 
to be immediately and 


carrying trade will use the canal most, and the | freely invested in foreign-built ships, might at once 


Tapie IL.—Comparative CompetTING DISTANCES FOR BRITISH AND FRENCH AGAINST AMERICAN ATLANTIC 
TRADE BY THE SHORTEST AVAILABLE ROUTES NOW AND AFTER OPENING OF THE NICARAGUA CANAL. 


| Present. 
With 
| Amount. _In favour of 
Liverpool versus New York. | miles | 
Australia fe a ia --| 1840 | Liverpool 
China.. 3591 a 
Japan as oe ee oe 3549 | 
West Coast of North America .. elt 160s! + 
* ne South “4 ae seit 150 | = 
Marseilles versus New York: | | 
Australia a ae oF --| 8570 | Marseilles 
Chieti, Ns os, geo bR2t, | _ 
Japan.. is Sc te a --| 65179 7 
West Coast of North America .. 370 | oa 
: South America .. AA 370 > 
Liverpool versus New Orleans: | 
Australia .. x= ‘. «° - | 2150 Liverpool 
China .. ; ..| 3840 < 
Japan... me es ae oe 2885 “5 
West Coast of North America .. 362 | 
i South America .. 362 i 
Marseilles versus New Orleans: | 
Australia Siero hat .c| , 3780 Marseilles 
China.. a ve sc Fic --| 5470 Gj 
Japan.. 55 <0 ee ie -»| 4615 “4 
West Coast of North America ., 582 A 
ii South America .. 582 “1 


“| 


” 


Future. 
Due to Amount. | In favour of Due to 
miles | 

Suez Canal 1350 | New York — Nicaragua Canal. 

“+ 1228 Liverpool | Suez Canal. 

is 2402 New York | Nicaragua Canal. 
CapeHorn , 2748 | ” ” 

5 2739 | ¥ + 
Suez Canal 280 Marseilles Suez Canal. 

- | 2858 a ; 3 

A | 1772 New York Nicaragua Canal. 
Cape Horn | 2558 5 ry 

” | 2549 | ” ” 
Suez Canal 2063 New Orleans o 

a 516 Liverpool Suez Canal. 

iA 3115 | New Orleans Nicaragua Canal. 
Cape Horn | 3461 9 PP 

” | 3461 ” ” 
Suez Canal 433 | 3 a 

” | 2145 Marseilles Suez Cana , 

¥ | 1485 | New Orleans | Nicaragua Canal. 
Cape Horn | 38271 | is fe 

i 


3271 ” ” 


TaBLe III.—Absolute Gains in Distance to Trade from 
Liverpool, Marseilles, New York, and New Orleans 
through the opening of the Nicaragua Canal with Ports 
in Table I. 


| Gains for 


Ports. 

| Liver- | Mar- New New 

pool. | seilles. York. Orleans. 
Signapore .. miles, Ee a 1,235 
Hong-Kong ' a0 2,363 | 3,325 
Shanghai oa 3,603 4,507 
Yokohama Ad = 5,951 6,000 
Vancouver aa dul. tise 6512 10,029 | 10,95% 
San Francisco .. aa ref C182 7152 | 10,080 | 11,005 
Sandwich Islands 2992 1552 7,842 | 8,767 
Brito 7131 | 710L | 10,029 10,954 
Callao ..| 4078 | 5048 | 6971 | 7,991 
Valparaiso a i .-| 2162 2122 5,041 | 5,975 
Auckland Soe oe eral 1061 3.870 | 4,795 
Melbourne és on, nel eee 3,290 | 4,213 


nation which possesses the greatest sea power will 
control it, and as these two happen to be neces- 
sarily and in fact one and the same, Great Britain 
will both use most and control the new canal, as she 
has done the older one, though the latter was built 
by French enterprise, and the former be built by 
United States enterprise. The commercial condi- 
tions likely to arise from the two canals, as we have 
shown in section 2, are, however, by no means 
identical nor even absolutely parallel. The Suez 
Canal is and must remain the shortest route from 
England to her great eastern dependency (Hindo- 
stan), and, therefore, will continue to be the prefer- 
able route, and although the China and Australian 
trade will be affected to a larger extent, this will fall 
short of absolutely altering the choice of route in 
favour of the new one; hence British commerce 
will not possess the same vital interest in using 
the new route, and therefore controlling it, that it 
possesses in using and controlling the older one. On 
the other hand, United States commerce will possess 
an altogether exceptional interest in using and con- 
trolling the Nicaragua Canal, because it places her 
two ocean coasts closer by 10,500 miles, her Atlantic 
ports closer to the South American Pacific ports by 
5590 miles, 3750 miles closer to Australia, and 2900 
closer to China, and her Pacific ports closer to 


reduce the interval now existing between the carry- 
ing trade and sea power of the two nations to any 
desired degree, and produce in comparatively few 
years a striking change, and the making of the 
Nicaragua Canal will, doubtless, furnish just the 
very motive which will finally decide public opinion 
in the United States in favour of a reasonable 
measure of free trade and against the anachronism of 
irrational protection. There is no doubt that 
British shipping at first will use this canal more 
than any other, for the simple reason that there are 
more British ships engaged in and available for 
trade than ships belonging to other nationalities ; 
but there need not be, and probably will not be for 
very long, more British ships engaged in trade 
affected by the Central American Canal than 
United States ships, and possibly the United States 
of America will in a very few years possess enough 


-|ships to successfully distance all competition in 


the western trade route of the world. The control 
of the canal, however, depends entirely upon sea 
power, and this need never of necessity incline even 
on that trade route in the direction of the United 
States. Great Britain not only possesses, and pro- 
bably will continue to possess, the greater sea power 
in the west, but her possessions on both sides of 
the canal afford her undeniably a specially advan- 
tageous base from which to apply that power, 
and there can be little doubt that when neces- 
sary it will be promptly and efticiently applied 
so as to control the canal as advantageously as pos- 
sible in the interest of British commerce. We are 
now in a position to see what the statesmen of the 
United States have long perceived, that the 
Clayton-Bulwer Treaty, far from being framed dis- 
tinctly in the interests of the United States, was 
rather in favour of the United Kingdom. No doubt 
at the time it was framed it put an end to what 
threatened to be a recrudescence of British efforts 
to directly control the possible interoceanic water 
communication across Central America, and it was 
so flattering to the pet ideal of the supporters of 
President Monroe’s creed of America for the Ameri- 
cans, as to blind them to its ulterior effects, and to 
the meaning of the neutralisation of a canal through 
Nicaragua. On the other hand, the advantageous 


side of the treaty to Great Britain must have 
been thoroughly apparent to Lord Palmerston, 
who had it drafted on that side, and it seems 
likely to be thoroughly justified by the event. 
It was, and is, however, far from apparent to the 
British public, so there needs no apology for a 
digression to consider its signification, which may 
yet prove of such momentous importance to 
British trade. As we have pointed out in sec- 
tion 1 of this article, the 300 years intervening 
between the middle of the sixteenth and nineteenth 
centuries present an almost continuous series of 
overt and covert attempts on the part of Great 
Britain and her subjects to seize and control that 
region of Central America through which the 
Nicaragua Canal must be carried. The policy 
which prompted these attempts was evidently 
very wise, so long as Europe (Great Britain, 
&e.) was the unrivalled centre of trade, and 
the western route, though less important than 
the eastern, was still extremely valuable as an 
alternative and supplementary route for that 
trade ; but, at the epoch when the Clayton-Bulwer 
Treaty was signed, there were already signs (visible 
to the few) that a new centre of trade was gradually 
rising in the west to dispute commercial supremacy 
with Europe, and that this was bound to reap the 
greater advantage from the improvement of the 
western trade route. That this impression was 
clearly a strong one with the few, and inferentially 
affected even the many, is abundantly shown by 
the feeling against the Union animating such a 
large section of the people of Great Britain and 
France during the Civil War in the States, which so 
nearly outweighed the antipathy to slavery as to 
bring Great Britain and France within a measur- 
able distance of becoming belligerents on the side 
of secession, which would have been a death-blow 
to, or at least the indefinite postponement of, the 
threatened commercial rivalry on that side of the 
water. In the face of this estimate of the dis- 
advantages to European trade in general, and that 
of Great Britain in particular, to be looked for from 
a Central American canal, British statesmen, finding 
their last attempt to control the most feasible route 
abortive, accomplished the next best object in the 
interest of the trade they were safeguarding. They 
practically cast the onus of building the canal on 
the country who would reap the greatest advantage 
from doing so, and who were bound to make it a 
sufficiently national question to keep every one 
else out, but were at the same time very un- 
likely to undertake such a gigantic enterprise 
outside their own undeveloped territories for 
many a long year, while at the same time 
they skilfully handicapped that country in favour 
of British sea power by entering into a joint 
guarantee to respect the neutrality of the canal 
when built. This diplomatic foresight has secured 
in the first place the postponement of the construc- 
tion of the Nicaragua Canal for an indefinite 
period just as effectually as direct control would 
have done ; and in the second place, in the future 
when the canal is built, should British capital fail 
to obtain effective financial control, yet British sea 
power forfeited no substantial advantage necessary 
to establish effective naval control in the interests 
of the imperial carrying trade. It would be nothing 
short of commercial suicide on Great Britain’s part 
to consent to the revision of the Clayton-Bulwer 
Treaty, which actually presents many advantages 
for British commerce over the status quo ante. 

It is rather difficult to estimate even approxi- 
mately the tonnage of the probable traftic through 
a Central American canal. M. de Lesseps esti- 
mated it at 10 millions and the American Canal 
Company at six millions, or about the same as the 
present Suez Canal traffic, but we are of opinion, 
from the views expressed in a former part of this 
article, that this will prove to be a greatly ex- 
aggerated estimate. Even on the supposition 
that one half of the European trade with the far 
East, and the whole of the trade with the American 
Pacific coast, together with the whole of the Ameri- 
can sea-borne interoceanic and far East trade, should 
find its way through this new waterway, still all this 
put together cannot amount to one half the tonnage 
of the present trade between Europe and the East 
through the Suez Canal, or, say, it will not amount 
to more than 3 milliontons. And, further, it would 
not be possible to count upon anything like the same 
prospective rate of increase in the tonnage passing 
through the Nicaragua Canal that has been verified 
in the case of the Suez Canal, which has doubled 
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itself in 10 years (1880 to 1890). The following 
forecast of traffic for the American canal will 
probably turn out to be fairly accurate : 

Net Tonnage of Vessels using the Nicaragua Canal. 


Proportion. 
, : Net 
Yearly Periods. Tonnage. 
| British. | American. 

First .. 1,500,000 50 33 
Fifth .. 2,500,000 45 40 
Fifteenth e»| 5,000,000 33 50 
Thirtieth . | 10,000,000 25 60 


(To be continued.) 


BOAT RAILWAY AT MEAUX, FRANCE. 

IN a paper read last April before the French Society 
of Civil Engineers, M. A. Mallet describes an interest- 
ing boat railway constructed near the town of Meaux, 
to connect the waterways of the Canal del’Ourcq and of 
the Marne. These two waterways run for a long 
distance close together, but the only means of inter- 
communication between the two is vd Paris, in con- 
sequence of which a boat starting on one waterway at 
Meaux, and wishing to reach the other, would have to 
make a circuit of about 100 kilometres (62 miles), 
though the distance between the two, there, is less 
than 1 kilometre. It occurred to M. Jules Fournier, a 
canal boat proprietor of Meaux, that it would be 
worth while to construct some means of communication 
between the two waterways at Meaux. After a care- 
ful examination, a site was selected for the works at 
the Beauval passage, just above Meaux, and a little 
higher up stream than the Basses-Fermes weir. At 
this point the distance between the two waterways is 
550 metres (1804 ft.), and the difference in level is 
39.92 ft. To free a height such as this, four or five 
ordinary locks would be required, and, further, the 
water to work them would have to be taken from 
the canal, which was not admissible. 

The boats to be shifted are 91.8 ft. long by 10.17 ft. 
broad by 3.94 ft. deep. They weigh5 tons enipty, and 
from 70 to 75 tons when fully loaded. 

To transport these boats, an approach canal 1224 ft. 
long by 39 ft. wide at the water-level, and 7.22 ft. deep, 
was constructed from the Marne, as shown in Fig. 1. 
This canal terminated in a basin measuring 114.8 ft. 
by 216.5 ft., from which an inclined railway led to a 
second basin formed at the top of theincline by widen- 
ing the Ourcq Canal. The slope of this incline was 
4 per cent., and along it was laid a pair of flange rails 
5.11 in. high, set toa gauge of 6.363 {t., and weighing 
84.6 lb. per yard. The rails are secured to sleepers in 
the ordinary way, but these sleepers are more closely 
spaced than usual. In each of the basins (Figs. 2, 3, 
and 4), however, an additional pair of railsare laid, 
secured to the tops of masonry walls. These rails 
in the case of the lower basin are set to 4 92 ft. 
gauge, and in the upper basin to a gauge of 7.87 ft. 
The object of these additional rails is that the boats 
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shall be raised from and lowered into the water hori- 
zontally, by means which we shall explain later. The 
car (Fig. 6) which carries the boat is constructed of 
plates and angles firmly riveted together. This car is 
24 metres (78.7 ft.) long, and is covered with planking, 
on which the boat rests. As the latter is 28 metres 
long, it will be seen that it projects 2 metres beyond the 
car at each end, but this is not found to unduly strain 
the boats. The car is carried on two four-wheel 
trucks, having axles spaced 2 metres (6 ft. 6.74 in.) 
apart. The wheels are of a peculiar type, their shape 
being best seen in Fig. 5. They have each two 
rolling circles, and are fixed on the rear truck in 
such a way that the inner set of rolling circles 
correspond to the 4.92-ft. gauge, whilst the outer pair 
correspond to the 6.363-ft. gauge. In the case of the 
front truck the inner pair of rolling circles correspond 
to the 6.363-ft. gauge, and the outer to the 7.87-ft. 
gauge. Assuming the car on the incline, the wheels 
of both trucks would run on the rails set to the 6.363-ft. 
gauge, but on reaching, say, the lower basin, the rear 
truck would come on to the rails set to the 4.92-ft. 
gauge, which, as shown by the dotted line in Figs. 2 
and 4, are raised above the other rails. In consequence 
of this, as the carriage proceeds it gradually comes 
into a horizontal position, and is thus lowered into 
the water. If the car were transferred to the upper 
basin, the front truck would now come on to the 
special rails set to the 7.87-ft. gauge, which, again, are 
raised above the normal gauge, as shown in Fig, 3, 
and the boat would be lowered into the water hori- 
zontally as before, This ingenious arrangement is 
said to have been first adopted in the case of some 
canals in the Prussian Oberland in 1844 and 1860. 
The motive power for the car is obtained from a 
turbine, utilising the head due to the Basses-Fermes 
weir on the Marne, The fall here is about 5} ft., and 
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arrangements have been made for six turbines; but 
as yet one only has been erected, which is found quite 
sufficient for the work to be done. The power is 
transmitted to the car by a teledynamic cable .49 in, 
in diameter, running on Galopin pulleys, supported on 
posts at the side of the incline. On the car, near its 
centre, are a couple of strong standards firmly braced to 
each other and the framework of the car. ‘These stan- 
dards support a rope-driving pulley 5.9 ft. in diameter, 
over which the teledynamic cable is strained by a 
couple of guide pulleys each 4.2 ft. in diameter, as 
shown in Fig. 6. These guide pulleys insure an are 
of contact on the main pulley of rather more than a 
semicircle. The motion is transmitted from the shaft 
of the driving pulley by means of friction clutches 
and bevel gearing to the shafting and gearing below 
the car, where, as originally arranged, a sprocket- 
wheel was driven which engaged with a chain strung 
along the incline, and in this way the car wound itself 
up. The motion in either direction was under the 
complete control of one man, who, by means of the 
friction clutches (Fig. 7) already referred to, could 
reverse or stop the motion of the car instantaneously. 
As an additional security against breaks-away, auto- 
matic brakes were fitted which came into action when 
the speed exceeded a certain limit. 

The chain gear, described above, was, however, 
subject to constant breakdowns, and after consulta- 
tion with M. Riggenbach, M. Fournier decided to 
replace it with rack gearing, which was accomplished 
without much difficulty. The rack, which is of the 
Riggenbach type, with trapezoidal teeth (Fig. 8) set 
‘to a 3.94 pitch, and 3.94 in. wide, was constructed 
at Creusot, and weighs about 100 lb. per foot. On the 
incline it is secured to the same cross-sleepers as the 


ordinary line is, but in the basins it is carried on a 
masonry wall. Since the rack was adopted, it has 


+ 2 


439 


ENGINEERING. 


ApRIL 14, 1893.] 


*s10UTv94s 
e10uL OM9 30 OUO Zatprmq pue ouo Sutdnq seqrid 
-uiaju0o Auvduioo oeyy, (7200¢G ynoqe) Ax 000‘O0T 
0} syunowe yorum ‘ereys tod (‘eG Aporwq) “ay g yes 
siappoyavgs ef, “peppe eq plnom (70gTp yoq®) 
DY 000'GL Jaygany yorym 07 ‘puny dAdosat 94} OF 
poppe eq oF pey ("720086 3noqe) “1y OOF‘S9T ‘SIq} 
jo §(7000'Ts gnoqe) “ay OFg'’sLg oTaM eat ayy UO 
sqyord you yy, ‘7000‘0L yoqQ¥ Jo UOlyoONper & Surmoys 
“IN ZFOTIGT ysurese ‘(7000'LL yoge) “LL TEP ‘68E/T 
SBM 4YSO1J Sp00d OY T, “TG6ST Satanp suoq FFE‘ZG qsurese 
‘su0q J[9‘TG UOIJOaIIp Iat[}O ey4 UL PUL “TERT UI SUOy 169'FS 
qsureSe ‘sao, 9Z1'JZ SEM BOLIOULWY OF VIAVUIpMedg WOT} 
oyjesy spoos ayy, ‘siedsuessed oy 10F MOOI yas 04 O4Fery 
spoo3 04} eonpad 0} Aressadau useq pvy 4} ‘puey | 
49y30 ayy Wo “Irq £ *7000°0% JO Peay SLY} JopuN osvaroUT 
ue ‘Ayyuanbasuoo ‘Sua1eq 91043 “TEST IOF (2000‘8¢ ynoqe) 
“TT ST9FOG suede “(7006 ‘SF INO) “PL ZZ6 ‘018 ote syyoad 
gou 04} puv ‘avak snotacad oy} datunp GgZT pues 988‘IL 
Apoatqgoadsor ysurede ‘srasuassed uiqeo oFgT puv siasuessed 
adesaays ge) ‘Gl pataiwo ‘Zggt Satanp ‘sey “volouly YON 
put VIAvUIpuRog UeaMjoq Sepea} YOIYM ‘aaseyuedog jo 
eyeasaryy, ,, Aavdurop soureayg ysiueqd ey [.—,,“WTIVA 
-ONIH],,, INVANOD YANVELG NVOIMANY-HSINVG FAL 


SI} 0} pur ‘sapeAA WING MeNT 


sgporqae  ‘aSplaq BIAOJOI A OU, 
peqzodumt oy} yo aotd oy} eaoqe ‘gue0 zed CZ 40J s[rea 
ay} OINyoVjJNUBOL 07 ZurT[L eq prnom 41 ‘ezvorpuds ayy Jo 
Spuog ey} 9aqyuRIeNS P[NOM guEeTIUIEAON EY4 JI 4eU3 4nq 
‘g[YAB painjovsnueUL [eIUO[OO 9Y} IOJ posreyo eq prnoys 
sooud ystjsugy eaoqe “yueo sad ge yey} ore oyeorpuds 
ey} Jo sulie3eqy, ‘uorqoolqo ef431, A190 sosted oUAT “IT 
Ul payjems puy ‘seruo[oo 
uvl[Vaysny 19440 9y4 Woy paysodu eq p[NoYys speuT eq | 
0} O1¥ S[LVI OT] YOIYM YALA O10 OY} 4Vq4 SVM GUC | 
-tsodoid 6A1;eUseq[8 OpeUl SUOI4SUIIV “ITAL 
eyvoipuds @ Satyuesaidod st oym ‘SuoIsSMLY “ITT YIM oo 
-JoyUod B pey sey ‘sXkvmpley Joy saoysturp, 049 ‘ouATT “ap 
‘sopeA YNOG MEN UL patnzowjnueUL oq 0} soJIsep yuUenT 
-UJOAOX) SOTVAA YINOG MAN 04} YOIYM s[res Joo4s JO smoz 


000‘GLT 07 eouetezar YIM —DNIAVI, TIVY NVIIVaLsAy 


“97 OLT Jo ueds SurMs pours o[qnop ® pu 
‘qovo ‘Ug “4F ZG JOOmy ‘yowa “ayzg Jo Sueds Useqa1Y9 OFUL 


PaPLAlp “97 OSOL FO 4399] [2903 B PeY IT 


‘od plaq SiqT, 


2000‘0ST Jnoqe 
qsoo ‘afdioatd seps13 90133e[ eq} uodn 4I[INq s¥M YorymA 
‘spooy 944 Aq Avme paliivo osye sem ‘aueq 
-SlUg YyNOG pus qyON[ UaeM4yoq JOATA OY} pauurds yorga 


RP RODS 


*SuOly 
*104}8UL OY} UT 


‘QUIT} oUIOS 10J papuadsns oq ApSul 
-pi0o00% [[IM ouLqsLIgGG JO 48am pus Yqnos szuarod [Tv YIM 
uoljvorunututo0s Avmpiey *7000‘0¢ JO spaemdn 4800 yorqa 
puv ‘Aj[idoo1oopuy 4% JeAtr @ ssoroe AuOjOO 98y4 Jo AvM[Leyy 
W194{SAAA PU ULEYJNOG UrTeUT ey PolsIso YOLYM odSplq 
@ JO UOLYONAYSOp EY} SYM PUF[SUZEN?) UI Spooy snoi4sestp 
queoe1 044 Jo souanbesuoo euQQ—‘sHOdIU_ GNVISNAAN) 


*Uep19q4OY 7e eeIJ pordarfap woz rod “py ‘sy st ood 
qovazuoo eyy, ‘Aurduog Jeyv~A, Wepseqygoy ey9 Woy 
[@0o JO SUMO} CONG OF yoRIQUOD wv paanoess sey ‘eqyeoIpudsS 
[woo UvUIIEr) 94} YAM poyzeloosse you “ola4ysIp ayNyY eqy 
jo Aueduroo Alal[joo W—"ANVTIOH{s« NI IvOD NVIKUAY) 
‘saostnio ‘aApoorg pue eidud[Q pus 
| £sdtqs op}9eq-jo-auly, ‘emoy pu ‘uosa1Q, ‘s}esnyousse fy 
‘euvipuy : paye[d-anouae 9q 04 ere AABN 899% paqiuy) 
ayz Jo sdiys SULMOT[OJ O4T— LAVA SALVLG CALIN() AH], 


‘slivg Jo ‘siooulsua peormeroour ‘1eTuUOULET 


pue Joyqneg “WI Aq pajyonsysuoo sem ‘soouerdde 
| [BoIURYyOOUL ay} JO 4SaI OY} YIIM 1ayes90} ‘Ivo OY, 
| 


CATON OsES 


000 00T [eq0L 

000‘ET “*  saiguesutquoo puv sqysoddns a1qe—Qy 
000'GE “avo OF SUOTYBIEITe PUL You 
000'G wae wee wee wee eee soyvag 
o000L fis ee BU 
000'%E ““sTrer pure sedeo[g 
“soured iT 


: SMOT[OF SB pagnqta4stp (*7000F 
qnoqr) “3; QOOOOT yNoqe Usoq sey ‘[euvo yovoidde pue 
‘suiseq ‘soutqany Jo oarsnpoxe ‘auepd ay Jo 4800 oY], 

*moio AreuIpsio 
sqt Aq Sox ‘uorqyisod ut qnd Suteq yvoq oy} “41 y10sA 
03 A[ao uv oo soubor yy = ‘sanoy Aazaenb ev pure ouo 
ut Aournol sfqnop e sayeut Avo oy, “WOISsTUIsUeIg 
Ul SSOT 84} peppe oq ysnW sornSy ssoyy oy, ‘ramod 
-98IOY GZ 0} pasted SOUT} 4e ST STYy ‘*gue0 sod g st odoys 
ayy o10y ‘used soddn ayy 9e qnq “Fg qnoqe st ourpour 
‘quao rad F 04 UO Ivo oY} UO sop JoMod-assoYy eATJOOyo 
ay, ‘“puooos ve “47 GF yNoqe 4v suns 9[qQvo orureUApEToy 
ayd as[IyM ‘puooes aad "4} GQ" JO oye 94} 4v OUTPOUE 


ay3 dn suna avo oyy, ‘A[ltozoejsizes ysour poyIoMm 


v4 


SSS 


RD EEEK|] 5. 


Wi 


SS SS 


' a S0¢ < 
, y SY Yyyy YY YY Yu Uli Yy WW YY y Yip 4 YYy My Yh Yj YK 
j . 
dS Set ae 
Y >< cx ' 
a7 J x 
% S eg ee ee eee Fe at, ' 
yn 2 : | 
1 
“ep ¥ ‘ 
w i, 
Y S 
Z NS Ss 
V, N 
ZG 
y, 
y 


SSSS 


GAONVUA XOAVEN LV AVMTIVA LVOd 


punosD sO asozpung 


440 


ENGINEERING. 


MARINE BOILERS AND LEAKY TUBES. 
To THE Eprror or ENGINEERING. 

Sir,—I have read with very much interest the valuable 
paper in your issue of the 31st ult., by Mr. A. J. Durston, 
on ‘‘The Transmission of Heat through Tubeplates,” in 
which there is very much that is interesting. i 

Bat as to the various types of ferrules which are therein 
described, those, I fear, are, more or less, much in the way 
of what your correspondent ‘‘ Chief Engineer, R.N.,” 
describes as ‘*‘ makeshifts,” as none of them touch the root 
of the evil, or tend towards solving the problem of *‘leaky 
tubes,” the true cause of which is the inadequate circula- 
tion of the water to cope with the intense heat striking 
the tubeplates to such an extent that the plates and the 
tubes, to within a few inches of same, are left partially 
bare, and exposed to the impact of the flame. 

The boiler, as shown in Figs. 16 and 17 [page 396 ante], 
js well designed for ordinary work, but with forced 
draught, say to 2 in. or 3in., and a high pressure, would 
be found inadequate to meet the case without suffering. 

I would, however, advise that the above boiler, or any 
other boiler of similar design, be fitted with circulating 


plates, as described in my letter in your issue of the 21st 
October last, and better represented in the accompanying 
sketch, the full lines showing the boiler as it is, and the 
heavy dotted lines the circulating plates as I advise, and 
I have no doubt this would have the desired effect at a 
minimum expense. 

I have just had a smaller boiler constructed on similar 
lines with the circulating plates in question ; and I may 
here repeat that I first introduced these circulating plates 
in 1864 to two most inveterate primers, and since then 
have had them provided in several new boilers, and always 
with satisfactory results, both as to durability of the boiler 
and economy in fuel. 

I remain, Sir, yours faithfully, 
W. WALEER. 

Kaliemaas, Alleyn Park, West Dulwich. 

April 7, 1893. 


To THE Epitor oF ENGINEERING. 

Sir,—As a foreigner, following with the greatest 
interest the question of leaky tubes in marine boilers, 
permit me, Sir, to congratulate the English engineers 
upon the admirable manner in which Mr. Durston 
attacked the problem. 

But, like Mr, Yarrow, I believe it to be of great import- 
ance to continue these experiments with metals of higher 
conductivity. Having made last February a series of 
experiments upon the transmission of heat through a 8-in. 
copper plate with fresh water upon a clean surface in an 
open vessel over a smith’s fire, measuring the temperature 
of the plate by maximum thermometers dipped in holes 
tapped almost through the whole thickness of the plate, 
and filled with quicksilver, I found maximally at 44-in. 
blast an excess of 144 deg. Cent. at a steaming power of 
35 lb. per square foot, against an excess of 44 deg. Cent. 
to 68 deg. Cent. in the two experiments of Mr. Durston 
with a #-in. steel plate. 

Now let us consider the stress of the tube end according 
to the experiments. A tube, internally heated and exter- 
nally cooled, under an assumed temperature T on the 
fire side, t on the water side, and expanded diametrically, 
according to a temperature @ between t¢ and T, is under 
compression on the fire side, conforming to the difference 
T—6, and under tension upon the water side conforming 
to 0-t. 

For every degree Centigrade steel suffers a stress of 
320 lb. per square inch, and copper of 270 lb. per square 
inch. ‘aking the difference between mean and firebox 
temperatures proportionally to the thickness of the plates, 
you would find, according to the 10 experiments, 33 deg. 
Cent. difference between mean and hottest temperatures 
of tube, compressing it 10 000 1b. per square inch. 

Experiment No. 9 shows that the fusion pellets indi- 
cated the interior of the tubeplate to be between 252 deg. 
Cent. and 257 deg. Cent., while pellets of 268 deg. and 
273 deg. melting point fused only at the end near the 
tube ; this indicates an excess of the temperature of the 
tube over the mean of the plate of at least 15 deg. Cent., 
giving at least 5000 lb. per square inch further compres- 
sion. 

If you consider that the tube is also highly compressed 


by the act of expanding, the difference of temperature 
between tube and outer shell by the tubeplate, which can 
expand only according to its mean temperature, and not 
according to the extreme, you will agree that the sum of 
these stresses comes near the elastic limit, and transcends 
it when the material softens at higher temperatures, and 
tends to localise the effects which otherwise are partly 
expended on the body of the tube. 

If we add to all this the difference of expansion and 
elastic strength, we understand why tubes of copper and 
brass do not do well in tubeplates of steel, as also steel 
tubes in the copper plates of locomotive boilers, where 
hard water deposits thick scale. 

The latter fact was most evidently shown when the 
Franz-Josef’s Railway extended its lines from Gmiind to 
Vienna in 1882. 

Till 1882 the railway used steel and brass tubes in the 
copper boxes without the slightest difficulty, as the water 
had only 2 deg. to 7 deg. of hardness. From Gmiind to 
Vienna the hardness rose to 35 deg. ; then it was impos- 
sible to retain the plain tubes, and the leaking was over- 
come by making copper ends to the tubes. 

The same holds good for the ingress of cold air, which 


does very little harm to the locomotive tubes in the Tyrol, 
with its extremely soft water, but produces instantane- 
ous leaking in this part of Hungary, with its very hard 
water. 

The Admiralty ferrules do very good service by leading 
the impact of the fire gases to a place where it gives no 
rise to differences of temperature between plate and tube 
and no overheating; but itis questionable whether the 
same could not be effected by introducing metals of higher 
conductivity, and possibly the time is not far off when 
the properties of the fireplates of boilers will be specified 
not only as to elastic strength, but also to the electrical 
conductivity of the material, as being proportionate to 
that of heat. 

Begging pardon for encroaching so much upon your 
valuable space, 

I remain, Sir, yours respectfully 
ZITTENBERG. 
Hungary, Nagy-Kanizsa, April 5, 1893. 


GRAVING DOCKS. 
To THE Eprror or ENGINEERING. 

Sir,—With regard to the idea of a concealed arch (re- 
ferred toin the letter which appeared on page 391 of 
your issue of March 31) in a flat concrete beam, provided 
16 is positively bound or blocked at the ends, there ap- 
pears to be nothing inconsistent with such a conception. 

If reference is made to some experiments which I made 
some time ago, and which are recorded in the Minutes of 
Proceedings, Inst, C.E., voi. liv., page 264, particulars 
will be found of a concrete beam, confined at both ends, 
which cracked at the centre on the under side at an early 
stage of the experiment. The crack extended to about 
one-third the depth, yet the beam carried a consider- 
able load afterwards, showing that for all practical pur- 
poses the lower third of the concrete at the centre, or that 
part under the soffit of the concealed arch, as indicated by 


the termination of the crack, might just as well have been 


omitted. This, I think, shows that the conception of a 
concealed arch in a flat concrete bed confined at the ends, 
such as would form the floor of a dock, is by no means 
inconsistent. 

If the flat bed of concrete forming the floor of a dock 
is deposited from the centre within suitable casings, in 
the form of blocks, well consolidated by ramming, and of 
the full depth of the floor, or of as great a depth as pos- 
sible, instead of being deposited in irregular layers im- 
perfectly ramimed, the idea of the arch within the hori- 
zontal bed is emphasised. 

Iam, &c., 
April 9, 1893. C. Cotson. 


To THE Epitror or ENGINEERING. 

Srr,—I read in your last issue the letter of your corre- 
spondent ‘‘ Theory and Practice” 7 the above. 

As far as I can see, your correspondent has taken up 
the remarks of Sir B.. Baker in a totally wrong way. 
have read the discussion, and Sir B. Baker’s remarks 
especially, very carefully, and I must say that I entirely 
agree with them. 

He (Sir B. Baker) says that the author of the paper 
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states that the thickness of the concrete was calculated 
on the supposition that the invert was the case of a beam 
of concrete, Starting from these premises, he (Sir B. 
Baker) proceeds to show that, with the span 48 ft., and 
the thickness 7 ft., the beam could not support its own 
weight, but todo so should have a thickness of 16 ft. 
This, according to your correspondent, is a perfectly 
correct deduction. Continuing, Sir B. Baker says, there- 
fore the case is not that of a beam, but, taking into con- 
sideration the upward pressure of the water and earth 
underneath the concrete, and the lateral pressure of the 
water at the back of the walls, the tension becomes wholly 
or partially converted into compression, and there arises 
what he very aptly terms a ‘‘concealed arch in the 
thickness of the concrete invert.” 

Your correspondent seems to think that Sir B. Baker’s 
remarks are a sweeping condemnation of university and 
theoretical training in general, whereas what he really 
says is to the following effect: That the sooner a young 
engineer gets the pride and superiority of his university 
training qualified with a due proportion of the common- 
sense derived from a practical training, the better will be 
his chance of doing useful work in his profession, and 
the less likelihood will there be of his making foolish mis- 
takes, which, if guided by his theories alone, be may be 
liable to. I would recommend ‘‘Theory and Practice” 
to read Sir B. Baker’s remarks again very carefully, and 
he may see them in the proper light. 

Yours very truly, 
UNIVERSITY GRADUATE AND A.M.I.C.E, 


STEEL FOR DYNAMO FIELD MAGNETS. 
To THE EpiTor or ENGINEERING. 

Srr,—It may interest some of your readers to know 
that steelmakers by Siemens-Martin process are making 
steel—or shall we call it tron ?—sufficiently soft and pure 
to be available for dynamo field magnet forgings. 

Ihave some sample pieces by me, and shail be happy 
to forward them to those whom they might interest. 

Yours, &e., 
JAMES MUIRHEAD, 

Cart Forge, Glasgow, April 4, 1893. 


SUPERHEATING OF STEAM. 
To THE Eprtor oF ENGINEERING. 

Srr,—I think Mr. Bryan Donkin’s views as to th 
utility of superheating steam would be totally changed by 
a careful study of the question of so-called latent heat. 
If the principle of the convertibility of heat and work 
is true, the whole of the thermodynamic power possessed 
by a given mass of steam is indicated by its temperature. 
If, therefore, a greater quantity of heat is expended in 
converting water into steam of thesame temperature than 
the equivalent of the thermodynamic power possessed by 
the steam calculated from its temperature and specific 
heat, plus the external work done during the process of 
conversion, the difference must represent power imparted 
to the steam, which exists in some other shape than heat. 
This excess can only be represented by molecular wis viva 
imparted to the steam. Now from the instant of the 
creation of the steam, the conversion of this vis viva into 
heat by the agency of molecular friction must commence, 
so that the steam is superheated by a change in the nature 
of the power possessed by itself. I think it is very 
questionable whether any appreciable amount of conden- 
sation in the steam cylinder takes place due to cooling of 
the steam by contact with the metal of the cylinder and 
piston after it has once been thoroughly warmed up to 
nearly the initial temperature of the steam, which would 
always be effected in properly jacketed cylinders without 
the use of steam jackets. The results of the experiments 
made by Mr. Donkin with the glass receiver certainly do 
not prove that an appreciable amountof condensation takes 
place, because the two cases are not in the slightest degree 
on all fours, but the reconversion of the water seen on the 
sides of the glass into steam during the interval of the 
stroke can only be due to a process of superheating 
carried out during the same interval. The failure to obtain 
even partial adiabatic expansion may be due much 
more to the process of superheating caused by the con- 
version of vis viva into heat than to the conduction of 
heat from the metal to the steam, and it is quite possible 
that the steam may be of a higher temperature when it 
leaves than when it enters the cylinder, so that the actual 
indicated curve of expansion would be above the iso- 
thermal curve, If the curves of indicator diagrams are 
occasionally found to be above the curve of isothermal 
expansion, it is clear that this result must have been pro- 
duced by the conversion of vis viva into heat; the addi- 
tional efficiency, therefore, obtained by working steam 
expansively forms no part of the thermodynamic power 
initially possessed by the steam at the instant of its crea- 
tion, but is obtained solely from the conversion of its 
vis viva into heat, if the actual curve of expansion does 
not fall below the isothermal curve. 

Maxwell, by analysing the results of heating water by 
injecting steam, has arrived at the conclusion—which is, I 
believe, generally accepted as being very near the truth— 
that it takes 965 thermal units to convert water into 
steam, of the same temperature, in excess of the thermo- 
dynamic power. possessed by the steam. Part of this is 
expended in doing external work equal to P V — Pv, in 
which V,¥~ are the volumes of 1 Ib. of steam and water 
respectively at the pressure P, Pw isso small compared 
with P V that we may neglect it, and we have then the 
external work done equal to 

PV Jen ; 
BNE ee MES Fy ay ayy. 
i 0 proximately, 
Now Maxwell’s experiments were performed with steam 
at about atmospheric pressure, or at the absolute tempera- 
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ture of about 673 deg. Fahr., so that, according to the 
results of these experiments, the thermodynamic equiva- 
lent of the vis viva initially possessed by the steam would 
would be 898 thermal units. If, therefore, Sv represents 
the specific heat of steam at constant volume, and the 
steam is inclosed in a vessel made with sides of per- 
fectly adiabatic material, the conversion of the whole of 
the vis viva into heat would raise the temperature of the 
89 


c] 


deg. Corresponding to the assigned value .475 
v 


of the specific heat of dry steam at constant pressure, the 
assigned value 772 foot-pounds of J, and the assigned 


value 85.5 foot-pounds of aa 


steam 


, the value of the specific 


heat of dry steam at constant volume is .363, so that by 
the conversion of its vis viva into heat, the temperature 
of the steam would be raised by 898 + .3863 = 2473 deg., 
or its actual temperature would be equal to 2473 deg. -+ 
673 deg. = 3146 deg. Fahr., which is a few hundred 
degrees above the melting point of cast iron. The fact 
that steam with an initial boiler temperature of over 
800 deg. is being constantly used without a great increase 
in the temperature of the steam during utilisation, which 
could not take place without causing the actual curve of 
expansion to be much above the isothermal curve, affords 
positive proof that the specific heat of steam is not less 
than the specific heat of water, and a strong confirmation 
in the case of steam of the worth of the a priori conclu- 
sion that the specific heats of all substances which possess 
the same chemical constituents in the same proportion 
must necessarily be the same, in whatever physical shape 
they may appear. 

Tf the molecules of the steam are moving with a velo- 
city of v feet per second, the vis viva, rightly defined, of 


1 lb. of steam would be o , so that, if the results of the 


a 
experiments quoted by Maxwell are to be relied on, we 
have 


Se = 898 x 772 foot-pounds, 


Jj 
v = 6700 ft. per second, 


which certainly seems an excessive amount. It is clear, 
however, that whatever may be the true value of the 
initial vis viva of the steam, it is out of the increased 
utilisation of the element that engineers have to look for 
an increase in the efficiency of steam engines. They 
ought not to rest satisfied till they get an actual final indi- 
cated curve which approaches very near the adiabatic 
curve. The simplest way is clearly to effect the conver- 
sion of as much vis viva as possible into heat before the 
steam enters the first cylinder. 

If the foregoing reasoning is true, it follows that 
steam of as low as possible initial temperature ought to 
be used, and that steam jacketing and superheating con- 
stitute the worst possible practice. 

April 10, Witi1aAM DoNALDSON. 


THE DECIMAL SYSTEM. 
To THe Eprror or ENGINEERING. 

Str,—I always read everything touching the introduc- 
tion of the decimal system of moneys, weights, and 
measures with very considerable interest, but Iam of the 
opinicn that such letters as are generally written on the 
subject do a great deal more harm than good, inasmuch 
as they usually drift into an amount of technical detail 
which is simply bewildering to ordinary folk like myself. 

Let us get the thin end of the wedge in by first apply- 
ing the system to our coinage, and, perhaps, when all 
those who are in favour of the present barbarous system 
are converted to the beautiful simplicity of decimals, we 
shall be within measurable distance of a universal change 
in other directions. 

Contrast the hesitation and reserve of our politicians in 
this matter with the introduction of free trade, and 
we have presented to us a wonderful specimen of British 
inertia on the one hand and of British enterprise on the 
other; for whereas all other nations have led the way in 
the decimal systems, we are content to lag behind; and 
whereas we have led the way in free trade, no other 
State has seen fit to follow our example. We are either 
a very clever people or the laughing-stock of the whole 
world, Which is it? 

One thing is certain, that whilst our children are 
crazing their heads over pounds, shillings, pence, tous, 
hundredweights, quarters, pecks, gallons, quarts, and at 
least a hundred other unequally and irregularly divided 
quantities, the children of other nations are studying our 
language, and in other ways cutting the very ground 
from under our feet. 

Apart from that, those who know anything of the 
immense value of the slide-rule for all kinds of calcula- 
tions, will at once admit that the introduction of decimal 
systems would at once revolutionise the work of the 
engineering profession. 

Yours truly, 
J. Srater Lewis. 

10, The Avenue, Ealing Dean, W., April 10, 1893. 


SHIPPING CHARGES AND BRITISH 
INDUSTRY. 

To THE EpIToR oF ENGINEERING. : 
S1tr,—Your leading article of April 7 on this subject is 
one that will appeal to all shippers, as there is no doubt 
the charges made at the various British ports are alto- 
gether disproportionate to the services rendered by the 
various port authorities. We ourselves have, during the 
last few years, shipped several thousands of tons of heavy 
machinery and constructive ironwork from the port of 
Glasgow, and the dues there are practically prohibitive, 


as your readers will, we think, admit when we say that 
the dues charged by the Clyde Trust have never been 
less to us than 2s. per ton; but even this abnormally 
high rate is not by any means all that the shipper is 
called upon to pay at the port referred to, because the 
crane dues, especially upon heavy pieces, are also excep- 
tionally onerous—for instance, every boiler or other piece 
over 8 tons and up to 10 tons is charged for one lift, 32s.; 
from 10 to 12 tons, 40s.; from 12 to 15 tons, 52s.; and for 
pieces of 15 tons and upwards, 4s. 6d. per ton per hoist. 
We may say that some short time ago we brought this 
matter personally under the notice of the Clyde Trust, 
and pointed out that such prohibitive rates made it im- 
perative upon us to ship at ports where the dues were 
something like reasonable. We could, however, get no 
relief, and so we have had to avoid Glasgow as a 
shipping port as far as possible. There is no doubt 
about it, that what with the immensely high railway 
rates and the abnormally inflated port dues, the British 
shipper is altogether at a discount as compared with 
those of other exporting countries, so that your article is 
well-timed, and will, we hope, be the means of inducing 
port authorities to revise their tariffs before an important 
part of the trade is driven out of this country. 
Yours truly, 
Deacon, MAXWELL, AND Dor. 
Nile Foundry, Birmingham, April 10, 1893, 


HAIRPIN MAKING MACHINERY. 
To THE Eprtor oF ENGINEERING. 

Srr,—I should esteem it a favour if one of your many 
readers would advise me the names of the makers of hair- 
pin machinery, the capacity of the machine to be for all 
sorts and sizes. 

Thanking you for space, 

Iam, Sir, yours faithfully, 
R. J. Bus. 
92 and 93, Fleet-street, London, E.C., 
April 11, 1893. 


TESTS OF STEAM BOILERS AT THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

To THz Eprror or ENGINEERING. 

Srr,—Having read Mr. Frank King’s statement pub- 
lished in your issue of April 7, we hasten to ask Mr. 
King to allow the experiments which he has made to be 
be repeated in our presence by some independent engi- 
neer, and a report of them published. 

That the test may be a fair one, make corresponding 
alterations to our boiler that he has carried out in the 
other, placing each on equal conditions. Following this, we 
would propose that at least two further comparative un- 
prejudiced trials be made, say, one in the Midlands and 
one in Scotland, in each case the ordinary local engine 
coal tobeused. Till this has been done we would ask your 
readers (who may be interested in this question) to reserve 
judgment, 

This request we trust, Sir, will be indorsed by you, as 
an efficiency of 83 per cent. from a boiler of this type is 
so unprecedented an event that it is very desirable that 
engineers should learn, as soon as possible, ‘‘how it is to be 
obtained.” Inthe public interest the Chelsea Electricity 
Supply Company should not be permitted to keep so 
good a thing entirely to themselves; besides, we. as a 
matter of business, would like to know “‘ how it is done.” 
We trust that Mr. King will notify his accession to our 
request in your next issue. 

Weare, yours faithfully, 
J. GRESTY, 
For Mills Patent Sectional Boiler Company, 
Limited. 
Manchester, April 12, 1893. 


STEAM ENGINE TRIALS. 

AT the ordinary meeting of the Iustitution of Civil En- 
gineers, held on Tuesday, April 11, 1893, Mr. Harrison 
Hayter, President, in the chair, a paper was read, giving 
a detailed account of the last series of ‘‘Steam Engine 
Trials” undertaken by the late Mr. P. W. Willans, M. 
Inst. C.E. 

The paper dealt with an extensive series of condensing 
trials made with a 40 indicated horse-power Willans cen- 
tral valye engine. These were intended to form a sequel 
to the investigations described in the author’s papers, en- 
titled, ‘‘ Economy Trials of a Non-Condensing Steam 
Engine, Simple, Compound, and Triple,” read before the 
Institution in 1888 and 1889. The principal objects in 
undertaking these trials were: (1) To ascertain the initial 
condensation in the first cylinder, and to trace the be- 
haviour of the steam in the succeeding cylinders, when 
working as a compound or triple-expansion engine ; (2) T’o 
observe the effect of speed of rotation, area of exposed 
surface, and range of temperature upon the initial con- 
densation, and upon economy generally ; (3) To ascertain 
the percentage of the theoretical mean pressure actually 
obtained ; (4) To ascertain the ratio of the work done by 
each pound of steam to the theoretical work due from it; 
(5) To determine the consumption of steam at all loads, 
and under various conditions. 

The consumption of steam was determined by dis- 
charging the condensed water from the exhaust into a 
tank carried by a weigh-bridge, and observing the inter- 
vals of time required for fixed weights of water to run in. 
By this method a continual watch was kept on the per- 
formance of the engine during the whole trial, and any 
disturbing cause was immediately detected ; leaky steam 
pipe joints did not affect the result, and the length of the 
trial might be much reduced. Special experiments made 
to ascertain whether any addition was necessary to cover 
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leakage in the engine and exhaust pipe, showed that this 
leakage was slight. : 

The method of determining the theoretical work due 
from 1]b. of saturated steam when discharging into a 
condenser was next considered, and it was shown that the 
thermal efficiency of a condensing engine must of neces- 
sity be less than that of a non-condensing engine, owing 
to the greater proportionate size of the ‘‘ toe” of the dia- 
gram cut off for practical reasons. In the non-condens- 
ing trials the best number of expansions was computed 
from the approximate formula p* v7 = constant ; but for 
the condensing trials the error in this could not be neg- 
lected. The best ratio of expansion and mean pressure 
were therefore calculated for adiabatic expansion by Mr. 
McFarlane Gray’s 6 © diagram, combined with a volume 
curve. Altogether 62 trials were made under various 
conditions of speed, steam pressure, load, and ratio of 
expansion, as well as with the engine working simple, 
compound, and triple, and the results were embodied in 
the tables accompanying the paper. 

One of the principal deductions from these experi- 
ments was the *‘straight line” law of steam consumption, 
and it was shown by diagrams that the total waiter for 
the horse-power corresponding to any mean pressure P 
was W + KP, where W was the water which would be 
used by the engine at zero mean pressure (through initial 
condensation, radiation, and conduction), supposing it 
were frictionless, and K was the water per hour required 
to produce each pound of mean pressure. These factors 
were shown to vary with the conditions under which the 
engine was working. 

Highteen of the trials were planned to assist in deter- 
mining the law conuecting initial condensation with 
revolutions, and it was found that in the high-pressure 
cylinder at high mean pressures the total condensation 
per unit of time was directly proportional to the square 
root of the number of revolutions per unit of time. As 
the mean pressure was diminished, the condensation 
became more and more nearly constant at all speeds; and 
finally, at low mean pressures, the law appeared to be 
reversed. For the low-pressure cylinder, the Jaw was 
modified. 

The important question of the changing proportion of 
steam and water present during the expansive part of the 
stroke was investigated by the @?diagram. ‘I'he matter 
was first examined theoretically by considering the effect 
of a thin liner of infinitely conducting matter, and acurve 
was drawn on the ¢ o diagram showing the rate at which 
the steam initially condensed in warming up the liner 
from the exhaust to the initial temperature was re-evapo- 
rated as the expansion proceeded. The actual re-evapo- 
ration, as obtained by measurement of the indiva/or cards, 
was compared with this theoretical re-evaporation, the 
difference measuring the delay in the return of the heat 
from the linerto the steam, The losses due to conductio 
and radiation, to passage through ports, and to incom- 
plete expansion, could also be shown on the @ ¢ diagram. 

The question of the economical advantage of reducing 
the power by automatic cut-off versus throttling was dis- 
cussed. Broadly, the result was that the gain by varying 
the expansion was large for a simple engine, moderate 
for a compound engine, and, fora triple engine, almost 
inappreciable, It further appeared that the gain at high 
speeds was greater than at low speeds. 

A few trials made with the cylinders steam-jacketed 
showed a slight gain, but further experiments were re- 
quired to show whether the gain was likely to be worth 
the extra trouble and expense involved. 

The missing steam at cut-off varied in the trials to even 
a greater extent than it did in the non-condensing trials— 
the amount being much affected by the range of tempera- 
ture, the density of the steam, and by other conditions. 

It appeared that, under all circumstances, the triple- 
condensing engine showed an advantage over the com- 
pound in regard to steam consumption ; but that, except 
for very large engines, the compound-transfer engine was 
probably the best for pressures below 1501b. (absolute) 
pressure per square inch, 


Pic 1n France.—The production of pig iron in France 
last year was 2,022,989 tons, as compared with 1,897,387 
tons in 1891. It will be seen that the output increased 
last year to the large extent of 125,602 tons. 


CaTALocurs.—Mr. Frederic Nell, of 16, Mark-lane, 
London, E.C., has sent us a catalogue describing the 
Victor turbines supplied by him, and at the same time 
containing many notes on hydraulics. The catalogue is 
fully illustrated.—Another catalogue of the same kind is 
that issued by Mr. W. Giinther, of the Central Engineering 
Works, Oldham, Mr. Giinther makes turbines both of 
the Girard and the pressure type, the latter being Jonval 
wheels. He has also taken up the manufacture of Pelton 
wheels, which, from their cheapness and simplicity, have 
advantages in certain cases.—Mlessrs, Thwaites Brothers, 
Limited, of the Vulcan Iron Works, Bradford, make 
such a variety of goods, that they issue their catalogue 
in sections, and have sent us three of these sections, of 
which the first gives illustrated descriptions of steam 
and pneumatic hammers for every class of work, 
from the heaviest forgings to light stampings. The 
second section is devoted to a description of foundry 
plant, such as cupolas, ladles, hoists, &c., whilst in the 
third section various forms and sizes of Root’s blowers 
are illustrated and described.—The Walker Manufactur- 
ing Company, of Cleveland, Ohio, have also sent us a 
copy of their finely illustrated price list of gear wheels, 
of which they are very large makers. Like many 
American catalogues, this volume contains, in addition to 
the usual illustrations of spur and bevel gearing, a short 
treatise giving a number of practical hints on wheel teeth 
and other useful notes and tables, The volume is strongly 
bound and well printed, 
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THE CLYDE PASSENGER STEAMER “ISLE OF ARRAN.” 
CONSTRUCTED BY MESSRS. T. B. SEATH AND CO., RUTHERGLEN, N.B. 
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THE conferring of Parliamentary powers on the 
Scotch railway companies to run passenger steamers 
on the River Clyde has, in a measure, revolutionised the 
system of Clyde traffic, and experience is discovering 
many disadvantages. No doubt it is pleasant to be 
able to reside in summer in some of the charming bays 
in the Island of Arran or other delightfully invigorating 
watering places, and at the same time to travel to busi- 
ness in Glasgow each day, making half the journey in 
a railway train with the smallest possible voyage by 
steamer; but the number who can avail themselves of 
this boon is small in comparison with the many who, 
on an occasional holiday, wish to enjoy the exhilarat- 
ing breeze on an all-day sail. Glasgow people have 
ever been fond of sailing from the city to the further- 
most parts of their beautiful firth, and although their 
railway and steamboat fares are not very much 
greater than those of the old excursion steamers 
—-they certainly involve a much greater expenditure 
for the day—a large number still prefer the old order 
of things. Besides, with the railway steamers the first 
consideration is punctuality, and seldom in the season 
is a trip made without some one who may be one 
minute late being left behind. Without encouraging 
the belated traveller, the old genial owner-captain 
would stretch a point to accommodate one ‘* whose 
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watch happened to be five minutes behind, unknown to 
its owner.” Thus it is that Clyde people are pleased 
to find some of the old owners still on the field running 
their vessels from Glasgow. And amongst the oldest 
and most obliging are the Buchanans. For several 
generations they have been associated with the Clyde 
shipping, and since the late Captain William Bu- 
chanan first sailed the Eagle in 1852-3, their steamers 
have been popular with the public. The Clyde 
has never been without an Eagle, and each suc- 
cessive vessel proved an advance on her prede- 
cessor. They might be termed the greyhounds of the 
Clyde of their day. Arran was, as a rule, the objective 
point of the voyages, and the steamers sailed either 
from Glasgow direct or, especially when two or three 
vessels were owned by the family, from Ardrossan also, 
the journey thither being made over the Glasgow and 
South-Western Railway. When the railway company 
decided to run steamers a couple of years ago they 
purchased several of the craft, but the sons of the first 
Captain William Buchanan, who had continued the 
business after the demise of their father in 1890, still 
run steamers from Glasgow, and now own five vessels 
—the new steamers Isle of Arran, Elaine, Vivid, Eagle, 
and Shandon. Of the first-named steamer, which is 
worthyof the traditions of the Buchanan fleet, we give 
a profile on the opposite page. When the season opens 
in a week or two she will run daily from Glasgow to 
Arran, This is one of the most popular, as itis the 
cheapest, day’s outing on the Firth. 

The Isle of Arran was built by Messrs. T. B. Seath 
and Co., Rutherglen, the chief partner of which has 
been as closely associated with the building of Clyde 
steamers as the Buchanans have been in running them 
successfully. The following are the principal dimen- 
sions of the new steamer: Length over all, 210 ft. ; 
breadth amidships, 24 ft. ; over paddle boxes, about 
47 ft. She is very handsomely fitted up. The saloons 
extend to the full breadth of the ship. The aft-deck 
saloon comprises a large drawing-room, upholstered in 
the sumptuous style which is a characteristic of the 
finest Clyde steamers. There is also a ladies’ cabin, 
smoke-room, and lavatories. On the deck helow there 
is a large and handsome dining cabin, capable of seat- 
ing about 100 persons. This department has a large 
pantry and steward’s bar. At the fore part of the 
steamer is a commodious deck saloon, under which is 
an extensive dining and refreshment cabin, having a 
large bar across the fore end—a dispensing department, 
comparatively new to Clyde steamers. he wings or 
sponsons have the customary lavatories, store-rooms, 
kitchen or galley, &c. 

A novel feature in the equipment of the vessel is a 
life-saving section deck, the invention of Messrs. Reid 
and Co., 11, Bothwell-street, Glasgow, and this we 
illustrate in Figs. 2to 7. Asis now pretty well known, 
the owners of all paddle-steamers, however well they 
may be subdivided, as is the case with the Isle of 
Arran, are required to carry appliances for saving the 
life of every one on board. Now, to provide belts, or 
rather, to place them in such a position as to have 
them always available, is almost an impossibility. 
This will be appreciated when we state that the Isle of 
Arran may carry 1333 souls on board. The provision 
of collapsible life-rafts is also adopted in many cases, 


but the deck illustrated has certainly great merits. 
It consists, as shown on plan, of forty rafts or sections 
in four groups. Each section is 11 ft. long by 
2 ft. 3in. by 10 in., built of wood, with copper air- 
tanks for buoyancy. Each has been certified by the 
Board of Trade to float twenty-eight persons; the 
weight was the support of a weight equal to thirty- 
two persons. Each section only weighs 156 lb., and 
the forty are supported on stanchions, and form an 
awning deck 47 ft, 6 in. long, and extending the full 
moulded width of the ship—23 ft, 3 in, The securing 
of these sections in position, and the mechanism for 
launching, is certainly simple. On the outer sides the 
upper edges of the rafts are fitted into channel irons on 
end, as shown on cross-section Fig. 3, while the other 
end rests on an angle iron on afore.and-aft beam in the 
centre line of the steamer. When the section has been 
placed in position the half turning of afore-and-aft shaft 
with pawls causes these pawls to presson the top of the 
rafts and hold them firmly on to the angle-iron seating, 
The principle is the same as a hinged covering. The 
operating is done through worm and bevel gearing. 
At the side of this awning deck there is a wheel A 
working a wormshaft B, which again is geared by 
means of wormwheels C with the fore-and-aft shaft 
D on which are the holding-down pawls. When the 
sections are placed in position it is necessary that they 
should lie closely together to secure that the awn- 
ing they form should be water-tight. On the 
edge of each section are rubber fenders. The worms 
of the shaft B also actuate on right and left-hand 
screws F on which are clamps (Fig. 5), which force 
up tight each of the four series of ten sections, or 
slacken the sections when desired, It will thus be 
seen that by turning either of the two handles A, not 
only are all the sections slackened longitudinally, 
but that the pawls E, which hold each section down in 
place, are raised, and then the sections, were the vessel 
to sink, would float of their own accord. The Board 
of Trade made a very close examination and test of 
the rapid working of the sections, ‘Three strangers 
were instructed how to act, and in a few seconds had 
one of the sections overboard. The forty sections 
are sufficient to float 1130 persons, and the cost 
of the apparatus was 300/. Now to provide belts 
would involve an expenditure of 120/. on whole- 
sale terms (about 2s. 3d. each), and as they all 
require to be renewed in three or four years, nine 
or ten years suffices to pay for the deck. But all this 
precaution, while characteristic of the owners’ desire 
for safety, need not intimidate passengers, since the 
firm have never had any serious accident in forty 
years’ experience, 

The machinery was constructed by Messrs. William 
King and Co., Limited, Glasgow. While not novel 
in design, it is of a type which has done good service 
in Clyde boats. Its first cost is comparatively small, 
and it is fairly economical. The vessel has a single 
diagonal engine with a cylinder 52 in. in diameter by 
60 in. stroke. It is jacketed with high-pressure steam 
admitted between the liner and the body of the cy- 
linder. The jacket is drained by being connected with 
a Weir’s feed heater, where the feed water is heated to 
about 200 deg. Fahr. before being delivered to the 
boiler by one of Weir’s automatic feed pumps. The 


water is pumped from the hotwell to the heater by a 
feed-pump on the main engine, worked from the air- 
pump crosshead. The main slide valve is double 

acked, and cuts off the steam at 3; in. of stroke. It is 
fitted with Thom’s patent ports for increasing the 
compression by admitting a part of the steam, which 
is just about to exhaust from one end of the cylinder, 
into the other end of the cylinder, where it is trapped 
and compressed by the returning piston. The slide valve 
has also the pressure on the back relieved by Thom’s 
patent balanced cap, which experience has shown to 
work admirably. Lockwood and Carlisle’s rings are 
fitted to the main piston. The piston-rod is steel, and 
the guide frames wrought iron, with cast-iron shoes and 
white metal slippers. Under the guides, arranged 
athwartship, is the surface condenser, made of steel 
plates and having the large cooling surface of 2550 ft. 
The circulating water, which passes twice through the 
condenser, is supplied by a centrifugal pump and 
engine supplied by Messrs. Drysdale, of Glasgow. 
The discharge pipe is 12 in. in diameter, and a vacuum 
of 27 in. is maintained in the condenser. The revers- 
ing engine has a cylinder 13 in. in diameter by 21 in. 
stroke, connected to the main slide valve spindle. 
There is a single loose eccentric on the main shaft, and 
the piston-rod of the reversing engine and the main 
slide valve spindle are put in and out of gear in the 
usual way from the starting platform. The main 
shafts, which are of iron, are 12% in, in diameter, 
the bearings being 19 in. long, and the crankpin, 
which is of steel, 10 in. in diameter by 15 in. 
long. The paddle-wheels are 17 ft. 3 in. in diameter 
over the floats, which are curved steel plates 9 ft. 6in. 
by 2 ft. 10 in. by }in. thick. Steam is supplied from 
a single haystack boiler 14 ft. 9in. in diameter by 
15 ft. 3in. high, loaded to 60 1b. pressure, having a 
heating surface of 2945 square feet and 130 square feet 
of firegrate, The boiler is covered with a non-conduct- 
ing substance recently introduced by Messrs. Hafter. 
It consists of briquettes of compressed granulated 
cork, fitted to the boiler and secured by wire, the 
whole being coated with composition. The indicated 
horse-power is about 1300, with 46 revolutions. The 
cruising speed is 16} knots. It is scarcely necessary 
to add that the general equipment of the vessel 
is very complete, while the system of telegraphs not 
only indicates to the engine-room but to the deck hands 
working the ropes, &c, 


MILLING MACHINE. 

On the present page we illustrate a special milling 
machine designed for milling the two sides of a box 
casting at the same time, 6 ft. 3in. long by 2 ft. 6 in. 
wide by 12in. deep. The machine is also suitable for 
milling any width of plate from 18 in. to 36 in. wide. It 
consists of a strong bed 14 ft. long by 2ft. 3in. wide by 
20 in. deep, carrying a table 8 ft. long by 2 ft. 9 in. 
wide, upon which the work to be machined is bolted. 
The table is moved forward by means of a steel 
screw 2h in. in diameter, which receives its motion 
from a three-speed traverse cone, worm, and 
wormwheel. The feed is arranged suitably for a 
milling cutter with 60 tools init. To this main bed 
another bed about 5 ft. long is bolted at each side, at 
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right angles to it. These bedsare 2 ft. 4 in. wide and 
18 in. deep, and each carries a strong headstock, which 
is movable along them to or from the main bed by 
means of a screw, with wormwheel and worm for 
specially precise adjustment to ;3> in. The head- 
stocks are 3 ft. 9in. long by 3 ft. wide, and 24-in. 
centres. They are fitted with cast-iron spindles 8 in. 
in diameter, running in cast-iron bushes fitted into 
square holes, with a strong thrust arrangement, and 
two hard grooved gun-metal washers for taking up the 
wear and for lubrication. The spindles are each 
driven by a powerful steel worm (running in oil), and 
a wormwheel, from a three-speed cone 5 in. wide. 
The largest cone is 27 in. in diameter. The table 
which carries the work is moved hack quickly, after 
the segment is machined, by means of a pair of 
pulleys and bevel wheels, which drive the screw at 
the opposite end of the bed to the feed gear, the worm- 
wheel being disconnected. The machine is fitted with 
a traversing cone with four speeds, giving a variable 
feed to the table from # in. to 12 in. to each revolu- 
tion of cutter. The machine, which will mill a sur- 
face 6 ft. 3 in. long by 2 ft. 6 in. deep on both sides in 
twenty minutes, is constructed by Messrs. Shepherd, 
Hill, and Co., Union Foundry, Leeds. It was designed 
for milling the two sides of the castings which will 
constitute the linings of the Blackwall Tunnel; these 
segments have a 12 ft. radius, 


THE DOVER AND OSTEND PADDLE 
STEAMER ‘‘ LEOPOLD II.” 


Messrs. W. Denny and Broruers, of Dumbarton, 
have just completed the paddle steamer Leopold II. 
for the Belgian Government for service between Ostend 
and Dover, and which, on her speed trials, attained the 
very satisfactory speed of 22.16 knots. For this feat the 
firm are to be congratulated, as the conditions laid down 
were stringent. The trials consisted of two consecutive 
double runs at full speed between the Cloch and Cumbrae 
Lights. The builders were obliged to begin the trials at 
a certain hour, so as to eliminate any possible advantage 
of tide. During the trial the engines worked satisfac- 
torily, and at the conclusion of the fourth run the vessel 
was taken to the measured mile, where a further series of 
high-speed runs was undertaken, the mean being, as 
stated, 22.16knots. The vessel is therefore credited with 
being the fastest paddle steamer in the world. The con- 
structing firm have substantial satisfaction for their work, 
for the guaranteed speed has been exceeded by .66 of a 
knot, and a handsome premium is due. 

Primary interest attaches to the machinery, and it 
may be said at the outset that the engines belong to a 
type which Messrs. Denny and Co. have fitted into 
several paddle steamers within the past few years. These 
we illustrated in a previous volume (see ENGINEERING, 
vol. li., page 42), and at the same time we dealt with the 
results of the paddle steamers completed at that time— 
five vessels-—-the Princesses Henriette and Josephine for 
the Belgian Government, the Princess Victoria for the 
Stranraer and Larne trade, the Duchess of Hamilton for 
the Clyde trade, and the Woolwich Belle for the Thames. 
Since then the firm have built the Princess May for the 
Stranraer service, the London Belle for the Thames, and 
the Leopold II., the latter of which has eclipsed all 
previous performances. The engines in all the vessels 
are similar. Indeed, those of the Leopold are a ‘‘ repeat” 
of the Princesse Henriette and Princesse Josephine, 
with 9 in. more stroke, making it 6 ft. 9 in., while 
the diameter of cylinders is 59 in. and 104 in. respectively. 
The engines are compactly arranged, the levers for con- 
trolling the working are all within arm reach of the engi- 
neer, and the whole of the engine may be taken in at a 
glance from the starting platform. For the power deve- 
loped the engines are comparatively light, the greater 

ortion being either steel or brass, the only cast iron being 
in the cylinders. The cylinders are placed side by side, 
and work a two-throw crankshaft. The valves are placed 
diagonally, that on the high-pressure cylinder being of 
the piston type, while the low-pressure cylinder has 
one of Thom’s flat valves. The placing of valves as 
described instead of on the side of the cylinder, greatly 
economises the thwartship space. It, however, necessi- 
tated a special arrangement of gear, designed by Mr. 
Walter Brock. This gear, which is a modification of that 
not unfrequently used on Continental locomotives, has 
only one eccentric, giving motion to a rocking quadrant. 
What may be called a floating lever is attached at one 
end to the valve spindle, and at the other to the end of a 
rod from the sliding block in the quadrant. The distance 
between these two points, taken in conjunction with the 
length of the lever and the motion imparted to its end by 
a rod from the piston-rod crosshead, is so proportioned as 
to give the necessary ‘‘lead ” to the valve, the total travel 
being derived from a combination of this motion with 
that derived from the eccentric. Steam is supplied by 
eight single-ended boilers, four in a stokehold forward of 
the engines, and four in another stokehold aft. They are 
worked at a pressure of 120 lb. under forced draught, four 
large double-breasted fans being driven by Chandler's 
engines, 

The auxiliary gear also includes two large-sized centri- 
fugal pumps by Messrs. Drysdale and Co., Messrs. 
Weir’s feed pumps, bilge ‘and sanitary pumps and 
distiller, and Brown Brothers’ combined steam and 
nydraulic starting gear. The telemotor is on the bridge, 
and communicates with one of Brown’s steam tillers 
which is located aft in the counter of the vessel, in a 
special compartment which may be either entered from 


the saloon through movable panels or from the upper 
deck. A second steam steering station is aft, in addition 
to hand gear. : 

The steamer is 340 ft. long by 38 ft. beam and 14 ft. 6 in. 
deep, and it is interesting to note that while 40 ft. longer 
she is no broader than the former paddle vessel for the 
Belgians, although 1 ft. deeper, so that the proportion 
of length to beam has been increased from 7.87 to 1 to 
8.95 tol. Itis scarcely necessary to state that the fittings 
of the vessel are of the most luxurious description. The 
restaurant is placed aft, and is capable of accommodating 
at one time nearly 100 people. Owing to the vessel’s fine- 
ness aft, a species of arcading has been adopted for the 
sides of the saloon, the pillars being of solid satinwood, 
carved. A broad stairway leads to the gentlemen’s saloon 
below. Another stairway leads from the restaurant to the 
companion house on the flying deck. At the fore end of 
the saloon there is a very handsome sideboard communicat- 
ing directly with the pantry, which again is in communica- 
tion with the pantry for the gentlemen’s saloon, and 
further below again with a large wine cellar. Forward of 
this pantry, and accessible both from the saloon and the 
side alley-ways, is the ladies’ boudoir. A stairway leads 
from this room to the lower deck, where there isa very 
large sleeping saloon for ladies. The second-class accom- 
modation is forward, and further forward again the 
quarters of the crew and firemen. On the flying deck 
there isa long deckhouse, which extends for more than 
one-third of the vessel’s length, and contains 10 private 
cabins and a smoking-room. At the after end the breadth 
and the height are considerably increased in the special 
saloons for His Majesty the King of the Belgians. The 
furniture isall movable, resembling more that of a drawing- 
room on land than a ship’s cabin. Opening off this 
saloon through stained glass doors there are two sleeping 
cabins, which may be made into one by simply withdraw- 
ing sliding doors, 

It may be added that the Belgian Government are 
making determined efforts to increase the popularity of 
their cross-Channel service, Within the past five years 
they have built, including the Leopold II., six high-speed 
vessels, of which the slowest has done a mean speed on 
service of 19 knots, and they have still to get delivery of 
a sister ship to the ‘Leopold II. from the John Cockerill 
Society, Limited, of Seraing, the results of the trials of 
which vessel are expected to be equal to those of the 
Leopold IT. 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet business 
done in the pig iron market last Thursday. Prices 
opened firm, but eased away towards the close. Scotch 
iron, after a further advance of 1d. per ton in the morning, 
lost that gain, and closed as on the previous day. Oleve- 
land opened 1d. per ton dearer, but closed 3d. over the 
previous day’s close. There was no change in the quota- 
tions for hematite iron. The settlement prices at the 
close were—Scotch iron, 41s. per ton ; Cleveland, 34s. 74d. ; 
hematite iron, 45s. 74d. per ton. On Friday a moderate 
amount of business was done in warrant iron. Prices 
opened firm, but gave way. Scotch iron, after selling at 
1d. per ton dearer, closed $d. per ton under Thursday’s 
final quotation. Cleveland iron was offered 1d. per ton 
cheaper in the forenoon, and closed 2d. down on the 
day. Offerers for hematite iron came up 14d. per ton, 
but sellers were firm at 14d. above buyers’ prices. 
The tone throughout was uncertain, and the finish 
was dull. At the close the settlement prices were— 
Scotch iron, 40s. 103d. per ton; Cleveland, 34s, 6d. ; 
hematite iron, 45s, 73d. per ton. A quiet tone charac- 
terised the market at the opening on Monday. Not 
more than 3000 tons of Scotch iron were sold through the 
market, but still prices were firm, and closed with a 
further advance of $d. per ton. Cleveland iron also was 
firm, and although no business was done, sellers raised 
their quotations 1d. per ton. Hematite iron was 
neglected, and was very flat. Sellers came down 1d. per 
ton, ‘and buyers 14d. per ton from last week’s close. The 
closing settlement prices were—Scotch iron, 40s. 103d. 
per ton ; Cleveland, 34s. 6d. ; hematite iron, 45s. 7d. per 
ton. Only 2000 tons of. Scotch iron were sold at the 
forenoon market on Tuesday, but the price was 1d. 
dearer. The market was quiet in the afternoon, the only 
business of any consequence done being of an option 
character. Not more than 4000 tons in all were sold. 
The official business was contined to 1000 tons at 41s. 03d. 
cash one day, and 1000 tons at 41s. 3d. and 41s. 23d. one 
month open. Scotch iron was also dealt in at 41s. 1d. 
one month, with 1s, forfeit in sellers’ option, and 41s. 
Friday with a plant, as well as one or two other trans- 
actions of a like character. At the close the settlement 
prices were—Scotch iron, 41s. per ton; Cleveland, 
34s. 6d.; hematite iron, 45s. 74d. per ton. A fair amount 
of business was done this forenoon at about last rices, 
but buyers were down 3d. per ton at the close in Scotch 
warrants, and 1d. in Cleveland and hematite iron. No 
business was done in the afternoon market. The follow- 
ing are some of the quotations for No. 1 special brands 
of makers’ iron: Gartsherrie, 48s. per ton; Calder, 49s.; 
Summerlee, 50s.; Langloan and Coltness, 54s. per ton— 
the foregoing all shipped at Glasgow; Glengarnock 
(shipped at Ardrosssan), 49s. 6d.; Shotts (shipped at 
Leith), 53s. 6d.; Carron (shipped at Grangemouth), 
52s. 6d. per ton. Last week’s shipments of pig iron from 
all Scotch ports amounted to 5905 tons, as compared 
with 8411 tons in the corresponding week of last 
year, They included 405 tons for the United States, 
152 tons for Canada, 152 tons for South America, 570 tons 
for Australia, 1453 tons for Italy, 555 tons for Germany, 
150 tons for Russia, 129 tons for Holland, 210 tons for 
China ‘and Japan, smaller auantities for other coun- 
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tries, and 2226 tons coastwise. There are now 71 blast 
furnaces in actual operation, against 77 at this time last 
year. The stock of pig iron in Messrs. Connal and Co.’s 
public warrant stores stood at 342,071 tons yesterday 
evening, as compared with 342,901 tons yesterday week, 
thus showing for the week a reduction amounting to 830 
tons. 


Iron Ore Imports into the Clyde.—The imports of Spanish 
iron ore at the ports of Glasgow, Greenock, and Port 
Glasgow during the month of March amounted to only 
32,895 tons, being a decrease of 48,386 tons, as contrasted 
with those for the corresponding month last year. For 
the quarter the imports show a decrease of 26,284 tons. 
In March, 1892, the imports were unusually heavy, owing 
to the blowing out of English furnaces in consequence of 
the Durham miners’ strike, and the ore being sent to the 
Clyde market, while in 1891 the Scottish blast furnace- 
men’s strike caused an unusually small import into the 


Clyde. The returns are: 
Month. Quarter. 

Vessels. Tons. Vessels. Tons, 
1889 Ap 18 23,975 69 87,196 
1890 2, 34 49,473 81 118,089 
1891 se 14 18,420 28 32,930 
1892 ae 43 81,281 106 154,346 
1893 ae 24 32,895 79 128,062 


Contract or Water Pipes.—A contract for 1033 tons of 
water pipes for the Glasgow Corporation Water Com- 
missioners has been taken by Messrs. Cochrane, Grove, 
and Co., Middlesbrough, whose tender was the lowest 
of six. The price per ton was 4/. 14s. with delivery in 
Glasgow. The fact that this contract has gone past 
Glasgow, which is usually considered to be the very head- 
centre of the pipe-founding trade, has created a great 
amount of talk in certain circles. 


Institution of Ciwil Engineers —Glasgow Association of the 
Students.—The eighth general meeting of the Glasgow 
Association of the Students was held in the Institution 
Rooms, 207, Bath-street, on Monday evening, Mr. C. P. 
Hogg, M. Inst. C.E., in the chair. Mr. Wm. R. Cop- 
land, jun., read a paper on the ‘‘Tarapaca Water Works,” 
which was received with interest. The paper was illus- 
trated by diagrams. A vote of thanks to Mr. Copland 
for his paper, and to Mr. Hogg for presiding, terminated 
the proceedings. 


Institution of Engineers and Shipbuilders.—An ordinary 
meeting of the graduates’ section of this Institution was 
held last night, Mr. Borrowman, vice-president, in the 
chair. Mr. John Sharp, Wh. Sch., read a paper on ‘“‘Some 
Simple Arrangements of Reversing Gears, suitable for 
Engines of Cranes, Steering Gears, and other Similar 
Appliances.” A discussion was begun on the subject, 
and its continuation was postponed till next meeting. 


Sir F. J. Bramwell at Greenock.—Sir F. J. Bramwell, 
Bart., gave his ‘‘ Watt” anniversary lecture at Greenock 
last Wednesday night, which he was prevented giving in 
January owing to illness. His subject was ‘‘ Subterranean 
Communications,” which was treated in a very compre- 
hensive and interesting manner. 


The Glasgow Gas Works.—A large party of Scotch 
gas managers made an inspection to-day of the very im- 
portant extensions which are in progress at the Daws- 
holm Works of the Glasgow Corporation Gas Commis- 
sioners, and which, when completed, will be equal to the 
manufacture of an additional 5,000,000 cubic feet of gas 
per twenty-four hours. They also inspected the6,000,000-ft. 
gasholder which is in progress at the Temple Farm 
Works close by. Mr. Foulis, general manager, and 
Messrs. Wilson and Smith conducted the party over the 
works, A: very great amount of pleasure was expressed 
by the visitors at their reception by Mr. Foulis and by 
Messrs. Laidlaw, the contractors for the holder. 


The Record Breaking at the Dalziel Steel Works.—In 


reference to our paragraph last week as to the large out- 
put of plates at these works, we learn that the mill 
turned out 460 tons of plates ‘‘charged weight,” the 
finished weight being about 25 per cent. less. 


New Slipway at Port Glasgow.—Messrs. Blackwood and 
Gordon, shipbuilders, engineers, and boilermakers, Port 
Glasgow, are commencing to put down a slip beyond 
their present tidal basin, at the east side of their yard, for 
the hauling up of vessels. They have acquired 2 acres 
of ground immediately adjoining their present property, 
so that the whole premises will be within one inclosure, 
On the slip, when completed, they will be able to lift a 
melene of 1500 tons. The length of slip will be about 
660 ft. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Mining Engineers in Shefield.—The members of the 
Chesterfield and Midland Counties Institute of Engineers, 
and of the Midland Institute of Mining, Civil, and 
Mechanical Engineers, met for business at the Royal 
Victoria Hotel, Sheffield, on Saturday. Previously they 
had_ visited the Cadeby collieries of the Denaby Main 
Coal Company and the Rotherham Main Colliery of 
Messrs. John Brown and Co., Limited. At the Cadeby 
Colliery it was explained that in the sinking of the shaft 
the pumping difficulties had been enormous. There was 
no foundation to enable Jarge pumps to be put down, no 
one pump could have been erected to have dealt with the 
quantity of water, and pulsometers suspended in the 
shaft were accordingly used. The water-bearing strata 
continued toa great depth, and the difficulties were such 
that the sinking in: some parts cost _as much as 100J. per 
inch for progress made. The Barnsley bed, 10 ft. 
thick, was won at a depth of 751 yards. At the 
meeting, Mr. W. KE. Garforth, president of the Mid- 


APRIL 14, 1893. ] 


land Institute, occupied the chair. Mr. W. Hoole 
Chambers read a paper entitled, ‘‘ A Description of 
the Arrangements for Sinking to the Whinmoor Seam 
at Tankersley Collieries.” He described how, by an 
ingenious arrangement, sinking operations to the Whin- 
moor seam were conducted in the shaft by which the 
Silkstone seam had already been, and was actually being, 
worked, and how, by the use of a special apparatus, 
sinking was begun after the coal drawing for the day was 
over, with a loss of not 10 minutes’ interval. Mr. W. 
Foulstone gave a description of a ‘‘ Combined Centre Line 
Apparatus for Sinking Deep Pits.” The president ex- 
hibited a lamp, invented by Professor Clowes, for detect- 
ting small quantities of gas in collieries, and Mr. Thomas 
Settle, manager of New Mill Gas Works, exhibited the 
model of a patent safety cage. It was ordered that the 
papers be printed. 


Sheffield Trade with the United States.—The quar- 
terly return of exports to the United States from the 
Sheffield consular district shows that the total export 
of all classes of goods during the quarter ended March 31, 
was 115,0537., as compared with 104,357/. in the corre- 
sponding quarter of 1892, being an improvement of 
10,6967. For the first quarter of 1891, the total was 
116,0177. Cutlery exports show considerable improve- 
ment over the value exported a year ago, but the pre- 
judicial effects of the McKinley tariff are still painfully 
apparent. During the past three months, cutlery to the 
value of 28,436/. was sent to the United States, against 
50,000/. in the first quarter of 1889-1890, In steel there 
is an improvement of 5,678J. 


Iron, Steel, and Coal.—The iron market is a shade 
firmer than at the opening of the quarter’s operations, 
and forge pig is now quoted at 40s. per ton at Sheffield, 
or equal foundry 42s. upwards. In manufactured irons, 


medium quality bar sells freely on Australian and South 
African account, with a fair accompaniment of orders for 


best boiler plates for the home trades. Prices are, how- 
ever, cut up, and some of the best houses are limiting the 


hours of work. Armour-plate manufacturers have no 


fresh contracts on hand, but costly alterations of plant 
are going on with a view to requirements in the immediate 
future. 


5l. 7s. 6d. per ton upwards ; 6/. for Siemens. 
of the coal market is down, and though pit proprietors 
have as yet not officially announced their intention, it is 
stated in well-informed quarters that the men may, 
before long, be asked to make some concessions in wages. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippressroucH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the quarterly 
meeting of the North of England iron and allied trades 
was held in the Royal Exchange here, but there was no 
larger gathering than is usually seen at the ordinary 
weekly meetings, few people from a distance being 
present, and little business was done. The only exhibit 
was a patent ejector for lifting liquids, shown by the 
patentee, Mr. Jacob Morrison, of Stockton-on-Tees. 
Buyers were rather backward, but, on the other 
hand, sellers, particularly makers, were by no means 
anxious to do business. Producers of pig iron are 
fairly well off for orders, and they will not reduce 
quotations. The general figure mentioned for prompt 
f.o.b, delivery of No. 3 g.m.b, Cleveland pig iron 
was 34s, 6d., and several parcels changed hands at 
that figure, but some sellers asked 34s. 9d., and would not 
listen to quotations below that price. The lower qualities 
were steady, No. 4 foundry realising 33s. 6d., and grey 
forge 333. MiddJesbrough warrants were steady through- 
out the day at 34s. 5d. cash buyers, with sellers at 34s. 7d., 
but little indeed was done in them. There were sellers 
of Nos. 1, 2, and 3 makers’ east coast hematite at 43s, 6d. 
for prompt delivery, but nothing below that price would 
be taken. As this is 33, per ton less than is being asked 
for west coast brands, the producers in this district have a 
considerable advantage in the competition. To-day our 
market was firm, the only change being in Middlesbrough 
warrants, which fell to 34s. 4d. cash buyers. On the 
whole, affairs in the pig-iron trade are rather better, 
although a furnace has just been blown out at Messrs. 
Bell Brothers, Clarence Iron Works. Shipments, how- 
ever, up to date this month are very satisfactory, and 
altogether prospects for the future are regarded as 
decidedly better than they were a little while ago. 


Manufactured Iron and Steel.—Dulness still characte- 
rises the manufactured iron and steel trades. Orders are 
about as difficult as ever to secure, notwithstanding the 
continued low and almost unremunerative quotations. 
Fortunately, the Eston Steel Works are getting into 
work again, but they are nothing like fully occupied. 
Common iron bars are 5/.; iron ship-plates, 4/. 12s, 6d.; 
iron ship angles, 4/. 11s. 9d.; steel ship-plates, 5/.; and 
steel ship angles, 4/. 15s.; all less the usual 24 per cent. 
discount. Heavy steel rails are put at 3/. 15s. net at 
works, 


Reduction of Wages.—Yet another reduction in wages 
has to be recorded. The members of the Boilermakers’ 
Society in the employment of the shipbuilders on the 
Tyne and Wear and Tees have resolved to consent to a 
lowering of their rate of wages by 5 per cent. in piece 
prices, and of 1s. per week on time wages. We are glad 
that the matter has been so amicably and sensibly agreed 
to, but we sincerely hope that the time is not far distant 
when quotations, and consequently wages, will advance 
quien of constantly decreasing, as has been the case of 
ate. 


Agents for Bessemer billets and slabs report 
more inquiries on home account, and are now quoting 
The course 
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The Fuel Trade.—The coal trade is moderately sup- 
plied with orders. Best steam collieries have a fair turn 
on, and quotations are pretty well maintained. On New- 
castle Exchange best Northumbrian steam coal is put at 
8s. 6d. f.0.b., second-class 8s.; and small steam, 3s. to 
3s. 3d. Household coal is dull, and prices are tending 
downwards. Bunker coal is very flat, the supply being 
large and the demand limited, so that prices are weak, and 
are regulated in part by the needs of the collieries for 
trade. Gas coalis quiet. Coke is not much changed in 
price. Here about 12s. is generally mentioned for 
average qualities delivered at Cleveland blast furnaces, 


NOTES FROM THE SOUTH-WEST. 

Bristol Docks. — The revenue collection for 1892 
amounted to 94,811/., as compared with 95,7511. in 1891, 
88,1877. in 1890, and 87,8782. in 1889. It will be seen that 
a slight check was experienced last year. The Bill now 
before Parliament for the construction of a dock at Avon- 
mouth provides fora dock with an area of about 81 acres, 
and suitable for the largest vessels afloat, and an entrance 
lock from the Swash Channel, 800 ft. long by 85 ft. wide, 
and of great depth. The proposed dock will be connected 
with the existing dock by a passage 80 ft. wide. The Bill 
also includes a pier at Avonmouth for accommodating 
coasting vessels and tenders at low water, as well as a 
breakwater, deviation railways, &c. Four hydraulic 
cranes and two hand cranes have been erected on the 
city quays, also an overhead traveller at Bathurst Wharf, 
and a new caisson at Prince’s-street bridge. New trattic 
offices are now approaching completion. The floating 
dock at Avonmouth is still in progress. At Portishead an 
additional large shed has been erected for the storage of 
grain, and an elevator has also been provided there. 
Repairs have been authorised so as to enable the old 
entrance lock at Cumberland basin to be used in cases of 
emergency. 


Cardif.—There has been a good demand for the best 
steam coal at 9s. 3d. to 93. 6d. per ton. Secondary 
qualities have been making 8s. 9d. to 9s. per ton. The 
house coal trade has been dull; No. 3 Rhondda large has 
made 10s. to 10s. 6d. per ton. Foundry coke has brought 
17s. tol7s. 6d. per ton, and furnace ditto, 15s. 6d. to 16s. 
per ton. The manufactured iron and steel trades have 
shown little change. The demand for rails has continued 
dull; heavy section steel rails have been quoted at 
31. 17s. 6d. to 4/. per ton, and light section ditto at 5/. to 
5, 2s. 6d. per ton. 


Merthyr.—Increased activity has prevailed at the 
Cyfarthfa Works. The fourth blast furnace, which had 
been idle for a year and a half, has been restarted. At the 
Cyfarthfa Collieries, however, matters are still dull. 


Keyham Coaling Station.—A coaling station at Keyham, 
which has been under official consideration for some 
time, is still not likely to be commenced this year. Pre- 
liminary borings have been made for the purpose of test- 
ing the subsoil, and these borings will be continued. It 
is ultimately proposed that three jetties should be con- 
structed at a cost of 70,000/., and some 15,000. will also 
be expended upon the machinery with which these jetties 
will be equipped. 


Factory Inspection.—Mr. C. R. Pendock has been 
appointed junior inspector of factories for the Bristol 
district, having been transferred from London. 


The “ Ramillies.”—The Ramillies, line-of-battle ship, 
has been brought into the steam basin at Portsmouth to 
be prepared for her contract trials. The Ramillies, which 
is one of; ten first-class line-of-battle ships built under 
the Naval Defence Act, was laid down in August, 1890, 
and she has been built and engined by Messrs, Thomson, 
of Glasgow. Like the Royal Sovereign, she is a vessel of 
14,150 tons, with engines designed for 11,000 horse- 
power. 


Barry Dock.—The post of resident engineer of the deep- 
water lock works at Barry Dock, rendered vacant by 
the departure of Mr. J. Robinson from the district, 
has been filled by the appointment of Mr. A. H. Case. 
Mr. Case has for some years been an assistant to Mr. J. 
Wolfe Barry, the consulting engineer of the Barry Rail- 
way Company. 


Cambrian Railway.—The directors of the Cambrian 
Railway have issued a notice to the effect that second 
class carriages will be abolished on the system on May 1. 
They have also further notified substantial modifications 
in the first class fares on and after the same date. 


Coaling Station at Portsmouth.—A coaling station has 
been completed at Portsmouth at a cost of about 40,0007. 
The coaling station has been formed on a point of land on 
the north side of the tidal basin, and has a capacity for 
storing 50,000 tons ina pile 10 ft. high. The plant for 
receiving and discharging the coal consists of ten hy- 
draulic cranes, capable of lifting 30 cwt., and so placed as 
to allow trucks to pass under them. The hydraulic cranes 
and hoists are worked ata pressure of 700 1b. to the square 
inch, and are connected with hydrants by telescopic tubes. 
Each crane has a span of 50 ft., turns on a pivot, and can 
be moved about on lines of rails by means of winches. It 
is proposed to coal line-of-battle ships by means of 
lighters, which will be loaded with bags by the cranes. 


Barry Deep Sea Lock.—The first stone of the deep-sea 
lock at Barry Dock was laid by Lady Windsor on Friday. 
The work in connection with the deep-water entrance 
has made good progress, and when it has been com- 
pleted vessels drawing 13 ft. of water will be able to 
enter and leave the dock atlow water of spring tides, while 
during 15 days of each month vessels drawing 18 ft. of 
water will be able to enter or leave at low water. The 
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deep lock entrance will be 647 ft. in length and 65 ft. 
wide. 


South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in March were: 
Cardiff—foreign, 934,761 tons; coastwise, 122,056 tons. 
Newport—foreign, 150,908 tons ; coastwise, 90,462 tons. 
Swansea—foreign, 69,250 tons; coastwise, 64,619 tons. 
Llanelly—foreign, 7882 tons; coastwise, 3479 tons. The 
shipments of iron and steel were : Cardiff, 4785 tons; New- 
port, 2417 tons ; Swansea, 76 tons; Llanelly, nil; total, 7278 
tons. The shipments of coke were: Cardiff, 10,188 tons; 
Newport, 92 tons ; Swansea, 155 tons ; Llanelly, nid ; total, 
10,436 tons. The shipments of patent fuel were: Cardiff, 
27,144 tons ; Newport, 7125 tons; Swansea, 28,252 tons; 
Llanelly, nil; total, 62,521 tons. The aggregate ship- 
ments of coal in the first three months of this year were: 
Cardiff, 3,000,803 tons ; Newport, 663.909 tons ; Swansea, 
379,219 tons; Llanelly, 38,915 tons ; total, 4,082,846 tons. 
The aggregate shipments of iron and steel were: Cardiff, 
7148 tons ; Newport, 4029 tons ; Swansea, 564 tons ; total, 
11,741 tons. The aggregate shipments of coke were: 
Cardiff, 21,308 tons; Newport, 879 tons; Swansea, 155 tons; 
total, 22,342 tons. The aggregate shipments of patent 
fuel were: Cardiff, 65,801 tons; Newport, 16,628 tons; 
Swansea, 78,667 tons ; total, 162,096 tons. 


Steam Towing on Canals.—It is proposed to introduce 
steam towing upon the Glamorganshire and Aberdare 
Canals. An order for a steam barge, to be built of steel, 
has been given to Messrs. Alsopp and Sons, Limited, of 
Preston, and the boat is to be delivered in June. Her 
length will be 61 ft. ; breadth, 8 ft. 9 in. ; depth, 4ft. Gin. ; 
and ber draught will be about 3 ft. The carrying capacity 
of the steam barge will be from 16 tons to 20 tons, and 
she will be sufficiently powerful to tow two or three 
barges each of 30 tons capacity. The sides of the canal are 
being strengthened where necessary, and warehouse 
accommodation is also being increased. 


AmmrIcan Corron.—The manufacture of cotton goods 
has thus far been attended with encouraging results in 
Northern Georgia. Mills which were recently built at 
Lafayette, and which have been in operation only a few 
months, have done so well that preparations are being 
made for doubling the capacity of the plant. It is 
expected that the desired result will be attained during 
the approaching summer. 


Tue WOOLSTON SHIPBUILDING YARD.—It is stated in 
Southampton that the Woolston Shipbuilding Yard has 
been taken by Messrs. Mawdsley, Son, and Field, the 
engineers and shipbuilders, who, it is said, will com- 
mence operations on a large scale at once. The yard 
has been closed for a considerable period owing to diffi- 
culties which attended the operations of the Naval Works 
Company. Severalnorth-country and Clyde shipbuilding 
firms opened negotiations, but difficulties with the deben- 
ture holders prevented success, 


New ZEALAND CoaLmininc.—The Kaitangaat Railway 
and Coal Company has sunk its main shaft another 300 ft. 
It accordingly became necessary for the company to 
procure a pump which would throw water to an elevation 
of 700 ft., and Mr. E. Roberts, consulting engineer, pre- 
pared designs for a compressed air engine capable of 
throwing 10,000 gallons per hour to that height. The 
engine was made by Messrs. A. and T. Burt. Its dimen- 
sions are as follows: Length over all, 35 ft.; width, 8 ft.; 
total weight, 7 tons. The air cylinder is 20 in. in 
diameter, and the water ram (double-acting) 5}in., the 
stroke being 24in. The crankshaft, which is of steel, is 
7 in, in diameter, and the flywheel weighs 43 ewt. 


THE INCORPORATED AssocIATION oF MUNICIPAL AND 
County Encinrers.—The fifteenth voluntary pass exami- 
nation of candidates for the offices of Municipal Engi- 
neer and Local Board Surveyor, carried out under the 
auspices of this Association, was held at the Institution 
of Civil Engineers, Great George-street, Westminster, 
on Friday and Saturday, April 7 and 8. The whole of 
the first day was occupied in the written portion of the 
examination, while the vivé voce took up the greater 
part of the second day. Nineteen candidates entered 
for the examination, The examiners were: 1. Muni- 
cipal engineering—H. Percy Boulnois, M. Inst. C.E. 
fant president). 2. Building construction — Joseph 

obley, M. Inst. C.E. (past president). 3. Sanitary 
science—A. M. Fowler, M. Inst. C.E. 4. Public Health 
and River Pollution Acts—Charles Jones, A.M. Inst. 
C.E. (past president). The next examination will be 
held in Liverpool in October next. 


MamenuEAD SewacE Disposat Scueme.—On Thurs- 
day, the 30th ult., Mr. Rienzi Walton, C.E., Local 
Government Board Inspector, held an inquiry at the 
Town Hall, Maidenhead, relative to the application of 
the Corporation for permission to borrow 30,0002. for 
drainage and sewage purification works. Mr, ©, Nichol- 
son Lailey, of Westminster, the engineer of the proposed 
scheme, gave information as to the size and length of the 
sewers, amounting to about 14 miles, and stated he in- 
tended to treat the sewage by the International Com- 
pany’s system of precipitation by ferrozone and filtration 
through polarite beds, having already adopted it with 
remarkable results as to éfficiency at several places. The 
sewage is at the present time disposed of by broad irriga- 
tion ; but the land treatment has proved unsatisfactory, 
many complaints having been made by the Thames Con. 
servancy as to the bad effluent coming from the land. 
The Conservancy at length called upon the authorities to 
comply with the Rivers Pollution Act, and adopt the best 
known and ayailable means for purification of the sewage, 
which the Corporation eventually agreed to do, 
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With a Two-Page Engraving of TRIPLE-EXPANSION 
ENGINES OF THF UNITED STATES TWIN-SCREW 
CRUISER “OLYMPIA,” 


SPECIAL NOTICE. 

On April 21st will be published a Double Number 
of ENGINEERING, containing accounts of the new 
Cunard steamers “CAMPANIA” and “LUCANIA,” 
and of the WORLD’S COLUMBIAN EXPOSITION 
at CHICAGO. This number (the price of which will 
be One Shilling) will be illustrated by eleven two- 
page engravings, in addition to a very large num- 
ber of illustrations in the text, and, in consequence 
of its exceptional size, it will be necessary that it 
should be dismissed for press much earlier than 
usual. The Publisher cannot, therefore, guarantee 
the insertion of any Displayed Advertisements 
received later than Monday, the 17th inst., while 
Small Advertisements intended for insertion on 
the wrapper must be received not later than the 


NOTICES OF MEETINGS. 


Tue InstiruTIoNn OF Ciyih ENGINEERS.—Ordinary meeting, Tues- 
day, April 18th, at 8 p.m. Paper to be discussed: ‘‘ Steam 
Engine Trials,” by the late Mr. P. W. Willans, M. Inst. C.E., and 
monthly reception by the President and Council.—Students’ 
meeting, Friday, April 14th, at 7.30 p.m. Paper to be read: 
‘“The Manufacture and Efficiency of Armour Plates,’ by Mr. D. 
Carnegie, Stud. Inst. C.E. Dr. W. Anderson, F.R.S., Member 
of Council, in the chair.—Students’ visit, Thursday, April 20th, at 
2 p.m., to the Croydon Irrigation Farm at South Norwood, and 
subsequently to the well and reservoir at Addington. Train 
leaves Victoria for Norwood Junction (single tickets) at 1.8 p.m. 
Return train leaves East Croydon at 5.46 p.m. 

INSTITUTION OF MECHANICAL ENGINEERS.—Ordinary general meet- 
ing at 7.30 p.m. on Thursday, April 20th, and also on Friday, April 
2ist, at 25, Great George-street, Westminster. The following 
papers will be read and discussed: ‘‘Second Report to the 
Alloys Research Committee,” by Professor W. C. Roberts-Austen, 

R.S. ‘* Tensile Tests and Chemical Analyses of Copper 
Plates from Fireboxes of Locomotives on the Great Western Rail- 
way,” by Mr. William Dean, locomotive superintendent. ‘‘ Re- 
search Committee on Marine Engine Trials: Abstracts of Results 
of Experiments on Six Steamers, and Conclusions drawn there- 
from,” by Professor T. Hudson Beare, F.R.S.E., of London, The 
anniversary dinner will take place on Wednesday evening, 
April 19th. 

CuemicaL Socigty.—Thursday, April 20th, at 8 pm. ‘A 
Contribution to the Chemistry and Physiology of Foliage Leaves,” 
by Horace T. Brown, F.R.S., and G. Harris Morris, Ph. D. ‘‘The 
Interaction of Alkali, Cellulose, and Carbon Bisulphide—Cellulose 
Thio-Carbonates,” by C. F. Cross, E. J. Bevan, and C. Beadle. 
And other papers. 

Royat METEOROLOGICAL Soctery.—Wednesday, the 19th instant, 
at 25, Great George-street, Westminster, at 7 p.m., the following 
papers will be read: ‘‘The Direction of the Wind over the 
British Isles, 1876-80,” by F. Campbell Bayard, LL.M., F.R. Met. 
Soc. ‘‘Notes on Photographs of Lightning taken at Sydney 
Observatory, December 7, 1892,” by H. C. Russell, B.A., F.R.S. 
“Notes on Lightning Discharges in the Neighbourhood of 
Bristol, 1892,” by Ernest H. Cook, D.Sc. ‘‘ Constructive Errors 
in some Hygrometers,” by W. W. Midgley, F.R. Met. Soc, The 
above papers will be illustrated by lantern slides. 

Soctety or Arts.—Monday, April 17th, at 8 p.m. Cantor 
Lectures. ‘Some Masters of Ornament,” by Lewis Foreman 
Day.—Tuesday, April 18th, at 8 p.m. Foreign and Colonial 
Section. ‘‘The Philippine Islands,” by H. A. McPherson. OC, 
Malcolm Kennedy, C.B., will preside.—Wednesday, April 19th, 
at 8 p.m. Ordinary meeting. ‘‘Some Economic Points in Con- 
nection with Electricity Supply,” by Gisbert Kapp. 
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THE WATER SUPPLY OF CHICAGO. 


In view of the immense crowds that will assemble 
in Chicago in the course of the next month or two, 
the sanitary condition of the town, and more espe- 
cially the purity of the water supply, are matters 
of immense importance. Many English people 
are now debating whether or not they shall make 
the trip, and in forming a decision they will be 
greatly influenced by a consideration of the risks 
they will have to run, not only to life and limb in 
transit, but also to their health during their stay 
in the famous city. There has been an uneasy feel- 
ing here that, apart from its climatic disadvantages 
of torrid heat and Arctic cold, Chicago was pos- 
sessed of a very bad sanitary system, and that its 
water supply was not above suspicion. This opinion 
was not altogether an unfair deduction from the 
acknowledged and well-known facts that typhoid 
fever was much more prevalent than it ought to 
have been, and that the water was drawn from the 
same lake into which the solid part, and a good deal 
of the liquid contents of the sewers were discharged, 
totally untreated. Whether this primd facie case 
could be sustained by detailed evidence was quite 
another matter, and one that was impossible to 
decide until last week, when the Lancet published 
the results of a special sanitary commission of inquiry 
concerning the water supply of Chicago. We may 
say at once that the conclusions to be drawn from 
the facts that have been obtained, are, on the 
whole, satisfactory from the point of view of the 
visitor tothe Exhibition. No better evidence nor 
more trustworthy advice could be obtained than 
that of the Lancet. Our contemporary spares 
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neither time, trouble, nor money in these matters, 
while its impartiality is above all question, and 
when it announces its verdict the finding may be 
accepted as the utterance of the best scientific 
opinion of the day. 

As many of our readers will be among the visitors 
at Chicago, we will reproduce for them the leading 
facts set forth by the Lancet. There are three out- 
falls for the sewage of Chicago, viz., the Chicago 
River, the Calumet River, and the sewers draining 
the Lake Shore districts direct into thelake. The 
first of these is situated in the most densely popu- 
lated part of the town, and receives the bulk of the 
sewage. The river debouches into the lake, and 
were no means taken to prevent it, it would also 
carry the whole of the sewage with it. In times of 
flood this is practically what happens. In ordinary 
circumstances the water is pumped from the 
southern branch of the river, at the rate of 52,000 
cubic feet a minute, over a narrow divide, which 
enables it to find its way into the Illinois River and 
ultimately into the Mississippi system. A slow 
current is thus induced from the lake into the 
river, and the defilement of the lake is prevented. 
The current, however, is not sufficiently rapid to 
prevent the deposition of the solids in the sewage, 
and these have to be dredged from time to time, 
and they are then dumped in the lake at a distance 
of five miles from the shore. The northern branch 
of the river is swept by a stream pumped into it at 
Fullerton-avenue, at the rate of 10,000 cubic feet 
a minute. The river comprises a short east and 
west channel communicating with the lake, and 
two long arms branching therefrom, one proceed- 
ing south and south-west, and the other north and 
north-west. The stockyards are situated on the 
southern branch beyond the pumping station, and 
in regard to the samples of water taken from the 
river in this part, the Lancet says : 


‘* Words can hardly describe the filthy description of 
the samples belonging to this group. . . They all 
evolved the disgusting odour of sulphuretted hydrogen ; 
in fact, on removing the stoppers from the bottles 
bubbles of gas were seen to escape. On removing the 
smell of sulphuretted hydrogen by the addition of iodine 
to the water, the residual smell was even of a more dis- 
gusting type, resembling very closely decomposing fecal 
matter. During the evaporation of the water to dryness 
for the estimation of the total solid matter, a sickening 
smell, partly resembling bad glue and partly sewage, 
pervaded the atmosphere of the laboratory. A note- 
worthy feature in the waters of this group is the excessive 
amount of ammonia contained in them, with a corre- 
sponding quantity of organic carbon and nitrogen, the 
relation of these elements indicating excessive pollution 
with animal matters. . The suspended matter was 
black, and on ignition evolved an odour of sulphur and of 
animal hair burning. . . Microseopical examination 
revealed swarms of bacteria, mainly in the zoogloea 
stage, as well as low forms of plant life, animal hairs, and 
mineral matter. Bacterial growth steadily followed on 
the opening of the samples till the water at last became 
quite opaque. . . The amount of phosphates was 
simply phenomenal.” 


Samples taken from the river just below the 
pumping station were of much the same character 
as the above, but the defilement was slightly less 
in extent. Those from the river still lower, as far 
as the junction of the two branches, showed sus- 
pended matter less in quantity, but of the same 
kind. There was the same disagreeable smell on 
burning, and the residue contained iron. The 
sulphuretted hydrogen smell was less strong, but 
on evaporation to dryness the same disgusting 
odour was noticeable. The waters from the outlet 
and the north branches were distinguished from 
the former by a sudden drop, not only in the 
amount of the constituents indicative of animal con- 
tamination, but also in constituents of a mineral 
character. The ammonia was a mere trace; the 
organic carbon and nitrogen were diminished con- 
siderably, while there was a corresponding increase 
in the amount of nitrogen in the form of nitrates. 
The waters were hard, contained much less chlorine, 
absolutely no sulphuretted hydrogen, and the 
oxygen abstracted from permanganate of potash 
was practically nil, from which it was concluded 
that organic matters were almost entirely absent. 
A few bacteria, monads, desmids, protococci, re- 
gular pond-water organisms, water weeds, &c., 
were discovered. Phosphates were still present, 
but less marked. The Lazcet sums up the condi- 
tion of the river as follows : 

“‘The river is shown to have distinct characters in the 
four parts of its course. In the north branch it is satis- 
factorily pure and perfectly sweet water. In the southern 
branch it shows increasing pollution as one travels back 
from the mouth towards the source, and in the (subsidiary ] 
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branch which turns away towards the stockyards and 
lies apart from the main current of the river, filth has 
accumulated to an extent which has converted the water 
into a material more offensive than the untreated out- 
pourings of an ordinary sewer. Bad as the river is at 
this point, it is, however, unnecessary to warn visitors 
against frequenting itsneighbourhood, for thesimplereason 
that the stench is warning enough... Typhoid fever 
and diarrhcea, when they are prevalent in Chicago, prevail 
chiefly in those parts of the city which abut on this 
branch of the Chicago River.” 


From the point of view of the visitor the river 
is nota danger. His hotel or lodging will be far 
removed from it, and if he chooses to go wandering 
among stockyards and slaughterhouses in any part 
of the world he will be subject to vile stenches as 
wellas to disgusting sights. As for the inhabitants 
of Chicago we need not concern ourselves. Even 
their enormous energy and boundless enterprise are 
not equal to rendering their wonderful city perfect 
all at once. But we may be certain that it will 
not be long before they will turn their attention to 
this evil, which is the result of their marvellous 
success in rendering their city in a few years the 
centre of the dead and live meat trade of America. 
Already they are cutting a canal which will replace 
the pumps, and will give the river a free flow across 
the neck which now divides it from the Mississippi 
watershed. This will at once remove a great part 
of the nuisance, and, if necessary, will, no doubt, 
be supplemented by other works. lt is only a 
question of time—and of a short time—before the 
sanitation of Chicago will compare with that of 
cities of older growth. 

While the visitor to Chicago may avoid its less 
salubrious quarters, he cannot well refrain from 
drinking its water, either alone or in combination 
with other fluids. He is, therefore, intensely 
interested in being assured of its purity, the more 
so as it is drawn from the lake, which undoubtedly 
receives a good deal of pollution. As we have 
pointed out, the foul mud of the river is dumped 
five miles from shore, while floods overpower the 
artificial circulation set up by the pumps, and carry 
the current of the river into the lake. The intakes 
of the water supply are, however, far removed from 
the outlets of the sewage ; they are connected with 
the pumping stations by subterranean aqueducts 
extending for distances which vary from one to 
four miles under the bottom of the lake. The 
Lancet took samples from over the dumping 
grounds, and also at some of the intakes, and re- 
ported that ‘‘ chemical analysis fails to farnish any 
distinct evidence that the lake is seriously polluted.” 
Except for the presence of phosphates, there was 
nothing in the samples obtained over the dumping 
grounds in the lake to indicate contamination from 
that source. 


‘The results of chemical analysis, therefore, lead us 
to the conclusion that the clear or filtered lake water is 
comparatively pure. It is of excellent quality, and well 
adapted both for dietetic and other ordinary purposes. 
In respect of organic purity the water of Lake Michigan 
contrasts very favourably with the water supplied to 
London. . . . In respect of colour, total solid matter, 
hardness, chlorine, and oxygen required to oxidise the 
organic matter, Lake Michigan water is seen to be even 
superior to the choicest [deep well] of London’s supply.” 


This refers to the water after filtering ; it is, 
however, delivered into the mains just as it is 
pumped, carrying with it an appreciable amount of 
sedimental matter. It was found to contain low 
forms of vegetable life, and also quantities of matter 
insuspension, The samples drawn from the mains 
for analysis contained vegetable débris with 
numerous organisms, and were ofa less satisfactory 
colour than the water in the lake. 

The use of domestic filters is very prevalent in 
Chicago, and when these apparatus are used effi- 
ciently water of splendid quality is the result. 
Two of the samples obtained by the Lancet had 
been passed through Pasteur filters, but, curiously 
enough, were fuller of sedimental matter than the 
unfiltered water. This resulted from their having 
been cooled by the addition of lumps of ice, It 
is useless to provide a pure water supply if every 
glass is to contain a piece of ice obtained from an 
unknown source, and which is certain to contain all 
the floating impurities of the lake or pond frora 


which it was gathered. In relation to this the 
Lancet says : x 
“To our Own people we commend in the strongest 
terms the advice to drink no water which has been cooled 
in contact with ice ; to the people of Chicago we appeal to 
provide a supply of water free from this reproach.” 


It would be very easy to place the ice in a 
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separate vessel within or around the water vessel, 
and thus to keep the water pure. 

Chicago has three other sources of water supply 
besides the lakes: (1) Waukesha Hygeia water, 
which has its origin in the Hygeia spring, 
Waukesha, Wisconsin. The water of the spring is 
to be supplied by a main over 100 miles long to the 
World’s Fair grounds ; it is to be artificially cooled, 
and retailed one halfpenny per glass. It is also to 
be supplied to the hotels near the Exposition. (2) 
Washington Heights artesian well. (3) Silurian 
water supplied in Chicago in ten-gallon tanks by the 
Silurian Mineral Spring Company, Waukesha. As 
regards the first, the Lancet reports that it finds 
the water must have been obtained from a very deep 
source ; it has undergone extensive natural filtra- 
tion and oxidation ; it is perfectly bright and well 
aérated, somewhat hard, but quite satisfactory as 
regards organic purity. The Silurian water is very 
similar, but would be benefited by filtration. The 
water from the artesian well on Washington 
Heights is very hard, and while it yields a com- 
paratively large amount of free ammonia on distil- 
lation, no distinct evidence of pollution was indi- 
cated, 

It is thus evident that the British visitor to 
Chicago need not abstain from drinking water, 
unless he prefers other beverages. There are four 
independent supplies, and the worst than can be 
said against any of them is that it would be im- 
proved by filtration. Naturally the Lancet advises 
that the lake water should be boiled before use, as 
well as filtered, not because analysis shows it to be 
dangerous, but because the known presence of 
sewage raises suspicions against it. Ourcontempo- 
rary could scarcely do less from its own standpoint. 
We have no doubt that if it made an inquiry into 
London water, particularly that derived from the 
Thames, it would strongly advise boiling the water 
before it was used for drinking. The Thames 
drains a thickly populated valley, and although 
most of the sewage of the towns undergoes treat- 
ment before it reaches the river, yet it certainly is 
not beyond suspicion. It is only three or four 
years ago that the very numerous house-boats on 
the Thames discharged all their sewage into the 
river, often only a short distance above the intakes 
of the water companies. Yet in spite of the very 
grave causes of suspicion that can be alleged against 
the Thames, very few people boil their water before 
using it, and London is a remarkably healthy city. 
The annexed Table gives a comparison of the con- 
stituents of London and Chicago water. 


Macnaghten, Sir William Thomas Lewis, Messrs. 
Abraham, Barnes, Burt, David Dale, G. B. Forster, 
H. H. Gibbs, A. Hood, G. A. Jamieson, J. 
Knowles, Munro, W. G. Pendarves, C. T. Red- 
dington, F. P. Rhodes, R. C. Robertson, J. 
Thomas, C. A. Whitmore, and N. Wood. Most of 
these names will be known to our readers, and it 
will be seen that the Commission was an extremely 
strong one. The first sitting was held in March, 
1890, and.a preliminary report was made in July of 
that year. Other reports have been issued from 
time to time, but they have been of a very brief 
and tentative nature. The report now placed upon 
the table of the House of Commons is the final 
outcome of the inquiry, and it is satisfactory in one 
important respect, that itis unanimous. The Com- 
mittee have treated their references in a very 
liberal spirit, and their report is, in fact, a treatise 
on a most important branch of political economy. 

The Commission was not only a large, but a 
representative body, as will be seen from the list of 
names we have given. Sir W. T. Lewis is repre- 
tative of the Welsh interests of the royalty owners, 
being agent for Lord Bute. Mr. Thomas Burt repre- 
sents labour interests, while Mr. David Dale is 
representative of important colliery proprietors in 
the north. Mr. Hood is President of the Mining 
Association of Great Britain, while Dr. Munro, as 
the Professor of Law and Political Economy at 
Owens College, Manchester, represents the 
economical side of the question. Mr. Thomas 
and Mr. Pendarves, the latter a very large royalty 
owner, represented the Cornish interests. Mr. 
Abraham, M.P., is also a labour member. 

The reference of the Commission was that they 
should inquire into the amount paid as royalties, 
dead-rents, and wayleaves of coal, ironstone, iron 
ore, shale, and the metals of mines, subject to the 
Metalliferous Mines Act of 1872, and the terms 
and conditions under which those payments are 
made, and into the economic operation thereof 
upon the mining industries of the country. There 
was a further reference to the terms and conditions 
under which mining enterprise is conducted in 
India, the Colonies, and foreign countries, hy 
the system of assession or otherwise, and the 
economic operation thereof. 

The first witness examined was Mr. Alfred de 
Bock Porter, secretary and financial adviser to the 
Ecclesiastical Commissioners, It may not be 
generally known that the Commissioners are the 
largest owners of minerals in England, and they 
derive an income, roughly speaking, of about 
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of collecting and analysing the samples of water. 
It is sufficient to say that sterilised stoppered 
bottles were sent from London, packed in separate 
boxes, and inclosed in a case. They were accom- 
panied by a ‘‘sinker” for obtaining the samples 
from the lake, and with most minute instructions. 
Unfortunately some of them were frozen and burst 
in transit, and had to be replaced with less precau- 
tions, but there is no reason to suppose that this 
was done without sufficient care and skill. The 
analyses were carried out in the Lancet laboratory, 
and also independently by Mr. William Crookes, 
F.R.S., whose name is equally well known in 
America as in this country. 


THE MINING ROYALTIES COM- 
MISSION. 

TuE final report of the Commission appointed 
to inquire into the subject of mining royalties 
has at last been issued. This Royal Commis- 
sion, it will be remembered, was appointed in 
August, 1889, and a vast quantity of evidence 
has since then been taken. The original Com- 
missioners were the Earl of Northbrook, Lord 


under the Commission appear to be exceptionally 
well treated, and the circumstance illustrates the 
advantage of rents and royalties being owned in a 
wholesale manner. In fact, throughout the inquiry 
a prominent condition is the advantage of large 
holdings ; as many small interests lead to confusion. 
Each petty lessor is also apt to want to make an in- 
dependence out of his own little claim. The re- 
servations of the Ecclesiastical Commissioners are 
wholly by tonnage rents, the average royalty rang- 
ing between 4d. and 5d. per ton for coal ; and it is 
chiefly coal that the Commissioners own. Mr. 
Porter is of opinion that the sliding scale is the 
most equitable arrangement that can be made both 
for lessor and lessee. The statement is of value, 
coming from one who stands as a lessor, and is 
intimately acquainted with the subject, but 
evidently speaks without bias or prejudice. Sir 
Lowthian Bell, as an extensive lessee, also gave 
evidence in favour of a sliding scale, but when 
questioned as to whether he would advocate legis- 
lation to that end, said he would prefer to leave 
it to the lessor and lessee themselves to settle. 
Generally it may be said that lessees are in 
favour of a sliding scale, although there is by no 
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means unanimity on this point. The Commis- 
sioners, in their report, do not venture on a definite 
statement of opinion in this matter of compulsory 
sliding scale, although they say that the principle 
would tend to the satisfaction of the miners if more 
generally adopted. Sir Lowthian Bell, although 
not in favour of legislation enforcing the sliding 
scale, would establish a tribunal to fix way- 
leaves. In regard to the oft-proposed question of 
payment by results, in the shape of a royalty on 
profits, Mr. Porter does not look on the proposal 
as one likely to be easily workable, and here we 
think most persons will agree with him. Payment 
by results in this way may be theoretically the fairest 
manner of assessment ; but, as with the income- 
tax, itis the details that are difticult to arrange. 
It would be no light matter to audit the accounts 
of a colliery proprietor in order to find actually 
what profit he made; and the question of what 
should, and what should not be, charged against 
profit would lead to constant disputes, and, indeed, 
could never be settled. 

The report gives certain figures as to the amount 
of royalty paid for minerals in the United King- 
dom. In 1889 it was just over 4,000,000/., in 
addition to which the wayleave charges amounted 
to 200,000/. ; the whole output for the year is esti- 
mated at 177,000,000 tons, so that the royalty and 
wayleave is equivalent to rather more than 5d. a 
ton. With regard to iron ore, the Commissioners 
estimate the royalty for the same year at 560,0001. ; 
this is on 14,500,000 tons. The estimated royalty 
on all other metals is set down at 87,068/. The 
production of iron ore has decreased since 1880 by 
one-third ; for whilst in that year it was 18,000,000 
tons, the latest returns only gave 12,000,000 tons. 
To some extent this is accounted for by the impor- 
tation of hematite ore for steel making, but our 
imports of iron ore have only risen during the same 
period from 3,000,000 to 4,500,000 tons. A word 
of warning is given in the report as to the accuracy 
of these statistics, and it would seem that the 
official publications which are required by law are 
notin a very satisfactory state ; the whole matter, 
indeed, appears to be in a condition of great 
obscurity, and the false ideas abroad with regard to 
the subject are doubtless due in a great measure 
to this fact. The Commission suggests that the 
Department of Mines in the Home Office should be 
entirely reorganised, and to it should be committed 
the duty of collecting and publishing accurate in- 
formation relating to the quantities of coal used 
for manufacturing and domestic purposes respec- 
tively ; the amount of royalties and wayleaves, the 
average price of coal, wages, the hours of labour 
of miners, and imports and exports of minerals. 
It is to be hoped that this recommendation will 
take effect, and that’ the suggestion of the Com- 
sioners will be carried out in spirit, as well as in 
letter. We do not want to be flooded with a mass 
of ill-digested official detail, of which we have so 
many examples in various Government depart- 
ments—publications in which the crucial part is 
left out, and the great mass of matter therefore 
becomes useless and simply a burden of expense 
to the country, in the shape of an addition to the 
estimates for the Stationery Office. 

Mining royalties have always been a favourite 
object of attack on the part of the doctrinaire political 
economist, and the report of the Commissioners is 
additionally welcome as it puts the matter ina plain 
and honest light. Amongst the witnesses examined 
there were shown a good many examples of the 
confusion of mind prevalent in this respect ; for 
the Commission was careful to hear all sides of the 
question and to consider all opinions. Thus Mr. 
Keir Hardie, who was examined at some length, 
would end all private ownership in minerals at one 
blow. He would have the State become the pro- 
prietor not only of the minerals, but of the mines of 
the country. This is asking the Government to go 
into business on a pretty large scale. Royalties, of 
course, would then be abolished, and no compensa- 
tion is, according to Mr. Hardie’s programme, to be 
paid to the present proprietors, unless they happen 
to be widows or children. He goes on the general 
principle that, as no one has created minerals, they 
do not belong to any person in particular, but to 
the people as a whole; that only that which has 
been created by labour can be claimed byindividuals, 
and that which has been created by nature belongs 
to all equally. It is but fair to Mr. Keir Hardie 
to say that he is consistent to this extent, that he 
would apply the same principle to the whole land of 
the country. He does not, however—and his 


vpinion here is worth noting—think that royalties 
affect wages materially. ‘*‘ Wages,” he says, ‘‘are 
fixed by competition and the supply of labour in 
the market, and these conditions will continue to 
exist even supposing royalties were abolished.” He 
thinks, however, that royalties affect the earnings of 
the miners, inasmuch as they tend to close foreign 
markets against our coal, which would be open if 
the royalties were nationalised and the price re- 
duced in consequence. 

There are those who look on the export of coal 
as a great national misfortune. That, however, isa 
side of the question not within the terms of the refer- 
ence; but the Commissioners deal with the pro- 
blem raised by Mr. Hardie in the matter of foreign 
competition. An impression prevails, the report 
says, very widely among miners and other working 
men that the royalty system increases the difliculties 
of our coalowners in competing with foreign pro- 
ducers. The prevalent opinion evidently is that in 
foreign countries no royalties exist, or much lower 
royalties prevail. It is, however, the minimum 
royalty which affects the price, and it is only 
therefore necessary to consider what is the mini- 
mum royalty in this country, as compared with 
the minima of other countries. This reasoning is 
based on the supposition that where high royalties 
are paid there are compensating advantages. 

In considering the cost of producing minerals, there 
are four main factors to be taken into account— 
namely, royalty, working expenses, lessee’s profits, 
and wages. The two former and the two latter may 
be grouped together. The working expenses are, 
within certain limits, a fixed quantity—that is to say, 
they are governed by circumstances over which the 
lessor and lessee have no control. The same may 
be said of wages, the amount of which is fixed by the 
maximum that the men can obtain. Profit of work- 
ing, again, is an unfixed quantity, although, of 
course, the lessee getsas muchashecan. If, there- 
fore, we put expenses and wages on one side, and set 
against them royalty and profit of working, we find 
that the latter two are regulated by the former. It 
may be said that wages fluctuate ; and that is true, 
though to a small extent, and though they are fixed 
from time to time by circumstances, they are not 
therefore necessarily constant. The point we would 
make, however, is that the royalty owner is more 
likely to give way under pressure than either the 
lessee or the workman, and that, because he can 
afford to do so. The workman will not reduce his 
charge to any great extent, because, after a certain 
point, he can get better employment elsewhere. 
When the lessee’s capital ceases to be remunera- 
tive, and his exertions are not adequately rewarded, 
he withdraws his money and seeks more profitable 
fields. The lessor, who is the owner of the royalty, 
cannot, however, go elsewhere ; his mineral must 
be worked, or he will get nothing, and he is there- 
fore more easily squeezed. 

Of course an owner may obstinately hold out, 
‘‘ cutting off his nose to revenge his face,’’ but 
people are generally too sensible for that; and, 
indeed, the inquiry shows that such a course is 
hardly ever pursued. The same arguments hardly 
apply in the matter of wayleaves, and Mr. Haslam, 
in his evidence, cites what appears a very bad case, 
of a landowner refusing passage of mineral to a com- 
pany of working men who had purchased a mine, 
which was closed in consequence, the men losing 
their money. So far as can be judged by the 
evidence, there was no special reason—such as the 
road passing near a mansion, or cutting up valuable 
ornamental lands—why permission should not have 
been granted, and the case appears a bad one. 

In regard to wayleaves, Sir Lowthian Bell admits 
that exaction, in connection with the passage of 
minerals over land, does injury to the trade of the 
country, and in that sense he would like to see the 
establishment of some tribunal which would make 
it its business to inquire into every particular case, 
and judge accordingly ; although he acknowledged 
that these evils generally tend to cure themselves, 
for if the trade of a district were about to be anni- 
hilated by heavy charges for wayleaves, the con- 
sumption of the mineral would fall off, and the 
landlords would begin to inquire as to the cause. 

In summing up the objections to the system 
under which minerals are worked in this country, 
the report places them as follows : 

1. That royalties are too high. 

2. That ‘‘shorts” and unexhausted improve- 
ments are confiscated. 

3. That the restraints on alienation and the sur- 
render of mining leases are too severe. 
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4, That the powers of landowners enable them 
to exact heavy wayleaves. 

The copyholders are also said to make use of their 
rights in an obstructive manner, and generally it is 
thought that the powers of limited owners to lease 
their mining property are not sufficiently extensive. 

The chief question settled is, of course, that ap- 
pertaining to royalties. It appears to be considered 
by many persons that this matter is not to be 
arranged by bargain, the opinion being held that 
there is something iniquitous about the possession 
of minerals unworked. The publication of the 
report of the Commissioners is a wholesome cor- 
rective to this frame of mind; the report states 
that the Commissioners did not receive evidence 
showing that proprietors prevented their minerals 
being worked, by refusing to let them, or by 
demanding excessive royalties, to the extent of 
interfering with the general development of the 
mineral resources of the United Kingdom. It is 
allowed that cases may have occurred in which 
mines have been closed owing to the non-reduc- 
tion of royalties ; but they are believed to have 
been, at any rate, extremely rare, cessation of 
working being generally due to other causes. The 
evidence taken points to the fact that the amount 
of royalty is governed by the difference, in advan- 
tages and disadvantages, of one mine as compared 
with another. Sir Lowthian Bell put this very well 
in his evidence, taking as an illustration the case of 
a navigable river, which separated a large coal 
district on one side from an iron ore district on 
the other. In that case the works would be 
placed on the river itself, but if every portion 
of the district were taken up _ successively 
by different people at greater distances from the 
river, the district next to the river would be in the 
most favourite position, and every time a fresher 
adventurer came he would have to content himself 
with an inferior position; the minerals might be 
equally good all over the district, but it would be 
absurd to pretend that they were all equally well 
situated. Such a state of things would produce a 
system of royalty—that is, there would be a prefer- 
ence shown for works the most favourably situated 
in this imaginary mineral field, and in the event of 
the owner wishing to sell works of that kind, he 
would undoubtedly command a higher price than 
would another owner situated ten miles from the 
river. Asa matter of fact, it is just this which has 
occurred in countries where the minerals are the 
property of the State, and have been handed 
over practically without any payment to adven- 
turers who began to work them. In the 
Lake Superior district, for instance, and in the 
Bilbao mines of Spain, there are actual in- 
stances, and the same thing may be said of dis- 
tricts in Germany and Russia. The facts strongly 
support Mr. Keir Hardie’s contention, that the 
State, if it become a royalty owner, should also be 
a universal mine worker, but one trembles to think 
of the Government department that would be 
created to carry on such abusiness. The nationali- 
sation of minerals, however, did not receive very 
much support, even from the miners’ representa- 
tives, and none of the associations representing 
lessees were in favour of the principle. Those 
witnesses who were examined on behalf of the 
lessees, when questioned on the subject, ex- 
pressed a decided preference for the present con- 
dition of the law of mineral property, under these 
circumstances, and as the report shrewdly observes, 
‘The nationalisation of minerals being only a 
variation of the larger question of the nationalisa- 
tion of land, we do not consider it is necessary to 
discuss the matter further.” There is, however, an 
exception to this, and the exception is Ireland, 
where, as regards minerals on property transferred 
to tenant purchasers, the report recommends that 
they should be acquired by the State. In regard to 
the effect on wages of a reduction of royalties, the 
representatives of the miners, who gave evidence, 
appear to agree in thinking that a reduction in 
royalties would tend to raise wages. This opinion, 
the report points out, has been encouraged by 
some lessees, who, when asked to concede a 
rise in wages, refused to do so on the ground 
of the royalties they had to pay. ‘It would 
be more correct to say,’ the report states, 
‘*that wages govern royalties, than that royal- 
ties govern wages, for an intending lessee, in 
negotiating for the lease of minerals, must consider 
the probable cost of winning and working such 
minerals, as wellas every other material circum- 
stance affecting his enterprise ; and inasmuch as the 
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principal outlay in the winning and working of 
minerals is that of wages, wages naturally influence 
chiefly the amount of royalty that a lessee can 
afford to pay upon the mineral worked. If royalties 
were adjusted at frequent intervals, whilst prices 
obtained for the minerals remained the same, 
royalties would necessarily be reduced if wages 
were increased.” 


MERCHANT ORUISERS. 


GENERAL congratulation followed the decision 
of the British Government a few years ago to adopt 
the principle of paying a subvention to fast mer- 
cantile steamers so that these vessels would be 
available for service under the direction of the 
Admiralty in the event of war. Much of the satis- 
faction, too, was doubtless due to the feeling that 
the arrangement would provide another stimulus 
to shipowners to construct fast steamers, and that 
the Admiralty would, therefore, profit in having an 
increasing number of vessels of great speed at their 
command apart altogether from the regular war 
vessels. But this interpretation seems to have 
been wrong. .The present Government has evi- 
dently determined that, small as is the fleet of 
merchant cruisers, the maximum number has been 
attained. The Navy Estimates recently issued 
show that nine vessels are classed as merchant 
cruisers. For the subvention of the Teutonic and 
Majestic the White Star Company get 15,0001. 
annually, whilefor the Empress of India, Empress of 
China, and Empress of Japan the Canadian Pacific 
Company get between 7000/. and 8000/. Other four 
White Star mail boats are held at the disposal of 
the Admiralty without any subsidy whatever. An 
indication is given that negotiations were in pro- 
gress with the Cunard and P. and O. Companies. 
The result, so far as the former is concerned, is 
announced and confirmed by a statement in Parlia- 
ment. It certainly does not do credit to the 
Government, apart altogether frorm objection to 
penny wise and pound foolish policy. 

Everybody now knows that the Cunard Company 
are adding two magnificent vessels to their Atlantic 
fleet—we intend next week to fully illustrate and de- 
scribe them—and of course the Admiralty retained 
merchant; cruisers. It has 
been stated in Parliament that these two vessels 
had been retained instead of the Umbria and 
Eisruria, also of the Cunard Line, but this is not 
quites». The late Government, owing to the subven- 
tion vote being inadequate, could not longer retain 
the Umbria, so that only the Ktruria was retained 
last year. And now, after having secured the two 
new steamers, the Etruria has got notice to quit. 
We have reason to know that it is more than pro- 
bable that the Cunard Company would not have 
allowed the new vessels to be held at the disposal 
of the Admiralty had they supposed that the 
Etruria was to be deleted from the list in 1894. 
Doubtless their lordships at Whitehall had some 
idea on this point, and thus withheld their de- 
cision as to the Ktruria. At first sight it may 
seem asmall matter from a national point of view ; 
but it is, on the other hand, of, vital importance. 
Hither the principle of subsidising merchant 
cruisers for service in times of war is or is not 
desirable. General opinion favours the principle. 
We have 27 vessels exceeding 6000 tons, and six 
vessels of over 19 knots speed onthe Atlantic alone, 
while large vessels of slightly less speed are nume- 
rous. When war breaks out, these 18 and 19 knot 
vessels, even without armament, will be very 
serviceable as scouts along trade routes, while, 
armed with an installation of modern quick-firing 
guns, they may even be of greater service. The 
importance of such vessels is recognised. Lord 
Brassey and Rear-Admiral Long, at the recent 
meetings of the Institution of Naval Architects, 
enlarged on their functions in warfare.* It should 
therefore be the duty of the Admiralty, not only to 
encourage the building of fast merchantmen, but 
more particularly to retain them for service in an 
emergency. The Campania, Lucania, Teutonic, 
and Majestic are most serviceable vessels, while 
the next two fastest vessels carrying the British 
flag are the Etruria and Umbria, and yet the 
Admiralty have rejected them. They certainly 
ought to be on the list. The three Pacific boats 
are also suitable alike for speed and location. 
The same may be said of the South African Union 
Liner Scot, while the fastest of the P. and O. and 
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Orient vessels should be subsidised. Instead, 
however, of increasing the list by adding the new 
vessels without taking off serviceable steamers, 
the Admiralty are decreasing it, for, be it noted, 
although the Campania and Lucania have been 
added, the City of New York and City of Paris 
were withdrawn by America, and the Ktruria is to 
be deleted, so that, assuming that the list otherwise 
remains unchanged, there is a reduction which 
ought not to have been made. ; 
In considering this question it must be borne in 
mind that, quite apart from any value these high- 
speed steamers might possess as fighting vessels, 
they would in war time be able to perform other valu- 
able services well deserving recognition. Assuming 
that war had broken out, that our enemy had power- 
ful cruisers on the Atlantic to prevent supplies from 
reaching our shores, the Campania and Lucania, 
the Teutonic and Majestic, if not also the Etruria 
and Umbria, would be able to outrun the enemy’s 
cruisers; for while cruisers may, under favourable 
conditions, make 20 or 21 knots for short periods, 
it is extremely doubtful if they could be always 
prepared to rush at that speed after a steamer of 
20 or 22 knots speed with her engines worked up to 
full power. It is, therefore, probable that the fast 
vessels able to outrun the enemy would be in de- 
mand for cargo imperatively required or by pas- 
sengers compelled to cross the ocean. The im- 
portance which several foreign nations attach to 
the subject is shown by the fact that they have a 
subvention arrangement with all fast steamers ; 
and any economy by the British Government in 
this direction is to be deprecated. Mr. Hanbury, 
who takes a lively interest in questions in Parlia- 
ment affecting Imperial defence, has interested 
himself in the matter, and it is to be hoped that it 
will not be allowed to pass without some protest. 


THE PRODUCTION OF MINERALS IN 
THE UNITED KINGDOM IN 1892. 


THE annual statistical reports drawn up by Her 
Majesty’s inspectors of mines as to the production 
of coal, ironstone, and other minerals under the 
Coal Mines Regulation Act have just been issued, 
and are this year of very special interest and import- 
ance, in view of the prolonged strike which took 
place in the Durham coalfield during the earlier 
part of the year, as wellas the minor suspensions of 
labour that took place in less important districts. 
The results are also interesting in relation to the 
subjects that are at the present time engrossing the 
attention of the Legislature in so far as the eight 
hours question, and the proposed amendment of the 
law for regulating the liability of employers for 
accidents to workmen, are concerned. The total 
decrease in 1892 as compared with 1891 in the 
quantity of minerals produced under the Coal 
Mines Regulation Act was 5,738,000 tons, of 
which 3,713,000 tons appears in coal, 1,585,000 tons 
in ironstone, 182,000 tons in fireclay, and 267,000 
tons in other minerals. The total decrease in the 
production of coal is much less than might have 
been expected, having regard to the serious strike 
that took place in the Durham coalfield during the 
early part of 1892. The amount of the reduction 
in the Durham coal output was 5,973,000 tons, and 
this naturally stimulated the output in other 
districts to such an extent that they turned out 
2,260,000 tons more coal than they produced in the 
year 1891. There would probably have been no 
difficulty on the part of the other districts in fully 
meeting the deficiency of output due to the 
Durham strike, but the demand for coal was not 
generally so active in 1892 as in the two previous 
years, and this fact is easily accounted for by the 
diminished production of pig iron, manufactured 
iron, and other commodities that consume coal on 
a more or less extensive scale. The miners appear 
to have worked very well during the year, apart 
from the cessation of work caused by the Durham 
strike, and even in that county it appears that the 
average output per employé for the nine months 
during which work was carried on was larger than 
usual for a like period. 

While the returns of the production of coal do 
not in any way take account of the hours of labour 
in the different districts, materials are at command 
whereby an interesting, if not a very important, 
estimate can be framed as to the comparative 
industry and efficiency of the miners in the prin- 
cipal coalfields, and it is well that this information 
should be submitted with the view of showing the 
differences that are at the present time in existence 
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as between one locality and another. In the fol- 
lowing statistical compilation the average number 
of hours worked per week at the face is taken from 
the return submitted to Parliament on the motion 
of Mr. Provand, and the fifth column in the Table 
has been calculated on the data supplied by that 
return. It will be observed that there are remark- 
able differences in the hourly efficiency of the men 
at the face, the maximum being 0.19 ton in the 
case of South Staffordshire, and the minimum being 
0.11 ton, or 42 per cent. less, in the case of Mon- 
mouthshire. So far as Durham is concerned, it 
must not be overlooked that the mines were idle 
for about three months of 1892. 


Statement Showing the Production of Coal per Employé 
in the Principal British Coalfields in 1892. 
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North _,, 2c'21 | e'e7s |} 928 | 0.15 | 258 
Northumberland 31,966 9,529 31.9 0.169 298 
Yorkshire --| 86,563 | 23,190 37.5 0.137 267 
Lancashire, West ..| 42,487 | 11,912 37.9 0.14 283 
a5 North and 
East .. std -+| 89,0699 | 10,444 41.3 | 0.12 268 
Derbyshire ..  ../ 40,181 | 11,141 40.2 | 0.13 277 
South Staffordshire ..| 23,530 | 9,128 38.2 0.19 387 
North % --| 18,3829 | 5,005 39.8 0.13 273 
Notts ..  ..  ..| 22,295 | 7,160 40.5 | 0.15 321 
Monmouthshire .| 27,417 7,407 44.9 | 0.11 270 
Glamorganshire -| 85,279 | 22,808 48.6 0.117 267 
Scotland, East.. --| 52,112 | 15,718 433 | 0.189 801 
» West ..| 36,896 | 11,471 39.2 | 0.14 310 


* At the face. 


The above return shows that the shortest hours 
of labour in the British coal-mining industry are 
those worked in the Durham and Northumberland 
coalfields, but those districts are ahead of any other, 
except South Staffordshire, in the quantity of coal 
produced per worker per annum, on an average of 
years. It will be observed, moreover, that in 
Monmouthshire the men work about 40 per cent. 
longer at the face than they do in the Great 
Northern coalfield, and yet the miners in the latter 
locality produce, on an average, about 30 per cent. 
more per employé per annum than the men of Mon- 
mouth, Obviously, therefore, to make any law 
that would compel, or have the effect of causing, 
the hours of labour in the two districts to be assimi- 
lated, would be tantamount to shutting out Mon- 
mouthshire entirely from all competitive business, 
and the same thing would apply more or less, 
mutatis mutandis, to other localities. Attention 
may, in this connection, be called to the fact that 
the miners do not, in the great majority of cases, 
work eight hours, or anything like that limit, at the 
face, but, on the other hand, the surface labourer 
generally works for rather more than eight hours 
per day, the average of such labour in the country, 
as a whole, being about 52 hours per week. 

So far as the returns of mining operations in 
1892 throw light upon the question of the extent 
of the liability of employers for accidents to 
workmen, it would appear that the results arrived 
at do not greatly differ from those ascertained for 
previous years. The total number of lives lost by 
accidents in the coal and ironstone mines (under 
the Coal Mines Act) of the United Kingdom was 
1160 in 1890, 979 in 1891, and 982 in 1892. The 
last two years were, therefore, better than the 


year 1890. The tons of mineral produced per life 
lost in the same mines were : 
Year, Quantity, 
Tons. 
1890 167,763 
1891 201,934 
1892 195,473 


So that it may be taken that for every 200,000 tons 
of coal produced, one life continues to be lost in our 
coal-mining operations. This lamentable loss of 
life is largely, if not mainly, unavoidable. The 
provident funds established and carried on by the 
miners themselves are the principal means at 
present provided for the purpose of dealing with 
accidents of this kind. These funds have a 
total annual income of over 270,000/., and have 
now a large accumulated fund. The employers 
provide varying contributions towards the provi- 
dent funds, but there is no absolute rule on the 
subject, so that in one district the contribution of 
the employers will be 10 per cent., in another 20 
per cent,, and in athird, perhaps, 50 per cent. of 
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the amount contributed by the workmen. It is, 
perhaps, not unnatural that workmen in districts 
where employers only furnish a trifling contribu- 
tion towards the provident fund, should feel that 
they are not so well treated as they mightbe, As 
a rule, however, the miners are tolerably well 
satisfied with their own arrangements for meeting 
cases of accident by their own insurance funds, and 
they would probably be entirely satisfied if the 
mineowners generally found contributions equal in 
amount to their own. Mr. Chamberlain and some 
other politicians propose to make the employers 
responsible for all accidents, and to meet the 
charges incidental to this arrangement by levying 
an impost on the produce of coal, but this proposal 
is not at present understood to lie in the region of 
practical politics. 


LABOUR IN GERMANY.—No. I. 

Berork the consolidation of the German Empire 
in the year 1871, the necessity for some legislative 
measures attempting to deal with labour problems 
had become so apparent that the Reichstag of the 
North German Confederation had for two years 
under discussion the provisions of the industrial 
code, which eventually became law in 1869. In 
1871 its operations were extended to Wurtemburg 
and Baden ; in 1872 to Bavaria, and later to Alsace- 
Lorraine. Legislative action for the benefit of 
the working classes was further initiated by the 
Imperial rescript of 1881. In 1883 the German 
Reichstag revised the whole code. An Act for 
compulsory insurance of workmen against accidents 
became law in October, 1885. A scheme for com- 
pulsory State insurance against the poverty which 
ordinarily follows either old age or infirmity of 
workpeople, was passed in 1889, and came into force 
on January 1, 1891. And following the recom- 
mendations of the Berlin Labour Conference, which 
sat in 1890, very important changes were made in 
the industrial code by the Act of June 1, 1891; yet 
it may be said that the revision of 1883 is still the 
basis of the code as it now stands. 

By the Act of 1883 it is obligatory upon all 
workmen whose wages do not exceed four marks 
per day—board and lodging to be considered as 
part wages—to insure against illness, unless their 
employment is merely of a temporary nature. 
State employés are exempt from the obligation, 
and also all such persons who, in case of illness, 
have a claim for continuance of salary, or support 
from their employers for, at least, 13 weeks. 
Agricultural labourers are exempt, except where 
the communal or other authorities decide that those 
of their district shall be included under the pro- 
visions of the Act. The assistance provided from 
the insurance fund is to include free inedical atten- 
dance, medical and surgical appliances, and, after 
the third day’s inability to work, a sum of money 
per day not exceeding one-half of the customary 
daily wages. This assistance is to end with the 
thirteenth week ; but during the first three days of 
sickness no assistance is given under the Act. The 
parochial authority declare an average wage for the 
whole working population as a basis for payments, 
but their declaration is more guesswork than any- 
thing else. Should it be decided that treatment 
in a hospital is necessary, any person admitted to 
such institution, who has dependants to support, 
is to receive one-half of the sick allowance per day ; 
being a sum not exceeding one-fourth of the daily 
wages. ‘The authorities are empowered to refuse 
assistance should the illness be the fault of the 
person concerned. The maximum considered 
necessary by the framers of the Act to be deducted 
from the wages of employés to establish and 
maintain these funds, is 14 per cent. of the 
average daily wage, but itis provided that, with 
and by the consent of the higher authorities, the 
rate may be raised to 2 per cent. if the lower one 
proves insufficient. It is also provided that where 
village fundscannot be established, communal insur- 
ance funds are to provide the necessary means. The 
Act provides that the daily wages of the ordinary 
labourer, also women, children, and apprentices, are 
to be fixed by the administrative authorities after 
consultation with the local authorities. When a 
labourer who has hitherto subscribed to this fund 
changes his occupation, so as to put himself outside 
the provisions of the Act, he mayarrange, by continu- 
ing to pay his subscription, that his position hitherto 
under it be not interfered with. Communes can be 
forced to establish village funds, when required by 
at least one-half of the persons concerned, who must 


not be less than 100 in number. Employers are 
obliged to inform the officers of either communal or 
village funds regarding every workman employed, 
within three days of his beginning or finishing 
work. Should they fail to do this, they must repay 
all the expenses incurred before the announcement, 
and they are also bound to pay over to the funds 
the subscriptions levied on their workmen within 
the stipulated time. For every sum so collected 
they must add a sum equal to half of the collections 
upon their own account. The fund is, therefore, 
made up in the proportion of two-thirds of its 
amount from levies upon the wages of employés 
and one-third upon employers’ funds. It is pro- 
vided that to mortgage any relief under this Act is 
illegal, Employers are forbidden by the Act to 
make use of this law to the disadvantage of their 
workpeople, and an employer who neglects to 
make the requisite announcement of either hiring 
or discharge may be fined up to 300 marks (15/.), 
if no severer punishment can be enforced under 
other provisions. 

Asa matter of fact, this law only affects those 
of the working classes who have permanent em- 
ployment, and, therefore, excludes the very large 
proportion who labour under less advantageous 
conditions. The material prosperity of the workers 
who can only obtain casual and intermittent en- 
gagements is in no way affected or improved, 
neither is that of the workers who carry on business 
on their own account, such as the class we call 
‘‘costermongers,’ market gardeners, and other 
independent tradesmen; and the agricultural 
labourers are still, as a class, almost entirely outside 
its provisions. The Act was passed through the 
Reichstag without much opposition, which may 
perhaps, be taken as an indication of its ineffec- 
tiveness to deal radically with the social problem 
that it was purported to solve. 

The failure of the existing Employers’ Liability 
Act to afford relief to the workmen, and the con- 
sequent agitation for reform, helped to bring 
rapidly in the wake of the foregoing legislation a 
second Act in the series of compulsory insurance 
schemes affecting the working classes. On July 6, 
1884, the Insurance against Accident Bill was 
passed into law ; it had been twice rejected by the 
Reichstag, and was only passed upon the third pre- 
sentation, after being materially altered from the 
form originally proposed. Its chief difference from 
the Act for insurance against sickness lay in the 
provision that the fund for insurance against 
accident should be provided entirely by employers, 
and also in having cast upon them the duty of 
apportioning amongst themselves the levy to be 
made upon each individual employer, orcorporation, 
engaged in each trade. The law was not put into 
force for some considerable time after its being 
passed in 1884, on the ground that there were no 
organisations of employers and workmen to carry 
out its provisions. Each trade has now its own 
organisation ; if there are not people enough in 
one trade, two or more may be taken together. 
All the organisations are subject to the control of 
the Reichsversicherungsamt, a central body or 
imperial insurance board, whose duties are not ad- 
ministrative. 

The connecting link between the sickness and 
accident law is, that whenever an accident occurs, 
the relief paid to the injured workman, and all costs, 
are for the first three months borne by the sickness 
fund—this is the fund made up two-thirds of its 
amount by levies on the workmen’s wages. For 
any distress from accident lasting beyond three 
months the cost is provided from the accident fund, 
wholly drawn from employers. The statistics of 
the funds showed some time back that 12} per 
cent. of the money paid from the sickness fund was 
for the sickness resulting from accident; and 11 
per cent. of the disbursements from this fund were 
for those accidents whose ill effects did not last 
thirteen weeks. If in a criminal court it be proven 
that the direct cause of an accident was the fault of 
an employer, the sick fund authorities have a right 
to sue this employer for the money they have paid to 
the sick man. Any accident the fault of an employé 
puts him entirely out of court ; but he has the right 
of appeal. 1. When any accident happens, its causes 
are inquired into by the police, whose decision may 
be challenged by either parties. 2. The first 
appeal is heard before a court composed of one 
Government official, two delegates from employers, 
and two delegates from workmen. 3. The second 
and last appeal, being a third inquiry, is heard 
before the Reichsversicherungsamt. Any workman 


successful in the inquiry, and appeals, if made, is 
entitled to relief, as explained, from the sick fund. 
After 13 weeks, if the inability to work continues, 
he is to be paid from the accident fund, on the basis 
of an average of the actual wages he has earned 
during the previous two years. When totally dis- 
abled, the relief is to be two-thirds of this average 
until death ; or, when partially disabled, pro rata 
for the whole time of disablement until death. If 
the man dies, the insurance association has to pay 
his burial fees and expenses, and an annuity to his 
widow of 20 per cent. and to each child until 15 years 
old, of 15 per cent. of the actual wages earned by the 
deceased during the year prior to his death. If the 
mother be dead, then each child is to be paid until 
15 years of age an annuity of 20 per cent. calcu- 
lated on the foregoing basis ; but in both cases the 
maximum to be paid yearly to the family is 60 per 
cent. of the father’s earnings during his last year 
of life. If a widow re-marries she loses her 
benefits under the Act. If any insurance associa- 
tion becomes insolvent, the Government will make 
good the deficiency, this being the only Govern- 
ment subvention. 

This Act affects a still smaller proportion of the 
population than the Sickness Insurance Act, for it 
includes only the permanent employés in mines, 
mining works, salt works, quarries, wharves, 
building operations, factories, and factory em- 
ployés ; and the schemes have not abolished the 
poor laws of Germany. 

The third Act of the national insurance schemes 
is the law relating to compulsory provision, by 
insurance, against old age and infirmity, which 
passed the Reichstag on May 23, 1889. By its 
provisions it makes insurance obligatory upon all 
persons, upon completing their sixteenth year, who 
are employed as workmen, assistants, apprentices, 
or servants, and receive payment or wages for their 
service ; and all who are engaged as assistants in 
shops and apprentices (excepting assistants and 
apprentices of apothecaries) who are in receipt of 
payment or wage, but whose yearly earnings do 
not exceed 2000 marks (100/.) ; and persons em- 
ployed for payment or wages as members of the 
crew or employés on a German ship, whether for 
sea or for inland navigation. And by the decision 
of the Federal Council, the provisions of the Act 
may be extended to persons having an indepen- 
dent business, who do not employ regularly at least 
one paid workman, and ‘‘small’’ masters who are 
employed at the orders and on the account of other 
masters in manufacture or industry. Payments 
in ‘‘kind” are to be reckoned as ordinary pay- 
ment of wages. It is also left to the Federal 
Council to decide to what extent temporary 
services are not to be reckoned as coming 
within the scope of this law. All officials 
in the service of the Empire or the Federal States 
are excluded, also officials in the service of the 
Communal Unions, and persons serving as soldiers, 
or those in receipt of pensions or half-pay equal to 
at least the minimum relief payable under the Act. 
Officials must insure in some special insurance fund, 
either existing or to be formed for the purposes of 
the Act, and during service in the army or navy 
the State keeps up the payments already begun by 
the members drafted off from civil employments. 
Persons who do not come within the compulsory 
clauses of the Act, or have passed outside their 
influence, are permitted either to insure themselves 
or continue their insurances by payment of the 
ordinary charges. It was estimated at the passing 
of the Act that 12,000,000 persons would come 
within its provisions. 

The funds requisite for the payment of allowances 
for old age and infirmity are to be made up by con- 
tributions by the persons insured, their employers, 
and the Empire. The contributions from employers 
and employed are to be in equal shares. To every 
allowance recognised as valid by the proper 
authorities, the State contributes 50 marks yearly 
(21. 10s.). For simplifying both contributions and 
allowances, four grades have been arranged for, on 
the following basis: Ist grade, or lowest, for the 
class whose yearly wages reach 350 marks; 2nd, 
wages from 350 to 550 marks yearly ; 3rd, wages 
from 550 to 850 marks yearly ; 4th, wages over 
850 marks and below 2000 marks yearly. 

The payments each contributory week from both 
employer and employed to these classes are: Ist 
class, 7 pf.* each ; 2nd class, 10 pf. each ; 3rd class, 


* A mark is practically equal in value to a shilling, and 
100 pfennigs go to make up a mark, 
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12 pf. each; 4th class, 15 pf. each. The allow- 
ances for infirmity vary with the term of years for 
which the infirm person has been subscribing. If 
the infirmity should set in immediately after the 
fifth contributory year to the funds, payments begin 
on the lowest scale—viz., 50 marks from the State 
and 60 marks from the insurance fund, a total of 
110 marks per annum, and in addition an augmen- 
tation from the insurance fund of 2 pf., 6 pf., 9 pf., 
and 13 pf. for each contributory week for the 1st, 
2nd, 3rd, and 4th class respectively. These allow- 
ances are called ‘‘increasing rates,” and by their 
addition the lowest allowance yearly, after the 
fifth year, under Class 1, would be 114m. 70 pf. ; 
Class 2, yearly, 124 m. 10 pf.; Class 3, yearly, 
131 m. 15 pf.: and class 4, yearly, 140 m. 25 pf. 
After payments for 50 years these yearly allow- 
ances would reach by means of the ‘‘increasing 
rates” the sums of 157 m., 251 m., 321 m. 50 pf., 
and 415 m. 50 pf. for the Ist, 2nd, 3rd, and 4th 
class respectively. A special provision is made 
whereby persons who have been compulsory sub- 
scribers under this Act for one year, and for less 
than the prescribed term of five years, may obtain 
relief if they become infirm. 

Thirty contributory years is the term fixed by 
the Act before the allowance for old age is avyail- 
able, a contributory year being made up of 47 
contributory weeks for the purposes of both 
systems of insurance under this Act. When the 
30 years are passed, entitling the insured to an old 
age allowance, the State, asin the case of infirmity, 
contributes 50 marks yearly, and the insurance 
institute at the rate of 4 pf. per contributory week 
for the Ist class ; 6 pf. for the 2nd class ; 8 pf. for 
the 3rd class ; and 10 pf. for the 4th class. These 
make the total allowance obtainable for old age 
amount to: Ist class, 106m. 40 pf., equal to 
5l. 6s. 5d, per annum; 2nd class, 134 m. 60 pf., 
equal to 61. 14s. 7d. per annum ; 38rd class, 162 m. 
80 pf., equal to 8/. 2s. 10d. per annum; and 4th 
class, 191m., equal to 9/. lls. per annum. If 
contributions have been paid for more than 1410 
weeks, those 1410 weeks in which the highest 
contributions have been paid will be counted in 
reckoning the allowance. Under certain condi- 
tions, persons who came within the scope of the 
Act were entitled to receive an allowance for old 
age immediately after the law came into force. A 
period of illness, although no contribution is paid 
by the individual, and in like manner the period of 
military service, is counted a contributory period, 
unless the insured person has brought such illness 
upon himself either purposely, or by committing 
a criminal offence against the laws of the land, 
or by guilty participation in brawls and fights, 
or by drunkenness or evil and dissipated habits. 
When persons who have passed the contributory 
periods, either contract or aggravate drunken 
habits, it becomes lawful for the administration to 
pay them the value of the statutory allowance in 
** kind.” 

The weekly amounts of contributory payments 
must be fixed by each insurance institute every 
fifth year, after the first 10 years of the working 
of the Act, for which period the rate was fixed by 
the Government. Provisions are made for protect- 
ing ina measure the interests of widows and children 
in case of the death of the insured. Allreversionary 
right arising from a condition of insurance becomes 
extinct if contributions have only been paid, 
whether voluntarily or compulsorily, for less than 
a total of 47 contributory weeks during the space 
of four consecutive calendar years. Allowances 
cannot be legally mortgaged or transferred to any 
third person, nor be seized for other claims than 
those of a wife and legitimate children, or of the 
parishes or charitable unions entitled to repay- 
ment. 

All payments to this fund are made by aflixing 
stamps, provided by the Government, to cards held 
by each insured person. The employers must buy 
these stamps, and affix every week to each card 
their quota, and are also obliged to deduct from 
the wages of their employés the proper proportion 
for stamps and affix them also. Supervision and 
arbitration courts are provided under the Act, 
which altogether consists of 162 clauses ; frequently 
each clause is sub-paragraphed several times, and 
there are numerous cross-references to individual 
clauses in the two preceding Acts. By this means 
the whole system is dovetailed together, and it is 
intended that no person shall obtain relief at the 
same time from more than any one of the insur- 
ance organisations or a poor law relief board. 
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ProsecteD Important Rartway In Russia. 

A NEw railway is under contemplation which 
will prove of great importance for the Russian 
Baltic provinces. The plan has been conceived 
and the concession applied for by the Rybinsk- 
Vologoje Railway, and purports an extension of 
the railway from Vologoje to Pleskau, and from 
Rybinsk to Jaroslaw, in addition to which the 
company proposes that it shall take over the traftic 
on the State railway sections, Pleskau-Riga and 
Riga-Tuchmu, as well as the Baltic Railway, and 
finally the company shall receive a concession to 
extend the Tuchmu Railway as far as Vindau. 
These lines would all form one concern, under the 
style of the North-Western Railway Company. 


Tur RecuLation or THE RHINE. 

The question of the regulation of the Rhine, in 
accordance witha treaty with Switzerland, has been 
the subject of investigation by an Austrian Par- 
liamentary Committee. This regulation is of im- 
portance for the people on both sides of the river 
for that distance where the Rhine, prior to enter- 
ing the Baden Lake, forms the border between 
Switzerland and Tyrol. During the present century 
those districts have nine times suffered severely 
from great inundations. The losses caused during 
1888 and 1890 for Vorarlberg alone amount to over 
150,000/. The proposal in question proposes to 
shorten the course of the river about six miles. 
The Austrian contribution will, for twelve years, 
amount to close upon 70,000/. annually, in addition 
to which the regulation of some smaller rivers in 
the Vorarlberg district will entail an expenditure 
of some 90,0001. During the last ten years Austria 
has expended over 80,000/. on embankments, &c. ; 
but these have not proved very useful. The com- 
mittee fully approved of the regulation referred to 
above being’carried through. 


THE OLprest GERMAN RAILWway. 

Writing to the Railway Review (Chicago), Dr. 
Johenhaeuser gives an account of the oldest 
German railway. This was opened in December, 
1835, and ran between Nuremberg and Furth. 
Although the Liverpool and Manchester line was 
then in full working order, the greatest difficulty 
was found in raising the capital for the new line, 
though only about 11,000/. was required. The 
most absurd objections were raised, and in 1834 
the shares were at 30 per cent. discount. How- 
ever, in 1835 a Bavarian engineer returned from 
America, and under his care the line was com- 
menced, and finished within eight months. The 
original shareholders were very handsomely re- 
warded. The traffic increased so rapidly that the 
shares rose rapidly to 500 per cent. premium. 
From 1835 to 1860 the line was worked in the 
forenoon by horses and in the afternoon by steam, 
the idea being to save money. The working 
expenses were very low. The manager was only 
paid 100/. a year, and the traffic inspector 40/. 
The engine-driver, on the other hand, who was 
sent out by Stephenson, got 125]. ayear, and was 
thus paid more than his nominal chiefs. At the 
present day the dividend paid on the share capital 
is 21 per cent., but on the present selling price 
the return is only 3$ per cent., figures which 
show the confidence of the owners in the future of 
the undertaking. 


Macnesia FIREBRICKS, 

At a recent meeting of the Society of Civil 
Engineers, Paris, a discussion took place on the 
possibility of obtaining higher temperatures in steel 
furnaces. At present the temperature is limited 
by that at which the walls of the furnace begin to 
fuse, and even Diners firebricks are not proof 
against this. Magnesia is claimed to be capable of 
standing far higher temperatures than the Diners 
brick. Itis used, according to a statement made 
at the meeting referred to, by M. Lencauchez, and 
was first proposed by M. H. Miiller in 1869. The 
principal difficulty in using it is the excessive 
shrinkage to which it is liable when heated. Thus 
a cube of magnesia of 10-in. edge, in the raw state, 
is said to shrink to one of 6-in. edge when suffi- 
ciently calcined. For this reason furnace linings 
made of this material were liable to crack badly. 
The remedy for this state of things is to cause the 
magnesia to undergo its maximum possible contrac- 
tion before being placed in the furnace, but for 
this an excessively high temperature is required. 
These difficulties have, it is claimed, now been 
overcome, and M. Lencauchez showed the Paris 
Society of Civil Engineers a number of perfectly 
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solid bricks of magnesia, which were as dense as 
granite, and had been thoroughly shrunk. On 
analysis the bricks are found to have the following 
composition : 


HIGH fee; ike Me 1.50, to) 52:50 
Alumina and iron oxide 0.75: cuisade ane 
Lime fia hy it 1.50 3, 3.00 
Magnesia 96:25 ~ 3, 19326 

100.00 ,, 100.00 


The high temperature required to insure that the 
bricks shall not be liable to further contraction is 
obtained by suitably designed gas kilns. 


AMERICAN Rai~roap Economy, 

The average number of locomotives in use upon 
the Chicago and North-Western Railroad in the 
financial year ending May 31, 1892, was 848, and 
the aggregate distance run by engines during the 
twelve months was 32,206,756 miles, as compared 
with 29,694,524 miles run by 811 engines in 1890-1. 
In 1891-2, the passenger service covered 7,784,620 
miles, showing an increase of 461,261 miles, or 
6.30 per cent. The freight service covered last 
year, 15,954,454 miles, showing an increase of 
1,353,909 miles, or 9.27 per cent. The switching 
or shunting service covered last year 7,261,761 
miles, showing an increase of 407,727 miles, or 
5.95 per cent. The ballast train service covered 
last year 1,205,921 miles, showing an increase of 
289,335 miles or 31.57 per cent. The total cost of 
locomotive power in 1891-2 was 5,878,968 dols., 
showing an increase of 599,531 dols., or 11.36 per 
cent., as compared with 1890-1. Repairs cost last 
year 1,181,468 dols., fuel 2,369,743 dols., oil waste 
and tallow 107,749 dols., and wages 2,220,008 dols. 
The cost per mile run was 3.67 cents for repairs, 
7.36 cents for fuel, 6.89 cents for wages, and 0.33 
cents for lubricants and waste. The average dis- 
tance run for every ton of coal or cord of wood 
consumed was 24.28 miles, as compared with 25.12 
miles in 1890-1. The expenditure incurred for 
maintenance of way and works in 1891-2, was 
3,421,287 dols.; of which 1,811,508 dols. was paid 
for labour, 695,622 dols. for rails, 582,184 dols. for 
sleepers, and 333,973 dols. for miscellaneous track 
materials, tools, hand and dump cars, &c. After 
giving credit for old rails and old track materials 
sold during the year to the amount of 538,885 dols., 
the net expenditure for the maintenance of per- 
manent way was brought down to 2,882,402 dols. 
Heavier rails have been laid down to meet the 
larger traffic which has to be accommodated. There 
were 4133} miles of steel track in use upon the 
system at the close of May, 1892, showing an 
increase of 135 miles, as compared with May, 1891. 
The additions made to rolling stock last year com- 
prised 1896 cars and 12 locomotives. The total 
number of engines upon the system at the close of 
May, 1892, was 858, and of cars of all kinds, 28,576. 
The rolling stock purchased last year comprised 
12 locomotives, 62 passenger cars, 1550 box cars, 
280 platform cars, 500 iron ore cars, 2 steam pile 
drivers, 2 steam shovels, and 1 combination ex- 
cavator and wrecker car. The company also con- 
structed in its own shops last year 35 caboose cars, 
2 mail cars, and 10 milk cars. The difference 
between the figures just given and the actual 
additions made to the rolling stock last year is 
represented by old stock broken up, withdrawn, or 
disposed of. In the course of last year, 15 loco- 
motives were either partially rebuilt or repaired in 
the company’s shops. The aggregate outlay made 
last year for repairing, renewing, and replacing 
rolling stock amounted to 3,080,445 dols., of which 
1,418,838 dols. was paid by the company for labour. 
The great extent of the company’s lines, its variety 
of agricultural, mineral, and manufacturing traffic 
its movement of live stock, foreign produce, mer- 
chandise, and other commodities, together with the 
growth of passenger traffic in all the advancing 
cities, towns, and country served by the system, 
compelled large outlays last year for terminal 
facilities, siding and store tracks, station enlarge- 
ments, doubling track, construction, &c. ~The 
outlay made under these heads in 1891-2, amounted 
to 3,914,711 dols. The principal improvements of 
a permanent character effected last year, were the 
completion of 392 miles of second track, between 
Clinton and Lowden, and 158 miles of second track, 
between Lisbon and Otis on the main line in 
Towa. 


Frenou Coat Minine.—The Carmaux Mines Company 
raised 365,716 tons of coal last year, or 173,704 tons less 
than in 1891. The net profit realised in 1892 was 39,3882, 
as compared with 106,1389/, in 1891. 
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COLUMBIAN EXPOSITION NOTES. 

THE time up to which exhibits for the World’s Fair 
may be received has been extended to April 30. Only 
one-third of the exhibits had arrived up to April 10, the 
last day originally fixed. 


The largest wood split pulley in the world will be 
amongst the exhibits. It is part of the exhibit which 
the Reeves Pulley Company, of Columbus, Ind., will 
make at the World’s Fair. It is 18 ft. in diameter, has a 
face surface of 4 ft., and will be fastened to a shaft 6 in. 
in diameter. It required two and one-half kegs of nails, 
100 lb. of glue, and 2800 pieces of wood to construct the 
pulley. 

Highteen large cases of Corean exhibits are stored in 
the Manufactures Building. Among the articles are 
minera]s, fabrics, silk and cotton, grass cloths, hemp, 
lion and tiger skins and furs, deer horn, implements of 
war and the chase, household ware, utensils, native cos- 
tumes, inlaid ware, bric-a-brac, and curios. Some very 
large sedan chairs peculiar to the country are also in- 
cluded in the collection. 


In the Transportation Building will be found two old and 
greatly dilapidated locomotives, named the ‘‘ Samson” 
and the “‘ Albion,” part of the exhibit purchased by Chief 
Smith for the railway section some time ago. The loco- 
motives came from Stellarton, Nova Scotia, on flat cars 
operated by the Inter-Colonial Railroad, Canada. The 
“Samson” was built at New Sheldon, Durham, in 1838, 
and the ‘‘ Albion” is possibly as old. They will be 
exhibited in the annexe of the Transportation Building. 


Archduke Charles Louis, of Austria, brother of Em- 
peror Francis Joseph, and Lord Protector of the Austrian 
section of the Exposition, has consented to give his special 
attention to the enterprise known as ‘‘Old Vienna.” In 
spite of several rumours to the contrary, this scheme will 
be carried out, three of the houses now being completed. 
The protection of his Imperial Highness will doubtless 
induce the leading firms of Vienna to rent shops in Old 
Vienna and display there their finest articles, 


The Transatlantic steamship agents report that the en- 
gagement for cabin passages both ways across the Atlantic 
is much less than formerly, The outlook for the steam- 
ship season is not favourable owing to the fear of cholera, 
and also to the Chicago Fair, which keeps Americans at 
home. This condition of things reduces business in 
travellers’ letters of credit, which will result in reducing 
foreign remittance of American gold to pay travellers ex- 
penses in Europe, thus favouring the trade balance for 
America. 


A great strike broke out last Monday at the World’s 
Fair, the trouble being due to a refusal of union workmen to 
work with free men. In all some 3500 men threw down their 
tools. Thestrike was, however, settled on Tuesday at a con- 
ference of the representatives of both parties. The director 
of the works at the Exposition succeeded in convincing the 
labour leaders that the building trades agreed when the 
works at the Fair were begun that union and non-union 
men should work together without discrimination. There- 
upon the labour leaders declared the strike. at an end. 
All the men have returned to work. 


The Musselburgh Wire Mill and Galvanising Works, 
near Edinburgh, send to the World’s Fair samples of 
plough steel, patented rope wire, plated steel wire, gal- 
vanised hawsers, musicand gun wire. There will also be 
specimens of a 40 per cent. tungsten steel billet, and of a 
15 percent. manganese steel billet. Hach of the samples 
shown has been carefully tested, and the results are 
tabulated. Probably the sample of tungsten steel with 
40 per cent. of tungsten is the only exhibit with such a 
high percentage. The samples will be neatly arranged 
on a handsome stand and case of light Virginia pine. 


The United States Government’s exhibit at the World’s 
Fair will be made up of exhibits from the several execu- 
tive departments. These exhibits are now being sent to 
Chicago. Among these is one from the Registrar’s Office, 
Treasury Department, which will be one of the most 
interesting exhibits at the Fair. It consists of 640 
samples, each one distinct and separate, of every piece 
of paper money ever issued by the United States Govern- 
ment. In the exhibit also will be found samples of 
colonial and Continental money, of the old wild-cat 
money, broken State!banks, and Confederate money and 
bonds. An unbroken line of United States bonds will 
also be in the exhibit. 


The department of fish and fisheries, to which the 
Government Fish Commission exhibit is a valuable 
adjunct, will be divided into three classes. In the main 
building will be exhibited fish products and commercial 
elements of the fishing industry. In the east wing will 
be the display of live fish. The western pavilioa will be 
devoted to collections of angling apparatus of all kinds. 
This exhibit will be competitive, and will include all kinds 
of fishing tackle and appliances in use in the United States 
and foreign countries. In fact, this portion of the building 
will be a fisher’s paradise. In it the lovers of the ‘‘ gentle 
art” may assemble to swap yarns and examine the latest 
wrinkles intended to deceive the wary trout. The display 
is intended to embody the perfect articles in use at the 
present day, and to illustrate for contrast as many of the 
ment and barbarous methods of catching fish as pos- 
sible. 


As regards size, the most important feature of the 
Belgian exhibit will be in the Manufactures Building. 
The space allotted Belgium has a frontage of 140 ft. 
on Columbian-avenue, and the pavilion will cover 4500 
square feet of space. The facade of tbe pavilion will be 
the same height as that of France, its neighbour, and the 
structure will comprise a grand central arch and two 


smaller arches ateach side. All carpentry work for the 
pavilion was done in Belgium, and all that remains to be 
done now is the setting up. Among the many interest- 
ing things so far received by the commission is a magni- 
ficent collection of bronze art works, exhibited by the 
Compagnie des Bronzes, of Brussels. The unpacking in 
the Manufactures Building of the mammoth crystal 
glass plates from Charleroi drew quite a crowd. Two 
steam cranes were required in the work of installation. 
Belgium will also show a fine exhibit of faience, furniture 
with fine carvings, &c., in this department. 


Italy will occupy in all the departments of the Fair to 
which she contributes about 70,000 square feet. The entire 
number of Italian exhibitors exceeds 1,500, of whom 
665 will make exhibits in the departments of manufactures 
and agriculture. The exhibits sent by Italy in what may 
be called the manufactures and merchandise section are 
very Jargely works of industrial art, such as bronzes, 
marble for construction and decorative purposes, tapes- 
tries, embroideries, silken fabrics, Venetian glass, Vene- 
tian laces, cabinet ware, inlaid woodwork, mosaics, wines 
and oils, and preserved fruits, oranges, lemons, olives, 
dates, &c, Italy also sends a very large collection of 
specialties in manufactured delicacies for the table, such 
as sardines, spiced tongues, and fish, and dainties of a like 
character. The exhibit of laces and glassware will be 
particularly fine, especially that of laces. Old and 
recently made Venetian lace will be a great speciality in 
the Italian display, and a striking feature of the Italian 
court in the Manufactures Building will be a show-case 
beautifully arranged as a pavilion, fully 90 ft. high. 


After six months of hard service the temporary lighting 
plant at the Park will shortly be removed. The great 
machines which the General Electric Company has built 
for the purpose will be substituted. This new plant is 
said to be the largest ever set up. The old plant has 
done good service since its installation last October. 
Since that time it has been engaged continuously in the 
incandescent lighting of offices and drafting rooms, in 
supplying power to hoisting motors, running sawmills, 
paint machines, and pumping engines. From time to 
time the plant has been increased, until it now com- 
prises two 150 horse-power generators, which run incan- 
descent machines, maintaining 4500 lights, and arc 
machines maintaining 270 are lights. Since October, 
when the great incandescent power and arc lighting 
plant was expected to be in running order, the call upon 
the temporary plant has been continuous, and the gene- 
rating machines have been overloaded. Contracts have 
been also made by this company to supply the Exposition 
with a storage battery charging plant, for supplying the 
storage batteries of the electric launches used upon the 
lagoons. This charging plant will have sufficient capacity 
to charge simultaneously 60 launches, each having 78 
cells. This current is ample to maintain continuously 
6000 16 candle-power incandescent lights, 


A very considerable part of the Russian exhibit at the 
Fair has arrived in New York. Owing to the extremely 
cold weather and the quantity of ice in the Sound, the 
steamer containing the principal portion of the Russian 
display has been much delayed, but Commissioner 
Souctchetfsky says there is no doubt that it can be got 
to Chicago by May 1. Russia now occupies the third place 
among European nations in the matter of general partici- 
pation in the World’s Fair. She will occupy space in 
every department, and in some of them her space will be 
larger than that filled by any other foreign country. In 
the great Manufactures Building Russia follows France, 
Great Britain, and Germany in what may be called a 
second place with Japan, Austria, and Belgium. In the 
matter of pecuniary appropriations she will rank up third 
in foreign countries, following Germany, 800,000 dols. ; 
France, 733,000 dols. ; Russia, 350,000 dols. Although 
Russia abandoned the idea of putting up a special 
building, efforts will be made to create such an elaborate 
and imposing pavilion in the Manufactures Building as 
worthily to represent Russian building and decorative 
art. Russia is sending to the Women’s Building a good 
exhibit ; six cases have already arrived. A large exhibit 
will also be made in the fine arts department. ‘Three new 
commissioners and the architect for the Russian com- 
mission have just arrived, and the Imperial Com- 
missioner-General is expected to be in Chicago about the 
middle of April. The Russian commission in Chicago will 
include about 15 representatives, 


Professor J. P. Barrett, the electrician to the World’s 
Fair, recently said that many magnificent booths and 
artistic pavilions are nearing completion, and although 
there is much installation work yet to be accomplished, 
with hundreds of pairs of skilled hands, wisely directed, 
engaged at this work, and thirty-six days and an equal 
number of nights, if necessary, in which to bring it to 
completion, it is safe prophesying that the ‘‘ wheels will 
goround” at the appointed time. The general scheme to 
be carried out in the electrical exhibit at the World’s 
Fair is twofold. The exhibit will be practical, and it will 
also be popular. Every electrical concern and enterprise 
of any consequence in the world will be represented. 
It is not expected by the various manufacturers of elec. 
trical apparatus and appliances that they will receive 
immediate and direct returns commensurate with the 
enormous output of time and money which is involved in 
the display of their electrical products. But by means 
of the practical arrangement of the exhibits in the 
Electric Building, by means of their scientific classifica- 
tion, covering the whole field of electrical science, by 
the practical opportunities afforded to compare results of 
the prominent electrical systems in supplying electric 
service for light, power, heat, and commercial purposes, 
with each of these different systems in actual operation 
side by side, under practically identical conditions—great 
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popular object-lessons will be practically presented, which 
will not only be intensely interesting to the eye and 
sense, but will also be highly educational to the electrical 
engineer, the central station manager, the manufacturer, 
the electrical student, and the public in general. The 
final object of the electrical exhibit is the enlightenment 
of the public at large to the progress of electrical science 
and industry, yet scarcely out of its cradle, and to fore- 
shadow the possibilities of the future. 


The Directors of the World’s Columbian Exposition, 
for the purpose of contributing as much as possible to 
the comfort of those who may come to Chicago for the 
purpose of seeing the World’s Fair, have created a de- 
partment known as the Bureau of Public Comfort. The 
object of this bureau is to arrange as far as possible for 
rooms to accommodate visitors. A statement of what is 
being done in this direction, and what the bureau is at 
present prepared to offer, will be useful to those who are 
now planning their visit to the Fair. Major W. Marsh 
Kasson, the superintendent of the Bureau of Public Com- 
fort, has given the following information to a represen- 
tative of a Chicago paper: ‘‘If 25,000 people should 
apply to this bureau for rooms, we would be able to refer 
them at once to places that we have investigated and 
know to be suitable. The prices on these rooms would 
be from 50 cents a day up. This low rate of 50 cents is 
for those who are content to sleep two ina bed. Here 
is the scale of prices that we send to those asking for 
information : 


Per Day. 
dols. 

Single room, one bed, one person 1 to 2.50 

Double room, one bed, two persons... 1 ,, 4.00 
Donble-bedded room, two beds, two 

persons ... ae ae ate See? a IH 
Double-bedded rooms, two beds three 

persons ... ane Riis af eet 5 Os 00. 
Double-bedded rooms, two beds, four 

persons. . = 2 ,, 8.00 


Of course these figures are for rooms not including 
board.” 


New Sour Wetsu Rairways.—A report of the New 
South Welsh Railway Commissioners, which has been laid 
before the Colonial Parliament, shows a decrease of 
61,2731. in the earnings of the railways for the quarter 
ending December 31. This is attributed to general de- 
pression in trade. The Commissioners met, to some 
extent, the reduced earnings by a saving in working ex- 
penses of 46,2287. Since the close of the quarter, the earn- 
ings have not shown any improvement, the tratftic still 
continuing unsatisfactory. It is understood that the 
Commissioners are grappling vigorously with the neces- 
sity for economy which the falling off in the revenue 
renders imperative. 

Erratum: Tue Instirution or Navan ARCHITECTS.— 
In our issue of the 31st ult., page 375 ante, in reporting Mr. 
David Joy’s speech in the discussion on Mr. A. J. Durs- 
ton’s paper on ‘‘ The Transmission of Heat through Tube- 
plates,” we stated that the steam pressure in the boilers 
of certain American-built steamers referred to by Mr. 
Joy is to be 1951b. to the square inch. This we are 
informed is not correct, as the intended pressure is 210 lb, 
to the squareinch. Another source of information gives 
the pressure as 225 1b. to the square inch. 


THE AMERICAN RAILROAD INTEREST.—The enormous 
extent of the American railroad network is shown in a re- 
port just issued by a body known as the Interstate Com- 
merce Commission. The report, which is brought down 
to June 80, 1892, is not quite complete ; in fact, it does 
not embrace some 37,000 miles of line in respect of which 
no returns could be obtained. At the same time 
the report embodies details received from the owners 
of 462 railroads, comprising altogether 138,350 miles 
of line. The 462 reporting railroads earned in 1891-2 
no less than 951,025,159 dols.; their working ex- 
penses for the year were 633,690,836 dols., and their net 
revenue was, accordingly, 317,334,323 dols. The aggre- 
gate receipts of 1891-2 were 125,050,303 dols. in excess of 
the corresponding collection for 1890-1, This increase of 
125,050,303 dols. was made up as follows: Passenger 
service, 31,500,038 dols. ; freight service, 91,506,671 dols.; 
and miscellaneous, 2,943,594 dols. Of course, some allow- 
ance must be made for additional mileage brought into 
operation in 1891-2. The working expenses of 1891-2 showed 
an increase of 82,834,189 dols. ascompared with 1890-1; but 
even allowing for this, the increase in the net revenue in 
1891-2 will be seen to have been 43,116,114 dols., and the 
Commission considers that this very considerable advance 
appreciably exceeded the corresponding growth of mile- 
age. The ratio of the working expenses to the traftic 
receipts stood in 1891-2 at 66.63 per cent., as compared 
with 66.73 per cent, in 1890-1. There are now 10 railroad 
systems in the United States, each earning 20,000,000 dols. 
per annum and upwards — viz., the Pennsylvania, 
68,260,901 dols. ; the Southern Pacitic, 47,480,962 dols. ; the 
New York Central and Hudson River, 44,841,788 dols. ; the 
Chicago, Milwaukee, and St. Paul, 32,419,306 dols. ; the 
Chicago and North-Western, 32,064,757 dols. ; the New 
York, Lake Erie, and Western, 31,692,912 dols.; the 
Chicago, Burlington, and Quincy, 31,233,850 dols.; the 
Northern Pacific, 24,911,636 dols. ; the Lake Shore and 
Michigan Southern, 22,559,995 dols. ; and the Delaware, 
Lackawanna, and Western, 21,761,186 dols. On the 
whole, there are undoubted elements of strength and 
prosperity in American railroads. At the sametime, the 
fact must not be overlooked that in the Western States 
railroads have to contend with many adverse influences, 
and more particularly with the continual demand for 
lower and lower freight rates and vexatious interference 
on the part of the State Legislatures, 
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MISCELLANEA. 

Tur British South Africa Company have resolved to 
construct the Vrybury-Mafeking line themselves, their 
own engineers giving out and supervising work, which 
will begin at once. 


According to returns compiled for ‘‘Rylands’ Iron 
Trades Circular” the number of blast furnaces in blast 
on March 31 last was 353, being a decrease of 6 on the 
returns of December 31 last. 


On and after May 1 next, the running of second-class 
carriages on the London and North-Western and 
Caledonian Railways between stations in England and 
Scotland will be discontinued. The issue of second-class 
tickets will also therefore cease. 


Mr. Seddon, the acting Premier of New Zealand, 
recently stated that, in future, in the case of non-paying 
railways, constructed with a view to opening up the 
country, a betterment tax would be levied upon the 
ornir whose property was benefited by the lines 
made. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
April 2, amounted, on 16,4543 miles, to 1,413,885/., and 
for the corresponding period of 1892, on 16,3794 miles, to 
1,278,706/., an increase of 753 miles, or 0.4 per cent., and 
an increase of 135,179/., or 9.5 per cent. 


The anniversary festival dinner of the London 
Association of Foremen Engineers and Draughtsmen 
will take place at the Cannon-street Hotel on Saturday, 
the 22nd inst., at 6 p.m. Lord Brassey, K.C.B., will 
occupy the chair. Tickets may be had from the Secretary 
of the Association, Mr. William Powrie, 34, West- 
square, S.E. 


Her Majesty’s Consul-General at Christiania has in- 
formed the Secretary of State for Foreign Affairs by 
telegraph that the State Railways invite tenders, by the 
24th inst., for 3245 tons of steel rails and 278 tons of fish- 
plates. Particulars can be seen on application to the 
Commercial Department of the Foreign Office between 
the hours of 11 and 6 daily. 


A test of the anti-friction properties of magnolia metal 
was recently made at the shipbuilding works of Messrs. 
W. B. Thempson and Co., Dundee, The footstep bearing 
of a grindstone 5 ft. 10 in. in diameter and 12 in, thick 
was lined with this metal, and the stone caused to revolve 
at 241 revolutions per minute. On stopping the driving 
power the wheel continued to revolve for 70 minutes. 
The best result previously obtained with other metals on 
the footstep was a run of 45 minutes. 


The projected canal from Bordeaux to Narbonne, 
whereby a connection will be obtained between the Bay 
of Biscay and the Mediterranean, is now again to the 
fore. Applications have been made to the Govern- 
ment for a 99 years’ concession, and a State gua- 
rantes of 2 per cent. The aggregate length of this 
water way would be some 350 miles, breadth 120 ft. 
to 200 ft., and depth 27 ft., so that the largest vessels 
could pass through it. 


In answer to a question in the House of Commons on 
Monday, Mr. G. Russell said that in so far as the 
memorials of the Civil Engineers in India dealt with the 
low sterling value of the pensions payable in rupees, they 
had been met by the decision to issue all such pensions in 
England at a minimum rate of 1s. 9d. the rupee. There 
were other points connected with the pay and promotion 
of the Civil Engineers which were still under considera- 
tion, and, until a decision had been arrived at, the corre- 
spondence was incomplete and could not be published. 


The Barham, cruiser, which has been detailed to act as 
despatch vessel for the Mediterranean Squadron, made an 
eight hours’ trial at Portsmouth on Wednesday for the 
purpose of ascertaining the effect of the Admiralty 
ferrules in arresting leakage in the tubes of locomotive 
boilers. Since the former trial, the ship had been 
fitted with a new set of fans of an improved pattern 
by the dockyard engineers. The run proved satisfactory, 
with an average of 131 lb. of steam, 180 revolutions per 
minute, and a mean air pressure of 1.3 in. The engines 
developed 3589 indicated horse-power, and gave the ship a 
log speed of 18.91 knots. 


According to the Railroad Gazette of New York, an auto- 
matic device for locating and clearly marking track defects 
has been brought out by Mr. G. Mack, of Nuremburg, 
the chief engineer to the Bavarian State Railways. The 
principle of the apparatus is based on the fact that every 
low point or other similar defect ina line of track causes 
a shock of greater or less intensity in a car passing over 
it. The arrangement of the apparatus in the inspection 
car is such that if the shock exceeds a certain degree of 
intensity, a squirting device is brought into operation, 
from which either a red or a blue liquid is squirted over 
the road bed, making stripes from 1 ft. to 7 ft. long and 
about 2in. wide. The track sections requiring attention are 
thus very plainly marked. The apparatus, it is claimed, 
will locate defects which cannot ordinarily be detected 
by the track walker, and will afford evidence of imperfec- 
tions in the road-bed long before these will show them- 
selves by such signs as battered rail ends at joints, &c. 


In building a large dock gate at Amsterdam, some 
trouble was experienced owing to a flow of water into the 
foundations, an account of which is given in the Industrie 
Zeitung. Bore-holes put down to ascertain the character 
of the ground showed, first, a thick bed of quicksand, 
then a thin layer of clay, followed by coarse gravel. The 
work was excavated and a layer of concrete was put down 
and the water pumped out, It was then found, how- 
ever, that large quantities of water came up through the 


bore-holes to the concrete, and, bursting through it, pro- 
duced funnel-shaped holes 6 ft. in diameter. An attempt 
was made to stop these holes with concrete, but that com- 
pletely failed. A cast-iron shield was then madeand lowered 
into the opening, where it was held down by jacks, and was 
made watertight round its edges with a packing ring of 
moss and fibre. The water escaped through an opening 
in the centre of the shield, and was led away in an escape 
pipe. Concrete was now successfully deposited above the 
shield, and when finished the opening through the centre 
of the shield was closed without further trouble. 


In utilising old steel rails ithas generally been customary 
to split apart the head, neck, and base, hammer each part 
separately, and roll the pieces out into small plates. 
Several western mills in the United States have lately 
adopted a new method of rolling, known as the McCloud 
process, by which no splitting is necessary. The rails are 
carefully selected, only those weighing 56 1b. and upward per 
yard being used, and are cut into pieces from 3 ft. to 6 ft. 
long. The pieces are then heated and passed six times 
through a set of rolls. On the first pass the base of the 
rail is bent over to the side, and the next pass it is bent 
more, and the head is somewhat corrugated, on the third 
pass the rail begins to look somewhat like a plate, and the 
other passes complete the process. The rolls are so de- 
signed that the metal is gradually flattened out without 
being bent over on itself, which would be highly injurious, 
since the steel does not weld. The finished plates are 
about 4 in. thick, and from 8 in. to 10 in. wide, depending 
on the section of the rail from which they are made. They 
have been used for a variety of purposes, especially for 
making wire nails, for which they seem especially suited. 


The German papers publish some extraordinary parti- 
culars of some experiments which are said to have taken 
place at Jiiterburg with a new explosive, and we give 
their statements for what they are worth. The new ex- 
plosive is a greasy substance of a brown colour, looking 
like frozen olive oil. The discovery is attributed to Dr. 
Erich Weiss, of the Gernische Dynamite Works. The 
new explosive does not explode by blows or shocks, and 
if thrown on to a fire it burns slowly with a bluish flame. 
It only explodes by the introduction of a certain sub- 
stance, which is the secret of the inventor. The report 
is not very loud, but the ballistic effect is said to be nine 
times that of powder. The substance develops but little 
heat, and after 100 rounds had been fired the barrel of the 
rifle close to the chamber had only a temperature of 
29 deg. Cent. A quantity of the substance, which causes 
the explosion, not larger than a poppy seed is sufficient, 
and it is inserted into the cartridge by means of a needle, 
The new explosive has also, it is stated, been tried in 
shells and at naval manceuvres with most satisfactory 
results. 


In a paper recently read before the Institution of Civil 
Engineers of Ireland on ‘‘Standard Testing Appliances 
for Portland Cement Used in Germany,” the author 
stated the fixity of volume of the cement is deter- 
mined by allowing cakes of neat cement to set in air and 
harden in water. This test usually extends over 28 days, 
but sometimes the process is hastened by heating, on the 
Le Chatelier system, but the test is not to be relied on 
with cements containing calcium sulphate or other sul- 
phur compounds. The standard of fineness of grinding 
is that not more than 10 per cent. shall be left in a sieve 
of 5800 meshes to the square inch. Many makers in 
Germany, however, farexceed thisrequirement, and supply 
cement of such fineness that but from 10 to 3 per cent. 
is stopped by a sieve of 32,000 meshes to the square inch. 
Under-burnt cement was more easily ground than a well- 
burnt cement, but the former could be guarded against 
by tests of the tensile strength. A committee of the 
American Society of Civil Engineers, however, consider 
that the question of fine grinding is wholly one of 
economy, the proper degree of fineness being reached 
when it becomes cheaper to use more cement in propor- 
tion to the aggregate than to pay the extra cost of addi- 
tional grinding. 

«. new method of lining and curbing shafts and wells is 
now being tried in Germany. In this blocks of moulded 
concrete are employed, which form segments of a circle 
or an oval, varying in size according to the dimensions of 
the shaft or well, and weighing from 8 cwt. to 12 cwt. 
each, These blocks have at each side a round fluting, 
with a channel at the top, and a corresponding but 
smaller semi-cylindrical roll or beading at the bottom ; 
they have also two drill-holes, one running vertically and 
centrally, and the other horizontally from back to front 
at the base. The vertical drill-hole enables a rod with a 
hook or ring to pass down and be intersected by a bolt 
running through the horizontal drill-hole, thus hold- 
ing the rod and supplying the means of hoisting or 
lowering the blocks into their places. When a com- 
plete round of segments is formed (the blocks break joint 
like ordinary brickwork), the vertical flutings are rammed 
with a cementing material, and the space between the 
round and the natural wall of the shaft is packed with 
concrete. 
thin layer of cement is placed in the channel on the top 
of the blocks beneath, into which the projection of the 
upper blocks fits, the joints thus becoming perfectly tight 
and forming a solid lining through which water cannot 
penetrate. This system, it is said, has already proved a 
success in several colliery shafts in the Saarbrucken 
district belonging to the Prussian Government,} which 
have been provided with linings in the manner described, 
with satisfactory results. 


LAUNCHES AND TRIAL TRIPS. 
TuE s.s, Antilia, recently launched by the Grange- 
mouth Dockyard Company, went down the Firth of 
Forth on her official trial trip, when a speed of 11} knots 


Before laying the next round of blocks, a | 


loaded was attained. The steamer was built to the order 
of the Bahama Steamship Company, of New York and 
Nassau, for fruit and general cargo trade between 
those ports. Her dimensions are as follows: 200 ft, 
by 380 ft. by 14 ft. 9 in. moulded ; net tonnage 587. The 
engines, which were supplied by Messrs. Hutson and 
Son, Kelvinhaugh Engine Works, Glasgow, have cylin- 
ders 17 in., 27 in., and 44 in. in diameter, by 33 in. stroke, 


On Thursday, March 30, the two powerful dredgers, 
named respectively the Irk and Medlock, were success- 
fully floated in the Salford Docks of the Manchester Ship 
Canal, where they have been built. Both of these dredgers 
were constructed by Messrs. Fleming and Ferguson, Pais- 
ley. They were put together at the firm’s yard at Paisley, 
taken down, forwarded by railin pieces to Salford Docks, 
and finally completed in the bed of the canal. Each of 
these dredgers is capable of raising 500 tons per hour of 
material from a depth of 30 ft. They are to be imme- 
diately set to work to complete deepening operations on 
the canal.” ~ 


The new Donaldstone Liner Tritonia, built and 
engined by Messrs. D. and W. Henderson and Co., 
Partick, went her trial trip on Thursday, March 30, 
on the Firth of Clyde. The results were in every 
respect satisfactory, and with 3500 tons deadweight on 
board a mean speed of over 12 knots was obtained, 
which was in excess of contract. The dimensions are as 
follows: 377 ft. between perpendiculars; breadth 
moulded, 46 ft.; depth moulded, 31 ft.; and dead- 
weight capacity, 5640 tons. The engines have cylinders 
26 in., 43 in., and 20 in. by 54 in. stroke. The two 
boilers are fitted with Messrs. Howden’s system of 
forced draught. The engines are also fitted with 
Messrs. Weir’s evaporator, feed-heater, and_feed- 
pumps: The Tritonia has been specially built for the 
cattle trade. 


On Wednesday, the oth inst., Sir Raylton Dixon and 
Co., Middlesbrough, launched a steel screw steamer, built 
to the order of Mr. A. Embiricos, of Braila, under the 
superintendence of Messrs. Wm. Esplen and Son, of 
Liverpool. The principal dimensions are: Length, 
313 ft. ; beam, 41 ft, 2in. ; depth moulded, 21 ft. ; and 
she has a deadweight carrying capacity of over 3500 tons. 
Engines will be fitted by Mr. John Dickinson, of Sunder- 
land, the cylinders being 23in., 37 in., and 60in. by 
te a stroke, with boilers working at a pressure of 


Seven months ago Messrs, Wm. Simons and Co., of 
Renfrew, received an order from the British Admiralty for 
the construction of ove of their patent hopper dredgers, 
and on Wednesday, the 5th inst., it waslaunched complete, 
with its engines, boilers, and machinery on board. It is 
named the St. Michael, and is the fourth hopper dredger 
the builders have supplied to the British Government. 
The bucket-ladder works through a stern well opening, 
and will dredge to a depth of at least 45 ft. below the 
water level. The buckets have a capacity of 15 cubic feet 
each, and arespecially designed to lift and discharge very 
sticky clay. A special auxiliary pumping engine is pro- 
vided for washing this material out of the hoppers, shoots, 
&c, Steam winches, having three chain barrels and two 
large warping ends, are placed on raised platforms at the 
bow and stern of the dredger for handling the mooring 
chains and for warping pa Each winch is driven by 
separate engines, and the barrels all work independently. 
A very powerful steam hoisting engine and gearing is 
placed aft to raise the lower end of the bucket ladder and 
tumbler to the deck level, and thus facilitate any repairs 
that may require to be done thereto. The St. Michael 
has two hoppers capable of containing together 600 tons 
of dredgings. A feature in the construction of these 
hoppers is that the sides are vertical. This departure 
from the usual sloping sides is to allow of the quick dis- 
charge of the dredged material, which is of an extremely 
adhesive nature at Portsmouth Dockyard, where the 
dredger has to work. The vessel is propelled, and the 
dredging machinery worked, by two pairs of compound 
surface condensing engines, which will propel it at a speed 
of nine knots an hour, Steam is supplied from two steel 
boilers, constructed to Admiralty requirements, for 
100 lb. working pressure. 

The Campbeltown Shipbuilding Company’s screw 
steamer Vanland, of 772 tons net register and 1950 tons 
deadweight, recently launched from their yard at 
Campeltown (Clyde), made her trial trip, when an average 
speed of 114 knots was attained with 300 tons on board. 
The Vanland is a steel screw steamer of the part-awning 
deck type, designed to carry 1950 tons deadweight on 
16 ft. 7 in. draught, and has been supplied with a set of 
triple-expansion engines by Messrs. Kincaid and Co., 
Limited, engineers, Greenock. 


On Wednesday, the 5th inst., the Sunderland Ship- 
building Company, Limited, launched a steel screw 
steamer named Hongkong, built for Messrs. Marty and 
d’Abbadie, of Haiphong and Hongkong, for the Haip- 
hong and Hon eteok passenger and mail service under the 
French flag. ‘The dimensions of the steamer are: Length 
between perpendiculars, 240 ft. ; breadth of beam, 32 ft. ; 
depth moulded, 194 ft. The first-class passenger berths 
are in a large teak deck-house forward, with shade deck 
carried out to ship’s side. Tri-compound engines will be 
supplied by the North-Eastern Marine Engineering 
Company, Limited, of Sunderland, having cylinders 20in,, 
34 in., and 56 in. by 39in. stroke, with two large boilers 
working at a pressure of 160 lb. The average speed of the 


vessel when loaded is to be 12 knots, 
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In our last issue we gave, in our two-page plate and 
on page 410, illustrations of the United States cruiser 
Olympia, showing the arrangement of machinery in 
the ship. In our present number we publish further 
illustrations of the engines of this vessel. Our two- 
page plate gives back and front views of the main 
engines, whilst Fig. 8, on the present page, is a sectional 
elevation. As we shall publish further illustrations, 
we defer our detailed description until the rest of the 
engravings appear. As already stated, the machinery 
of the Olympia was constructed by the Union Iron 
Works to designs prepared by the Bureau of Steam 
Engineering of the Navy Department at Washington, 
of which Commodore G. W. Melville, U.S.N., is chief. 


INDUSTRIAL NOTES. 

Tue great industrial conflict which has been more or 
less active and continuous during the last four or five 
years, first in one trade or place, and then in another, 
has been transferred from Lancashire to the banks of 
the Humber. Barely had a week elapsed after the 
close of the cotton dispute, than another struggle com- 
menced in connection with dock labour, and one that 
seems likely to extend to various branches connected 
with shipping, both in the docks and harbours of our 
seaport towns, and on board the vessels at those ports. 
The dispute at Hull is practically a revival of the old 
contention between the Shipping Federation and the 
various unions connected with the carrying trades, in 
so far as shipping is concerned, as to which party—the 
shipowners and other employers, or the various unions 
of the men—shall effectively control theseveral branches 
of labour at the ports of the United Kingdom. It is 
a most singular fact that the bitterest struggles in 
which labour has been involved have been connected 
with this contest for supremacy—unionism against 
non-unionism. Strikes for wages, and for shorter 
hours of labour, have often been prolonged and stub- 
born, but they seldom evoke such acute strife as 
where workmen are pitted one against the other. In 
the older and better organised unions this phase of 
industrial war is fast passing away; it is, however, 
incidental to the newer unions, most of whom are im- 
patient of opposition, and eager to compass their ends. 
At Hull allsections of the men seem to be determined 
upon a bitter struggle; the employers, with the 
federation at their back, appear to be at quite as de- 
termined not to submit to the unions, Some disorder 
has occurred, and troxps haye been called upon the 
scene, 
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According to the report of the Amalgamated Society 
of Engineers, there has been a slight tendency in the 
direction of improved trade, in so far as the employ- 
ment of members may be taken as acriterion. The 
number out of employment decreased by 95, as com- 
pared with the previous report, but still the number is 
large, 5527 out of a total membership of 71,960 finan- 
cial members, as against 5622 lastmonth. There were 
also on the sick list 1861, and on superannuation 
allowance 2269 ; total on the funds, 9657. On exami- 
nation of the several reports of no fewer than 441 
branches, we find that 266 report the state of trade as 
bad, some few very bad, and 175 as either moderate or 
improving. It is indeed a long time since there was 
such a preponderance of the description ‘‘ bad” as in 
the present report. The new council have got into 
working order, representing the eight electoral dis- 
tricts into which the country is now divided for the 
purposes of representation, The councilannounce, in 
reply to numerous applications for assistance from 
other trades, that they have no funds at command for 
that purpose, and the contributions, including levies, 
are now so heavy, and have been for some time, that 
they do not feel justified in asking for any further levy 
at the present time for the assistance of other trades. 
There are no disputes of any consequence in the engi- 
neering trade in any part of the country, though in 
some few districts the men are under notice. The 
American and Canadian council report a slight im- 
provement in trade, but the Australian council report 
the state of trade to be still bad. In the Australian 
branches there appears to be a remissness as regards 
the monthly reports ; this is chiefly in connection with 
ae branches where disputes have recently taken 
place. 


The report of the Ironfounders shows a total de- 
crease of members on the funds of 132, from 2919 
last month to 2787 this month, but ithe decrease is 
apparent rather than real, as many have passed out of 
benefit while out of work. The total number of 
members is 15,167, of whom 1531 were on donation 
benefit, 413 on sick benefit, 614 on superannuation 
allowance, 210 on the trade relief fund, and 19 on dis- 
pute benefit. An examination of the state of trade, 
as reported from the branches, shows that trade varied 
from good to slack in 49 places, employing 5855 
members, as against46 places, employing 5348 members, 
last month, and that it was from very dull to very 
bad in 72 places, employing 9312 members, as against 
75 places employing 9765 members Jast month, These 
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figures show a slight improvement both in the number 
of places and in the numbers employed, but the 
change for the better is not great. A census of the 
men working at the trade all over the country shows 
that 64 per cent. are inthe union, and 36 per cent. are 
non-union men. The new system of local operations 
is now completed, and 15 districts have reported ; but 
there was nothing of public interest to report, except 
in one instance where there was an unimportant dis- 
pute—namely, at Erith, anda threatened dispute with 
a firm at Stockton, where some work had been done 
for a firm near London, whose men were on strike. 
The more complete organisation of the trade is in- 
sisted upon in the report, and efforts are being made 
to reduce the 36 per cent. of non-union men, so that all 
may participate in the struggle for better conditions 
of work, as well as in the greater advantages which all 
enjoy by the operations of the union. The terms and 
conditions of the new eight-hours system at work at 
Messrs. Mather and Platt’s are given in the report. 


The report of the Associated Moulders of Scotland 
does not indicate any favourable conditions of trade in 
the Scottish districts. The total membership of the 
union is 6450. Of this number 4191 were at work, 
896 were idle and on benefit, and 281 were idle, but 
not on benefit ; so that the total number of unem- 
ployed was 1177, or more than 25 per cent. Of the 
remainder 237 were on superannuation allowance, and 
254 were on the retired list ; consequently the strain 
on the society just now is very severe. There has 
also been a heavy death-rate during the past three 
months. Although not engaged in any strike of im- 
portance, no less than 219/, had to be spent in special 
benefits last month, caused by local small disputes of 
various kinds. One shop on the Clyde is declared to 
be closed to members, but in Dundee the notices for 
a reduction in. wages have been withdrawn. So far 
the trade of Scotland in all the engineering and ship- 
building branches has been quiet and even dull, 
though the term depressed is, as far as possible, 
avoided in the workmen’s reports on the state of trade, 


As compared with the state of trade in the engineer- 
ing and shipbuilding industries, the building trades 
seem generally to be enjoying a fair share of work in 
most of the districts of the United Kingdom. Out of 
481 branches belonging to the Carpenters and Joiners’ 
Union there is not one in Scotland that reports trade 
to be bad, and there are only five branches that do so 
in Ireland out of a total of 36. In England and 
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Wales, out of 423 branches only 52 state that 
trade is bad, the greater part being in Lancashire, 
in Durham, in the Tees and Hartlepool district, in the 
Newcastle district, in Cumberland, and in some Mid- 
land towns. In three places strikes are pending, but 
on the whole trade seems to be fairly good, though 
in some towns it is described as moderate or quiet, or 
dull and unsteady. As the building trades include a 
vast number of workmen, the reports generally are 
encouraging. 


There continue to be evidences of some slight im- 
provement in some of the engineering branches of 
trade in Lancashire, though it does not appear to be 
general to all branches, nor in all the districts. Here 
and there fairly good orders have been secured of late, 
and the heavy stationary engine builders and the 
boilermakers are well supplied with work, and some 
of the machinists are busy upon foreign orders. On 
the other hand, most of the machine toolmakers are 
not so well supplied with work, and the prices are cut 
very fine to secure what orders are in the market. In 
the more general run of engineering work things are 
very quiet, and the general outlook is not considered 
to be at all satisfactory. Taking the several districts 
of Lancashire, it appears that trade is ‘‘ moderate,” 
from the workmen’s point of view, in the whole of the 
Manchester district, including Salford, Gorton, 
Broughton, Longsight, Hulme, and Collyhurst ; the 
same description applies to Bolton, to three of the 
seven branches at Oldham, to Middleton, St. Helens, 
Warrington, Widnes, Wigan, and some other places, 
At Blackburn, Burnley, Accrington, Ashton, Barrow, 
Preston, and some other places the state of trade is 
said to be bad. There are no disputes of any conse- 
quence in any of the districts in the engineering 
branches of trade. The iron trade is very dull, very 
little business having been done during the past fort- 
night. Buyers hold back in the expectation of better 
terms, but makers hold fast by recent prices. In the 
finished iron branches some local makers are fairly 
busy; the orders for bars are fairly good and 
prices firm. In the steel trade business continues 
to be slow; only a limited demand is experienced for 
plates, the best kinds being firm at recent. prices. 
The recent opening of the mills has not affected the 
engineering or iron and steel trades much as yet, as 
the holidays intervened, but it is expected that a little 
more activity will take place immediately. 


In the Sheffield and Rotherham district trade is 
very dull, even to depression. Out of six branches of 
the engineers only two are said to be moderately em- 
ployed, while four describe the state of trade to be 
bad. Most of the local firms in all the branches of 
the iron and steel trades kept their works closed dur- 
ing the whole of last week, except where some orders 
were pressing fordelivery. Plate manufacturers com- 
plain of extreme dulness, the London season so far 
being most disappointing. The cutlery and file branches 
are suffering from depression, while the heavier trades 
are very quiet. There seems to be no elasticity, no 
spring, in the local industries, and no very great 
amount of heart to enter intospeculation. There is an 
absence of labour disputes of any serious kind, and 
the whole tone of industrial activity is low and de- 
sponding. 


In the Birmingham district little work was done all 
through the holidays, and they were extended longer 
than usual on account of the dulness in the local 
branches of industry. There has been a revival of 
trade with the United States in tinplates, bedsteads, 
cycles, vices, and anvils, and also in saddlers’ iron- 
mongery. But in some other parts of the world trade 
is slow and restricted. Jn some of thesmaller articles 
of trade there is greater activity, but, on the whole, 
business is rather disappointing. 


In the Wolverhampton district business was at a 
standstill during the past week, as work was not press- 
ing in any branch. Bedstead makers and iron and steel 
safe makers are fairly well off for orders, and there is 
a demand for iron hurdles and fencing, and also for 
edge tools. The lock works are fairly busy, and some 
branches of ironfounding. The same may be said of 
cycle makers, and some branches of agricultural imple- 
ments. But generally there is an absence of pressure, 
and a scarcity of good orders either for home or for 
abroad. Indeed, the foreign trade is very dull. 


The condition of trade in the Cleveland district has 
shown some signs of a slight improvement, The ship- 
ments for the past month were better, and a larger 
shipment is expected. Indeed, it is confidently antici- 
pated that the consumption this month will equal, if 
it does not exceed, the output, so that stocks will not 
further increase. But there is little elasticity in 
prices at present. Manufactured iron is dull, and the 
prices are tending lower. There is a great scarcity of 
work in the engineering and boiler shops, and in the 
shipyards of the district, and possibly there will be 
little activity until the reductions in wages come into 


force. If there be any disposition to increase the 
volume of trade, it will probably begin under the new 
rates, So far labour questions are quiet, both in the 
iron and steel and the ironstone and quarrying 
branches of industry, throughout the whole of the 
Cleveland district, including Stockton and Middles- 
brough. 


Preparations are being extensively made for the 
May-day demonstrations in various parts of the 
country, and more especially in London. There is 
still some little friction between the London Trades 
Council and the Eight Hours Committee, the action so 
far being, to some extent, independent. The London 
Trades Council are rightfully jealous of any outside 
body being responsible for the arrangements, seeing 
that all the bond-fide trades are affiliated to the 
Council. But the dispute is rather a dispute of policy 
than of principle, as the trades generally are mainly at 
one as to the objects of the demonstration, except that 
there is still some reservation as between the advocates 
of the legal eight hours, and an eight-hours day by the 
action of trade unions, Some of the unions still 
adhere to the latter course, and do not wish for an Act 
of Parliament. 

Government employés at Woolwich, Enfield, and 
other places are pressing their demand for an eight- 
hours day for all employés under Government, without 
any reduction in wages. On Saturday last a meeting 
was held on Plumstead Common, attended by about 
3000 persons, some 1500 of whom marched in proces- 
sion, when a resolution was passed in favour of the eight 
hours without reductions in wages, and appointing a 
deputation to wait upon the Government to urge that 
the demands of the men be conceded. 

The stir on the Continent of Europe about the 
May-day demonstrations has not, as yet, been equal to 
that of the last two or three years, but possibly the 
arrangements will be pushed on now that the Kaster 
holidays are over. Some of the strikes of last year 
were so disastrous that considerable depression is felt 
by the labour unions, and especially as the Socialists 
are being picked out and dismissed at several works 
where propagandist movements were carried on. 
This action has an intimidating effect upon the 
workmen. 


The recent settlement in respect of the dispute in 
the cotton trade has not given entire satisfaction 
to the card-room operatives, and efforts have been 
made to exempt them from the reductions agreed 
upon. The employers are asked to exempt two 
branches from the reductions in wages, on the ground 
that they did not fully participate in the advances 
made some time ago, when the rates were readjusted. 
It is not expected that any strike will result from the 
action taken. 


The strike in the glass-bottle trade seems to be 
nearing a settlement. Efforts have been made to 
import foreign workmen, and steps were taken to 
intercept them. But, apart from this, both sides 
appear to desire a settlement. 


Labour questions continue to crop up in America, 
and the laws have been put into operation to stop the 
boycotting in connection with some of the railways. 
The ‘‘ Brotherhood,” as it is called, issue orders for 
this and that, and the men obey, with the result that 
prosecutions have been instituted in several instances 
against some of the men. One man, an engineer 
named Lennox, was fined 50 dols. and costs for refusing 
orders to move the cars. In another instance the 
judge held that if the men persisted they would be 
guilty of criminal conspiracy. 

It is stated that another strike is being organised 
at the Homestead Works of Messrs. Carnegie and Co., 
and that the company are making preparations to deal 
with it or to avertit. The last great strike at the 
works was not a success from any point of view, and 
many of the incidents were very deplorable. Lives 
were lost in the affray, and some men were indicted 
for murder. Then the scramble back to work was 
ridiculous, while the suffering endured was acute. 
The American system of secret organisation compares 
badly with the more open action of British trade 
unions. 


Matters continue to be tolerably quiet in the mining 
districts covered by the federation. The men have more 
play-days than they like, but they are not of their own 
seeking. In many districts large numbers are out of 
work, but no direct action has been taken to enforce 
reductions in wages up to the present time, Several 
local disputes have occurred of a technical character, 
but these are mostly dealt with in a more or less 
friendly way by the representatives of the men and 
the managers. In Lancashire great numbers are out 
of work, and some of the South Wales collieries have 
been stopped. The same thing is true in Yorkshire 
and in the Midlands. 

In Durham there is a considerable stoppage of work 
at the collieries, and there does not appear to be any 


movement for the resumption of work, or any imme- 
diate prospect of the men being re-employed. 

In Northumberland the coalowners have given 
notices of a further reduction of 5 per cent. in wages. 
The matter will be considered by the men, and efforts 
will be made to avert a strike if at all possible. The 
leaders have all their work before them, seeing that 
the federation has been able to avert reductions in all 
its districts. 

The North Wales Miners’ Federation has been dis- 
cussing the question of apprenticeship for miners, and 
it was agreed to try and get a clause inserted in the 
Mines Bill making it compulsory for every worker 
in the mine to serve at least two years as an apprentice 
to an expert miner before he is allowed to work in the 
mine asa collier. The contention is that the occupa- 
tion is a dangerous one, and that skill is required, as 
the lives of others depend upon the slightest ignorance 
or lack of care in the mine, 


SOCIETY OF ENGINEERS. 

AT a meeting of the Society of Engineers, held at the 
Town Hall, Westminster, on Monday evening, April 10, 
1893, Mr. William A. McIntosh Valon, J.P., President, 
in the chair, a paper was read by Mr. H. Conradi on 
** The Cleaning of Tramway and other Rails.” 

The author commenced by offering a few remarks with 
reference to street-cleaning appliances in general, and the 
conclusion arrived at by him was that they do not tend 
to keeping tramway rails clean, but rather the reverse. 
He then’ referred to the regulations enforced by some 
local authorities which compel the tramway companies to 
leave their lines in the muddy and dirty condition engen- 
dered by the general street traffic, unless mud-collectors 
were used in combination with the apparatus for clearing 
the rails. He pointed out that, although the combina- 
tion of a mud-collector with an ordinary street-sweeping 
machine had been condemned and abandoned, several 
local authorities still imposed this combination as a con- 
dition on the tramway companies when using rail-clean- 
ing machines. He also showed how prejudicial to both 
animal and mechanical traction dirty tram rails were, 
and described several machines devised for effecting their 
clearance. These inventions, without exception, were of 
rigid construction, and therefore incapable of accommo- 
dating themselves to the inequalities of the track. They 
included the patents of Mr. Green, Messrs. J. and EK. 
Townsend, Messrs. Rayner and Edwards, Mr. Dickin- 
son’s, Messrs. Record and Jordan, Mr. Prosser’s, and 
Messrs. Nobes and Jackson. The author then described his 
rail-c}eaning machine, in which the principle of elasticity 
was introduced for the first time, and was combined with 
lightness of construction. The first apparatus constructed 
by him consisted of two tubes, each containing a vertical 
spring. Ineach of these main tubes was suspended an 
internal tube, leaving ample clearance for free play. To 
each of the inner tubes was fixed a leaf spring, to which 
was attached the scraper point and straight plate, form- 
ing the cleaner. The lifting and lowering gear, carried 
on a cross-shaft, was worked by a connecting-rod and 
lever from the driver’s seat. After a private trial the 
apparatus was modified by making the scraper spring a 
full coil, by making the scraping steel and the shovel 
plate separate, and the latter of angular shape, and in- 
creasing the size of each. Triangular brushes were also 
added. The author then proceeded to point out the 
action of the cleaner, which he said was subjected at one 
and the same time to four constantly varying conditions, 
viz , deviations and irregularities of the permanent way ; 
lateral deviation of engine or car; vertical motion of 
engine or car; and the forward motion of the car or 
engine. The apparatus had been fixed to four tramcars 
at Reading, and had now been in satisfactory operation 
for eighteen months, and were still running. He then 
described several experiments made during the running 
of the cars, by which it wasshown that the tractional 
resistance met with by a car running on rails cleaned by 
the previous car was from 25 lb. to 30 lb. less than when 
running on dirty rails. He also compared the cost of 
various systems of cleaning, arriving at the following 
results: By hand, once a day, 1s. per mile of single line 
in the fine season, and 2s. per mile in the severe season, 
Watering by cart twice a day, 2s. 6d. per mile. By the 
author’s rail cleaner, as often as required, 6d. per day. 


MERCHANT CRUISERS. 


Merchant Cruisers Considered with Reference to lhe Policy 
of Maintaining a Reserve of Vessels by Annual Subven- 
tions to Shipowners.* 


By the Right Hon. Lord beast, K.C.B., President- 
ect. 


No more important question could be brought before 
the consideration of this Institution than that of the 
policy to be pursued by the British Government in rela- 
tion to mail subsidies and subventions to the owners of 
the reserved merchant cruisers. 

As carriers of goods, and especially in the class of 
steamers colloquially known as ‘‘tramps,”’ our position is 
assured. Some statistics may here be appropriately given. 
The tonnage owned by Great Britain includes 9506 sail. 
ing vessels, collectively measuring 3,602,546 tons; and 
5588 steamers, of 8,912,522 tons. The United States, 
which stand next to us in sailing tonnage, own 3428 
vessels, aggregating 1,166,963 tons. Germany, which 
stands next in steam tonnage, owns 765 ships, aggregating 
1,091,472 tons, Broadly, it may be said that England 


* Paper read before the Institution of Naval Architects, 
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owns half the mercantile tonnage of the world. When, 
however, we carry the comparison to those classes of ships 
on which we should be chiefly dependent in the event of 
war, and which in peace discharge the great function of 
linking nations together by the swift and safe convey- 
ance of mails and passengers, our relative position is not 
so commanding as we could wish. According to the 
latest returns published by the Bureau Veritas, the mer- 
chant navies of the world possess 45 steamers exceeding 
6000 tons. Of these 10 are French, 1 Belgian, 7 German, 
and 27 English. Of the 10 largest steamships of the 
world, 7 are British. Of the 14 ocean steamers of 19- 
knots speed and above engaged in the Atlantic trade, 
6 are British, 5 German, 2 belong to the United States, 
and 1to France. It will be seen that in the largest and 
swiftest ships we hold no uncontested supremacy. Sup- 
ported by Javish subsidies, mail steamers sailing under 
other flags are running a closer race every year with the 
British lines of ocean steamers. 

I have been supplied, through the kindness of Mr. 
Henniker Heaton, M.P., with the following Tables, 
giving the subsidies paid for mail services conducted 
under their national flag by the leading maritime States : 


r Amount Total Foreign Trade 
Name of State. Paid. of the Country. 
France 1,043,513 300,000,000 
Germany ... 1,000,000 313,000,000 
Russia 251,000 111,000,000 
Italy af 400,000 182,000,000 
Great Britain 665,000 740,000,000 


The subsidies paid by Great Britain are nearly covered 
by the receipts on foreign and colonial letters. 

In addition to the payments under the mail contracts, 
bounties are paid in several countries both for the con- 
struction of ships and in the form of mileage subsidies. 
The premiums paid by the French Government for the 
encouragement of navigation averaged from 1881 to 1890 
298,000/. a year. It is proposed to extend the premiums 
for mileage sailed in the international coasting trade 
where the distances exceed 60 miles, and it is estimated 
that the increase of expenditure will be not less than 
60,0002, a year. The number of lines of steamers brought 
into existence by bounties, not in receipt of mail sub- 
sidies, has increased under the French flag from two to 
19. The non-subsidised services extend to the Brazils, 
the River Plate, New York, the South Coast of America, 
China, and the Pacific. French naval officers applaud 
the system of subyentions, because it calls into existence 
large numbers of steamers which will supply the navy 
with skilled firemen, who cannot be obtained from the 
Conscription Maritime, which consists mainly of fisher- 
men. A similar policy of bounties on construction has 
been accepted in Italy. The amount paid on the gross 
measurement of iron and steel vessels built in Italy is 27. 
per ton, bounty on marine engines, 8s. per indicated horse- 
power, and boiler 5s, per ton, and an additional premium 
is paid upon steamers of over 14 knots. 

The leading lines of steamships under European flags 
are enumerated in the following list : 


Number Aggregate 
Name of Company. of Steamers, ons. 

British India... 103 240,000 
P. and O. oh we 36 216,000 
Messageries Maritimes 61 202,000 
North German Lloyd 66 197,000 
Navigazione Generale 106 170,000 
Compagnie Générale Trans- 

atlantique ... De 66 167,000 
Hamburg-American 86 165,000 
Wilson ae oe ie 86 158,000 
Austrian Lloyd’s ... Pe 73 128,000 
White Star oa a, 20 96,000 
Cunard 26 86,000 


The great steamship company which heads the list re- 
ceives but scanty aid from the State. It does not, how- 
ever, attempt to perform those splendid but costly feats 
of ocean steaming which we look for in ships such as are 
placed on the list of reserved cruisers. The P. and O. 
Company receives, under contracts with the British 
Government, 340,000/. The Messageries Maritimes Com- 

any receives subsidies amounting to 554,000/. a year. 

he North German Lloyd receives subsidies amount- 
ing to 220,0007. a year for services extending to 
Shanghai, Australia, and all parts of the Mediter- 
ranean. On the eastern routes the speeds do not 
exceed 12 knots. The Navigazione Generale receives 
subsidies amounting to, in the aggregate, 380,000/. a year. 
Their services extend to India, China, Batavia, and all 
parts of the Mediterranean. The Compagnie Générale 
‘Transatlantique receives subsidies amounting in the total 
to 446,320/. The Hamburg American Company receives 
a subsidy in accordance with services rendered, but the 
exact amount is not given in the Estimates. The Wilson 
Line, like the British India, is the noble creation of 
private enterprise, unaided by the State ; but the vessels 
are not capable of high speed, and are not, therefore, 
convertible into cruisers. The Austrian Lloyd’s receives 
aggregate subsidies amounting to 152,000/. The White 
Star and the Cunard Companies receive payment from 
the Admiralty for those of their vessels which are placed 
upon the list of reserve merchant cruisers, and mail matter 
is paid for at rates settled in their contract. The Teutonic 
and Majestic receive from the Admiralty about 650/., and 
from the Post Office, on the average, 1000/. per voyage. 
The American postal subsidy will give the Inman Line 
24801. per voyage for 20-knots steamers. By a recent Act 
of Joe hole the City of Paris and City of New York were 
allowed to hoist the Stars and Stripes. By the same 
enactment it was stipulated that, in consideration of a 
liberal subsidy, two steamers of 12,000 tons and 22 knots 


should be built in America for the service between the 
United States and British ports. Three other steamers 
are to be built in America for service between New York 
and Antwerp. , a j 

The competition created by the aid of subsidies consti- 
tutes a serious difficulty for British shipowners. By able 
management, such companies as the White Star, Cunard, 
P. and O., and others have thus far been able to hold 
their own. It may be necessary to grant larger subsidies 
in the future for the conveyance of mails under the 
British flag. It would not be politic to allow these ser- 
vices to be taken entirely out of the hands of our own 
shipowners by foreign rivals. It redounds to the credit 
of British shipowners and shipbuilders that they have 
been able to keep the national flag well to the fore in the 
face of the increasing competition of foreign services, 
Under the British flag, among the most important addi- 
tions to our fleet of fast steamers, are two ships lately 
built for the P. and O. Company of 7000 tons and 18 knots, 
The Cunard Steamship Company are about to put on 
their Atlantic service two ships which will, for the present 
at least, have no rivals. Their tonnage is 12,500, horse- 
power 30,000 indicated, speed 22 knots. The White Star 
contemplate building two vessels of still greater power 
and speed. 

Subsidised mail steamers cannot be a match for regular 
built vessels of war. They have large hatchways, and are 
not protected by armoured decks and by minute subdivi- 
sion into compartments. Armed merchant steamers would 
be formidable enemies to unarmed vessels of the same 
class. The proper réle for mercantile auxiliaries was 
described by Lord George Hamilton in moving the Esti- 
mates in the Session of 1889. They would be employed 
in dogging the footsteps of a foreign merchantman, em- 
barrassing a foe, and keeping touch with a squadron 
which has broken blockade. For such services they would 
be absolutely invaluable. 

Much might be done to improve the means of protec- 
tion in the mercantile auxiliary if the contingency of em- 
ployment asa warship was fully considered in the original 
design. Decks might be built over the engine and boiler- 
rooms of sufticient strength to carry armour, which could 
be fitted when the ship was taken up asacruiser. The 
frames of the ships might be adapted for the riveting up 
of additional bulkheads. Admitting the imperfections of 
the mercantile auxiliary in point of protection, the supe- 
riority in speed and coal endurance over any existing 
ship of war is incontestable. 

During the year 1892 the performances of the fastest 
steamers in the North Atlantic trade show many remark- 
able results. The City of Paris may be said to have 
maintained nearly 20 knots as an average speed. The 
Majestic and Teutonic, of the White Star Line, have 
approximately the same speed as the two famous Inman 
steamers. These fine performances are fairly rivalled, 
and, if we look to the date of launching, aresurpassed by 
the Umbria, built in 1884, which recently, on her eighty- 
second voyage, ran from Queenstown to New York in 
5 days 22 hours. Not more than seven hours have been 
gained by the liners built subsequently to the Umbria. 
The Touraine is the greyhound of the French Trans- 
atlantic liners. She has maintained an average of 19.50 
knots between Havre and New York. On the route 
between Cape Town and Southampton the Scot has 
maintained an average speed of 17.2 knots. The Ibex, 
which plies between Weymouth and the Channel 
Islands, is capable of steaming 20 knots an hour. She 
would make an admirable look-out ship. 

It has been thought expedient to bring the subject 
treated in this paper under the consideration of the 
Institute of Naval Architects, because a disposition has 
been shown in certain quarters to question the policy of 
subsidising mercantile auxiliaries and giving subventions 
to mail steamers. Without the help of the Stateit would 
be impossible to compete with the highly subsidised mail 
steamers running under foreign flags. Public opinion in 
this country will probably share the view held in the 
United States, and which has recently found expression 
in language which may be appropiately quoted from the 
report of the Committee of Congress: ‘‘ A mercantile 
marine of our own, ably manned and used by our own 
people, is a national requirement, essential to a fair parti- 
cipation in the trade of the world, indispensable to wise 
industrial economy, and vital to the importance and 
advance of our country.” Nothing can better conduce to 
the closer union of the mother country and her colonies, 
especially her Australasian colonies, than the improve- 
ment of the means of communication. Already the feat 
has been peformed by the Ophir, of the Orient Line, of 
delivering the Australian mails in London in 24 days from 
King George’s Sound. The distance from New Zealand 
by Cape Horn has been covered by the Arawa in less than 
35 days. Ifso much can be done by unaided enterprise, 
it is evident that, with the help of the Government, 
granted upon conditions which would insure the building 
of vessels representing the finest work of our mechanics 
and shipbuilders, a yet further closing up of the intervals 
separating the mother country from her daughter States 
would be assured, It is difficult to measure the benefits 
which would result, alike to the commercial, political, 
and social relations of the British Empire. 


THE VIBRATIONS OF STEAMERS. 
On an Apparatus for Measuring and Registering the 
Vibrations of Steamers.* 
By Herr Orro Scuiick, Member. 
I HAVE already had the honour, in the year 1884, to lay 


before yon in this place a superficial sketch of the theory 
of the vibrations of steamers, which, in the main, ex- 


* Paper read before the Institution of Naval Archi- 
tects, 


plained all those phenomena in a manner which hassince 
been confirmed completely by the investigations under- 
taken by others. 

I have given this matter further consideration, and in 
my researches I have obtained results which I think will 
not be quite without interest to you, even after the very 
interesting paper which Mr. Yarrow read here last year. 

I do not think it is necessary to recapitulate in detail 
the principles explained in my paper of 1884, since they 
have, in the meantime, become pretty generally known. 
I will only recall to mind that the vibrations which arise 
are to be regarded as regular oscillations of the elastic 
body of the ship, which, in the majority of cases, are 
caused by the reactions of the reciprocating masses of the 
moving parts of the engines. I further proved at that 
time, that the vibrations become most violent when the 
time of a revolution of the engines is exactly the same as 
the period of oscillation of the body of the ship, or a 
definite multiple of this period. I pointed out the for- 
mation of nodes in the vibrations of the axis of length, 
and drew into eonsideration the influence of the distribu- 
tion of weights on board. 

In order to be able to continue the researches on this 
subject with good results, it was absolutely necessary to 
procure an instrument which should record the move- 
ments of the vibrations in trustworthy form, asa diagram. 
After a number of preparatory experiments, I succeeded 
in producing an instrument which met the requirements 
in the most satisfactory manner, 

The apparatus, to which I have given the name pallo- 
graph, is founded on the principle of so hanging a weight 
that, in consequence of its inertia, it takes no part in a 
given direction in the tremblings and oscillations of the 
point to which it is suspended. As it appearsnecessary, 
for the purposes of the experiments, to take cognisance 
of the vibrations in both a vertical and a horizontal 
direction, the apparatus possesses two weights—viz , one 
which can only move in a vertical and another which can 
only move in a horizontal direction. 

The task of measuring the oscillations in a vertical 
direction could be theoretically zolved by hanging a 
weight to a spiral spring of unlimited length ; if, then, 
the point of suspension takes part in the vibrations, these 
latter cannot be transmitted to the weight, because the 
tension exercised by the spring remains unchanged in all 
possible cases. As, however, the use of an endless spiral 
spring is impossible, I have transmitted the effect of the 
tension of a comparatively short spring to the weight, by 
means of levers, which approximately equalise the vibra- 
tions in the tension of the spring under different con- 
ditions. 

The weight intended for the vertical vibrations is 
denoted by the letter G, Fig. 1, next page. Itis attached 
to a horizontal lever H, with a fulcrum at n, in sucha 
manner that it can be moved in a horizontal direction. 
The right-hand end of the lever is forked, as can be seen 
in Fig. 4. In the fork a vertical cylindrical box Ccan be 
moved horizontally, and can be set in any desired posi- 
tion. Two spiral springs S! and S?, which are coupled 
together by means of a beam similar toa scale beam, exer- 
cise their tension on a pivot Z, which is adjustable verti- 
cally by means of a screw Z!,in any position in the 
above-mentioned box C, so that the lever H can be main- 
tained in the horizontal position. The fixed point of sus- 
pension of the springs is underneath the spring S? at the 
point p, and the adjustment is regulated by means of a 
nut in any desired manner. The central pivot of the 
scale beam B is supported by means of the pedestal M, 
and can likewise be adjusted vertically. 

When the apparatus is to be set in action, the pivot Z 
of the box C must be fixed at a certain distance in the 
downward direction, so that it lies below the line joining 
the centre of gravity of the weight G and the fulcrum n 
of the lever. The resulting relations of the levers are 
shown on Fig. 6. When, in consequence of a vibrating 
movement of the ship in an upward direction, the weight 
moves relatively downwards, the length of the lever arm 
which engages with the weight remains approximately 
unchanged (provided the movement is relatively small) ; 
but the lever arm which engages with the spring 
diminishes from the length \ to the length \1, so that, 
although the tension of the spring, due to its extension, 
has become greater, nevertheless equilibrium approxi- 
mately prevails again in the lower position of the lever. 

The circumstances are reversed for an upward move- 
ment of the lever. In this position the tension of the 
spring is diminished, but the lever arm which engages 
with it is lengthened, so that approximate equilibrium is 
present in the higher position. As the pivot Zcan be 
moved at will in either a vertical or horizontal direction, 
so also can the angle @ (see Fig. 7, page 459)—which 
the lever H makes with the imaginary lever of the point 
of attachment Z of the spring—be altered within pretty 
wide limits, and a method is thereby obtained of altering 
the sensitiveness of the instrument at will. If the angle 
¢ be made rather large, that is to say, if the pivot Z be 
fixed very far beneath the lever H, it can result that the 
weight G remains in equilibrium both in the highest and 
the lowest position. In practice it is recommended to 
adjust the instrument in such a manner that the weight 
returns to its central position with only a slight excess of 
force. The weight in this case will only swing up and 
down in a very slow period after a displacement due to 
an exterior force. In this way the number of oscillations 
can be reduced to only thirty per minute. A reduction 
of the angle ? naturally increases the number of oscil- 
lations. 

In this circumstance lies the chief advantage of the 
instrument. If we wish to take exact measurements, the 
condition must never be allowed to arise that the number 
of the oscillations per minute of the ship stands in 
simple relationship to the number of oscillations per 
minute of the instrument. For example, the one number 
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large vibeations. wt 
brings the pivot Z to a new position, the number of 
oscillations per minute changes immediately, and the 
instrument again gives correct values. i 

Other instruments for measuring the vibrations of a 
ship, in which the weights are directly attached to a 
spring, do not possess this advantage. They have, in- 
deed, a peculiar definite period of oscillation of their own, 
and are therefore only suited for measuring vibrations of 
very narrowly limited periods. 

A small lever h directed downwards (see Fig. 1 and 
Fig. 5) is attached to one of the forked arms of the lever 
H in the neighbourhood of its axis. This lever h has a 
vertical slot into which a horizontal pin can be pushed 
and set fast in various positions. The pin engages with 
the slot of a second lever J? (see Fig. 5 below), made 
out of thin steel plate, which turns upon a small axis at 
q, and carries at its upper end a drawing pencil or pen. 
When the weight G swings up and down the motion is 
transmitted by the lever h and the pins to the vertical 
arm J?,so that the drawing pencil describes a move- 
ment, as is shown in Fig. 1 by means of arrows, The 
above-mentioned drawing pencil is pressed against a 
plate P (see Fig. 5 below), over which a strip of 
paper is drawn at uniform speed; this strip is repre- 


sented in the engraving by thick lines. If the lever is 
given a regular vibratory motion, and the strip of paper 
moved slowly forwards, the pencil describes a curve of 
the form shown in Fig. 8, next page. The width from 
the crests to the hollows of the wave line enables a con- 
clusion to be drawn as to the amplitude of the ship’s 
vibration. 

Asa general rule the apparatus is arranged so that the 
curve gives the amplitude in natural size. As the breadth 
of the strip of paper is limited, it is useful to make the 
ratio between the oscillations of the weight and the swing 
of the pencil changeable, so that, in the event of very 
violent vibrations having to be recorded, the curve can 
be drawn to a reduced scale. 

The movement of the strip of paper takes place in such 
a manner that it is led over two rollers forced by a spring 
into contact with each other, and caused to revolve by 
means of a powerful train of clockwork, similar to a 
Morse telegraph instrument. The clockwork is denoted 
in the figures by the letter U, and the necessary leading 
and guiding rollers by the letters 7!, 72, and 7”. 

In order to measure tremblings and vibrations in a 
horizontal direction, it would be necessary, in theory, 
either to support a weight on a horizontal surface, in 
such a way that it could be moved without friction, or 
else, to hang it to a cord of infinite length. Both plans 
are impossible. The problem can, however, be solved 
with sufficient accuracy if the weight be so suspended 
that its path corresponds with the arc of a circle of rather 
large diameter. The construction which I have adopted 
for this purpose can best be understood from Figs. 2 and 3 
above. 

The cylindrical weight g is suspended by two trunnions 
in the line of its horizontal axis, placed in the arms a, 
which are both made fast to the horizontal bard. The 
journals of the latter, however, do not Jie in a cylindrical 
bearing of the corresponding diameter, but are held in 
two vertical slots in the frames f f, so that the bar d can 
be moved a little way up and down, but not sideways. 
The two arms a@ are carried by means of the pivots ¢ ¢, 
by the arms b b, which are attached to the horizontal bar 
e. The journals of the latter rest in accurately corre- 
sponding bearings. The mechanism shown in Fig. 3 
is a species of radius rod, such as was formerly used 
in the expansion gear of steam engines. The ratios 
of the lengths of the levers are, however, so chosen that 
the weight g, when in oscillation, does not move in an 
exact straight line, but in an arc of a circle of about 
14 ft. radius. The behaviour of the weight g will, there- 
fore, b> similar to what it would be if suspended by a 
cord of that length. 

_ In the event of any lateral movements taking place 
in the apparatus shown on Fig. 2, the weight wil), in 
consequence of its inertia, remain at rest. The appa- 
rent oscillations of the weight which result will be trans- 
ferred by means of the pivot m and the rod ¢ to the arm 


J', which carries a pencil at its upper end, and describes 
on the moving strip of paper a curved line similar to that 
already described for the vertical vibrations. 

As the horizontal tremblings and vibrations of a steamer 
never assume so great an amplitude as the vertical ones, 
it is not necessary, in the case of the apparatus for 
measuring the horizontal vibrations, tomake use of a mul- 
tiplying gear between the movements of the weight and 
that of the pencil. The mechanism is therefore so propor- 
tioned that the height of the wave lines as drawn is equal 
to the distance moved by the weight. i 

Tn order to measure the lateral vibrations, the appa- 
ratus must be placed on board in such a position, that 
the plane of the picture in Fig. 1 shall be at right 
angles to the axis of the length of the ship. ; 

One exception may be taken to the trustworthiness of 
the diagrams drawn by this apparatus. It may, for in- 
stance, be considered that the oscillations of the weights 
in question, G and g, do not give the true amount of the 
amplitude of vibration of the part of the ship ; for, on the 
one hand, the movements of the separate parts are 1n- 
fluenced by friction ; and, on the other hand, the centre 
of oscillation of the weights and of the levers belonging 
to them are not accurately known for every adjustment 
of the apparatus. This criticism is not without reason, 
for the instrument has, like all others, certain inherent 
faults. As in all similar cases, when we have to do with 


measurement, we have only to know the amount of the 


I now propose to describe a series of experiments which 
I carried out with the instrument, described above, on 
board the twin-screw despatch vessel Meteor, belonging to 
the Imperial German Navy 

Some of the diagrams obtained are shown on Fig. 18, 
page 460.* In every case the upper of the two wave 
lines which are to be s2en on each diagram represents 
the vertical vibrations, and the lower wave line the 
horizontal vibrations. The instrument was so adjusted 
in these experiments that the original curves gave the 
amplitude of the vibration in natural size. 

I first call attention to the upper diagram. 

The instrument was mounted on the upper deck, a 
little ‘distance forward of the sternpost. The engines 
were making 186 revolutions per minute, and the maxi- 
mum beat of the vertical vibrations amounted, as shown 
by the diagram, to y‘; in., and in the horizontal direction . 
to Ye in. 

It next appears that the vibrations both in the vertical 
ard horizontal directions periodically increase and di- 
minish. The vertical vibrations always attain their 
maximum when the horizontal are at their smallest, and 
vice versd. This phenomenon is peculiar to twin-screw 
vessels only, and is explained by the difference in the 
numbers of revolutions of the two engines, and the 
reactions of the masses of the moving parts. When, for 
instance, the relations are such that in the revolutions 
of both engines the piston of one cylinder of one engine, 
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error in order to apply the necessary correction. The 
determination of the error was carried outin the following 
manner: I exposed theapparatus to the action of vibra- 
tions of accurately known amplitude, and then compared 
the results recorded on the diagram with the true ampli- 
tude of the vibrations. These experiments can be carried 
out in avery simple manner by means of a lathe. A 
cylindrical body is fastened eccentrically in the lathe, 
and a long board is laid with one end on the cylinder and 
the other on a firm foundation. The apparatus is then 
placed on the board immediately over the cylinder. If 
now the spindle of the lathe be caused to revolve, the 
whole apparatus takes a vibration which has exactly the 
same amplitude as that of the throw of the cylinder 
attached to the lathe. If such experiments be system- 
atically carried out, it is found that in general the vibra- 
tions, as shown in the diagrams, are somewhat smaller 
than the reality, arid also the error is pretty constant, 
but rather larger for small vibrations than for those of 
considerable amplitude. The error has been ascertained 
to be about #5 inch, If the apparatus is not adjusted to 
ee right period of vibration, it gives, as a rule, too great 
values, 


and that of the corresponding cylinder of the other 
engine, are each simultaneously in either the highest or 
the lowest positions, the greatest number of moving parts 
of considerable weight of both engines are then moving 
in the same sense in the vertical direction. Pistons, 
piston-rods, connecting-rods, crossheads, and cranks are 
here taken into account, and the low-pressure cylinder, 
in fact, determines the beat of the vibrations, because its 
piston is the heaviest. The masses of these parts acting 
vertically will be added together. The vertical vibra- 
tions must under these circumstances reach a maximum. 

The relations governing the vibrations in a horizontal 
direction are exactly the reverse of the above. The action 
of the masses of the heaviest moving parts of the engines 
—viz., the connecting-rods and the cranks—neutralise 
each other because they are of equal size, and act in 
opposite directions. A glance at the illustration Fig. 9, 
next page, will make this perfectly evident. The direc- 


* On account of the difficulties of reproducing the dia- 
grams on Plate IV., they do not show the same regularity 
as the original diagrams, . 
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tions of motion of the parts of the engines are indicated 
by the directions of the arrows. 

As the numbers of the revolutions of the two engines 
are never identical, after some little time the pistons of 
the two engines no longer reach their lowest positions 
simultaneously. The one piston will always drag more 
and more behind the other, and finally a period will 
arrive in which the one piston reaches its lowest position 
exactly when the other is at its highest. Fig. 10, below, 
shows the position of the cranks of both engines under 
the above-mentioned circumstances, shortly after both 
cranks have passed the dead centre. The motions of 
pistons, piston-rods, and connecting-rods are in this case 
equally great in the vertical line, but opposite in 
direction, and consequently the effect of the masses in 
this direction must be nil. The vertical oscillations will, 
therefore, attaina minimum. The effects of the masses 
of the connecting-rods and cranks in a horizontal direc- 
tion must be added together, and the horizontal vibra- 
tions consequently attain a maximum. 

In this way the alternate increase and diminution of 
the vibrations in the vertical and horizontal directions is 
explained. This change will repeat itself the more 
quickly the more the numbers of the revolutions of the 
two engines differ from each other. If they were ex- 


actly equal, a change in the amplitude of the vibrations 
could not take place. 

The lateral vibrations registered by the instrument 
can, only in the rarest cases, be attributed to a horizontal 
bending of the axis of length of the ship. The stiffness 
of a vessel in the horizontal direction is so appreciably 
greater than in the vertical that the period of vibration is 
too short to permit of a coincidence with the time of a 
revolution of the engines. The horizontal vibrations 
shown by the instrument are, therefore, nearly always 
caused by a torsional vibration. These take place always 
when the moving parts of the two engines move in the 
vertical sense, but in opposite directions; when, for 
instance, the low-pressure piston of the starboard engine 
moves downwards at the same moment that the corre- 
sponding piston of the port engine moves upwards. In 
this way a reaction pressure upwards will be called 
into existence on the starboard side in the locality of the 
engine, and a reaction pressure downwards on the port 
side; or, in other words, the transverse section in ques- 
tion of the ship will be forcibly bent over to the port side, 
and, after half a revolution of the engines, will be again 
bent over to starboard. In this way the portion of the 
ship in the neighbourhood of the engines will be put into 
a state of oscillation, which then propagates itself to the 
parts further forward and aft. This phenomenon pro- 


ceeds in the manner shown in Fig. 13. The same 
shows a transverse section of the ship, which, in con- 
sequence of the working of the engines, is thrown into 
a state of oscillation similar in character to the rolling 
movements of a vessel, the extreme positions of which 
are shown by the dotted lines. If the instrument is 
mounted at A, it will only be able t» give horizontal vibra- 
tions ; if, on the other hand, it is brought to B or to C, it 
will show noteworthy vertical vibrations in addition to the 
horizontal. But if the instrument be mounted about the 
half depth (or, better still, on a lower deck), hardly any 
vibrations manifest themselves, and only when it is 
mounted near the sides at E or F does it again show any 
vertical vibrations. From these considerations it is also 
evident that the torsional vibrations will be the less 
noticeable the nearer together the two engines are placed 
in the transverse direction. 1 
These phenomena can nearly always be observed in 
twin-screw ships, and constitute a proof that the lateral 
motions registered by the instrument are only to be 
attributed to torsional vibrations. The latter can, under 


certain circumstances, become very severe. = } 
These torsional vibrations have a period which is quite 
different from that of the vertical vibrations, and which 


The case 


stands in no fixed relationship to the latter. 
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can very easily arise that very severe torsional vibrations 
appear when one endeavours to avoid severe vertical 
vibrations by the expedient of altering the number of 
revolutions of the engines, and, as a matter of fact, 
such cases have arisen. One of the chief difficulties in 
curing the vibrations in twin-screw vessels lies in this 
circumstance ; for when the one difficulty is got rid of, a 
new one appears. 

If one represents to oneself accurately the oscillatory 
movement of a point, it will be seen that the latter, 
during a maximum of the vertical vibrations, describes an 
ellipse, the plane of which is at right angles to the axis 
of the ship, and the major axis of which is vertical, while 
the minor axis is horizontal. The latter will, under 
certain circumstances, become infinitely small, so that 
the vibration takes place in a straight line. The major 
axis then gradually decreases, and the minor also alters 
its dimensions. But during this process the two axes 
turn slowly round the central point, till finally the major 
axis assumes the horizontal and the minor the vertical 
position. The curves of movement of a point, in the 
various stages, will be formed approximately as repre- 
sented to an enlarged scale in Fig, 11. 

The explanation given here of the oscillatory motion of 
a point is, 50 far, not quite exact, inasmuch as its path 
can only bea true ellipse when the one engine always 


leads the other by a definite angle, the number of revolu- 
tions of each engine remaining equal. If, however, as is 
usually the case, one of the engines runs steadily some- 
what faster than the other, if therefore the lead of the one 
engine constantly increases, there results, as bas been 
pointed out above, a continuous turning of the major axis 
of the curve, which thereupon ceases to be an ellipse, and 
pee the form of a running elliptical loop, as represented 
in Vig. 12. 

The direction of motion of a point of the path repre- 
sented in Fig. 12, depends only on the direction 
of revolution of the leading engine, and is the same 
as that of the latter. If the leading engine turns to the 
right, the movements of the elliptical loop follow in the 
same direction, and the major axis of the curve equally 
describes a revolution to the right. Corresponding to 
this, when the leading engine revolves to the left, a move- 
ment of the point and a turning of the major axis take 
place in the opposite direction to the previous case. 

Let us take for granted that one of the engines preserves 
continuously a somewhat greater speed than the other, 
then all the phases of the vibrations are repeated within 
the time that is necessary for the one engine to make a 
complete revolution more than the other. In the same 
time the vibrations change from the maximum in either 


the vertical or horizontal direction to the minimum, and 
back again to the maximum. During this period, how- 
ever, the direction of the beat of the vibrations, expressed 
mathematically, changes its sign. In the first half of the 
period, for example, one beat upwards coincides with one 
to the port side, while in the second half one beat down- 


wards coincides with one to port. This change in the 
sign is denoted in the centre diagram, page 460, by the 
signs + and —, 

The motion of turning in an elliptical path, which has 
just been described, cannot be shown on the diagram, be- 
cause the wave lengths of the curves are too short. If 
the slip of paper on which the diagrams are described 
were moved forward with greater velocity, the curves 
would be more drawn out, and further researches could 
be made on them. A thorough mathematical investiga- 
tion could alone give accurate information about the turn- 
ing motion in the elliptical path, and about the law of 
the turning of the axes. I have obtained the results here 
given by graphical methods, and they give a preliminary 
approximate representation of the phenomena. In reality, 
the vibratory motion of a point of the ship will differ from 
what has been set forth above, in so far as in the fore- 
going it has been tacitly taken for granted that the move- 
ments took place as if the engines had connecting-rods of 
infinite length. As this, of course, is not the case, the 
path of the vibrations cannot be symmetrical. 

The phenomenon that the maximum vibration in a 
vertical direction never corresponds exactly with the 
minimum in a horizontal direction is to be attributed to 
the same circumstance; indeed, a slight alteration in the 
positions of maxima and minima is almost always 
present. 

In the majority of diagrams, and particularly in the 
upper diagram on page 460, the curve of the horizontal 
vibrations takes a peculiar form, which departs from the 
wave line, and which also periodically changes. At one 
moment the curve takes the form shown in Fig. 14, at the 
next that shown in Hig. 15. It strikes one immediately 
that one has here to do with a phenomenon of interference, 
and that, therefore, in addition to the main vibrations in 
a horjzontal direction, other vibrations of a subordinate 
character and of another period are pre¢ent. In order to 
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ENGINEERING. 


461 


‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ComPILeD BY W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions are communicated from abroad, the Names 
é&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specisication is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
(ive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


79143. A. R. Sennett and J. Durie, Brentford. Mid- 
dlesex. Production and Supply of Steam and 
Gases, &c. [8 Figs.) April 27, 1892.—This invention consists 
of means whereby a large amount of motive power is derived from 
a given volume of gas consumed in explosive, combustion, or hot- 
air engines by the combination therewith of an engine actuated 
by steam generated from the heat contained in the exhaust pro- 
ducts of the former. The exhaust products are caused to discharge 


into a receptacle into which the circulating water ie also fed from 
the cylinder jacket. The admixture of the exhaust products at 
high temperature with the circulating water causes the generation 
of steam Within the receptacle. The energy thus reclaimed from 
the exhaust products is utilised in a second engine. The gene- 
ration of steam in the receptacle is effected by heat applied in- 
ternally, but heat may also be applied externally. (Accepted 
March 8, 1893). 


8015. W. Lees, Halifax. Consuming Smoke. [2 
Figs.) April 28, 1892.—According to this invention, on the 
bridge of the furnace a coiled pipe is arranged. The inlet end of 
this pipe is in communication with the steam in the boiler, and 
the outlet end with a pipe underneath the grate bars, the outlet 
end of which communicates with the front of the furnace. Steam 
thus passing through the coiled pipe at the bridge end of the 
furnace is superheated, and enters the front of the furnace in that 
condition. The pipe under the grate bars containing the super- 


heated steam is surrounded by a pipe of larger diameter, between 
which there is an annular space. Cold air is drawn into this 
annular space, which is conducted by a pipe to the front of the 
furnace, where it enters in combination with the superheated 
steam, for the purpose of igniting the smoke and spent gases 
arising from the fuel. The hot air and superheated steam are 
conducted into the furnace by a nozzle having means for ad- 
mitting atmospheric air from the outside. (Accepted March 8, 


1893). 
23,117. C. Richards, Stratford, Essex. Steam, &c., 
Valves. [2 Figs.] December 15, 1892,—In this invention a 


gpindle a is employed which carries the main yalye ¢ loosely primary lever at the middle thereof. (Accepted March 8, 1893). 


fitted thereon, and a smaller valve } similarly fitted and seated 


within a coned seat in the valve ec. A washer d fits within a seat 
in the valve }, and is held in position by a nutc fitted to the 
spindle a. When the spindle @ is lifted the nut ¢ clears the 
washer d, which, being raised from its seat, admits part of the 
steam under pressure, and a further lift of the spindle causes a 
shoulder h to raise the valve b, which practically places the two 
surfaces of the main valve e in equilibrium; and when the 
spindle is then raised so that the shoulder g lifts the valve, the 
force expended in opening the pressure area to its full extent is 
less than if the main valve had to be opened against pressure by 
a direct movement of the spindle a. (Accepted March 8, 1893.) 


ELECTRICAL APPARATUS. 


8268. G.S. Grimston, Westcombe Park, and A. H, 
Dykes, Charlton, Kent. Electrical Steering Gear. 
(7 Figs.) May 2, 1892.—This invention has reference to elec- 
trical steering gear. A pair of screwed spindles threaded respec- 
tively right and left, and having nuts engaging with opposite 
arms on a rudder-head, are connected by chain gear, and are 
turned in one direction or the other, according as the one or 
the other of two bevel wheels gearing with wheels on the screw 


Spindles is engaged by a magnetic clutch to a cross spindle 
driven by worm gear from the armature of an electromotor, 
The hand steering-wheel can be clutched to the chain gear of 
the screw spindles. A switchis employed, whereby contacts are 
made by hand for directing the current of electricity to either 
of the magnetic clutches, gearing and shafting connecting the 
switch to the steering gear, whereby the contact is automatically 
broken when the rudder has moved to the desired position. 
(Accepted March 8, 1893). 


1561. H. H. Lake, London, (Rf. Lundell and H. H. 
Johnson, New York, U.S.A.) Dynamo Electric Machines, 
[2 Figs.] January 24, 1893.—This invention relates to dynamo 
electric machines. The field magnet core is made of two hollow 
cylindrical parts E and F of magnetic material, the parts having 
one or more pairs of effective poles, Pand P! respectively, the 
poles of both parts being directly opposite each other, the 


arrangement being such that when the two parts E and F are put 
together the field magnet poles P and P! will be arranged in pairs 
between each other and in the annular space between the field 
magnet coil B and the armature D, the axes of the armature and 
coil being coincident with each other. When the field magnet 
coil is in position, and the parts are bolted together, all of the 
insulated wire windings are fully protected from extraneous 
injury. (Accepted March 8, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


545. M, N. Forney, New York, U.S.A. Counter- 
balance and Guide for Reciprocating Mechanism. 
[6 Figs.) January 10, 1893.—This invention relates to simple and 
compound engines, and its object is to enable the momentum of 
reciprocating parts to be counterbalanced without inducing a 
disturbing action at right angles to the movement of the parts, as 
well as to insure the rectilineal movement of the reciprocating 
parts without the employment of the ordinary cross-head and 
guides. An articulated system of oscillating levers is connected 
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to the reciprocating element, and forms a guide to insure recti- 
lineal motion thereof. A counterbalance is connected to the 
system, and moves in an opposite direction to the reciprocating 
element, The primary oscillating lever is coupled at one end to 
the reciprocating element, and has a movable fulcrum at its 
oppositeend. A double-armed secondary lever oscillates in fixed 
bearings, and has one of its arms pivotally connected to the 


7102, J. Haythorn and J. Stuart, Pollokshaws, 


f MAL ke 
| : is aia 


Renfrews. Clip Pulleys. [4 Figs.] April 13, 1892.—This in- 
vention refers to clip pulleys having a pair of gripping rims 
Al, A? formed on discs Cl, C2, rotating together and arranged to 
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turn about axes which are inclined to each other, an adjustable 


antifriction pressing roller bearing on the outside of the gripping 
rim. (Accepted February 21, 1893.) 


MINING AND METALLURGY. 


7944. A. R. Sennett and J. Durie, Brentford, 
Middlesex. Jigging Machines. [9 Figs.) April 27, 1892. 
—This invention relates to jigging machines having sieves for the 
purpose of separating minerals, &c., of different specific gravities, 
A flexible diaphragm is employed in a vessel in connection with 
a plungerrod. The contrivance is connected to asupply of water 
having a pressure above that of the atmosphere. By means of a 


valve the water is allowed to escape from the vessel. As soonas 
the current is established, the valve suddenly closes, and the flow 
of water being thereby arrested, a pressure is set up in the vessel, 
which, operating on the diaphragm, produces an outward stroke 
of the plunger-rod. The return stroke of the plunger-rod can 
be effected by a spring or by causing a pressure to act alternately 
on either side of the diaphragm. (Accepted March 8, 1893). 


2384. W. Foulstone, Barnsley, Yorks. Preserv- 
ing the Centre of Line in Sinking Shafts. [4 Figs.] 
February 3, 1893.—This invention relates to apparatus for ‘‘ put- 
ting on” and preserving the centre line in sinking deep shafts. 
A running girder works endwise between two fixed parallel ones, 


and carries at its free end a grooved pulley over which the 
cantering rope passes, a crab being so arranged thatit can be 
used either to wind the rope up or down or to adjust the position 
of the running girder over the centre or towards the side of the 
pit. (Accepted March 8, 1893). 


RAILWAY APPLIANCES. 


9283. C. Borghese, Turin, Italy. Automatic Safety 
Signalling Apparatus. [4 Figs.) May 16, 1892.—This in- 
vention relates to an automatic apparatus for producing signals 
on trains in motion on passing points of the line, where it is 
necessary to draw the attention of guard or driver for effecting 
the stoppage of the train. Two apparatusare employed, the one 


‘& \ 


consisting of a stationary obstacle on the line of rails, either fixed 
permanently thereto at certain points, or temporarily atany desired 
point, the other being carried on the train, and so arranged that 
when one part thereof comes in contact with the fixed obstacle, it, 
causes a signal to be given. The stationary obstacle is constructeg 


462 


ENGINEERING. 


[APRIL 14, 1893. 


so as to be transportable, so that it can be rapidly fixed at any 
point of the permanent way, and either be turned down out of 
the way when not required, or put in the operative position. 
The apparatus carried by the train is fixed on the engine. The 
signal consists of an electric bell or whistle worked by steam or 
air pressure. (Accepted March 8, 1893). 


1343. S. T. Dutton, Worcester. Railway Point 
and Signal Levers. (5 figs.) January 21, 1893.—This in- 
vention relates to locking apparatus for railway points and 
signals. When the catch handle b is raised, the crossbar f is 
operated, so that a downward movement is given to the links k, 
a pin being moved to the bottom of a slot j, and the links and the 
tappet being thereby operated, so that the locking of conflicting 
levers is effected. The tappet J in the downward motion pre- 
sents a straight surfaze to the lock. A notch having moved 
downward, thereby holding the former into the notch in the next 
tappet, the lever connected to the latter is thereby locked. 
When now the movement of the lever a takes place, a projection 


downward so that the links k are moved, so that the pin 7 takes 
a position which gives a very slight backward movement to the 
tappet J. In the first movement of the tappet by the raising of 
the catch handle the former is moved some short distance beyond 
the required distance to effect the locking, so that when the 
slight backward motion takes place, of the pin 7 assuming this 
position, there is still latitude for the perfect locking to have 
taken place. On the catch handle being now placed in the pulled- 
over position of the lever, afurther forward movement is given 
to the tappet by an upward movement of the pin 7, the release 
notch being brought opposite a lock, connected to any lever 
normally locked and released by the forward movement of the 
tappetl. (Accepted March 8, 1893). 


MISCELLANEOUS. 


1318. H.and J. J, Wright, Bingley, Yorks. Manu- 
facture of Glazed and Rolled Press Papers or 
Pressing Boards. [2 Figs.) January 21, 1893,—This invention 
relates to the manufacture of press boards, &c. The pulp, after 
being brought to the required consistency in vats, is allowed to 
escape therefrom and conducted from thence by the inclined 
plane A in a uniform stream and deposited upon the surface of the 
revolving web B, formed of wire gauze, and is so placed that the 
upper surface thereof is level, and passing round the rollers Cand 
D, having rotary motion, the web being conducted in the direc- 
tion in which the stream of pulp is flowing from the vat. On the 
pulp arriving ata point it is stripped from the surface of the 
travelling gauze web B and deposited upon the ‘‘ making roller” 


E; and upon a sufticient number of layers being wrapped upon 
this roller to form the required thickness of sheets, they are 
stripped therefrom by the attendant running a knife along the 
grooves E! formed in the periphery of the ‘‘ making roller” E. In 
order to prevent the pulp from running off the sides of the 
travelling web B, the deckles F are placed above and under each 
edge of the revolving web, the deckle straps F' passing round the 
rollers G and between the deckles and the revolving web B, and 
by the straps travelling in the direction of the web at an exactly 
corresponding velocity the pulpis carried forward and prevented 
running off the sides thereof. The underside of the web is sup- 
ported by a number of rollers H at such a distance from each 
other as will prevent it from being pushed or weighted down by 
the pulp, and also to cause the latter to spread itself uniformly 
upon the surface of the web, thereby facilitatiag the production 
of paper of a uniform thickness. (Accepted March 1, 1893). 


1225. A. J. Boult, London. (L. C. Bovy, Welkenraedt, 
Belgium.) Ice- Breakers for Tugs, &c., Vessels. 
(2 Figs.) January 19, 1893.—This invention consists of two longi- 
tudinal beams connected by two cross beams B, thus forming the 
main frameof the whole apparatus, which is composed of a series 
of circular saws and stamp-hammers. The saws are mounted 
upon stationary sleeves E rigjdly secured tothe shaft F, and may 
be removed whilethe sleeves remain in place, so that should any 
one of them break, it may be replaced and centered, the sleeve hav- 
ing in no way altered its position. An opening G with a hinge 
and an automatic closing device is provided in front of each 
saw. Each hammer D is interposed, between two saws. In order 
that thé several hanimers operate alternately in relation to each 
other, the circle described by the cranks K, by which these 


hammeis are set in motion, is divided into as many equal parts 
as there are hammers, each crank corresponding to one of these 
divisions, so that there is always but one hammer ata time in 
contact with theice. A frame L connects the beam A and serves 
as a support for the bearingsof the spindle M carrying the cranks, 
and also as a point of connection for the guides N of the hammers 
at the top, the lower portions of these guides being secured to 
the cross-pieces O through which the hammers pass. The hammers 
are arranged so that if one of the parts operating them break, 
their upper flanges are arrested by the edges of the openings 
provided for their passage in the pieces O, which prevents their 
loss by falling in'o the water. The spiral spring arranged between 
the stems serve to deaden shocks. A handrail R and a flight of 
steps S form a gangway along the apparatus, the whole of which 
is arranged in front of the boat. A series of pivoted levers enables 


the height of the apparatus to be adjusted. A rocking shaft is 
held up by two supports attached to the sides of the hull of the 
vessel, and upon this shaft are firmly secured two levers V 
pivoted to a nut travelling upon a screw. This shaft Tis con- 
nected withthe apparatus by four series of fixed levers. The 
screw being turned by means of a handwheel, causes the levers V, 
and the shaft T, to turn, the latter imparting movement in a 
circular path at the points d. These junction points, which rise 
or fall according to the direction in which the screw spindle is 
turned, carry the points e, and consequently all the parts con- 
nected to these points, along with them. Two slides g secured to 
the side of the ship, and adjustable by means of screws, serve 
for altering the respective positions of the saws and hammers in 
accordance with the water-lineif necessary. (Accepted March 1, 
1893). 


5570. A. H. Tyler and J. S. E.de Vesian, London. 
Air Compressors and Exhausters. [2 Figs.) March 22, 
1892.—This invention consists of an oscillating cylinder A pro- 
vided with a piston B oscillating about a pin attached to the 
iraming D. The yalve consists of a spherical face E attached to 


the cylinder A, provided with a port communicating with 
the interior of the cylinder and working against a stationary 
block G, in which are cut passages communicating with suction 
and delivery pipes, the block G being maintained in contact with 
the moving face E by meanssuch as a spring. (Accepted March 1, 
1893), 


956. C.Luhrig, Dresden. Driving Gear for Tram- 
way Vehicles Propelled by Motor Engines. [1 Fi.) 
January 16, 1893.—In this invention all the shafts are arranged 
without longitudinal motion, the one part of the coupling being 
made loose on its shaft so as to be capable of sliding thereon. At 
theside of the driving shaft N, a fourth shaft G2 is provided, which 


receives motion through spurwheels NI, N2. The one part S of 
the coupling is loose on the shaft G2, while the other part can 
slide thereon, and is actuated for this purpose by means of rods 
and handwheels on the platform, while at the same time S! is 
carried round by the shaftG?. The extended boss of the coupling 
S carries the wheel N?2 gearing with NI. This when the coupling 
part S! is slid out of gear with §, the latter is rotated Toss 


upon the shaft G2 by the driving shaft N, but when 8S! is slid in 
gear, S drives the shaft G2, which in its turn imparts motion to 
the wheel axle through pitch wheels and chains U, (Accepted 
March 1, 1898). 


4026. W. Werner and W. T. Prudan, London, 
Motor. [1 tz] March 1, 1892.—This invention relates to a 
hydraulic motor in which the same fluid is used over and over 
again, and consists of a series of water-wheels placed one above 
the other and arranged to work independently, each wheel being 
made to operate a separate pump so arranged as to return some 
of the water passing over the wheel, to a tank placed at the top 
of the motor, from which it descends on to the uppermost of the 


series of wheels, and on to each of the others in turn. Below 
this series, a wheel of larger diameter is mounted to receive the 
water after it has traversed the previous ones. The tank at the 
upper part of the apparatus is provided with an overflow pipe 
arranged to discharge into the buckets on the large wheel at the 
bottom, the shaft of which is provided with gearing for giving off 
the power developed, a collecting tank, casing, shoots, and piping 
being provided. (Accepted March 1, 1893). 


1381. G. Josephy, Bielitz, Austrian Silesia, Austria. 
Air-Moistening, &c., Apparatus. [1 Fig.] January 21, 
1893.—This invention relates to apparatus for moistening air, and 
consists in the combination of a centrifugal drum with a venti- 
lator, by the action of which the waver is cleaned, atomised, and 
uniformly distributed throughout the space within which the 
moistened air is required, The water, admitted in regulated quan- 
tity through the pipe n to the rotating funnel h, is distributed 
throughout the entire height of the centrifugal drum, and is forced 
through the felt and filtered thereby. In the form of spray it is 
projected outwards through the small perforations of the drum 
against the exterior casing f, At the same time, by the action of 


the regulating fan d, air is drawn in from below through the 
opening o and forced upwards along the wall of the casing /, 
carrying with it the spray, which is thereby projected through 
the annular space intervening between the casings f and g into 
the chamber where the moistened air is required. If the spray 
projected by the centrifugal drum comprises comparatively large 
drops of water, these, owing to their weight, are thrown against 
the casing f. On the other hand, if the mist conveyed by the 
ascending current of air still contains rather large particles of 
dust, the latter are driven against the surface g, and running 
down it, fall to the floor of the outer casing /, so that only the 
very fine spray is discharged into the ambient space. (Accepted 
March 1, 1893). 


oe 


UNITED STATES PATENTS AND PATENT PRACTICE. 


Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


TRAMWAYS IN CopENHAGEN.—The Copenhagen Tram 
way Company, the oldest tramway company in the 
Danish capital, has, during 1892, earned net profits 
amounting to 101,882 kr., or about 5600/., which is 1500/. 
less than the previous year. The gross receipts were 
35,000. The renewal of horses cost about 10007. The 
reserve fund now amounts to 480,967 kr., or about 26,7001, 
The dividend to the shareholders was fixed at 12.50 kr., 
or close upon 14s., per share of 107. Some of the other 
tramway companies have, however, done better, one pay- 
ing 10 per cent., and another even 16 per cent. The 
steam tram company, which used to run cars along the 
Strandvei to a place some six or seven miles out of 
the town, has, however, done very badly. The traffic was 
discontinued in the autumn, and it seems very doubtful 
whether it will be resumed. Both steam trams, as before, 
and electric cars have been discussed, but the permanent 
way would, in any case, have to be overhauled, and 
there seems but little chance of raising the requisite 
capital. 
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Fic. 17. Frrrmnc SHor, Looxinc NortH ; FRAMES OF ONE oF ‘‘ Campanta’s” ENGINES ERECTED. Fic. 18. Norra Enp or Firrine Sop; | 
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THE CUNARD ROYAL MAIL TWIN-SCREW STEAMERS 


“CAMPANIA” 


THE two new Cunard steamers Campania and 
Lucania may be accepted as embodying the results 
of 75 years’ experience of marine construction 
gained in the evolution of the steamship of to-day 
—that rare masterpiece by which human genius not 
only ‘‘aspires,” as Scott has put it, ‘‘to surmount 
the waves and contend with the wind,” but which | 
as matter of fact may now be said truly to ‘‘ sail in 
a fearless scorn of scathe or overthrow.” The 
beginning was the Savannah, built in 1818 ; but the 
end is not yet. We are but entering on a new era. 
The steam engine was adopted, with fear, in the 


AND 


The fact that the Savannah, during her 25 days’ | 


‘voyage, used the engine and paddles for 18 days, | them not. 


and managed to carry enough pitch pine to keep | 
her boiler fires alight, settled a doubtful point, 
double assurance being given by the trip of 113 days’ 
duration of the Enterprise to Calcutta six years 
later (1825). It was recognised that long-distance 
voyages could be made quite as satisfactorily as 


_ short coasting trips, so that there was, after all, not entire freedom from accident. 
| may be their best performances, passengers may rest 


so much heroism in the venture of the Rhadaman- 
thus, of 800 tons, to Jamaica in 1833, in the 


“LUCANIA.” 


valleys, while the ‘‘ beautiful level sea” needed 
Cunard, with his coadjutors, Mr.— 
afterwards Sir George— Burns, who also was 
honoured by the Queen for his great services to 
shipping, and Mr. McIver, of Liverpool, lived to see 
the desire realised, for one feature which has 
characterised the Cunard line for many years has 
been the regularity of the steamships and the almost 
And now, whatever 


assured that the voyage by the Campania and 


voyage of the Canadian-built vessel, King William, 


| Lucania, in summer or in winter, in storms as in 
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American barque in her voyage in 1819. Steam) 
was but an auxiliary, and the crew took the pad- 

dles on board when prudence suggested, relying 
solely on the time-tried, although fickle, breeze. 

In the Campania, on the other hand, the steam 
engine is adopted as the only means of propulsion. 

She courts not the fitful breeze, but moves onwards 
in scorn of the hurricane. The Savannah might be 
one of her twenty lifeboats, yet the great Cunarder 
does not carry as much canvas as did that historical 
craft. Indeed, sails would, as a rule, but retard 
her course, and only with a wind of great force 
would there be any gain in hoisting a sail at all. 

Her masts are but signalling posts, affording in the 

crow’s nest a necessary vantage point from whence 

to scan the horizon, which otherwise would be but a 

few minutes’ distance, in view of the great speed to 

be attained. But withal, itis not difficult to trace 

from that timidly adopted engine of the Savannah, 

and from other pioneer steam craft, the evolution 

of the Campanias and Lucanias of to-day, 


from Quebec to Liverpool in 1833, or in the 
simultaneous trip of Brunel’s steamer, the Great 
Western, and the Leith-built steamer, the Sirius, 
to the States in 1838. That was the first Atlantic 
race. * 

The credit for the origin of a regular service 
belongs to the Cunard Line, however, although 


the inspiration doubtless came from these first | 


successes. As early as 1830 Mr. (afterwards Sir 
Samuel) Cunard watched the progress of steam 
propulsion, and later conceived the idea of estab- 
lishing an ocean line of steamers, so built that they 
could traverse the thousands of miles of ocean with 
the same certainty of departure and arrival as in 
railway service. The steamship was to be the 
railway train without rails, which, he used to 
observe, were only needed on the ‘‘ugly, uneven 
land,” with its excrescences of high hills and deep 

* A series of articles on the history of the ‘‘ Atlantic 


Record” appeared in ENGINEERING (1891), vol. li, 
pages 420, 483, 517, 545. 


sunshine and calm, will be completed within six 
days from Liverpool to New York. The Duke of 
Connaught, when Prince Arthur, attended service 
in Queenstown on a Sunday in 1869, embarked on 
the City of Paris of that day, and was in time for 
service on the following Sunday in Halifax. Our 
soldier Prince, or any peasant, may now attend 
service in Westminster and be in New York for 
service on the corresponding day in the succeeding 
week. The increased distance traversed during the 
seven days—something like 1000 miles, or about 40 
per cent.—is a measure of the 25 years’ progress. 
Towards the close of the fourth decade the Ad- 
miralty recognised the superior advantages of 
steamships over sailing craft, for the steamship 
crossed the Atlantic in half the time, although 
great speed was made when running with favour- 
able winds by many of the ships, particularly those 
built by the Americans, who excelled in designing 
as well as constructing sailing ships, and nearly 


'400 nautical miles were sometimes made in a day. 
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It was therefore decided to send the mails by | 230,000 indicated horse-power, the expenditure| mate size of ship to which their enterprise may 


steamer. 
had come for action, and failing to gain support 
from his fellow-townsmen in Halifax, came to 
London, met Robert Napier, by whom he was in- 
troduced to George Burns, who, with his brother, 


not include the Mediterranean fleet, built since 
1853, which includes 19 vessels, of 26,000 tons. 
is worth mentioning further that the Burns family 
have had built for coasting, deep sea, or yachtin 


Cunard then recognised that the time| running to several millions sterling. And this does | attain. 


The Admiralty accepted the tender of the new 


It| Cunard Company, their competitors being the 


Great Western Railway Company, the owners of 
the Great Western, designed by Brunel, so that 


was closely associated with the steam service from | services about 200 vessels in all, aggregating nearly the first Cunarder sailed on her maiden trip as a 


Great Easter. 
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MIDSHIP SECTIONS OF REPRESENTATIVE ATLANTIC LINERS 


Scale %- 3 feet. 


DIMENSIONS, &c., OF SOME NOTABLE ATLANTIC STEAMERS. 


| 
| 


. ‘ Proportion of Noli ‘ : 
Moulded Dimensions. Length Dis- i Cylit.ders, Boilers, Indi. i ex 
, ross cated | Speed =-2 
prey Builders. Date. = Draught. La Ton | Horse- on'Trial. Eg 
} To To " | mage. . : Heating | Grate) Working | Power. | ES 
Length, | Breadth. | Depth. Beam. | Depth. Diameter in Inches. | Stroke. RUTACCul AV cANIEDYBaRaTe: 3 io) 
tt. | ft, in. | ft. in, "tin, in. | 
Great Eastern] Mr. Scott Russell 1858 | 680 83 0 | 57 6] 8.192 | 11.826 | 25 6 | 27,000 |24,360 a ee se a of = 7,650 | 14.5 | 359 
Britannic .. a Harland and} 1874 | 455 45 0 | 2386 0] 10.111 | 12.640 | 23 6 8,500 | 5,004) Two 48 in., two 83 in. 60 = : 70 | 5,500 | 16 312 
0. | 
Arizona Fairfield Company ..| 1879 | 450 45 2 | 87 6] 9,955 | 12.000 | 22 0 of 5,147) One 62 in., two 90 in, 66 . *. 90 6,300 | 17 269 
Servia.. .| Messrs. Thomson ..| 1881 | 515 52 0 | 40 6] 9,903 | 12.716 | 23 3 | 9,900 | 7,392) One 72in., two 100 in. 78 27,483 | 1014 90 10,200 | 17 231 
Alaska _ Fairfield Company ..| 1881 | 500 50 0 | 89 8/10 12.607 | 22 0 a 6,932| One 68 in., two 100 in. 72 ec % 100 10,500 | 18 245 
Sity of Rome] BarrowCompany ..| 1881 | 542.6 | 52 0 | 88 9 | 10.432 | 14.000 | 22 © | 11,230 | 8,141) Three 46in., three 86in.) 72 29,286 | 1398 90 11,900 | 18.23 | 255 
Aurania -.| Messrs. Thomson ..| 1882 | 470 567 O | 89 Of 8,245 | 12,051 ae a 7,269) One 68 in., two Y1 in. 72 23,284 | 1001 90 8,500 17.5 266 
Oregon ..| Fairfield Company ..| 1883 | 500 54 0 | 40 O|} 9.259 | 12.500 | 28 0 ea 7,375, One 70 in., two 104 in, 72 ag ne 110 13,300 | 18.3 | 228 
America _..| Messrs. Thomson ..| 1884 | 432 i 0 | 38 0} 8.470 | 11.520 | 23 0 | 9,300 | 6,500) One 63 in., two 91 in. 66 22,750 | 882 95 7,354 | 17.8 | 310 
Umbria ..| Fairfield Company ..| 1884 | 500 57 0 | 40 O| 8.772 | 12.500 | 22 6 | 10,500 | 7,718) One 71 in., two 105 in, 2 38,817 | 1606 110 14,321 | 20.18 | 26u 
Balin jecgee- ie as " 1887 | 443 48 10 | 36 6] 9.174 | 12.274 | 23 U0 | 7,700 | 5,661) Two32}in., one 68in.,| 72 + + 150 8,900 | 17.78 | 252 
two 85 in. 
Paris .. Messrs. Thomson ..| 1888 | 527.6 | 63 0 | 41* 10! 8.373 | 12.610 | 23 O | 18,000 |10,499} Two 45in., two 7lin.,| 60 50,265 | 1293*| 150 20,600 | 21.8 | 278 
two 113 in. | 
hie es Vulcan Co., Stettin..| 1889 | 460 55 66 | 39 O| 8.288 | 11.795 | 22 9 | 9,500 | 7,661] Two4l,in., two66}gin.| 63 36,000 | 1120 150 14,110 | 18.31 | 195 
oria - two 106,°, in. 
Columbia <.| Messrs. Laird Bros...| 1889 | 462.6 | 55 6 | 39 0| 8,333 | 11.860 | 22 9 | 9,500 | 7,578| Two 41in., two 66in.,| 66 | 34,916 |1226|/ 150 18,680 , 19.15 225 
| two 101 in. | | 
Teutonic .. diages Harland and} 1890 | 565 57 6 | 42 2) 9.826 | 13425 | 22 O | 12,000 | 9,686] Two 43in., two 68in.,! 69 40,072 | 1154 180 19,600 | 21 | 245 
fs) | two 110in. | | 
Normannia ..| Fairfield Company ..| 1890 | 500 57 8 | 88 0} 8.730 | 18.150 22 0 | 10,500 | 8,716 Two 40in., two 67 in., 66 46,490 | 1452! 160 16,352 20.78 | 266 
two 106 in. | | | 
Spree .. ..| Vulcan Co,, Stettin..| 1890 | 463 BIS 6 FST 16s a 12.346 | 22 0 | 8,900 | 6,963} Two 38in., one 75in.,, 72 2 165 | 13,000 | 19.6 | 249 
| two 100 in. | | 
Flirst Bis- e A 1891 | 5026 | 57 3 | 88 O| 8,777 | 18.224 | 22 6 | 10,200 | 8,000] Two 43$in., two 67in.,| 63 47,000 | 1450 157 16,412 | 20.7 | 254 
marck . | two 106} in. | 
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The Etruria is practically the sam2 as Umbria, the Paris and New York are alike, so also are the Teutonic and Majestic, and the Spree and Havel, while the Campania and Lucania are also 


similar. 
by 13 in., bringing the firegrate area to 1026 square feet. The resu 


the Clyde to England and Ireland. Progressive in 
spirit, he soon, as he himself said, began to see 
daylight through the scheme, and the Glasgow 
citizens, haying faith in his enterprise and native 
shrewdness, readily subscribed, at his request, the 
necessary 270,000/. ; and here it may be remarked 
that Glasgow has ever profited, for practically all the 


_ 61 Cunard Atlantic vessels constructed during the 


- past fifty years have been built on the Clyde. They 
total something approaching 190,000 tons and 


The differences in the case of each pair are not important. 


Its are under the closed stokehold system of forced draught. 


300,000 tons, and 350,000 indicated horse-power. 
In fact, a year seldom passes without a ship of some 
sort being under construction for them. They 
began in 1824 with a vessel of 296 tons; now they 
have got to one of about 12,500 tons; but the 
vitality and business capacity have increased almost 
in the same ratio, and, with a third and fourth gene- 
ration of the original founders of the various con- 
cerns growing with the progressive spirit of the 
‘times, it is quite impossible to predict the ulti- 


* The introduction of Howden’s system of forced draught into the Paris has resulted in the shortening of the firebars 


Royal mail steamer. The fortnightly service was 
conducted by four steamers, all remarkable craft 
for their day ; but the four might almost be placed 
in one of the latest liners. Certainly they could 
be accommodated in a dock which would not admit 
the new vessels, for the length of the Campania is 
equal to three of these pioneers, while the breadth is 
about equal to two. To convey a week’s supply of fuel 
for the 102 furnaces in each of the two new steamers 
12 boats of equal cargo capacity with these pioneer 
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Gunarders would be needed. The first trip of the 
Britannia, curiously enough, was commenced on 
‘Celebration Day,” 1840, and when the vessel 
arrived at Boston 14 days 8 hours later, Mr. Cunard 
had 1873 invitations to dinner. The average speed 
of the vessel was 84 knots. The Campania may in- 
crease this to the extent of 150 per cent.; but this 
addition of 14 times to speed requires 40 times the 
power, a pretty clear indication that the power 
increases at an enormously greater ratio than the 
speed. Mechanical engineers, however, have made 
immense progress, and the common side lever engine 
of the Britannia has passed through many suc- 
cessive stages of advancement to the triple-com- 
pound five-cylinder type which propels the new 
ships—an advance largely resulting from the use of 
higher steam pressures in the boilers, constructed 
of steel ; so that the fuel consumption relative to 
power is less than a third what it was 50 years ago. 
In other words, although the power is 40 times 
greater, the quantity of coal burned on the voyage 
is not more than five times greater, for the new 
ship would only require coal for 55 or 6 days, 


against 15 days in the case of the Britannia, That 
is an indication of 50 years’ progress. 
There is another side to the picture. Only 115 


cabin passengers could then be carried. Now the 
Campania will take 600 first-class, 400 second-class, 
and from 700 to 1000 third-class. She will almost 
take as many passengers to America in one voyage 
as did the whole four pioneer steamers in a year. 
The minimum fare is now much less than it was 50 
years ago. It was then 30 guineas, and for a sepa- 
rate room over 501. was paid. Now first-class 
quarters may be got for 121. to 15l., and the 
emigrant fare is as low as 4l. and 4l. 10s. But at 
the same time the demand for luxurious quarters 
has necessitated a special class, and thus high rates 
are paid, in some cases approaching 1501. for 
accommodation for a single voyage. It thus 
follows that some of the ships of to-day receive 
more passage money in one voyage than did the four 
pioneer vessels in a year, perhaps more than the 
total first cost of those early ships. The Teutonic, 
for instance, in seven voyages in 1890 had an 
average of 1400 passengers per trip, the minimum 
number being 1350 and the maximum 1507, while 
the Majestic, in nine trips, had an average of 1357, 
the minimum number being 1200. The Paris—then 
the ‘‘City of Paris”—in one trip is said to have 
had a gross revenue of 13,500). from passengers, 
having had 550 in the first class, 200 in the 
second, and 450 in the steerage. The Campania 
and Lucania can carry many more, and, in view 
of the great popularity of the line, it is very pro- 
bable that before many months elapse they may 
have a record performance specially for the benefit 
of the shareholders. 

The progress we have indicated has been in well- 
defined eras, and these may almost always be 
recognised by the advent of new competing agencies, 
all successively directing their energies to capture 
the laurels from the Cunard Company ; but, owing 
to the wise and liberal administration of Sir George 
Burns and his confréres, they easily overcame their 
early competitors, while for the last 30 years the 
business has eminently prospered under the guid- 
ing care of Sir John Burns, who has inherited from 
his father all his business aptitude and shrewdness. 

In the fifth decade of the present century, Brunel 
sought once more, this time with his great triumph, 
the Great Britain, to prove superiority to the first 
Cunarders. Thus early, too, one finds evidence of 
that extremely prudent yet sure spirit of advance- 
ment which has always characterised the Cunard 
line management and distinguished them from 
many of their opponents. They preferred, and 
still incline, to move forward by slow stages, hazard- 
ing little. Brunel, on the other hand, wished to 
move by giant strides, and at this distance of time 
there cannot be anything but admiration for his 
perspicacity. Laird, of Birkenhead, had but a few 
years previously (1829) built the first iron steamer 
—a lighter—followed four years later by a small 
paddle steamer and other craft, when Brunel in 
1840 boldly adopted the new material in his great 
liner of 3500 tons. Again, only four years had 
elapsed since Ericsson first tried his screw propeller 
in the Francis B. Ogden, which made 10 miles an 
hour on the Thames, ‘while Pettit Smith had in 

Brunel’s presence run experimental trials with the 
Archimedes. This determined him, and the 
Great Britain, then in course of construction, was 
altered to suit the screw propeller. She had two 
geared engines by Boulton and Watt, bilge keels, and 


had an unusual method of lapping the plates. She 
was, therefore, a remarkable craft, apart altogether 
from her great size. One crank in the Campania, 
however, weighs more than the whole shafting in 
this early screw steamer, while she was but half the 
length and her displacement was less than one-fifth 
that of the Campania. She maintained a speed of 
94 knots. Her design and the choice of material 
were soon justified, for after stranding on the coast 
of Ireland and lying for about a year on the beach 
at Dundrum Bay, she was salved, and for many 
years engaged in the Australian trade, 

The Cunard Company built more vessels larger 
than, but generally on the same lines as, the pioneer 


steamers; and still further reduced the time of | 


transit across the Atlantic. The withdrawal of 


Fic. 4. 


the Great Britain left them masters of the situa- 
tion, for although the beautifully modelled sailing 
ships of the Americans managed with a fair wind 
to attain a high rate of speed, the periods during 
which they were becalmed or had to contend against 
head winds militated against them. Ericsson, who 
had found the Americans readier to consider the 
suggestions of the inventor—still a strong national 
characteristic—tried to improve matters by placing 
auxiliary screw propelling engines in some of the 
ships ; but the success was indifferent. 

With the advent, in 1850, of the Collins line, sup- 
ported with heavy subsidies by the American Govern- 
ment—amounting ultimately to 178,750/. per annum, 
against the mail freightage of 81,0001. paid to the 
Cunard Company —a new era commenced, and 
brought lively times for afewyears. The Collins line 
placed on their service four new vessels of 3000 tons, 
while the Cunard built two new steamers of 2226 
tons and 2000 indicated horse-power, and two years 


later a still larger vessel was constructed for the 
Cunard fleet, All were paddle steamers, and one 
of the latter averaged a speed of 303 nautical miles 
per day. By this time, too, the average passage by 
all the steamers was reduced to 11 or 12 days, 
while the record time was under 10 days, as will be 
seen from the diagram of Atlantic line performances, 
Fig. 1, page 463. The service by the Cunard 
steamers, to quote from a report by a Select Com- 
mittee of Parliament, was conducted with great 
regularity, speed, and certainty. 

The Collins line built the Adriatic, which far 
surpassed anything afloat; but Napier built for 
the British company the Persia—an exceptionally 
fine iron paddle steamer, which, with her side lever 


engines of 3600 indicated horse-power, attained a 


Bow Framine or ‘‘ Campanta” AND KEEL Pratine or “ Lucania,” DEcEmMBER 31, 1891, 


speed of 13 knots with a coal consumption of 150 
tonsa day, and reduced the passage to 9 days 3 
hours in 1856, 15 hours less than the duration of 
the passage in 1852. Ignoring for the moment the 
want of economy in the type of engines used, the 
paddle steamer may indeed be said to have reached 
its highest degree of excellence at this period. The 
reduction made in 16 years in the time taken in 
crossing the Atlantic was nearly a week, the speed 
being-increased by 50 per cent. ; but to attain the 
13 knots the power required was fivefold, yet the 
increase in steam pressure from 9 lb. to 83 lb. to 
the square inch resulted in the quantity of coal used 
being only treble, the consumption relative to power 
being considerably less, although still vastly in 
excess of more modern results. The number 
of passengers carried and the extent of cargo capa- 
city had likewise about trebled, but it is doubtful 
if the revenue had increased at the same ratio. The 
Cunard Company, however, had their great reputa- 
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tion to support them in the competition. Disaster 
determined the day. The Collins line, as is now well 
known, lost two ships—one in collision, while the 
other was never heard of after leaving the Mersey. 
Although the service was continued for a short time 
thereafter, a new boat being put upon the station, 
the company collapsed, and from that date until this 
spring—a lapse of about 35 years—the stars and 
stripes have not floated from an Atlantic liner of 
the first class. 

Now from the Inman and International Line 
has been evolved the American Line of United 
States Mail Steamers. They have the two 
Clyde-built steamers, Paris and New York, which 
have at present the credit of making the record 
performance, while the management is on a firm 
foundation. But withal the Cunard Company 
recognises the importance of the contest to be 
entered upon alike against these vessels and the 
new American Line high-speed ships now being 
built on the banks of the Delaware, as well as 
against the splendid White Star boats, Majestic 
and Teutonic ; and it is the laudable desire to main- 
tain the traditions of the flag with the lion rampant 
that has led to the building of the two magnificent 
vessels with which we have now to deal. ‘The con- 
test between the rival lines, be it noted, has ever 
been friendly. The evidence is to be found in the 
presence of the Ismays of the White Star line, and 
the Spences and Taylors of the Inman line, as guests 
at Castle Wemyss, the Scotch seat of the chairman of 
the Cunard line, when the City of New York was pre- 
paring for her trials, while only the other day the 
chairman of the White Star Line telegraphed to Sir 
John Burns on the occasion of the launch, ‘‘ Suc- 
cess to the Campania! May her career sustain the 
good reputation of the famous Cunard Line.” And 
what of the builders? The chains, curiously 
enough, which served as a drag to check the great 
vessels in their plunge into the River Clyde, had 
been used at the launch of the Great Eastern many 
years before. They belong, part to the Thomsons 
of Clydebank, and part to the Fairfield Company, 
who lend to each other as occasion arises, and thus 
they were used for the great Inman liners and now 
for the new Cunard liners, which are destined to 
compete with the former for the blue riband of 
the Atlantic. 

This good feeling between the various owners and 
builders has been maintained since the keen com- 
petitions started in the sixth decade, when another 
era may be said to have commenced, bringing 
many competing lines under British management. 
Brunel once again entered the lists, and again dis- 
played that power of anticipation to which we have 
already referred, for the Great Eastern, although 
enormously great for her time, anticipated in size 
at least the length of the new Cunarders. Brunel, 
however, seems to have failed in the case of the 
Great Eastern to grasp what slow progress has 
taught the designers of to-day, namely, that 
with increase of size of hull there was a necessity 
also for an improvement in the motive power 
arrangements in order to secure successful results. 
Without mild steel and the high steam pressures 
made possible thereby, and without the improve- 
ments in engine design and construction necessary 
to utilise efliciently these high pressures, the 
great power and consequently the great speed 
now possible could not be attained. The Great 
Eastern, therefore, although a great achievement, 
particularly in the structural details of her hull, 
was not the pronounced success at which her 
famous designer aimed, and the most formidable 
competitor of the Cunard Company for many 
years was the Inman Line, which started with 
the screw steamer City of Glasgow, a profile of 
which is shown, with other notable Atlantic liners, 
on page 464. A comparison of the series of profiles 
just referred to and of the midship cross-sections 
and the Table of dimensions on page 465 will give 
a clear idea of the progress made in the construc- 
tion of steamers for the Atlantic service. 

After the Scotia, the last great Atlantic paddle 
steamer, which reduced the duration of the passage 
to 8 days 22 hours, attaining a speed of over 13 
knots, the Cunard Company also adopted the screw 
propeller, the first vessel so fitted being the China, 
of 1862, with oscillating geared surface-condensing 
engines. Both companies continued in keen com- 
petition, each steamer built being an advance in 
all respects—in speed, increased steam pressure, 
and economy of coal consumption relative to 
power developed. And it was not altogether a 
matter of speed. The aim was to secure passen- 


gers, and comfort became an important considera- 
tion in design. The vessels of that day, however, 
were far from having all the luxuries to be found 
in a modern ship, and few passengers would have 
cared to pay 1501. for their accommodation for 
six days, even had a passage of that short duration 
then been possible. The age of millionaires was 
not yet. The travellers bound for the California 
goldfields, the fertile plains of the West, and the 
mineral fields were, however, immensely encouraged 
by the cheap and comparatively comfortable method 
of transit inaugurated in this era, when steerage 
passengers were first carried in steamers, so that 
the great development of America, by reason of its 
wealth-producing labourers, may be traced to those 
ships and to the facility of transport afforded in 
succeeding improving decades. 

Of course there could not be cheap rates of 
transport without economy, and soon the attention 
of owners was directed to this necessity. At Fair- 
field, John Elder had worked out the problem of 
adapting the compound principle to the marine 
engine, and demonstrated its efficiency to the 
British Admiralty by the running in competition of 
three navy vessels, all similar excepting that one 
had compound engines. This vessel showing not 
only better speed but less consumption of fuel— 
2.51 lb. per indicated horse- power per hour 
against 3.17 lb. and 3.64 lb. in the other two 
vessels. And here it is interesting to note paren- 
thetically that it was at Fairfield, too, that Dr. 
Kirk constructed his triple-compound engines for 
the Propontis, carrying the principle of expan- 
sion one step further. The Pacific Company 
first adopted the compound engine, but two years 
after the Admiralty contest the Inman vessel City 
of Paris (their first vessel of that name) was con- 
structed with, compound inverted direct-acting 
engines, and made 14 knots, crossing in 8 days 
4 hours, as shown in the diagram on page 463. 
With the Cunard screw steamer Russia she had 
many an exciting race, but ultimately the latter 
vessel asserted her superiority, making the passage 
in 8 days 28 minutes. The compound engine, by 
the way, was first introduced into the Cunard fleet 
in the Batavia and Parthia, built at Dumbarton in 
1869-70. The effect of the general change is 
clearly shown on the diagram of performances, 
for while the line showing the speed in knots 
continues to rise on a steady upward grade, 
the coal expenditure shows a very pronounced 
drop for the City of Paris in 1865-66. The tonnage, 
of course, is slightly less than in the case of the 
famous paddle steamers, and the indicated horse- 
power was also less, but still greater than the 
tonnage. The contest continued, each succeed- 
ing vessel being much larger and having more 
powerful engines than its predecessor, until there 
was a slight check after the City of Berlin, con- 
structed in 1875 and of about 500 ft. in length, the 
tonnage being 5490 and the horse- power 5200. 
The efficiency of the compound engine, however, 
had continued to grow. 

The Germanic and Britannic, built by Messrs. 
Harland and Wolff, for the White Star Line to com- 
pete against the City of Berlin, were a departure 
from previous practice. They were of extreme 
length relative to the beam, and various other 
features were introduced, first-class passengers being 
located in the centre of the ship instead of at the 
stern, the latter being a survival of the arrangement 
obligatory in the paddle steamers; but now ob- 
jectionable in large measure owing to the vibration 
set up by the working of the screw propeller. The 
change thus inaugurated was afterwards universally 
adopted. In these White Star boats, the pressure 
of steam carried was 70lb. per square inch, and 
their engines—constructed by Messrs. Maudslay, 
Messrs. Harland and Wolff not then building engines 
—were of the compound tandem type, having two 
high-pressure cylinders arranged above the two low- 
pressure. In the case of the Britannic also, there 
was fitted an arrangement whereby the propeller 
and a portion of the shaft could be raised while still 
remaining connected to the rest of the screw shaft- 
ing by a universal joint. The object was to get a 
deep immersion for the propeller while at sea, 
at the same time being able to work in a 
moderate draught while in port. The arrange- 
ment, however, proved unsatisfactory in practice, 
and was withdrawn. The splendid record perfor- 
mances of these boats are shown on the diagram 
already referred to, while the dimensions, &c., are 
given in the Table on page 465. The speed was 
16 knots, and the time of trip 74 days. The advent 


of Sir Edward Harland was almost contemporaneous 
with that of another master mind, who, also 
so largely shared the credit for the progress of 
the past fifteen years—Mr. William Pearce, after- 
wards created a baronet for his services to marine 
construction. He had, while with Napier, designed 
and built some vessels for the French Transatlantic 
Company, which excited admiration, and he was 
invited to enter the Fairfield firm after the death 
of John Elder in 1869. In 1878 he became sole 
partner. A year later he entered with characteristic 
energy and skill into the Atlantic competition, the 
result being the creation of the appropriately 
named ‘‘ greyhounds of the Atlantic.” 

The time which had elapsed between the advent of 
the Britannic and Germanic, the City of Berlin and 
City of Richmond—nearly five years—had been 
devoted to careful study with the view of enter- 
ing on a still more exciting and keen competition. 
Mes:rs. Harland and Wolff, however, who had for 
the first time entered the lists with the White Star 
vessels, gaining great credit by them, were not again 
represented in the contest until 1890, when they pro- 
duced the Teutonic and Majestic. Indeed, for some 
time the competitors were Messrs. Thomson, of 
Clydebank, and Sir William Pearce’s firm (now the 
Fairfield Company). The eminent position then 
held by these companies has been more than main- 
tained. It was, indeed, sometimes more a question 
of shipbuilders than of steamship companies, but 
there can be no question of the desire of the latter 
to secure the fastest vessels, so that they share with 
the builders the credit of the enterprise which has 
resulted in nearly two days being deducted from 
the duration of the Transatlantic passage in 14 


ears. 

In 1879 the Cunard Company got from Messrs. 
Thomson the Gallia, which had engines of 5000 
indicated horse-power, being more than 1 horse- 
power to 1 ton gross, and yet she consumed only 
97 tons of coal per day. To compete with the Gallia, 
Sir William Pearce constructed the Arizona for 
the Guion Line, formed in 1863, and evolved out 
of Guion’s old-established Black Ball Line of ships. 
The Gallia was not much larger than the White Star 
boats, but of somewhat different model—not so 
broad, but deeper proportionately to length—and 
was of 5147 tons. She had greater power, how- 
ever, than all her predecessors, namely, 6300 indi- 
cated horse-power—it was 6630 indicated horse- 
power on trial. Although the engines were of the 
compound type, there were three cylinders—two 
low-pressure and one high-pressure—working on 
three cranks, set at angles of 120 deg. This arrange- 
ment was adopted in all subsequent Fairfield Atlantic 
liners, up to and including the Umbria and Etruria. 
The Arizona made several splendid voyages, re- 
ducing the record in successive passages until 
September, 1881, when she went out in 7 days 
8 hours 34 minutes, and home in 7 days 7 hours 
46 minutes. A better passage was made in 
August, 1884, but before this came the Alaska, 
the first vessel to be styled ‘‘the greyhound of 
the Atlantic.” With her in 1881 came two other 
new vessels, the Cunard liner Servia from Messrs. 
Thomson’s yard, and the City of Rome from the 
Barrow works, while the Alaska was a creation 
of Fairfield. The City of Rome was the largest 
vessel of her day, being 8141 tons ; the Servia was 
of 7392 tons, and was the first Cunard vessel built 
of steel. The Alaska was the smallest of the three. 
The City of Rome was of narrow beam relative to 
her great length, while the Alaska was slightly finer 
than the Arizona. 

The Alaska worked with steam at 100 lb. pres- 
sure—the others at 901b.—and marked a depar- 
ture in respect of her great power; for, while of 
3000 tons less displacement, when in seagoing trim 
loaded, than her competitors, she had equally, if not 
more, powerful engines, reaching to the hitherto 
unapproached proportion of 1.514 indicated horse- 
power per ton gross. She soon distinguished her- 
self, meriting her title of ‘‘ greyhound,” for during 
the first season in each successive trip—the fourth 
to the eighth—she beat her own and all other per- 
formances. It is true the differences were but an 
hour or two on each run ; but ere the Alaska in her 
turn was beaten, she reduced the outward record by 
11 hours, and the homeward record by 1% hours. 
Her speed was 17 knots, and she is said to have 
burnt 253 tons of coal per day ; but for this ex- 
penditure she steamed 430 nautical miles, making 
the consumption of coal about 11$cwt. for each mile. 
The Teutonic and Inman steamers cover a much 
greater distance in the 24 hours; but the greater 
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ratio of power to speed counterbalances the advan- 
tage of the more economical triple compound 
engines, so that the coal consumption per mile is 
but 2 cwt. or so less than in the case of the Alaska. 
The Servia in her third year made the passage 
in 6 days 23 hours 57 minutes, maintaining a speed 
of 16.7 knots throughout, but this was only 
second to the Alaska’s performance in September, 
1883. So quickly did these fast vessels follow 
each other from the Fairfield and Clydebank 
yards, that before the Alaska was more than 
two years on her station she was beaten by the 
Oregon, built on the slip from which the Alaska 
had been launched. Again, before the Servia 
was out of Messrs. Thomson’s yard the Cunard 
Company contracted with that firm for the vessel 
subsequently named Aurania, and although the 
speed guaranteed was half a knot less than 
that of the Servia, she crossed the Atlantic ata 
slightly faster pace. But she was not destined 
to break the record, for at the same time Fair- 
field, as we have already indicated, turned out for 
the Guion line the Oregon, and a little later 
Messrs. Thomson constructed the National liner 
America, the first fine-ended Atlantic steamer. 
The Oregon belonged practically to the same 
type as the Arizona and Alaska, but she had more 
beam relative to length than those two vessels. 
The America, on the other hand, was a departure, 
the idea being evidently to continue the develop- 
ment of speed without adding so much to the 
dimensions of the vessels, and consequently to the 
great expenditure involved in the working. The 
idea was probably similar to that which suggested 
the Britannic and Germanic to Sir Edward Har- 
land; but Messrs. Thomson adopted different 
methods. The desiderata were to reduce displace- 
ment and the immersed area of the ship, so as to 
minimise resistance. It was, therefore, determined 
to make the ship short, but of great beam relative 
to length, and with a flat floor. In the Aurania 
this idea had been partially tried, her proportion of 
length to beam being only 8.24 to 1 ; in the America 
it was 8.47 ; whereas in the Oregon it was 9.259, 
and, as the sections and dimensions of notable 
vessels on page 465 show, this principle has been 
carried out in most of the large vessels excepting 
in the case of the Teutonic and Majestic. The 
vessels, indeed, seem to have grown in beam in 
groups, representing the competitors for each con- 
test, and it is scarcely necessary to say they also 
grew correspondingly in length. Excepting the 
Teutonic, none of the later vessels approach a pro- 
portion of 10 ft. of length to 1 ft of beam. In- 
deed, relatively few exceed 9 ft. It is not, there- 
fore, surprising that the Campania and Lucania 
follow generally on the lines of the recent Fairfield 
vessels, having a proportion of 9.23, practically the 
same as the Lahn, but rather less of beam than the 
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Umbria and Etruria. The Oregon’s engines, too, 
showed a further development, being equal to 1.678 
indicated horse-power per ton, while the America 
had only 1.13, a difference of nearly 33 per cent., 
which, of course, made a material decrease in the 
amount of coal burned. The America made good 
speed, breaking the record on her first trip home- 
wards, but was sold later to the Italian Govern- 
ment as a cruiser. The Oregon, on the other 
hand, continued to reduce the record, making it 
6 days 9 hours 42 minutes outwards, and 6 days 
10 hours 40 minutes homewards; but misfortune 
overtook her, and she therefore, like her com- 
petitor, drops from our narrative. 

The Umbria and Etruria followed from the 
Fairfield yard for the Cunard Company, being 
the first vessels constructed by Sir William Pearce 
to the order of the company, although they latterly 
owned the Oregon. For five years these vessels re- 
tained supremacy on the Atlantic, although many 
competitors — principally German and _ French 
owned—entered the lists against them. The two 
resembled the Alaska and Oregon ; but the incli- 
nation to increased beam, shown in the latter, was 
still further carried out in them, the proportion of 
length to beam having in these successive steamers 
been 10 of length to 1 of beam, 9.25 to 1, and 8.77 
tol. Fairfield has since gone back to rather less 
beam, notably in the new vessels, but Clydebank 
still stands by the great breadth, particularly in the 
Inman liners. The new White Star boats come 
nearer the proportion of the Alaska. The indicated 
horse-power in the Umbria and Ktruria is in the 
proportion of 1.85 to 1 of gross tonnage. The 
association of these facts suggests the following 
particulars, which, although only prophetic in the 
case of the Campania, are interesting : 
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In 1840 the Britannia burned 2.4 tons of coal on 
the voyage for each ton she carried, and took over 
14 days; the Persia, in 1856, burned nearly 2 tons 
of coal for every ton carried, crossing in about 10 
days ; the Gallia, in 1879, built with large cargo capa- 


city, burned less than half a ton of coal per voyage 
for every ton delivered, accomplishing the voyage 
in about 8 days ; and the Umbria in 1889 consumed 
2 tons per voyage for each ton of cargo, crossing 
in slightly over 6 days; while the new steamers, 
notwithstanding that they have more economical 
engines, will burn as much relative to cargo as did 
the Umbria. The two new vessels, like the Umbria 
and Ktruria, are distinctly for passenger trade a nd 
only carry a limited cargo, so that the result is 
satisfactory. For every cabin passenger carried 
the Britannia burned per trip 4.7 tons of coal, 
the Persia 5.1 tons, the Umbria 3.8 tons, but the 
Campania and Lucania will only burn about 2? 
tons. Moreover the latter vessels carry a large 
number of steerage passengers, and the last-named 
boats will cross in less than half the time taken by 
the first-named. 

The Etruria and Umbria reduced the record to 
close upon six days—to be precise, the outward 
record was 6 days 1 hour 44 minutes, the mean 
speed being 19.3 knots, and the best day’s run 501 
miles, while the homeward record was 6 days 3 
hours 12 minutes, the speed having been 19.1 
knots, the former by the Etruria and the latter by 
the Umbria. More recently, both vessels have 
made the voyage not only with great regularity, 
but once or twice within the six days, the Umbria 
in her 82nd voyage crossing westwards in 5 days 
22 hours ; but the Inman vessels, which commenced 
the era of twin-screw steamers in 1888, and later 
the White Star boats, to the proportions and 
characteristics of which we have referred,* have 
since then reduced the record time on several 
occasions, and now the Paris holds the laurels for 
the outward run, the best time having been made in 
October, 1892. The duration of the ocean passage 
was on this occasion 5 days 14 hours 24 minutes, t 
equal to a mean speed over the distance covered 
(2782 miles) of 20.7 knots, the longest day’s run 
being 530 nautical miles, or 610 land miles. The 
sister ship New York made the homeward passage 
in the shortest time on record in August, 1892, the 
time taken being 5 days 19 hours 57 minutes, 
the mean speed maintained for 2814 nautical miles 
having been 20.10 knots. It is therefore apparent 
that recent additions to the Atlantic service have 
in four or five years reduced the outward record 
of the Cunarders by nearly 12 hours (11 hours 
20 minutes), but the recent run home of the 
Umbria in 5 days 22 hours 20 minutes makes the 
actual difference only 8 hours; while the home- 
ward record has been reduced 7} hours. 


* For full descriptions of these vessels, see ENGINEER- 
ING, vol. xly., page 248; vol. xlvi., page 123; and vol. 1., 
pa atts 
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THE DESIGN OF THE NEW CUNARD VESSELS. 


Tue fact that the public expected the Cunard 
Company to enter the market for oneor two high- 
speed steamers to maintain the position they have 
held for 50 years is but an indication of their ap- 
preciation of the spirit of progress which animates 
the management. That the Cunard Company 
would again have their new vessel from the Fair- 
field works was also anticipated, for not only had 
the Umbria and Etruria in their running borne 
testimony to the character of the work done at 
Fairfield, but there was abundant evidence to 
show that the establishment was advancing with 
the requirements of the times. Before his death 
in 1888 Sir William Pearce had organised a staff 
at the works which is actuated by that same spirit 
of energy and perseverance that raised the Fairfield 
establishment toa premier position. Sir William G. 
Pearce, son of the first baronet, continues to occupy 
his father’s position as chairman of the company 
formed in 1886, and which in 1889 became a public 
limited liability company. The same geniality 


and confidence which characterised the father in 
his relation with the staff is displayed by the son, 
and thus the esprit de corps is a marked feature. 
Mr. Richard Barnwell, who was assumed by Sir 
William Pearce as a partner in 1885, continues as 
managing director, and the same signal success 
continues to be manifested. The works have been 
reorganised, and their producing power is enor- 
mously greater than it ever was, a fact which will be 
clearly shown by our narrative of the construc- 
tion of the two new ships and their engines. Mr. R. 
Saxton White, who was installed as manager of the 
shipbuilding department in 1887, with a seat at the 
directors’ board, had a training eminently fitting 
him for undertaking the designing and construction 
of these great ships, for he was engaged succes- 
sively in the works of Messrs. Denny, Napier, Sir 
William G, Armstrong, Mitchell, and Co., and 
the Barrow Shipbuilding Company, being  inti- 
mately associated with the designing of ships, as 
well as the management of the various works. Mr. 


Andrew Laing, the manager of the engine works, 
and also a director of the company, has been at 
Fairfield since 1877, and has taken an intimate and 
creditable part in many of Sir William Pearce’s 
triumphs in marine construction. Indeed, he has 
since 1881—the date of his appointment as chief 
draughtsman—been responsible for the design of 
the engines of all the notable steamers built at 
Fairfield for the Atlantic, Eastern, and other 
services, and which have added so much to the 
renown of the firm as engineers as well as ship. 
builders. With such experience, it became a 
relatively easy matter to determine all details 
of design to suit the requirements laid down by 
the directors of the Cunard Company, with that 
exactitude and method of which thorough ac- 
quaintance with shipbuilding has made them 
masters, 

We have already incidentally mentioned the 
necessity for a large revenue, not only to meet 
Interest on first cost, which is a very considerable 
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Fic. 7. Muipsurp FraMinG, As SEEN FROM Bow, DecemsBer 31, 1891. 


Fig, 9. Genexay View or Uprer Dueck Framine, Looxinec Forwarp, Marcu 31, 1892. 
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BUILDING THE DECK STRUCTURES ON THE “CAMPANTA.” 
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amount, now totalling for the two new ships some- 
thing like one and a quarter million sterling. And 
this necessity largely influences the size of vessels, 
for where 600 first, 400 second, and 700 to 1000 
third class passengers have to be carried, as in 
the Campania and Lucania, the dimensions of 
the ship are determined. Thus, again, the displace- 
ment is more or less arbitrary, and power becomes 
a matter of calculation suggested by experience. It 
might have been possible to get the guaranteed 
speed in a smaller vessel with a lesser power, as in 
a cruiser or torpedo-boat, but a steamship company 
has not a public exchequer to fall back upon ; 
therefore passenger accommodation is a first requi- 
site. It was thus determined to make the 
dimensions as follows : 


Length over all... se Be 622 ft. 0 in. 
Length between perpendiculars 600 ft. 0 in, 
Breadth, extreme as cs 65 ft. 3 in. 
Depth from upper deck 41 ft. 6 in. 
Depth from shade deck 59 ft. 6 in. 


Tonnage, about ore 13,000 tons. 


It is really in determining the model that the 
skill of the designer is exercised, rather than in 
size, and here it may be said that the new Cunarders 
differ from nearly all other vessels in many points. 


EIGEN E E-RIUNG 


The midship sections of representative Atlantic 
liners on page 465 may enable the reader to appre- 
ciate the difference in one respect at least. In the 
first place, the Campania is of much greater beam 
than the Teutonic, notwithstanding that the moulded 
length is only 35 ft. greater, the relation of length to 
beam in the case of the new vessel being 9.23 to 1, and 
in the Teutonic 9.82, while in the Paris—the prefix 
“City of” having now been dropped—it is still 
less—8.37. The new vessels in this respect are not 
so beamy as the former Fairfield boats, excepting, 
perhaps, the Lahn, resembling her somewhat in 
general proportions. If possible, they are finer- 
ended than some of the earlier boats. This will 
be appreciated particularly by the view of the bow 
of the Campania, preparatory to the launch, on 
page 474, while the beautiful run aft is shown by 
the stern view on the same page. The new vessels 
are rather flatter in the floor than most of the 
early liners. This will be understood by reference 
to the views of the interior of the hull under con- 


| struction on pages 467 and 470. The rise of floor 


from bilge to keel is much more gradual than in 
the Paris, but not greater (being only about 24 in.) 
than in the case of the Teutonic. The new boats 
have slightly more of a tumble home towards the 
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top than the Paris. The form of hull will be seen 
from the small profile on page 464, showing that 
the stem is not quite vertical, as in the Teutonic, 
but has not the forefoot cut away to the same 
extent, so as to make her entry freer. The differ- 
ence on comparison with the Paris is most marked. 
As to the methods adopted for reducing skin 
friction, this will naturally fall to be dealt with 
in connection with the construction of the hull. 
Here it may be interesting to note that the work was 
superintended on. behalf of the Cunard Company 
by Captain Watson, the chief superintendent of 
the company, who rendered valuable service in the 
suggestion of details, while the resident official at 
Fairfield was Mr. James Hunter, who has acted 
in a similar capacity for many years. 

In working out the details in the construction of 
the ships—and it must be remembered that the sum 
of human happiness, whether on land or on ship- 
board, is made up by little details being properly 
attended to—the officials at Fairfield were, as we 
have said, greatly assisted by the officials of the 
Cunard Company. Any one experienced in ship- 
building and marine engineering practice privileged 
to inspect the ships must readily see evidences of 
the advantage of this co-operation. 


THE BUILDING OF EEE >: 


Tue contract for the building of the two steamers 
was signed in August, 1891,* and the preliminaries 
necessary before the actual work of construction 
was commenced at once engaged the attention of 
the chiefs of the various departments. On account 
of the extreme length of the ships, it was necessary 
to rearrange the building berths. Formerly big 
ships had been constructed in the eastern part 
of the yard, but it was determined to construct 
these two leviathans on the western berths, 
adjoining the entrance to the company’s dock. 
By this means five berths were available for the 
two steamers, and thus they were built at an angle 
approximating more to the line of the river into 
which they were to be launched, than would other- 
wise have been possible. The necessity for this 
will be recognised when we state that the length 
of the vessels was greater than the breadth of the 
river at this point. 

The great weight to be built into the ships before 
launching required strong foundations, more par- 
ticularly as there had been some years before a 
small dock in the vicinity, used for accommodating 
ships while they were having boilers fitted on board. 
In this dock, by the way, H.M.S. Hydra was 
constructed. The building berths of the two new 
Cunarders crossed the site of this dock, and it 
was considered necessary to drive piles at short 
intervals over the entire area to be occupied by 
the steamers. For the first ship part of the 
ground had to be removed to a depth of 7 ft. 
below surface, and bedded down upon the piles 
were laid a series of wooden logs primarily to sup- 
port the ship on the keel blocks. The logs, how- 
ever, were made of sufficient length to take the 
launching ways when they came to be laid. The 
provision thus made proved satisfactory, as is 
illustrated by the result, ascertained when the ship 
was completed, namely, that the variation from the 
straight line did not exceed } in. 

The conditions just described were exactly 
reversed in preparing the site for the Lucania, 
for, owing to the contour of the ground, it had to be 
raised amidships in some cases by from 6 ft. to 7 ft. 
The piling and the underground cross log system 
of foundation were also carried out in this case, with 
the addition of logs placed longitudinally under the 
line of the keel and the launching ways. As in the 
first ship, the precautions proved eminently satis- 
factory, for notwithstanding the new ground, the 
variation in the keel of the completed ship 


* See ENGINEERING. vol. lii., p. 192. 


was practically within the range of that of the first. 
As shall be shown later, pronounced success 
attended the launching of both vessels, due in great 
measure to the care taken in the making of the 
foundations. 

While these preliminaries were being carried out, 
the important question arose as to the general 
scantlings of the steamers. Strength was the first, 
and, we might say, most important point to be con- 
sidered. In giving effect to it, the management had 
reason for congratulation on the foresight which had 
suggested the reorganisation of the works, and the 
provision of plant for dealing with the largest sizes 
of plates, &c. 

It was finally decided that the minimum 
length of plates used in the shells of the ships 
should be 25 ft., and the breadth 6 ft. Each 
plate thus weighed over 2 tons. The bulk of the 
plates used are of this size; but in many cases, 
notably below the machinery, the width was in- 
creased to nearly 8 ft. The thickness varied 
from in. tolin. The frames used were of the 
channel bar section, and the beams of the ordinary 
Butterley bulb section. 

The contract for the supply of the whole of the 
steel for both vessels was placed with Messrs. P. 
and W. Maclellan, Limited, Glasgow, and it has 
been supplied by some of the best firms, the bulk 
of the plates having been rolled by the Consett 
Company, the Steel Company of Scotland, Messrs. 
D. Colville and Son, and other makers ; the steel 
rivets were supplied by Messrs. William Beard- 
more and Co., and the steel castings for the stem, 
sternpost, propeller brackets, and rudder frame by 
the Steel Company of Scotland. Tests obtained 
from these castings gave splendid results. A piece 
of each one of the castings, 1 in. square, was, while 
cold, doubled upon itself by pressure without ex- 
hibiting any fracture. 

The first keel-plate of the Campania was laid on 
September 22, 1891, and here it may be convenient 
to state that we propose to describe the con- 
struction of the first vessel only, since both are 
alike in all respects. The time occupied in the work 
was remarkably short in both cases. The keel 
is not of the bar external form, which is now being 
discarded in most large ships, but is entirely inter- 
nal. It is built of plates 4 ft. 6 in. deep, extending 
right fore and aft, and having on the upper and 
lower edges at either side very strong angles. The 
keel-plate was formed of a broad plate 54in. by 
1in., with a doubling plate about Zin. thick on 
the inside. These plates are connected to the 


bottom of the vertical internal keel-plate, and to- 
gether they form the main centre-line girder of the 
ship. 

Under the engines this girder is increased not 
only in strength, but in depth to about 8 ft., and 
forms the base for the engine seating. A reference 
to the engraving, Fig. 4, on page 466, of the bow 
of the Campania in frame will show this centre- 
line girder for the Lucania to the right of the 
illustration. The keel was set on a grade of 
zs in. to 1 ft., and before it was completely laid 
the work of constructing the double bottom 
was proceeded with, the first double bottom 
frame being erected about three weeks after the 
first keel-plate was placed in position. Instead 
of carrying the ordinary frames or ribs of the ship 
from the keel to the top decks, as is usual in small 
craft, the bottom or floor of the ship is supported 
on heavy longitudinal girders extending from end 
to end of the ship, and between these again run a 
series of intercostals. In addition to the centre- 
line gider already referred to, there are four built- 
up I girders, two about 15 ft. on either side of the 
centre line at the middle of the ship, and two close 
to the bilge, or about 30 ft. on either side of the 
keel, these latter forming the outer edges of the 
double bottom. These girders are of vertical plates 
with double angles like the centre one. In the 
intermediate spaces between the longitudinal gir- 
ders are two pairs of intercostals fitted between the 
floor-plates, and carrying these up to their work. 

As in the case of the centre-line girder, each of 
the other girders is of greater depth under the 
machinery space, extra longitudinals being also 
fitted in this part, to give the necessary strength 
for the carrying of the engines. This increase 
in depth will be appreciated by a reference to the 
keel of the Lucania, shown to the right in the 
engraving on page 466. The whole of the rivet- 
ing within the range of this double-bottom 
framing was done by hydraulic machinery. The 
extreme depth of the girders under the ma- 
chinery space involved difficulties in the carry- 
ing out of this idea, but as much importance 
was attached to the absolute rigidity of the con- 
struction under the engines, special appliances, 
involving new large riveting machines, were ob- 
tained. To insure perfect workmanship, too, the 
holes in all cases under the machinery space were 
drilled or rimered perfectly true; while the angle 
irons were joggled and welded, forming continuous 
frames. The extreme care indicated by ‘this 
specially careful system of construction has doubt- 
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less rendered the engine seat sufficiently homoge- 
neous as to minimise the possibilities of future 
trouble. In view of the great power to be! 


Shell of Ship 


SEcTION oF Ortop Deck Srrincer. 


developed by the engines, the importance of 
strength at this point cannot be overrated. 
The double bottom having been sufficiently far 
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| built up of plates with double angles on the inside 
'edge, and connected by double angles to each 


| 3 ft. in breadth. 
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For the purpose of working these channel bars, 
the Fairfield Company had a special tool constructed 
which we illustrated recently (see ENGINEERING, 
vol. lv., page 155). The frames are placed 30 in. 
apart, and extend in one length from the margin 
plate of the dcuble bottom to the upper deck 
stringer plate, and to the poop and forecastle 
stringers at the ends of the ship. The maximum 
length of channel bar used was about 50 ft., in 
one continuous length. These channel frames were 
strengthened at intervals fore and aft the ship by 
solid web frames, or partial bulkheads, and these 
are shown clearly on the internal views of the ship 
in frames on page 467, which also show the inner 
These web frames are 


of the deck stringers. They vary from 2 ft. to 
In the machinery spaces, again, 
these web frames are greatly increased in number, 
the channel frames being also of heavier section in 
the wake of the engines. 


| are built up with double stringers having brackets 


above and below, with diaphragm plates between, 
and strong face angles on the inner edge, as 
shown by Fig. 8 annexed. Onthe lower, main, and 
upper decks the stringer plates take the ordinary 
form, with the exception that the connection to the 
shell plate is made by double angles instead of 
single angles as is usual. 

This work of erecting the frames, and the fitting 
of the deck beams in place, was completed by 
December 30, 1891, the last upper frame being 
erected on that day, so that the time taken from 
starting the keel to completing the framing was 85 
working daysonly. The condition of the vessels 
at the close of 1891 is shown in the four engravings 
on pages 466, 467, and 470, prepared from photo- 
graphs then taken. And here it may be stated 
that all our illustrations of the new vessels and of 
the propelling engines have, with the exception of 
that showing the Campania completed and ready for 
trial, been prepared from excellent photographs 
taken by Messrs. Annan, of Glasgow. 


advanced to admit of the upper frames being 
erected, this work was started, and here one re- 
cognises the time-honoured ribs, for the ship- 
builder has been accused of taking his model from 
nature, the keel being the vertebre or spine with 
its iron or steel ribs and skin; but the Cunard 
boats have, so to speak, five spines, which we have 
described as longitudinal girders, to which, with 
the intermediate intercostals, the skin or shell- 
plating is attached. The frames extend from a 
margin-plate on the outer girders to the upper deck. 
The frames are of channel section, and thus com- 
bine the ordinary angle and reverse frame in one 
section, without the necessity of joining the two 
separate angles together. 


Fic. 12. Monet or Stern Framine. 


Upon each alternate channel frame were fastened 
the Butterley bulb beams carrying the deck plat- 
forms. These beams are of the largest section that | 
has yet been rolled for this purpose. The orlop, | 
lower, main, and upper decks were constructed with | 
the main scantlings, whilst above these the scantlings 
| tapered on the promenade, forecastle, and poop 
decks, and the shade or boat deck. In the case of 
the orlop deck beams it was considered necessary, 
on account of the space for the boilers and machinery, 
to make the stringers of special form to maintain 
_the stiffness of the structure. The plan adopted 
| was to use an open girderinstead of the old-fashioned 
| box girder, which, being permanently closed, pre- 


The illustration on page466shows an external view 
of the bow in frame, and from this one can realise the 
great height of the vessel. The three views of the 
interior on pages 467 and 470 show the framing and 
the inner floor of the double bottom, withsome of the 
deck beams in position. The enormous size of the 


| vessel may be measured by the great width, while the 


distant perspective affords evidence of length, and 
yet the view looking forward indicates even thus 
early thatthe shipisvery finely modelled. Again, the 
flat floor—for the rise from keel to bilge is only 2 ft. 
—indicates every prospect of a steady sea-going craft. 

On resumption of work after the New Year holi- 
days in 1892, preparations were made for plating 


i vents inspection or re-painting. The open girders 


the ship, and on January 21 the first shell-plate 
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was fitted in position. As we have already indi- 
cated, the normal size adopted in the construction 
of the ship was 25 ft. long by 6 ft. wide by from 
# in. to Lin. thick—probably the largest plates that 
have yet been used in ship construction. In the 
earrangement of the works, to which reference has 
already been made, many large machine tools were 
added, several of which we have already illustrated, 
and, without going into details, it may be men- 
tioned that one of the machines which proved most 
serviceable at this stage of the operations was the 
set of plate rolls to take plates 35 ft. long, built by 
Messrs. Smith, of Glasgow.* So that the top roll 
might not be of excessive diameter, it was fortified 
by a very heavy plate girder immediately above 
it, with quarter rolls holding down the principal 
roll to its work, the lower rolls being supported 
in like manner. In the construction of this 
machine, steel, both cast and wrought, was 
adopted, to the exclusion of either cast or wrought 
iron, not only in the rollers themselves, but in the 
framing and gear. Other large machines include 
punching machines by Messrs. James Bennie and 
Sons, Glasgow, capable of taking plates 32 ft. by 
7 ft., and punching 14-in. holes through 1$-in. 
plates; special scarfing machines by Messrs. 
Shanks, of Johnstone ; countersinking, planing, 
flanging machines, and other tools for dealing 
with plates of the dimensions just given. Of some 
of the special machines here referred to, we hope 
on a future occasion to give detailed descriptions, 
including also an account of the special hydraulic 
riveting plant supplied by Mr. R. H. Tweddell. 

The plating of the ship is arranged on the overlap 
system from the keel strake up to the underside of 
the main deck sheer strake—a system of plating 
first inaugurated, we believe, in smaller cargo 
vessels on the north-east coast, but since adopted 
in all types of steamers as being a most suitable 
butt connection. The butts of the upper and main 
sheer strakes and the strake between are connected 
by double butt straps—inside and out. In connec- 
tion with this we may note the somewhat new 
feature indicated by the round-headed rivets along 
the upper edge of the sheer strake as evidence of 
a marked advance in the structural connections of 
large ships—namely, that the whole connection 
between the upper deck with its stringer plate 
and heavy deck plating is fixed to the sheer strake 
by strong angles riveted together in this case by 
hydraulic machinery instead of by hand, which 
would have given a much less efficient job, owing 
to the heavy plates in use. And although at first 
sight these projecting heads may detract from the 
graceful lines of the ship, the advantages are more 
than compensatory. Again, there are no doubling 
plates on the bilges of the ship, where leakage often 
takes place, with the resultant deterioration due to 
the water getting between the two thicknesses. The 
doubling plate has been dispensed with by increas- 
ing the thickness of the plates themselves, and by 
adopting a treble instead of double-riveted landing, 
which greatly increases the protection against any 
possible ‘‘ working” at this point. 

The important matter of bulkhead subdivision 
had very full consideration in the working out of the 
design of the ships. About this time the report of 
the Bulkhead Committeet had been published, 
and it was deemed advisable to fulfil all the sug- 
gestions made by the Committee as far as they 
were practicable. The subdivision is by thwartship 
bulkheads only, and of these there are eighteen. 
Centre-line bulkheads have not been adopted, as 
they would have interfered seriously with the 
arrangement of the boilers, and would have given 
no compensating advantage, for in the case of a ship 
divided by a centre-line bulkhead, the flooding 
of a large compartment, say on the port side, 
as the result of an accident would give the ship 
a heavy list, which is itself a danger, and would 
probably necessitate the filling of a corresponding 
compartment on the starboard side, so that the 
immersion of the ship would not be less than with 
a filled compartment the full width of the ship. The 
engine-room, it is true, is divided by a centre-line 
water-tight bulkhead having large doorson the lower 
platforms for the efficient control of the engines. 
The Fairfield Company have rather shortened the 
length of the compartments between the thwart- 
ship bulkheads. The maximum length is about 
65 ft. amidships—or only about 10 per cent. of 
the total length of the ship—while at the ends, 


* See ENGINEERING, vol. 1., pages 599 and 687 
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more especially forward, where the risk from col- | 


was in progress, the laying of the wooden decks was 


lision is greatest, the distance between bulkheads, proceeding. Those forming weather decks are of 


is considerably reduced. The subdivision of the 
vessel, in fact, is carried out to such an extent 
that any two, and in many cases even three, 
compartments might be flooded with water and 
the steamer remain in perfectly safe condition. 
Again, all the ‘‘ vitals” of the ship—the machi- 
nery, boilers, auxiliary appliances, &c.—are in 
duplicate, so that the flooding of one or two com- 
partments cannot well completely disable the pro- 
pelling, lighting, or navigating, or, indeed, any 
of the important machinery in the vessel. The 
construction of the bulkheads also follows on the 
suggestions of the Bulkhead Committee, they being 
strengthened by deep bars of channel section instead 
of by angle irons. From tests that have been made 
subsequent to the construction of the bulkheads, 
this method of stiffening has been found distinctly 
satisfactory. Where necessary, doorways have been 
made under the lower deck; but the number of these 
has been minimised, and they are in all cases fitted 
with water-tight doors. In the more vulnerable 
parts of the ship, however, these are dispensed with 
altogether below the main deck. As the vessels are 
classed as armed cruisers for service when required 
by the British Admiralty, they have been built to 
comply with their conditions as to strength, 
buoyancy under disastrous conditions, and coal 
endurance. They have, therefore, water-tight coal 
bunkers at the side of and over the top of the boiler 
compartments, forming a protection against the 
modern quick-firing gun. 

The decks were all first laid with steel plating. 
To compensate for the large openings rendered 
necessary for boiler hatchways, and particularly for 
engine hatchways, special methods were adopted 
for supporting the deck, on the same principle as 
already described in connection with the orlop 
deck stringers. 

The view (Fig. 9) of the upper deck framing, 
looking forward, which we give on page 470, 
shows the great progress made by the end of 
March 1892, with the construction of the ship. By 
this date the shell plating was far advanced, 
although, owing to a strike of six weeks’ duration, 
it was not completed until the beginning of July. 
The work of laying the decks was commenced early 
in May, and by that time also the superstructure 
of the ship was commenced—that is to say, the 
decks, &c., above the moulded structure, which 
only extended to the upperdeck. The promenade 
deck is carried over the upper deck by strong T- 
iron frames connected to the bulwark and sheer 
strake plate, and supported amidships by the sides 
of the long deckhouse, which extends the full 
length of the upper deck. ‘The sides of this deck- 
house are very strongly framed with steel-plated 
combings, being increased in thickness in the line 
of the large openings on deck, while the whole is tied 
together from beams to deck by strong vertical 
angles. A new departure has been adopted in the 
laying of a complete steel deck on the promenade 
deck beams instead of the usual stringers and tie- 
plates. The adoption of this steel deck under the 
ordinary timber decking, instead of laying iron sup- 
ports on the many isolated parts as adopted in pre- 
vious practice, will obviate the chances of the 
‘* working ” of this superstructure, which in many 
vessels is far from comforting, especially if the 
timid passenger, while lying in his berth, hears the 
creaking and racking of his cabin amidst the 
tempest blowing outside. Upon the promenade 
deck is a second range of deckhouses, containing all 
the principal public rooms, and having over it the 
shade deck, which, while forming a permanent 
awning, serves as a platform for the lifeboats and 
for the support of ventilators and the ventilating 
engines and fans in connection with the stoke- 
hold. A special feature has been introduced 
in the construction of this shade deck, whereby 
the roofs of the public rooms have been raised 
2 ft. or 3 ft. above the ordinary level in a 
slight curve, forming what may be termed omnibus 
roofs. By this means a height of something 
like 12 ft. is obtained in the public rooms, 
which enhances the appearance and improves the 
ventilation of these apartments. On the shade deck 
there is a deckhouse for the accommodation of the 
navigating officers, who are all located in the imme- 
diate vicinity of the main bridge, and at call in 
case of emergency. The bridge, which is carried 
on T-iron frames, extends the full width of the 
ship, and is 60 ft. above the water-line. 

While the work of erecting the superstructure 


teak, the remainder being of yellow pine. The 
deck planks are only 4in. wide, those of the 
saloons and promenade deck being 3 in. and 23 in. 
wide. These narrow planks, which seem by their 
measurement more suitable for a tiny yacht, give 
the decks a beautiful appearance. The illustrations 
Figs. 10 and 11, on page 471, of the promenade deck, 
one showing the view from the bow and the other 
from the stern, give an idea of the great length of 
the ship, and show the progress made by June 30, 
1892, about nine months after the construction was 
started. By that time the shell-plating was practi- 
cally all fitted, great progress had been made with 
the deck-laying, and the ship was within measure- 
able distance of being ready for launching. 

About this time—the end of June—one of the 
most important parts of the structure was in the 
process of erection—the stern framing. We give 
an illustration of the framing (prepared from a 
photograph of the wooden pattern) in Fig. 12 on 
page 473. The frame is of cast steel, and made 
by the Steel Company of Scotland, who deserve 
the greatest credit for the high quality of the 
material. In arranging the propeller brackets 
it was decided, with the view of bringing the pro- 
pellers as near as possible to the centre line of the 
ship, to have a small aperture. It has been 
suggested that the intention was, if found de- 
sirable, to use overlapping propellers ; but we have 
authority for stating that no such intention was 
ever entertained by those responsible for the design 
of the Campania and Lucania. 

The propellers are placed in the same line 
athwartship. The sternpost is made up of four 
parts. The propeller brackets are machine-jointed 
on to each side of the forward sternpost and con- 
nected thereto. The stern tubes are, as will be 
seen from Figs. 12 and 14, on pages 473 and 474, 
contained within the bossing, leaving them acces- 
sible for inspection at all times, whether the ship is 
at sea orin harbour. This is done by curving the 
shell plates and frames to suit the projection of 
the stern tube. The arrangement of the rudder is 
somewhat novel, although embodying no essen- 
tially new departure. In determining that the 
steering gear should be entirely under water, the 
better to conform to Admiralty requirements, it 
was felt that some concession should be made to 
ordinary appearance, without unnecessarily filling 
out the ship at the after end and interfering with the 
delivery of water from the propellers. A special 
arrangement was therefore devised by forming 
something like an annular chamber at the extreme 
after end, and having sufficient space within to 
receive the crosshead of the rudder, with its con- 
necting-rods’ leading into the body of the ship, and 
connecting thereto the steam steering gear, which 
we shall describe later when we come to deal with 
navigating appliances. This chamber is a promi- 
nent feature in the view of the stern shown in Fig. 
14, on page 474, and might, but for its tapering 
end, be mistaken for a torpedo launching tube. 

The rudder itself is of the ordinary centre-fin 
plate pattern, with specially designed arms on 
either side, but more decidedly strengthened by 
webs on the top and bottom members, so that the 
rudder can be thrown hard over when the vessel is 
going at full speed. As the rudder had to be 
entirely below water, it became necessary to have 
a plate of exceptional size, not, perhaps, so much 
as regards length as to width. On trying nearly 
all the principal makers in this country it was 
stated to be impracticable to get such a wide plate; 
but subsequently the Fairfield Company got it from 
Messrs. Krupp, of Essen, the plate delivered mea- 
suring 22 ft. by 11 ft. 6 in. by 1} in. thick. The 
necessity for going to a foreign firm was after- 
wards called in question by several English makers, 
including, we understand, some of those who had 
actually been asked to supply the plate, and had 
returned the specification stating that it could not 
be done. It was matter of some surprise that the 
German maker could supply a plate the rolling of 
which British millowners when asked did not then 
care to undertake. 

Remarkable as was the speed of construction 
of these vessels, it is right to state that the time 
would have been considerably reduced but for un- 
fortunate disputes and strikes, first with the iron- 
workers during the earlier stages of construction, 
extending to about six weeks, and latterly, when 
the first vessel was within a few weeks of com- 
pletion by the joiners and other associated workers 
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going out on strike for about two months against 
a reduction of wages, which reduction was accepted 
without any stoppage by the other important 
trades engaged in the shipbuilding industry. But 
for these unfortunate labour troubles, extending 
in the aggregate to over three months, the two | 
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ships would have been built in much less time, 
and would therefore have reflected the greater 


would have done well to remember. 
terest of all is to get work, and this can only 


The in- 


credit on the Clyde for rapidity in produc-|be accomplished at any period, but especially at 


tion. In view of American competition 


in|the present time, by amicable relationship being 


the near future, there would have been the! maintained, and mutual concessions being made 
greater gain, a circumstance which the workmen when necessity demands. 


THE LAUNCHING 


Tue Campania was launched on September 8, 
1892, and the engravings Figs. 13, 14, and 15, on 
pages 474 and 475, show the vessel prior to the 
launch, while Fig. 16, on the last-named page, shows 
the ship taking the water. The Lucania was 
launched on February 2, 1893. Unqualified success 
attended both launches, as a result of the most 
complete and thoughtful preparations made by Mr. 
White, who was responsible for the floating as well 
as for the designing and building of the vessels. As 
we have already mentioned incidentally, in dealing 
with the construction of the hull, the keel was laid 
at a declination of about seven-sixteenths of an 
inch to the foot of length, being supported on cross 
logs, which also took the launching way supports, 
thus forming one foundation for the transfer of the 
weights from the keel blocks to the launching 
blocks. That this was completely successful was 
clearly shown by the ease with which the keel blocks 
were ‘‘split” or rammed out on the morning of the 
launch. 

The standing and sliding ways were of the ordi- 
nary flat form, with the usual ‘‘riband” on the 
inner side of the sliding way to prevent the ways 
spreading, and forming the ‘‘ flange” of the ways or 
guide rail. In many yards this ‘‘riband” is on 
the outer side of the fixed or standing way project- 
ing above, but the advantages are all with the system 
adopted at Fairfield, as a greater protection is 
afforded against any foreign body being inserted in 
the ways. It also actsas a ‘‘cover” to the ways 
where they are least seen, and there is the further 
advantage that, being fitted on the sliding way, 
it is necessarily very much shorter than it would 
be if fitted to the standing ways. ‘Ihe ways, 
both standing and sliding, were of English oak, 
about 4 ft. wide by 12 in. thick, scarphed and 
tabled together in the usual manner when the 
necessary breadth and area cannot be got with one 
log. The ways were set under the ship at, as we 
have said, about 77, in.to the foot declivity, with a 
general ‘‘camber” and increasing declivity, amount- 
ing at the extreme end of the ways to about one inch 
to the foot of length. This decision as to camber, 
of the most vital importance to insure a successful 
launch, was pre-eminently proved to be a right 
one. The vesse] appeared to be, and was, indeed, 
under perfect control up to the moment of launch- 
ing, without any sign of ‘ taking charge” or the 
ominous cracking, so frequently a source of anxiety 
to the uninitiated, and yet the declivity fixed upon 
was such that immediately the last dog-shores were 
knocked out there was no stoppage of the vessel 
for the slightest period of time. She at once started 
on her career, slowly at first and majestically, but 
not the less surely, and, gaining speed every second, 
was safely afloat on the Clyde, amid the plaudits 
of the assembled hundred thousand interested 
spectators, within about one minute from the time 
of starting. 

The length of fixed ways over which the vessel 
had to travel was about 650 ft. in the case of the Cam- 
pania, and about 700 ft. in that of the Lucania. The 
maximum speed of the vessel during the launch was 
about 10 to 12 knots, this speed being attained when 
the vessel had travelled about three-fourths of the 
length. So far as we can recall, this is about the 
maximum speed ever recorded of a vessel during her 
launch, and was due, of course to the great length 
of the vessel and the length of travel on the ways. 
The length of sliding ways was about 550 ft., and 
the width about 4 ft. This exceptionally long 
length was possible first by reason of the special 
arrangement of the stern tube bossing for carry- 
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ing the shaft, which, extending as it did practi- 
cally to the after end of the ship, as shown in 
Fig. 15, on page 475, gave a good abutment to the 
after poppets without making them of an undue 
height. Although it was not, perhaps, absolutely 
necessary to extend them so far aft, still the advan- 
tage obtained by their adoption in carrying up the 
long thin after end of the ship, with its attendant 
heavy weight of propellers and shafting, &c., was 
such as to fully justify the extension of them to 
the length decided upon. Not only was the local 
support gained very great, but the extra ‘‘ area of 
way ” secured reduced the pressure or weight per 
square foot to the very ordinary proportion of 
about 2 tons to the square foot, thus providing in 
the most effective way against any possible firing 
of the ways during the launch, and consequent 
danger of a ‘‘ stick.” : 

In like manner, for the same reasons, the sliding 
ways were carried well forward to the stem, the 
poppets and making up being specially arranged 
so that, no matter what weight was brought to bear 
on them, the tendency should be to ‘‘lock” or 
brace them up to their work instead of allowing 
them, when the weights came on, to fly out at the 
head and become practically useless, as is not 
unusual in such fine-lined ships. 

To provide against this, the usual practice in the 
dockyard or naval service in the case of the fine- 
lined cruisers or battleships is to secure the heads 
of the poppets by riveting or bolting strong angle- 
iron frames on to the ship’s side, to form the 
necessary abutments. ‘This system was not admis- 
sible in this case, as it was the intention of the 
builder to run, at any rate, preliminary full speed 
trials before the ships could be docked at Liverpool, 
and there was no dock on the Clyde large enough 
to take in these vessels to allow of these angles 
being taken off after launching.* The system 
adopted, therefore, in the case of the Lucania and 
Campania, was a most ingenious arrangement of 
dovetailing, notching, and wedging, not only the 
upmaking, but also the poppets, which, instead of 
standing ‘‘ plumb” as usual, were thrown in at the 
head, a most unusual and, at first sight, objection- 
able arrangement ; but which, taken in conjunc- 
tion with the devices we have already mentioned, 
together with others specially designed for the 
forward poppets, achieved the desired result 
with the most conspicuous success. Although under 
the great strain necessarily brought to bear upon 
the forward upmaking when the vessel was lifting 
aft during the launch, the most careful observa- 
tion showed that these all stood up to their 
work without the slightest sign of splitting out. 
The whole design of the details of construction 
of the launching ways was interesting in the ex- 
treme to the initiated, and in no part more so than 
in these special self-locking arrangements to which 
we have referred. 

The ways having been prepared, the important 
question of ‘‘ lubricant ” came to be considered, and 
it was determined to adopt the old-fashioned but 
reliable Russian tallow of the first quality, instead 
of the various ‘ patented” launching lubricants, 


* It may be stated, in fairness to the Clyde Trustees, 
that at present a new graving dock is being constructed 
which will take in even a much larger steamer than the 
Campania or Lucania. The width at bottom will be 
74 ft., and at top 115 ft., while at the entrance the width 
will be 85 ft., and the depth on centre of sill 26 ft. The 
length will be 700 ft. The method of construction of the 


new dock is on triune cylinders, introduced by the 
Clyde Trust engineer, Mr, James Deas, who has prepared 
the drawings and is carrying out the works, 
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of which there are not a few. The thorough 
success of the launch certainly proves the wisdom of 
the decision. 

In connection with the launch, we would point 
out—what does not, perhaps, strike the casual ob- 
server as he sees the ship sliding down the ways 
into the water—the important vertical drop through 
which the ship passes during her progress, in the 
case we are dealing with, amounting to about 36 ft. 
This, taken in conjunction with the launching 
weight of the vessel, will give an idea of the energy 
stored up, less the friction, and such energy 
has to be afterwards controlled by the drags, 
a description of which shall conclude our remarks 
on the launching of the Campania. In deciding 
to adopt large weights or bundles of chain cable 
ranged at suitable distances on the ground, to the 
exclusion of anchors buried in the ground, or 
other solid fixed weights, to control the immense 
energy stored up in the vessel during the launch, 
considerable courage was shown, as at first sight 
the drags certainly appeared, even to the initi- 
ated, to afford a very small power—they weigh- 
ing about 500 tons —-to control such a ship 
leaving the ways at a speed of about 10 to 12 knots, 
and to stop her within a distance of about 100 ft., 
this being the estimated travel allowed. But by 
using this system of drag many advantages presented 
themselves during the launch. First of all the 
weight is ‘‘cushioned”’ on to the cables, relieving 
them of all shock, with the subsequent wild flying 
of the cables into the air, which occurs when any 
‘‘solid” weight or sudden strain is brought on to 
them, resulting, as is frequently the case, in a broken 
cable, in which event the whole value of the 
individual drag is lost. The cushioning of the 
strain is the result of the load being brought on 
very gradually, yet at the same time in successive 
stages within a very few seconds of each other. At 
the first tension of the cable, the component parts 
of the first pile or bundle of chain adjust themselves 
together ; and before this pile is fairly in motion, 
the same thing goes on with the second and then 
with a third pile in quick succession, until the 
whole drag is in motion over the soft earth. Each 
link on the ground tier forms its own path, and 
the frictional resistance, together with the weight 
of the various piles constituting the entire set, is 
sufficient to bring the vessel to a complete standstill 
within the estimated distance without the breaking 
of the proverbial spunyarn. In the case of the 
Campania the launching cables numbered eight 
in all, four passing through the hawse pipes and 
four being connected to the ship’s side by means of 
heavy forged plates. They were each and all so 
arranged as to come in tension nut before, but 
immediately on the vessel leaving the ways. The 
maximum length of drag was about 75 ft., which 
shows the accuracy with which the calculations 
were made to insure that the length should not 
exceed 100 ft. 

Every detail of the launches, indeed, had been’ 
worked out with most scrupulous care. The length 
and weight of the ship enormously increased the 
responsibilities, and these were still further aug- 
mented by the narrowness of the river into which 
the vessel was launched, its width being only about 
two-thirds the length of the ship. Yet everything 
worked 80 satisfactorily that each vessel was moored 
in the Fairfield Dock, which runs at right angles 
to the river, within about 40 minutes of the launch. 


THe NAMING OF THE VessEIs. 


The first of the two vessels launched, the Cam- 
pania, was most appropriately released from her 
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position on the ways and named by Lady Burns, 
of Castle Wemyss, while the launch of the second 
vessel, the Lucania, was honoured by the presence 
in a similar capacity of the Countess of Eglinton. 
Naturally the names to be given to the two vessels 
excited discussion on the part of the general public 
very shortly after the construction was commenced, 
and the Cunard Company were not without sugges- 
tions on the subject. Amongst the names mentioned 
were the Britannia, Scotia, Caledonia, and Colum- 
bia. No doubt the directors would have gladly 
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met the desire of the public in this as in other | 


matters, particularly in the case of the latter name, 
in view of the consideration which suggested it, 
and which so largely occupies attention at the present 
time in Kuropeas wellas North America. There is, 
however, an unwritten code of laws which regulates 
such matters—as, for instance, the colour of ships’ 
funnels, which ‘in the case of the Cunard is 
red with.a black top ; the lights shown at night, 
usually three of different colours burned to show 
passing ships to which line they respectively 


belong ; companies’ flags ; and the names of the 
ships. Hach company adopts a distinctive class. 
Thus the names of all Cunarders end in ‘‘ia ;” 
those of White Star boats in ‘‘ic;” all Inman 
boats had ‘‘cities” for their titles; all North 
German Lloyd’s steamers ‘‘ rivers,” and so with the 
vessels of different lines frequenting the same 
ocean tracks. It is therefore easy to recognise all 
ships. The objection to the very appropriate sug- 
gestion of calling one of the steamers Columbia 
was the existence of a Hamburg-American liner of 
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that name; while other titles suggested are in use 
on the Anchor Line or had already been used for 
Cunard ships, and the company have not yet 
adopted a name a second time. As in the case of 
the Umbria and Etruria, the Cunard directors have 
gone to ancient Italy for the names of the new 
additions to their fleet. be 

Campania isa felicitous name, promising much to 
the shareholders, for that ancient province on the 
west coast of Italy was distinctive from all other 
provinces before the Christian era for its fertility, 
being one of the most productive plains in the 


world, yielding an extraordinary abundance of 
corn, wine, and oil. Yhe geniality of the climate 
is still a characteristic, the province being now 
known as the Campania di Roma, and including 
Naples. By Greek and Roman writers it is cele- 
brated for its landscapes and its harbours, as well as 
for its soft and genial climate. In the history of the 
province from the fourth century wars occupy a large 
place, the Greeks being conquered by Etruscans, 
who succumbed in turn to the hardy Samnites, who 
finally yielded to the irrepressible valour of Rome 
in 340 B.c, Through all these vicissitudes of con- 
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quest the people remained, as at the beginning, 
essentially Oscan, and from them we have our 
knowledge of the Oscan language. 

Lucania was a contiguous province, bordering on 
the Gulf of Tarentum. The people were also essen- 
tially Oscans. There was not the same rich soil, 
the Apennine Mountains passing through the pro- 
vince. The people, however, were more valiant in 
war than the inhabitants of Campania. The terri- 
tory thus became the theatre of severe conflicts, 
Rome ultimately conquering the province in the 
social wars of 90-88 B.C, 


THE CONSTRUCTION OF THE ENGINES. 


Tue Campania after her launch in September last 
was taken to the dock and berthed under the 130-ton 
sheerlegs, which were designed and constructed at 
Fairfield, to have her machinery placed on board ; 
and in pursuance of the idea of describing the work 
as it progressed, we shall now describe the engines 
and boilers, deferring reference to the completion 
of the interior and equipment of the vessel. 

The construction of the engines for each of the 
two vessels, representing over 60,000 indicated 
horse-power, was practically completed within twelve 
months of the order being placed, notwithstanding 
that the establishment was engaged on other work 
at the same time. The greater part of the ma- 
chinery was not only erected in the shop, but was 
placed in the Campania within the year—a per- 
formance which at once testifies to the splendid 
organisation of the staff in the Fairfield engine 
department. One of the secrets of this dispatch 


was, we believe, the willing response of the various | 


foundries and forges to Mr. Laing’s wishes, His 
long experience in the Clyde district has enabled 
him to have a knowledge of the capacity of all the 
different forges and foundries for special work, and 
he apportioned the work in such a manner that the 
forgings and castings were made only by the firms 
most capable as regards power of production and 
speed in delivery. His instructions to these firms 
in regard to dates for deliveries were definite and 
binding, and measures were taken by him to insure 
that the dates would be adhered to. All the 
various parts, therefore, arrived at Fairfield in 
proper sequence, thus allowing of systematic pro- 
gress being made in the finishing and erection of 
all parts of the machinery. The very extensive re- 
construction of the engine works carried out two 
or three years ago also materially assisted in the 
general result. Indeed, the new machines which 
were then provided, and which have been illus- 
trated and described in ENGINEERING,* werespecially 
designed to deal with such large work as is now 
required in the construction of the Atlantic liners 
of the future. 

So soon as the contract was fixed, the work of 
designing the engines was started. The general 
arrangement of the engines is that first intro- 
duced in the North German Lloyd’s steamer 
Lahn, built at Fairfield in 1887, and which has 
given so much satisfaction that the North German 
Lloyd’s have had it adopted in later vessels 
built at Stettin. The new Cunarders, however, are 
the first twin-screw steamers in which this type has 
been fitted. In this arrangement there are five 
cylinders, two high-pressure, one intermediate, and 
two low-pressure, but the great advantage of well- 
balanced parts of the three-crank engine is main- 
tained by placing the high-pressure above the low- 
pressure cylinders, one pair of high-pressure and 
low-pressure being at the forward and the other 
pair at the after end of the engine, with the inter- 
mediate cylinder in the centre. The adoption of 
five cylinders, too, reduces the diameter of each low- 
pressure cylinder to more moderate dimensions: 
The diameters of the cylinders are as follows: high- 
pressure (two), 37in.; intermediate (one), 79in.; and 


* See ENGINBERING, vol. 1., pages 336, 393, 485, 


low-pressure (two), 98 in. The stroke of piston in 
each case is 69 in. 

The details of the engines were soon determined 
upon and patterns made, for within five or six 
weeks of the signing of the contract, or, to be 
precise, on September 15, 1891, the first casting 
was delivered at the Fairfield Works. It was one 
of the twenty cylinder liners required for the two 
vessels, These liners are all of cast iron. The 
show of work made in the fitting shop at the end 
of December, 1891, about four months after the 
design was determined upon, as indicated by our 
engraving, Fig. 17, on the two-page Plate No. L., is 
impressive, and at once bears evidence of the energy 
displayed. The actual condition of the engines of the 
Campania, seen in the distance in this engraving, is 
more clearly indicated by Fig. 18, from a photograph 
taken at thesame time. From this it will be seen 
that in the case of one engine the whole ,founda- 
tion, A-frames and condensers, with the guides for 
the air and circulating pumps, had been placed in 
position ready for the cylinders, while in the case 
of the other engine the sole-plate, condenser, and 
other parts had been fitted. 

The last of the castings and forgings was delivered 
about the end of February, and as in the closing 
weeks of 1891 and the early months of 1892 the 
floor of the machine shop was occupied with the 
enormous number of details which make up the 
four immense engines, as well as with the parts of 
several other engines, notably those of the twin- 
screw steamer Pole Star, and the fast paddle steamer 
Koh-i-Noor, the scene was one of great interest. 
Four engravings (Figs. 19 to 22) on our two-page 
Plate No. I. will give the reader some idea of the 
state of affairs at the end of March, 1892. One 
(Fig. 21) represents the view from the northern, 
and another (Fig. 22) from the southern end of 
the machine shop 

By December, 1891, the sole-plates had been 
milled, bored, and fitted into position, and had 
already received the condensers, condenser columns. 
and front columns, while the three cranks had 
also been lowered into position. This within 15 
weeks of receipt of the first casting is good work, in 
view of the great size of the various parts. The 
cylinders were then put in hand, and the whole 
of the machining finished by the end of March, 
1892, the condition of the shop, as we have 
already stated, being shown by Figs. 21 and 22, 
Plate I. A view of the two engines of the Campania 
taken at the same date is also shown in Fig. 19, 
on the same plate. The cylinders were ready 
to be put in position, with the connecting-rods, 
&c., while the crankshaft and thrust shaft had 
already been fitted into their bearings. Both the 
engines were now in an advanced stage. This state 
of advancement, too, was not at the expense of the 
other work in the establishment, for at the other 
end of the fitting shop there were being completed the 
engines of the Koh-i-Noor, a steamer which attained 
such a degree of popularity last season—having a 
speed of 194 knots—that the Fairfield Company 
were commissioned to build another and still faster 
vessel for this year. The other engines seen in the 
distance are those of the twin-screw steamer Pole 
Star, for the Northern Lighthouse Commissioners. 


The reader will probably have noted that various 
parts are spoken of above as having been milled, 
Milling is now adopted very extensively at Fair- 
field, instead of the old methods of planing, &c., 
special machinery having been supplied. This is 
quite a new departure on the Olyde. 

The two engines of the Campania were com- 
pletely erected before the end of June. At that 
date probably an unprecedentedly large amount of 
work was on the floor of the fitting-out shop at 
Fairfield. Our two-page Plates Nos. II. and II1., 
showing the completed engines, are from photographs 
taken at that date, while the engines of the Lucania 
were in a forward condition. Fig. 23, on page 478, 
shows the state of advancement of one of the engines 
of the Lucania, and illustrates very clearly the form 
of bed-plate, columns, and condenser adopted in 
the engines of both ships. The other engine of the 
Lucania was in a similar state ofadvancement. All 
the parts, too, were ready for fitting into position. 
At the same date also the engines of the Pole Star 
were completed, while the engines of the Koh-i- 
Noor* had only recently left the works. All this 
work was accomplished in 10 months. 

From the base of the engines to the top of the 
cylinders, as shown on our two-page Plates IJ. and 
Ill., the height is 47 ft. As will be seen, the 
Fairfield Company have adhered to the type of 
bedplate, column, and condenser which has been 
adopted and proved satisfactory in so many of the 
notable vessels that have been constructed in their 
establishment. The bedplate is bolted down to the 
specially strong seating, which we have described 
in dealing with the construction of the hulls. The 
bedplate is 5 ft. 6 in. deep, and is of cast iron. 
The castings are of the box type. The fixing of 
the engines to the ship at the bottom and the stay- 
ing at the top has had special attention. The 
cylinders are braced together by heavy stays run- 
ning fore andaft. This staying has been introduced 
into the principal Fairfield-built engines within the 
last few years. t 

We have stated that each set of engines of the new 
Cunarders has five cylinders, the high-pressure over 
the low-pressure, connected with the ordinary sleeve 
stufing-box with metal packing, while the inter- 
mediate is in the centre. A piston valve is fitted 
to each of the high-pressure cylinders, Buckley’s 
packing being used in the valves. A slide valve is 
fitted to the intermediate and to each of the low- 
pressure engines, the valve gear being of the usual 
double eccentric and link motion type. The bear- 
ing surfaces in all cases are large, as will be seen 
from Figs. 34 and 35, forming our two-page 
Plates Nos. II. andIII. It is scarcely necessary to 
state that all the cylinders are steam-jacketed, and 
are fitted with automatic steam traps for the return 
of the water to the hotwell. 

The condenser is rectangular in section, and fitted 
with #-in. brass tubes. It is built up in three parts, 
as is clearly shown in Fig. 18, on Plate I. It is 
divided into two portions, as indicated on the same 
engraving, so that each low-pressure engine has its 
own condenser. At the back of the condenser, as 


* See ENGINEERING, vol. liii., pages 654 and 656. 
+ See engravings of engines of Tynwald (ENGINEER- 
ING, vol. lii., page 155.) 
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shown on Plate IIT., there are two air and two cir-| maximum requirements for pumping the bilge, re-| pressure steam whilst pumping from the bilge, and 
culating pumps, each driven by a lever from each of | quiring a considerably larger engine than is neces- 
the crossheads of the fore and after engines. From! sary for the ordinary work of circulating, so that 


the crosshead also are worked pumps for lifting the | 
water from the condenser to the feed heater, to| 
pania and Lucania, however, are constructed in such 


which we shall refer later, 


the efficiency relative to the work required under 
normal conditions is low. The engines for the Cam- 


Fia. 27. 


The circulating pumps and engines, of which an 
illustration is given in Fig. 28, on page 482, were 
manufactured by Messrs. W. H. Allen and Co., 
Lambeth. For the Campania and Lucania four 
pumps have been supplied for each ship. It has 
been usually the custom to construct circulating 
pump engines sufticiently powerful to meet the 


Main Stor VatvE 4NnD Lap-WELDED JRON STEAM-PIPES. 


|a manner that they will be equal to the work of | result. 


circulating while working on the compound principle 
with steam at the full pressure, exhausting into the 


therefore working to suit the maximum require- 
ments. By this method economy is effected while 
circulating, and the full power can be obtained for 
bilge pumping, the size and weight of the engines 
being at the same time considerably reduced. It is 
the first time that the system has been adopted for 
work of this kind, but it seems likely that it will be 
largely adopted in future. We give in Figs. 29 and 
30, on page 482, views showing the slide valve just 
referred to, and from these it will be seen that by 
moving the valve by the hand gear the engines may 
be made to work either compound in the usual 
manner, or with both cylinders taking high-pressure 
steam. The engines are of a substantial pattern, the 
size of the main crankshaft having been kept up in 
order to withstand any possible strain that might 
come upon the engines while doing the work of 
bilging. The speed of the pumps when circulating 
is 100 revolutions per minute, and when _ bilging 
250 revolutions. An auxiliary condenser is provided 
in each engine-room for the air and circulating 
pumps, and for use when the vessel is in port and 
the main engines lying idle. 

Returning to the main engines, it may be noted 
first that the high-pressure pistons are fitted with 
Ramsbottom rings, while the intermediate and low- 
pressure pistons have each one ring fitted with 
Downie’s packing. The piston and connecting-rods 
are made from steel ingots, that used for each of 
the connecting-rods weighing, rough, 25 tons, this 
weight being reduced to 10 tons. 

The whole of the shafting throughout the two 
ships has been supplied by Messrs. Vickers, Sons, 
and Co., Limited, Sheffield. The crankshaft is 
26 in. in diameter, and each of the three inter- 
changeable parts weighs 27 tons, so that with the 
thrust shaft, which is 14 ft. long, the weight of each 
crankshaft is about 110 tons. Each thrust bearing 
has 14 rings of the ordinary horseshoe type. These 
bearings are in recesses at the after end of the en- 
gine-room bulkhead, but are tied direct to the foun- 
dations of the engines. The propeller shaft is 24 in. 
in diameter, and is fitted in about 24-ft. lengths, each 
length having two bearings. The pillow blocks are 
of cast iron lined with white metal. With the boss- 
ing out of the stern, as described in dealing with 
the building of the hull, it has been rendered pos- 
sible to dispense with the usual outside shafting, and 
this enables the propeller shaft to be carried in the 
stern tube, as in the ordinary single-screw steamer. 
The stern bushes are of the usual design—brass 
lined with lignum vite, the shaft being sheathed at 
the bearing to suit. The propeller boss is also of 
Vickers steel, and the three blades are of manganese 
bronze cast at Fairfield. Each blade weighs about 
8 tons, and a simple calculation brings out the 
interesting fact that, had pennies been used, 5} mil- 
lions would have gone into the casting of the six 
blades for each ship. At the after end of the pro- 
peller shaft there is fitted one of Dunlop’s governors, 
while governors have also been fitted to the main 
engines. 

Another safeguard is provided in the form of an 
emergency gear fitted in connection with Brown’s 
steam and hydraulic starting and reversing gear. 
This emergency gear is such that the engines are 
stopped automatically if a predetermined rate of 
speed is exceeded. This gear, together with the 
starting gear, we illustrate by Figs. 31, 32, and 33, 
on page 483. The starting engine is of a well- 
known type introduced some 20 years ago by 
Messrs. Brown Brothers, and of which over 1000 
have been made. The engine consists of a steam 
cylinder in which a piston and rod by one stroke 
handles the links, the movement being controlled 
by a water cylinder with automatic valve gear. 
The novelty in connection with this gear is the 
addition of a governor, by the operation of which, 
when a shaft breaks or dangerous racing takes 
place, the links will immediately be shifted into 
mid-gear. 

It is well known that any attempt to control the 
speed of triple-expansion engines without operating 
on the distribution of steam in each cylinder, has 
up to the present not been satisfactory. With the 
ordinary governor, therefore, valves on each cylinder 
are necessary, and considerable complication is the 
It has, therefore, been considered much 
better to have marine engines strong enough to 
race up to, say, 50 to 100 per cent. over their 


low-pressure steam chest or condenser at the option | normal speed, and after that to stop them or bring 


of the engineer, and at the same time with such an|them to dead slow. 


The engineers’ attention is 


arrangement of the cylinders that by a simple hand | thus at once called, and proper steps can be taken. 


slide valve both cylinders may receive the high- 


One or two recent accidents, notably that to the 
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City of Paris, suggested the necessity of something 
being added to the reversing engine which, while 
simple, would be unfailing in action. Accordingly 
the Paris was fitted with such a governor as is now 
adopted on the Cunarders, and after prolonged 
tests, in which it frequently stopped the engines in 
excessively bad weather, the New York was also 
fitted, and now the engineers in charge are free to 
leave the reversing handle with confidence. We 
are informed that already 31 sets of the emergency 
gear are at work. The working of the gear in many 
cases dispenses with the fitting of the ordinary 
governor with a throttle valve on the steam pipe. 
The reversing engine is of the oscillating type, the 
lower steam cylinder being attached to the column of 
the main ..:gines, while the piston-rod is attached at 
its upper end to the weight shaft lever, which actuates 
the reversing links. The governor consists of a simple 
lever, which moves vertically with the main engines, 
and on which is mounted a weight supported by a 
spring so set that at normal speed little movement 
takes place. This is shown with the reversing 
mechanism on the hydraulic control cylinder in 
Fig. 32, and to a larger scale in Fig. 33. The usual 
reversing lever is here shown not working ona fixed 
fulcrum, but is attached to the end of a lever, its 
other end embracing and working the starting 


engine valve gear. 


itil! 


The last-named lever works on 
a fixed fulcrum, while its other end is engaged with a 
steam piston and rod, working in a steam cylinder 
fitted with a three-way cock, so set that a constant 
pressure is exerted on the top of the piston when the 
marine engines are working at a safe speed. Just 
above this lever is arranged the governor lever 
already mentioned, which derives a reciprocating 
motion from the marine engines to the extent of 
2in., and which can be conveniently connected by 
a rod to the indicator gear or other reciprocating 
part. This governor lever works on a fixed fulcrum, 
and at its other extremity carries, as we have said, 
a small weight supported on a spiral spring in a box. 
The weight is guided by a rod and collar, and. has 
a groove at its lower part, into which one arm of 
a bell-crank lever gears, while the other arm is 
formed like a hook and is ready on emergency to 
engage and move upwards the valve lever of the 
steam cylinder. 

When the main engines are working at their 
normal or safe racing speeds in bad weather the 
spring is so set that the weight (which moves at 
each stroke of the engines in virtue of its momen- 
tum) shall not cause the hooked arm of the bell- 
crank lever to approach too near the valve lever. 
Should the main engines, from any cause whatever, 
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exceed a safe limit, the weight, by an acceleration of 
speed, compresses the spring, causing the sharp hook 
to at once engage the valve lever. The result is that 


steam is admitted below the piston, exhausted from 
the top, lifting its end of the lever and depressing 
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the fulcrum of the reversing lever, which, carrying 
with it the starting engine valve gear, turns steam 
on to the top of the piston of the starting engine, 
and so moves the links into, or somewhat past, 
mid-gear. By this device the motion of the main 


483 


enginesis arrested simultaneously in allthe cylinders, 
which cannot be done by any closing of the stop 
valve, however quickly it may be effected. The 
controlling piston can be returned to its normal 
position when necessary to restart the engines. 


THE BOILERS AND FEED ARRANGEMENTS. 


THE illustration, Fig. 36, on page 484, affords 
some indication of the steam-producing power pro- 
vided in the new Cunarders. It shows the set of 
boilers for one of the vessels — the Campania. 


each having eight of Fox’s corrugated furnaces, four 
at each end. There is a combustion chamber 
common to each pair of furnaces. One of the 


smaller boilers, 18 ft. in diameter by 11 ft. long 
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There are 12 large boilers, and two others for 
auxiliary purposes, the two latter occupying the 
foreground in the engraving. The total number 
of furnaces is 102. The 12 main boilers are 
double-ended, 18 ft, in diameter and 17 ft. long, 


with four furnaces, is for the auxiliary machinery 
in the ship, while the smallest, 10 ft. in diameter by 
10 ft. long, with two furnaces, is for donkey purposes 
when the vessel is in port, but all may be used in 
the propelling of the ship if considered desirable. 


The boilers are fitted longitudinally, three in a 
row, and are placed in two groups in two water- 
tight compartments, separated from each other by 
a large coal bunker occupying the full width of 
the ship, and 65 ft. of its length, as shown in the 
sections on our two-page Plate No. ITV. There are 
alse coal bunkers over the boiler spaces, the floor of 
the bunkers curving to the sides in much the 
same way as the usual protective deck in cruisers. 
The fuel is passed on to the stoking floor by shoots 
at the side, fed from the main coal bunker between 
the boiler compartments. The total coal-carrying 
capacity of the bunkers is great, so that the vessels 
will, when employed as armed cruisers, be able to 
keep the sea for long periods, and be the more 
efficient for patrol duty. The bunkers, it may be 
stated, are coated with Messrs. Wailes, Dove, and 
Co.’s bitumistic enamels. The two auxiliary boilers 
are placed forward. The main boilers, it may be re- 
marked, are the largest yet made for the pressure 
—165 lb. The plates for the Campania’s set were 
supplied by the Steel Company of Scotland, and for 
the Lucania’s from the Parkhead Works, and it may 
be worth noting that some of these plates measured 
20 ft. long by 7 ft. broad, the thickness being 147in. 
David Cockburii’s safety valves are fitted to each 
beiler. 

For each set of boilers there is a funnel, which 
has a double casing ; the inside diameter exceeds 
19 ft., while the top is 180 ft. from the bottom of 
the ship. In view of the space occupied by the 
boiler spaces and coal bunkers, the funnels are a 
great distance apart—about 130 ft. 

The Fairfield Company have not in any of their 
fast mercantile steamers gone in for forced draught 
as a means of adding to speed. Nor is this due to 
lack of experience or of complete acquaintance 
with the system and its application, for one has 
but to recall the signal success of the trials of 
the first-class cruisers Edgar and Hawke, the 
engines and boilers of which were constructed at 
Fairfield,* to show that, even with relatively high 
air pressure in the stokehold, the boilers were found 
to work very satisfactorily, and without defect being 
subsequently disclosed, as has been too frequently 
the case. The Fairfield Company, however, as well 
as their clients, the Cunard Company, prefer to get 
their results without such aid, and the stokeholds 
of the Campania and Lucania have, therefore, been 
left open. 

The boilers, occupying as they do the central 
part of the ship, would have taken up the best 
location for the public and principal state-rooms if 
the usual air hatches had been left, and to compen- 
sate for the partial closing up of these to add to 
the passenger accommodation on the upper deck, 
immense ventilators have been provided by Messrs. 
Mechan and Sons, Glasgow, supplemented by fans, 
mechanically driven, for use when necessary for 
efficient ventilation. The cowls revolve on wheels 
round a circular track moved by an endless chain 
winding round a drum which is turned by a lever. 
One man may therefore do this work; and here it 
may be stated that a deck hand will be told off for 
this duty, thus obviating the necessity and incon- 
venience of firemen going on deck for the purpose. 
This natural system of ventilation will be a great 
advantage to the men working in the stokeholds. 

The whole of the fans for use in the stokeholds 
of the two ships were constructed by Messrs. W. H. 
Allen and Co., Lambeth, and are driven by their 
new patent triple-expansion single-acting engines 
having one crank. We give in Figs. 49 and 50, 
on page 488, illustrations of the arrangements. 
There are 12 of these engines and fans on board 


* See ENGINEERING, vol, liii., pages 12, 75, 80, and 330, 
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each ship. We hope soon to give detailed illustra- 
tions of this new type of engine, with particulars 
of a number of experiments which the makers 
are carrying out with their new condensing plant. 
The revolving parts work in a bath of oil in the 
usual way, and are constructed with extra large 
wearing surfaces. Messrs, Allen have constructed 
a number of these engines to comply with stringent 
conditions for running continuously without atten- 
dance, and these, we believe, have given consider- 
able satisfaction. 

The feed arrangements on the Campania and 
Lucania have been most carefully worked out, and, 
as in all other parts of the machinery, everything is 
in duplicate, to provide against contingencies. Itis 
probably one of the most complete installations 
of Messrs. Weir’s specialities yet placed in any 
vessel, comprising as it does feed heater, main 


down with a parallel motion ; the top lever spindle 
is carried through the door at one end, and is 
balanced by a lever and weight. The float is 
always full of water, and the weight is adjusted to 
balance it when one half is immersed in water. To 
the weight lever another lever is attached, which 
actuates the throttle valve and controls the supply 
of steam to the feed pumps. When the water 
in the heater rises, the float is raised and the throttle 
valve opened, and when the water level is lowered 
the float follows and the valve is closed; the level 
of the water is thus kept constant in the heater, 
and the pumps are completely filled with water 
and prevented from drawing air. The pressure on 
the water in the heater is always considerably less 
than before it passes through the inlet valve, and its 
temperature is almost instantly raised by contact to 
that of the steam. The effect of these two simul- 


an auxiliary slide valve. The main slide valve is 
made of a circular form, and is moved by steam. 
The auxiliary slide valve derives its motion from 
that of the piston-rod, and its work is to distribute 
the steam to the two ends of the main slide valve. 
There is also an arrangement whereby the steam can 
be cut off at about three-quarters stroke, and cause 
the piston to slow down to the end of the stroke, 
thus allowing the valves to close quietly and avoid- 
ing shock. The suction and discharge valves con- 
sist of a number of small valves in one seat, 
providing a large water area with a small lift. The 
small valves are of special design, and are milled 
out of cold-rolled manganese-bronze bars, to insure 
durability under the high pressure. The water 
ends of all the pumps are of gun-metal, and repre- 
sent the latest and most approved practice. 

The features enumerated are common to all the 
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feed, auxiliary feed, ballast, and general service 
pumps, and also evaporators, and it may therefore 
be described at some length. Illustrations of the 
various appliances are given in Figs. 37 to 48, on 
pages 486 and 487. The economy and efiiciency of 
this system of feed heating is now recognised, and 
the rationale of the system may be briefly stated 
thus: The quantity of steam condensed by the 
feed water represents an amount of steam which 
has been worked in a theoretically perfect engine, 
because after doing work the whole remaining heat, 
both latent and specific, is returned to the boiler. 
Fig. 46, page 487, shows a section of the feed 
heater. The cold feed water is discharged to the 
heater by the main engine pumps, and, passing 
through the spring-loaded valve on the cover of the 
heater in a thin sheet, is at once heated by contact 
with the steam taken from the intermediate 
cylinder exhaust, entering by the non-return valve 
on the side of the apparatus. A circular ring and 
conical spray-piece, with perforations, are fitted to 
mix the water and steam more uniformly. The 
water falls to the bottom of the heater, in which is 
placed a round galvanised iron float, with water- 
tight bottom and sides, but openon the top. This 
is suspended on two levers so as to move up and 


taneous actions is to cause the feed water to give 
up the air and gases in solution, and these are 
removed, either to the atmosphere or condenser, 
through the small cock on the top of the air vessel 
on the cover. The water is now at the boiling 
temperature due to the pressure in the heater, is 
freed from air, and is thus without corrosive effect 
on the boilers. 

From the heater the feed water is drawn by the 
main feed pumps and discharged to the boilers. 
Two pairs of main feed pumps have been fitted, 
one of the pairs being illustrated by the engraving 
Fig. 37, on page 486. Each pump, when work- 
ing at a moderate speed, is of such power that one 
pair of pumps, as shown, is capable of easily 
feeding all the boilers. These pumps have probably 
the most difficult task of any portion of the auxiliary 
machinery, as the average pressure on the pistons 
will probably be about 160 lb. per square inch, and 
the temperature of the water to be pumped will be 
over 200 deg. Fahr. Steam to these pumps is 
regulated by the valve controlled by the float in the 
heater, thus making the pumps automatic in their 
action. Noticeable features of these pumps are 
the steam valve, the suction and discharge valves. 
The steam valve consists of a main slide valve and 
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pumps of the Weir installation, and may be seen 
in Figs. 38 and 39, page 486, which represent sections 
of the auxiliary feed pump, of which two have been 
fitted. These are nearly similar in size to the 
main feed pumps, and are constructed to draw from 
the hotwell, sea, bilge, and boilers. They dis- 
charge to the boilers or overboard, and are also 
arranged to constitute fire-engines of a powerful 
type. Four auxiliary and general pumps have 
been fitted, having each about half the capacity of 
the main feed pumps. One of these, Figs. 40 and 
41, page 486, is arranged horizontally on account of 
space requirements, and embodies the leading 
features of the vertical type. Two ballast pumps 
have also been supplied, and views of one of -them 
are given in Figs. 42, 43, 44, and 45, page 487, 
from which the details will be seen. Each of 
these pumps is capable of dealing with 140 tons of 
water per hour. 

It is now scarcely necessary to enumerate the 
various advantages to be derived from the use of 
evaporators, as these have for some time past been 
recognised as indispensable adjuncts of every well- 
equipped marine engine. Messrs. Weir have 
furnished to each of the new Cunarders four of 
their well-known type of evaporator, each capable of 
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producing 30 tons of fresh water per day. One of / 
these is shown by Figs. 47 and 48, on page 
487, from which it will be seen that it consists 
of a cylindrical shell, in which the heating surface 
is composed of a series of U-shaped solid-drawn 
copper tubes expanded into a tubeplate, and placed 
in the lower portion of the shell. The method of 
making the tubes uniformly efficient is by means of 


a specially patented arrangement known as the | 
“‘ contracted ends and return tube,” which gives this 


type of evaporator its high efficiency. The same 
firm have also supplied a couple of their small fly- 
wheel donkey pumps, Admiralty type, for pumping 
the fresh water from the tanks up to the pantry, 
&c. Pumps of the Navy type have also been 
supplied by Messrs. Broadfoot and Sons, Glasgow. 
lt is an easy transition from the feed arrange- 
ments of the boilers to the steam pipe connection 
with the engines. The whole of the main steam 
pipes in the two ships are wrought iron with lap- 
welded joints. These are the first Atlantic vessels 
fitted with these pipes, and the departure from 
copper has been determined upon after very care- 
ful tests carried out by Mr. Laing, which tests 
atisfied him that the wrought-iron pipes used gave 
reater security against mishaps. We published 
the results of these tests in a previous volume,* 
but it may be here stated that a pipe of 11} in. 
bore, with metal of 3% in. thickness, was subjected 
to hydraulic pressure up to 800 1b. to the square 
inch without showing any effect, and it did not 
burst until the pressure reached 3100 1b. to the 
square inch. A much smaller pipe of 8 in. bore 
and of metal ;5; in. thick showed no move- 
* See ENGINEERING, vol. lii., page 519. 
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ment nor leakage at 1600 1b. pressure, and only 
burst at 2800 lb. The compression and ten- 
sile tests gave results equally satisfactory. The 
pipes used in the Cunard steamers were all supplied 
by Messrs. Stewart and Clydesdale, Limited, 
Glasgow. The largest pipes are of 20 in. bore, and 
the thickness of metalis ;% in. Examples of these 
pipes are seen in the foreground in Fig. 27, page 
481. This illustration also shows the large double 
stop valve, which is placed conveniently for both 
engines, passing as it does through the fore-and-aft 
bulkhead dividing the two engines. As will be 
seen from our two-page Plate No. III., the steam 
pipes between the valve-chests, being wrought iron, 
had to be straight. They are in short lengths, and 
expansion and contraction are provided for by 


means of stuffing-boxes at the joints. 


The rapidity with which the twenty-eight boilers 
for the two vessels were constructed is attributable 
to the splendid equipment of the new boiler works 
recently erected at Fairfield. Amongst the heavy 
tools with which these works are provided is a 
vertical plate bender by Messrs. Shanks, of John- 
stone, to bend, when cold, plates 12 ft. 6 in. wide 
and 14 in. thick, and of course of illimitable 
length ; and this suggests the remark that Fairfield 
has, in the case of ordinary-sized boilers, con- 
structed the shell of one plate sufficient in length 
and width to complete the whole circumference, 
and only requiring the one joint. The roll of the 
machine in question is 23 in. in diameter. Another 
serviceable tool by the same makers drills and taps 
the holes for the screwed stays in boilers, having 
two drills carried by separate standards, and having 
a travel of 20 ft. and a vertical range of 10 ft., 
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while the spindle is made to angle about 25 deg. 
Even the boilers of the Campania, unprecedentedly 
large as they are, did not unduly tax the range 
of these machines. The rivet-holes were all drilled 
by a machine made by Messrs. G. and A. Harvey, 
Govan, which has two horizontal mandrils carried 
on separate pillars, one carrying a face-plate and the 
other a radial drill. The travel of each mandril is 
10 ft. 6 in. horizontally, and 3 ft. 4 in. vertically, so 
that the work could be done with the minimum of 
movement of the boiler being operated upon. In 
the same way the boiler tubeplate machines, shell 
drilling machines, and all tools are of unusual 
dimensions. The building itself is of great size, 
being 77 ft. high to the ridge of the roof, while the 
100-ton travelling crane has a clear lift of 48 ft., 
and could easily have lifted one of the boilers filled 
with water, and in working condition, so that there 
is even here a margin for still further development, 
if that be necessary, when Fairfield are called upon 
to still further increase the propelling power and 
speed of Atlantic steamers. 

The engines and boilers were all fitted in position 
on board the Campania by the end of the second 
week in December, 1892, and the engines were 
turned under their own steam on the 26th of that 
month, or 15 weeks after the vessel was launched. 
The joiners, who were started at their work before 
the ship left the stocks, continued their operations 
for several weeks, when an unfortunate strike put 
almost an entire stop to their portion of the work, 
this not being again resumed until the middle of 
February. There was not, however, any lack of 
industry on board, for meanwhile the deck and 
navigating machinery were being fitted. 
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Tue electric installations in these ships have been All the engine and boiler-room fittings, and those and 15 in. in diameter by 10 in. stroke, and are 


carried out by Messrs. Siemens Brothers and Co., | 
Limited, London. The electric generating plant 
is in duplicate, so that in no case can there be an 
entire collapse, two sets being placed each side of 
the centre-line watertight bulkhead. There are in 
each ship about 1350 lights, and these require an out- 
put on the part of the dynamos of 42,000 watts ; 
the current is distributed throughout the ship by 
about 50 miles of wire, thickly insulated in vulcan- 
ised indiarubber, and laid on the return conductor | 
system in connection with Siemens’ patent distri- 
buting boxes. The brilliancy of the illumination, 
and the ease with which it can be regulated, are in 
marked contrast to the candles and oil lamps of a 
few years ago. Then, apart altogether from the 
immunity from accident, there is the lesser room 
required, and the immense improvement in the 
atmosphere, due to the absence of products of 
combustion. The whole lamps in each ship would 
give a light equal to about 22,000 candles, absorb- 
ing 135 horse-power. In distributing the light 
the method adopted has been to retain the 16 
candle-power unit, and to fit lamps in sufficient 
numbers to give the necessary power, rather than 
to increase the power of the separate lamps. 
The former method gives a more equal distri- 
bution. In mounting the various lights in the 
ship the general principle has been adopted of 
placing the lamp where it will not be incon- 
venient, but will afford the most diffused light. 
Thus nearly the whole of them are fixed to the 
roof, Generally speaking, the fittings are of plain 
but substantial design, the builders and owners 
acting on the experience that such retain their 
good appearance for a longer time, and are more 
easily kept clean, than the highly ornate fittings 
used in many first-class steamships. The globes 
are retained in position bya special arrangement 
which has long been adopted by Messrs. Siemens. 
On the bracket there is a movable cap, which by 
its form and weight holds the globe in position on 
the three prongs on which it rests. The whole of 
the lamp fittings are silver-plated by Elkington. 


for exposed parts, are watertight, the glass globes 


supported by strong cast-iron back standards, which 


bedding on rubber rings and being held in position | also form the guides for the piston-rod crosshead 


by metal straps. 
provided with flexible wires. 


There are several portable lights, |shoe, and from the bedplate in front by two stout 
In the engine-room steel forged columns. 


The principal feature in 


oil has been a cause of trouble in the destruction these engines is the patent single slide valve placed 


of the indiarubber insulation of the wires, but here | 


the flexible wires for the portable lamps in the 


|centrally between the two cylinders, which does 


machinery spaces have all been insulated with | 


|cotton impregnated with tallow. The reflectors 


for the hatchways, each with eight 16 candle-power 


|lamps, have flexible wires, and may be hung up in 


any convenient positions. They may, indeed, be 
used for specially illuminating the promenade deck, 
should it be desired. It is easy to conceive that 
on a calm evening the broad expanse of beauti- 


fully laid and well-kept deck may occasionally 
|become the scene of a brilliautly lighted ball. 


Under ordinary circumstances the decks will be 
lighted from an extensive array of lamps, of strong 
pattern and completely waterproof, arranged along 
the deckhouses. 

The electric current is generated in each ship by 
four dynamos, each driven by aseparate engine, and 
of one of these engines and dynamos we give 
engravings in Figs. 51 and 52, on page 490. All 
four are similar. Two are placed in the recess in 
the port engine-room bulkhead, formed primarily 
for the accommodation of the thrust shaft, and two 
in the same position in the starboard engine-room. 
Any two are equal to running the 1350 sixteen- 
candle-power lamps in the ship, including the 
large reflectors of eight lights each for working 
the cargo, together with the search-light for facili- 
tating the navigation of the ship into port— 
picking up the moorings—and for scout purposes 
should the vessel be engaged as an armed cruiser. 


The engines for driving the dynamos are of the | 


open, vertical, compound ‘‘ Crescent” type, manu- 
factured by Messrs. G. E. Belliss and Co., Birming- 
ham. Each engine is designed for an output of 
70 brake horse-power when running at 275 revolu- 
tions per minute, and with 100 lb. steam pressure 
at the engine stop-valve, The cylinders are 9} in. 


_graving (Fig. 51). 


away with a complete set of valve gear, eccentric 
rods, &c., used in ordinary double-cylinder engines. 
Of this valve we give a cross-section in Fig. 52, on 
page 490. It is of the balanced piston type, and 
admits and exhausts the steam from both cylinders. 
The governor balls are controlled by springs, and 
the gear is arranged to operate the single eccentric 
directly. As there is only one slide valve, the 
powers in the high-pressure and low-pressure 
cylinders are maintained practically equal at all 
loads, this being unattainable when the governor 
acts only on the high-pressure slide valve. These 
engines are guaranteed to have a variation of speed 
between full and no load of not more than 2 per cent. 
The cranks are placed opposite each other, and the 
pistons are equally weighted, thereby making the 
engine perfectly balanced. The engines have been 
designed for long continuous running at full power, 
having specially large bearing surfaces, all pins 
being case-hardened, and working in phosphor- 
bronze bearings. The lubrication throughout is 
very thorough, the bearings all being supplied with 
oil from the three sight-feed oil boxes placed on 
the cylinder front. 

The dynamos are of Siemens’ well-known H B 
type, having drum armatures of 15 in, diameter. 
Each dynamo is capable of giving an output of 420 
amperes under 100 volts pressure at 275 revolu- 
tions, and thus can run 700 sixteen candle-power 
lights. The magnets on the dynamos are supported 
on brass feet bolted to the engine baseplate, which 
is extended for the purpose as shown in the en- 
The armature shaft is coupled 
by an ordinary flange coupling to the shaft of the 
Belliss engine. 

The current from the dynamos is delivered into 
the principal wires which ascend to the main deck, 
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where the switchboard is situated in a room spe- 
cially set apart. By the adoption of this means the 


risk of entire extinction of lights is eliminated, for | 


should one set of generating plant get disabled, an- 


other is available, and the inconvenience to the) 


user of the light is momentary. The switchboard 
consists of a polished white marble slab mounted 
in teak, and measuring about 7 ft. long by 5 ft. 
deep. As will be seen from the sketch of it given 
in Fig. 53, on page 490, it contains the cut-outs, 


main switches, and a set of four-way switches | 
so arranged that any main wire can be connected | 


to any dynamo; but no two dynamos can be put 
on the same main wire at the same time. The 


dynamo terminals are distinctly separate, and are | 


grouped round each main wire terminal, so that 
the switch can but connect one of the dynamo ter- 
minals to the main. 
is one to each dynamo, are mounted at the switch- 
board to enable the attendant to regulate the load 
on the dynamo; but the volt-meters, which are 
more useful at the dynamos, will be placed in the 


The ammeters, of which there | 
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engine-room, so that the man at the stop-valve can 
regulate his speed by them. There are 12 mains, 
which generally pass from the switchboard forward 
or aft on each deck, and in addition there is a 
supplementary main for the projector (16 in. in 
diameter), taking a current of 50 amperes. 

The wiring is on the return conductor system, 
and Siemens patent distributing cut-out boxes are 
in use. The main wires vary from 3} — 19 wires 
of 14 standard gauge —to j;%. Of the first- 
named 380 yards has a resistance of 75 ohm. 
The wires have all been tested under water 
before being fitted into the ship, and the average 
insulation resistance is about 1000 megohms per 
mile. Of the cut-out boxes we give an illustra- 
tion in Figs. 54 and 55, on page 490. They each 
consist of a teak case containing a porcelain insula- 
ting base, on which is mounted a switch for breaking 
the circuit, and a set of 10 single-light cut-outs 
arranged five on each side on a vertical bar. 
Messrs. Siemens’ cut-out is slightly different from 
that ordinarily applied. The plan adopted is to 


THE NAVIGATING APPLIANCES ON 


THE great speed to be attained by the new 
steamers, and the necessity, therefore, of the ships 
being under full control under all circumstances, 
have been fully recognised. The look-out is perched 
in the crow’s nest on the foremast, as will be seen 
from the general view of the Campania on our two- 
page Plate No. VIII. It has been placed sufficiently 
high to allow the look-out to get in from the 


ratlings, which are much more convenient than 
the usual small ladder fitted close up against the 
mast. The crow’s nest is about 100 ft. from 
the water level, so that there is a splendid com- 
mand of the horizon; indeed, the look-out man 
can see all round within a radius of 15 nautical 
miles if the atmospherical conditions be favour- 
able. As the fog frequently extends relatively 


bring the»ends of the wire up through the insu 
lating base; the conductor is laid bare for a 
certain distance, and the fusible bridge is then 
clamped against the bare portion of the conductor 
at the one end, and in contact with the central 
bar of the box at the other end. In this way 
intermediate contacts are dispensed with, and the 
officer having charge of the key of a particular dis- 
tributing box may effectually control the lights. 
The police lights are grouped together, and while 
the central part of the distributing box may be 
entirely disconnected, a special connection is made 
with the main past the switch, so that the police 
lights remain in circuit. The return wires are 
brought to a separate division in the box, whence 
they are connected to the return main. 

In addition to the electric light, Messrs. Siemens 
have fitted an elaborate installation of electric bells, 
comprising 13 bell indicators, with an aggregate of 
370 transmitters, the power being supplied by 
Siemens’ dry batteries. The motor for the barbers’ 
shop is driven from the electric light mains. 


THE= SHIPS. 


but a few feet above the water surface, it will 
sometimes occur that he may see the masts and sails 
or funnels and smoke of approaching vessels even 
when the hull is obscured. Notwithstanding his 
great height, he is within hailing distance of the 
bridge of the steamer. 

The bridge has been built of great strength, 
immediately before the forward funnel, so that it is 
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as far aft as practicable, and therefore clear of the 
heavy seas which break on board in the season of 
hurricanes. The framework of the bridge is 
entirely of steel, and has upon it only a small 
house for the shelter of the seamen at the telemotor 
operating the steering gear at the after end of the 
ship, while a small compartment of the same erec- 
tion serves as a working chart-room (see Fig. 68, 
Plate No. V.) It isnot much larger than asentry-box, 
but is built with the strength, although not exaotly 
with the solidity, of a conning tower. The whole 
surroundings suggest duty, for thereis but a gangway 
without any great shelter, and no refuge from the 
storm. On the bridge is a double set of instruments 
for directing the complete staff forming the watch, 
a telegraph for communicating with both engine- 
rooms, and for replies to signify compliance with 
orders. The steersman in the tower has the tele- 
motor at hand for moving by hydraulic power the 
heavy steam tiller gear aft under the water line ; 
but lest this connecting gear should get out of order, 
there is a telegraph communicating direct with the 
steering-house below. There are also telegraphs to 
the deck machinery, warping capstans, windlass, 
&c., so that when the ship is being moored the 
attendants are under the direct orders of the com- 
mander on the bridge. 

All the compasses on board the ship are by Lord 
Kelvin, and have been constructed with all the care 
and precision which marks the work of his lordship’s 
constructive establishment. The standard compass 
is placed amidships between the two funnels. In 
addition to the nain bridge there is a supplementary 
bridge aft above the poop deckhouses, from which, 
in the event of any serious accident to the fore 
bridge, the ship can be navigated with almost equal 
convenience. 

Tue STEERING GEAR. 

The most important item in the navigating ap- 
pliances of the ship is clearly the steering gear, 
which has been provided by Messrs. Brown 
Brothers and Co., Edinburgh. 

On page 491 we give two views of the gear, taken 
before it left Messrs. Brown’s Works. The general 
principle of this gear, now well known, is that the 
steering engine is attached to the rudder-head 
without the intervention of chains and ropes, which 
frequently get out of gear ; that it lets go the rudder 
when unduly strained, allowing the rudder to 
return automatically to its former position when the 
abnormal strain has gone. The general principles 
and details were explained by Mr. A. Betts Brown, 
the patentee, in a paper read some years ago before 
the Institution of Naval Architects.* The rudder- 
head is turned by means of a tiller having at its 
after end a double jaw fitted with bearings, and 
carrying between the jaws a pinion running in a 
horizontal plane and engaging with a toothed quad- 
rant bolted to the deck. The steering engine is, as 
stated, carried on the tiller and moved round with 
it, receiving and exhausting steam through a double 
stufling-box arrangement mounted on the axis of the 
tiller. The cylinders have piston valves, and the 
reversing is effected by changing the direction of the 
steam entering the cylinders through a slide valve 
placed between the latter. The arrangement has 
been considerably modified to suit the limited 
space at disposal consequent on the fine lines of the 
new Cunarders and the fact that all the gear had 
to be below water-line, a condition insisted upon 
by the Admiralty for vessels which, as in the case 
of the Campania and Lucania, are destined to act 
as armed cruisers in times of war. The illustra- 
tions show the general arrangement of the gear, as 
well as the auxiliary gear, both of which are worked 
by steam, there being no hand gear. The space at 
the disposal of the designer was but 6 ft. wide at 
the rudder-head, gradually increasing with the 
curved lines of the ship to 224 ft. wide at the centre 
line of the auxiliary gear, the length being 44 ft. 
Owing to the fineness of the after part of the ship, 
it was decided to fit connecting rods from the 
rudder crosshead to the steam tiller, which in this 
case works forward instead of aft, as in some pre- 
vious arrangements.+ These rods, being about 
20 ft. long, enable the main steering gear to be 
placed in such a position as to work clear of the ship’s 
frames. The tiller, which is of cast steel, is about 
17 ft. long and acts upon a 4-ft. rudder crosshead. 
All the machinery involved is a bronze worm- 
wheel, connected, by an internally expanding 
friction clutch with spring relieving gear, to a steel 


* See ENGINEERING, vol. xlix., pages 434 and 491. 
+ See ENGINEERING, vol. lii., page 89, 


pinion about 18 in. in diameter working in the cast- 
steel segmental curved rack of about 13 ft. radius on 
the pitchline. The steering engines for driving the 
bronze wormwheel work in an inclosed oil-tight 
tank on the end of the tiller, having two valveless 
oil pumps, which throw a constant stream of oil 
over the working parts, the charge of oil being 
renewed about once in three months. The power 
of these engines and gearing is sufficient to strain 
the rudder-head to one-half its elastic limit. 

In a ship of such size and speed as the Campania 
it was considered that any reasonable number of 
hand-steering wheels would not render it feasible 
to steer the ship when the steam steering gear was 
deranged, therefore auxiliary steam steering gear 
is fitted forward of the main steam tiller. The 
auxiliary engines are of one-third the power of the 
main engines, but are geared up by cast-steel gear- 
ing with pitch wheel and chain, which latter lays 
hold of the end of the tiller, so that the ship can be 
steered as efliciently with the auxiliary as with the 
main gear. The auxiliary gear is connected and 
disconnected by means of an internally expanding 
clutch in the same way as the steam tiller, so that 
two reliable brakes are always ready to be applied 
to the rudder in case of accident, and the 
engagement of either gear can be effected within a 
minute without involving the shipping of bolts or 
clutches. The efficiency of both brakes depends, 
of course, on the presumption that the steam tiller 
does not break, such an accident being a most 
remote possibility, as the latter is of a strength 
largely in excess of the resistance to torsion of 
the rudder head. 

To guard against the possibility even of this 
accident, however, a pair of powerful hydraulic 
cylinders are provided, the rams of which lay hold 
of the connecting-rod pins at the steam tiller end. 
Water circulates between these cylinders, passing 
through a communicating valve, so that the attendant 
could at once shut the valve and arrest the motion of 
the rudder should such an extremely remote contin- 
gency occur as the breaking of the tiller. The side 
connecting-rods are also of such a section that one 
would be sufficient to steer the ship with perfect 
safety, and all the fittings connected therewith are 
sufticiently strong to resist the unbalanced strain 
due to steering with one rod only. 

The valve gears on the main and auxiliary steer- 
ing engines are operated upon by a hydraulic tele- 
motor cylinder connected by two lines of 4 in. dia- 
meter copper pipes to the bridge, where the tele- 
motor is placed.! In addition to this steering 
station there is also one on the poop, which 
communicates by means of a vertical shaft with 
the valve gear. Finally, in the event of the 
ship being used as a cruiser, and the telemotor 
pipes being shot away, as well as the after steering 
station, there is an under-water steering station 
from which the vessel can be steered with the aid 
of telegraphic instruction from the bridge. It will 
be seen, therefore, that every contingency has been 
guarded against. 

To afford the reader some idea of the strength 
and solidity of the construction, as illustrated by 
the two views of the gear on page 491, it may be 
mentioned that it weighs 45 tons, the bulk of it 
being of forged and cast steel. The rudder, as 
has been already noted, is of large area, being 
12 ft. broad and 20 ft. deep, and with the assistance 
of the twin engines working in opposite directions, 
may turn-the vessel in her own length. The 
necessity of a large and powerful rudder will be 
appreciated when the great speed is recalled ; but 
the case has fully been met, and the vessel will 
veer from her course almost the moment the cap- 
tain gives the word of command to the man at the 
telemotor on the bridge. 


Winptass, Capstans, &¢. 


The general arrangement of the navigating and 
other auxiliary machinery on deck is extremely 
compact, more especially on the forecastle, where 
the stress from the seas continually breaking over 
the ship would render any complicated erections a 
source of trouble, if not of danger. Everything, 
too, is of the strongest make, as will be appreciated 
on reference to the deck view on Plate No. IX. The 
mechanism is all under deck, so that only very 
strong structures are visible—the two 5-ton hoods 
of the windlass, the warping capstans, the well bat- 
tened down hatches over the fore hatchways, the 
cowls of the ventilators—so arranged that they can 
be conveniently closed —and two heavy break- 
waters, formed of angles and plates, the latter 


bent over towards the bow the better to resis 
the sea, for the forecastle has only the ordinary 
galvanised rail. These breakwaters are well shown 
on the engraving of the Campania on the stocks 
given in Fig. 11, page 471. 

The windlass is arranged, with all mechanism, 
as we have said, below deck, only the hoods pro- 
jecting above deck. The design necessarily formed 
a subject of great consideration, and certainly 
everything connected with it is of a massive cha- 
racter, necessitating special strengthening of 
the deck where it is fixed. The power required 
will be appreciated when we state that the cable is 
3 in. in diameter, while the anchors are of 10 ton 
weight. The windlass and gear were supplied by 
Messsrs. Napier Brothers, Limited, Glasgow, and 
are somewhat similar to the arrangement adopted 
and giving satisfactory results in some of our 
larger battleships, notably in the Hood, tested 
recently. The engines, shown in Fig. 60, page 
492, are of the vertical high-pressure type, exhaust- 
ing into the condenser. The cylinders are 17 in. in 
diameter by 14 in. stroke, working with a steam 
pressure of 150 1b., the engines making 150 revo- 
lutions. The horse-power will be about 600 indi- 
cated, The piston valves are worked direct from 
the shaft by eccentrics. The reversing of the 
engines is controlled through a cylindrical reversing 
valve attached to the side of the steam casings, and 
actuated by a handwheel at the engines, and by a 
handwheel on the deck above. 

Figs. 58 and 59, on page 492, show a vertical 
section and plan of the shafting and gearing from 
the engines to the cable-wheels. The arrangement 
is—as will be seen—for two cable-wheels. They 
can be worked independently of each other, or 
coupled together. The vertical shaft from the 
engines is geared to a cross-shaft, which drives a 
worm gearing into a wormwheel on each of the 
vertical spindles supporting and driving the cable- 
wheels. The worms are of phosphor-bronze, running 
in baths of oil, and the wormwheels are of steel. 
All the gearing wheels, indeed, are of steel, and 
all have machine-cut teeth. All the shafting and 
forgings of engines and cable gear are of steel. 

The decks where the sole-plates of the cable- 
wheels rest have been stiffened by strong girders, so 
that they may carry the sole-plates, which each 
weigh five tons. The cable-wheels are loose upon 
the spindles, and instead of having the ordinary 
friction clutch arrangement, they are put into gear 
by a patent driving-pin device, consisting of two 
strong steel bars, supported on a steel disc, 
keyed on to the top of the cable-wheel spindles. 
These bars are slipped into suitable notches on 
the steel cable-wheels, the bars being locked by a 
hinged steel locking piece, when in gear and when out 
of gear. The brake gear is Napier’s patent dif- 
ferential self-holding brake, and is shown in Fig. 59. 
In letting go the anchors, the driving pins are 
taken out of gear and the cables lowered by the 
brake. The brake is entirely self-holding, and the 
greater the strain on it the firmer it grips. In lower- 
ing, the attendant has simply to raise the lever, and 
can pay out cable inch by inch. In this way it is 
a most serviceable and convenient brake for riding 
by in a heavy sea. In other large vessels where 
this brake has been fitted to windlasses, they 
prefer to ride by the brake than by using the more 
clumsy method of riding bitts and bow stoppers. In 
the new vessels there are no riding bitts, but bow 
stoppers are fitted as a stand-by. An arrange- 
ment of shafts and clutches is made whereby the 
cable engines can work the capstans, or the capstan 
engines can work the cable-wheels, so that here, 
also, the possibility of complete breakdown is 
minimised. Altogether, the arrangement and details 
are capitally worked out. 

It it interesting to note further that the diameter 
of the chain, 3 in., is the same as that used for 
the Great Eastern. We give dimensioned views 
of the links and joining shackles in Figs. 61 and 62, 
on page 492. 

The hawse-pipes through which these chains 
drop are necessarily of great size. The steamers 
have been fitted with the heaviest bar anchors yet 
made, of 10 tons weight. They are on the Trot- 
man patent, and, together with the 3-in. cables, 
have been supplied by Messrs. Wood, of Saltney, 
Cheshire, while stockless anchors have also been 
provided by Mr. Wasteneys Smith, Newcastle-on- 
Tyne. A small derrick is provided for lifting and 
stowing the anchors. 

The warping capstans have been supplied by 
Messrs. Muir and Caldwell, Glasgow, and have 


490 ENGINEERING. : [APRIL 21, 1893. 


ELECTRIC LIGHTING INSTALLATION. 


ENGINES CONSTRUCTED BY MESSRS. G. E. BELLISS AND CO.; DYNAMOS, &c., BY MESSRS. SIEMENS BROTHERS, LIMITED 


ul 


snl | jam | im mm il l : = 
| peu ie 1 tii ii mi 


Bs: 


Sipe 


Leblldat 


'}) 
ey 
GYD), f 4 
CUA Vid Vest ha vie 
BEN \4 


MULL 


jual 


Dera 3 a 
YY 
Mle 
pene 


SS 
J 
ei 
Y 


| f 
x 


in 


ak 
SH) 


Fig. 58 ol = — 
a We a Be | = 
© © © oo 
— Poe WR 2 o> . 
VISIO eS 
ee ae FF Sal SF 
Ce) Cae) BReeee) epee Dest) | Cesirver 


OHO KAD KER OA 
GOSSSe 


APRIL 21, 1893. | 


ENGINEERING. 


491 


STEAM 


TLE whe Ss Vee RING 


GE AR. 


CONSTRUCTED BY MESSRS. BROWN BROTHERS AND CO. ENGINEERS, EDINBURGH. 


. i 
LN 


OTT ATCT 


ait 


Se rT 
cama 


been arranged, with the engines and shafting, below 
deck, although means of control have also been pro- 
vided on the forecastle head. A duplicate set of 
warping capstans has been fitted on the poop deck 
for working the after ropes. 


SrarcH Licut. 


A most servicable navigating appliance is the 
search light, which is now becoming a usual adjunct 
in our larger steamers. In this case a departure 
has been made from the ordinary practice in Atlan- 
tic vessels, where the search light is fixed. The 
system adopted specially for the Suez Canal has 
been followed in the new steamers. The search light 
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has a projector of 16 in. diameter, having a light 
| equal to about 2000 candle-power. The apparatus is 
carried in an iron cage, which also accommodates 


| the operator, and it is made with a slot which fits | 


on to the stem of the ship, and thus guided is lowered 


| down to the water’s edge when the ship is nearing | 


| her anchorage. In this position the cage can be fixed 


temporarily to the stem by bolts, and the operator | 
can flash the light along the surface of the water, | 


| lighting the whole area for a great distance, so that 
it is easy in the darkest night to pick up the buoys. 
The light being down at the water’s edge instead of 
on the bridge or main deck, insures that there will 
| be no deep shadows between the rays and the water. 


li | 


lil 


| With the buoy near the ship, and such shadows 
| cast, under ordinary conditions the difficulties are 
immensely increased. 

The light towers, which are strongly built of 
|steel, are alongside the bridge, and, of course, on 
both port and starboard side of the ship. There 
_are two lights in each tower. The upper one is to 
be illumined by electricity, while the lower light 
is fitted with oil in the usual way, to be a stand- 
by for use should the electric current fail. The 
masthead light is also illumined by electricity, the 
wire running free on the block and tackle. The 
‘lamps have been supplied by Messrs. William 
| Harvie and Co., Glasgow. 


THE PASSENGER ACCOMMODATION. 


By the date of the launch of the Campania the 
woodwork of the various saloon and cabin bulk- 
heads was in an advanced state. The general 


suites of rooms being on the promenade and upper 
decks. The ordinary state - rooms are mostly 
on the upper and main decks, with a few on 


of poop for promenade; whilst the third-class 
| Passengers are accommodated on the lower decks. 
|The members of the crew have their berths in the 


scheme of the arrangements was—as will be seen| the lower deck, all the first-class accommoda- | forecastle ; the navigating officers’ quarters are on 
from the deck plans, Figs, 69 to 73, on Plate V.— tion being forward of the engines. The second- | the shade deck close to the bridge, while the engi- 
to accommodate the first-class passengers in the class passengers are located on the same decks|neer officers are on the main deck close to the 
centre of the vessel, the finest state-rooms or aft of the engines, with the broad expanse|engines. The great size of the ships admits of 
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many concessions to passengers, the rooms being in 
many cases of unusual size, particularly as regards 
height of ceiling, while one-berth as well as two- 
berth rooms have been introduced. The prome- 
nading space, too, is ample, and in all cases is| 
sheltered. On the promenade deck there is, as 
shown on the plan, Fig. 70, on the two-page Plate 
No. V., and by the perspective view, Fig. 88, 
page 494, a great stretch of clear deck, on 
either side of the ship, so that by a circuit of the 
ship four times the passenger traverses a mile, and 
yet scarcely appreciates the fact. The uneven line 
of the deckhouses, too, affords several spaces suitable 


port. This is essential (although not always pro- 
vided), with stairs sufficiently wide for four or six 
passengers to ascend or descend abreast. On the 
extensive landings on both promenade and upper 
decks lounges have been provided, suggested by the 
preference of these places as rendezvous. 


Tue DInInG SALoon. 


The dining saloon is placed on the main deck, and 
is, as reference to the plan Fig. 72 on two-page 
Plate No. V. shows, an apartment of immense size, 
the length over all being about 100 ft., and the 
| breadth aft 62 ft. It was designed and completed 


for deck seats, where the passenger will be sheltered 


by the Fairfield Company themselves. The out- 
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from the breeze. None of the space on the prome- 
nade deck is required for navigation, the officers 
having the shade deck and the bridge. They will 
not, therefore, be interrupted in their work. 


THE GRAND STAIRWAY. 


The stairway (see Fig. 81, on our two-page 
Plate No. VII.) leads not only to the principal 
public rooms in the ship, but to most of the best 
state-rooms. It opens from the promenade deck, 
and of necessity has connection with the upper 
deck. It has always been a difficulty, especially in 
a ship where room has to be profitably utilised, to 
so design a double flight of stairs as to give adequate 
light on the lower stair. This difficulty was ex- 
perienced in these new steamers; but a very 
ingenious system of construction has resulted in a 
solution attended with marked success. The upper 
stair—that between the promenade deck and the 
upper deck—although amply sufficient for all 
possible requirements, is kept distinctly smaller 
than the stair immediately below leading to the 
main deck, and therefore into the dining saloon. 
The upper stair, too, is kept clear of the bulkhead, 
so that natural light finds its way down to the mid- 
landing through the space between the upper stair 
and the bulkhead. On the other side of the steps, 
too, the same principle has been adopted, of 
allowing light to pass down a well on to the lower 
flight of stairs. The roof of the stairway is curved 
and has a large skylight, so that the lighting area 
is ample, and the general result, as we have indi- 
cated, very satisfactory. The light at the foot of 
the double stair, indeed, is greater than is usually 
the case with only one flight of steps. 

The staircase is panelled in solid teak, the upper 
portion being in gold Japanese leather paper to 
lighten the effect. The stairs have wide treads 
with a small rise, and there is a centre handrail, 
in addition to the usual side railings, so that 
when the ship suddenly lurches a passenger will 
have a better opportunity of readily finding a sup- 


SECTION THROUGH WELL. 


standing feature of the fittings in all cases is 
their substantial character, and the decorations, 
while highly artistic, are neither garish nor offen- 
sively elaborate, as is often the case on shipboard. 
Interior views of the dining-room, prepared—as 
are our other interior views—from excellent photo- 
graphs, taken by Messrs. Annan, of Glasgow, are 
given in Figs. 78 and 79, on Plate No. VI., and 
Fig. 80, on Plate No. VII. 

The general style of the dining saloon suggests 
the Italian. The walls are in old Spanish maho- 
gany, of a design at once chaste and effective. 
The upholstering is in frieze velvet, in dark rich 
red, with figure pattern, and the curtains are in 
keeping, and here it is interesting to note that there 
is a set of curtains suitable to the general scheme 
of decoration for both summer and winter for all 
public and several of the private saloons. An 
important feature is the height of the dining saloon, 
which is 10 ft. throughout, and even this extra foot 
to the usual height will be a welcome concession to 
comfort in insuring better ventilation. Another fea- 
ture is the want of uniformity in the saloon, an advan- 
tage gained owing to the fact that variousair and ven- 
tilating shafts, stairwaysto lower cabins, partial bulk- 
heads, &c., break up the area. They detract from 
the appearance of size, which is not a disadvantage, 
but, by judicious planning, a large number of nooks 
and corners have been secured, where by arrange- 
ment small parties may dine regularly in almost 
complete seclusion, instead of being mixed in the 
general company. Indeed, sauntering through the 
saloon, the belief grows upon one that those seeming 
excrescences, with their immense bevelled mirrors 
or richly carved panellings, are the result of careful 
planning with the object of satisfying the desires 
of small parties. 

There are four tiers of large tables running fore 
and aft the saloon, as is shown by the view Fig. 78 
on Plate No. VI. The usual style of revolving 
chair is provided, with the lion rampant, the well- 
known insignia of the Cunard Company, carved 


on the back. Accommodation is provided for the 
whole of the first-class passengers in this saloon, 
while a small saloon adjoining is specially provided 
for the children and servants of first-class pas- 
sengers. This enables all the passengers to dine at 
the one hour instead of in two groups, as is nearly 
always the case in large steamers. ‘The sideboard, 
shown in Fig. 78 on Plate No. VI., instead of having 
the usual marble top with brass rail, is entirely of 
Spanish mahogany, in keeping with the general 
finish of the saloon, and, as it is 25 ft. long, it 
presents a handsome appearance, with its great 
expanse of bevelled mirrors. 

The public rooms on the promenade deck being 
of unusual size, the dining-room is designed purely 
as a salle a manger, and the great necessity of per- 
fect ventilation has been fully recognised. The 
system adopted is somewhat novel. Each of the 
sidelights in the saloon, of which there are 20 on 
either side, is of exceptional size and diameter ; 
and by the use of Utley’s patent ventilator, which 
we shall describe later, the inlet for the air can 
be left open, no matter how rough the sea may 
be. This insures a constant supply of fresh air 
entering for the whole length of the saloon. The 
outlet is provided for by oval ventilating shafts 
through the saloon roof, thence by passages and 
shafts to the shade deck, where also the ventilators 
may be left open under all conditions. 

For lighting as well as ventilating the saloon 
there is a central well, which is about 24 ft. long 
and about 16 ft. broad, and is carried right up and 
through the upper and promenade decks, the 
covering just above the line of the shade deck 
being a curved dome of stained glass, with an outer 
casing of thick glass in teak framing, hinged to 
open for the purpose of ventilation. The extreme 
height from the dining saloon floor is about 33 ft. 
A section through this well is given in Fig. 74, 
annexed, while Fig. 79, on our two-page Plate No. 
VI., gives a perspective view looking upwards. 

From the dining saloon floor there are a series 
of stanchions, as shown in Fig. 74, the sides above 
the upper deck being stiffened and braced with iron. 
The woodwork is decorated in ivory white, relieved 
with gold lines on the moulding. The pilasters 
above the line of the promenade deck are richly 
carved, and surmounted with a frieze all round. 
The outer side of the well, that forming part of the 
walls of the drawing-room, is of cedar stiles in the 
lower part, with a dado moulding, while the upper 
part is panelled off with heavy bevelled glassmounted 
in sashes, each swinging on a centre pivot, and all 
made to lock in position—a commendable departure 
from the hitherto largely adopted practice of leav- 
ing the upper part—that above a balustrade—open. 
This will be a relief to the passengers who are in- 
disposed to enjoy the luxuries of the table, a con- 
dition which unfortunately does present itself to 
many who go down to the sea in ships, when they 
will prefer the solace of the cheery fireside of the 
drawing-room in the Campania. Thanks to the 
precaution taken, there cannot come to them un- 
pleasant reminders of the penalty of their weakness 
in the fragrant odours which float up the well from 
the dining saloon below. 


THe Drawine-Room. 


The fireside is one of the most charming features 
of the beautiful drawing-room, which is an unusu- 
ally large apartment 60 ft. long by 30 ft. broad, and is 
well lighted, not only from the large square windows 
looking on to the promenade on either side of the 
ship, but from the well which pierces the promenade 
deck in the centre of the saloon, and from two 
cupolas, one in the centre of the part of the saloon 
forward of the well, and the other in the part aft. 
The general effect, too, is greatly enhanced by the 
roof, which has a rise in the centre. Three views of 
the drawing-room, giving an excellent idea of the 
admirable taste with which its decoration has been 
carried out, are shown by Figs. 75, 76, and 77, on 
Plate No. VI. 

The ‘tingle neuk” is quite an unusual feature 
of the drawing-room, or perhaps a return to the 
homely condition which formerly obtained, without 
any of those discomforts which Dickens has narrated 
in his inimitable style. It is at the forward 
end. The mantel and overmantel are both in satin- 
wood, richly carved, with three arched mirrors, all 
in keeping with the general scheme of decoration 
of the room, which is in the Renaissance style. 
The grate is of brass, and the hearth laid with 
Persian tiles. A feeling of cosiness is contributed 
by two lounges fitted on either side of the 
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fireplace, with an ottoman in front, while the sub- 
dued light throughthe stained-glass cupolacompletes 
the charming effect. Comfort is suggested by the 
arrangement as well as by the whole apartment. 
The walls are in satinwood relieved with cedar 


mouldings, the frieze panels being of plane tree. | 
The ceiling is in pine, decorated in light tones, old | 


ivory prevailing, with a little gilding. The electric 
lamps are arranged in the alternate panels, forming 
the centre of a pattern, and not on the beams, as is 
usual. 

Steel stanchions support the roof at intervals. 
These are covered with satinwood with carved 
capitals. There are two porches forward, and 
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these connect with a passage on either side to state- 
rooms forward on the promenade deck. These 


porches are also in satinwood, with stained-glass | being entirel 


panels, and rich brocade portitre curtains hang | 
across the entrances. At the after end of the) 
saloon there is a recess, into which has been 
fitted an American organ, the casing being of | 
satinwood, with cedar-wood panels. This por- | 
tion of the room is shown by Fig. 76, Plate No. | 
Ak There is in the same saloon a boudoir grand 
piano by Collard and Collard. Like all else in the 
apartment, it is in satinwood, the polished top and 
panels of which show the beautifully rich clouded 
figure of the wood in fine contrast to the duller sur- 
faces of the cedar. Both instruments are specially 
protected against damp and moths. The stools in 
each case have been made receptacles for music. 
The settees, ottomans, &c., with the chairs for the 
card-tables, are upholstered in rich velvets and | 
brocades of various colours, which, together with } 
the rich Persian pile which covers the flooring, and 
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ture, give the room a very attractive appearance. 
Two arched vestibules lead from this charming 
room into the landing of the grand stairway already 
described. 


THE SmoKInG-Room. 


The smoking-room has powerful counter-attrac- 
| tions—material and otherwise. The apartment is 
about 40 ft. long by 32 ft. wide, and is situated on the 
| promenade deck aft, with a bar atone end. There 
|1s the same feeling of homeliness here in the fire 
| burning brightly in the bronze dog grate, the flames 
dancing on the dark blue tiles of the hearth and 


cheeks. The beautifully carved fireplace and over- | 
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PROMENADE Deck or ‘‘ CAMPANIA,’ 


| mantel are, as will be seen by the view, Fig. 82, on, 
Plate No. VIL, in excellent keeping, the woodwork , 
y of fumed oak, while the upholstering | 
is in pigskin of the usual natural shade, which is 
certain to improve with wear. The decoration is 
in the old Scottish baronial hall style, with the old | 
chairs and tables of the period. The whole tone | 
is subdued, and suggestive of elegant ease and | 
comfort. All round the smoking-room are arranged 
small alcoves or recesses, each with little tables and 
chairs around the sides, so that here, again, small 
parties may be formed to enjoy the comforts of the 
soothing pipe, or more elegant, if not more enjoy- 
able cigar. Or eyen—but tell it not in Gath !—to 
take a friendly hand in that innocent game (not 
entirely unknown on the Atlantic) yclept ‘‘ poker.” | 
There are four different entrances or exits, | 
two from the fore end leading to the quarters of | 
the ship where the state-rooms are arranged, and 
one on either side leading on to the promenade 
deck, while a stairway leads to the deck below. In 


the delightful variety and irregularity of the furni- 


both drawing and smoking rooms, it may be noted, 


| blowers are fitted, and these can be drawn to cover, 
_in each case, the entire fireplace. 


Toe Liprary. 


The library is on the promenade deck, con- 
venient to the grand stairway. It is 29 ft. long 
| by 24 ft. broad, and the general effect suggests 
|the French Renaissance; a view of it is given in 
Fig. 83, on Plate No. VII. In the bookcase, volumes 
suited to all classes of readers are arranged. The 
lower part of the case is inclosed with hinged doors 
having amboyna panels, partly carved, as are also 
the pilasters. The upper part has glass doors and 
mahogany astragals. A carved cove surmounts 


LOOKING FoRWARD 


the whole, and is worked into the ceiling. Comfort 
is suggested by the two large ottomans in the centre 
of the room. The writing-tables and chairs are 
arranged close to the walls, so that visitors to 
the library may give the least annoyance to those 
engaged writing, for which purpose all the neces- 
sary materials are provided. The room is finished 
in richly-carved mahogany with amboyna panels. 
The roof, which is highly ornate, is painted in two 
shades of ivory; the electric lamps, which take 
the form of rosettes in beaten copper, being the 
centre of the design in each alternate panel. The 
floor is laid with oak parquetry, with a large Turkey 
carpet in the centre. As to the upholstering, the 
columns supporting the roof, and which form the 
central part of the ottomans, are covered with 
Mecca and blue velvet, while the chairs and otto- 
mans are in a lighter material. The curtains on 
the square windows are of a rich brocade. The 
general design of these public rooms is very chaste, 
and reflects credit on the artists. The Fairfield 
Company themselves carried out—as we have said 
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—the dining-saloon, staircase, and well, while 
Messrs. Wylie and Lochhead, of Glasgow, decorated 
and furnished the drawing-room, smoking-room, 
and library. 

State-Rooms. 


The distinctive feature of the great majority of 
the state-rooms is their great height, which approxi- 
mates to 10 ft. This, of itself, insures satisfactory 
ventilation, while jalousies are adopted wherever 
practicable, andin addition Utley’s system of ventila- 
tors is adopted, as we shall describe later on, so that 
even in the case of those rooms which are not close 
to the shell of the ship the air will be changed fre- 
quently. The beds throughout the ship are entirely 
of iron. The old type of wooden berth, which was 
more in keeping with the vessels of 20 or 30 years 
ago, has been entirely superseded, not only for 
passengers, but for officers, crew, and firemen. 
The beds in the state-rooms are of Hoskins’ 
‘‘ triptic”” type, which combine lightness with 
strength. The upper bed, with all its bedding, in 
all cases folds up against the bulkhead, so that in 
the event of a smaller number of passengers being 
on board than is contemplated in the ordinary 
course of events, there will always be much more 
room for those who are travelling. The lee board, 
while framed in iron, has carved mahogany panels, 
and a new feature has been adopted in this respect 
which will add greatly to the comfort of the pas- 
senger. In the old type of wooden berth the lee 
board extended the whole length of the berth, and 
formed the front of a sort of box, in the act of getting 
into or out of which—especially if he occupied the 
upper berth—the passenger had to perform some- 
thing approaching an acrobatic feat. The result was 
not always comfortable, nor the spectacle elegant. 
In the modern arrangement the lee board extends 
only one-half of the length of the bed, and it can 
be easily fixed at either end or in the centre, so 
that while the ship is in a sea, the passenger has all 
the advantage of the arrangement, and has freedom 
of movement either out of or into the berth. Ex- 
perience has shown that this length of lee board is 
sufficient for protection. 

The profusion of small shelves, trinket drawers, 
book-racks, &c., in the state-rooms certainly sug- 
gests that the designer had an intimate knowledge 
of the essential requirements of passengers, especially 
of ladies, whose love of cupboards, &c.,is almost pro- 
verbial. There is a large wardrobe in each room, and, 
of course, the usual washstand, life-belt racks, hooks, 
&c. The general rooms are fitted in mahogany, 
and upholstered with plush or velvet, while the 
fittings are electro-plated. Electric light and elec- 
tric call-bells add to the very complete sum of com- 
fortable surroundings. 

There are rooms to suit all tastesin the ship. A 
large number of single-berth cabins are, as we have 
said, provided, and many double cabins, together 
with several three or four berth rooms, while 
family apartments are provided, in addition to 


magnificently appointed suites on the upper 
deck. Several of these en suite rooms are fitted 
in the most beautiful satinwoods and mahogany. 
They are arranged as parlour and _ bedroom, 
the former being fitted with table, couches, and 
chairs on the model of a lady’s boudoir, with 
suitable decorations. In the bedroom is a hand- 
some brass-furnished bedstead, with overhangings. 
There are toilet arrangements in the most excellent 
style, with all the etceteras desirable. While these 
suitesofrooms will form the highest attraction, there 
are on the same deck a large number of superior 
rooms, although not associated with the same 
luxuries. They are fitted on the lines of the better 


THE passenger rooms, and, indeed, the whole 
ship is ventilated on Utley’s system, the distinctive 
feature of which is the use of a valve at the inlet 
—the ventilator or port hole—so that when the 
opening becomes submerged the valves close, form- 
Ing a water-tight joint. When the water recedes 
the valves drop down again, leaving a free passage | 


class of state-rooms, but panelled in hard wood, 
instead of being painted, and fitted with Watson’s 
patent collapsible bedstead. The bedstead is 
capable of being extended to form a double bed, 
and, when a single bed, the front rail may be 
collapsed to form a couch or settee. 


SECOND-CLASS AND STEERAGE ACCOMMODATION. 


The public rooms for the second-class passengers 
are all placed abaft the machinery, on the upper 
and promenade decks. The dining saloon is on 
the upper deck, and is finished in a style equal 
to that of the first-class saloon in ordinary ships, 
in solid oak, and fitted with tables, revolving chairs, 
sideboard, &c. This, together with a separate room 
for children and servants of the second class, will 
enable the second-class passengers to dine in two 
groups. The drawing-room is on the promenade 
deck, at the head of the stairway leading to the dining 
saloon and state-rooms. In the fitting of this room, 
as in the case of the apartment for the first-class 
quarters, a want of uniformity has been aimed at, 
the result being a very attractive apartment, which 
has the addition of a beautifully toned cottage piano 
finished in satinwood to suit the general decoration 
of the room. This saloon, therefore, although 
short of the luxuries of the first-class saloon, will 
be a most comfortable and pleasant resort for the 
ladies. 

The smoking-room is on the poop, with a stair 
leading from the cabins below. It is finished in 
American walnut, and has the ever popular bar. 
Almost the only difference between the fittings of 
the first and second class cabins and state-rooms is 
in the useof brass mountingsinstead of electro-plate, 
and possibly there is a larger number of four-berth 
rooms. In all respects the accommodation and 
conveniences are practically the same. 

The steerage passengers, of whom from 700 to 
1000 may peonered are accommodated on the lower 
deck, iron portable berths having been provided by 
Messrs. Hoskins and Sons. These passengers will 
be allowed to promenade on the upper deck, the 
circuit of which five times makes a one-mile walk, 
so that in this respect they are very favourably 
situated. Hach compartment of the steerage has a 
pantry for the special use of the passengers located 
therein. 

HEATING. 

The whole of the passenger accommodation in the 
ship, including the public rooms, is heated by a most 
complete system of steam-heating, all so arranged 
that the whole or any part may be heated when re- 
quired. Thus the officers and crews’ quarters of the 
ship only may be heated when the ship is in port, 
and there are no passengers on board. The steam 
pipes are all covered with polished brass casings. 


THe Lavatory ACCOMMODATION. 


The lavatory accommodation has had special 
attention. The principal accommodation for gentle- 
men is on the upper deck aft, convenient to most 
parts of the ship, and particularly to the smoking- 
room, from which there is a special stair. There is 
a barber’s shop, fitted, as the advertisements would 
have it, with all appliances for the proper treatment 
of hirsute appendages, and having an electric motor 
for driving the brushes. The general lavatory has 
a largenumber of washstands, with unlimited supply 
of water and tip-up basins, mirrors, and everything 
complete. Near this, again, are the urinals, in the 
ventilation of which special arrangements have been 
made, outcast air-shafts being conducted to the 
funnels, and a strong exhaust draught being thus 
obtained. The bathrooms and w.c.’s each extend 


VENTILATION. 


for the air to pass through. In this way there is 
a free passage for the air to enter so long as the 
opening into the ventilator is not submerged. This 
system of ventilation, as applied to the Cam- 
pania and Lucania, is illustrated on page 495. 
Fig. 89 shows the general arrangement. The 
forecastle heads are supplied with a cowl and 


across the full width of the ship, and the flushing 
arrangements are such that there is a constant 
supply of water always passing through the pipes. 
The baths throughout the ship are of marble hewn 
out of the solid block, and there is an unlimited 
supply of cold and hot water. The Fairfield Com- 
pany recognise objectionable features in the method 
adopted in many ships of heating the cold water in 
the bath by means of a steam jet turned on at the 
will of the passenger after the cold water is in the 
bath. Hot water is, therefore, supplied in the 
Campania and Lucania, so that there cannot be 
any accident or annoyance. Shower, douche, 
spray, and plunge baths can be _ procured. 
By the utilising of a four-way cock in each 
case, for hot and cold water, the passenger is 
saved the trouble of a confusing multiplicity of 
handles. There is but the one handle to turn to a 
given point, and the position of the handle is con- 
venient. The accommodation for ladies is on the 
upper deck forward, while on the promenade deck, 
convenient to the suites of rooms, as in other parts 
of the ship, there are special lavatories, &c. 


Lire-Saving APPLIANCES. 


We have already, in dealing with the construc- 
tion of the hull, mentioned that each ship is so 
extensively divided into compartments by water- 
tight bulkheads as to insure her floating with any two 
of the compartments flooded, and in some cases 
with even three spaces filled with water, particularly 
forward, where the chances of a smash consequent 
on collision are greater than amidships or aft. 
Again, the provision of a double bottom, the one 
4 ft. 6 in. inside of the other, will minimise the con- 
sequences of a rupture in the outer bottom, owing 
to grounding or running on toa hidden rock, for 
the inner bottom is as strong and as water- 
tight as the outer skin. The intermediate space 
will be utilised for water ballast for trimming pur- 
poses, and here it may be mentioned that the capa- 
city for water ballast is about 2000 tons. 

There is little chance of the ship foundering or 
sinking by collision, but withal provision has been 
made for such an unlikely contingency. A view 
of the vessel is itself reassuring, for not only does 
her great size and strength impress the visitor, 
but even the most timid will have confidence in 
the presence of the array of boats on the shade 
deck. There are 20 in all (see Fig. 69, Plate No. V.), 
and, viewed from the navigating bridge above, 
the spectacle recalls a very extensive boatyard. 
Sixteen of these boats are 30 ft. in length by 
9 ft. beam and 4 ft. depth, and the others of 
slightly smaller size, so that as far as boat 
capacity is concerned the new ships have accom- 
modation in excess of the Board of Trade re- 
quirements. Each boat is under its own pair 
of davits, and a crew will be told off for each, so 
that they may all be launched simultaneously, 
if desired. Hill’s lowering gear is adopted, so that 
the boat, when it floats, will be automatically freed 
from the tackling at bow and stern, and thus obviate 
the chance of the boat swamping owing to one end 
continuing fast to the tackling while the other is 
free. Each boat is fitted with all appliances for 
keeping the sea for a long period, and as they are 
stowed each on its own chocks far above the water 
line, they will not readily be swept away or smashed 
by heavy seas. In addition, there are lifebelts in 
every cabin and state-room, more than sufficient 
for every passenger. Every passenger’s pillow, 
being water-tight and air-tight, is also meant as a 
life-saving apparatus, and will keep the possessor 
afloat until a refuge is found. 


deck combination ventilators leading into the 
firemen’s and seamen’s quarters, exhausting the air 
which originally enters through the porthole venti- 
lators with valves, as shown on Fig. 94. While in 
fine weather the cowl ventilator can be turned to 
suit the breeze coming in any direction, as in the 
case of an ordinary bell-mouthed ventilator, it 
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is not necessary, as in the old arrangement, 
to unship it in bad weather, and afterwards 
cover up the opening, shutting up the exhaust 
passage. A cover is fitted to be screwed down 
inSo a water-tight joint, and even in this condition 
exhaust ventilation continues through one of the 
valve ventilators fitted on the top. 

The arrangement for ventilating the rooms on | 
the upper deck —below the promenade—is shown 
by Figs. 92 and 93, illustrating a ventilator at the 
base of the deck-house, which supersedes the 
ordinary hinged light, opened on the few occa- 
sions when weather and other conditions admit. 
Fitted inside the deck-house combing under the 
settees and sofas is a valve ventilator with an air 
spice at each side of the light. 

The glass is a specially designed prism light, 
the prisms giving good illumination. The glass 
is a fixture, which obviates the possibilities of 
leakage. Of these there are 60 on the prome- 
nade deck, affording light and ventilation to the 
inner state-rooms or alleyways. The arrangement 


see into the state-rooms below, as is occasionally 
the case with the ordinary hinged light. 

The saloons have been treated in a unique 
/manner, and the result is commendable, particu- 
larly in the case of the dining saloon. There 
‘are in the dining saloon a very large number 
of port-hole ventilators with automatic closing 
valves, as shown on Fig. 94, and 18 base of 
deck-house ventilators, as shown on Fig. 92. 
Each of the 60 openings is 152 in. in diameter. 
As an advantage of the valve, these can always 
be left open, even with a choppy sea, as each 
wave merely closes the valve, which reopens 
automatically, so that the air supply is intermittent 
under the worst conditions, and always more 
than sufficient. The exhaust is still more likely to 
be in continuous operation, as the chances of water 
closing the ventilators at the base of the deck- 
house are much less, except in a very heavy sea. 
It may be here stated that the decoration of the 
saloon has not been interfered with by the ventilat- 
ing arrangements. 


13 such that any one walking on deck cannot 


For ventilating the cabins on the main deck 


the ports have been fitted with the patent valve 
arrangement. The diameter of each port is 132 in., 
or 12 in. of clear glass. The air inlets for all parts 
on and below the lower deck are supplied from the 
lower deck port-hole ventilators, all of which have 
the valve. They are of the combination type, for 
light and ventilation, one half of the air passing to 
state-rooms, and the other half to bunkers, &c., 
below. This obviates the necessity of carrying 
ventilating shafts from the top decks of the ship, 
such shafts being often obstructions, passing as they 
do through state-rooms or alleyways. It further 
obviates the necessity of cutting extra holes through 
watertight bulkheads, &c., to pass the shafts, in- 
creasing the chances of leakage should an adjoining 
compartment be filled, if not of weakening the 
structure. The shafts from the port-holes are 
inside the lining. The whole of the ballast tanks 
are thus supplied with ventilation, as shown by 
Figs. 95 and 96, page 495. There are two venti- 
lators into each tank. The arrangements for 
ventilating the bunkers are similar, as are also those 
for the tunnel chain lockers, &e. 


THE COMMISSARIAT AND KITCHEN ARRANGEMENTS. 


Tue immensity which characterises the whole of | 
the new ships is very properly extended to this de- 
partment ; for prompt service, essential to a well- 
ordered establishment, is impossible without ample 
accommodation. Large pantries have therefore been 
provided, one apartment being fitted up on either 
side of the steamer, on the main deck, immediately 
aft of the dining saloon. In connection with each 
there is a large lobby and passage separate from 
the main entrance to the saloon, so that stewards 
will not in their work obstruct the ingress or egress 
of passengers. These pantries are fitted in a most 
complete manner, with all the details which the 
long experience of the Cunard Company’s stewards 
suggested. The fittingsare more or less of standard | 
patterns for this class of ship, but the magnitude | 
of the equipment at once impresses the visitor, and 
notably the number of special fittings, such as hot- 
plate steam tables, tea and coffee machinery, &c. 

The galleys or kitchens have been arranged on the 
port side of the ship, and adjoining them are the 
bakeries and sculleries. (See Fig. 78, Plate No. V-) 
Access is obtained by astair in the pantry on the port 
side; but for rapidly handling the food supplies two 
lifts are provided, one for taking to the scullery the 
plates to be washed and the refuse from the dining- 
tables, while the other is to be used solely for service 
from the kitchen. The advantage of this separate ar- 
rangement of hoists will be at once appreciated. 
The galley is not the long narrow apartment usual 
in ships, butis really a large, well-lighted, and care- 
fully ventilated kitchen from 25 ft. to 30 ft. square. 
Along one side are tables with all kitchen utensils 
and chopping-boards ; a second side is completely 
taken up with a range, which is 25 ft. long by 4 ft. 
wide. The great size of this range will more readily 
appeal to the mind of the housewife when we state 
that nearly 170 dinner-plates or ordinary stewpots 
or pans might be set on the surface, while there are 
many large ovens. Special boilers, which in form 
resemble enormous egg-shells, are utilised for 
various purposes, vegetable cookers, &c. This 
cooking is done by steam, which circulates round 
the outer casing of the boiler. There is also an 
immense grill, and here, as in the case of the 
range, the waste heat is utilised for heating plates, 
&c., in small ovens in the uptake. The floor is 
laid with tiles, and throughout there is a feel- 
ing of cleanliness and roominess. The butcher’s 
shop adjoins, and next to it the scullery, where 
there is a plentiful supply of water, hot as well as 
cold. Beyond that, in the same range of apart- 
ments, is the bakery, fitted with large ovens. The 
arrangements we have described are those for satis- 
fying first and second class passengers ; the kitchens 
and sculleries for steerage passengers and crew are 
on 4 similarly large scale. 

The bakers turn out at 4 A.m., or there would be 
no hot rolls or cakes for breakfast. The cooks 


begin operations at 5.80 a.m., and at 6 coffee is 
served in the state-rooms to any passenger requir- 
ing it, or on deck should any passenger have so far | 
forgotten himself as to get out .of bed at that hour. 
Breakfast is served from 8 to 10 a.m., lunch from | 
lto2p.m., dinner from 5 to 7 p.m., and supper 
from 9 to 10 p.m., so that the cooks are employed | 
until 10, while the bakers finish their day’s work at 
7 p.m. The stewards turn out at 6 o’clock, and do 
not finish their work until 11. 

Extensive cold-air provision stores have been 
provided below the kitchen, &c. The necessity for 
large storage capacity will be readily appreciated 
when we state that each vessel when carrying her 
complete number of passengers will start on her 
voyage with something like 20,000 lb. of fresh beef, 
1000 lb. of corned beef, 10,000 1b. of mutton, 
1400 lb. of lamb, 500 Ib. of veal, 500 1b. of pork, 
3500 lb. of fresh fish, 10,000 fowls, 400 chickens, 
150 ducks, 80 geese, 100 turkeys, 30 tons of 
potatoes, 30 hampers of vegetables, 300 quarts ice- 
cream, 1600 quarts milk, 18,000 eggs, &c. Again, 
in groceries something like 200 different articles 
will be carried, including 1000 1b. tea, 1500 lb. of 
coffee, 2800 lb. of white sugar, 4500 lb. moist sugar, 
1000 lb. pulverised sugar, 2400 lb. cheese, 3000 Ib. 
butter, 60001b. ham, and 1800 1b. bacon. The 
quantities seem large, but it would be easy, if con- 
sidered desirable, to account for the consumption. | 
Kach member of the crew is allowed 21b. of beef, 
per day, and therefore about 800 lb. a day will be | 
thus disposed of, while 400 lb. will be used each 
day for beef-tea, Eighteen thousand eggs looks 
a large order, being about two per minute of the 
duration of the voyage, but they disappear in many 
forms, and one authority says, ‘‘it is not an un- 
usual thing to see a lady or gentleman finish off a 
supper of grilled chicken and devilled sardines with 
four poached eggs on toast.” Lemons are used at| 
the rate of 15 per head per day, oranges 3 per 
head per day, and apples, when in season, at the 
rate of 2? per head per day. And the wines, spirits, 
and beer consumed—that is purely a case of local 
option, and our purpose is to note the necessity 
for storage capacity, not to deal altogether with 
consumption, and therefore it may be sufficient to 
state that an abundant supply of pure water is pro- 
ees by three condensers on the Normandy prin- 
ciple. 


REFRIGERATING PLANT FoR Proviston Rooms. 


The cold air chambers are worked on the De la 
Vergne ammonia compression principle, the in- 
stallation of machinery and fittings being by 
Messrs. L. Sterne and Co., Limited, Glasgow. Of 
the arrangement of the chambers we give views in 
Figs. 98 and 99, on page 498, while Fig. 100, on the 
same page, is a perspective view of one of the 


machines used. Details showing the arrangement 


| of brine-pipes and meat-rails are given in Figs. 101, 


102, and 103. The method adopted for cooling is by 
the circulation of cold brine. A solution of calcium 
chloride is reduced to a very low temperature by 
the direct expansion brine-cooling coils submerged 
therein, and is circulated by a special pump through 
a series ot pipes fixed to the underside of the roof 
of the refrigerating chamber, as shown in Figs. 102 
and 103. During circulation it absorbs the heat 
of the chamber, and returns to the brine-cooling 
tank in the machine-room to be again cooled to the 
required temperature. The circulation goes on 
continuously by means of the special pump referred 
to. The brine-circulating pipes in the chamber are 
divided into two sets, as shown on Fig. 101, so that 
any leakages or repairs can be attended to in one 
section, without interfering with the circulation 
through the other, each section being sufficient to 
maintain the low temperature in the room. Special 
means are also provided for withdrawing the brine 
from either section without interfering with the 
working of the other. 

The machine shown in Fig. 100, page 498, consists 
of a vertical single-acting compressor 4} in. in 
diameter by 9 in. stroke, actuated by a high-pres- 
sure horizontal steam engine. This is provided 
with a special governing arrangement which deter- 
mines the steam supply, and the speed can be varied 
from, say, 30 to 300 revolutions if required with- 
out interfering with the running or stopping the 
machine. The construction of the gas compressor 
is such as to insure the expulsion of the entire 
volume of gas taken in at each stroke of the pump ; 
it effectually seals the suction valve, the piston, 
the stufting-box, the piston valve, and the discharge 
valve—preventing all leakage ; it also obviates the 
necessity of packing the stufling-box tightly, and 
thoroughly lubricates the piston and piston-rod at 
every portion of the stroke, thus reducing the fric- 
tion to a minimum. It further takes up a con- 
siderable amount of the heat developed in the gas 
during compression, thereby economising largely 
the power required for compression. The practical 
result is that absolutely no gas is left in the clear- 
ance space above the piston, and thus there is no 
loss by re-expansion. The oil also serves to lubri- 
cate the compressor. 

The cylindrical tank carried on the A-frame is 
known as the separating tank, and serves to 
separate the oil from the ammonia after being 
discharged from the compressor. The ammonia 
passes through a pipe leading from the top of 
this tank to the ammonia condenser, which 
consists of coils of piping submerged in the 
condenser tank through which sea-water is con- 
stantly circulated, and being there liquefied, passes 
to the expansion cock. The oil is led from the 
bottom of the separating tank to a separate coil in 
the ammonia condenser, where it is cooled to the 


veer fi ea ea? Be aiae S: Ol Ow 


as 
SSSI LILO 
ESSN FSS SLL 5 
= oh = 
< < Ss 


ES APT SSS SSS 


(EZ ILY =| 
Vie PLIES IT ESTA SITIONS 
SSNS 


vadod yoo1ds3j0m patJOL 


ae —— —=:s0g butsnag adid aug 


peazojnsuy 


ie a 278 
\ BunBsodes’ 


= 


aol 
lu f 


“| wouvinsmi] 


Ce a ee ut 
yt 


Be —— : 
. : | : 
S re 
4 I 
A i en OK 
4 u 
Z ie Fe if 
Z i Gy | 
A BRI 4 
PAI 
| U] ¥i 
ca | : 
jaa | : | 
1 3 
: =| > 
Z Z 2: | 
1 : | 
= Eas =) re elle a 
: | | 5 buyojnrsi9 auuig\ \ 
oy = i | 
es ei 5 iat | | 
o : | 3 i 
ea | Pog : 
H ; =4 
es x 
_ il) 
H t ~ 3 
pes 8 $3) | | : 
at = 38 
a al | 
Pe = 86 far 
H ! e 
i | 
= = ‘ 
| = s 
E iF 
ee lp) | 
f | At 
a ollol 
ee pee ee 
| 42/009 jiQ pun sesuepuo7 piuowuy i 
— fi 
i u 
“4 
" | 
H | 
— ~ I 
i 
bn a SSeS Se 828 eee oe a} 


‘“MODSVID ‘“CULINIT “OO GNV ANYALS "1 ‘SUSSAN AG AALONULSNOO 
MOLVUGSINMAN SANDUAA VI Ad HLIM WYHOLS NOISIAOHUd UNIV dIOO 


498 


APRIL 21, 1893.] ENGINEERING. 


499 


REFRIGERATING PLANT FOR CARGO HOLD. 


CONSTRUCTED BY THE KILBOURN PATENT REFRIGERATOR COMPANY, LIMITED, LIVERPOOL, 
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temperature of the circulating water, and returns 
to the compressor, the same oil thus being used 
over and over again. The liquefied ammonia, 
after passing the expansion cock, which is provided 
with a minutely adjustable V-shaped opening, goes 
into the expansion coils, and, circulating in these 
coils, absorbs the heat of the returned brine. The 
coils are connected to the suction side of the com- 
pressor, the gas being conveyed to the compressor 
at a pressure varying from 15 lb, to 25 lb, The 


brine is reduced to a very low temperature, and 
is circulated, as already described, through the 
refrigerating chamber. The proper amount of 
ammonia allowed to pass through the expansion cock 
is automatically determined by means of a patent 
regulator, which is adjustable to any desired pres- 
sure to be maintained in the expansion coils. 

The general arrangement of the machine-room 
and store-room is indicated in the section and 
plan, Figs. 98 and 99. In the former are placed 
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the ammonia compression machine, condenser 
tank, and brine-cooling tank. The brine tank is 
effectually insulated. The brine-circulating pump 
is also shown, as well as the general arrangement 
of the brine-circulating piping, while the method 
of insulation adopted is explained by Figs. 102 and 
103. It may be stated that the machine has ample 
capacity to make 5 cwt. of ice per day, in addition 
to performing the refrigeration required in the 
store-rooms, 


CARGO AND REFRIGERATING APPLIANCES. 


NotTwitTHSTANDING their great size, neither of 
the two new vessels will carry a very large amount 
of cargo, about 1620 tons being accommodated. 
On the orlop deck they have extensive holds for- 
ward and aft; but when it is noted that the 
machinery takes up nearly three-fourths of the 
length of the ship on this deck, the small pro- 
portion of cargo capacity to the total area in the 
ship will be appreciated and accounted for. Be- 
sides, a very large part of this area has to be re- 
served for the mails, for very few, if indeed any, 
Cunard steamers have left Britain on an Atlantic 
voyage without mails since the Government first 
determined to send the latter by steamers on the 
maiden trip of the pioneer Cunard Liner Britannia 
in 1840. The extent of room required for the 
mails may be judged by the fact that occasionally 
the bags exceed 2000 in number, and sometimes 
require two trains between London and Holyhead 
to convey them. 

There are five holds in each ship, and such as 
are not required for mails and passengers’ baggage 
are given over for cargo of the first class. 
is a powerful steam winch at each hatchway. These 
are of the well-known type by Messrs. Muir and 
Caldwell, Glasgow, and a special feature of their 
construction is that all the gearing is of the 
helical type, to reduce the noise to the minimum ; 
but, after all, these winches are seldom used except 
in port, and when the passengers have left the 
ship. 

One class of cargo specially suited to these large 
first-class steamers is preserved meat, and the Cam- 
pania and Lucania have very large holds fitted with 
refrigerating machinery for this special trade. The 
development of this traffic during the past few years 
justifies this provision. In 1876 the amount of 
fresh meat conveyed to this country from the States 
was only 90,790 quarters, valued at 223,698/. It 
may be remembered that at that time some of the 
steamers were specially fitted with refrigerated 
chambers, and under these circumstances the trade 
quickly developed. In four years the amount of 
meat imported increased fivefold, although, owing 
to cheaper transit and other influences, the value 
only increased threefold. Since that time there 
has been a great development in the transportation 
of live cattle, to the detriment of the dead-meat 
traffic ; but still over 500,000 cwt. of fresh meat 
are imported from the States every year, at a value 
of 1,138,000). Under these circumstances the 
Cunard Company have fitted their new ships to 


There | 


continue this trade, which they have been largely 
instrumental in fostering, and which has been such 
a benefit to the working classes in the reduction 
of the cost of living. 

The refrigerating machinery for these meat-carry- 
ing chambers, which was supplied and fitted by the 
Kilbourn Patent Refrigerator Company, Limited, 
Liverpool, is on the ammonia compression system, 
and is illustrated on page 499. The producing 
capacity is about 12 tons of ice per day. The 
space refrigerated ccnsists of three chambers 
situated on the orlop deck forward, having a total 
capacity of 20,000 cubic feet, and capable of carry- 
ing 2700 quarters of beef. We give in Fig. 106, 
page 499, a section showing the method of con- 
structing the walls of these chambers. There are 
two independent refrigerating machines, each 
capable of maintaining the whole of the chambers at 
the required temperature at all seasons. They are 
arranged to work separately or coupled, or any one 
part with any of the remaining parts. Figs. 104 and 
105 show the general arrangement of the installa- 
tion, A, A being the steam cylinders, B, B the com- 
pression pumps, and ©, C the ammonia condensers. 
Fig. 104 shows the ammonia compression pumps 
and steam engines, the former being horizontal and 
the latter vertical, The compression pumps are 
6 in. in diameter and 12 in. stroke, inclosed in 
water - jackets and fitted with Webb’s patent 
arrangement of suction valves, and the Kilbourn 
Company’s double stuffing-box and glands, with 
sealing oil chamber between them, which is con- 
stantly supplied with oil by a small pump on the 
side of the bedplate, and worked from the com- 
pression pump crosshead. The steam cylinders are 
8in. in diameter and 12 in. stroke, and coupled 
with forked connecting-rod to the same crankpin 
as the compression pump. The condenser consists 
of wrought-iron shells, lagged with teak, with 
cast-iron covers, and fitted with galvanised con- 
centric coils of 1-in. pipe, coupled top and 
bottom with suitable malleable cast tee-pieces. 
The circulating water for the condensers is supplied 
by a duplex pump situated in the forward boiler 
compartment. The ammonia gas, after liquefac- 
tion under the combined pressure of the pumps and 
cooling in condenser coils, passes by small pipes to 
the liquid ammonia reservoirs D, D (Fig. 105), 
thence through a small graduated regulating valve 
into the lower part of the coils of the refrigerators 
EK, E, which are similar in every respect to the 
condensers. Here, under a pressure of about 30 lb. 


absolute, the liquid ammonia again vaporises, 
abstracting the heat necessary for its vaporisation 
from the liquid surrounding the coils, and returning 
to the compression pumps for re-compression. ‘The 
liquid, or brine as it is usually called, referred to 
is composed of a solution of chloride of calcium in 
water, and has a density of about 48 Twaddel’s 
hydrometer. It forms the circulating medium for 
cooling the chambers in which the beef is hung. 
The duplex brine-circulating pump F draws the 
cold brine from the lower part of the refrigerator, 
discharging it through the distributing tee-piece 
and valves G to the different sections of the cool- 
ing pipes in the chambers, returning through a 
similar collecting tee-piece H to the top of the 
refrigerator to be again cooled. Hach return brine 
pipe is fitted with a valve and thermometer at H, 
so that the quantity of brine and temperature of 
any section of cooling pipe can be regulated from 
the machine-room. 

The refrigerators and all cold parts of the 
machine are inclosed in a carefully insulated cham- 
ber, to minimise the losses as far as possible. The 
cold chambers are carefully insulated with double 
thicknesses of tongued and grooved boards with 
waterproof paper between them, 2 in. of best hair 
felt, 1 in. air space, and again a double thickness of 
tongued and grooved boards and waterproof paper, 
the whole being finished with two coats of varnish. 
On the ceiling the insulation is arranged so that the 
brine pipes are placed between the deck beams (as 
shown in the section of chambers, Fig. 106), and do 
not unnecessarily curtail the limited head-room. 
The brine pipes are of special heavy 2-in. galvanised 
tube, with malleable cast return bends. The meat- 
hook rails are of 1}-in. galvanised round iron firmly 
clipped to the deck beams, and on these are placed 
the galvanised steel hooks for carrying the quarters 
of beef. Each chamber is fitted with thermo- 
meter tubes from the upper deck, so that the 
temperature may be ascertained in any part 
at intervals. The machine-room is fitted with 
a complete arrangement of water-sprinkling pipes, 
controlled from outside, so that, should at any 
time a leak occur in any part, from whatever 
cause, the ammonia would be effectually prevented 
from spreading over the ship. The brine circu- 
lation of these machines is so arranged that in case 
of need the brine may be circulated through the 
coils in the ship’s provision rooms, as well as 
oe the cold chambers for the carriage of fresh 

eef. 


THE MANNING OF. THE WeSsibigs 


Tar Campania was completed and left Glasgow 
Harbour on March 17. During the following 
week she underwent preliminary steam trials in the 
Firth of Clyde, running to Ailsa Craig and to the 
Mull of Cantyre. The engines, meanwhile, were 
gradually worked up to three-quarter power, but 
no attempt was made to get anything approaching 
full power, or to take record of performances. The 
two photographs by Messrs. Adamson, of Rothesay, 
which we have reproduced in our illustrations on 
Plate No. VIII, were taken during this week, 
the first (Fig. 84) representing the vessel steaming 
at a pace which, in her case, may be character- 
ised as easy, but which, in an ordinary vessel, 
would be regarded ag fast; while the other view 
(Fig. 85) shows the steamer lying at the Tail of the 


Bank. Subsequently the vessel sailed from the 
Clyde to the Mersey, making the circuit of Ireland, 
but no effort was made to get the maximum results. 
Enough power, however, was got from the 
machinery to give assurance that when the vessel 
was put on her official trials an eminently satis- 
factory result would be attained. 

The vessel reached Liverpool on April 1, and, 
needless to say, created a great sensation. She 
was put into the largest dock at Birkenhead, with 
the view of having the hull cleaned, while the 
ae and crew made first acquaintance with their 
ship. 

: The crew, all told, numbers 415. It is divided 
into three groups—sailing, engineers’, and stewards’ 


departments—as follows; 


Sailing Depart- Engineers’ Depart- Stewards Depart- 


ment. ment. ment, 

Commander. 1 Chief engineer, 1 chief steward. 
6 officers. 21 engineers. 105 stewards. 
Purser. 2 refrigerating 45 cooks, bakers, 
Surgeon. engineers. &e. 
Carpenter and _ 1 dock engineer, 8 stewardesses. 

joiner. 8 electricians. 
Boatswain and2 2 storekeepers. 


mates. 1 “donkey” man. 
6 quartermasters. 18 greasers. 
llamp-trimmer. 9 leading firemen. 


40 A.B.s. 75 firemen. 
57 trimmers. 
In sailing department ... 61 
In engineers’ department 195 
In stewards’ department 159 
Total crew 415 
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It is scarcely necessary to add that the com- 
mander, and chief engineer, and the leading men 
of the staff are all men of great experience. The 
crew of the Lucania, which will be ready to go on 
her station early in the summer, will be composed 
exactly in the same way as that of her sister ship. 

It is not expected that the Campania will show her 
best pace in the first trip—that is very exceptional 
in the history of the Atlantic; but the traditions 
of Fairfield and the performances of the Alaska, 


Oregon, Umbria, and Etruria give confidence 
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to the many in their assumption that the new 
vessels will, before the season is over, thoroughly 
attain the results aimed at by the owners 
and builders. Certainly the best wishes of all in- 
terested in marine science go with the vessels, and 
we doubt not all marine constructors join with us 
in the wish so neatly expressed by the Chairman of 
the White Star Company—May their career sustain 
the good reputation of the Cunard Line. 


We cannot conclude our description of these 
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narrative. 
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THE ENGINES OF THE TWIN-SCREW STEAMER “POLE STAR.” 


We have mentioned the circumstance that while the 
Fairfield Company were constructing the two Cunard 
steamers within the remarkably short space of time 
indicated, they were engaged on other work, and we 
give on page 502 an illustration of the engines of one 
of the vessels then constructed—the Pole Star. The 
Pole Star, like the Cunarders, is driven by twin screws 
with two engines, but the latter occupy space much 
less than half the breadth of those of the Campania, 
less than a third of the length, and about a fourth of 
the height. There are three cylinders in each set of 
engines working on three cranks, 

The high-pressure cylinders are 14} in. in diameter, 
the intermediate-pressure cylinders are 24 in. in 
diameter, and the low-pressure cylinders are 39 in. in 
diameter, each adapted for a stroke of 2ft. The 
high-pressure cylinders are each fitted with a piston 
valve, and the intermediate-pressure and low-pressure 
cylinders with slide valves, all worked by the usual 
double eccentrics and link motion valve gear. The 


reversing engines are of the steam and hydraulic 
direct-acting type. The engines have the usual 
surface condenser, with pumps arranged at back 
and worked by levers from one of the cross- 
heads. Each crankshaft is a solid forging, and all 
the shafting is of Siemens-Martin mild steel. The 
propellers are fitted with blades of manganese-bronze, 
and arranged to work outward. In the engine-room 
there are fitted the usual auxiliary feed-pumps, and an 
evaporator for making up the fresh water supply to 
the boilers. The steam is generated by two single- 
ended boilers, each 12 ft. 1 in. in diameter by 9 ft. 9 in. 
long. There are six corrugated furnaces in the two 
boilers. The boilers are constructed entirely of steel, 
and are adapted for a working pressure of 160 lb. per 
square inch. The speed at sea is 13 knots. 

The Pole Star was built for the Commissioners of 
Northern Lighthouses for service in connection with 
the Orkney and Shetland Lights, including the Sule 


| Skerry, which lies 40 miles to the westward of Orkney, 


|and the Fair Isles Light, situated midway between 
the Orkneys and Shetland, As the vessel would thus 
have frequently to cross the Pentland Firth and the 
** Roost” between Orkney and the Fair Isle, she was 
constructed of great strength, sufficient to enable her 
practically to keep the sea in all kinds of weather. 
The vessel is of the following dimensions: Length, 
175 ft. ; breadth, 26 ft. 6 in. ; depth, 14ft.4 in. She 
is built with a top-gallant forecastle, bridge, and deck- 
house aft, and rigged with two pole-masts having fore- 
and-aft sails. The foremast is fitted with strong der- 
rick and gears for working buoys. Accommodation 
for the commissioners and their officials is provided 
in a saloon, with five state-rooms finished in polished 
hardwood. The chief officers and engineers are ac- 
commodated in the bridge-house, and the crew forward. 
Cargo holds are arranged for the conveyance of oil and 
stores to the various lighthouses. Every precaution 


has been taken to make the ship reliable at all times 


‘and under all circumstances for her important service. 
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have a stenographer—in England he would be a 
shorthand writer—who will take down a letter as fast 
as you can dictate, and click it off on a type-writing 
machine almost before you can get back to your 
seat. ‘To every considerable hotel in America there 
is attached one or several stenographers and type- 
writers, and many business men hardly write more 
than their names for weeks at a time. We have 
given no exaggerated description of the American 
train—in fact, our language is moderate in the 
extreme, for the row of carriages affords a suite of 
really luxurious, if contracted, rooms, which form 
a most comfortable travelling hotel. 

The surroundings of Jersey City are not romantic. 
There is plenty of beautiful scenery in the neigh- 
bourhood of New York, but it does not lie 


Fic. 5. A Drawine Room Car. 


this way nor in this State. Soon, however, the 
train skims over the coarse meadows and dull 
streams of the immediate district ; hums across 
the Passaic River, passes through Newark with a 
crash, and rattles amongst the villa residences of 
Elizabeth, the first English settlement in the State. 
It gives the passenger, too, a glimpse of Orange— 
East and West—one of the most beautiful, surely, 
of suburban settlements, and where Edison has his 
giant laboratory and luxurious home. The Raritan 
River comes next, with Princeton College a little 
distance off on the right, and then Trenton, a large 
town with a reputation for pottery. Here the 
train crosses the Delaware River, and it is then a 
straight run through the fat grazing land of 
Bucks County, until one finds the suburbs of 
Philadelphia closing in. Fairmount Park, which 
is formed on the picturesque banks of the Schuyl- 
kill, gives another glimpse of trees and grass, and 
relics visible from the train of the Centennial 
Exhibition of 1876; then two crossings of the 
river, and the train is brought to a stop at the 
Broad-street Station of the peaceful and beautiful 
Quaker City (Fig. 3, page 504). 

Far beyond Philadelphia the country is well 
sultivated, a novelty to English eyes being the 
extensive fields of broad-leaved tobacco plants. 
Lancaster is worthy of note by engineers, as it was 
here Robert Fulton was brought up. The shallow 
Susquehanna River accompanies the line on the 
left, flowing placidly between its low banks, and at 
Harrisburg the branch from Washington is joined. 
‘Fig. 4 is a view of the company’s station at Wash- 
ington. The battlefield of Gettysburg is to the 
south, and the Lebanon and Cumberland Valleys 
are close by. The latter is said to be second to 
no region in America in ‘“‘picturesqueness, fer- 
tility, and mineral wealth ;’ decidedly a very 
excellent combination, although the last, sooner or 
later, generally destroys the first. A few miles 
beyond Harrisburg, after about five hours’ travel- 
ling, the Susquehanna—no longer placid, but 


chafed into rapids by obstructing rocks—is crossed 
by a bridge 3670 ft. in length. Here one gets 
a foretaste of the long mountain climb that is 
before the train, for the spurs of the Kittatinny 
Mountains have been reached, and they are the out- 
posts of the great Alleghany range. The line of 
approach selected is the valley of the Juniata, 
which is born high up amongst the peaks of the 
mountains ; a stream that did much to help the 
engineer in grading the track. But though we are 
approaching the highlands, we have by no means yet 
left cultivation behind. There are many sheltered 
spots and fertile valleys ; stretches of level ground 
alternating with scenes of a wilder nature, where 
rock and river wrangle at the bottom of the gorge. 
The train glides past townships and their stations on 
its upward climb, and soon Altoona is 
reached, where are the shops of the Penn- 
sylvania line. Here the ascent of the 
mountain proper really begins, the line 
climbing by a succession of heavy gradients 
and sharp curves, every advantage being 
taken of the nature of the ground to facili- 
tate the progress of the train. The engi- 
neers who laid out the Pennsylvanian 
Railroad have shown the skill in this 
respect which is characteristic of American 
railway engineers in general; and one 
cannot but admire the masterly way in 
which apparent difficulties have been made 
to contribute to the success of the scheme. 
At Altoona a pause is made as if to take 
breath, and then comes the steepest climb 
of the journey, for the great Horse-shoe 
Curve (Fig. 8, page 506) has to be sur- 
mounted. The line has proceeded up the 
slope of the mountain side, keeping to the 
most favourable ground of the valley, 
until at a distance of several miles from 
Altoona the valley branches off into two 
parts, the sides of which are extremely 
precipitous. The difficulty has been over- 
come by means of large banks, and these 
are connected by the nattiral sweep of the 
valley, the whole forming the Horse-shoe 
Curve. The scenery here is rugged and 
grand, its impressiveness heightened by the 
mystery of the coming gloom, for it is 
already dusk when the train reaches this 
point. The summit of the Alleghanies is 
reached when the line has ascended to a 
distance of over 2000 ft. above the sea 
level, and here a tunnel 3612 ft. long has 
been constructed. By the time the ridge of 
the divide is crossed it is quite dark, and the 
train dashes downward on the other side (Fig. 9), 
which slopes away to the Mississippi Valley, in 
company with the infant Conemaugh, a stream 
which helped to bring about such deadly work 
ie be valley below at Johnstown a few years 
back. 

The hour for dinner has now arrived, and even 
the most romantic passenger will probably cease to 
peer into the blackness of the mountain gorges, 
and find a not unpleasing contrast in the little 
tables of the dining car, with their dainty furniture 
of china, plate, and glass, sparkling in the electric 
light. Now and then ruddy patches flash by the 
windows and relieve the monotony of blackness, 
for the bituminous coal here mined is most excellent 
for coking, and we are approaching a great iron- 
producing country. A group of lights tells of 
Johnstown, springing up again now after being all 
but obliterated by the bursting of the dam which 
restrained a lake among the hills, fed by the 
Conemaugh River that we saw just now up in 
the mountains. Now we have arrived in the 
natural gas country, evidences of which are often 
seen in tall columns of wasteful flame flashing 
out against the night. After more travelling, the 
train is again in the suburbs of a big city, and 
glides into light under the roof of the Union 
Dépot at Pittsburg, a city in which engineers 
will find as much to interest them as in any in 
the Union. We cannot, however, pause on the 
way, except to notice that the atmosphere of 
no city has ever been more changed than that 
of Pittsburg. The coal of the district is very 
cheap and very soft. It is said to be the 
most black -producing coal in the world. Of 
old, clean linen grew dingy in fewer hours 
than even in our own Sheftield; the average 
for an ordinary business man would be _ five 
collars a day, and then they would always be 
black on the inside. Since natural gas has 


been used the atmosphere is as clear as in any 
city with which we are acquainted. The fact, 
trifling as it may seem, is not without a moral for 
fog-choked Londoners ; but there are fears that 
the wonderful supplies of natural gas, tapped 
many miles away from Pittsburg, and led in 
mains to the city, are not inexhaustible, and that 
the last state of Pittsburg may be worse than 
the first, unless the artificial gas scheme prove a 
remedy. 

At Pittsburg the chief points of interest on the 
journey have been passed. The time changes 
here, ‘‘central time” giving place to ‘‘ eastern 
time,” so that the traveller has to do the last hour 
all over again, and he is probably not sorry to put 
in his time asleep. Ten hours have doubtless been 
sufficient for him to admire even the splen- 
dours of this train of palaces, supposing their 
magnificence has not somewhat exhausted his 
faculties. At 8.45 p.m. central time, the train 
leaves Pittsburg ; and next morning, 24 hours after 
starting, the surprised Briton finds himself—rested, 
bathed, shaved, and breakfasted—on the platform 
of the dépédt in Chicago, ready to go at once about 
his business, if he have any, secure that his 
luggage will be delivered at the hotel without 
worry, trouble, or thought on his part. If he had 
journeyed in his own native isle, the birthplace 
of railways, say from London to Plymouth, which 
is about a quarter the distance, he would have 
arrived—if travelling in winter—hungry, shiver- 
ing, and worn out, in company with a cold foot- 
warmer. 


II.—_THE NEW YORK CENTRAL AND 
HUDSON RIVER RAILWAY. 


One of the perplexing problems the stranger visit- 
ing the World’s Fair will have to decide, is connected 
with his railway route between New York and Chi- 
cago. Itis a subject upon which we will offer no 
advice beyond this—whichever route you go by, 
come back by another. The certainty is that the 
foreigner will travel by the first route of which 
he gets particulars—unless he hear of another. 
Indeed, they are all full of interest. What could 
be more charming than to climb the Alleghany 
Mountains and swoop down the other side of 
the rocky vertebre—unless one prefer to fly 
along the banks of the romantic Hudson River 
and catch a glimpse—indeed, more than a glimpse, 
a good long look—-of the marvel of waters a 
Niagara. 

For the present we will suppose that our traveller 
has decided on the Hudson River route for his 
outward passage, and having bought his ticket, 
is comfortably seated on board one of the beau- 
tiful Wagner Palace cars for which the New 
York Central is justly famous. His journey now 
lies nearly due north to Albany, the political 
capital of New York State. The train is on the 
celebrated four-track road, of which American 
railway men are so justly proud; a four-track 
line, however, is not so remarkable as it was when 
the New York Central laid down their quadruple 
line, which now runs with four ways right through 
to Buffalo. 

The main line of the New York Central extends 
from New York to Buffalo, a distance of 440 miles, 
traversing the eastern and middle portions of the 
State of that name, from the Atlantic Ocean to 
Lake Erie. The grand terminal station of this line 
being in New York City, and therefore in 
Manhattan Island, the line soon crosses the 
northern water boundary, which it does by a high 
bridge which spans the Harlem River, and having 
got on to the mainland, follows the line of the 
river and Spuyten Duyvil Creek until the banks of 
the Hudson are reached. As the train skirts the 
smaller river, which here runs almost north 
and south, and is thus nearly parallel with the 
Hudson, one of the first things to attract atter- 
tion is the splendid Washington Bridge, which 
carries 181st- street over the deep valley of 
the Harlem, connecting Tenth-avenue with Aque- 
duct-avenue, and thus joining Manhattan Island 
with Westchester County on the mainland. We 
give in Fig. 12, on page 508, a view of this 
grand engineering work. It is composed of steel 


arches each 510-ft. span, the height in the 
clear being 133.5 ft. above water. The route 


speedily reaches the suburban districts, and -soon 
the rolling waters of the Hudson are unfolded. 
The west shores are composed of the line 
of rocky steeps known as the Palisades, where 
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are situated some of the most beautiful and 
romantic suburban residences in the world. The 
line now keeps close to the margin of the river, at 


times, indeed, encroaching upon its waters by | 
crossing some of the shallow bays and indentations 
The first consider- | 


which diversify the shore line. r 
able town reached is Yonkers, which has a romantic 
situation near the little River Nepperhan—more 
prosaically the Sawmill River. The place has tender 
associations in having been the home of Mary 
Phillips, the first love of George Washington. 
Yonkers is a different place now ; more given up to 


the’scene near by. Tarrytown, on higher ground, ;. 
is full of memories of the revolutionary time, the| shipped” are as plentiful in America as ‘‘ halting- 
unfortunate André and the treachery of Arnold. | places” of Queen Elizabeth in our own country. 

Nyack, on the other shore, is connected by a ferry,| The train is now in the grandest and most roman- 
and then Sing Sing, where is the prison, but is in| tie part of the river, the district known as the 
itself a cheerful little town, as it should be by its! Highlands. On the opposite side the massive form 
name, in spite of the gloomy associations which of the Dunderburg rises in the background, and 
are generally attached to the site of the celebrated | reminds the traveller of Washington Irving and his 
penitentiary. The Croton Aqueduct passes here, | merry, frail of purpose, lovable hero. At Garri- 
carried over a ravine by astone arch 70 ft. in height son the train is fully in the Highlands, and on the 
and having a span of 88 ft. As the train skims opposite side is West Point, where there are again 


‘¢ Headquarters’ and ‘‘ places where he wor- 


the production of reapers, hats, elevators, pencils, 
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and mowing machines, than to first love ; though, 
doubtless, a fair average of the latter is still 
forthcoming, if not so apparent in these days of 
universal statistics and ‘‘national prosperity.” 
Hastings is a village further on, which has become a 
suburb of New York by virtue of the railway con- 
nection. Dobbs Ferry also is worthy of note as a 
pleasantsituation for dwelling-places, a shortdistance 
further on, where the Wisquaqua Creek falls into the 
river by a pretty wooded promontory. Close to 
here is Irvington, where Washington Irving’s old 
home of Sunnyside Cottage nestles by the margin 
of the river amongst the trees and shrubs which 
have grown up around. It is a strange contrast to 
Jay Gould’s conspicuous mansion, which dominates 


““Recorp” Tratn on tHE New York Centrat RaAmroap. 


glimpse is caught of Haverstraw Bay, an indentation 
so deep that Hendrick Hudson when he sailed up it 
centuries ago thought he had reached the head of 
the water. One would think the Hudson straight 
enough not to lead to such mistakes, but another 
experienced Dutch sailor named Peek afterwards 
sailed up a tributary stream mistaking it for the 
main river, which thus received his name and be- 
came Peek’s Rill. Peek’s Rill, at the junction of the 


smaller stream with the Hudson and 43 miles from | 


New York, is now a place of ten thousand inhabi- 
tants. It dates back to the colonial days, and its 
name is connected with revolutionary fighting, for 
here Washington had his headquarters, and there 
is also a church close by in which he worshipped. 


over the splendid permanent way—which really de- 
serves the epithet whatever standard we take—a_ 


associations with the revolutionary days, but more 
still with the great civil war of 30 years back, for 


(See page 509.) 


\though there was no fighting here then, it was at 
the celebrated Military Academy that every general 
of renown was trained who took part in the memor- 
able contest. The scenery of the Hudson in this 
part has often been described in glowing language, 
but never too glowing; for grandeur and beauty it 
is probably unsurpassed amongst what may be 
called the civilised rivers of the world, and the 
name is well deserved even if it challenged com- 
parison with the western shores of our own most 
romantic coast lme. The Hudson is often referred 
to as ‘“‘the American Rhine.” The compliment 
is quite as much to the European as the Transatlantic 


river. The illustration, Fig. 15, on page 510, will . 
serve to give some idea of this part of the scenery on 
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the route. Fishkill is the next place of mportance, 
and hereagain we find reminiscences of revolutionary 
days. Opposite is Newburgh, a fair town, which bears 
witne:s to the foresight of old Hendrick Hudson, 
who wrote, close on 300 years ago, of this part : 
“Tt isas beautiful a land asone can tread upon ; a 
very pleasant place to build a town on. FOSS ewburgh, 
again, was one of ‘‘ Washington’s headquarters, 

the old greystone mansion south of the town still 
standing—preserved by the State—to bear witness 
of the fact. At Poughkeepsie we are 74 miles from 


Big, 12: 


Fie: 13. 


New York City, and in the largest town between 
the Empire City and the State capital. Education 
flourishes at Poughkeepsie, for near by there is the 
great and famous Vassar College, where several 
hundred young ladies are instructed in the higher 
branches of education. Here is the great bridge 
which joins the two shores of the Hudson. Catskill 
is the next familiar name, again recalling memories 
of Washington Irving and the days when the 
Catskill Mountains were the abode of nature. Now 
the ascent of the mountain is made in ten minutes 
by an “elevating railway.” Hotels abound, and 


THE WASHINGTON BRIDGE OVER THE Hartem River. 


the tourist has succeeded to the hunter. Hast| scenery being met. The valley of the Mohawk 
Albany is at last reached, and here is the point of on the bank of which river | the track is laid, con- 
separation for northward and westward bound | tains some romantic and picturesque views. One 
travellers. We are amongst the latter, and roll of our illustrations, Fig. 13, shows a train round 
across the bridge which spans the Hudson into the ing “‘ the Nose,” a point formed by one of the 
political capital of the State. At Albany we are many bends of the river. The four lines of rails 
still on tidal waters, the ebb and flow reaching to | are well shown, and the closeness with which the 
six miles beyond its site on the river bank. The sleepers, or ties, are laid, is apparent. The New 
capital dates back 280 years, about, having been York Central has always prided itself on its road- 
founded by the Dutch in 1614, under the name of bed. At Buffalo the traveller—at any rate the 
Fort Orange. It is the oldest existing settlement traveller visiting the district for the first time 


(See page 505.) 


THE ‘‘Four Track” Roap; oN THE Banks or THE MOHAWK. 


made by Europeans to be found in the 18 original | 
States, Jamestown, in Virginia, founded seven 
years earlier, having ceased to exist. We do not 
propose to linger at Albany, as our mission beckons 
us to the west ; but those who like to break their 
journey here may find matter of interest. Wenow 
lose the charm of the river route, and branch west, 


—will make a pause in order to visit the great 
wonder of the northern continent—Niagara Falls. 
Here, too, a glimpse will be caught of one of 
those big freshwater seas which stretch over so 
large a range of territory; for Buffalo is on the 
shores of Lake Hrie. A 20-mile run north along the 
Niagara River, which connects Lake Erie and Lake 


still on_a four-track line, past such classic names as 
Utica, Rome, Syracuse, and Attica, or such familiar- 
sounding places as Amsterdam, Lyons, or Rochester. 

After leaving: Albany, the line pursues its way 


'through a varied country, in parts very beautiful 


Ontario, carries the traveller to the great Falls. 
Neither brush nor pen can ever conyey a forecast 
of the impression produced by the stupendous spec- 
tacle. Reams of paper and floods of ink have been 
used by the ‘‘word-painter” in futile efforts to 
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accomplish the impossible task. We will not swell 
the volume. The brush-painters have been more 
modest than their brethren of the pen, and 
generally give up at sight. \ To pile adjective on 
adjective, to select the most luxuriant verbiage, the 
most sounding periods, is but to confuse, whilst 
bare statistics are meaningless, lost in the im- 
mensity of that which they would reveal. Perhaps 
the simple language of Anthony Trollope is fittest 
for the purpose of description : ‘‘ Of all sights on 
this earth of ours which tourists travel to see I am 
inclined to give the palm to Niagara. In the cata- 
logue of such sights, I intend to include all build- 
ings, pictures, statues, and wonders of art made by 
man’s hands, and also all beauties of nature prepared 
by the Creator for the delight of His creatures. 
This is a long word, but, as far as my taste and 
judgment go, it is justified. I know of no other 
one thing so beautiful, so glorious, and so powerful.” 

The works that are being now carried out for the 
utilisation of the water power of Niagara will be a 
feature which few engineers will be willing to pass 
without examination. The subject—like the power 
to be used—is so vast, and we have dealt with it 
already to such length in the columns of Enat- 
NEERING, that we shall not pause to enter into 
details here. The illustration, Fig. 18, on page 
510, however, is appropriate, as it represents a 
view which can plainly be seen on the American 
side from the suspension bridge. It shows the 
tunnel which will be used for conducting the water 
that has been taken by the hydraulic motors above. 
The flow of the Niagara River at the Falls equals 
12,785,455 cubic feet perminute. The water taken 
for power purposes will be but little more than 4 
per cent. of this quantity. This will operate 240 
inills of 500 horse-power each. 

Below the Falls the river runs away to Lewiston 
through a rocky gorge. At the foot of the Falls 
the water is comparatively calm and the sur- 
face little broken, so that a small steamer is able to 
take one right up into the spray of the stupendous 
cataract. A mile or so further down, however, the 
rush of waters becomes terrific, and the Rapids 
afford a sight only less impressive than the mighty 
Falls themselves. Figs. 14 and 17, page 510, repre- 
sent the rapids above the Falls. The Whirlpool 
Rapids form the termination of the lower part of 
the river. 

From Niagara the traveller may proceed along 
the north shore of Lake Erie by the Michigan Cen- 
tral line, when he will pass through Detroit, which 
is situated on the strait joining the north-west 
corner of Lake Erie with the beautiful Lake St. 
Clair. Detroit is one of the charming cities of 
America. It occupies a bold situation, and has fine 
avenues well planted with trees. The city is en- 
riched with the houses of many wealthy people, who 
have been attracted by the beauty of the spot and 
its advantages as a dwelling-place. Perhaps, how- 
ever, the traveller will elect to go by the Lake Shore 
line. That will take him to the south of Lake 
Erie and through another fine city, Cleveland, 
where, if he care to stop, he can see the celebrated 
Kuclid-avenue, which is two or three miles long, and 
planted with rows of fine trees. Toledo is at the 
south-west corner of Erie, and has not the same 
claim to be considered beautiful as her more 
northern sister Detroit. After leaving Lake Erie, 
the journey to Chicago is made by the Michigan 
Central from Detroit, and by the Michigan Southern 
from Toledo. 

Perhaps we should have said before this some- 
thing of the train in which our supposed traveller 
is making the journey from New York to Chicago. 
The New York Central claims, no doubt justly, to 
hold the record in train speed, and it was New York 
Central engine No. 870, an illustration of which we 
give in Fig. 10, page 507, that accomplished the 
feat of ‘‘ breaking the record.” We also give on the 
same page an illustration wf the train which made 
the run between the two capitals with the engine 
No. 870 attached. (See Fig. 11.) This special 
train had a total weight of 230 American tons, or 
460,000 lb. On September 21, 1891, it ran 4363 
miles in 4253? minutes. From New York to Albany, 
143 miles, the time was 140 minutes, or, to be 
strictly accurate, 139 minutes 43 seconds. The 
following synopsis of the run will be of more in- 
terest to engineers than to the general passenger, 
who may be pardonably not over anxious to assist 
in a record-breaking experiment. It is, perhaps, 
unnecessary to say that all the trains do not at- 
tempt these remarkable feats. From New York to 
Albany the time was as stated. Here a stop of 3 


minutes and 28 seconds was made to change en- 
gines. From Albany to Syracuse, 148 miles, the 
time was 146 minutes 15 seconds, and at the latter 
town 2 minutes 58 seconds were spent in changing 
engines. Syracuse to Fairport, 704 miles, the 
time was 67 minutes 49 seconds. Here a stop 
of 7 minutes 50 seconds was made to cool 
a hot bearing. From Fairport to Hast Buffalo 
is 75.17 miles, and the time occupied was 71 
minutes 55 seconds. The total run of 436} miles was 
therefore made in 4395 minutes, including the three 
stops. Engine No. 870 weighs 200,000 1b. New 
York Central private car No. 247, weight 88,500 Ib. 
Wagner Palace car, Traveller, weight, 77,000 Ib. ; 
Wagner Palace car, Mariquita, weight, 93,600 lb. 
The combined weight of 460,000 lb. is about equal to 
an ordinary passenger train of five cars. No. 870 
engine is an eight-wheeled passenger locomotive, 
having four drivers each 6 ft. 6 in. in diameter and 
8 ft. 6in. spread. The cylinders are 19-in. in 
diameter by 24in. stroke. The engine truck 
wheels are 36 in. in diameter, and 6 ft. 8 in. spread. 
The weight on the four drivers is 80,000 Ib., and 
on the engine truck 40,000 lb. The boiler is of the 
wagon top type, 58 in. in diameter at the smallest 
ring, and has 268 tubes 2 in, in outside diameter and 
12 ft. long. The firebox is set on the top of the 
frames, and is 96 in. long by 40% in. wide. A brick 
arch is used, supported on pipes. The total heating 
surface is 18514 square feet, the total grate surface 
27.3 square feet. The smokebox is extended and 
fitted with a deflector plate and netting. The 
chimney is 16in. in inside diameter, and the exhaust 
nozzles are double. The working pressure is 180 lb. 
to the square inch. The tender has a coal capacity 
of 62%tons, and carries 3500 gallons of water. 
As shown in our illustration, it 1s carried on two 
four-wheeled trucks, each 4-ft. 5-in. wheel base, 
with 36-in. wheels. The weight loaded is 80,000 Ib, 
making total weight of engine and tender 100 tons. 
The engine and tender are fitted with the Westing- 
house air brake. The tractive force of the engine 
is 15,720 lb., and the ratio of weight on drivers to 
tractive force is 196. 

The drawing-room and sleeping-car service on 
the New York Central and its immediate connec- 
tions are operated by the Wagner Palace Car 
Company. The reputation of this company for 
constructing passenger cars of the most finished 
and luxurious kind is well known to every American 
traveller, and indeed to many—by report—who 
have never been on the Western Continent. We 
will not attempt to catalogue the advantages offered 
on the New York Central line ; that would be but 
repeating and insisting upon, in the fullest manner, 
the advantages that the traveller over long distances 
experiences in the United States. When it was 
decided that Chicago should be the city in which 
the great American Exhibition should be held, it 
was looked on by many as foredoomed to failure 
from an international point of view. The trip across 
the Atlantic, it was said, might be accepted ; but a 
railway journey of 1000 miles on the top of this 
was too much. Our worthy countrymen and 
countrywomen who agreed in this, very naturally 
based their opinions on their experience, and 
imagined that getting from New York to Chicago 
would be a journey of cramp and confinement, 
such as is experienced in getting from London to 
Plymouth or Aberdeen, only drawn out to three or 
four times the length. A trip on the New York 
Central would soon disabuse their minds of 
this notion. The cars deserve their name of 
‘“ palace” as much as anything on _ wheels 
can be made to do so, though we must confess the 
term is somewhat grandiloquent to sober British 
ears. There are buffet cars, where really good 
meals can be got; newspapers are provided; and if 
the traveller be speculatively inclined, he has 
opportunity to melt, at one blow by Wall-street 
operations, the whole sum he has put apart for 
the trip, for the latest quotations of the New 
York Stock Exchange are announced on board at 
Albany, Syracuse, and Rochester, by three enter- 
prising firms, who would doubtless undertake any 
little commission for the enterprising stranger, on a 
strictly cash basis. After such excitements, the 
discovery that there was a barber’s shop and a bath- 
room on board, would fall somewhat flat, however 
surprising such a thing would be in our own country 
of shorter journeys, and therefore with lesser 
need of such luxuries. The cars are adequately, 
and indeed brilliantly, illuminated with Pintsch gas; 
they are heated with hot water and steam taken 
from the locomotive ; and there is no fear of colli- 


sion with luggage trains, for they are relegated to 
their own special tracks. The Westcott Express 
Company will look after one’s baggage and see it 
punctually delivered at hotel, private residence, or 
on steamship without care or anxiety on the travel- 
ler’s part. 

The New, York and Chicago ‘‘ Limited” leaves 
the former city at 10 a.m. daily, and arrives at 
Chicago at 9.45 the next morning. The ‘‘ World’s 
Fair Special” leaves at 1.55 p.m. and arrives at 
Chicago at 3 p.m. the next day. There are 
other trains, and no doubt extra specials will be 
put on as required. 

We may add, for the convenience of any of our 
readers who wish to make their arrangements in ad- 
vance, that Mr. George H. Daniels is the general 
passenger agent for the line; and here we should 
in justice further state that American lines really 
think of the comfort and convenience of their pas- 
sengers, looking on them—not in the light of 
animated bales to be transported from spot to spot 
with the minimum expenditure of forethought or 
trouble—but as customers, whose contributions to 
the exchequer keep the corporation afloat and pay 
dividends ; or, what is still more to the point, 
salaries. In England our more important lines are 
now pursuing the same policy—notably we may refer 
to the London, Chatham, and Dover. The Conti- 
nental traffic of this company is worthy of imita- 
tion by some of our more prosperous corporations. 
Thousands of people in America remember with real 
gratitude Mr. William Forbes, the manager, and 
Mr. A. Thorne, his American passenger agent, who 
so courteously attends to the Transatlantic section, 
for his ready resource in difficulty, and wide know- 
ledge of those thousand little things that puzzle 
the traveller in a new land, 


T1I.—THE ERIE RAILWAY. 

OnE of the favourite routes between Chicago 
and New York is by the Erie line, the scenery 
passed being of a very picturesque nature. The 
traveller has a choice of roads; he can either go 
by way of Chautauqua Lake, or Niagara Falls. The 
line crosses the Alleghany Mountains, and passes 
through the Delawareand Susquehanna Valleys, both 
of which are noted for the charm of their scenery. 
Proceeding to the westward, it enters the mineral 
field of Pennsylvania and Ohio, where coal, oil, and 
gas are the natural productions. The Chautauqua 
Lake is the highest navigable lake in the world, 
and is also claimed by its admirers to be the most 
beautiful. Chautauqua itself is described as one of 
the ‘‘peculiar institutions of the United States,” 
and is the centre of a great educational system. 
Those who have visited this home of culture are 
loud in their praise of the delights there to be ex- 
perienced. The climate is perfect, neither too hot 
nor too cold; the streets are well laid out—not in 
the severe geometrical pattern which is  charac- 
teristic of many American cities. They are well 
planted, and Forest-avenue is really a beautiful 
landscape in itself. There are assembly-rooms, 
lecture-halls, clubs, museums, and a gymnasium, 
besides other delights for both the athletic and the 
cultured, whilst piety receives its tribute in ‘a 
model of Palestine some 300 ft. in length.” Water 
supply, fire protection, and sanitation are on an 
equally perfect scale. In fact, if there is a draw- 
back to Chautauqua, it has not been revealed 
abroad. The Erie line goes by way of 
Buffalo, and therefore a visit can be made to 
the Falls of Niagara, respecting which we need 
say nothing further here. Cleveland may be visited 
by a branch line which makes a second point of con- 
tact of the railway with the lake from which it takes 
itsname. Another branch will take the visitor to 
Cincinnati, on the Ohio River. From Buffalo there 
is water communication with Chicago by way of 
Lake Erie, Lake Sinclair, Lake Huron, and Lake 
Michigan. The visitor who wishes to see the great 
American fresh-water lakes may perhaps take this 
route, supposing him to have ample time at his 
disposal. The Erie Railway is one of the oldest 
roads in America, the charter of the New York and 
Erie Railroad Company having been granted in 
1832, over 60 years ago. The first sod of the line 
was not turned, however, until November 5, 1835, 
and in May, 1851, a train bearing the President of 
the United States and his Cabinet traversed the 
completed road. The line then was designed to run 
from Piermont on the Hudson to Dunkirk on Lake 
Erie, a distance of 446 miles. | Within 20 years of 
the opening the 446 miles had grown to 1400 miles, 
and the termini were New York at one end of the 
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THE NEW YORK CENTRAL AND HUDSON RIVER RAILROAD. 
(For Description, see Page 505.) 
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line, and Buffalo at the other. Before the road had 
been ten years in operation, the annual earnings 
exceeded the amount it was originally intended to 
spend in building it. 

The New York stations of the Erie line are at 
the foot of Chambers-street and West 23rd-street, 
North River. The general manager of the line is 
Mr. Alfred Walter, and though he has filled the 
post for only a short time, he has shown a remarkable 
and conspicuous ability for the position. 

Unhappily for the Erie line, it has been in times 
past the sport of Wall-street operators and 
gamblers in general. Its notoriety in this respect 
has somewhat overlaid the knowledge of the useful 
work which the line does. It is to be hoped, how- 
ever, that these are matters of the past, and that 
an important national undertaking such as the Krie 
line is will not again become a tool for speculation. 
It was but natural that whilst the line was so much 
the sport of chance with those who did not control 
its destiny, the internal management should not 
have been all that was necessary for its success. 
A welcome change came, however, when Mr. Felton 
undertook the management of the line. He did 
not hesitate to spend money on the better equip- 
ment, so as to be able to compete for freight and 
traftic. The coal traffic is one of the most important 
on this line, and it demands transportation in the 
business seat of the railways when it is most difficult 
to obtain it. This was a point to which Mr. Felton 
paid particular attention, but it does not come 
within our province at the present time. Another 
matter which concerns us more at the present 
moment, in which Mr. Felton exerted himself, was 
the equipment for passenger traffic. Contracts were 
made with the Pullman Car Company for vestibule 
trains, dining cars, and other luxurious railway 
carriages for which the American lines are un- 
equalled, and amongst them the Erie line takes a 
foremost place. In the permanent way also the 
Erie Company has set a good example of late, and 
though the roads suffered seriously from floods and 
freshets, a few years ago, great improvements were 
made. 

Under this wise government the Erie line is going 
apace. Formerly, when the energies of too many 
persons were devoted to Stock Exchange transac- 
tions and speculations, the only object was to 
squeeze as much as possible out of the unfortunate 
freighters, without consideration for the permanent 
benefit of the line. This naturally drove business 
to competitive lines, but since Mr. Felton took 
oftice a brighter day dawned, and it has always been 
his object, and that of his successor, to make the 
railway freighters look on the company as their 
friend. In this way large numbers of manufacturers 
and traders have been induced to settle on the line. 
The administration of the manufacturing depart- 
ments of the line shows equally good results, and 
out of 250 locomotives, 214 were in good condition, 
according to the 1890 report, only four being classed 
as bad. This was an increase of 24 good engines, 
and a decrease of 13 reported as bad previously. 

The Erie line follows the romantic valleys and 
rivers that distinguish one of the most beautiful 
districts of the Eastern States. Asarule, romantic 
scenery is not conducive to cheap railway construc- 
tion, and this has been the case with the Erie line. 
As the Erie was projected to become a line for 
through traflic, it is in this respect that its advan- 
tages are most eminent. Nevertheless, a large local 
business has been fostered during the last few years. 
The Hrie dépét is in Jersey City, so that the tra- 
veller from New York has to cross the Hudson by 
ferry. Soon after leaving the dépdt the train passes 
through the Bergen Tunnel, and then turns to the 
north. The first place of importance reached is 
Paterson, which is the capital of an extensive area 
devoted to agriculture, more especially of the culti- 
vation of fruits and vegetables. At Lackawachen 
the branch from the coal district, of which Scranton 
is the centre, is met. From here a large quantity 
of the celebrated anthracite coal is brought. In- 
deed, the Erie Railway carries nearly eleven million 
tons annually. In 1891 the amount of coal carried 
was 10,751,000 tons. This is an excess of all other 
trade carried. The line now proceeds to Binghamp- 
ton, where it is joined by a branch of the Delaware 
and Hudson River road, which brings it in direct 
communication with Auberly. The scenery at this 
part is very picturesque. The line follows the 
vulley of the Delaware and Susquehanna, being 
carried by viaducts and embankments over the 


valleys, and tunnelling through the spurs of the 
hills. The celebrated Portage Viaduct carries the 


Erie line over the Genesee River, where are the 
Portage Falls. The trains are carried by a line 
supported on six lofty piers of ironwork, which rise 
from the bottom of the ravine to a level of more) proceeds direct to Buffalo, and from thence the 
than 200 ft. above the falls, which have cut the’ visitor is within easy reach of Niagara Falls. Buf- 
valley through which the turbulent river flows. At) falo is an important centre, and indeed is one of 


Genesee Falls, where the river of that name de- 
scends a distance of 226 ft. into a rocky cafion 
three magnificent leaps. From Attica the line 
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Elmira a busy manufacturing centre is struck. A the three chief cities on the great lakes. It does 
little further on the line divides in two, the tra-| business to a large extent in grain, coal, salt, 
veller proceeding to Attica either by the way of timber, live stock, and cement. The lines of 
Addison and Hornellsville to Attica, or to that elevators and mills are features well worth visiting. 
city by Avon. At the latter place there is a Buffalo does not equal Pittsburg in its iron and steel 
branch line, . which connects up with Roches-| works, but it has vast establishments for oil re- 
ter and Mount Morris. The Rochester branch fining, brewing, and leather working. It is a hand 
brings the line almost to the banks of Lake somely laid out city, large sums having been spent 
Ontario. Near Rochester are the celebrated |on parks and boulevards. The harbour is the best 
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on Lake Erie, and has been well engineered. It is 
protected with breakwaters, and has a fine light- 
house. It will give some idea of the importance of 
these large lake ports to state that 19 railways enter 
Buffalo. It has four steamship lines, with an 
aggregate of 56 first-class steamers, of from 1800 to 
2800 tons. Over 90,000,000 bushels of grain and 
flour have been imported into Buffalo in a single 
year. There are many fine buildings, of which the 
City and County Hall, the Music Hall, and the 
public library are amongst the most prominent. 
The more direct route to Chicago is, however, by 
way of Salamanca, where the engineering works of 
the company are to be found. There are also to be 
started constructing departments belonging to the 
Erie line in Jersey City, Buffalo, and Susquehanna. 


junction being at Marian. Before reaching this 
spot, however, contact is again made with Lake 
Erie by a branch line to Cleveland, The harbour 
at Cleveland has had a great deal of money spent 
on it, and is a fine specimen of civil engineering, 
formed by piers and a breakwater, which embrace 
the mouth of the Cyahoga. Cleveland is a great 
port for the produce that comes from Lake Superior 
and Lake Huron, especially the iron ore from the 
former. The timber trade also is an important one 
in Cleveland. There are 150 iron and steel works, 
20 oil works, and many shipyards in the city. Ten 
lines of railways and 12 lines of steamboats con- 
verge on this point. The Standard Oil Company 
has important works there. Cleveland is generally 


known as the ‘‘ Forest City,” from the handsome 


Brew2: 


At Salamanca there are two lines, one proceeding to 
Jamestown, which is the principal station in the 
neighbourhood of the beautiful Chautauqua Lake. 
A branch line makes connection with Dunkirk on 
the shores of Lake Erie. 

At Salamanca a branch from Johnsonburg meets 
the line, and this taps the bituminous coal and oil 
region. Here is to be seen the famous Kinsua 
Viaduct, which is quoted as one of the most 
stupendous engineering feats of America. It spans 
a valley half a mile wide and 300 ft. deep. The 
piers upon which the line is carried are lofty and 
light iron structures resting on stone foundations. 
In the centre of the viaduct the height of the rails 
above the ground is 300 ft. It is a curious sight to 
see a train running over this apparently inadequate 
structure, although of course the gossamer effect 
of the viaduct is due chiefly to distance. At 
Salamanca the Erie line proper, meets the New 
York, Pennsylvania, and Ohio line, which it 
now controls, and thus connects with Cincinnati 
on the Ohio River and. Indianapolis, the 
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| way in which the streets are planted with fine trees. 
Cincinnati is known as the ‘‘ Queen City,” and is 
very beautifully situated in a valley formed by a 
sweep of bold hills. The surroundings of Cincinnati 
are specially beautiful. There are also some fine 
public buildings in the city. It is the centre of 
river-steamer traflic, and there are 24 railways 
running into it. The Erie is notable in one respect 
—it is worked on the block system throughout, a 
matter which will be appreciated by English tra- 
vellers, who are accustomed to the safety given by 
that system. The main line is very highly spoken of 
by the New York State Board of Railway Commis- 
sioners. The greater part is well ballasted with 
broken stone, which adds to the convenience of the 
passengers by insuring an absence of dust. The 
| Erie does a larger business in freight than in pas- 
_senger service, and, indeed, is said to make a greater 
profit on its freight per ton-mile than the other 
trunk lines. The New York Central earns almost 
as much in passengers as in freight. From the 
latter the Erie derived nearly four times as much 


as from the former, in 1891. Indeed, witha mileage 
much smaller than that of any of its rivals, it moves 
more freight per mile of the road than any other 
trunk line. From Marian the run to Chicago is by 
Lima, Huntington, and Griffith. In Chicago all 
Erie trains, by whichever route, use the Dearborn 
Station, which is in the business part of the city, 
and from which the Exhibition is easily accessible. 
The cars on the Erie trains have mostly been re- 
placed of late, making complete vestibule trains of 
baggage, smoking, passenger, sleeping, and dining 
cars. The passenger day-coaches are superior to 
any before placed in regular service on this line, 
and include toilet saloons for ladies, smoking 
apartments, &c. Breakfast, lunch, and dinner 
are served in the dining cars. The trains are 
heated by steam, and lighted by Pinsch gas. 
The day express of the Erie Railway leaves New 
York at 9 o’clock a.m., and arrives at Chicago at 
6.55 p.m. the afternoon of the following day. The 
vestibule train, limited, leaves New York at 3 p.m., 
and arrives at Chicago at 8.50 p.m. on the afternoon 
of the following day. The Pacific Express leaves 
New York at 8.30 p.m., and arrives in Chicago at 
8.25 a.m. the morning after the next following. 


IV.—THE BALTIMORE AND OHIO 
RAILROAD. 

THE geographical names which most railroads 
bear are often a useful guide to travellers. The 
Baltimore and Ohio Railroad, for instance, to the 
traveller merely considering its name, would tell 
him that it extended from the city of Baltimore to 
the State of Ohio, and sure enough it does, but its 
name does not tell the whole story. It told all 
when the road began at Baltimore and ended on 
the banks of the Ohio River, but that was many, 
many years ago—more than a generation back. 
Since then it has extended west of its original 
western terminus, to Cincinnati, St. Louis, and 
Chicago, and east of its original eastern terminus, 
to Philadelphia and New York. And so, while its 
name does not indicate the fact, it is now one of the 
trunk lines between New York and Chicago. 
America is such a big country that all of the many 
lines extending from New York to the West have 
routes peculiarly their own, and do not infringe to 
any great extent upon the vested rights of their 
competitors. Parallel as most of them are, they 
are in many cases more than 100 miles apart. There 
is some striking feature, geographical or otherwise, 
about each which distinguishes it from all others. 
The Baltimore and Ohio, for example, is the only 
direct line wid Washington, the nation’s capital, 
and its passengers from New York to Chicago enjoy 
the advantage offered by no other line—to pass 
through Washington, the Mecca of all American 
tourists. 

The Baltimore and Ohio is the pioneer passen- 
ger carrying line of America—we might almost add, 
of the world. It was first conceived in 1826 by a 
number of Baltimore capitalists, who had viewed 
with alarm the diversion of traffic to New York, 
which legitimately belonged to Baltimore, from 
the west over the Erie Canal, and which came to 
that city in wagons over the turnpikes through the 
passes of the Alleghany Mountains. Bold as 
was the project, its execution was even a bolder one. 
There were no models to follow. There were no 
trained engineers who could solve the thousands of 
intricate problems incident to the construction of 
a railroad over the Alleghany Mountains, with 
bridges over broad rivers, and tunnels under lofty 
peaks. Nor was there any known motive power 
at that time but horses. The use of steam for 
motive purposes had been merely experimental. 
About 1827 the Delaware and Hudson Canal Com- 
pany had begun, and put under construction, what 
was known as the Carbondale Railroad. It ex- 
tended from the head of the Delaware and Hudson 
Canal at Honesdale, Pa., to the coal mines belong- 
ing to that company and located at Carbondale, a 
distance of not much more.than 16 miles. The 
line was opened in 1829, and was operated partly 
by stationary engines and partly by mules, but it 
is of interest to us here only because it was the 
first road on which a locomotive was used in the 
country. This was, it must be remembered, before 
the celebrated trial of the ‘“‘ Rocket” on the Liver- 
pool and Manchester Railroad, and to Horatio Allen 
belongs the distinction of having driven the first 
locomotive ever run in America, the ‘‘Stour- 
bridge Lion,” imported from England. Long years 
afterwards he wrote: ‘‘ When the time came, and 
the steam was of the right pressure, and all was 
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ready, I took my position on the platform of the 
locomotive and with my hand on the throttle valve 
handle said; ‘If there is any danger in this ride it 
is not necessary that the life and limbs of more 
than one should be subjected to that danger.’ The 
locomotive, having no train behind it, answered at 
once to the movement of the hand. Soon the 
straight line was run over, and the curve was 
reached and passed before there was time to think 
as to its not being passed safely, and soon I was 
out of sight alone in the three miles’ ride in the 
woods of Pennsylvania. I had never run a locomo- 
tive or any engine before. I have never run one 
since.” 

The construction of the Baltimore and Ohio Rail- 
road was begun in 1828. The laying of rails was 
commenced in 1829, and in May, 1830, the first sec- 
tion of 15 miles from Baltimore to Ellicott’s Mills 
was opened. During the next, half-decade many lines 
were projected, and by the year 1835 something 
like 1000 miles of railroad were in use in America. 
For quite a length of time it was seriously debated 
by the powers that were, whether horses or steam 
should be used as the motive power upon the lines. 
The celebrated trial of the locomotives, however, 
on the Liverpool and Manchester line, and the ex- 
periments of Peter Cooper with a locomotive, ‘‘ Tom 
Thumb,” which would now be looked upon as a toy, 
in 1829 and:1830 upon the Baltimore and Ohio Rail- 
road, settled in reality this question for all time. The 
next year, the Baltimore and Ohio, encouraged by 
the success which Peter Cooper had attained, 
offered to the world at large a premium of 4000 dols. 
‘for the most approved engine which shall be 
delivered for trial upon the road on or before 
June 1, 1831, and 3500 dols. for the engine which 
shall be adjudged the next best.” The require- 
ments were that ‘‘the engine when: in operation 
must not exceed 34 tons weight, and must on a 
level road be capable of drawing day by day 15 
tons, inclusive of the weight of wagons, 15 miles 
per hour.” From that offer first promulgated by 
the Baltimore and Ohio Railroad Company, results 
so great and so far-reaching were to come as 
to revolutionise the whole civilised world. It 
meant the opening up to settlement of that great 
belt of inland country which had heretofore been 
thought of only as a vast and barren desert, the 
building up and development of a great nation, 
and the giving of happy homes, prosperity, and 
broad acres to thousands and thousands of people, 
who, but for it and the results that came from its 
acceptance, might to-day be starving in the over- 
crowded quarters of Hurope and its capitals. In 
answer to the reward offered, the plans of three 
locomotives were produced, only one of which on 
being weighed in the balance was thought to be 
capable of answering any useful purpose. 

The successful builders were Davis and Gartner, 
of York, Pennsylvania. The engine they built 
was named the ‘‘ York,” and was taken to Balti- 
more on wagons over the country roads. It was 
designed by Mr. Davis, a member of the firm. 
After undergoing some small changes, it was found 
capable of performing the duties required by the 
company, and was by them accepted. Afterwards 
the same Mr. Davis built other engines, the fore- 
runners of the famous ‘‘ Grasshoppers” used on the 
Baltimore and Ohio Railroad, three of which have 
been in actual service for considerably over half a 
century, the longest term of active life which can be 
credited to any locomotive. 

From beginnings such as these, and from the 
energy, faith, and far-sighted wisdom of the 
management of the Baltimore and Ohio Railroad 
Company, has sprung that magnificent system of 
railways which now covers the country in every 
direction, aggregates over 150,000 miles, and con- 
nects, by three grand belts of steel, the East with 
the West, the Atlantic with the Pacific Ocean, and 
the countries of Western Europe with the rich yet 
comparatively unknown but far-famed lands of the 
Orient. 

_Every man is interested every day and all the 
time in railroads, and in the transportation of 
persons and property over them. The cost of each 
and every one of the many different things he eats, 
wears, and uses, the cost of getting from point to 
point, the ease and comfort in which he may 
travel, the speed with which he may reach any 
given location or, distant point, the quickness 
with which he may get his mail, or gain a know- 
ledge of the events which happen from day to day, 
and even the extent of his social relations and 
the number of friends with Whom, by. ease of 
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communication and speed of travel, he can pre- 
serve more or less of an intimacy, are all affected 
largely, and in a great measure dependent upon, the 
railway. But aside from all this, the great and 
lasting influence it has exerted upon the civilisation 
of the world, the perfection of its system, its 
splendid road-bed, the comfort and luxury of the 
cars provided by it, the speed, ease, and perfect 
safety in which one may travel over it, and above all 
the beauty and interest of the many points reached 
by it, alone should make the Baltimore and Ohio 
Railroad itself, and any description of the various 
points of beauty and interestalong its line, of absorb- 
ing interest to the tourist, the man travelling for 
health and pleasure, the business man speeding 
from the east to the west, from the north to the 
south, and the citizen or the traveller interested in 
the history of the ‘‘land of the free and the home 
of the brave.” ‘ 

The push and energy of the management of this 
great railroad, however, and the rapid growth and 
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enlisted in the war of 1812, and on December 24, 
1851, the greater part of the Capitol and Library of 
Congress were destroyed by fire. It is perhaps the 
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more and Ohio has always kept pace, have made 
the system so large and so diversified that in the 
scope of this brief notice it is impossible to do} 
more than to touch on a few of the chief points of 
interest and almost ideal beauty with which the 
lines are crowded. Chief among them all to the 
traveller, the tourist, or the man interested in the | 
history of the country, is of course Washington. | 
In the very shadow of the Capitol Building (Fig. 19, | 
page 512) lies the Washington dépét of the Balti- 
more and Ohio (see Fig. 20, page 512). 

The city is built on a commanding site on the 
Potomac River and in the District of Columbia. 
It was founded in 1791, and became the seat of 
government in 1800. It was captured and burned 
in the month of August, 1814, by British troops, 


one great city in the world built upon the plans 
originally accepted. Designed by a master mind, 
the lines laid down by him have been strictly fol- 
lowed, and Washington is to-day in point of sym- 
metry and beauty one of the foremost cities of the 
world. The plan of the city proclaims that it was 
by its founder or designer laid out with the idea 
that it was one day to become a vast metropolis, 
and the result already achieved proves the far- 
sighted wisdom of the man whose name is to-day r 
almost forgotten. The ground upon which the city 
is built extends 44 miles north-west and 24 miles 
north-east and south-west, thereby including an 
area of 11 square miles. 

Leaving Washington, the scenery along the 
metropolitan branch of the Baltimore and Ohio lies 
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THE AUDITORIUM AND THE CHICAGO RIVER. 


(For Description, see Page 516.) 
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through a region of pleasant surroundings to 
Washington Junction, the gateway to the mountain 
region. A few miles farther on is Harper’s Ferry, 
a spot as immortal in history as it is picturesque in 
location. Here the Potomac cuts its way through 
the Blue Ridge, and the Shenandoah River, which 
has laved the foot of the same mountain range for 
more than 100 miles, loses itself in the Potomac. 
Maryland Heights lifts its rocky crown 1500 ft. 
above on one side of the Potomac, and Bolivar 
Heights, nearly as high a point, on the other, while 
Loudon Heights flanks the opposite bank of the 
Shenandoah. These three peaks, the corner posts 
of three States, stand like grim sentinels, guarding 
the entrance to the beautiful Shenandoah Valley, 
while their weird shadows blend like a_ poetic 
benediction in the waters of the wedded rivers at 
their feet. At the side of the placid Potomac, 
hoary with years, stands John Brown’s old fort, 
and however ill-advised and unwise the event with 
which his name is associated, his memory will go 
‘marching on” down the dust and drift of the 
ages. Fig. 21 (page 513) gives some idea of the 
scenery in this part of the line. From Harper’s 
Ferry the route lies for many miles along the Pote- 
mac, amid ever-changing though ever beautiful 
scenery, which can never become monotonous how- 
ever familiar one may become with it, until the 
eastern summit of the mountain is reached. 

At Cumberland, midway between Baltimore and 
the Ohio River, begins the Baltimore and Ohio’s 
Pittsburg division. The traveller has the option 
of route to Chicago by way of Pittsburg or over 
the Alleghany Mountains. A journey by either 
route is full of interest. If he goes over the 
mountains (see Fig. 22, page 511) he will have an 
opportunity of visiting Deer Park, on the moun- 
tain’s summit, where President Cleveland and his 
bride passed their honeymoon, and where Mr. 
Harrison passed his summers when President. (Figs. 
23 and 24 are other illustrations of the scenery on 
the route.) The Chicago terminus of the Baltimore 
and Ohio Road is the Grand Central Station, and 
is fully worthy of the reputation of the line. 

The great enterprise in which the Baltimore 
and Ohio is now interested is the construction of 
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a tunnel under the city of Baltimore. It is one of 
the formidable undertakings of modern times, and 
will involve the expediture of millions of dollars. 
Electric motors will haul trains through the tunnel, 
to avoid the discomforts of smoke and gas. This, 
although partly familiar, will be an experiment 
which will be as eagerly and as anxiously watched 
as was that of the same company sixty years ago 
when they applied steam as a locomotive power. 


V.—THE CITY OF CHICAGO. 

Perrunaps the most interesting thing the visitor to 
Chicago will see, even in this year of the Great Expo- 
sition, will be Chicago itself. Some Americans are 
apt to lament the absence of antique remains on 
their continent, but it is doubtful if any antiquity 
in the Old World is so justly impressive as the 
absolute newness of Chicago. Within the lifetime 
of men still busily engaged in the active pursuits of 
life, this vast city, sixth in magnitude amongst the 
centres of civilisation—being exceeded in popula- 
tion only by London, Paris, New York, Berlin, and 
Vienna—did not exist, was hardly in embryo. 
About the time of Mr. Gladstone’s birth its site 
was marked by a fort occupied by a few soldiers, an 
outpost of civilisation cut off from the rest of the 
world by almost unpenetrated tracts of virgin 
country. <A year or two later the little stronghold 
was destroyed by the Indians, the garrison was 
massacred, and the ‘‘silence of the wilderness was 
restored.” Two years later, in 1814, Fort Dear- 
born was rebuilt, and pioneers again appeared, so 
that im 1818, when Illinois was admitted to the 
Union as a State, Chicago was a ‘‘ thriving village,” 
although it was not for another five years that its 
opulence was sufficient to attract the attention of 
the tax-gatherer, and even then the contribution 
levied was but 11.42 dols., which represented a 
rateable value of less than 5001. Had the Chicago 
villager of that day been told of the city of Chicago 
of the present time, he would have been too incredu- 
lous, probably, to have acquired real estate, then of 
nominal, and now of fabulous value. But doubt- 
less Americans were even then anxious to boom 
their own locations. There is a tradition that a 
United States engineer officer, reporting to his 
Government early in the century, stated there was 
only one place on the shores of Lake Michigan 
where it was impossible to found a city. That 
place is now occupied by the city of Chicago. The 
officer should not, however, be scorned for the 
falsity of his prediction. At that time the site of 
the present city was not only a pathless wilderness, 
but it was a land where swamp and morass mingled 
with patches of stagnant lake and pond; where a 
sluggish stream flowed from the lake inland, or from 
inland to the lake, as seasons alternated and re- 
versed the water level. The land was low and 
marshy, and full of malaria; drainage seemed 
hopeless. Even at the present day the report of 
the engineer officer is constantly being justified ; 
for though Chicago is par excellence a city of lofty 
buildings, the restive disposition of the soil is 
ineradicable, and below the surface the water 
remains. For this reason the engineers and archi- 
tects of the city have had to devise a special 
type of foundation for the lofty structures they 
rear ; and striking as the superstructures of these 
edifices are, the most wonderful part is the basis 
below the level upon which they rest. 

Inland navigation was the mother of Chicago. 
The Illinois and Michigan Canal gave the reason 
for its existence, and it is curious to reflect that had 
railways been devised a century earlier, Chicago 
might have rested on firmer soil and a different site, 
though its continuance as a centre of industry could 
hardly be more deep-seated than at present. Itwas 
the Illinois and Michigan Canal Commissioners— 
a powerful corporation, with those wide powers for 
settlement then wisely intrusted to able men by the 
Government of the period—who first laid what has 
since grown into a city, and changed ‘‘Fort Dearborn 
Settlement” into the town or township of Chicago. 
Fig. 25 (page 514) is a copy from an old engraving 
of what Chicago was at that time. A plan of the 
new town was issued in 1830. It gives a fair idea 
of the youth of this second city in the States, and 
of the enormous rapidity of its growth, that the first 
building for business purposes was built by the 
father of one of the most prominent Chicago families 
of to-day. This was the late Mr. F. W. Peck, and 
the date was 1832. Three years after the date that 
may be set down as the birth of the city—namely, the 
year 1830, when the plan was made—the population 


ENGINEERING. 


only numbered 350 souls, but in frontier settlements 
this is a goodly number, for in new countries each 
man works with an energy and intelligence un- 
known amongst the masses of long-settled lands. 
At this time, too, the harbour works, which have 
since become so important a factor in civic life, 
were commenced, and there were four churches and 
four taverns ; a very fair proportion for a town of 
350 persons. In four years more the town struggled 
upwards, advancing with rapid strides, so that in 
1837—the year of the accession of Her Majesty 
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lamp was upset in a stable,‘ and a fire was’ started 
which was not subdued until three and a third 
square miles of buildings had been destroyed in the 
heart of the city, 98,500 persons had been rendered 
/homeless, 200 killed, and the damage actually done 
had amounted to 190 million dols., or over 38 mil- 
lions sterling. The details of this appalling cata- 
'strophe must be still within the memory of many of 
our readers. It seemed abroad as if the city could 
never recover so crushing a blow, but that was 
hardly the opinion of ‘Chicago herself. Within a 
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the Queen—when 4170 persons were numbered on 
the roll of inhabitants, it was felt that the seven- 
year-old town Chicago had asserted its position 


sufficiently to be numbered amongst the cities of | 


the world ; and a city it accordingly became. 

Then the newly fledged city, having gained all 
the honours it was in the power of the State to 
bestow, set itself to work to enlarge and consolidate 
its prosperity ; handling wheat, slaughtering hogs, 
raising stock, cutting lumber, producing, buying, 
selling, and scheming with all the feverish energy 
that marks the modern American as a new species 
amongst the many races which the world has 
produced. 

In the year 1871 a terrible check was put to this 
daily course of ceaseless commercial activity and ex- 
pansion. On the night of Sunday, October 8, a little 


}24 miles and width of 10 


week business was recommenced ; within a year 
many of the most important buildings were 
replaced ; five years later the the city was, it is 
said, ‘‘ handsomer and more prosperous than ever;” 
and in ten years, ‘‘ nearly all traces of the calamity 
had disappeared.” Indeed, it is considered that 
modern Chicago dates from this conflagration, after 
which the new era of construction, of which the 
city is so proud, was commenced, and was, in fact, 
rendered possible by the clearance made. 

The Chicago which the visitor of this year will see 
has a population probably exceeding a million anda 
quarter. The city limits embrace an area of 
over 181 square miles. The plan, Fig. 26, page 
514, gives some idea of its extent and arrange- 
ment in 1890. It has a maximum length of 
miles, Between the 
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years 1876 and 1891 there were erected 56,240 
buildings, the cost of them being put down at 
oyer 51 millions of pounds sterling. The volume 
of commerce in 1890 was 276 millions sterling, 
whilst in the year 1850 it was but four millions. 
In 1890, 5,733,082 hogs and 2,219,312 cattle were 
slaughtered in the stockyards. The wholesale 
business of the city in 1890 was over 97 millions of 
pounds sterling, and the value of manufactured 
products during the same year was about 19} mil- 
lions sterling. 

There are 24 daily newspapers and 250 weekly 
newspapers issued in the city. There are 25 hos- 
pitals, and the four churches of the thirties, have 
grown to 317 of the nineties ; whether the public- 
houses still maintain their numerical equality we 
know not. The area of public parks is 1974 acres. 
Thirty-five distinct railroad companies have station 
accommodation in the city, whilst there are 395 
miles of street railways. 

The Englishman visiting America for the first 
time, or after an absence of many years, will 
expect to find a great development in electric engi- 
neering, both in the matter of lighting and the trans- 
mission of power. In this he will not be dis- 
appointed, although in Chicago the system of cable 
traction has had to a great extent the advantage 
of priority of application. Whether, however, the 
traction be by cable or electricity, we think the 
visitor will scarcely fail to recognise the immense 
advantage of superseding our old and faithful ser- 
vant the horse; too noble an animal for the dull 
and wearing routine of street car traction. When 
one considers the rapid and certain means of com- 
munication afforded by such street electric railways 
as those of Pittsburg or Boston, and compares it 
with the crawling trams of London, or, still worse, 
the antiquated ’bus, with its stoppages at every pro- 
minent corner, one can only wonder at the long- 
suffering patience of Londoners, who put up with 
being so ill served. Matters move so fast in 
America in regard to the development of street 
railways that it is hardly safe to say from month to 
month what is the position of affairs. The visitor 
to Chicago, however, will have an opportunity of 
testing both the cable and electric systems, as well 
as steam railways on the level, elevated railroads, 
and steamboats, in going to and from the Exhibi- 
tion ; and, it is to be hoped, will come home again 
a determined opponent of the state of things that 
exists in this country. With regard to electric light, 
there is less to be learned, for we have enough of 
that system of illumination in England to give a 
fair idea of its virtues or defects. According to 
recent reports, there were eight electric light dis- 
tricts in Chicago, and the number of lights in opera- 
tionforstreetlighting amounted to considerably over 
a thousand ; but probably this total will be largely 
increased by the time the Exhibition is opened. The 
cost of installing 900 two thousand candle-power are 
lights was put down approximately at 14,940/., and 
that of the 3621 twenty candle-power gas lights 
which they displaced was 14,480]. The first cost per 
candle-power for arc light is estimated at 4c. ; the 
corresponding figure for gas illumination is 1 dol. 
A brief description of the electric lighting of Chicago 
will be found in ENGINEERING, vol. li., page 721. 

The most striking feature in the city of Chicago 
is, perhaps, the enormous size of some of the more 
recent buildings. The heart of the city, where 
every business man desires to have his offices, is 
confined within the somewhat narrow limits of 
about half a square mile. The boundaries are 
sharply defined—the lake on one side, the river on 
two others, and the fourth by the wide system of 
railway lines. There is, consequently, little oppor- 
tunity for expansion horizontally, and the citizens 
are driven perforce to vertical extension. One of 
the most curious effects of this squeezing upwards 
of buildings is the necessity that exists for displac- 
ing sound edifices which are excellent in all respects 
excepting that they are not big enough for the ground 
they occupy, and in order to preserve some of them 
for future use, it has become a not unusual thing to 
move them bodily to less costly sites. During 1890 
no less than 1710 houses were thus transported to a 
new resting-place, and although they were mostly 
timber structures, they were so far important that 
their total frontage amounted to about six miles. 
Many of the houses, however; were of brick, and 
some as much as four storeys high. Indeed, the 
Chicago contractor thinks little of carrying off a good- 
sized dwelling-place with little disturbance to its 
internal economy ; or, if necessary, he will raise the 
stucture aloft and ‘‘inject”? a new ground floor, 


This has been a speciality of Chicago since the early 
days. 

The building known as the Auditorium is one of 
the great sights of Chicago amongst her mammoth 
houses. It contains a grand opera house, a fine 
hotel, a public hall, and a large number of offices, 
stores, shops, a Government weather station, &c. 
Our illustration, Fig. 27, on page 515, gives a good 
idea of the exterior, by which it will be seen that 
the style of architecture is severely simple, the 
designers not having erred in regard to over-orna- 
mentation. It is built on Michigan-avenue, and 
overlooks the Lake Front Park and Lake Michigan 
itself. The architects are Messrs. Adler and Sulli- 
van, of Chicago ; and though decoration has been 
no more sought by means extraneous to the neces- 
sities of construction than in the Forth Bridge 
itself, yet, like the latter structure, it impresses 
the beholder by the grandeur of its proportions and 
the overwhelming effect of its stupendous mass. 
On the other hand, rich, bold, and original orna- 
ment enriches the interior. Mr. Ferdinand W. 
Peck was the prime mover in this vast undertaking, 
the idea from the first being that the building 
should not only be a commercial venture, but also 
should supply a monument in some measure charac- 
teristic of the city’s greatness. The total street 
frontage on Wabash-avenue, Michigan-avenue, and 
Congress-street is 710 ft. There are 10 storeys in 
the main building, the height being 145 ft. The 
height of the observatory tower above the main 
building is 95 ft., and the lantern above the tower 
extends another 30 ft. This gives a total height of 
270 ft. The area occupied by the main tower 
measures 70 ft. by 41 ft. ; the foundations cover 
about 24 times a greater area, for reasons that will 
be more fully explained later. The entire weight of 
the building is 100,000 tons, the tower weighing 
15,000 tons. . The exterior is largely of granite ; 
the interior being of steel, brick, terra-cotta, 
marble, and wood. 

Iinpressive as the Auditorium Building is in ap- 
pearance, the most wonderful part is that which is 
hidden from view. We have already referred to 
the report of the United States engineer officer of 
the early years of the century, when Chicago existed 
not, in regard to the site on which the city now 
stands, and although the Auditorium Building 
would appear at first sight a monument to his 
ineptitude, yet almost the reverse may be said 
actually to be the case. It has only been by the 
most consumate boldness, combined with engineer- 
ing ability of a higher order, that the building has 
been constructed to keep its head above ground, 
and indeed the same thing may be said, although 
not to the same degree, of the big buildings of 
Chicago in general. The natural formation of the 
land unfits it to a remarkable degree for the erec- 
tion of large buildings. The surface consists chiefly 
of a layer of about 14ft. of sand, beneath which there 
is abed of clay from 4 ft. to 6 ft. in thickness. The 
clay being pierced, a deposit of saturated soil, often 
little better than mud, is reached, but beyond this 
is a solid bed of clay extending to a great depth. 
These are the general features of the formation 
at Chicago, but in the case of the Auditorium 
Building, situated as it is near the margin 
of the lake, there were other special considera- 
tions. Designing the foundations was a con- 
stant series of compromises between positive wants 
and imperative limitations. As will be gathered, 
no great depth could be excavated, and the soil was 
capable of supporting only a moderate load, so that 
even and wide distribution was a necessity. The 
basements required were extensive, though of neces- 
sity very shallow, and the adjoining buildings had 
to be carefully guarded. The drainage levels were 
also very inconvenient, and all sewage in this, as 
in many others of the great buildings, has to be 
lifted by a special pumping plant situated in the 
basement, and delivered into the sewers. An addi- 
tional difficulty was the necessity for a pit under 
the stage of the theatre, which occupies the centre 
of the building, and this was required to be 62 ft. 
by 120 ft. in extent. Every additional foot of 
depth gained for this pit promised a more perfect 
arrangement of stage mechanism, and of course 
opened up increased difficulties of construction. It 
would take too much space to describe in detail the 
manner in which Mr. Adler, who arranged the 
engineering details of the work, solved this pro- 
blem, but a full and illustrated description of the 
work will be found in our issues of April 3 and 24, 
1891.* It will suffice to say here that a way was 

* See ENGINEERING, vol. li., pages 394, 400, 488, 490. 
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found of supporting this vast superincumbent mass 
by means of spreading the foundations on a species 
of platform or raft, the structure being made up of 
timber covered by concrete inclosing heavy steel 
rails and I beams. A level of 17 ft. was adopted 
as a standard depth of the foundations, but the 
foundations of the tower were taken to 18 ft. below 
surface. As the bottom of the foundations is 3 ft. 
below the level of the lake, the water often reaches 
them, and therefore arrangements are made to admit 
water to the timbers at the base, or to flood them, if 
necessary, by artificial means if the water level in 
the lake falls. The volume of earth excavated in 
the foundations of the Auditorium was 28,860 cubic 
yards. The quantities of materials used were as 
follows: 1,000,000 ft. of timber, 231 tons of steel 
rails, 77 tons of steel J beams, 2565 cubic yards of 
broken stone, 2921 cubic yards of sand, 2650 barrels 
of cement, 933 cords of rubble stone, 4296 cubic 
feet of dimension stone, and 1,280,000 bricks. In 
the whole building the number of bricks is said 
to be 17 millions. There are 50,000 square feet of 
Italian marble and mosaic, 800,000 square feet of 
terra-cotta, 60,000 square feet of plate-glass, 25 
miles of pipes, and 230 miles of electric wires. 
There are 10,000 electric lights, and 13 electric 
motors for ventilating apparatus, besides four 
hydraulic motors. There are 21 pumping engines, 
13 elevators, and 26 hydraulic lifts for moving 
stage platforms in the theatre. 

The theatre occupies the centre of the block, and 
has seating capacity for 4000 persons for thea- 
trical performances, butif it be used as a meeting- 
hall, and the stage space is occupied, it will hold 
double that number. The theatre is so large that 
its full dimensions are not required on ordinary 
occasions, and arrangements are made to shut oft 
a part of the galleries and reduce the size of the 
proscenium by a rising and falling screen. The 
total cost of the Auditorium Building was 640,0001., 
which appears small considering what has been ob- 
tained for it. 

We have somewhat minutely described the 
Auditorium, because it is so thoroughly typical of 
Chicago’s finest buildings, but there are many other 
imposing structures in Chicago, to one of which we 
must refer. The ‘‘Masonic Temple” is a square 
block of 20 storeys, 12 or 14 arranged as spacious 
shops. All domestic offices are placed at the top of 
the building, and it need hardly be said that the 
communication is by elevators, of which there are 
a dozen or more constantly running. The elevator 
service in America is a very different thing to that 
which generally exists in this country, although 
some improvement has been made here in the more 
recent large buildings of the city. The service is 
constant, and the speeds are such as are unknown 
in this country. In tall buildings some of the 
cages do not stop at the lower floors, but go 
straight to the upper levels without delay. The 
site of the Masonic Temple is on Randolph-street 
and State-street, and measures 170 ft. by 114 ft. 
The height is 265 ft. The building rests on cement 
and iron foundations, which project outwards far 
into the adjoining streets. The superstructure is 
built of a steel framework. The lower storeys are 
faced with red granite, whilst the upper part is of 
grey brick and terra-cotta. Most of the upper 
floors are used as offices, and the basement is 
arranged as an immense café. On the 17th storey 
there is a drill-hall 50 ft. by 109 ft. The top floors 
are devoted to Masonic purposes. The roof was to 
be converted into a hanging garden, but whether 
this design has been carried out we are not aware. 
The illustration, Fig. 28, on page 516, shows the 
external appearance of the building. 

We do not propose describing any more of these 
maimmoth buildings, which are characteristic of the 
large cities of America, more especially of Chicago. 
The Chamber of Commerce building contains 500 
offices, and Temple Court 400. The Manhattan 
building holds no less than 900 offices, the Rookery 
more than 600, and the Tacoma building 500. 
There are many others of not much less size. The 
superstructures of these lofty edifices mostly consist 
of a steel framework with steel girders and bracing, 
the whole firmly riveted and fastened so as to afford 
a strong and self-supporting steel skeleton or cage 
work. Upon this are placed the walls. They may 
be of stone, brick, or terra-cotta; but they are 
simply panels or screens, adding little more to the 
strength of the structure than do the oiled paper 
walls on the bamboo frame of a Chinese dwelling- 
place. Hollow terra-cotta tiles are a favourite 
material in these buildings. They are light, and at 
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the same time have a low conductivity of heat, so 
that they keep the dwelling warm in winter and 
cool in summer. The floors are composed of 
masonry arches of some description laid between 
steel girders and joists. Great care is taken to 
secure the buildings against fire. The principal 
steel members are protected by concrete, with air 
spaces between to afford a non-conducting or cool- 
ing medium, and columns are often surrounded by 
a terra-cotta skin with air spaces. 

Of late, however, it has been considered that 
Chicago has gone far enough, if not a little too far, 
in the matter of vertical extension, and legislative 
action has been taken with a view to stop such 
high-soaring buildings. Under these circumstances 
it has been proposed to obtain the necessary space 
for the purposes of the city by burrowing down- 
wards. The old plan of making foundations for 
heavy buildings was to sink piles through the 
strata of sand, clay, and mud, until the solid lower 
clay was reached. This method was abandoned 
in favour of what may be described as the floating 
foundation resting on the thin upper bed of clay 
above the mud. Now, however, the lower clay is 
again to be made to support some new buildings, 
not through the medium of piles, but by the walls 
of the buildings being carried through the mud 
down to the lower stratum of firm earth. A base- 
ment, 40 ft. deep, is already put forward, to be 
constructed in this manner. Of course the interven- 
ing walls will have to be very solidly built to support 
the pressure of the liquid mud that is sandwiched 
between the two layers of clay. In fact, the occu- 
pants of the subterranean part of the structure 
will be living in a large masonry coffer-dam. It is 
only electric light that has rendered such a scheme 
possible, just as elevators have made the tall build- 
ing a practical success. How far engineering 
science will enable buildings to be extended up- 
wards towards the heavens, and downwards into the 
bowels of the earth, it is impossible to say, but the 
Chicago architects appear to be determined only to 
be stopped by the ultimate strength of the strongest 
materials and the limits of scantling imposed by the 
space at their command. 

With such a site as that we have described, 
and having been built so rapidly, it is hardly 
necessary to say that Chicago has had a sewage 
difficulty. In fact, sewage disposal has been a 
trouble since the city contained inhabitants enough 
to make a meeting, and naturally it went hand-in- 
hand with the water supply difticulty—or rather, 
was the cause of the latter. The water problem 
was, however, early taken in hand. Away back in 
the classic era of 1868 a tunnel two miles long was 
run out under the bed of Lake Michigan, and at 
the end there was an intake, so that pure water 
might be obtained uncontaminated by the pollu- 
tions of the town. But the pollutions spread, and 
the area of impure water was found to extend 
beyond two miles from the shore, so that a four- 
mile water tunnel has been completed. It is illegal 
to discharge sewage matter into Lake Michigan, the 
Chicago River being the official outlet for the excreta 
of the city. Unfortunately the river is not constant 
in its course, sometimes flowing to, and sometimes 
drawing water from, the lake. In order to keep 
the river from attaining a higher level than the 
lake, very powerful pumping engines have been 
erected, and these are constantly at work raising 
water from the river and discharging it into a canal 
which flows southward to the Illinois River and 
thence to the Mississippi. Thus it is that the out- 
let for the sewage of Chicago is found to be in the 
Gulf of Mexico, and St. Louis has made complaints, 
the validity of which may reasonably be doubted, 
that she has received germs of disease water-borne 
from the shores of Lake Michigan. The volume of 
water raised by the pumps is sufficient at all seasons 
to cause a flow from the lake to the river, but at 
best the arrangement is crude, unnatural, and 
recognised as only temporary. The source of water 
supply is lable to be sullied by the stoppage of the 
pumps, and the waters of the little river are ever 
contaminated by the sewage matter of the whole 
city. Happily, steps have been taken to mitigate 
this evil, though it must be long before the work is 
completed. The scheme is to construct a ship canal 
commencing at the Chicago River and terminating 
in one of the branches of the Mississippi. In this 
way the city will find a direct outlet for its produce 
to the sea, and a larger part of the rainfall of the 
northern part of the continent will find its way to 
the sea through the Gulf of Mexico than has been 
the case since geological changes substituted the St. 


Lawrence for the Mississippi as the channel of out- 
let. 

To adequately deal with the industries of Chicago 
would be almost equivalent to writing a treatise 
upon the principal manufactured productions of the 
world ; but there are one or two branches typical 
of the city upon which we may touch. The walls 
of Chicago may truly be said to be cemented in 
blood ; but it is the innocent blood of hogs and 
kine, shed as painlessly as taking the life permits, 
and not human slaughter, as in the case of the 
classic city. The history of Chicago is a record of 
peace since the massacre of Dearborn in 1812. 
There have been Anarchist vapourings and some 
riots, but nothing more. We have said that in 
the course of one year about six million hogs and 
two million cattle were slaughtered, their estimated 
value being 46 millions sterling. The principal 
stockyards are situated about 54 miles from the 
centre of the city. They were opened in 1865, 
and occupy an area of 400 acres. The stock- 
yards are for affording accommodation of the 
cattle until the beasts are taken over by the 
purchasers, and there is room for 20,000 head 
of cattle, 120,000 hogs, and 15,000 sheep. About 
1000 men are employed by the stockyards in this 
transfer business, whilst about as many more are in 
the service of the 120 commission merchants, and 
300 or so of buyers. From the stockyards the 
victims are taken to the slaughterhouses, where 
they are despatched. The cattle are driven into 
large pens, and thence along narrow passages into 
separate compartments, just large enough to hold a 
single bullock. Above is a wooden footpath ; along 
this a man walks either shooting or felling the beasts 
as he goes. Hanging railways, with power, are pro- 
vided for transporting the carcases, and the halves 
or quarters of meat, which are finally disposed in 
chill rooms to keep them in condition. Every part 
of the animal finds a use, gastronomic or otherwise. 

The packing business is the outcome of all this 
slaughtering of animals, and the largest firm en- 
gaged in Chicago is that of Armour and Co., who 
did business to the extent of 15,000,000/. during 
1890. In that year they killed 1,500,000 hogs, 
650,000 cattle, and 350,000 sheep. The most gifted 
of their slaughtermen kills 5000 hogs a day. The 
figures are almost enough to make a full man turn 
vegetarian. They employ 7000 workmen; they 
keep 1800 refrigerator cars in constant service ; the 
floor area of their factory is 180 acres, with a storage 
capacity of 130,000 tons of meat. Glue, fertilisers, 
grease, pepsine, and other by-products form a large 
part of their business. 

Next to meat comes bread. Chicago is the chief 
mart for all those broad wheat-lands of the agricul- 
tural middle and western States. By rail in the 
enormous freight-cars which are unparalleled in this 
country, and by water in the special bulk-carrying 
steamers of Lake Michigan, grain is poured into the 
elevators of the city, whence it is distributed all 
over the country ; much to remain, but a large pro- 
portion to be again shipped ; ultimately to become 
no inconsiderable part of the bone and muscle of 
the English nation. It is a strange thought how 
small a part of us now springs from our own soil. 
It may be that in this way we may account for the 
growing unfashionableness of patriotism in Great 
Britain. 

There are 27 elevators in Chicago, and their col- 
lective storage capacity is about 29,000,000 bushels 
of grain. These figures, however, vast as they are, 
give but a small idea of the volume of grain that 
flows through the city, for in 1890 the shipment of 
cereals was, in round figures, 12 million bushels of 
wheat, 90 million bushels of Indian corn, 71 million 
bushels of oats, and 12 million bushels of rye and 
barley. The largest of the elevators is that owned 
by the Armour Elevator Company, and has a capa- 
city of 2 million bushels. Elevators in the city 
range on an average from a million to a million and 
a half bushels in capacity. In 1890 about 8 million 
bushels of grain were distributed by means of the 
lake steamers, and there is no need to say here that 
steamers on the great American lakes have to be 
craft that will cope with a gale of wind as well as 
those ships which sail on salt water. The number 
of vessels engaged in the trade in 1890 was about 
9000, the total tonnage being 8,750,000 ; the port 
trade of Chicago is about as large as that of New 
York, and half as great as that of the Port of 
London. Vast as these figures are, they are all the 
more astounding, as they represent the trade of the 
lakes almost exclusively. Fig. 29, page 515, gives 
some idea of the crowded Chicago River. 


VI.—THE INTERNATIONAL EXHIBITION 


OF 1893. 


Tue World’s Columbian Exposition doubtless 
owes its origin to the 1889 Exhibition at Paris, 
which is at present last on the roll of these inter- 
national shows. One Exhibition springs from 
another, the most remote ancestor being that now 
classic Palace of Crystal in Hyde Park, the original 
‘‘World’s Fair.” Come what may in bigness or 
magnificence, 1851 will never be surpassed in 
brightness and freshness, as 1t appears enshrined in 
the memories of those living who can recall it in all 
the excitement of novelty and the hopes—fallacious 
as they proved—of the new era of universal peace 
and prosperity. 

The success of the Paris Exhibition of three 
years ago naturally set the Americans thinking, and, 
for Americans, thought is but a prelude to action- 
It was not difficult to discover an era to ‘‘cen. 
tennerise ”’—all nations have a plentiful stock—but 
the occasion was particularly fortunate in regard to 
the United States, as it enabled the attention of 
neighbouring States to be drawn to what is the very 
respectable antiquity of many of the American 
traditions. Americans are apt to speak of their 
country as something excessively new, and we 
accept the statement. But when we come to com- 
pare dates, we find that civilisation in the two coun- 
tries has gone very much hand in hand. Our own 
history prior to the first settlement of what is now 
the United States, was hardly that of a civilised 
race, being not much more than records of tribal 
warfares and the oppression by a powerful aristo- 
ceracy of the great mass of people of the land. Long 
after the older settlements of America were flourish- 
ing, if somewhat elementary, cities, a great part of 
the British Isles was but a trackless waste, impass- 
able for carriages excepting by those highways 
which we inherited from our sometime masters, the 
Romans. 

However, Chicago, like a handsome belle, prides 
herself upon her youth, so it was hardly considera- 
tions such as these which called forth the Exhibition ; 
but when it was determined in America that there 
should be an Exhibition, the ‘‘ Garden City ” made 
up her mind to have it. New York was the only 
competitor that put in any serious opposition ; but 
New York was (not united within her own borders, 
so that the victory went somewhat easily to Chicago. 
Now that we know what Chicago has done, there 
must be few, even in New York, who can deny that 
the trust of the Union has been well placed. 

Almost from the first it was seen that it would 
be impossible to get a big Exhibition completed in 
time for the 400th anniversary of the discovery of 
Columbus, by which the modern civilised career of 
the New World was inaugurated and the history 
of the Old World modified. It was on August 3, 
1492, that the great Genoese voyager sailed from 
Andalusia ; on October 12 following he took posses- 
sion, for the Spanish Crown, of the Bahamas, and 
within a fortnight he added the island of Cuba to 
the possessions of the Spanish throne. So much for 
the anniversary, and in order to give it the sem- 
blance of reality, the real opening of the Hxhi- 
bition had to be anticipated by a formal inaugu- 
ration ceremony held last year. If these points 
mattered, some might be inclined to insist that the 
400th anniversary of the discovery of the American 
continent by Columbus should not be held until 
the year 1898, for it was six years after his first 
voyage to the West Indies that Columbus sighted 
the Florida coast, which was his first discovery of 
the mainland of the American continent. If, 
however, the Exhibition had been postponed in 
accordance with this consideration, other difficulties 
might have arisen, for it would have been necessary 
to deprive Columbus of the leading part, and to 
substitute Sebastian Cabot, who was really the first 
to set foot on the mainland, which he did on June 
24,1497. Moreover, so late a date would have 
interfered with the great French celebration of the 
coming century. Cabot was in the employ of 
Henry the Seventh of England. We therefore 
have this anomaly: that the celebration of last 
year did not mark the fourth centenary of the 
discovery of any land now under the United States 
flag, for the Bahamas are a dependency of Great 
Britain, whilst Cuba is still subject to Spain. 

We may, however, wisely ignore all these 
historical details, which are, moreover, clouded 
by earlier, if doubtful, claims, and accept the 
largest and most complete Exhibition the world has 
ever seen, with or without a centenary. New 


APRIL 21, 1893. | 


ENGINEERING. 


519 


a 
eee —————————————————— LEE 


York made the first proposal, and at first ‘New 
York seemed hardly to question that any other 
opponent would enter the lists against her. Per- 
haps it was this over-confidence that led to her 
supersession, but in any case Chicago gained the 
day ; for on April 25, 1890, an Act of Congress was 
approved providing for the celebration of ‘‘ The 
400th anniversary of the discovery of America by 
Christopher Columbus by holding an International 
Exhibition of Arts, Industries, Manufactures, and 
the Products of the Soil, Mine, and Sea, in the 
city of Chicago.” The control of the undertaking 
was vested in a United States Commission com- 
posed of two commissioners from each State or 
Territory, and of eight special members. The chief 
duties of the Commission were to decide on the 
most suitable site, to approve of the buildings and 
general arrangements, to make allotments of space, 
to classify exhibits, to determine the plan and 
scope of the undertaking, to appoint juries and 
confirm awards, and to make allarrangements with 
foreign exhibitors. As a matter of fact, the Com- 
mission was too cumbrous a body to perform the 
somewhat delicate functions included amongst the 
above duties, and an executive committee was 
formed from the original organisation, of citizens of 
Chicago, the Washington Commission being in- 
structed to withhold their consent to any actual 
steps being taken until the corporation could show 
that it possessed a bond fide subscription of at least 
5 million dols., of which 10 per cent. was paid up, 
and a further guarantee of 5 million dols., to make 
in all a sum equivalent to over 2 millions sterling, 
to provide for the expenses of construction and 
management. It was arranged that in the mean- 
time no official communication should be made to 
any foreign Government ; but, after the conditions 
had been complied with, the President of the 
United States should make proclamation of the 
fact, and should communicate with the diplomatic 
representatives of the various Powers, and 
through them invite their respective Governments 
to take part officially in the Exhibition. At the 
same time it was arranged that the United States 
Government should become an exhibitor, the sum of 
100,000/. (500,000 dols.) being set apart to the 
erection and equipment of the Government Build- 
ing, of which more will be said in due course. The 
grand Naval Review—with regard to which our own 
Government found it so difficult to make up its 
mind what to do, and has done so little at last— 
was also empowered under the Act. This latter is 
the little slice of attention which the metropolis 
has managed to save for herself, as the naval pageant 
is to take place in New York Harbour, if it is not 
transferred to Hampton Roads. 

The corporation acting under the general control 
of the National Commission consisted originally of 
a board of 45 directors. There have naturally been 
since the first organisation a good many changes ; 
but it will be sufficient if we give here the names of 
the chief officers at the time of writing. Some ex- 
ceptions, however, must be made, for no record 
of the Columbian Exposition would be complete 
without reference to the pioneer efforts of Mr. Fred. 
W. Peck, of Mr. Jeffreys, and of Mr. O. Chanute, 
the well-known American engineer, and a promi- 
nent organiser of the International Hngineering 
Congress. These two last-named gentlemen came 
to Europe at the close of 1889, and, after a few 
weeks’ stay in Paris, returned and presented a report 
on the famous French International Exhibition of 
that year. Mention must also be made of the Hon. 
T. W. Baker, the first President of the Exposition, 
who noblysustained the heat and burden of the work 
for about 18months, till failing health compelled him 
to resign, his place being taken and most ably filled 
by Mr. H. N. Higinbotham, a member of the famous 
firm of Marshall, Field, and Co., the largestdry-goods 
merchants in the world. In its earliest days the 
Exhibition suffered a great loss in the untimely 
death of Mr. Root, one of American’s ablest archi- 
tects, and partner to Mr. Burnham, the present 
consulting engineer. Death and retirement have 
indeed made many gaps and changes in the organi- 
sation, which is at present much as follows : 

The Chicago Board of Directors consist of 45 
members ; the first president of this board was, as 
said above, the Hon. W. T. Baker. He was suc- 
ceeded by the Hon. H. N. Higinbotham, now 
president. The vice-presidents are Messrs. T. B. 
Bryan and Potter Palmer ; the treasurer is Mr. F. 
Seeberger ; the auditor, Mr. W. K. Ackerman ; and 
the traffic manager, Mr. E. E. Jaycox. The detailed 
work has been diyided among a number of com- 


mittees: Executive, Finance, Ways and Means, 
Grounds and Buildings, Receptions, Awards, &c. 
This is the Chicago organisation. The Government 
control is vested in a Government Commission, 
. : : » 
of which Colonel George R. Davis is the executive 
officer. His organisation is divided into 15 depart- 
ments, each with a chief : 


Agriculture—Mr. W. I. Buchanan. 

Horticulture—Mr. Saunders. 

Live Stock—Mr. W. I. Buchanan. 

Fisheries—Mr. J. W. Collins. 

Mines and Mining—Mr. F. J. V. Skiff. 

Machinery—Mr. Robinson. 

Transportation—Mr. Willard A. Smith. 

Manufactures—Mr. J. Allison. 

Electricity—Mr. J. P. Barrett. 

Fine Arts—Mr. H. C. Ives. 

Liberal Arts—Dr. Peabody. 

. Ethnology—Professor F. W. Putnam. 

. Forestry—Mr. W. I. Buchanan. 

Publicity and Promotion—Mr. M. P. 
Handy. 

15. Foreign Affairs—Mr. W. Fearn. 


The heads of the Government Departments exhi- 
bition are as follows : 


Department of State—Mr. S. A. Brown. 

The Treasury—Mr. A. B. Nettleton. 

War Department—Major C. Comly. 

Navy Department—Captain R. W. Meade. 

Post Oftice—Mr. A. D. Hazen. 

Interior—Mr. H. A. Taylor. 

Justice—Mr. EK. J. Foster, 

Agriculture—Mr. E. Willits. 

Smithsonian Institution—Dr, G. L. Goode. 

United States Fisheries Commission—Mr. J. 
W. Collins. 

Latin American Department—Mr. E. W. 
Curtis. 
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Passing reference may here be made to the 
recent gift of the United States Government to the 
Exposition of 2$ million dols., to be issued in a 
special Columbian coinage of half-dollars. This 
amount was just half the sum asked for, but 
American enterprise was equal to the occasion : the 
issue was raised to 100 per cent. premium, realising 
five millions, besides special coins: the first, the 
fourteen hundred and ninety-third, the eighteen 
hundred and ninety-third, and some others have 
fetched fancy prices. The Remington Type-writing 
Machine Company gave 10,000 dols. for the first coin. 

The financial arrangements required by the Act 
of Congress were fulfilled towards the end of 1890, 
and the necessary communications were made by the 
President to the representatives of foreign Govern- 
ments in due course. At that time about 1,300,0001. 
was subscribed by the citizens of Chicago and the 
railway companies especially interested in the under- 
taking, and of this sum no less than 200,0001. had 
actually been paid, the balance being available as 
required and guaranteed by good names. Later, 
in addition to that, the city of Chicago issued 
bonds to the extent of one million sterling ; and as 
this step was contrary to the then existing State 
law of Illinois, a special enactment was obtained. 
The receipts of the Exhibition were further mort- 
gaged to the extent of a million pounds sterling 
more. It was not expected that the Exhibition 
would be so great a financial success as to enable 
all the money thus raised to be recouped ; but the 
American people did not embark on the enterprise 
with a view of running a money-making show, but 
to hold an Exhibition which would worthily re- 
present the greatness of their country. The way 
the money has been subscribed, and the energy 
with which work has been carried out, show that 
Americans are not ashamed—to quote the words of 
a popular English writer—‘‘ of being thought guilty 
of anything so vulgar as patriotism.” 

The figures we have quoted do not, of course, 
represent anything like the whole of the money 
that has been spent, or will be spent, on this 
gigantic show. The various States of the Union 
have contributed large sums to erect representative 
buildings and to be worthily represented ; the 
foreign Governments have contributed their quota ; 
and there is all the vast sum which has been, and 
is now being expended by the private exhibitors of 
America and other nations. It is impossible to 
form even the most approximate estimate of what 
this will amount to, nor indeed of the actual outlay 
on the Exhibition itself, but when one comes to 
consider the enormous capital investment that the 
completed Exhibition will represent, and how great 


is the labour which directly or indirectly it has 
commanded, one may well be lost in amazement in 
thinking how vast are the ramifications of modern 
industrial enterprise ; how large a share of the at- 
tention of the civilised world Chicago will occupy 
during the year 1893; and probably how greatly 
the display of the industrial powers of America 
will hereafter affect the trade of the world. 

Our readers will remember the Commission re- 
presenting the American Government which came 
to Europe in the summer of 1891, visiting this 
country in July of that year. We are glad to say 
that the reception given them in England, both bythe 
British Royal Commission for the Exhibition, then 
scarcely formed, and by various private individuals 
and public bodies, was of a nature with which our 
ever-appreciative guests expressed themselves highly 
satisfied. Whatever those interested in trying to 
sow dissension between the two great English- 
speaking nations may say, no decently behaved 
Briton ever comes back from visiting America for 
the first time without feeling an increased affection 
and respect for his kin beyond the Western Ocean, 
though it must be admitted that many travellers 
do return without such sentiments ; and the same 
remarks apply to the travelled citizens of the United 
States. Certain it is that the name of English- 
man is nearly everywhere a passport to the good 
offices of Americans, who pour out with all the abun- 
dant generosity characteristic of theirnation, the most 
lavish hospitality upon the British stranger within 
their gates. The generous acknowledgment which 
the members of the American Commission expressed 
for those small acts of courtesy which it was a 
pleasure for their hosts to bestow, will long be 
remembered in this country, and we are sure laid 
the foundation for many of those friendships 
which are the most valuable possessions which two 
nations can hold in common. 

The American Commission also visited France, 
Germany, Russia, Austria, Italy, Scandinavia, 
Belgium, and Holland. Needless to say in all 
countries they were well received, and though in 
some cases their mission has been more fruitful 
in results than in others, yet all promised well 
in their degree. A return visit was made by one 
of the members of the Royal Commission, officially 
representing that body, and accompanied by the 
secretary of the Commission, during the follow- 
ing September, and a report was made in which 
were embodied the results of the mission. In due 
course we shall refer to the British Commission 
and its labours, but here we may state that it con- 
sists of the Council of the Society of Arts, that 
body being looked upon by the Government as a 
thoroughly representative body, having amongst its 
members the necessary ability to carry the issue to 
success, Speaking soon after his return from 
America, Mr. James Dredge, the Commissioner 
who visited Chicago in the autumn of 1891, said, at 
a meeting of the Society of Arts: ‘‘ You will 
perhaps have read the report upon that visit, and 
will, I trust, agree that we have the fullest reason 
to be satisfied with the prospects of the Exhibition, 
and to be more than content with the warm 
sympathy and kindliness, expressed both in Wash- 
ington and in Chicago, towards this country. That 
this kindliness and sympathy were not empty forms 
of speech was proved by the fact that in each 
instance the demands made on behalf of British 
exhibitors were granted to the fullest extent. The 
executive have, as a matter of course, laid down the 
wise rule to treat foreign applicants for participation 
without favouritism, and in order of their applica- 
tion, but I think we may claim to be an exception 
to this rule, and to have commenced our connection 
with the Exhibition under conditions of friendship 
and goodwill which rise superior to the rigid limits 
of regulations, and call for our brotherly co-opera- 
tion to aid in, as well as compete at, the Columbian 
Exposition of 1893.” 

We now come to the most important feature of 
our task, namely, to describe the Columbian Expo- 
sition itself, so far as we can do so, taking it as it 
stands at the time of writing. Of the heart of the 
show, the very exhibits themselves, we can say 
nothing, or next to nothing, here at present, for the 
very sufficient reason that the exhibits will not be 
shown until the Exhibition is open. That part of 
our task will be performed hereafter to the best of 
our ability, in these columns from time to time, as 
opportunity arises in our regular weekly issues, 
when we shall deal with as many of those sub- 
jects most within our province as our space will 
permit, 
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VII.—SITE AND GENERAL PLAN OF THE 
EXHIBITION. 


Tue Columbian Exposition is situated on the 
shores of Like Michigan, on asite about seven miles 
from the City Hall of Chicago. The chief buildings 
will be grouped in Jackson Park, which covers an 
area of 586 acres. Inland about a mile distant 
there is a second park, known as Washington Park, 
the extent of which is 871 acres. This was also in- 
cluded in the scheme of the Exhibition, the two 
parks being connected by a broad strip of land, 
known as the Midway Plaisance, and which covers 
an area of 80 acres. ‘The total available area of the 
Exhibition would thus be 1037 acres. But if Wash- 
ington Park is utilised at all, it will be as a recreation 
ground ; on the other hand the Midway Plaisance, 
amile in length, will be full of shows that will 
attract the multitude, just as the Rue de Caire, on 
a small scale, did in Paris in 1889. The term 
‘“nark” does not always convey the same impres- 
sion to Americans as it usually does to Englishmen. 
The citizens of the United States, profiting by the 
examples of older countries in Europe, and knowing 
the enormously rapid growth of their cities, gene- 
rally set.apart large areas which are permanently 
secured against the encroachments of the builder. 
This wise foresight has already secured to America 
some of the finest urban parks in the world, of 
which Fairmont Park in Philadelphia, the locale of 
the American Exhibition of 1876, will perhaps be the 
most familiar to our readers. Jackson Park was— 
we speak in the past tense, as its aspect has been 
so completely changed during the last year or two 
—a very different place to the beautiful pleasure 
grounds formed on the banks of the Schuylkill, 
of which the Philadelphians are so justly proud. 
In place of a broad and tranquil river, winding 
amongst grassy slopes or rock-broken and_ tree- 
covered hills, Jackson Park was a level trackless 
plain—a waste of stunted bushes, low trees, and 
morass on the margin of Lake Michigan. Neverthe- 
less, the park had a beauty of its own, that charm 
which comes of wide expanse and limitless view. 
A small part of this park had been laid out by the 
city when it was taken over by the Exhibition 
executive, but the greater portion was a marshy 
wilderness, which had to be artificially made up to 
receive the vast buildings that were so soon to take 
the place of the primitive solitude of nature. The 
plan we publish on this page (see Fig. 30) gives the 
general arrangement of the Exhibition so far as the 
principal buildings are concerned. The scale of 
this plan is entirely inadequate, but we could 
publish nothing within the limits of our space 
that would show more. As the land required 
levellmg up in many places, a good deal of 
excavation had to be done in order to get the 
required material. There was an advantage in this, 
for the hollows left were converted by the ingenious 
and artistic landscape gardener into waterways, 
which do so much to afford a charm to Exhibition 
grounds, and are generally so sadly lacking. In 
the present case they are useful also as highways, 
for the Exhibition covers so much ground that every 
means of locomotion is of value, and the system of 
canals and lagoons reaches almost from end to end 
of the grounds, as will be seen from the plan. On 
these canals and lagoons there will ply electric 
launches, some running regular trips and taking 
passengers lke an omnibus, others being of the 
nature of cabs, which can be chartered for private 
use by the hour or by the day. 

The chief buildings, which we shall notice sepa- 
rately in due course, are mostly grouped on each side 
the Great Basin near the south end. This basin leads 
directly from Lake Michigan, and is connected with 
the lagoon in the grounds by a canal branching off 
at right angles near its upper end. At the opposite 
end there is a shorter branch, which forms a water- 
way separating the Agricultural Building from the 
Machinery Hall. At the end of the basin, beyond 
the monumental fountain, is the handsome struc- 
ture of the Administration Building, whilst the 
lake entrance at the opposite end is inclosed by a 
T-shaped pier and a series of overlapping break- 
waters which give together complete shelter for 
craft within from all winds. The sides of the basin 
are formed of terraces, which are designed to be in 
harmony with the surrounding architecture ; and 
in this basin is the principal fountain display, which 
is to be one of the features in the ornamentation of 
the grounds. vase 

The plan we publish will serve as a key to the 
position of the various buildings, which we are 
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about to deal with separately, and we need, there- 
fore, say no more about them here. It will be seen 
that there is an elevated railroad which encircles a 
large part of the park, leaving open, however, the 
greater portion of the lake front. At each end of the 
lineit willbe noticed thereis a closed loop, so that the 
two tracks really make a continuous line round which 
trains can circle. This railway will be an immense 
boon to all visitors, and at the same time will doubt- 
less be an important source of revenue, Electricity 
will form the source of motive power. 


“ 
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Mr. Richard M. Hunt, New York ; architect of 
Administration Building. 

Messrs. Adler and Co., Chicago ; Transportation 
Building. 

Messrs. McKim, Mead, and White, New York ; 
Agricultural Building. 

Mr. W. L. B. Jenny ; Horticultural Building. 

Mr. George B. Post, New York ; Manufactures 
and Liberal Arts Building. 

‘Mr. Henry Ives Cobb, Chicago; Fisheries 


Building. 
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At the north end, at the back of the Fine Art 
Galleries, will be situated the pavilions of the various 
States of the Union, excepting Illinois, which occu- 
pies an important site on the margin of the smaller 
lagoon. Amongst other States, New York and New 
Jersey, it will be seen, have the best positions. 

It will be convenient here to give the dimensions 
and estimated cost of the chief buildings constructed 
by the executive, who, it may be mentioned, did 
not reserve the glory of the designs to the engineers 
and architects of Chicago, but, in the most broad- 
minded way, sought—and found—talent from all 
parts of the Union, the various architects who 
competed being only controlled by certain ruling 
heights and conditions for the buildings on the 
Grand Avenue; the designs of the more remote 
structures being left to the architects practically 
without restriction. 

The following list gives the names and addresses 
of the various architects employed ; the ironwork 
was in most cases designed by Mr. Shankland : 
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Pee tet Peabody and Sterns, Boston ; Machinery 
all. 

_ Messrs. Burling and Whitehouse ; Choral Build- 
ing. 

Messrs. Van Brunt and Howe, Kansas City ; 
Electrical Building. 

Messrs. Holabird and Roche, Chicago; Stock 
Ring and Pavilion. 

Mr. 8. 8. Beman, Chicago ; Mines and ‘Mining 
Building. 

Mr. Charles B. Attwood, Chicago ; Fine Arts 
Building, Music Hall, and Casino, railway terminal 
station, guards’ stations, fire stations, balustrades, 
bridges, &e. 

The list on the next page gives the dimensions, 
areas, and estimated cost of the principal buildings. 

The United States Government Pavilion, which 
is shown on the plan on the lake front north of the 
Liberal Arts Building, is 350 ft. by 420 ft., and 
covers an area of 3.4 acres. The cost is 80,000. 
Another prominent structure which forms a part of 
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Name of Building. | Feet. Acres. £ 
Administration .. es 5 .| 260 by 260 1.6 90,000 
Manufactures and Liberal Arts ..| 787 ,, aoa re 200,000 
Agriculture .. -.| 500 F 
cee 328» 500 3.8 \ 1£0,000 
Machinery .. 500 800 8 r 
coe. S, 490, 55L| 6.2 240,000 
Electricity .. 845 ,, “00 5.5 73,000 
Mines .. se 350 ,, 700 5.6 52,000 
Transportation ae .-| 250 ,, 960 5.5 56,000 
Horticultural co 2 -.| 250 ,, 1000 5.8 60,000 
Women’s ie - 200 ,, 400 4 24,000 
Art 320 500 i \ 
‘Annexes basa reno be Li, ae 
Fisheri:s .-| 163 ,, 363 1.04 \ 
Annexes AA ‘135diamter| 0.8 40,000 
Assembly Hall - 450 by 500] 5,2 40,000 
Sawmill ~«| 125 ,, 300 0.9 7,C00 
Dairy.. Rel Bese 95,, 200; 05 6,000 
Live Stock and Shed3 re ie 40.2 30,060 
Casino.. = 175 ,, 300 1.2 30,000 

Totals etal 144.8 1,176,000 
| | 


the Government exhibit, is the model of a battle- 
ship, which is marked ‘‘ Naval,” and represents a 
ship afloat, moored inside the breakwater near the 
north end, at the second entrance from the lake to 
the inland navigation of the grounds. This model is 
not a floating structure, as will appear from our de- 
tailed description, which is given later. The length is 
348 ft., and the width 694 ft. It occupies a large 
space in the lake, and costs 20,0001. The Hlinois 
State Building, already referred, to is 160 ft. by 
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whose applications for space have been three | 
times as great as that available. : 

We will now proceed to give a more detailed de- 
scription of the various buildings above enumerated. 
We must preface our remarks, however, by the state- 
ment that the matter here set forth is to some 
extent retrospective. The marvellous rapidity with 
which the work has been pushed forward as the day 
of opening to the public has approached, in spite of 
the utmost difficulties, arising from an exceptionally 
severe winter, and the feverish activity of all 
engaged, has made it impossible to keep pace with 
the progress of the work. Our descriptions will, 
however, lose little from this fact, as the greatest 
interest lies in the method of construction, which is 
better shown by buildings partly finished, before all 
the construction is covered up by completion of the 
walls and ornamental details. We shall make an 
effort, before we finally dispose of this great work, to 
bring our illustrations and descriptions up to date, 
and to deal with all the most prominent features, 
those especially within our province, in as complete 
a manner as possible. 


VIIIL.—THE ADMINISTRATION BUILDING. 

Tur Administration Building, which stands in 
the most imposing position at the head of the Great 
Basin, is most appropriately an edifice which 
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ea a side, which leaves a space 92 ft. between: 
The centre of the space is occupied by a gateway 
of noble proportions. The entrances to the pavilions 
are within the rotunda beneath the dome, and 
the same entrances give access to the stairways 
leading to the promenades around the dome, 
although there will be lifts as well by which that 
elevation will be reached. That goes without 
saying in a modern American building. There 
is also a higher gallery running round the 
springing of the dome, which will likewise be 
reached by elevators. The ground floor of the first 
pavilion will contain the offices of the President of 
the United States Commission and those of the 
Director-General. The next pavilion will supply 
oftices for the Fire and Police Departments. The 
offices of the secretary and the clerks of the Execu- 
tive Board will be also placed here. In the other 
pavilions will be the offices of Public Comfort, the 
Bureau of Publicity, the Ambulance Department, 
Foreign Department, Information Department, a 
restaurant, and various other offices. Since the 
month of January the whole of the executive staft 
has occupied the offices prepared for them in 
this building. On the floors above —for each 
pavilion is of four storeys—will be Committee 
and Board rooms, and the various offices re- 
quired for administrative purposes. There will 


gives a keynote to the whole plan and design. 
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also be a bank. Although these pavilions, each a 
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450 ft., which gives an area of 1.7 acres. The cost 
is 50,0001. The cost of the Casino includes the cost 
of the pier. Taking the grand total of the chief 
buildings, we find the area occupied to be 150.1 
acres, and the estimated total cost 1,326,000l. 
There are, however, several other buildings besides 
the separate pavilions of the different States which 
are not included ; indeed, they are sufficient to form 
quite a respectable exhibition in themselves. These 
will be dealt with, so far as space will permit, in 
our further description of the Exhibition which 
will appear in ENGINEERING from time to time in 
the course of our description when we come to deal 
with the Exhibition during the period it remains 
open. On the whole, however, there can be no 
doubt that the estimate of the Buildings Com- 
mittee of nearly a million and a half sterling for 
the grounds and buildings will be fully reached, 
and most probably exceeded. The State pavilions 
and the buildings erected by foreign nations will 
exceed 80 in number, and though these will not 
compare individually in magnitude with the ones 
we have already dealt with, they will be no incon- 
siderable structures. 

The Great Exhibition of 1889 in Paris occupied a 
space of 173 acres in all, taking the area of the 
Champ de Mars, the Trocadéro, the Esplanade des 
Invalides, and the various quays. It will be seen, 
therefore, that the Chicago Exhibition is four times 
as large in the space inclosed. If we make a com- 
parison of the building sites covered, we have still 
a startling comparison, the principal buildings alone 
affording a roof space of 150 acres, whilst in Paris 
the area so occupied was 55 acres—a total which, 
at the time, was considered, and indeed was, sufti- 
ciently impressive. And yet this vast extent has 
proved iusufticient to accommodate exhibitors, 


It will be to the Chicago Exhibition what the 
building of glass was in 1851, or the Eiffel Tower 
in 1889, the chief object on which remembrance 
will dwell as one will go back to the recollection 
of 1893 in years to come. Our illustrations serve 
to give an idea of the general appearance of the 
building, but they can afford no standard by which 
its noble proportions may be judged. Neither does 
a more enumeration of figures convey a very definite 
impression to any, excepting those whose profession 
it is to make such comparisons. Those, however, 
who have seen the Capitol at Washington will appre- 
ciate the size of this group of offices when we state 
that thedomeapproaches that of the latter buildingin 
dimensions. The design, which is the work of a 
New York architect, Mr. Richard M. Hunt, is bold 
in general features and rich in ornamentation, the 
whole combining to form an impressive and pleasing 
structure, in strict harmony with the purpose it is 
intended to serve. 

In plan the building is rectangular, and measures 
260 ft. 6 in. on each side. Our illustration (Fig. 
33, page 522), which is from a photograph show- 
ing the state of the building in May, 1892, gives 
a good idea of the general construction. The 
foundations had then only been laid in the 
previous September. Our illustration, therefore, 
shows eight months’ work. The lower part of the 
structure, which forms a base for the dome, is 
formed of fonr pavilions, as shown by the plans 
(see Figs. 31 and 32), and by the perspective 
view, Fig. 35, page 523, which gives an excellent 
idea of the completed building and its immediate 
surroundings. The roof which covers these pavilions 


is flat, and is made continuous by exterior 
galleries which will afford a most delightful pro- 
menade for visitors. acl pavilion measures 84 ft. 


large house in itself, are thus laid out in floors, and 
the rooms appropriated for such utilitarian purposes 
as above enumerated, there is no indication of this 
in the exterior design, which is one harmonious 
arrangement, grandiose in conception, as befits a 
monumental building, but utterly devoid of the 
offence into which the luxury of ornamentation and 
the florid architecture might have led a less gifted 
designer. The pavilions are a base or plinth, which 
is finished by the massive balustrade, whilst the 
piers at each angle are enriched by sculptured 
figures. The chief entrance has also sculptured 
figures, and statues of about 14 ft. high crown the 
piers on each side of the entrances. 

The second stage of the building constitutes the 
base upon which the dome rests. It is an octagonal 
structure, 70 ft. in height. At each corner is a 
pavilion roofed by a flat dome. There are winged 
figures of heroic size over every pier. On the four 
sides, and connecting the pavilions, are open 
colonnades 20 ft. in depth and 40 ft. high. The 
Doric columns of these galleries are each 4 ft. in 
diameter. The colonnades are also to be open to 
the public, and will form a delightful promenade, 
with the grand view of Lake Michigan in front, its 
shores stretching away to the city on one hand, and 
to the far country beyond on the other. 

We now come to the dome, which rises from the 
point at which we have arrived. For the first 30 ft. 
the sides are vertical, and the octagonal plan is 


preserved. This part is divided up into panels, 
upon which will be inscribed the names of famous 
persons. Above this is a second series of panels 
with hanging garlands, whilst at each angle of the 
octagon there are sculptured eagles. From this 
level the dome springs, the diameter at the base 
being 120 ft., and the total height from ground 
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(For Description, see Page 521). 
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Fic. 33. View sHowinc FRAMING or Domn or ADMINISTRATION BUILDING. 


level 250 ft. The ribs of the dome are heavily, 


moulded, and add much to the beauty of the 
design. A pleasing circumstance also is that the 
architect has not thought it necessary to add spike, 
pimnacle, or weathercock arrangement of any kind 
to detract from the noble simplicity of the dome. 
The skylight which forms the summit will also be a 
pleasing feature from within. Between the ribs are 
decorated panels, gilding and colour being used un- 
sparingly, but with great discrimination, in this 
part of the design. Under the brilliant sky of the 
American continental summer the burnished dome 
of the Administration Building will be a truly 
beautiful object, and the central feature of the 
Exhibition. 

Inside the effect will be equally imposing. The 
centre of the structure, which is beneath the dome, 
will constitute a clear space 120 ft. in diameter, and 
open from the floor to the ceiling hung beneath 
the dome, which will be surmounted by the sky- 
light mentioned. The octagonal plan is brought 
down from the springing of the dome to the 
ground level. Hach face of the octagon is pierced 
by a great archway, four of which serve as entrances 
and exits to the space beneath the dome, whilst the 
remaining four afford approaches to the pavilion and 
galleries above. Over the doorways the space is 
filled with screens of glass interrupted by galleries 
passing across them and connecting the four corner 
pavilions together. Above the arches a frieze 27 ft. 
wide runs around the interior. This will contain 


tablets supported by carved figures. A_ richly | 


decorated cornice surmounts the frieze, and above 
this is a circular gallery, which will be open to the 
public. This interior gallery will be on the same 
level as the colonnades which are fronted by the 
Doric pillars. There is, as may be seen by the illus- 
tration, Fig. 35, a wall at the back of the pillars, but 
above this windows are introduced in a continuous 
row to afford light to the rotunda. Of the interior 
decoration of the dome it would be difficult to give 
a description without the aid of very elaborate draw- 


Fie. 34. Statuary on ApMINISTRATION Burtpinc: ‘‘Ixpusrry,” 


ings, which, although they would add to the artistic; The framework of the dome of the Administra- 
character of our pages, would be something outside | tion Building is of steel, the general structure being 
our proper sphere ; and we will therefore conclude|shown in our illustrations. The foundations are 
this notice with a few words about the construction. | on piles driven down to the hard clay, and upon 
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Fic. 39. Transverse Section or MANUFACTURES AND LispeRAL Arts BUILDING, SHOWING FRAMING. 
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THE MANUFACTURES AND LIBERAL ARTS BUILDING. 


Fic. 42. Inrertor or Marin HAtt. 


‘them are built-up standards of continuous lattice- 

work. These standards are pierced for the gate- 
| ways, which are 39 ft. wide and 51 ft. high. Around 
| the top of the standards is erected a ring 
‘girder about 20 ft. deep. Above this, for a height 
| of about 50 ft., the standards at each angle of the 
| octagon are carried in lattice-work. At the top 
|they are connected by a second ring girder 
| 12 ft. Gin. deep. The standards are also stiffened 
by an elaborate system of diagonals. At a height 
| of 134 ft. from the ground we come to the spring- 
ing of the dome, and as far as this distance from 
|the ground the base is strengthened by an ex- 
| ternal concentric system of standards and trusses, 
| making the total width of the base 192 ft. 6 in. 
| The dome is framed of eight main ribs, one at each 
angle of the octagon. For a considerable height 
|above the top ring girder, the ribs are vertical, 
‘and above they are made in four curved sections, 
| a lattice ring being introduced at each section. The 
| principal secondary ribs are eight in number, and 
occupy a position midway between the main ribs, to 
| which they are similar in form, though of lighter 
|construction. The ribs are bound together at in- 
tervals by circular girders, there being a terminal 
‘ring near the top of the dome. The inner dome 
or ceiling of the rotunda which screens the fram- 
ing is suspended from the ribs by means of inclined 
rods. 


IX.—THE MANUFACTURES AND LIBERAL 
ARTS BUILDING. 

Tue largest and most important structure in the 

Kxhibition—indeed, the largest covered area {in the 

world—is the Manufactures and Liberal Arts Build- 
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THE MANUFACTURES AND LIBERA ARTS Yb Vai aaa 
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ng. Beneath its roof will be spread no less an area) Machinery Hall at Paris will be able to form a| fairly far apart, whilst 380 acres surrounding a house 
than 30} acres, or more than 40 acres including the| mental picture of its vastness. Generally, how-| as pleasure grounds form quite an estate, at any 
upper galleries. It is difficult for ordinary persons to | ever, when one wants to estimate the size of such a|rate in the neighbourhood of a big city. How- 
realise what this means, as the size of a single| building one has to go out of doors to find a basis | ever, the full value, as a spectacle, of the Liberal 
building, so far is it above any general standard | of comparison. Most persons have an idea of the | Arts Building is lost in its very immensity. If it 
which we possess ; but those who remember the | extent of a 30-acre field, and know its boundaries are | were docked of 10 acres of its present dimensions 
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Fie. 56. Errcrion or Macuinery Hain; June, 1892. 


and the connection made permanent. One bay 
being complete, the staging was traversed, and the 
next bay proceeded with. No sooner was each bay 
completed than the covering to form the roof was 
put on, so that no time was lost. 

In the section, Fig. 38, on page 525, we show by 
dotted lines the form of the great roof over the 
Machinery Hall at the Paris International Exhibi- 
tion of 1889. It will be noticed that while the 
spans are similar, the height of the Liberal Arts 
Building roof is about 60 ft. more. To allow of a 
clear comparison between these famous structures 
being made, we publish on Fig. 46, page 529, a per- 
spective view of the interior of the Machinery Hall, 
while beneath (see Figs. 47 and 48) are some 
diagrams illustrating the method of erecting the 
great ribs. The Paris contract was divided between 
the Fives-Lille Company and MM. Cail and Co. 
The former put the ironwork together on the 
ground for each span in four separate pieces, and 
then raised them into place. The scaffolding con- 
sisted of a tall gantry, as high as the middle of the 
roof, and of twoside platforms. Thesethreestructures 
were independent of each other, and ran on rails. 
The central tower was 72 ft. long, 62 ft. wide, and 
144 ft. high. The width of one bay being 70 ft. 
6in., the gantry was wide enough to include two 
consecutive girders, while its upper part was 
formed to the same contour as the underside 
of the roof. The side scaffolds were also formed 
to the same contour as the roof, and covered with 

lanking. A considerable part of the arch was 
wilt on the ground. Its lower end was then 
engaged with the bottom pivot, and it was raised 
into position about that centre. The remaining 
portion of the half-span was also built on the 
ground, and then lifted bodily until one end rested 
over the central staging, and the other end over 
one of the side stagings. 


riveted together. The first bay was completed in 
23 days, the second in 16 days, the third in 12 days, 
and the rest in 10 dayseach. The Cail Company 
followed quite a different plan. It consisted in 
constructing a narrow scaffolding, the top of which 
was the same form as the inner side of the arch. 
Portions of the girder, not exceeding three tons in 
weight, were riveted up on the ground, and then 
raised and put together on the staging. The first 
girder and bay were completed on May 24, 1888, 
the second and third girders and bays were finished 
in 13 days, and the shortest time occupied for a 
complete bay was 10 days. 

Figs. 39 and 50, pages 525 and 530, are respectively 
transverse and part longitudinal sections showing 
the general outlines of the bracing and the large 
hip ribs at the end of the Manufactures and Liberal 
Arts Building. Fig. 49, page 530, is from a photo- 
graph, and gives an admirable idea of the general 
exterior appearance of the great building, of the 
surrounding grounds, and of some of the other 
buildings in the distance. 


X.—-THE MACHINERY HALL. 
THE Machinery Hall, or, to give its proper and, 


Machine Arts,” is another of those imposing build- 
ings by which the Chicago Exhibition will be re- 
membered years after the last vestige has been 
cleared away. It is not, indeed, of such vast dimen- 
sions as the Industrial Building, and has not the 
same enormous roof-span, but it is, nevertheless, 


beautiful architectural structure. In regard to site 
its chief facade fronts upon the Great Central 
Basin, while on one side it has the same aspect as 
the Liberal Arts Building, the view from which is 
only bounded by the horizon across the blue waters 


The pieces were then! of Lake Michigan. The illustration (Fig. 51) on ‘ribs are joined witha pin, 


indeed, more appropriate title, the ‘‘ Palace of | 


an imposing piece of engineering work, as well as a 


| page 531 shows the main facade, the point of view 
being from the quay adjoining the Agricultural 
Building. 

The Machinery Hall is 850 ft. long and 500 ft. 
wide, and has an annexe 500 ft. by 550 ft. at its 
western end. The sections (Figs. 52 and 53, on 
page 532) and the plan (Fig. 54, page 533) indicate 
the interior arrangement. The architects for this 
building are Messrs. Peabody and Stearns, of 
Boston. 

Three main galleries run from east to west, occu- 
pying the length and width of the building. They 
are about 130 ft. wide, and are crossed in the centre 
by a transept of the same width. The interior of 
the building has been described as presenting the 
appearance of three railroad dépéts side by side; 
and indeed the trusses are all built separately, so 
that they can be taken down and re-erected as rail- 
| way stations or for like purposes. Our illustrations 
(Figs. 55 and 56, on pages 534 and 535) give an excel- 
lent idea of the framing of this building. They 
show the appearance it presented in June and July, 
1892, and were prepared from photographs by Mr. 
C. D. Arnold. In one of these engravings may be 
/seen on the further side one of the domes which 
form a part of the structure, as will be ex- 
plained later. The three main galleries, or bays, as 
| stated, run east and west, and are divided in the 
|centre of their length by the transept referred to, 
which thus runs north and south. The roof of this 
transept is composed of the three domes, which 
are placed along the transverse axis. The roofs 
of the galleries are semicircular, the height of 
springing of the arch being about 22 ft. from floor 
level. The arched ribs supporting the roof are 
| struck from a centre 57 ft. 6} in. radius, joining 
|into vertical legs that rest on hinged pins at the 
|base-plates. At the top of the roof the two half- 
At each corner of the 
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TH E. MACHIN PRY shea 


for the generation of electricity for power transmis- 
sion and lighting. The adoption of electricity on a 
very large scale for driving machinery in motion is 
one of the most interesting features of the Exhibi- 
tion ; 25,000 indicated horse-power at least will be 
required, or over 25 per cent. more than would 
be necessary to drive two of our largest battleships 
of the Royal Sovereign class at ordinary full speed. 
This gigantic power station will form an annexe to 


the Machinery Hall, 


It is arranged along the south | 


(For Description, see Page 5385.) 


Fic. 59. Norra Enrrance or Macuinery Hat. 


wall, a space being reserved 850 ft. long by about 
150 ft. wide for the purpose. This building will 
contain the engines, dynamos, and boilers (them- 
selves exhibits) for generating steam and electrical 
|power. The conductors after leaving the dynamos 
are arranged in a suitable fire-proof rack under the 
main floor about 150 ft. from the south wall and 
| running lengthwise of the building. From the rack 
five distinct groups of feeding wires start to supply 


various sections throughout the grounds and build- | 


ings. Starting from the generating station, a tun- 
nel is provided, of which we give a cross section on 
page 539, Fig. 61. This passage is of sufficient 
capacity to accommodate 150 insulated cables of — 
various sizes up to 600,000 mils. area. The tunnel 
leaving the generating station runs north under the — 
Machinery Hall and across the space in front of the 
Administration Building, to the Electricity Building. 
Its course may be traced on the plan of the Exhibi- 
tion which is given in Fig. 30. There is a branch 
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worked out, and the engineer will find plenty to 
interest him at Chicago in this respect, and, to the 
more old-fashioned amongst us, matter for wonder- 
ment to last many a day to come. 

The Electricity Building has one of its principal 
fronts on the canal which joins the main basin to 
the Island Lagoon (see plan), so that it looks on 
the side of the Liberal Arts Building. The Min- 
ing Building is on its west side, and the lagoon is 


is a cross section of one half the building. The 
engraving Fig. 66, on page 542, is a view taken from 
the north or lagoon end. The half-plan, Fig. 67, 
shows the framing of the structure. 

The general plan of this building consists of a 
longitudinal nave 115 ft. wide and 114 ft. high, 
crossed in the middle by a transept of the same 
height and width. These havea pitched roof, with 
a range of skylights at the bottom of the pitch, and 
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onthe north. The Administration Building is at 
the south end. The architects for the Electricity 
Building are Messrs. Van Brunt and Howe, of 
Kansas City ; they have succeeded in planning a 
structure admirably adapted for the purpose in 
view, and at the same time, as will be gathered from 
our illustrations, of handsome design. The space 
occupied measures 340 ft. by 700 ft., and the cost 
of the building is 130,0000. 

On page 540, Fig. 63, we give a perspective view 
of the building, showing the southern end; Fig. 64 is 
an interior view, prepared from a photograph taken 
in August last, and which shows very well the type 
of construction used for the framework. Fig. 65 
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clerestorey windows. The rest of the building is 
covered with a flat roof averaging 62 ft. in height 
and provided with skylights. A series of galleries 
form a second storey, connected across the nave by 
two bridges. Access is gained from below by four 
grand staircases and smaller stairways. The area 
of the galleries is about 2? acres. The eastern 
walls are composed of a continuous Corinthian 
order of pilasters 3 ft. 6 in. wide and 42 ft. 
high, supporting a full entablature, and resting 
upon a stylobate 8ft. 6in. high. Above is 
an attic storey 8ft. high, the total height of 


|the walls from the grade outside being 68 ft. 6 in. 
| The bays are 23 ft. wide. In the centre of each of 


the four sides is an entrance pavilion, against which 
the higher roofs of the nave and transept abut. 
The northern end facing the lagoon is formed by 
two apsidal projections of the building. These 
are shown in the exterior view on a preceding page, 
as well as by the plan (Fig. 30). Between these is 
the northern pavilion, which is flanked by two 
towers 195 ft. high. At a height of 102 ft. from 
the ground is a colonnade forming an open loggia 
which commands a view of the lagoon and all the 
northern part of the grounds. Access to this 
colonnade is obtained by elevators. The east and 
west central pavilions are each composed of two 
towers 168 ft. 6 in. high, beneath which the tran- 
sept roof finishes by a pediment. In front of these 
two pavilions is a great portico with Corinthian 
columns. The chief entrance is at the south end, 
facing the central avenue. The principal architec- 
tural feature of this end of the building is a portico 
or colonnade extending for the whole width on 
each side of the entrance, over which are inscribed 
names of those eminent in electrical science. The 
south pavilion is a hemicycle or niche 78 ft. in dia- 
meter and 103 ft. high. This is covered by a half- 
dome. This arch is crowned by a pediment with 
smaller pediments on the returns and surmounted 
by an attic, the whole reaching a height of 142 ft. 
In the centre of the niche, on a lofty pedestal, is a 
colossal statue of Franklin. At each of the four 
corners is a pavilion, surmounted, as shown in our 
illustration, by a small dome. There are ten spires 
and four domes to the building, the whole combin- 
ing to give a design of great beauty strictly in 
harmony with the surroundings. When the electric 
lamps which have been placed around the building 
are alight, and the flood of brilliant light streams 
from every open window, the effect will be impres- 
sive in the extreme, more especially as viewed 
across the water. The chief lights will be 54 in 
number, and will be placed on the summits of 
Venetian masts, upon which banners are displayed 
by day. 

The appearance of the exterior is that of marble, 
but the walls of the hemicycle and the various 
porticos and loggia are highly enriched with colour. 

The construction is of timber, like other buildings 
in the Exhibition, excepting, of course, the great 
nave and transept, which are of iron ribs of the fori 
shown. It is unnecessary to give a full description 
of the construction of this building, but the un- 
rivalled skill of American engineers and architects 
in timber work is shown to advantage in every de- 
tail. The ironwork does not call here for any minute 
description. The general features are well indicated 
by the interior and other views on a preceding page. 
The architects of the Electricity Building are Messrs. 
Van Brunt and Howe. Fig. 68, page 543, gives a 
good idea of the exterior details. 

Before passing on it may be interesting to note 
that one feature of this department of the Exhibi- 
tion will be the display of famous collective exhibits, 
while demonstrations will be made and lectures given 
during the Exhibition by the most eminent repre- 
sentatives of electrical science. 


XIT.—THE MINES AND MINING BUILDING. 

Tue building devoted to mining industries is not 
so favourably placed in regard to its opportunities 
for architectural display as most of the other chief 
structures. Its sides are obscured by the Electricity 
and Transportation Buildings, and though its south 
end helps to form one side of the Court in front of 
the Administration Building, yet itis partly masked 
by the great railway station. Whilst referring to 
this matter we cannot help admiring the sagacity 
which has led the organisers of the Exhibition to 
land their railway visitors just on the most imposing 
part of the grounds. An excited and expectant 
railway passenger turned from the train into a long 
tunnel or dreary alley, when he expects something 
beautiful and surprising, is apt to become jaded and 
weary, so that when the view does gradually unfold 
itself, it haslost halfits charm. The entrance to our 
own Crystal Palace at Sydenham, from the low level, 
is an excellent example of how not to do it, by 
which probably the Chicago Executive has had the 
wit to profit. In any case, whether this may be so or 
not, the view that bursts upon the delighted visitor 
to the Columbian Exposition immediately he leaves 
the dépot within the grounds, far surpasses any 
effect achieved at previous exhibitions, and it would 
be hard to find a parallel anywhere. The noted 
architectural spectacles of the world which owe their 
charm to diversified surroundings are of course out 
of the comparison, for the Chicago Exhibition has 
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no aid from nature beyond the magnificent setting 
afforded by the blue waters of Lake Michigan. 
Neither has Chicago historic associations by which 
the imagination can assist the eye. The architects 
of the Exhibition have been dependent wholly on 
their own genius and noble precedents in architec- 
tural design, and they have done their work well. 
Fortunately for Chicago, she has not to depend for 
the success of a spectacle upon the vicissitudes of the 
weather to the same extent as we have in London, 
although she hashad tofight during the last six months 
of preparation with difficulties of climate of which 
we know nothing ; so that a blue sky and the lake 
sparkling in sunshine will be a thing not to be de- 


cannot exemplify a mine by a building. It will be 
gathered, however, from the elevation we publish 
in Fig. 69, page 543, that what the architects have 
done within the limits assigned to them, is in 
most excellent taste, and they have avoided wasting 
effect—and money—on architectural features which 
would be lost by reason of the surroundings. After 
all, restraint is one of the cardinal virtues of an 
architect, as it is of all other artists. The building 
is designed in the style of the Renaissance, which 
affords so excellent a foundation for structures de- 
voted to exhibition purposes. The models followed 
by Messrs. Beman and Co. are those of the early 
Italian Renaissance, but the details have been modi- 
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545, is from a photograph taken on October 15, 
1891, and gives an idea of the method of 


the work at that date. The building was commenced 
in the middle of September, so that our illustration 
represents a month’s work. The ironwork was 
practically completed before the end of the year. 
Fig. 73, page 545, gives a good idea of the interior 
of the finished building. 

The principal fronts display large arched 
entrances richly embellished with sculptured deco- 
ration emblematic of mining and its allied in- 
dustries. At each end of these fagades there are 


square pavilions, surmounted by low domes, which 
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spaired of day after day, as it would be in some less 
constant climes. Probably before the summer has 
passed, visitors might wish for some veiling of the 
sunshine, but that is not a matter for the architects 
to consider. The task set them was to produce a 
holiday and festal impression, and to do this, as 
they have done, without sacrifice of dignity, is per- 
haps as great a professional triumph as could be 
gained. 

To return, however, to the Mining Building, 
which has been designed by Messrs. Beman and 
Co., of Chicago. It covers an area of 5} acres. It 
will be seen by the illustrations we publish that 
there is less architectural embellishment spent on 
the Mining Building than on the other structures 
we have described, and this doubtless is according 
to the fitness of things, for a mine is the direct 
antithesis to the productions of the architect 5 one 


fied to meet the necessities of the whole scheme, and 
bring the building into harmony with the work of 
the other architects. The plan of the building is 
as simple and unpretentious as the elevation. It is 
rectangular, and embraces on the ground floor 
spacious vestibules, restaurants, toilet-rooms, &c. 
On each of the four sides of the building are placed 
the entrances, those on the north and south fronts 
being the most spacious and prominent. To the 
right and left of each entrance inside, start broad 
flights of easy stairs leading to the galleries. These 
are 60 ft. wide and 25 ft. high from the ground 
floor, and are lighted on the sides by large windows. 
Above, there is a high clerestorey which extends 
entirely around the building. The illustrations, 
Figs. 70 and 71, annexed, are respectively a cross 
section and a plan of the building, the former 
showing the framing. The engraving, Fig. 72, page 


mark the four corners of the building, and. are 
lighted by arched windows extending through the 
galleries. 
building are decorated arcades forming 
open loggia on the ground floor, and a deeply 
recessed promenade on the gallery floor above. 
From this level there is a fine view of the lagoon, 
with its wooded island, to the northward, whilst 
from the southern end the visitor looks out on the 


These covered promenades are each 25 ft. wide and 
230 ft. long, and from them access may be had to 
the building at numerous points. A part of the 
exhibits of this section are worked into the orna- 
mentation of the interior. These will consist of a 
collection of marbles, which will be sold after the 
closing of the Exhibition. The ceilings of the 
loggias, the walls of which are used for the display 
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of these marbles, have been heavily coffered, and 
are beautifully decorated in plaster and colour, the 
whole effect being at once rich in design and har- 
monious in effect. American decorative art has 
never been afraid of colour, and the American 
artists have now greatly mastered the difficulties 
that beset the path of those who attempt richness 
and brightness in the arrangement of pigments. It 
is a triumph that has been denied to many countries 
with a higher reputation for art culture than is 
possessed by the people of the United States ; and 
frequently the difficulties to be surmounted have 
led to the abandonment of the attempt, the workers 
taking refuge in more sombre hues, and pronounc- 
ing all richness and brightness vulgar, because they 
have not been able to combine them without vul- 
garity. In no respect, perhaps, more than in the 


ob&tructed by 16 supports. The cantilevers of the 
roof have been formed with pin connections to 
facilitate erection, and a great portion is covered 
with glass. The general form is well shown by 
the transverse section, Fig. 70, but the scale of 
the drawing must not be forgotten if the reader 
wishes to get a fair idea of the building. The wide 
spacing of the cantilevers, due to the distances be- 
tween the columns, must also be borne in mind, and 
this feature has necessitated an extensive system 
of longitudinal purlins of the riveted lattice type. 
The roof is of additional interest from the bold 
application of the cantilever system. Indeed, we 
believe that this system has not before been applied 
to roofs on so large a scale. The foundations are 
of the usual type for the Exhibition buildings—of 
plank crossed with heavy timbers—each supporting 


Our illustration was necessarily made before the 
buildings were completed, and is therefore in- 
tended to serve as no more than a key to the ar- 
rangement; but we think that this simple outline, 
in which nothing is idealised, clearly shows the 
harmony of the buildings one with another, and 
the noble effect obtained. It is something so novel 
to us to have good and really beautiful architecture 
introduced into exhibition design that one is un- 
prepared for genuine art, and, indeed, apt to look 
on efforts made in this direction with suspicion ; 
but if those of our readers who visit the Chicago 
Exhibition can divest their minds of prejudice in 
favour of the established grand sites of Europe, 
they will acknowledge there are few finer architec- 
tural effects among their Continental favourites than 
are to be found in Jackson Park. A short distance 


ALT TS 


ae 
Vas so) 


ar 
le 


Mehl) 
Hit l 


Fic. 74. DracRam 


advance of art work—both 


impressed. A few years ago the American taste 
was crude and unformed ; not only were there no 
artists to produce, but there was not a public 
capable of appreciation. Now, however, the spirit 
of the Renaissance seems to have reappeared in the 
western hemisphere, and indeed there is much akin 
to the spirit of that great period in the busy, 
curious, and keen-witted American of to-day. 

As for the exterior of the Mining Building, the 
main fronts are 65 ft. high from the ground to the 
top of the cornice, and the main central entrances 
are 90 ft. to the apex of the pediment. At the sides 
large windows extend along the galleries and give 
light to the space beneath. The outside portion of 
the building, or that which is not beneath the main 
roof span, is of two storeys, as will be seen 
by reference to the cross section on page 544. 
The galleries referred to, form the upper storey. 
This extends round the whole structure, and is 
60 ft. wide. It is built of wood and iron combined. 
The interior space inclosed by the exterior galleries, 
and which is under the main roof, is 630 ft. long 
and 230 ft. wide. The maximum height of the roof 
is 100 ft. The height at the sides is 47 ft. The 
roof is composed of steel cantilever trusses, sup- 
ported on steel columns placed 64 ft. 6 in. apart 
longitudinally. ,Transversely the distances are 
115 ft. and 57 ft. 6 in., the former of course giving 
the width of the centre bay, whilst the shorter dis- 
tance represents the width of the sides. It will 
thus be seen that the great central space is only 
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point being broadened to suit the load. In no case 
is a pressure on the ground of two tons per square 
foot exceeded. We have not space to go into all 
the constructive details of this roof, but enough has 
been said to show that it possesses considerable 
engineering interest, and Mr. 8. S. Beman may be 
congratulated on having done something which may 
be considered a standard work of its class. The 
exterior of the Mines Building is, like that of the 
others, of timber, covered with fibrous plaster. 
XIII.—THE AGRICULTURAL BUILDING. 
Tuer building devoted to agriculture is placed on 
the south side of the Grand Avenue, so that it has 
a water frontage along its north side, and looks out 
across the canal to the Industrial Arts Building 
opposite ; on the west it has the short branch canal 
that runs between it and the Machinery Hall. This 
part of the Exhibition forms the background of one 
of the finest architectural landscapes—if the term 
may be used—in Jackson Park. The diagram, 
Fig. 74, annexed, will serve to give some idea of 
the cowp d’wil as one approaches the Grand Avenue 
from the lagoon. Immediately on the spectator’s 
right hand is the Electricity Building, one of the 
towers of which is shown in the engraving ; on the 
left hand, immediately opposite, is to be seen the 
south-west corner of the Liberal Arts Building ; on 
the right, further on, is the Machinery Hall ; and on 
the left, opposite to the latter, is the Agricultural 
Building. The vista is closed by the colonnade at 
the back of the short branch canal, and which con- 
nects the Machinery and Agricultural Buildings. 


oF AGRICULTURAL AND ADJACENT BUILDINGS. 


beyond the point of view selected for our illustra- 
tion the scene becomes even more impressive, for 
on the right are opened out the grand proportions 
of the Administration Building, and on the left a 
view is obtained down the Great Basin to the har- 
bour beyond ; this, with its crowd of craft of all 
kinds, will give animation and picturesque effect, 
whilst outside, the broad expanse of Lake Michigan 
stretches to the horizon. Looking in this direction, 
the Agricultural Building would bound the line of 
sight to the southward, and the critical spectator 
would note how completely the architects appre- 
ciated the position their work was called upon to fill. 
As will be seen from the illustrations, Figs. 75, 76, 
and 77, on page 547, the building is not lofty, its 
general cornice line being only 65 ft. above the 
ground, in accordance with the proportions fixed 
by Mr. Burnham. Its main architectural features 
are the great rotunda forming the chief entrance, the 
four large corner pavilions, and the connecting colon- 
nade. Fig. 81, page 548, gives a good idea of the ap- 
pearance of the building, and Fig. 80 is a plan. 


This building is nearly the same size as the — 


Machinery Building close by, being 800 ft. long by 
500 ft. deep. At the back or south side there 1s 
attached an annexe 300 ft. by 500 ft. Connected 
with this section there are a forestry department, a 
sawmill, and a dairy, all placed in separate build- 
ings ; the first and last named are illustrated by 
Figs. 78 and 79, on page 548. The main plan of the 


Agricultural Building comprises two central galleries 


each 95 ft. in width. These intersect each other on 


the larger and shorter axes of the building. They 
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struction, the height of the roof being 75 ft. The 
rotunda is 100 ft. in diameter and 130 ft. high. 
The roof is a flat dome (see Fig. 84, on page 550), 
the position of which is shown in the longitudinal | 
and the end elevations (Figs. 75, 76, and 77, on 
page 547). The corner pavilions are roofed by 
smaller domes. Groups of Corinthian columns, 
each group surmounted by appropriate statuary | 
decoration, are. connected by a screen, each panel | 
of which is filled by thrée semicircular arches and a 
row of pilasters. In the main entrance a statue of | 
Ceres occupies a central position beneath the dome. 
The fagade encloses a gallery or vestibule, from | 
which access is gained to the building, the space | 
beneath the dome being left unincumbered, and | 
with a floor of tesselated pavement. Fig. 82, 
annexed, Figs. 85 to 87, on page 550, and Plate 
No. II., give some idea of the statuary that enriches 
the exterior. The interior arrangements of the Agri- 
cultural Building are not, we think, so satisfactory Fic. 81. Tur AcricuLturaL Buripina. 


| 
are roofed by iron trusses of the usual light con. | 
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Fic. 97. TRANSVERSE SECTION OF TRANSPORTATION BUILDING. 


the British paterfamilias packs his portmanteau and 
journeys with his belongings to Brighton, Torquay, 
or Scarborough for a month in the autumn, his 
American compeer takes his wife and daughters— 
with a full-sized village of Saratoga trunks—for a two 
thousand-mile jaunt, to St. Augustine or Jackson- 
ville, and leaves them there from the time the 
north-easters rattle off the gorgeous foliage of the 
autumn, until spring comes again in the North, and 
the sun and mosquitoes assert. sub-tropical preroga- 
tive. All this means ‘‘ transportation,” but there 
are other cases, as hinted above, working to the same 
‘end. The yast interior of the States is a producing 
district. Grain and lumber, hogs and. cheese, 
canned goods—meat, fruit, &c., and produce of all 
kinds—these have to be shifted, and at the least 
expense, or else the American producer and the 
American middleman, together with the American 
consumer, merchant, exporter, publican, newspaper 
Man, and every other tongue of the American 
people which insists on being heard, ask the reason 
why in a manner so personal and persistent that sloth 
itself is startled into activity, and incompetency is 


\ 


i 


glad to take up its birthright of a back seat. These 
things have made American railway travelling and 
American freight handling what they are. In ocean 
travel Great Britain still holds her ancient supremacy, 
although in inland or inclosed waters, such as the 
great lakes, the Englishman may see things in the 
United States that will be a complete revelation to 
him, of comfort and convenience as regards passen- 
gers, and cheapness, volume, and rapid transit as 
regards freight, and which will give him food for 
thought, and matter for comparison with our system 
at home. 

The Transportation Building at Jackson Park— 
and this is the first time in the history of Exposi- 
tions that a special temple has been devoted to the 
purpose—is a structure standing partly on the banks 
of the Island Lagoon, and partly in the rear of the 
Mining Building. Its length is 960 ft. and its width 
250 ft. The side elevation (Fig. 91, page 552) and the 
perspective views (Fig. 94 on page 552, and Fig. 95 
above) give a good idea of the exterior, which, we 
think, willbe considered of pleasantaspect, if not pos- 
sessing the architectural features of its more magni- 


* 


ficent neighbours. It is, however, rich and elaborate 
in ornamental detail. The architects are Messrs. 
Adler and Sullivan, of Chicago. The style of the 
building may be described as Romanesque, al- 
though, as has been before pointed out in these 
columns, the manner in which it is designed, the 
solicitude shown for good proportions, and the 
subtle relation of parts to each other, will suggest 
the methods of composition followed at the Ecole 
des Beaux Arts. The main building of the trans- 
portation exhibits measures 960 ft. front by 256 ft. 
deep. An annexe at the north end covers about 9 
acres, and consists of a series of one-storey build- 
ings, 64 ft. wide, set side by side. The total area 
oceupied by the Transportation section is 18 acres 
under roof. As there will be a railway track every 
16 ft., and as all these tracks will run east and west, 
these annexe buildings may be used to exhibit an 
entire freight or passenger train coupled up with its 
engine. The display of locomotives to be exhibited 
has turned out to be, as was anticipated, remark- 


able, and the effect will be very impressive ; indeed, 
the interior arrangement of the Transportation 
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Building is exceedingly well arranged, the executive 
having disposed of the very effective material at 
their disposal in a manner to bring forth its best 
and most attractive characteristics. 

The mainentrance of the building consists ofan im- 
mensesingle arch, enriched withcarvings, bas-reliefs, 
and mural paintings. This feature is rich and im- 
pressive in design, and the decorative treatment is 
wholly in gold and colour (see Fig. 99, annexed). 
For this reason the entrance to the Transporta- 
tion Building is known as the Golden Door. 
The rest of the architectural composition is quiet 
in treatment, and harmonises with the central 
feature. It consists of a continuous arcade with 
subordinated colonnade and entablature. There 
are numerous smaller entrances, in connection 
with which are grouped terraces, seats, drinking 
fountains, and statues. The interior is divided into 
a broad nave and aisles. The roof is therefore in 
three divisions. The middle one rises much higher 
than the others, and its walls are pierced to form a 
beautiful clerestorey. In the centre of the build- 
ing a cupola is placed, which rises 165 ft. above the 
ground. It is reached by eight elevators, which 
are designed themselves to forma part of the trans- 
portation exhibit. They will also serve to carry 
passengers to the various galleries, which are 
arranged at different elevations, and from which a 
fine view of the interior may be obtained. The 
elevator accommodation in this building will be 
ample, as, beseems that of a section devoted to 
transportation, in a country where vertical carriage 
has assumed such important dimensions as in 
America. Our illustration, Fig. 98, annexed, gives 
a view of the interior of the Transportation Build- 
ing, the engraving having been prepared from a 
photograph taken by Mr. Arnold, the official photo- 
grapher to the Exhibition, in August last. The 
centre one of the three spans into which the roof is 
divided is shown. This span is 100 ft. wide, whilst 
the two side spans are each 80 ft. wide. The design 
appears severe, but this is largely due to the position 
from which the photograph was taken, and to the 
emptiness of the building. To the spectator stand- 
ing on the ground level, a greater breadth of view is 
afforded, this effect being somewhat heightened by 
the obscurity under the galleries which are in the 
side spans, and the exhibits themselves will lend an 
animation to the scene which will do much to 
modify any heaviness and monotony that would 
otherwise be oppressive. Fig. 97, on page 553, isa 
cross-section through the main building. The whole 
width of each side span is occupied by an upper 
gallery 28 ft. above the ground, as shown, and 
having a headway of 16 ft. from the upper gallery 
level to the roof trusses. The floors of the 
galleries are pierced all round with square openings 
at short intervals to give light to the lower galleries 
in the side spans—a precaution much needed, as it 
is to be feared the exhibits will not show to 
the best advantage in this part of the building (see 
plan, Fig. 96, page 553). In the centre of the 
structure there is a bridge by which the opposite 
galleries will be connected. The roof affords an 
interesting example of design, and is largely com- 
posed of timber, braced with iron rods. The roof 
trusses are Spaced about 32 ft. apart in each gallery, 
and are braced together in pairs, and each end of 
the roof is finished with hips. The somewhat 
novel detail is introduced in two of the panels of 
a timber strut, with iron tie-rods on each side of 
it. A raking strut also runs from the timber tie 
of the roof to the stanchions, which are also of 
timber, concealed beneath the embellished plaster. 
The bottom chord consists of three timbers spaced 
some little distance apart, and with iron filling- 
plates between at short intervals. The main 
rafters are also built up of three timbers and wooden 
purlins and secondary rafters. 

The Chicago Exhibition is, as stated, the first in 
which an entirely separate section has been set apart 
for a Transportation Exhibits Department, in pre- 
vious Exhibitions the subject having been treated 
as a sub-section of some other division, and the loco- 
motives looked upon as a part of the machinery 
exhibit. As we have already said, the United 
States has developed the service of travel by railway 
to a greater extent than any other country. In 
America the railroad is the pioneer, and makes the 
settlement, whilst in older countries the towns 
exist and demand the railroad. It is this which 
has given railway-making its unique importance in 
America, and it is natural, therefore, that the 
Transportation Exhibits Building should be a dis- 
tinctive feature at the Columbian Exposition, and 
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should cover as much ground as did the great 
Machinery Hall in the Paris Exhibition of 1889. 
Yet this vast area of 18 acres has been found 
quite insufficient for the demand of exhibitors. The 
space originally demanded for foreign nations was 
very great, as may be judged by the following 
figures : 


America demanded 800,000 square feet, which 
gave an average of 1000 square feet demanded by 
each intending exhibitor, as there were but 800 in 
all. It will be seen, therefore, that a considerable 
cutting down of demands has had to be done in this 
department as in so many others. In the American 
section it was proposed to exhibit about 70 loco- 


Fic. 98. CENTRAL GALLERY OF TRANSPORTATION BUILDING. 


Fic. 99. Tse Gotpen Door: TrRaNsporTATION BurLpING. 


Square Feet. 

Great Britain Pr Hie By . 65,748 
France a oon «-s 65,748 
Germany ae be 40,000 
Canada i Se 5 2 15,000 © 
Austria a cr as 5 10,000 
Mexico ee ise ber ee Ase 8,000 
Spain ... ‘0 is ihe 3,000 
Russia 55 she oe 2,685 
Belgium 5,000 
Italy ... Re 1,500 
India ... vit tee 1,000 
Netherlands... : a 1,250 
Latin America... . 618 

Total ... ... 214,499 


motives, the largest weighing nearly 100 tons. We 
are not aware what the exact number is, but of one 
thing there can be no doubt, that the display will 
be the finest ever got together. We must not, 
however, be led into dealing with exhibits in detail 
just now, otherwise our description would become 
quite of unmanageable proportions ; but there are 
two features in this section to which general refer- 
ence must be made. One is the historical collection 
of transportation exhibits, which has been so ably 
organised and vigorously prosecuted. It would be 
premature to say what is the exact measure of suc- 
cess that has attended Mr. Willard A. Smith, the 
very able chief of the Department of Transportation, 


= 
3 


i Beet N Me Ar TST DT NG: 


APRIL 21, 1893. ] 


(For Description, see Page 557.) 


ENGINEERING, 


Fie. 100. GENERAL View or Fine Arts Burnpinc AND ANNEXES. 
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the committee devoted to this sub-section, but 
certainly, if hard work and courteous endeavour 
could command success, it should attend his efforts. 
We hold strongly to the good old maxim, that one 
should never prophesy unless sure ; but, neverthe- 
less, we do not hesitate to say that this section of 
the great show will, in itself, be worth travelling a 
yery long way to see. The second feature is the 
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enormous and unique display of the Baltimore 
and Ohio Railroad Company, illustrating the history 
of a railroad ; no money, skill, or enterprise have 
been spared to make this exhibit of the highest 
value and interest, and we hope to bestow con- 
siderable space upon it hereafter. The foreign 
exhibits are, in themselves, of great interest and 


importance, but America is able to contribute as 


much that is instructive in this respect as most other 
nations ; for it must be remembered that the use of 
wheeled vehicles goes back as far in the United 
States as elsewhere, taking existing types as. ex- 
amples. No doubt America could not contribute 
a Roman chariot or a carriage of the Elizabethan 
period. Neither can Europe. Perhaps some of our 
royal or civyi¢ coaches are older than anything in the 
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Onited States, but with such exceptions it is possible 
America can match us in antiquity ; certainly the 
lofty and spacious vehicles that did duty as hackney 
coaches in New York up toa few years ago were 
far more old-world-looking than anything running 
on wheels one sees on English roads. 
XV.—THE FINE ARTS BUILDING. 

Tue art galleries are situated on the north side 
of a lake at the north end of the grounds. As 
will be gathered from our illustrations, the architec- 


ture is of a purely classic style, as befits the exalted | 


use to which the building is to be put. Fig. 100, 
on page 555, gives a good idea of the building and 


106. Norru-West Conner or Fine Arts Buripine. 


its annexes, and Figs. 101 and 102, on the same 
page, are respectively longitudinal and transverse 
sections. Fig. 103, on page 556, is a plan, 
while Figs. 104, 105, and 106, on page 556 and 
the present page, are from photographs, and show 
respectively the condition of the site on December 28, 
1891, the state of the building on September 1, 
1892, and a portion of the north-west corner of the 
building. Considering the massive and permanent 
character of the building, the rapidity of its con- 
struction is remarkable. In referring to the Fine 
Arts Building at a time when we had only seen 
it in the form of a design on paper, we said that, 
without doubt, it would be one of the most suc- 


cessful pieces of architectural design among all the 
great and elaborate buildings that would constitute 
the Exhibition. Now that the building is complete 
we do not think there will be many to disagree 
with our forecast, but that most will emphasise it. 
A pure style of Grecian Ionic has been adopted by 
the architect, Mr.C.B. Atwood. The dimensions of 
the building are 500 ft. by 320 ft., and the rectangle 
inclosed is divided into four large courts separated 
by a central nave and transept. These are 100 ft. 
in width and 70 ft. in height, and at their intersec- 
tion a dome has been constructed about 72 ft. in 
diameter. This dome is therefore in the centre of 
the building. The height to the top is 125 ft., and 
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safe to a remarkable degree—considering its tempo- 
rary nature and the rapidity with which the work has 
been done—has been erected. No woodwork, ex- 
cepting that of the panellings and internal fittings 
of the courts, is exposed. The framework, upon 
which the architectural effects are carried out, is, 
of course, of timber ; but it is so embedded in the 
cement which forms the exterior walls, columns, 
&c., that no danger need be apprehended.  Al- 
though the design of this building is essentially the 
artistic result of what may be called scenic archi- 
tecture, the construction of the edifice itself is a 
fine example of engineering practice. All the main 
walls are of brick, whilst the roof, galleries, floor, 
and dome are of steel. The floors consist of brick 
arches turned between steel girders. The north 


architectural decorations are built up with timber 
framing covered with ‘‘ staff.” The walls, as already 
stated, are of brick and stone. Hach of the four 
galleries is divided into eight courts and a corner 
pavilion. The galleries running round the nave and 
transept are supported by the walls on one side, 
and by columns placed: 30 ft. apart on the other. 
From this higher level, stairways lead to an upper 
gallery. The main gallery thus provides a con- 
tinuous means of circulation for visitors around the 
whole of the higher part of the building. In the 
main roof, covering the aisles and transept, each 
span of 60 ft. is made up of lattice girders forming 
trusses 3 ft. deep, and divided into single intersec- 
tion panels. The girders are of steel, the top and 
bottom flanges 8 in. by ? in., and stiffened by 


lar in plan, and measures 350 ft. by 420 ft. The 
central dome is 120 ft. in diameter and 150 ft. high. 
The space beneath this dome will be kept clear of 
exhibits, and will form a great rotunda, with the 
dome as a roof above. The large courts around this 
rotunda are allotted to the various departments of 
the State. 

Fig. 109, annexed, which is a half plan, gives 
an idea of the general arrangement. On the 
south side the Post Office, the Treasury, the War 
Department, and the Department of Agriculture 
are located ; whilst on the north are the Fisheries 
Commission, the Smithsonian Institute, and the 
Department of the Interior. In addition there 
will be exhibits of the Department of Justice and 
the State Department. The following are the spaces 
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which will be flanked by the annexes, each 120 ft. light lattice girders between the columns and a Sq. Ft. 
by 200 ft., and beyond these, on the far north of the | series of purlins extending from rafter to rafter. A The War Department - 23,000 
grounds, are placed the large group of buildings| part of the roof is covered with boarding and Roman oe Poe 1Decie eae 10,500 
belonging to the various States of the Union. The| tiles, whilst at the upper part there is a skylight e Agricultural Department ... 23,250 
to which sof Hac ; : I : : ? The Department of the Interior 24,000 
two annexes to which reference has been made are|the framing of which is raised 3 ft. 10in. above the The Post Office 9,000 
to contain picture galleries. They are both shown| rafters. This framing is very light. The roof The Fisheries 20,000 


in the perspective view, Fig. 100, page 555. It will 
be seen that, unlike most Exhibition annexes, which 
are simply galvanised iron sheds, they harmonise 
perfectly with the general design. With rare taste 
the architect has made them properly subordinate 
to the principal feature, whilst at the same time 
they have a quiet dignity of their own. The view 
presented by this group of buildings would probably 
be pronounced ‘‘ faultless” if it were a relic of 
ancient Greece. As it is strictly modern—and 
indeed was run up in a few months—we must not 
pirate any of the superlatives of which the writers 
upon ancient art appear to possess the copyright, 
and are very jealous of infringement. 

The main galleries are, as has been said, 100 ft. 
in width, and are covered by a pitched roof, con- 
structed like some of the galleries at the Paris 
Exhibition of 1889. The roof principals are sup- 
ported at the ends by columns about 65 ft. high, 
and from these columns to the adjoining wall, a 
space of about 20 ft., struts are introduced, form- 
ing a continuation of the principals, and so pre- 
serving an unbroken roof. The rotunda formed at 
the intersection of the aisle and transept is carried 
on masonry piers. The columns and _ general 


principals are 30 ft. apart. The girders supporting 
the galleries are of steel, and are carried by steel 
columns. A part of the upper galleries at the centre 
of the building is supported on cast-iron columns, 
which in all cases rest on concrete foundations. The 
arched ribs of the dome are 16 in number, converg- 
ing at the top, and connected by a series of rings at 
intervals. They are, like the rest of the framing, 
of steel. 


XVI.—THE UNITED STATES GOVERNMENT 
BUILDING. 

THE various departments of the United States 
Government have a building to themselves, a general 
view of which we give (Fig. 107, page 558) ; the beau- 
tiful and elaborate character of the main entrance is 
well shown by Fig. 108, on page 559. This building 
is situated on the northern half of the island formed 
by Lake Michigan, the Lagoon, and the two connect- 
ing canals. It has, therefore, a commanding position, 
which is well occupied by the building, which Mr. 
W. J. Edbrooke, the architect, has designed, and 
which has been erected at a cost of 80,0001. by the 
American Government. The building is rectangu- 


The Coast Survey Department, which had so 
valuable an exhibit in the London Fisheries Ex- 
hibition of 1883, has a very interesting display, as 
would be anticipated by those who know the ad- 
mirable manner in which this public trust is ful- 
filled by those in charge. This exhibit will be 
included in the Treasury section. To give an idea 
of the way in which this work is being carried out, 
it may be stated that there is a relief map of the 
United States, 400 square feet in extent ; it will, 
however, be placed in a separate building, and in- 
spection of it facilitated by galleries erected round. 
The main courts of the Government Building are 
surrounded by a gallery which gives a large addi- 
tional amount of floor space, and axial with the 
rotunda are a series of smaller courts. Around the 
rotunda are various galleries at different heights, 
the uppermost being an exterior one round the 
dome. The foundations of this building are, like 
those of most of the other main structures, of the 
typical Chicago kind. Generally, they consist of 
platforms 5 ft. 6 in. square, of 3 in. planks. On 
these are placed timbers 12 in. square and 5 ft. 6 in. 
long ; then come two tiers of 8 in. by 12 in. and of 
10 in. by 10 in. respectively, three timbers in each 
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tier. Finally there is another layer of three tim- 
bers 12 in. by 12 in. placed close together. | Above 
these come the main beams, which carry the floor 
joists. The foundations are sheathed with an apron 
of 2in. timber. The foundations to the columns 
which carry the dome have to be of special con- 
struction. They are supported by 12 in. piles 
spaced 3 ft. apart in each direction, and driven to 
the required depth. On the top of these piles 12 
in. planks are laid, and firmly spiked. At each end 
are placed three timbers, respectively 11 in., 14 in., 
and 6 in. deep, one above the other. In the space 
inclosed are steel beams, which carry the weight of 
the column. ‘There are two tiers of these steel 
beams, the lower one of a rolled section with steel 
plates above and below, while the upper ones are 
built upon girders 20 in. indepth. Our illustrations, 
Figs. 110 to 112, annexed, show the two types of 
foundations just referred to. 

In this building there are different types of roof 
employed ; some pitched and some curved, the latter 
being of less height than the former, but both of iron 
or steel, all bent plates being steel. The springing 
of the roof is 45 ft. above the floor, and is carried 
on Phoenix columns. The main rafters are two 
angle irons, 6 in. by 4in., and weighing 72 lb. per 
yard. The struts are T-irons. The truss is tied 
down to the columns 7 ft. 2 in. below the springing. 
The curved roof is very sunilar in type of construc- 
tion, but is surmounted by a skylight. 

Behind the facades are two galleries, which may 
be described as second and third floors ; the highest 
gallery being level with the springing of the truss, 
which is in the transverse axis of the building. 
The timber framing to the walls throughout the 
building, is covered with the cement which forms 
the exterior walls. Covering some of the galleries 
are flat timber roofs. The framing of the central 
dome is of steel, there being a stairway to the top. 
At intervals ring girders are introduced. These 
girders are double, one being attached to the column 
near the outer, and one to the inner flange. They 
are about 18 in. deep. There is a narrow gallery 
running round the dome at a height of 75 ft. above 
the ground. It consists of a series of angle-iron 
brackets bolted to the inner face of the columns. 
At a distance of 28 ft. 6 in. above the ground there 
are balconies projecting from the face of the ro- 
tunda. These are carried upon light lattice girders 
framed between the colonnades. Like that of all 
the other buildings, this is finished in cement and 
fibrous plaster, concealing the iron and timber 
framework. The engravings givea good idea of the 
ornamental character of the detail. 

A separate structure devoted wholly to such a 
purpose as this is a new feature in an Exhibition. 
Under Royal patronage the first Exhibition of 1851 
was really a state pageant, butit has never been 
dreamt that our important public departments 
should make a collective official display. We cannot 
imagine, for instance, our own Treasury combining 
with the Post Office to occupy a section for the de- 
lectation of a holiday crowd, although the latter 
department has had very beautiful exhibits in some 
of the electrical Exhibitions, and will be the chief 
British exhibitor in the Electricity Building at 
Chicago. The Royal Navy, it is true, improving 
upon the example of the Army, a couple of years 
ago had an Exhibition all to itself, and thereby 
netted a very considerable sum for the benefit of 
widows and orphans, besides showing to the British 
public something of our first line of defence, and 
proving what an amount of work naval officers can 
do when called upon. The popularising the Navy 
by the 1890 Exhibition at Chelsea was quite as good 
a thing as the surplus. What the contents of this 
Government Building at Chicago may prove to be 
does not concern us at present ; but we can promise 
that the visitor will not find the galleries stuffed full 
of dry material. The American Government De- 
partments know the value of popularity, and are 
not averse to even a little mild advertisement ; 
moreover, they possess almost endless treasures of 
valuable material for display, and are but little 
hampered by that false spirit of conservatism, the 
first principle of which is concealment. 


XVII.—THE U.S. NAVY DEPARTMENT 
EXHIBIT. 

Tue Navy Department Exhibit is one of the chief 
novelties of the Exhibition. To all appearance it 
will be a battleship fully equipped, and moored 
within the shelter of the mole which protects the 
northern entrance to the Lagoon. As a matter of 
fact it is a structure with foundations rooted firmly 


to the soil, and composed of those things which do 
not generally come within the naval architect’s 
category of constructive materials. In fact, the 
designers of the ship have followed the example of 
the nursery hero, who 


* Built a ship of bricks and mortar 
To swim about upon the water,” 


except that the Chicago ship is not meant to float 
at all. There is of course an Exhibition precedent, 
on a smaller scale, in the full-size model of the old 
Victory at the Naval Exhibition, where there was 
no water at all, but only a very innocent decep- 
tion in the shape of painted canvas. 
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had been told ten years ago that the United States 
would have such a Navy as she now possesses— 
complete, or in process of completion—he would 
have treated the statement as an absurd exaggera- 
tion, supposing the ships and machinery were to be 
made in the country. In this matter of a war Navy 
we can afford to rejoice to an extent only second to 
the satisfaction of the Americans themselves. It 
is a good thing for us that there should be powerful 
| ships manned by English-speaking crews all over a 
world in which the millennium has not yet arrived. 
| To create a war Navy has indeed been a tremendous 
| feat, but the question that interests us more nearly 
is, whether the Americans are going to create a 
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The naval exhibit is not only one of the most 
generally interesting features to the far inland 
dwellers of the Middle States, but it should also be 
one of the most instructive sections to Englishmen, 
and bears a lesson fraught with especial importance 
at the present time. As, moreover, it is a matter 
which comes within our own special province, we 
shall allot to it more space in our description than 
we should otherwise give. 

The Americans have created a powerful war Navy 
within a space of time unexampled in the history of 
nations, and only to be paralleled by the sudden- 
ness with which they lost their mercantile Navy, 
now many years ago. If any British shipbuilder 


/mercantile navy in as short a space of time. Yards 
| that can produce armourclads and cruisers such as 
those now the property of the American people, 
can certainly turn out Atlantic liners and ocean 
|tramps ; but in the latter case there is the touch- 
| stone of commercial success to be applied, as well 
as that of engineering ability. A good many 
British shipbuilders are inclined to treat this new 
American enterprise with a certain amount of 
good-natured indifference. That is a dangerous 
attitude to take up, and in the face of what has 
been done there is justification in saying that it is 
a position that may cost us a large slice of the 
_ocean-carrying trade upon which the whole com- 
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mercial fabric of this country chiefly rests. There 
is one thing certain: the Americans have made up 
their minds to regain their old position as a ship- 
owning nation, and we know too much of the 
national characteristic to doubt that they will 
succeed if success be possible. We are sure that 
lavish expenditure will be made, and that legislative 
policy will be brought to the assistance of private 
enterprise. We know that the Americans have the 
engineering ability to design and execute, and we 
also know that whatever knowledge may be lacking 
in the country can be, and will be, freely imported 
from abroad. Raw material there is in abundance ; 
the American iron and steel works are in existence, 
and indeed the great hostile factor appears at 
present the rate of wages, which in turn is largely 
dependent on the fiscal policy, and that may last 
but a short time. In any case it behoves British 
engineers and shipbuilders, and British manufac- 
turers of shipbuilding material, to lose no effort to 
maintain the lead they now hold. In iron pro- 
duction the American foundry practice has 
fairly beaten our best experts. In armour plates 
an American device has upset our time-honoured 
notions, and even in ship design we have been glad 
to take a lesson from the practice of the Lakes. 
These in themselves are doubtless isolated facts, 
but multiplied they will create a policy. 

The American naval authorities have made a re- 
production of the most modern type of vessel ; 
the model they have constructed representing the 
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Fig. 115. 


END VIEW DURING CONSTRUCTION. 


The hull from the submerged 
platform to the main deck is built of brick and con- 
crete, finished outside andinside with cement moulded 


armoured ships Indiana, Massachusetts, and Oregon, | has 14 ft. freeboard. 
which were designed at the Naval Bureau of Con- 

struction at Washington, and built—two at the 
celebrated Cramp yard in Philadelphia, and the|to the contour of the vessel. Even had this brick 
third at San !Francisco. The model is 348 ft. long} and concrete ship not been the most convenient 
upon the water line, 69 ft. 5 in. wide amidships, and| method of proceeding it would not have been within 
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on page 562, show the progress of the work in 
August, 1892, and are from photographs taken by 
Mr. Arnold. 

The vessels represented are known as coast line-of- 

battle ships, and were the most important type in the 

reat programme of shipbuilding by which the United 
States Navy has been advanced, almost at a bound, 
from a collection of obsolete and feeble craft, to its 
ancient position of a fleet of first-rate importance 
amongst the great naval Powers. It was in 1883 that 
this vigorous step was initiated by the laying of the 
keels of the Chicago, Boston, Atalanta, and Dol- 
phin—four cruisers of strictly modern design, hay- 
ing great power, high speed, and considerable coal 
endurance. In 1887 there were laid down eight 
more vessels, the Newark, Charleston, Baltimore, 
Philadelphia, San Francisco, Yorktown, Concord, 
and Barrington. These ships were all built and 
engined in the United States, and when it is re- 
membered how limited was the experience of con- 
tractors in this kind of work, we think no greater 
monument of the brain power and versatility of the 
American people could be found than the success of 
these vessels. It is true that recourse was had to 
British designers, but everyone knows that even 
with the most elaborate drawings much has to 
be left to the intelligence and skill of the actual 
builders of a vessel. We had during the construc- 
tion of some of these ships, and after their comple- 
tion, opportunities of examining them carefully, 
and we can add our testimony to that already given 
hy cther British engineers and constructors as to 
the completeness of the work. In 1889 a further 
addition to the United States Navy was decided 
upon ; the Texas, Maine, Monterey, New York, 
Indiana, Massachusetts, and Oregon, and also a 
harbour defence rain, being put in hand. It will 
be remembered that the late Mr. William John, one 
of our most gifted naval architects, designed the 
Texas, while his old comrade and fellow-student, 
our talented Director of Naval Construction, Mr. W. 
H. White, supplied other designs during the three 
years’ interval, when he left the Government and 
went north to Elswick. Now the American 
authorities at Washington are quite able to prepare 
any designs either in engines or hulls without 
foreign assistance ; indeed, they have given no in- 
considerable hints to their sometime teachers. 
This, of course, is but natural. A people so emi- 
nently mechanical and inventive as the Americans, 
bringing fresh minds to bear upon congenial pro- 
blems, could not fail to strike out new ideas ; and, 
to their credit be it said, these facts are always at 
the disposal of the engineering world at large, 
simply for the asking. The open-handedness at 
Washington in this respect is a constant source of 
wonderment to all who have been only acquainted 
with the timorous policy of our own office-ridden 
departments at Whitehall. If the Washington 
designers are worthy of commendation, the Ameri- 
can contractors are no less so. The way in which 
the engineering and shipbuilding firms of the 
Union have laid down the vastly heavy plant re- 
quired for armour-plate and big marine engine work 
is almost beyond belief even to the enterprising 
and resourceful men of the Clyde and Tyne. Such an 
establishment as that which has grown up at Beth- 
lehem under the command of John Fritz—‘‘ Glori- 
ous Old John,” as he is fondly called—ably seconded 
by Lieutenant Jaques ; in the reconstruction of the 
Cramp Shipyard, by the band of brothers at Phila- 
delphia ; such things are revelations to those Eng- 
lishmen who choose to see, when they remember what 
slight demand for ship construction there was at the 
time. 

It is true we have seen some big reconstruc- 
tions of shipbuilding yards in Great Britain—that 
of Fairfield may be cited as an example—but there 
is nothing to parallel Bethlehem, where such 
vast sums of money have been spent to secure a 
trade yet to be created. There is, however, one 
great fact which encouraged the investor in these 
American enterprises and endowed him with a feel- 
ing of security in the capital sunk. He knew that 
the policy of warship building had been embarked 
upon, and he further knew that no Government 
would play fast and loose with his interests, leaving 
him in the lurch after the money had been spent. 
There is no greater assurance of the utmost being 
got from a nation’s resources in the support of its 
Navy, than in cordial relations between the Govern- 
ment departments and the trades. 

Of course, as will be readily understood, it has 
not been all plain sailing with the American con- 
tractors. Their failures in the matter of steel 


castings, and the very plain speaking of the 
Engineer-in-Chief on the subject, are characteristic 
features. 

The three vessels portrayed by the Mlinois re- 
present the most ambitious designs yet put into 
execution by the American naval authorities. Al- 
though designated coast vessels, they are true line- 
of-battle ships, heavily armed, thickly armoured, 
and having a height of freeboard and draught of 
water that fully entitle them to be classed as 
‘‘ocean-going.” Their displacement is 10,300 tons, 
and their freeboard 11 ft. 6 in., which is about the 
same as our own latest turret-ship, the Hood, which 
no one has yet thought of questioning as an ocean- 
going vessel. The draught of the American ships 
is somewhat less, 24 ft. against 27 ft. 6 in., whilst 
the power is considerably less in the American than 
in the British battleships of the Hamilton pro- 
gramme, namely, 9,000 indicated horse-power as 
against 13,000, the result in speed being a knot and 
a third less in the American ships. It cannot be 
questioned, therefore, that the Indiana and her 
sisters will be seaworthy to the fullest extent, but 
in one important respect the British ships are sub- 
stantially superior to the Americans ; for whilst the 
former—we are speaking now of the big armour- 
clads of the Hamilton programme—carry at de- 
signed draught 900 tons of coal, the latter have but 
400 tons. It is this feature which chiefly gives our 
vessels the superiority as ocean-going ships capable 
of taking position in line of battle all over the 
world. Of course it will be remembered that the 
English designer has started with an advantage over 
his American brother, for he has very nearly four 
thousand tons more displacement ; and displace- 
ment is the capital with which a naval constructor 
works. In regard to armour there is not much re- 
lative difference between the British and American 
types. In the Royal Sovereign and her seven 
sisters of the Hamilton programme (we include the 
Hood, as she is only different in having turrets in 
place of barbettes, and in the modifications which 
that difference entails) the armour belt is 250 ft. long 
as compared with the American 196 ft., while in the 
latter the vertical extension is 7 ft. 6in., or 1 ft. less 
than in the British ships. In both cases the thick- 
ness is 18 in. As the English ships are 380 ft. and 
the American 348 ft. long, it will be seen that the 
percentages of length covered by armour are 654 per 
cent. and 56 per cent. respectively. It is, however, 
in the disposition of the armament that the Ameri- 
can designers have made the boldest departure. 
We, in England, are in the habit of now speaking 
of ‘‘ primary” or ‘‘principal,” and of ‘‘ secondary,” 
armament in a battleship, the former being the 
guns placed in turrets or barbettes, whilst the 
latter include the quick-firing guns in various posi- 
tions. The machine guns are generally looked on 
as the modern equivalent of the small-arms of old 
days. In the Indiana and her two consorts, however, 
there is a primary, secondary, and tertiary arma- 
ment, besides the machine guns ; and there are also 
what may be described as primary and secondary 
turrets. The former, the visitor to the Exhibition 
will find on the upper deck, forward and aft of the 
midship superstructure, whilst the latter are placed 
one at each corner of the superstructure. In each 
of the former are mounted two 13-in. guns, making 
four in all, whilst in each of the latter are two 8-in. 
guns. In the Hood the principal armament con- 
sists of four 13}-in. guns, so that there is an ad- 
vantage in the English design here ; but it is one 
more apparent than real. We have long learned 
the folly of monster ordnance like the 110-ton gun, 
and the 13-in. gunsof the Indiana are big enough for 
practical purposes, as they are capable of sending 
their projectiles through any armour afloat. It will 
be remembered that the 67-ton 13-in. guns of the 
Royal Sovereign and Hood were only determined 
upon because they were an existing type, the general 
opinion of naval officers being that a 12-in. gun is 
quite large enough for the principal armament of 
the most powerful line-of-battle ship. As compared 
to the American eight 8-in. guns in four turrets, 
the English design shows ten 6-in. quick-firing 
guns, which are mounted above the central battery 
either on sponsons or behind shields. The fact that 
these guns are quick-firing adds greatly to the 
weight of ammunition to be carried, but the Ameri- 
can guns are in turrets, and are protected by ar- 
mour varying from 8 in. to 10 in. So far we have 
compared the principal and secondary armaments, 
with doubtful advantage to either side, but we now 
come to what we calla tertiary armament of the 
American design, which is practically unrepresented 


in the British ship. This consists of the four 
breech-loading guns, which are mounted on spon- 
sons on the main deck. In regard to guns of 
smaller natures the Indiana has 28 quick-firing and 
machine guns, whilst the Hood has eighteen 
6-pounders and 3-pounder quick-firing guns, al- 
though our seven barbette ships have 24 of these 
lighter quick-firing guns, besides machine guns. 

Space for the gun positions and an arc of training 
large enough to command an ample horizon are two 
of the principal considerations the naval constructor 
has to consider, and it is in these that the designers 
of the Indiana have departed furthest from prece- 
dent. The arrangement of main and secondary 
turrets is in itself novel, but the design is such that 
the 8-in. guns are intended to fire over the tops of 
the turrets of the 138-in. gun, and in this way the 
bugbear of ‘‘ interference”? with which the nayal 
officer is always worrying the naval architect, 
is, to a great extent, avoided. It is questionable, 
however, whether the arrangement will be practic- 
able, but if it prove so, a new departure will have 
been made in warship design. a 

The model will serve to afford something more 
than a show for the million, as the representation is 
so close that naval officers and naval designers will 
be able to study the effect of the disposition of 
armament adopted on a full-sized scale. 

The principal armament of 13-in. guns are 
mounted in pairs in what are described as Hick- 
born turrets, having redoubts extending down 
through the main deck and resting upon the berth 
deck. The materials used in the construction are 
not all brick and concrete, as considerable quan- 
tities of steel, iron, brass, and wood have been 
worked in. The big guns are, of course, all 
“Quakers,” being made of wood and metal framing 
with a cement finish. Our readers will remember 
how complete was the deception in the case of the 
guns of the Victory at the Naval Exhibition. In 
that case plaster-of-paris was used. The guns on 
the Illinois are, however, to have a genuine rifled 
tube and metal breech-plug, and all the elaborate 
fittings for loading, elevating and depressing the 
guns, revolving the turrets, hoisting ammunition, 
&c., will be shown. ‘This is evidently a very 
different business to counterfeiting the good old 
smooth-bores of the Victory, with their wooden 
carriages. At each corner of a superstructure deck, 
are mounted the 8-in. guns in turrets and redoubts 
made similar to the 13-in guns and turrets, and 
between them are the hammock berthings of iron, 
on the top of which is mounted a battery of actual 
Hotchkiss guns, all in working order. The 6-in. 
guns and mounts are on sponsons, if a projection 
built from the side of a superstructure, and not 
from the side of the hull proper, can be described 
as asponson. These 6-in. guns, as well as all those 
of smaller calibre, are real weapons, furnished by 
the Navy Department direct from the Naval Gun 
Factory. They have all their fittings, shields, &e., 
mounted in working order. The sides of the hull 
of the structure from the main deck are built 
of brick, stepped to give contour, the finish being 
in cement. Gun ports and air ports are framed in 
wood and metal let into the brick hull. | They are 
fitted with iron shutters. Finish is given to the 
model below the brick walls by iron plates con- 
forming to the shape of the vessel, extending down- 
ward below the water level, so that at no time will 
the foundation be exposed. The superstructure 
rests upon the main deck between the 13-in. gun 
turrets, the sides of which are of wood covered 
with metal lathing and finished outside and inside 
with cement. All the decks and bridges are made 
of steel, the hull beams and deck of yellow pine, 
the seams of which are caulked. Hatch inclosures, 
smoke-pipes, ventilators, &c., and all deck fittings 
that are of iron or brass in the original ships, are 
also of iron or brass in the Hlinois. 

The steel tower which takes the place of the 
military mast in the usual type of unrigged war 
vessels, is a conspicuous feature in the design of the 
Indiana and her sister ships, and it is faithfully 
reproduced in the Illinois. Its outward appearance, 
which is by no means beautiful, is well shown in the 
profile view on our illustrations. It will be 
seen there are two fighting tops, a sheltered com- 
munication to them being afforded by the hollow 
tower. It would almost seem from this tower that 
the military masts of the modern armourclad were 
leading to an historical repetition of the lofty fore- 
castles of medizeval times. Each of the tops in the 
Indiana design has four guns; those in the lower top 
being 1-pounder quick-firing guns, whilst the upper 
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top has Gatlings. Theyform no inconsiderable arme- 
ment in themselves, as the constant stream of pro- 
jectiles that could be poured down would render the 
decks ofanenemy quiteuntenable. Theobjectiontoan 
elevated position of this nature is of course the wide 
are through which the top of the mast moves when 
the ship is rolling at all, and the difticulty of getting 
ammunition up fast enough to supply the enormous 
quantity used by quick-firing guns. Fighting from 
the mast is no new thing, as Englishmen know, for 
it was a musket-shot from the tops that cost us 
Nelson. It was also no uncommon thing in the old 
sailing days to get light pieces up into the top and 
fire grape or langridge ; whilst the position was 
often defended by sandbags. In a modern action, 
however, so little work would be done on the open 
deck that the position becomes of less importance. 
In the old days it wasa point of honour for captains 
to expose themselves on deck; in fact, it was a 
necessity for fighting the ship. Now the chief in 
command is supposed to go into a conning tower 
and fight his ship by means of a number ‘of very 
ingenious and very elaborate electrical appliances. 
There i is, however, a reaction setting in against this 
method amongst naval oflicers, and many now say 
Fic. 124. THe Women’s Buripine; Kast Fronv. they would prefer not to occupy a single position 
against which the bulk of the enemy’s fire would be 
directed. The conning tower in the Indiana, and 
of course in her prototype the Illinois, is situated at 
the base of the military mast, and here the visitor 
may see all the telegraphs, speaking-tubes, call- 
| bells, indicators, &e., upon which the captain is 
supposed to play during action, as if it were an 
organ of many stops. The bridge is above, 
and extends fore and aft for the whole length of 
the superstructure. On the forward end of the 
bridge is the chart-house, an annular structure sur- 
rounding the base of the military mast, and the 
pleasantest berth in the ship. Distributed along 
the sides of the bridge the visitor will see Hotch- 
kiss guns, search-lights, and other military fittings. 
The model will be fully equipped with boats, which 
will rest on the skid beams when hoisted in. For 
handling them there are two iron cranes, one for 
the port and the other for the starboard side. 
Although these cranes are not nearly as large as 
those fitted in our own V ulean, or the Italia of the 
Italian Navy, they are worked by steam winches, 
and serve to illustrate what advances have been 
made in this respect during the last few years. On 
the decks and along the sides of the vessel are all 
fittings, such as anchors, chain cables, davits, 
winches, capstans, bitts, reels and winches for wire 
ropes, with nippers to hold the latter, skylights, 
lifebuoys, side ladders, swinging booms, canopies, 
awnings, &c. The windlasses will be in place, 
and in fact all fittings and appliances will be pro- 
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vided exactly as if the ship could slip her moorings 
and steam off to meet an enemy at an hour’s notice. 
There is one point, however, in which the Illinois 
will differ from her sisters of the U.S. Navy. Any 
one who frequented the Spithead anchorage at the 
time the fleet was assembled there in the year of 
the Queen’s Jubilee will remember how foul even the 
broad tidal waters between the Wight and the main- 
land became owing to the number of ships moored 
there. Though the Illinois can never ‘‘ ground on 
her beef bones,” as she is to be fully manned, 
ib is evident that some provision must be made for 
disposing of the refuse, and to this end there are 
placed under the foundations, pneumatic ejectors 
inclosed in an iron water-tight tank 9 ft. in 
diameter, and 8 ft. deep, into which all the sewage 
of the vessel is conducted through soil pipes. 
Another sanitary matter which is well looked after 
is the ventilation. Fan-blowers have been pro- 
vided, and air-ports are closely spaced along the 
sides of the hull for the admission of air, which will 
thus be forced through a main direct, from whence 
it can be distributed to every part of the structure, 
whilst the foul air is at the same time removed. 
Provision has been made for heating the air in cold 
weather, and cooling it in the summer, so that in 
July and August it will be a good thing to be on the 
visiting list of any of the officers of the Lllinois. 
There is of course an electric light installation, the 
power for which will be obtained from the generat- 
ing station of the Exhibition, but there is a small 
power installation on board for occasional use. The 
superstructure has been fitted up for living quarters 
in the usual way, so that there are cabins, state- 
rooms, lavatories, mess fittings, lockers and other 
things which are required in the equipment of a 
regular man-of-war, according to the regulations and 
usages of the United States Navy. There is, we 
believe, also to be a crew of blue-jackets and 
marines ; but seeing how crowded is the small space 
available on a man-of-war with her regular comple- 
ment, doubtless the crew will be in skeleton, so as 
to make as much room as possible for the large 
number of spectators who will be sure to throng to 
this very attractive part of the big show. On the 
berth side will be shown the stowage of ammunition 
in magazines and shell-rooms, the lighting and 
flooding of magazines; the handling of ammuni- 
tion, the manipulation of torpedoes and working 
of turrets will also be illustrated. Amongst 
other things that will be shown in use will be the 
various fittings belonging to machinery, ordnance, 
and implements, including electrical devices, gun- 
carriage motors, and range finders. The use of 
charts and instruments of navigation will also be ex- 
plained. There is, further, a museum of instruction, 
which contains models of war vessels, including 
typical ships of periods from the past up to the 
present time, clothing, stores, and supplies of 
various kinds, flags, and numerous other objects 
connected with the naval service. Portraits of 
celebrated sailors from Paul Jones down to Farra- 
gut will be placed upon the walls of cabins and 
compartments ; whilst the traditional clothing of 
sailors of the Navy will be shown by janitors dressed 
in those costumes, and who will be especially en- 
gaged for the purpose. Hach bureau of the Navy 
Department will have an officer and other represen- 
tatives in control of its special exhibit. The 
Hydrographic Office, the Intelligence Office, and 
the Naval Academy are also represented.  Alto- 
gether it will be seen that this is ikely to be the 
fullest ship ever constructed, and we do not see 
how, in addition to the programme sketched out, 
the ordinary duties of a man-of-war are to be carried 
out. There is, however, one point in which the 
Illinois will have an advantage, for there will be no 
propellingmachinery. Thatisa wisedecision, as, even 
if engines could have been placed ‘‘on board” and an 
excavation made to represent the engine-rooms, the 
public would have seen little of the machinery. To 
get a good general idea of so large an object as a 
marine engine it is necessary to be some distance 
away from it, and this is impossible on board ship. 
The United States Navy Bureau of Steam Engi- 
neering have, however, decided to contribute a 
worthy example of the Department, and to this end 
it has been arranged that a set of modern triple- 
expansion engines, with boilers, shaft, propeller, 
&c., all connected and running at slow speed, shall 
be erected on shore, so that the public may get an 
intelligent idea of the powerful machinery required 
in a modern man-of-war. 

The pier (not the main pier of the Exhibition) 
and the adjacent shore are also used for naval ex- 


hibits ; heavy guns, their mountings, shields, pro- 
jectiles, armour-plates, anchors, chains, and many 
other objects of interest, both ancient and modern, 
are placed in various positions. At the end of the 
pier there is erected the representation of a part of 
an old sailing frigate, with guns of the period 
mounted. In this way an excellent opportunity 
will be afforded of comparing the old with the new, 
and appraising the advances made in the art of 
slaughter. 

More peaceful matters, however, come within the 
province of a Navy exhibit. Near the inner end of 
the pier, there is the exhibit of the Naval Observa- 
tory, placed under covering suitable to the sur- 
roundings, and with grounds laid out with walks, 
grassplots, and shrubs which have been ingeniously 
arranged to be in harmony with the objects of the 
display. Prominent features are an observatory 
telescope and a transit instrument, while photo-helio- 
graphy will be shown, there being a dark room 
to illustrate this part of the subject. The 
manner in which correct time is transmitted all 
over the country by the Gardner system is a 
feature that should prove of great interest, and in 
connection with this will be shown time bells, 
chronometers, &c., placed in various parts of the 
grounds. 

A big feature in connection with this department 
is the model of ocean currents which has been 
constructed in the shape of a tank 30 ft. square. 
The oceans and seas of the earth are represented by 
real water, the contour of the land being arranged 
as in nature, whilst small streams of water are 
ejected through pipes under the model so that the 
whole body of water moves exactly as the ocean 
currents. The direction of the currents is indicated 
by means of a light powder. It will be remem- 
bered that a similar model of very much smaller 
dimensions was shown at the Naval Exhibition of 
1891, where it attracted far less attention than it 
deserved. Of course such a model can only illus- 
trate effect and not cause. The exhibitis, however, 
one of great interest and value from an instructional 
point of view, and it will be well worthy of careful 
examination. 

It was arranged that the United States torpedo- 
boat Cushing should be present at the Exhibition, 
but whether this proposal has been carried out we 
are not aware. The Cushing is chiefly interesting 
from the fact that her name commemorates one of 
the most intrepid naval officers that the United 
States Navy, or any other navy, ever possessed. 
With a small and very imperfect steam launch, and 
by the aid of a spar torpedo, Lieutenant Cushing 
destroyed a Confederate vessel, and thereby rescued 
the United States Navy from what threatened to be 
a most serious dilemma, if not an overpowering 
naval disaster. He escaped with his life, it is true, 
although his boat was destroyed under him. So 
far Cushing did no more than thousands of his 
blood would then have done, and would now do, if 
called upon ; but the thing that distinguishes him 
above so many other heroes, is the intrepidity and 
unflinching nerve which gave him the coolness to 
perform so many delicate operations, as he did, in 
guiding the boat and exploding his torpedo; and 
the readiness of resource he showed when con- 
fronted with unforeseen obstacles in what must 
have seemed to him the moment of death. The 
boat which bears his name, is a remarkable in- 
stance of Yankee ingenuity—for she was built in 
New England—some say she is too ingenious, but, 
be that as it may, there isa consolation for our 
countrymen that we have still a modicum of inven- 
tive talent worthy to be adopted even by the people 
who are par excellence the mechanical inventors of 
the world—the New Englanders. The boilers of 
the Cushing were designed by Mr. Thornycroft, 
the celebrated torpedo-boat builder, and are on the 
principle he has devised after much patient study 
and experimental research. 

A further attraction in this section will be the 
various nayal drills and exercises which will be gone 
through by the United States sailors engaged on 
the work. Remembering how popular a feature this 
was at Chelsea in 1891, there can be no doubt it will 
be much appreciated at Chicago. On the whole, it 
may be said that the United States Navy has taken 
up the matter with an energy and thoroughness 
characteristic of sailors of the breed, either British 
or American ; and it is likely the citizens of Chicago, 
a thousand miles from the ocean, will be better in- 
formed on the details of a modern ironclad before 
the Exhibition is over, than are the inhabitants of 
most seagirt cities. 


———e 


XVIII.--THE HORTICULTURAL BUILDING. 


THe Horticultural Building is 1000 ft. long and 
250 ft. in general width, or 286 ft. as a maximum. 
It has a good situation on the west side of the La- 
goon, across one arm of which it looks to the 
wooded island. Our illustration, Fig. 92, page 552, 
isa side elevation of the building ; Fig. 121, on 
page 566, is a general perspective view, the engray- 
ing being prepared from the original designs of the 
architect, Mr. W. L. B. Jenney, of Chicago, 
Fig. 122, on the same page, is from a photograph, 
showing the main entrance, the central glass dome, 
and the two side domes. Fig. 118, page 565, is a 
section through the dome; Fig. 119 is a transverse 
section, and Vig. 120 is a part plan. 

This building is really a gigantic conservatory, 
with wings adapted for fruit and flower exhibitions, 
&c. The chief feature is the central dome, 187 ft, 
in diameter, and rising to a height of 118 ft. 
This dome is placed above a square court, and the 
two rectangular wings, just referred to, are con- 
nected with the central court by a wide gallery in 
front and a narrower gallery at the rear, leaving be- 
tween these two galleries on each side of the dome 
a large open court. Glass enters largely into the 
whole structure, as a necessity in order to sub- 
ordinate the design of the building to its special 
purpose. The space beneath the central dome 
affords a splendid opportunity for exhibiting palms, 
bamboos, tree-ferns, cacti, eucalyptus trees, and 
other examples of sub-tropical vegetation. A large 
part of the Exhibition is devoted to the illustration 
of orange culture as carried out in Florida and 
California. This should prove a most attractive 
feature in the Exhibition. The beauty of an orange 
grove has been extolled by many writers in glowing 
—hbut never too glowing—language. The wild or 
bitter orange trees are handsomer than those of the 
sweet orange, and flourish in sturdier groves ; but 
whichever variety be taken, there is no more beauti- 
ful sight in nature. In a different manner it equals 
even our own apple orchards in April. Fruit, bud, 
and blossom appear side by side on the same 
branches, and almost hide the glossy leaves with 
their profusion of creamy white and gold. To 
complete the picture, we want the shining face of a 
grinning nigger boy peering through the masses of 
fruit and flower, and then one sees a colour con- 
trast as perfect as nature ever affords—ebony, 
ivory, and gold. It.is hardly to be hoped, however, 
that the luxury and profusion of a native orange 
grove can be raised in a few months, but the 
Chicago people have performed feats eyen more 
wonderful than this, so the northern visitor may 
perhaps get a glimpse of the charm of sunnier 
latitudes. It is to be hoped, however, that he will 
not be led astray in his notion of things south, by 
an idealised representation under glass, for there 
are other facts, besides blossom and sweet scent, 
connected with an orange garden. 

The ground floor of each wing pavilion will be 
chiefly used for fruit exhibits, collections of seeds, 
and horticultural appliances. Here, again, there will 
be a grand opportunity for effective display, and, 
to judge by the arrangements made, it will not be 
neglected. An exhibit of American pumpkins or 
squashes could be set out as one of the most striking 
displays of richness and harmony in colour masses 
that could be desired. 

To heat the dome alone, ten miles of 14-in. pipes 
have been used, and a still greater quantity was re- 
quired for those courts in which the produce of 
warmer countries is to be cultivated. The ground 
occupied by this building is nearly six acres. The 
dome is surrounded by a square court, roofed, and 
about 30 ft.in height. The main entrance tothe build- 
ing is in the centre of this court, and on each side 
within it is a wide circular staircase, lighted from a 
small dome, which forms a conspicuous feature in the 
design. To the right and left of the central court run 
the two galleries. That in the front is 72 ft. 6 in. 
wide and 272 ft. in length. At the back is the second 
gallery, 750 ft. long and 50 ft. wide, which passes 
behind, but adjoins the central court. This gallery. 
forms a continuous series of glass houses maintained | 
at different temperatures for varying floricultural 
exhibits. A clear space, 89 ft. wide and 272 ft. 
long, separates the front and rear galleries on each 
side of the dome, and thus forms on both sides of 
the dome the two large open courts that will be 
used for horticultural displays. At the outer end 
of each court there is a spacious wing, 118 ft. wide 
and 250 ft. long. It will be seen, therefore, that 
the whole building consists of the central dome and 
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its external appearance, and Fig. 125, on the same | 


page, is from a photograph of a portion of the 
exterior front gallery. 

At first glance it seems but a small space, 80,000 | 
square feet, to devote to the use of women, but 
it must be remembered that in other parts of 
the Exhibition the two sexes stand on an equality, | 
so that women really have an advantage over men to 
the extent of this 80,000 square feet. t 
it should be in strict equity, leaving any feeling of 
chivalry out of account ; for though women are, 
may be nominally, on an equality with men as exhib- 
tors in some other parts, practically they are un- 


Fig. 129. 


able to compete. In any case the Women’s Build- 
ing is a welcome feature ; for this is the second 
time only in the history of Exhibitions that a large 
building has been set apart for what can no longer 
be called ‘‘the weaker sex,” the first instance having 
been in Philadelphia at the Centennial Exposition 
in 1876. Hverything about the Women’s Building 
has, as far as possible, a feminine origin. The 
architect is a lady, Miss Sophia 8. Hayden, of 
Boston. The building is in the style of the Italian 
Renaissance, consisting chiefly of two rectangular 
wings at each end connected by longitudinal gal- 
leries covered by a pitched roof. In the front 
between the two wings there is a colonnade with 
open arches supported by pillars (Fig. 125). The 
chief entrance is in the centre fronting the Lagoon, 
and is approached from the water by a broad flight 
of steps. The view of this stately building seen 
from the water is impressive inthe extreme. Few, 


we think, judging by conventional standards, would | 


7 ’ 
suppose the design to have sprung from a woman’s 


That is. as | 


ARCADE IN THE FisHERtEs BuILpING. 


brain. Conyentionality, however, would be at 
fault, for women have as fine a sense of symmetry 
‘and the value of proportion as men, whilst their 
artistic perception is beyond question. If they have 
not numbered great architects amongst them, it is 
because they have lacked the technical instruction. 
This fact is strongly borne out by the competition 
for the Women’s Building at the World’s Fair. 
“Designs,” we are told, ‘‘ were invited from 
|women architects, and the result was awaited in 
somewhat uncertain expectancy. Women were not 
known in this craft, and the President of the 
|Board of Directory confessed an apprehensive 


(See page 573.) 


sinking of the heart when summoned to assist the 
Chief of Construction in examining the plans sub- 
mitted. There were 13 of them. Some were poor, 
whilst some were excellent, and the principal diffi- 
culty was to decide which was best. To three of 
the designs were awarded prizes, and then—after 
| the award was made—the interesting fact was dis- 
closed that all the plans were the work of young 
girls, ranging in age from 20 to 29. Miss Sophia 
Hayden, of Boston, won the first prize, and was at 
once summoned to Chicago to perfect and elaborate 
the design.” We think these facts afford a very 
fair presumption that women and men might stand 
very nearly ona level in the matter of native archi- 
tectural talent. We doubt if 13 male architects 
|under 21 years of age could be found throughout 
| America, or with England thrown in, who would 
produce three designs for a building approximating 
in merit to those of Miss Hayden. 

The interior arrangement of the building com- 
prises a serios of spacious galleries running round 


the four sides at a height of about 25 ft. above the 
ground. The galleries are divided into a number 
of courts devoted to different sections of industry in 
which women are more especially engaged or inte- 
rested. Naturally many women prefer to exhibit 
their work in the general sections devoted to the 
class of objects dealt with, and this renders the 
female section somewhat difficult to provide for, 
although, if it were not so, the Women’s Building 
would be far too small for the demands made upon 
it. For instance, the works of art produced by 
women painters will be, as a rule, shown in the 
chief Art Building, where women naturally desire 
to be amongst their compeers ; still it has been 
arranged that there shall be a large and valuable 
art display in a hall that has been arranged for 
the purpose in the Women’s Building. Mrs. Potter 
Palmer, of Chicago, has taken the leading position 
in this matter, and is president of the committee 
carrying out the arrangements. Mrs. Palmer has 
visited Europe many times in pursuance of this 
work, and has made excellent arrangements, which, 
it is to be hoped, will bring the matter to a suc- 
cessful issue. Of this, however, our readers will be 
able to judge when they visit Chicago, or when we 
are in a position to furnish detailed information. 
There are, however, some things which are so essei- 
tially feminine that they will find a home wholly in 
the Women’s Building. Amongst these, the sections 
relating to nursing and hospital duties generally, 
the care of children, and rescue societies, at once 
occur. The education of young children is only yet 
in its first stage of development, and much ancient 
prejudice has to be removed in this field. Doubt- 
less thousands of mothers will visit the Columbian 
Exhibition and see much to enlighten them in this 
respect, to their own advantage and to the inexpres- 
sible relief of their offspring. It is to be hoped 
that the present somewhat barbaric methods of 
infant education will soon become things of the 
past. The subject is one as worthy of attention as 
that of the education in more advanced stages of 
growth, for no superstructure is soundly placed on 
weak foundations. 

In a lecture on the Chicago Exhibition, delivered 
at the Society of Arts by a member of the British 
Royal Commission, a communication to the author 
from Mrs. Potter Palmer was quoted. We canno 
do better in dealing with this branch of our subjec 
than to re-quote some passages from this lady’s 
letter, as, although written some time back, they 
give an excellent idea of the scope of the Women’s 
Department in the Exhibition. It should first be 
stated that the Women’s Building is under the con- 
trol of a Board of Lady Managers, the first official 
body composed of women ever recognised in a grand 
international enterprise. 

‘The last session Congress appropriated for the use 
of the Women’s Board 36,000 dols. for the fiscal year, and 
will ungrudgingly give as much more as it may ask or 
need. Indeed, a vote of thanks to the president of the 
Board and its finance committee, at an ensuing meeting 
of the National Commission, cordially acknowledged 
their efficient assistance in securing the whole World’s 
Fair appropriation from Congress. 

““The Directory—-the local portion of the Exposition 
—having in charge the preparation of the site and erec- 
tion of the buildings, led_the way in splendid generosity 
to the Women’s Board. It gave the Board first choice of 
a site, and a magnificent building costing 80,0002. More- 
over, the Board was given absolute freedom in the con- 
trol of this grand structure. . . . 

“The interior and contents of the building may now be 
referred to. Members of the Board have offered contri- 
butions to the building in the form of native materials, in 
the name of their respective States. The first offer of the 
kind came from Washington, the youngest State in the 
Union, Mrs. Houghton, its Jady manager, proffering a 
granite column. Montana asked permission to give the 
last nail to be driven in the Women’s Building by the 
president of the Board, promising to make it of gold, 
silver, and copper, the richest metals in the State. Sub- 
sequently the officers of the Board of Lady Managers 
invited contributions of native materials from the dif- 
ferent States, such as fine woods, stone, and marble. 
Fine woods willbe profusely used ; proffers of them come 
from every direction, and there will be much fine carving, 
which will be all done by women, a condit on necessary 
to gain admission. The reception-room will be wains- 
coted in light wood; and as the panels can be carved 
separately, the Board will furnish dimensions and also 
designs, if desired, to any one who wishes to carve a panel. 
There are also several fine surfaces for mural paintings, 
to be intrusted to artists of undoubted ability, and 
workers in metals will also find a finefield. In addition, 
every one, without discrimination, is invited to contribute 
whatever she may make, manufacture, or possess in rare, 
particularly beautiful, or artistic hangings; objects of 
this description will be returned at the close of the Expo- 
sition. 

“Any woman exhibiting particularly fine work under 
the general classification will probably be invited to send 
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Fie. 134. Montana. 
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Fic. 137. Log Canin. 


Fic. 186. PENNSYLVANIA. 
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building and arrangements. Figs. 126 and 127, on 

ge 569, are respectively a longitudinal section and 
plan ; Fig. 131, page 572, is a transverse section ; 
Fig. 132 isa small plan; Fig. 130, on the same 
page, is a section and plan of one of the an- 
nexes; Fig. 129 is an arcade. The engraving on 
page 570, Fig. 128, is a general view prepared 
from a photograph taken by Mr. Arnold in July 
last, and shows the advanced state of comple- 
tion at that date. The view was taken on the 
northern end of the wooded island. The north- 
western side of the Government Building is just 
seen to the right. The main building contains the 

eneral fisheries exhibits, the centre being occupied 

y a large tank containing a great variety of fish, 
shells, and marine growth. These objects are 
arranged with a view to affording a pleasing and 
artistic effect, and in the centre there is a fountain. 
The immense advantage of being able to introduce 
water into the scheme of the exhibits is here well 
shown, and will be still more apparent when the 
hot days of July and August arrive. The general 
exhibits will be placed around the tank on the 
ground floor, and in suitable galleries on the upper 
storeys. The project of arrangement is somewhat 
ambitious and very extensive ; ponds have been 
laid out in which it was originally proposed that 
skarks, sword-fish, and other voracious monsters of 
the deep should be induced to disport themselves, 
‘if possible.” | We do not know what measure of 
success has attended these efforts, and judging by 
our own experience with live whales, &c., we have 
not much hopeful expectation; but, certainly, if 
even a moderated-sized but active shark could be 
persuaded to enjoy his meals regularly, in view of 
the public, it would prove one of the most sensa- 
tional and attractive features in this very sensational 
and attractive Exhibition. 

The architecture of the building is of the school 
of ‘*Spanish Romanesque ;” the design has much 
originality in it, and is undoubtedly of a most 
picturesque and pleasing kind ; which is more than 
can be generally said of originality in architecture. 
The walls are made to imitate dark brown stone, 
whilst the roof is of old Spanish tiles. Mr. H. Ives 
Cobb is the architect, and the cost of the building 
was estimated at 75,000/. One of the annexes will 
be devoted to angling and the other to an aquarium, 
which is to be partly underground and on an un- 
usually large scale. The annexes, it should be stated, 
are on a lower level than the main building, and 
are connected with the latter, as stated, by curved 
arcades. The projecting vestibules in the centre 
of the main building, one being on each side, are 
flanked by circular towers 23 ft. in diameter and 
61 ft. high. Two of these towers are well shown 
in the perspective view. Inside these towers are 
winding stairs, which give access to galleries beneath 
the pointed roof. The vestibule between each pair of 
towers is 80 ft. wide, and its axis corresponds with 
that of the central dome that forms one of the chief 
features of the building. This dome is 80 ft. in 
diameter and 152 ft. 6 in. in height to the top of 
the lantern. The dome is twelve-sided, and is 
framed on the square intersection of the 80-ft. aisle 
and transverse gallery. There are four small 
towers attached to the dome at its periphery. The 
dome is supported on a series of columns. The 
build ng is covered with a central roof about 70 ft. 
high, and two half-spans surrounding it of 37 ft. 
The vertical walls between the tops of these roofs 
and the springing of the main roof are filled with 
windows. The arrangement is well shown in the 
perspective engraving. The ends are hipped, as 
may also be seen from the illustrations. he con- 
struction of this building is of timber, wood, and 
iron. <A gallery 24 ft. above ground-level runs 
round the Thiild?ags and a second gallery, reached 
by two spiral stairways, runs round the dome about 
70 ft. from the ground. The circular annexes, 
which are well shown in the perspective view, that 
on the west side being the most prominent object 
in the picture, comprise a rotunda 60 ft. in diameter 
and 71 ft. high, against which there is a lean-to 
roof 37 ft. wide and 33 ft. in height. The trusses of 
the roof over the main hall are of timber, except for 
cast-iron shoes and steel tie-rods. They are 80 ft. 
in height, the upper chord being of four timbers 4 in. 
by 8 in., bolted together and connected at the joints 
by splice plates. The posts and purlins are of timber. 
In the framing of the dome there are 12 trusses 
wholly of iron, connected to as many lattice iron 
columns, and converging to the central ring. Each 
truss is divided into seven panels by diagonal bracing 
of angle iron. The upper and lower rings by which 


the trusses are assembled are connected by a number 
of rods, and within the circle formed by these rods, 
is a flagstaff attached to the rings by angle irons. 
The annexes are each composed of a rotunda and a 
circular roof, as stated. The rotunda is carried on 
16 steel lattice columns extending from the ground 
to the springing of the dome. The rafters are 
formed of steel angles, and the tiled roof covering 
is secured direct to a series of wooden purlins 
fastened to the rafters by angle-iron brackets. The 
ceiling of the dome is of ‘‘ staff.” The surrounding 
lower roof is similar in general principles. - The 
columns and the floor are carried on piles and timber 
platforms. The framework of the rotunda roofis con- 
cealed by a decorated ceiling of fibrous plaster, the 
whole framework being, in fact, covered in the same 
manner, and the steel stanchions converted into 
highly decorated columns supporting a wall with 
arched openings, all worked with ‘‘ lath and staff.” 
Above this wall is a circle of small columns that 
appear to carry the roof, so that the whole struc- 
tural work is concealed, and a highly artistic result 
is obtained. The arched spaces between the 
columns are filled in with stained glass above, and 
clear glass below, for the tanks of the aquarium. 
The surrounding gallery is treated in the same way. 
We do not propose describing the tanks here, as 
they properly come under the category of exhibits ; 
but it may be stated that in the main building a 
large part of the central space is occupied by the 
big tank already referred to. In one annexe there is 
a fountain in the middle, and annular tanks around. 
The annexe devoted to angling will be somewhat 
differently fitted, but the structural details are the 
same. 

There is probably more picturesque and successful 
originality in this building than in any other on the 
grounds, and the internal decoration displays a 
wealth of bold design which will command much 
admiration. Fig. 129, on page 571, gives a good idea 
of the suggestive treatment of the capitals of some 
of the columns. 


XXI.—THE STATES’ BUILDINGS. 

OnE of the most interesting parts of the Exhibi- 
tion is the large area occupying the extremenorthern 
part of the grounds. Hare a space has been set 
apart, divided into a number of plots, one of which 
has been given to each of the States of the Union. 
It is a feature which could only be possible in an 
American Exhibition, and well illustrates the pecu- 
liar phase of American rivalry and unity which is 
the fundamental political and social feature of the 
United States. One could not imagine, for in- 
stance, the counties of England joining in a similar 
rivalry; our divisions are too small, and their 
borders too faintly marked. New York and Phila- 
delphia, Chicago and St. Louis, are keen com- 
petitors one against the other, but their citizens are 
none the less united in national aspirations ; and 
no matter whether a man hails from Maine or 
Florida, Massachusetts or California, he is United 
States to the backbone. That, perhaps, is the most 
wonderful political fact of all time ; that this vast 
population, spread over so enormous a range of 
territory, having physical conditions so diverse, 
and each unit possessing absolute political freedom, 
should be held by a bond of mutual sympathy and 
interest, where sympathies and interests might be 
so diverse, and where, as a matter of fact, good- 
natured rivalries and prejudice are so strong. 
Whether the structure will endure time only can 
show ; but time itself—time and enlightenment— 
fight on the side of the United States. 

For the present we abandon all attempt to give 
any adequate description even of those States 
pavilions which are in the most forward condition 
at the time of writing, but visitors may be sure 
that the buildings will be many and diverse in 
structure. The illustrations of some of them, 
which we publish at random on pages 573 to 578, 
must serve as a type of the remainder. Our readers 
may be sure there has been a hard fight for the 
best positions, and those that have had to take the 
back sites, have not done so without much protest. 
The State of Illinois, in which the city of Chicago is 
situated, naturally occupies the best position and 
makes the most substantial show, having on the 
shore of the smaller lagoon and opposite the Art 
Gallery a separate site, upon which has been 
erected a stately building designed by Messrs. 
W. W. Boyington and Co., of Chicago, an illus- 
tration of which is given in Fig. 133, on page 573. 
‘The main part of this building is 160 ft. wide by 
450 ft. long. Within, at the east end, there is 


a model schoolhouse about 75 ft. by 60 ft. On the 
north side, in the centre of the length, a Memorial 
Hall forms a wing 50 ft. by 75 ft., while on the 
south are placed the executive offices, in a wing 
75 ft. by 123 ft., carried up three storeys, and with 
a Public Hall in the third storey. There will be 
other offices in addition to these, for the accommo- 
dation of the departmental officials. The model 
school-house will be fitted to represent city and 
rural schools in the State. The American school 
system is a subject of special interest, and in many 
features it might be copied with great advantage in 
this country. The ‘‘ public schools”—generally so 
called—of England are a legitimate subject of pride 
to the country, and have not an exact parallel 
in any other institution abroad. They have 
turned out a large proportion of the states- 
men, soldiers, and others who have done so 
much in the past to raise our country to the high 
position she has reached. Only a small part of the 
youth of the nation can, however, afford to attend 
these expensive establishments ; and if England 
stand at the head of nations, as is often claimed, 
in regard to the training afforded for wealthy per- 
sons’ sons, she has much to learn in the matter of 
education of the sons of the million. Our exclu- 
sive public school system has the advantages and 
disadvantages of all caste institutions. To set a 
class apart inculcates the principle of noblesse oblige 
—the pride of being amongst the chosen few—which 
has always been the most fruitful incentive to men 
to act honourably and bravely ; the two first neces- 
sities of good citizenship. But what is gained for 
the few is too often lost for the many, and the 
American child of refined parentage who sits beside 
the son of humble and less educated persons, does 
that to raise the whole mass, which is beyond the 
power of our Etonians or Harrovians, however 
sincere may be their aspirations, or lofty their 
ideal. The problem is of great national importance 
—perhaps the greatest; and visitors to the Exhi- 
bition will have grand opportunities of judging of 
the exterior conditions by such exhibits as those in 
the Illinois State Building ; the ‘‘ true inwardness 
of the thing,” to use an expression of the day, is 
only to be discovered by careful study of that part of 
the school (the scholars) which will not be exhibited. 

To return from this digression to the State pavi- 
lions, we find that the dome of the Illinois Building 
has a gallery inside and outside from which the 
public will be able to obtain a general view of the 
buildings and surrounding grounds, and as the lan- 
tern of the dome, 175 ft. above ground level, will 
also be open to visitors, there is, of course, an ele- 
vator. Entrance to the building is made from three 
sides ; the most important being on the south ; 
another to the west faces the Midway Plaisance ; 
whilst the third will be on the north end of the 
Memorial Hall, and will have landing steps afford- 
ing a disembarkation front from the lagoon. 

The building is based 4 ft. above ordinary 
level, and in front of the entrances there are stone 
terraces with steps. The architecture is in the 
Italian Renaissance. The side walls are 47 ft. 
high, and the centre wing on the south is 72 ft. 
high, whilst both ends are 54 ft., with a still higher 
projection in the centre. The dome is 72 ft. in 
diameter, and about 200 ft. total height. The look- 
out from the gallery is about 80 ft. above ground 
level. In this building are placed the offices and head- 
quarters of the Governor and other State officials, 
and in a fireproof annexe there are displayed the 
various relics and trophies belonging to the State. 
There is also a collection of objects illustrating the 
natural resources of Illinois. The different State De- 
partments willhave special allotments. Themoreim- 
portant of these refer to the common and higher 
schools, charitable institutions, and agricultural 
products, botany, and zoology of the State. There 
are also exhibited architectural drawings of every 
public building in Illinois, besides many other objects 
of importance in the public economy of the State. 

The terraces north and south are important fea- 
tures, and the visitor standing on the south side 
has a truly splendid panorama before him. Straight 
in front is the lagoon, with its beautiful wooded 
island, the main arm of the water tending away 
to the left. On the banks of this branch rises 
the dome of the Government Building, and be- 
yond that the impressive roof of the Liberal Arts 
Building. Under the arches of the bridge there are 
glimpses of the water of the canal which connects 
the lagoon and the main entrance from Lake 
Michigan, whilst above the bridge the view is 
bounded by the stately colonnade, which joins the 
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Agricultural and Machinery Buildings. . The latter, | left is the picturesque Fisheries Building, and | ment of carving and statuary, the material cast in 
however, is masked by the Electricity Building, | outside all is Lake Michigan. To rhapsodise on blocks of beton or other suitable composition. The 
which, in turn, stands at the bacl: of the wooded | the glories of an Hxhibition scene must verge on interior is lighted very thoroughly, so as to enable 
island that affords so beautiful a contrast to the bathos; nevertheless, we make bald to say that it to fulfil its primary function of a home for ex- 
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stately architectural proportions, Further on the there haye been few architectural landscapes in this | hibits, There will be skylights above, and in the 


Fic. 154. Conumpus’s Sure, tHE “Santa Marta.” (See Page 584.) 
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right, across the lagoon, is the classic structure world fairer than that to be seen from the Illinois! walls windows, which will be 14 fs. above the floor, 
which Miss Hayden has designed as a_ special | State Building. It is a canvas of Turner’s trans-| to permit of show cases being placed. Ventilation 
triumph for her sex, whilst in further line on the | lated to actuality, and of Turner in his greatest) and other necessary but prosaic details have been 
perspective is the Horticultural Building with its| period. Let those who think this exaggeration, go | duly considered, and full provision made for their’ 
spreading dome, and beyond, again, the view is and judge for themselves. execution by Messrs. Boyington. 
bounded by the Transportation Building, which! The Illinois State Building itself is not without| The special buildings of the other States are 
bends eastward across the water. On the extreme its claims to beauty in detail, and has embellish-| naturally not of the ‘same importance as that of 
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Illinois. California’(Fig.£148,"page 577) has, how- 
ever, a good-sized plot close to the Illinois Building, 
whilst Indiana (Fig. 162) has a somewhat smaller 
allotment between the two. Pennyslvania (Fig. 
136, page 574) and New York (Fig. 153, page 578), 
have each a double plot side by side, in a command- 
ing position, and upon which they have erected two 
fine buildings. Massachusetts and Missouri occupy 
corresponding corners, whilst Delaware (Fig. 141), 
is at the back of New York. The Delaware State 
Building, was designed to be erected of materials 
from the State of Delaware, and is finished wholly 
in native woods. It measures 58 ft. by 60 ft. 
and was estimated to cost 1500/. The architect 
is Mr. E. L. Rice. The California Building (Fig. 
148) is an interesting exhibit in itself, and has 
been erected at a cost of 15,0001. It is, in fact, the 
reproduction of one of the old Spanish missions, 
the remains of which are plentiful in California, 
and which were founded 120 years ago by Junipero 
Serra, the famous priest, who, for many years, de- 
yoted his life to missionary work on the Pacific coast. 
The next plot is occupied by the Colorado Building 
(Fig. 142, page 576), which is of far more enduring 
materials than the greater part of the Exhibition, 
being constructed of native granite and marble. 
Many of the States have made their buildings com- 
memorative of leading features in their history. 
Thus Florida has reproduced the old Fort Augus- 
tine, which still stands, almost as complete in 
general structure as when raised by the Spaniards, 
230 years ago, the most venerable military relic of 
the American continent. Certainly no American 
memorial of civilisation would be complete without 
a representation of this time-honoured stronghold, 
which still keeps watch at the mouth of the beau- 
tiful Matanzas River, like an outworn warrior who 
will not desert his post. Fort Augustine has, 
however, done useful service even in its old age, for 
it was, not long since, used as a prison for a band 
of red Indians who had proved too intractable to be 
allowed their liberty. It was a strange thing to see 
fashionable ladies from northern citles—south for 
Florida’s bright sunshine — bartering with these 
stern-visaged braves for sea-beans, shells, feather- 
work, or other curios. There could hardly be a 
stronger contrast than between these last survivors 
of a once dominant savagedom—grim and silent 
warriors, participators in many a bloody fight, and 
more than one savage massacre—and the dainty 
belles, or the hardly less dainty dudes, of the now 
ruling race. 

New York State has also adopted an historical 
scheme for its commemorative building, for it will 
reproduce, with careful fidelity, the famous house 
once occupied by Van Ransseler, a name which 
carries us back to when the city, now New York, 
was a Dutch colony. The sum of 60,000/. has been 
set apart by New York, a generous amount (equal 
to the grant made by our own Government for 
British participation), which proves that the State 
harbours no ill-feeling for losing the battle of the 
sites. Pennsylvania contributes an equal sum, 
and commemorates by her building (Fig. 136, page 
574) the great epoch in the nation’s career. In- 
dependence Hall at Philadelphia is to be repro- 
duced, and the ‘‘ Liberty Bell,” which ‘‘ rang out 
the old—rang in the new,” over 100 years ago, will 
be represented on ground which was then almost 
an untrodden waste. Utah is original; it has a 
palace of salt—which suggests Lot’s wife, or lots 
of wives. Connecticut (Fig. 145) raised 10,0001. 
by private subscription for its building, Georgia 
and Kentucky 20,0001. each. The pavilion of 
Indiana (Fig. 152) is wholly of native material, 
and has cost 50001.; Iowa (Fig. 139) has spent 
double that amount. Kansas (Fig. 151) raised 
20,000/., but thought 40001. enough for its pavilion, 
which has a back site, although of fair size. 
Maryland (Fig. 140) has spent 70001. on a granite 
building ; Michigan 10,0001. on one wholly of 
native material; Missouri has a small house, but 
it cost 10,0001. ; Montana (Fig. 134) spends 20, 0000., 
Nebraska (Fig. 138) raised 10,0001., and New Jersey 
appropriated 14,0001.; New Hampshire collected 
5000/., North Carolina and Dakota each subscribed 
50001. Ohio (Fig. 135), and Oregon spend 20,0001. 
each, whilst South Dakota (Fig. 144) raised 
16,000/., which shows that local patriotism runs 
high in that State. The money is artistically laid 
out in a large building which is a reproduction 
of a picturesque old-fashioned farmhouse. Ver- 
mont is spending 50001., Virginia and Washington 
10,0001. each, Wyoming 4000/., whilst New Mexico 
spends no less a sum than 15,000/. Louisiana 


has a typical pavilion, which represents a southern | terraced, as the treatment demands. 
Maine has built a! architectural effect is required, dignity is given to 


home, and will cost 10,0001. 
club-house from native granite at a cost of 2000I., 
whilst Massachusetts has spent 8000/. with much 
taste in the reproduction of a famous old Boston 
house which was erected in 1737, The New 
England States have not, as a rule, ‘‘ spread ” them- 
selves in this matter of State pavilions. Rhode 
Island—‘‘ Little Rhody,” the Rutland of the Union 
—has preserved the unities and spent 6001. on a 
building which may be described as of the Georgian 
Provincial Town-Hall style of architecture. 

On the whole it will be seen that a very large 
sum has been spent on these separate State build- 
ings, the amount having been estimated at about a 
third of a million sterling. The fact bears out what 
we have already said as to the strong local spirit 
and keen rivalry that exists between different 
States. Some of the newer and less thickly popu- 
lated of them have, it will be seen, collected or 
appropriated very considerable amounts, a fact 
which shows how stimulating is a new country, and 
energetic is a youthful community. Perhaps land 
acquires unknown virtues in lying fallow, both for 
human and vegetable crops. These States’ Build- 
ings will form the most curious town ever built. 
Surely never before was got together a collection of 


houses so diverse in architectural character. By 
way of contrast we show in Fig. 149, page 577, 


the house of the British Royal Commission, 
‘* Victoria House.” Later we hope to publish 
illustrations of the numerous official buildings of 
other countries. 


XXII.—THE GROUNDS, PIER, AND 
HARBOUR. 

AxrHouGH the area of Jackson Park is largely 
covered with buildings, as may be seen by the 
plan (Fig. 30), we publish on page 520 (and from 
which a number of small structures are omitted), 
there will be left much open space. When the Exhi- 
bition authorities took the work in hand a small part 
of the northern end of the Park had been, as already 
stated, reclaimed and formed into a pleasure park. 
The rest was a wilderness of sand-hill and swamp, 
very Dutch in appearance, the dunes having been 
thrown up by the action of the waves of the inland 
sea of Lake Michigan. Beyond the protection of 
the foreshore, the water stood in pools and lagoons, 
swelling in times of flood and sinking down beneath 
the ever-moist surface as the scorching sun of the 
summer months evaporated the surface water. The 
herbage was of a nature characteristic of sand and 
swamp. In the lower parts the grasses grew thick 
and rank, while in the higher sand-heaps a few 
gnarled and stunted bushes served their purpose of 
protecting by their branches and holding together 
with their roots, the barren hillocks which, in turn, 
supplied them with such meagre nourishment. 
There were no large trees, no hills, nor rising 
ground ; nothing but a broken flat of sand, water, 
and bog. It was evident that only a skilled hand 
could marshal these unpromising materials into 
a pleasure-ground that would be a delight to 
the visitors of the Exhibition. However beau- 
tiful buildings might be in themselves, they re- 
quired support. and combining into a harmonious 
whole by the surroundings. Happily there was 
the lake—a sea in effect—to form a background to 
the picture and relieve the flat ground from mono- 
tony as only an illimitable water horizon can. At 
the time of writing it is impossible to say exactly 
to what extent the difficulties of the original site 
have been overcome, but we have seen enough to 
be sure they have been surmounted, and that a 
pleasing and inspiriting effect has been produced. 
One element of beauty the Exhibition must always 
lack, the grateful relief of lofty trees. It is only by 
large masses of foliage that the landscape artist and 
architect can hope to relieve the decided outline of 
any building, however picturesquely designed, but 
to work these into the scheme, the trees must 
already exist—or the patience of many years must 
be exercised until they grow. 

Fortunately the Executive was able to secure 
the services of a firm of landscape architects fully 
equal to their task in Messrs. F. L. Olmsted and Co., 
who were appointed in August, 1890. A large 
part of the Exhibition will be occupied by water, 
which has, as elsewhere explained, been largely 
thrust upon the design by the necessity of obtainin 
material for making up the ground. The | 
thus removed has been taken so as to leave canals, 
of which the great basin of the Central Court is a 
notable example. The banks are either sloped or 
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the buildings by terraces enriched with statuary, 
ornamental balustrades, broad flights of steps, or 
rows of columns. These are interspersed with 
Venetian masts supporting bannerets richly em- 
blazoned, while the outer end of the Central Court 
is closed by a noble colonnade. In other parts a 
more natural treatment has been adopted. The 
dwarf trees that existed have been used to the 
greatest advantage, and their somewhat scrubby 
foliage has been enriched by the planting of shrubs 
having a more luxuriant leafage. In this way an 
effect at once natural and artistic has been produced ; 
when the herbage is in the fulness of its summer 
foliage, the contrast will be extremely grateful. No 
less well-planned is the use made by the designers of 
the indigenous reeds and sedgy water-plants which 
spring so luxuriously in the shallow margins of the 
lagoons. Here is a source of perennial green which 
will outlast the drought and glare of the tropic 
weather that Chicago sometimes experiences. 
Although even the resourceful American architect 
—who thinks little of transporting large blocks of 
buildings from street to street—has been unable to 
provide the grounds with trees of forestal propor- 
tions, much has been done with those of somewhat 
smaller growth, which, nevertheless, are fairly 
entitled to be classed as trees in contradistinction 
to shrubs. These have been worked into a scheme 
of treatment in which grass lawns are the distinctive 
feature, and will form an interesting exhibit of the 
trees indigenous to the United States. It is hard 
to wring from the Exhibition manager space for 
lawns, for though the area of Jackson Park is 
larger than anything yet devoted to a like purpose, 
the crowds that will assemble must be provided with 
elbow-space. A newly formed lawn will not bear 
walking upon, the tender shoots of young grass, how- 
ever brave a show they make, being unable to bear 
the rough wear which can be sustained by older and 
tougher herbage. Doubtless, from an artistic point 
of view, more grass-covered space would be desirable, 
but much has been done in this respect. 

Many miles of walks have been laid out, and an 
effect of seclusion has been given as far as possible. 
The wooded island in the Lagoon is a beautiful 
feature in the design, and here will be a collection of 
azaleas, rhododendrons, and other flowering shrubs, 
which will render the islet a glory of colour such as is 
seldom seen. Washington Park, at the western end 
of the Midway Plaisance, has been created a pleasure- 
ground pure and simple, where the visitor, sated 
with the wonders of Jackson Park, may find repose 
and rest beside the placid waters of the lakes, and 
beneath the shade of trees, which form so grateful 
a feature of this addition to the Exhibition grounds. 

The chief approach to the Exhibition from Lake 
Michigan is afforded by the great southern pier, 
which, together with a series of breakwaters, aftords 
shelter to the entrance of the great basin that lies 
between the Agricultural and Liberal Arts Build- 
ings, and has the Administration Building, with its 
handsome dome, as a grand terminal feature. This 
pier stretches into the lake for a distance of 
1800 ft., and has an extension from its end on 
either hand of about the same distance. In this 
way a T-headed pier is formed, which will give 
ample accommodation as a landing-place for the 
large fleet of steamers that will convey passengers 
to and fro between the city and the Exhibition. To 
see the buildings at their best, the visitor will do 
well to make his first approach by water, and let 
the view grow upon his vision froin the deck of 
one of the fine steamers which are to be used as a 
means of communication. In the early morning 
the light will be favourable for this approach, as the 
spectator will have the sun at his back, so that the 
light will be reflected back from the brilliant 
masses of white and gold which form the chief 
features of the architectural scheme, or from the 
thousand points of colour afforded by flags and 
banners. Returning atnight, the effect will be no less 
beautiful, the twilight sky forming a clear back- 
ground to the million lights scintillating from every 
terrace or windowed colonnade. Bad weather will 
mar any view, but, happily for the Americans, 
a more settled climate than we have in our own un- 
certain land of summer storms and late springs, 
gives earnest that not much need be feared in this 
respect ; indeed, the danger is from too much, 
rather than too littlesunshine. The inclosed water 
space within the breakwater and pier is 1800 ft. 
long and about 1000 ft. wide. Asa means of trans- ° 
port along the pier there will be the travelling 
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‘‘Natatorium”—a word which, on further in-! realism, but it was reserved for Paris in 1889 to 
vestigation, we anticipate will prove ‘‘show-|add a new and great feature to International 


Exhibitions. Of course the Chicago Exposition 
authorities were not slow in adopting, extending, 
understand that Mrs. Ernest Hart has one, and and altogether improving on the idea. Necessity— 
Lady Aberdeen another, so that in this direction in other words, want of space—has also had much 
all things are possible. Still further on, onto do with the varied completeness of this part of the 
the same side, is a Turkish village, whilst some dis- | Exhibition. However that may be, these foreign 


manese” for swimming-bath. There is an Irish | 
village; in fact, we think there will be two, for we 


ZZ 


=== 


The Ferris Wheel is one of the most prominent 
features in this part of the show. It is a gigantic 
merry-go-round set vertically. The wheel itself is 
250 ft. in diameter, and is mounted on two columns 
which carry the bearings and are 135 ft. high. 
|There are cars hung to the rim of this wheel, into 
which the visitor is admitted after the payment of a 
suitable fee, and is then taken on a circular journey 


A 


I 


Fic. 160. Truck or tHE Movine Srpe-WALK. 


Cross-SHcTION OF THE Movine Srpn-WaLk. 


Fic. 161. (See Page 587.) 

tance beyond, again, there is a large East Indian! villages are immensely popular. They afford colour, 
exhibit ; all very realistic from the point of view of | variety, bustle, and instruction—the latter by no 
the picturesque, but with many concomitants of the | means the unimportant element (especially in the 
real profitably unreproduced. The street in Cairo) United States) in amusement which the old- 
is the outcome of the Rue de Caire, which was | fashioned showman was apt to consider it—whilst the 
such a great success at Paris in 1889, although pro- | visitor has the double pleasure of seeing, and him- 
bably the greater part of this section of the Ex- self forming part of the sight. At the extreme end 
hibition owes its conception to other causes. The | bordering on Jackson Park, there is a large nursery 
Japanese village, at Knightsbridge, some five years exhibit, which promises to be one of the great at- 
ago, was one of the early efforts in this line of | tractions to the flower-loving Americans. 


(See Page 587.) 


of somewhat less than 800 ft. There will be a 
vast number of minor shows to which we now can 
make no reference; to describe one-tenth part 
of what is even now to be seen in the Midway 
Plaisance would occupy a large volume, and carry 
us far beyond our scope. And, indeed, the whole 
avenue appears in so chaotic a state at the time of 
writing, He to give any adequate description would 
be impossible, however limitless our space and the 
reader’s patience. 


XXIV.--THE COLUMBUS RELICS. 

Ir was early determined in the scheme of the 
Exhibition that no pains should be spared in col- 
lecting such relics of Columbus as could be found, 
and Lieutenant Little, of the United States Navy, 
was instructed by his Government to go to Spain 
in order to get together what information he 
could, and to construct a reproduction of the Santa 
Maria, the ship in which Columbus crossed the 
Atlantic. e 

Lieutenant Little has carried out his commission, 
and doubtless the vessel produced bears a strong 
likeness to the historic ship of Columbus; at 
any rate, whatever differences there may exist 
will be undiscovered, for the best and fullest 
data have been got together. It was originally 
proposed that the reproduced Santa Maria should, 
after crossing the ocean on her own bottom, take 
part in the great International Review which 1s 
to be held in New York Harbour, and afterwards 
that she should proceed to Chicago by the lake and 
canal route. 
reminiscence, is the reproduction of the Convent of 
La Rabida. It has been built on a part of the 
shore of Lake Michigan close to the pier at the 
main entrance, and to the east of the Agricultural 


Another Columbus relic, or rather. 
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Building. It was in the Convent of La Rabida 
that Columbus took refuge, or rather was given 
shelter, when he wandered to Palos, his fortune at 
the lowest ebb, and it was the superior of the 
convent who got for him the support of Queen 
Isabella, who, so tradition says, put her jewels in 
pawn to find funds for the successful voyage. 
(Vide the beautiful Columbian series of American 
postage stamps. ) er 

It was from the little Spanish seaport in Anda- 
lusia overlooked by the convent, that Columbus 
started on his first voyage on the 3rd of August, 
1492 ; and it is, therefore, a proper thing that La 
Rabida should find a place in this Columbian Ex- 

osition. The structure consists of a few low 

uildings, with the universal belfry and dwarf tur- 
ret, with low wall round. The building itself is 
plain enough in appearance, and is in that respect 
not out of keeping with the least ornamental part 
of the lake front ; indeed, if it were not cut off from 
the more gorgeous palaces of the Liberal Arts, the 
Government and other buildings, by the pier, it 
would suffer more than it does by contrast ; as it is, 
the vicinity of the Agricultural Building and the 
railway terminus do not add to the illusion ; but 
such things must be in an Exhibition. 

The work of collecting the Columbus relics, which 
are displayed in the reproduction of the convent, 
was placed in the Latin-American Department, and 
was immediately under the control of Mr. W. E. 
Curtis, a United States Government official. The 
first part of the historical exhibit includes maps, 
models, and facsimiles, intended to illustrate the 
condition of navigation and the knowledge of geo- 
graphy before and during the time of Columbus. This 
section is also arranged to comprise such evidence 
as is to be obtained of the discoveries that are sup- 
posed to have» been made prior to that date, 
whether by Scandinavians, Danes, Welsh, Irish, or 
explorers of other nationalities. Amongst them 
the tradition of the settlement made by Lief Erik- 
son in Greenland is numbered, and a statue of the 
Norse pioneer is to form a prominent feature in the 
Exhibition, whilst charts of the voyages he is re- 
puted to have made and maps of the settlement are 
included, together with photographs of localities 
which are associated with his name. Of Norse 
ships there will be several models, as well as the 
famous Viking ship, which has been reproduced for 
the occasion, and which made so dramatic a com- 
mencement of her voyaging across the Atlantic a 
few weeks back. There is an interesting collec- 
tion of navigating and other nautical instruments 
in use at the time Columbus sailed and before that 
date. There is also a very extensive collection of 
charts, and it is said that this section is to include, 
or does include, all ancient maps of which there are 
records, either in the originals or copies. The 
range is from the earliest representation of the 
earth by the Hindus, to the globe of Martin 
Boeheim at Nuremburg. More than one town 
claims Columbus as its son, and Chicago, acting with 
impartiality, gives each a position in the collection ; 
Genoa, Quinto, Cogoletto, and others being repre- 
sented by pictures and models. Models of the 
several houses which claim to have sheltered his 
birth, and of his two burying-places are also ex- 
hibited, and there are photographs of the Uni- 
versity of Pavia, where he was, or was said to 
have been, educated. Any place that can claim 
to have been visited by the great explorer, and 
all towns and buildings with which his name is 
linked, are represented in some way, so that his 
life can be followed step by step so far as 
records exist. Another feature is the gallery of 
paintings, which include every picture of note, 
either in the original or copies, in which Coluinbus 
figures. The many portraits of the great voyager 
are ina separate gallery. A large number have 
been found on inquiry to exist, but it is hardly 
possible they can all be authentic, and Americans 
will not find their imagination bound by any hard 
and fast line in forming a mental picture of the 
features of the discoverer of their country. Another 
interesting gallery will contain pictures relating to 
the Court of Ferdinand and Isabella and the pro- 
minent people of that period. 

The Santa Maria (see Fig. 154, page 580) is to 
be manned by Spanish sailors dressed in the 
costume of the period, and in all respects the 
illusion of antiquity will be made as perfect as pos- 
sible. The caravel is to be anchored under the 
walls of La Rabida. 

: Facsimiles of all the busts, monuments, and 
statues of Columbus that are known throughout the 


world are reproduced and shown. The casket of 
San Domingo—one of the burying-places—said to 
contain the hero’s bones, will also be represented. 
Havana, the other burying-place, has neither bones 
nor casket. Another department in this very 
complete exhibit is the section of bibliography, 
which illustrates the means by which a knowledge 
of his discoveries was communicated to the world. 
The geographical results of his voyages are shown 
in a collection of maps and charts, from the earliest 
sketches down to the political divisions and the 
topography of North and South America of the 
present day. There is a copy of the first edition of 
the Cosmographie Introductio, published at St. Die, 
and to which the continents of the New World owe 
their name. ‘This part of the exhibit is very com- 
plete. The book is placed in a glass case, and 
grouped around is a collection of illustrations of the 
place where the book was printed, with portraits of 
the authors and publishers, and of the patrons of 
the work. There are relics and records of Americus 
Vespucci and other early travellers. 

A great relief map of North and South America 
is a prominent feature. On it are laid down the 
various routes of Columbus and the places he 
visited. In illustration of this there are exhibited 
a number of photographs, Government photo- 
graphers haying been sent from Washington to the 
chief places, so that a collection of views has been 
secured of the existing state of many interesting 
spots in the West Indies and the northern Atlantic 
coast of America. Ethnological and archeological 
collections will afford evidence of the conditions and 
habits of the natives of the parts associated with 
the voyages of Columbus. These matters will be 
collected from all available sources. The legendary 
and imaginary writings of the period will be repre- 
sented, although their veracity is far more than 
doubtful. 

Personal relics of Columbus are shown in great 
plenty. The ruins that marked the site of the first 
settlement in the western hemisphere, appro- 
priately named Isabella, have been obtained, and 
are to be re-erected in connection with this part of 
the Exhibition. How far the various relics of a 
hero who lived four hundred years ago are authentic 
it would be difficult to say—especially when we 
remember the dispute there was about the Nelson 
relics collected for the Naval Exhibition—but there 
seems good evidence in favour of an anchor and a 
cannon left behind by Columbus when he built a 
stockade from the wreckage of the Santa Maria. 
There is also the actual bell that was hung in the 
church at Isabella. 

It will be seen that Mr. Curtis and those asso- 
ciated with him have had no holiday task in this 
process of collection and arrangement. The aim of 
the Latin-American Department has been to pre- 
sent a complete life history of Columbus. Their 
efforts have been so successful that its completeness 
would probably, as a writer on this subject shrewdly 
foreshadowed, astonish the great admiral in many 
of its details, could he revisit the continent he dis- 
covered. 

The next section dealt with in this historical de- 
partment will illustrate the conquest of Mexico, and 
also the colonial period. |The former is, according 
to the official programme, divided into three epochs; 
namely, firstly the period of the conquest, com- 
prising (a) the civilisation of the Aztecs, illustrated 

y actual collections, by models, and by photo- 
praphs. (b) The Conquistadores, Cortez being 
naturally the hero, and a very interesting museum 
of relies of that resourceful adventurer has been 
secured. (c) The epoch of the conquest of Peru ; 
which includes subjects to illustrate the civilisation 
of the Incas and the career of Pizarro and his fol- 
lowers. It is said that authentic relics of this 
period are fairly plentiful, and the sword of Pizarro 
isin the Royal Armoury at Madrid. His banner is 
said to have been embroidered by Queen Isabella, 
It was cut in two, one half being preserved at 
Botoga, Columbia, and the second half at Caracas 
in Venezuela. (d) The epoch of conquest in other 
parts of America. In this section are objects to 
show the condition of the early natives of Central 
and South America, relics of discoverers and early 
travellers, and antiquities from the Republics of 
the southern continent. 

The third group referred tois concerned with the 
colonial period of South America. It begins with 
the time of the Spanish Viceroys, and has been ar- 
ranged with a view to illustrate more especially the 
development of the southern continent from the 
time of the European conquest to the period when 


revolutions created independent States. The stormy 
periods through which the South American Re- 
publics have passed would afford matter of greater 
interest were the aspirations and traditions of 
the people more in accordance with those of more 
northern races. As it is, however, the visitor 
of Anglo-Saxon descent will find much to surprise 
and much to horrify him, The group of objects, 
relics of the Inquisition, will be especially promi- 
nent in this respect. 

In regard to this subject reference should be 
made to the sums set apart by the South American 
Republics for exhibition purposes. — Brazil has 
voted 100,000/., and the different districts have also 
made large appropriations. Columbia and Ecuador 
have each subscribed 20,0001. ; Peru, Bolivia, Chili, 
and Costa Rica the same amount. Argentina has 
found no less a sum than 200,0001. This list of con- 
tributions is by no means up to date, and doubtless 
many other large sums have been forthcoming of 
which we have not knowledge at the time of writ- 
ing; indeed, Nicaragua, Guatemala, Honduras, 
Mexico, and Uruguay promised substantial contri- 
butions, and doubtless these promises have been 
fulfilled. The President of Paraguay had received 
18 months ago carte blanche from his Congress to 
expend what moneys he deemed necessary. 

In connection with this same subject it isa matter 
for regret that another of the famous claimants to 
American discovery is not likely to be represented. 
This was Sebastian Cabot, of Bristol, the inhabi- 
tants of which city—famous once as the great port 
of entry from America—are justly proud of that 
family of merchant adventurers. Relics of the 
Cabots are plentiful enough, but the money re- 
quired for displaying them at Chicago was not 
forthcoming. Contributions were indeed promised, 
but not to an extent, even with the assistance of 
the British Royal Commission, to justify under- 
taking the exhibit, which was therefore reluctantly 
abandoned, 

XXV.—WATER SUPPLY. 

THE water supply of the Exhibition is a feature 
that has required special attention on the part of 
the executive. The situation of the Exhibition, 
and the large demands for water that will be made, 
in order to meet the various wants, have rendered 
it advisable that recourse for supply should be had 
to the ordinary city service, in the case of drinking 
water only. Under these circumstances it was de- 
termined that the Exhibition should have a pump- 
ing station and service of its own. The quantity of 
water that will be pumped, if necessary, by this 
plant will amount to 534 million imperial gallons a 
day, or 64 million United States gallons. This is the 
amount of water estimated as necessary for foun- 
tains, sprinklers, steam-engine, condensers, boiler 
feed supply, fire protection, and other purposes, 
except for human consumption. The water will be 
drawn directly from the lake, and the pumping 
station (see Fig. 157, page 583) will be at the south- 
east corner of the Machinery Hall. It is not to be 
a mere engine-house, but is designed to add to the 
beauty of the grounds, being a well-designed two- 
storey building of brick, of classic architecture, and 
ornamented with ten medallion portraits of hydraulic 
engineers. The installation is also to be of the 
nature of an exhibit, the upper storey being fitted 
up as reception rooms. 

The machinery in this pump-house consists of two 
horizontal and two vertical pumping engines, which 
have been supplied by the Worthington Company, 
a corporation which has already had considerable 
experience in this particular business, and whose 
experience and high reputation were sufticient 
guarantee that. the work would be efficiently per- 
formed, so that there would be no unexpected 
breakdowns at critical junctures—a thing strongly 
to be guarded against in Exhibitions, The Wor- 
thington Company, our readers will remember, 
supplied the pumping machinery for the Philadel- 
phia Exhibition in 1876, the Orleans Exhibition in 
1884, and the Paris Exhibition of 1889. The 
present plant, however, is far beyond that which 
was erected in any of these Exhibitions, for in 
Philadelphia and at Paris the capacity was but 
5,000,000 gallons, so that the Chicago supply is 
nearly eleven times as much. 

The largest engine in the installation has a 
capacity of twelve and a half million gallons per 
day of 24 hours. As will be seen from the 
illustration we give in Fig. 155, on page 582, the 
engine is of the vertical compound type. It is 
arranged with the high-pressure cylinders above 
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the low-pressure cylinders, the latter being placed 
on an entablature, below which the common piston- 
rod descends to work the pumps, which are placed 
in a pit and partially below ground level as shown. 
The diameter of the high-pressure cylinders is 30 in., 
and of the low-pressure cylinders 60 in. ; the diameter 
of the plunger is 32 in ; the stroke of all is 60 in. ; 
the diameter of the suction and delivery pipes is 
30 in. There is a separate jet condenser. The 
arrangement is such that the water part can be 
removed from the pit without disturbing the motive 
part above. The weight of the moving parts is 
balanced by a single acting plunger attached to 
each piston-rod; this works in a cylinder con- 
nected by pipes to an air tank, in which the 
pressure is adjusted to the necessities of the 
work. This type of engine is sometimes used for 
municipal or urban water supply; in fact, the 
engine now described is the counterpart, in most 
respects, of an engine recently erected for the 
water supply of Toledo, a city situated at the 
extreme westerly point of Lake Hrie. 

The second vertical engine, which we illustrate 
in Fig. 156, page 582, has a capacity of 6,700,000 
for 24 hours, at a piston speed of 135 ft. per minute. 
It is a four-cylinder triple-expansion condensing 
engine, with two high-pressure cylinders, each 15 in. 
in diameter, one intermediate cylinder 33 in. in 
diameter, and one low-pressure cylinder 57$in. in 
diameter. There are four single-acting plungers, 
each 22 in. in diameter, and all 38 in. stroke. One 
steam cylinder is directly over and in line with 
a pump cylinder, there being common rods. A 
rocking beam connects one high-pressure cylinder 
rod with the rod of the intermediate cylinder, so 
that the pistons work in unison, and a similar con- 
nection is made between the other high-pressure 
piston rod and the low-pressure rod. The duplex 
valve motion is so arranged that each of these 
couples operates the valves on the other side. It 
is this arrangement which gives the uniform 
delivery characteristic of the Worthington pumping 
engines. The steam cylinders are all jacketed, 
and the receivers between the high, intermediate, 
and low-pressure cylinders are fitted with tubes 
filled with live steam for reheating the working 
steam in its passage between the cylinders. The 
suction pipe is 24 in., and the delivery pipe 20 in. 
in diameter. These engines are to work against 
a head of 230 ft. 

One of the horizontal engines—illustrated by 
Fig. 158, page 583—is of the usual compound type 
made by this firm, with which our readers are well 
acquainted. It has two high-pressure cylinders 
25-in. in diameter, and two low-pressure cylinders 
50-in. in diameter. There are two double-acting 
plungers, 274 in. in diameter, the stroke being 
38 in. This engine will be fitted with the Worth- 
ington ‘‘high-duty attachment,” a device by which 
ahigh rate of expansion is given to the steam. 
This attachment is familiar to our readers, having 
been described in EncinrERiInc. The arrange- 
ment was first publicly exhibited at the Paris Ex- 
hibition in 1889, and where, it may be added, it 
received the Grand Prix for pumping machinery. 
The compensating cylinders are carried by frames 
bolted to the outside of the water-cylinder, and the 
compensating plungers will press against crossheads 
attached to the ends of the piston-rods, which ex- 
tend from the plungers out through the water- 
cylinders. There are two air-pumps, each 12 in. 
in diameter. They are arranged horizontally, and 
lie directly under the high-pressure steam-cylinders, 
being driven from the lower ends of vertical beams 
attached to their upper ends by links to the com- 
pensating cylinder crossheads. The air-pump valve 
chamber is placed between the two air-pump bar- 
rels, and acts as a support for the jet condenser, in 
which there are a series of spray-plates. In most 
respects, this engine is like one supplied for the 
water supply of Chicago and other cities. An en- 
gine of a similar kind, tested by Messrs. CG. H. 
Barrus and J. J. de Kinder, developed a duty ex- 
ceeding 115,000,000 foot-pounds per million heat 
units. This test was made in connection with work 
done by a committee of the American Society of 
Mechanical Engineers. 

The remaining horizontal] engine is notable from 
the fact that it will run at a piston speed of 350 ft. 
per minute, which is higher than usual. It is on the 
triple-expansion principle, having high, interme- 
diate, and low-pressure cylinders arranged tandem- 
wise, and working in line with the water-plunger. 
The cylinders are 9} in., 15 in., and 25 in. respec- 
tively in diameter. The diameter of the plungers 


is 11 in., and all have a stroke of 48 in. The steam 
valves are of the Corliss pattern, and the high- 
pressure cylinders are arranged with cut-offs. The 
intermediate and low-pressure cylinders only are 
steam jacketed. The steam from this engine will 
be condensed in a Worthington cone-shaped con- 
denser, with an independent air-pump of the 
Worthington type, having two cylinders 9 in. in 
diameter, and two double-acting pump cylinders 
12 in. in diameter, the stroke being 10in. The 
diameter of the steam-supply pipe for the main en- 
gines is 4 in. ; the suction pipe is 24in., and the 
delivery pipe 20 in. The rating is 190 horse-power, 
and the capacity 4,150,000 gallons of water per 24 
hours. 

It may be added that the potable water for the 
Exhibition is taken from the 68th-street station of 
the Chicago Water Works, which is worked by a 
Worthington high-duty engine, having a capacity of 
123 million gallons per day. Itis similarin general 
design to the horizontal engine placed in the Ex- 
hibition grounds. It has high-pressure cylinders 
33-in. in diameter, and low-pressure cylinders 
66-in. in diameter. The water-plungers are 30-in. 
in diameter, and the stroke is 50 in. 

XXVI.—METHODS OF COMMUNICATION. 

THE method of transporting the vast crowds 
that attend a successful Exhibition—of bringing 
them and taking them back to various starting- 
places, near and remote—is one of the most 
difficult and responsible questions connected with 
Exhibition management. In 1851 we got on 
very well with omnibuses and cabs, but the first 
World’s Fair was within walking distance of the 
West End of London. In 1862 the inconvenience 
was greater, and the crush at South Kensington 
station during the Exhibitions in the eighties is 
still fresh in our memories. In these instances, 
however, existing means of transport only were 
used, supplemented by such desultory private enter- 
prises as the ‘‘ pirate bus” afforded. In Paris at 
all previous Exhibitions but little inconvenience 
has been suffered, for the cab service—all abused 
as it may be—is excellent, if insufficient, and the 
steam passenger-boats on the Seine have a vast 
capacity. In Chicago they have gone to work in a 
more systematic way, and made the transport 
problem a part of the whole scheme, as indeed was 
specially necessary, because Jackson Park is six or 
seven miles from the city. The street railways 
that run between Chicago and Jackson Park will 
carry a large part of the traffic. These are chiefly 
cable lines, and their capacity has been very largely 
increased for the occasion. The new elevated rail- 
road, built by the Illinois Central Railroad Com- 
pany, and having a station within the grounds, 
forms one of the most efficient means of dealing 
with the traffic. In addition, there is the existing 
line of the Illinois Central Railroad Company, 
which starts from the terminus of the line on the 
city front, and runs almost close to the grounds. 
In ordinary times it consists of six tracks, two of 
which are for suburban traffic ; but four other lines 
have been laid exclusively for Exhibition traffic. 
Two of these lines are for express service, and two 
others for stopping trains. It is satisfactory to 
know that the trains are worked on the block 
system, and every precaution has been taken to 
provide for the safety of passengers. Perhaps the 
favourite means of communication will be by water, 
and to provide for this a fleet of large vessels will be 
provided, some of them carrying great numbers of 
passengers. It is estimated that these vessels will be 
able to deal with 15,000 passengers an hour. There 
will also be a large number of vehicles for hire, the 
hansom cab being a special though limited feature. 

In connection with the steamboat trafic, it will 
not be out of place to refer to the pier which has 
been erected as an extension of the Grand Avenue, 
and which extends into Lake Michigan for a distance 
of 1800 ft., where it terminates in extensions to the 
right and left, as shown in the plan (Fig. 30, 
page 520). The storms on Lake Michigan often raise 
a sea of a very dangerous character, so that the 
outer side of the pier is protected by a breakwater 
which has been erected for the purpose. From the 
north the water area within the two sides of the 
pier is protected from the waves by a breakwater 
having several openings, so that an inclosed space 
1800 ft. long and about 1000 ft. wide is obtained ; 
and this will doubtless be a favourite place for boat- 
ing parties during the season. 

The transport problem that will be watched with 
the greatest interest during the Exhibition is that 


connected with the conveyance to and from Chicago 
of the vast crowds of visitors that are expected from 
long distances of from 500 to 1000 miles. The 
system of ‘‘ State” days, inaugurated with much 
success at the Centennial in 1876, will be followed 
and extended this year, and the various States in the 
Union will vie with each other to secure the record 
number. American railway managers are accustomed 
to work long-distance travel, and doubtless they will 
prove equal to the emergency ; but there can be no 
doubt the conditions will be entirely without pre- 
cedent. 

Within the grounds the large space covered by 
the Exhibition renders means for the transport of 
visitors from point to point an absolute necessity. 
There are 190 acres of buildings filled with exhibits, 
and, on a moderate computation, there must be 50 
miles of walks and passages. Of course, no one 
person will look at everything ; that would be a 
mental and physical exertion which would be as 
laborious as it would be unprofitable, or, indeed, 
impossible. Many persons will devote themselves 
chiefly to one section, others will be especially in- 
terested in several. Engineers, for instance, will 
find congenial occupation in the mechanical, mining, 
electrical, and transportation sections. In the 
Liberal Arts Building and the Government Building 
there will also be many things which should not be 
missed, whilst the naval exhibit at the north end of 
the grounds contains matter that will interest every 
engineer. The space occupied by these sections 
would constitute a large area to cover, even if the 
engineer only went for the purpose of ‘‘ shop ;” but 
the Exhibition is so generally attractive, that no 
one will be able to visit it without taking at least 
one general look round. As a matter of fact, many 
who go to play will perforce stop to work. But in 
any case, a large majority of visitors will be em- 
ployed in vague sight-seeing, than which there is 
nothing more tiring ; probably the average spectator 
is more fatigued after a morning in an Exhibition 
gallery, than is a navvy at the end of his eight 
hours’ day. The frontage of the Exhibition on the 
lake is close upon two miles, and the greatest 
depth or distance east and west is little short of a 
mile. The electric elevated railway that has been 
erected will be the most expeditious means of get- 
ting from north to south, or in the opposite direc- 
tion. The southern end of this line will be at the 
back of the Agricultural Building, whence it pro-— 
ceeds westerly and north-westerly, until it reaches 
the Machinery Building, between which and the 
machinery annexe it makes its way. It runs 
across the Exhibition terminal station, skirts the 
Transportation Building, and proceeds northerly 
side by side with Stoney Island Avenue until it gets 
to the north-western corner of the Exhibition. It 
then follows the northern boundary, and thence 
proceeds nearly due south, not far from the lake 
shore, until it arrives at the northern entrance to 
the Lagoon, at a point between the Fisheries 
Building and the quarters of the British Royal 
Commission. The total circuit made by this rail- 
way is over five miles, all of which distance is 
within the grounds of the Exhibition. The ends of 
the line are formed in loops, so that the trains can 
be constantly following on each other. This railway 
has a number of stations; that at the end of the 
Midway Plaisance will also be convenient for the 
Horticultural and the Women’s Buildings. 

By far the pleasantest way in which the visitor 
will be able to get about will be by water. The whole 
of the principal buildings have a water frontage and 
water gates, and there will be no lack of small craft 
totakethe visitorsfromdoorto door. Wehavealready 
referred to the foresight the executive has shown in 
making use of waterfor ornamental purposes, but the 
transportation facilities it affords are no less valu- 
able. Now that we have once seen the immense 
improvement that canals and lagoons afford, we 
shall doubtless in future look on them as an abso- 
lute necessity for shows of this kind. After Chicago, 
an Exhibition without water will seem but a peopled 
desert—a luxury such as this, once tasted, becomes 
a necessity. The water was toa great extent forced 
upon the Exhibition ; indeed, a good deal of it was 
there already, and in order to make part of the 
swampy site into solid ground much _ excava- 
tion had to be done to obtain material. We are 
not aware whether the projectors looked on this as 
a misfortune at first, but if they did it proved to 
be a blessing in disguise ; and the franchise of these 
waterways will have become very many times more 
valuable than the cost of making the waterway. 
The canals within the grounds have a length of 24 


AprIL 21, 1893. | 


ENGINEERING. 


miles. The boats that will be used will be of vari- 


ous classes, a large number having electricity for | 


the motive power. The electric boats are of three 
kinds : the express boats, making the round trip 
without any stops; local boats, stopping at stations 
connected with every building (these two being 
omnibus boats); the third class consists of those 
which can be hired by the hour like cabs, or 
gondolas in Venice, though not quite at the same 
rate of payment. 

A very novel and experimental means of trans- 
portation is the movable sidewalk—a device, how- 


ever, which, in another form, was proposed for the | 


last Paris Exhibition, although the suggestion was 
not then carried out. The new means of locomo- 
tion is a travelling platform on which the visitor 


speeds of ten and twelve miles an hour are practi- | 
cable, and that more passengers can be accommodated 
in this way than by any other which can be devised. 
Seats are of course proyided. The mechanism is 
shown in the other two illustrations (Figs. 160 
and 161, on page 584). Upon a track A there 
runs an endless train of trucks, a certain number 
of which are fitted with electric motors, driven 
by current from a fixed rail. Hach truck carries 
a platform B fitted with posts (not railings) 
/at its edge to assist persons in stepping from 
the fixed sidewalk D, shown in Fig. 159, to the 
moving platform B. Upon the main truck is 
|mounted a subsidiary platform C. At its lower 


|part it is fitted with rails, which rest on the 


tyres of the wheels of the truck; and by this 
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readers will remember that it consists of an elevated 
track, on which are laid very heavy, broad, flat rails. 
Below the track and along its centre is laid a water 
main, with hydrants, terminating in nozzles, rising 
from it at intervals. The carriages have no wheels, 
but rest on flat shoes which bear upon the rails. 
When it is desired to set these carriages in motion, 
water is forced between each shoe and the rail, so 
that there is a thin film of water between the two, 
and the train is entirely water-borne. Of course a 
considerable pressure has to be exerted to force the 
water between the lower face of the shoe and the 
rail. The means of propulsion are supplied by a 
series of water jets issuing from the nozzles, re- 
ferred to as being attached to the hydrants in the 
centre of the track. The nozzles are opened and 


Fic. 162: 


A Lake ‘‘ WHALEBACK.” (See Page 588.) 


can step at any time, and be carried forward with- 
out any further exertion, and from which he can 
step off at any moment. The principle upon which 
the arrangement works is described as follows : An 
endless platform of convenient width is placed 


either on a level with the road or a few inches | 


above it, or it may be placed on an elevated 
staging, as in our illustration, Fig. 159, on page 584. 
This platform is driven constantly at a very low 
rate of speed——say at two miles an hour. Upon 
this platform anyone can step without inconvenience 
and be carried forward upon it. Beside the travel- 
ling platform is another of convenient width also 
travelling constantly, but at a higher rate of speed, 
perhaps four miles an hour. Relatively to the first 
platform upon which the traveller is standing, this 
speed will be but two miles an hour, a rate at which 
the second platform can be easily mounted. In 
this way it will be seen that almost any speed can be 
reached without the passenger having to exercise 
yery great athletic powers. The inventor claims that 


Fic. 165. WHALEBACK STEAMERS. 
arrangement when the truck is in motion the plat- 
form C will travel forward with twice the velocity of | 
the platform B. Thus, if the truck be travelling 
at three miles an hour, the second platform will 
travel at six. The project is being worked by the | 
Columbian Movable Sidewalk Company, 


Traction Company of Chicago, 

The Midway Plaisance, which, it will be remem- 
bered, is the broad avenue leading from Jackson 
Park to Washington Park, will undoubtedly be one 
of the most crowded parts of the Exhibition, for it 


features. An intended means of communication 
along this highway is the Giffard Hydraulic Rail- 
way. It will be remembered that this system was 
exhibited at the Paris Exhibition, where it attracted 
a great deal of attention, and, though it does not 
yet appear likely to initiate the great revolution in | 


(See Page 588.) 


the | 
patents being owned by the Multiple Speed and | 


contains some of the most amusing and attractive | 


railway practice some of its supporters anticipated, it 
is a most interesting engineering experiment. Our} 


closed automatically by the passage of the train, so 
as to prevent unnecessary waste of water. The 
advantages offered by this system are proble- 
matical, while on the other hand, the difficulties 
to be overcome in installing it on any consider- 
able scale are very great. Perhaps the Chicago 
Exhibition will do something towards enabling a 
balance to be struck between the advantages and 
their cost, though the latest advices are unpromising. 

Another means of transportation over short dis- 
tances will be afforded by the travelling cranes used 
for the erection of machinery. The example of 
using this means of locomotion was set by the Paris 
Exhibition, where the overhead travellers were 
used to carry visitors in the Machinery Hall. The 
trolleys and cranes will be removed from the Ma- 
chinery Hall, and the travelling carriages will be 
traversed for the accommodation of visitors. At 
the close of the Exhibition the cranes will, of 
course, again be available for their original purpose. 

Rolling chairs are always a favourite and luxurious 


588 


ENGINEERING. 


| Aprit 21, 1893. 


mode of getting about an Exhibition ; there will be 
plenty of them at moderate rates, and one of the 
conditions on which the company obtained its con- 
cession, was that preference should be given to 
college students as attendants. We believe there 
is great competition for the vacancies. 

The numerous elevators throughout the buildings 
come within the category of passenger transporta- 
tion, but we can do no more than refer to them 
here. Nothing, perhaps, will astonish the English 
visitor more than the great number of high-speed, 
well-appointed elevators there are in the United 
States. A few years ago the contrast in this re- 
spect between our own country and America was 
even more marked, for we have made some advance 
of late. Still we are far behind in this respect, and 
a standing matter of surprise and disgust to the 
American who yisits our shores for the first time is 
the expectation that he should laboriously climb to 
the top of evensome of our most considerable public 
buildings. Perhaps ‘‘liver trouble ” would be less 
plentiful in America if there were fewer elevators 
and other aids to locomotion, and the same may be 
said of civilisation at large ; but, however that may 
be, elevators are an unmixed blessing in an Exhibi- 
tion, where the conscientious visitor is bound to go 
through a deal of exhausting work, however much 
he may be assisted by artificial means. 

A word should be said in this place about the 
spiral railway that is to run round the tower in- 
tended to be erected by the Phoenix Bridge Com- 
pany. The height of the tower is 560 ft., and the 
diameter is 210 ft. There isa spiral railway running 
round the exterior of the tower, by which passen- 
gers will be conveyed to the top. This railway will 
be nearly a mile long. The foundation consists of 
about 2000 piles. Some 3,500 tons of iron and 
steel and 500,000 ft. of timber will be used in the 
construction. Whether this scheme will be really 
carried out appears very doubtful. 

Tt may not be out of place to say something here 
about the water approach to Chicago, as the infor- 
mation may be useful to yachtsmen and others 
wishing to take craft through to the Exhibition. 
Such information, moreover, 1s not easily to be got ; 
at least, the traveller does not often know where to 
look for it. The route vid Canada is up the St. 
Lawrence, ascending the river to Montreal. Then 
comes the Lachine system of canals, whose present 
capacity will not permit the transit of vessels of 
more than 9 ft. draught. The improvements on 
them, now in progress, will not be completed before 
the conclusion of the World’s Fair. The route from 
Montreal is through the Lachine Canal (83 miles), 
with five locks, depth of water on sills 9 ft. to 
10 ft. ; Lake St. Louis (15$ miles); the Beauhar- 
nais Canal (117 miles), nine locks, depth of water 
9ft.; Lake St. Francis (82? miles) ; the Cornwall 
Canal (113 miles), six locks, depth of water 9 ft. ; 
Farrans Point Canal (? mile), one lock, depth of 
water 9 ft.; Rapid Flat Canal (four miles), two 
locks, depth of water 9 ft. After Lake Ontario 
comes the Welland Canal (274 miles), 27 locks, 
depth of water 14 ft., to Lake Erie. Thence vid 
Detroit River, Lake St. Clair, St. Clair River, 
Lake Huron, and Mackinac Straits to Lake 
Michigan, on which there is plain sailing on 
navigable water to Chicago. Vessels of greater 
draught have passed the canals by using pontoons 
and camels. The Collins Bay Rafting and Forward- 
ing Company, Collins Bay, Ontario, Canada, will 
furnish appliances and contracts for lifting of 
vessels through from Montreal to Lake Ontario, and 
through the Welland Canal, if desired. The official 
tax for passage through the St. Lawrence and 
Welland Canals, from Montreal to Lake Erie, is 2} 
cents per ton register. This is levied upon yachts 
as well as other vessels. Before finally committing 
themselves to arrangements, however, yachtowners 
will do well to satisfy themselves about the Lake 
Michigan roadstead, near Chicago. A recent article 
in Forest and Stream will probably cause those 
who entertain such intentions to make further in- 
quiries on the subject. The writer in the paper 
just referred to says: ‘‘There is no harbour for 
yachts at Chicago, except behind the breakwater 
at, say, about foot of Van Buren-street, and there 
is not room there for a large number, even if the 
necessary alterations proposed are made. Besides, 
this is five or six miles from the Exposition, and in 
such nor’easters as Lake Michigan is quite capable 

of—the whole lake front is a lee shore in gales from 
the N. to E.—no yacht could lie at anchor in the 
open water off the Exposition grounds, or make a 
landing should she be quite weatherly enough to run 


down from the breakwater ina gale. The writer 
has seen some of the largest vessels on the lakes go 
ashore there more than once, despite all the mud- 
hooks they could hang out ; and he hopes some- 
thing may be done for a harbour, or there is little 
use of many yachtsmen taking their fine yachts 
there. No one would think of entering Chicago 
River with a yacht, and the only other place he 
knows of would be the Calumet River, at South 
Chicago, where some might be taken care of. The 
nearest harbour deserving the name is Kenosha, 55 
miles north of Chicago, and it looksas if the eastern 
yachtsmen will have to sail there in a Pullman car, 
leaving their yachts at home.” 

The efforts that have been put forward by Ameri- 
can shipbuilders and engineers, backed by American 
capitalists, to meet the demand for passenger traftic 
on Lake Michigan between Chicago and the Exhibi- 
tion will doubtless afford matter for astonishment 
to many persons who have little conception of the 
extent of the navigation on the great lakes. To 
English ears the term lake is exceedingly mislead- 
ing, as descriptive of the vast inland fresh-water 
seas of the American continent, and the first thing 
the stranger must do is to dismiss from his mind 
the English acceptation of the word. The Ameri- 
can great lakes are veritable seas, with storms and 
waves more dangerous than those of the ocean, 
inasmuch as the water is fresh instead of salt, and 
therefore less buoyant. The storms are sudden, 
too, and heavy seas roll up in a surprisingly short 
time. The United States Life Saving Service—a 
Government department justly ranking with our own 
voluntary Lifeboat Institution — has some of its 
noblest and bravest efforts told in the history 
of rescues from shipwreck on these fresh-water 
lakes. 

We do not pretend to give a full account of the 
efforts that have been made to meet the demands 
for water carriage of passengers at Chicago; but 
there are rumours of very big things indeed, and 
these may turn out to be more or less well-founded. 
We are in a position, however, to give authentic 
accounts of two classes of vessels designed upon a 
scale corresponding with this biggest of all big 
Exhibitions, 

Two large ships for conveying passengers in con- 
nection with the World’s Fair, are being built for 
the Northern Steamship Company at the Globe 
Tron Works of Cleveland. In an extract con- 
tained in the Journal of the American Society of 
Naval Engineers, particulars are given of these 
vessels, which are described as two of the largest 
swiftest, and most elegantly appointed steamships 
ever built to run on American waters. It is said 
no expense will be spared to make these splendid 
passenger steamships as safe as human foresight 
can secure them to be, and as comfortable as human 
ingenuity can devise. They afford a good example 
of the stimulus given to enterprise by such an un- 
dertaking as the World’s Fair, for they are but the 
commencement of a fleet of 16 ships ultimately 
to be built, and which are to be run on the 
Buffalo and Duluth route, in connection with the 
Great Northern Railway line, as a part of that 
system. These vessels are twin-screw, and the 
speed is estimated at 20 miles an hour, and as the 
distance between Buffalo and Duluth is 1110 miles 
(a distance which gives a good idea of the length of 
voyages on the American lakes), the time occupied 
will be about 60 hours, including several hours’ 
stop at Cleveland, Detroit, and Sault Ste. Marie. 
The cost of these ships is put down at 120,000I. 
each, and they are modelled after the design of the 
best ocean-going steamers. They are 360 ft. be- 
tween perpendiculars, 380 ft. over all. The width 
is 44 ft., and the depth 34 ft. The engines are of 
the vertical quadruple-expansion type, and will de- 
velope 7000 indicated horse-power at least. The 
cylinders are 25 in., 36 in., 514 in., and 74 in. re- 
spectively ; the stroke is 42 in. The four crank- 
shafts will consist of four interchangeable parts. 
The cylinders will face out-board, and will be sup- 
ported by wrought-iron columns in front and four 
cast columns behind, carrying the slipper guides. 
There will be piston valves throughout, and Joy 
valve gear; one piston valye for the high-pressure 
cylinder, and all the others two each. The air 
pumps and condenser will be independent. The 
air pumps will be vertical, single-acting; there 
will be two, 36 in. in diameter by 16 in. stroke. 
The twin screws will be 13 ft. in diameter, by 18 ft. 
mean pitch. Steam will be furnished by 28 Belle- 
ville boilers working at a pressure of 195 pounds 
(another account says 225 pounds) to the square 


inch. It is estimated that the supply of fuel re- 
quired for the trip will be 800 to 1000 tons, but this 
appears to us to be a very approximate calculation. 
A notable feature about these vessels, and one 
further illustrating the energy and enterprise of 
Americans in providing means of transport, is the 
fact that they will have little more than three months 
of profitable service during the summer season, and 
they have no revenue from freight. Our readers 
will not be greatly surprised, therefore, to hear that 
less sanguine people in America (there are not many) 
have some doubt as to the success of this under- 
taking. An American paper notices with justifi- 
able pride that American capital and American 
material and American workmanship will control 
every part of the building of these ships. All of 
the machinery will be constructed by the Globe 
Iron Works Company ; of the material in the hulls 
the angles will come from the Cleveland Rolling 
Mill Company, the plates from the Otis Steel 
Company, and the beams from the Pencoyd Iron 
Works. 

The following details of the Christopher Colum- 
bus are taken mainly from the recent issue of the 
** Journal of the American Society of Naval En- 
gineers,” to the council of which society we owe 
our thanks for the information. It will be seen 
that this interesting vessel is not only noyel in 
general form but also in method of construction, 
and we therefore give somewhat full particulars of 
the scantling, &c., as they will prove of value to 
our shipbuilding readers. 

The Christopher Columbus has been built pur- 
posely to carry passengers between the City and 
Jackson Park. She is of the ‘‘whaleback” type, 
and is built entirely of steel. The passenger ac- 
commodation is between 4000 and 5000 persons. Her 
speed is to be 20 statute miles per hour, and 
as the distance between the City and the Exhibition 
is under seven miles, she should occupy about 20 
minutes covering the distance. Allowing an hour 
for the double journey, and estimating the capacity 
at 4500 people, we see that this vessel will be able 
to take 54,000 people to or from the Exhibition in 
a single day, or 27,000 visitors could go and return 
in her in 12 hours. Of course no one expects 
that the ship will run at her utmost capacity all 
day, but the figures serve to give an idea of the 
immense passenger capacity of the vessel. She is 
362 ft. long over all, 42 ft. beam, and 24 ft. deep; 
a great half-submerged whale in appearance, with a 
superstructure above. The ‘‘ whaleback ” is native 
to the lakes, and it is fitting that this big ship 
should be typical of the genius of the locality. 
Readers of ENGINEERING will remember the stir 
caused by the ‘*‘ whaleback” Charles W. Wetmore, 
which crossed the Atlantic to Liverpool in 1891. 
At that time we illustrated and described this type 
of vessel, and we now reproduce our engravings im 
order to show what the common or lake whale- 
back is like. (See Figs. 162 and 163, page 587.) 
The Christopher Columbus will naturally differ from 
this craft in many important particulars, as will be 
seen by our description. 

One of the most radical departures from the 
whaleback proper is in the position of the ma- 
chinery, which, instead of being placed right aft, 
will be situated amidships. This is a necessity in 
the design of a passenger vessel where the dead- 
weight carried is not so tractable as the native cargo 
of the original whalebacks, which were built to 
carry grain in bulk. Upon the main deck there are 
seven ‘‘ turrets” or superstructures, all of which will 
be 73 ft. in height and elliptical in shape. The 
forward one, 19 ft. by 18 ft., contains the windlass. 
Turrets Nos. 2 and 3 are 26 ft. by 18 ft., and have 
doors at the after end opening on to stairways, 
which lead to the saloon deck above, and to between- 
decks below. No. 4 turret is 27 ft. by 18 ft. It 
contains the smoke-stack, air-fans, ash-hoist, &e. 
The entrance to the stokehole is also through this 
turret. The next turret aft, No. 5, is also 27 ft. 
by 18 ft. It incloses the engine-room and ma- 
chinery space, and has a door on each side. The 
two after turrets are, respectively, 26 ft. by 16 ft. 
and 22 ft. by 12 ft. These turrets also lead to 
stairways similar to those forward. There are four 
athwartship gangways on each side, three of which 
are 7 ft. and one 5 ft. wide in the clear, all being 
6 ft. high. It is through these that passengers 
enter and leave the vessel. Amidships are dinin 
and refreshment tables and ‘‘booths.” Forwar 
are the kitchen, iness-room, and crew space. The 
vessel has a double bottom, 42 in. deep, extending 
fore and aft, which, with the tanks in the fore and 
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after peaks, give a total water ballast capacity of 
730 tons. The water bottoms are described as being 
built on the ‘‘ McIntyre principle,” with nine gir- 
ders about 3 ft. apart, exclusive of the tank margin, 
and are braced with angle-irons and brackets to the 
lower plates, which braces are 2 ft. apart. She has 
web-frames spaced 16 ft. apart, except at the boiler 
space, where they are 12 ft. apart, and in the en- 
gine space, where they are 8 ft. apart. In the 
machinery space plates and girders are double- 
bracketed. The hull is subdivided by nine water- 
tight athwartship bulkheads ; in addition to which, 
extending from her bows to a distance of 42 ft. aft, 
there is a fore-and-aft bulkhead. This is evidently 
a provision against collision in the bows. The 
lower deck beams are of channel iron, stayed by 
stanchions. In the between decks the stanchions 
are 4}-in. tubes riveted to a girder underneath the 
shell deck of double angles. In addition to this 
there is another girder on each side of the same 
section extending fore and aft. The between decks 
are of steel, flush riveted, extending all fore and 
aft, with T-iron fore and aft butt-straps, the 
standing down web forming a splendid stiffener in 
the fore-and-aft seams. In the hold are two 
stringers extending all fore and aft, braced with 
face angles, besides another stringer with double 
angles back to back. Outside are two steel fenders, 
riveted to the hull, and 12 in. in diameter. The 
flat keel-plate is 29} lb., and the shell for one- 
half the length amidships is 24 lb., tapered to 
18} lb. at the ends. The bilge strake is 26} lb. for 
half the length, tapering to 18?1b. The shell above 
is 21} lb., with shell deck of 18? 1b. The latter is 
flush-riveted with butt seams, the butt straps on the 
inside, so as to form an entirely smooth surface. 
The shell butt straps are 3 lb. heavier than the 
plates, and are treble riveted for one-half the vessel’s 
length amidships. 

The steel saloon deck is 11 lb. to the square foot 
in thickness, and has a 151b. strake at each end of the 
turret, the whole connected to heavy angle-iron rings 
on each turret, in turn connected to the ventilator 
tubes with angle-iron collars, It is also fitted with 
angles at each side of the tubes running fore and 
aft. The method of bracing, it will be seen, is quite 
unusual, and is said to be particularly effective. 
Theventilator tubes referred to are 9 in. in diameter, 
and placed 12 ft. apart, running almost the entire 
length of the ship. The saloon is 225 ft. long by 
30 ft. wide. The deck outside the saloon consists 
of a space 4 ft. in width on either side, and 32 ft. 
in length. The ventilator tubes form the side sup- 
port of this deck. Over the saloon is the prome- 
nade deck, 257 ft. long, in the centre of which is 
the skylight, 15 ft. wide and 138 ft. long, witha 
large glass dome over the after stairway. The 
smoke-stack and fire-room ventilators go through 
the skylight. At the forward end of the skylight 
is situated what is known in America as_ the 
“texas,” which contains the grand staircase from 
the saloon, the captain’s cabin, pilot-house, wheel- 
men and mates’ quarters. There is a dome skylight 
also over the forward staircase. There are sixteen 
20-ft. lifeboats, the ventilator tubes being used 
as cranes to lift them in and out. It will be seen 
from our description that this remarkable vessel is 
altogether a new departure in passenger-ship con- 
struction, and we have therefore devoted to the de- 
scription more space than we otherwise should have 
done. Whale-back steamers within the last two 
years have made great progress as cargo-carriers on 
the lakes, and have proved great commercial suc- 
cesses. The construction above the water line is 
such that the sea never breaks over them—accord- 
ing to the statements of their designers—simply 
rolling up and receding from the sloping sides. It 
is said that 10 per cent. buoyancy makes them 
better seaboats than those possessed of greater 
freeboard. Their construction is much cheaper, 
and they are manned by smaller crews. 


XXVII.—FOREIGN CO-OPERATION. 

THE important part taken by foreign nations in 
the Chicago Exhibition is perhaps one of the most 
remarkable features in this very wonderful show. 
That European nations should send across. the 
Atlantic, and then 1000 miles inland, to a city with 
no antiquities or great natural beauties, is a thing 
hardly to be expected. Paris has attractions in 
itself, whilst London is on the direct highway 
between the two hemispheres; but Chicago is 
simply 1000 miles beyond New York. That was the 
way we argued in England ; but closer acquaintance 
with the matter has proved that we fell somewhat 


short of the matter in our conclusions. We did not 
make allowance for that enormous energy and public 
spirit which has resulted in producing an Exhibition 
better worth travelling to see than all the amuse- 
ments of Paris or the antiquities of Kurope. It is 
too early to say what proportion of foreigners will 
visit this World’s Fair, but the number of exhibitors 
from abroad fully justifies the Americans in adopt- 
ing the comprehensive title. Foreign countries 
have, according to the official statement, applied 
for two and a half million square feet of space out 
of the three million square feet available, or 85 per 
cent. of the total. As American exhibitors asked 
for five million square feet, the total amount of space 
demanded was no less that 7,500,000 square feet, 
which, as has before been pointed out, is nearly 
twice the size of the largest Exhibition yet held. 
This was the state ‘of affairs several months ago, 
and since then a large number of fresh applications 
have actually been made, whilst those manufacturers 
who now regret their former neglect—seeing that 
the undertaking has proved so great a suecess—would 
doubtless fill a fair-sized Exhibition with the objects 
they would send. 

In another part of this account of the Exhibition 
we deal with our own section, which of course comes 
within the ‘‘ Foreign Department” in an American 
Exhibition ; and we need therefore say nothing more 
of the British contribution here. The foreign ex- 
hibits will, as a rule, take their place in the main 
buildings under their respective departments. There 
has been, however, space allotted to the various 
foreign Powers upon which they have erected head- 
quarters for the transaction of business, and 
generally for the accommodation of their Commis- 
sioners accredited to the Exhibition. These foreign 
official pavilions form a most interesting group of 
buildings, which is situated on a pleasant site to 
the south-east of the position occupied by the States 
buildings. As already stated, Great Britain has 
been allotted what is undoubtedly the best location 
for her domicile ; indeed throughout the Exhibition 
British officials and British exhibitors have been 
generally given the choice of place. Immediately 
behind the house of the Royal Commission is the 
Mexican Building, and to the north of that is the 
residence of the German Imperial Commission, 
whilst the space around has been set apart for other 
foreign Powers. 

It is evident from what has been said above that 
neither American nor foreign exhibitors could be 
fully satisfied in regard to their demands for space, 
and the Director-General of the Exhibition followed 
the general rules on these occasions of dividing 
available space almost equally between home and 
foreign exhibitors. To the latter, 1,300,000 square 
feet of surface have been allotted. That is little less 
than half the total space available, and only a little 
more than half that asked for. The remaining 
1,700,000 square feet is divided among the exhi- 
bitors of the United States. 

This enormous collection of the products of man’s 
industry from all parts of the earth, cannot fail to 
afford a spectacle of a most impressive character. 
Every Exhibition grows more marvellous than the 
last. Unfortunately our capacity for appreciation 
appears to decrease in a like or even greater ratio. 
Nothing will ever equal 1851—as it is remembered. 


XXVIII.—THE BRITISH SECTION. 

Ir is too early to forecast with absolute 
certainty the part which Great Britain will take in 
the Columbian Exposition, or to know whether our 
industries will be represented with credit to our- 
selves and to the future benefit of our manufac- 
turers. Some general indications, however, may 
be given on this subject in anticipation of the time 
when we shall be able to report in detail how far 
we shall have reason to be proud, or the reverse, 
at our participation in this great competition of the 
nations. It may be interesting to cast our glances 
backwards for 17 years, when the Centennial Ex- 
position held in Philadelphia commanded as much 
astonishment and interest as will the celebration in 
Chicago which is about to be inaugurated.  Per- 
haps, considering the wonderful industrial progress 
which the United States has made since 1876, the 
Philadelphia Exposition was really greater than 
that of Chicago, for 17 years is so long a period in 
the commercial history of America, and the deve- 
lopment in every branch of industry and science 
has been so great during that time. Still it will 
be admitted, we think, that the best efforts of 1876 
were insignificant in comparison with those of 
1893. While no comparison can be established 


between the buildings of the two Expositions, both 
had this feature in common-—the construction of a 
largenumber of important buildings devoted to special 
purposes, such as industrial arts, machinery, fine 
arts, horticulture, agriculture, and so forth, only on 
the present occasion the scale is vastly larger than 
in 1876. As at Philadelphia, the exhibits of Great 
Britain and her Colonies are distributed through- 
out the various buildings ; they will be found in 
the structures devoted to general industry, to ma- 
chinery, to agriculture, mining, electricity, and the 
fine arts. In Philadelphia the spaces occupied by 
Great Britainand her Colonies covered one-seyenth of 
the total area of the buildings ; at Chicago the space 
allotted to us is from one-twelfth to one-fifteenth 
of the total covered area. Thus, regarded from the 
point of view of percentage, our position is not so 
satisfactory as on the earlier occasion. The total 
space occupied in the various buildings at the Cen- 
tennial by this country and her dependencies was 
as follows : 
Square Feet. 


Main Building 102,029 
Carriage Annexe... 5,208 
Fine Arts ... 15,875 
Photographic... 1,260 
Machinery Hall ... 37,598 
Horticultural Hall 9,€00 
Agricultural Hall 22,611 

Total ... 194,381 


The corresponding spaces allotted to us at Chi- 
cago are approximately as follows : 
Square Feet. 


Agriculture 14,176 
Horticulture 656 
Tisheries ast 1,300 
Mines and Mining 8,000 
Machinery ... : 40,000 
Transportation 54,257 
Manufactures ric we BA ... 100,400 

Liberal Arts (Gallery of Manufactures 
Building) fe a wee 64,240 
Electricity ... 8,289 
Women’s 2,384 
Forestry ue se ee eae 1,700 
Fine Arts ... ihe set a sh 20,325 
Total 315,727 


In order to meet the official expenditure con- 
nected with British representation at Philadelphia 
in 1876, a Government grant of 48,5007. was made ; 
of this sum less than 40,0001. were expended, so that 
there was a balance of 8500/. available after the 
completion of the work. The total number of ex- 
hibitors at the industrial sections at Philadelphia 
was about 750 ; at Chicago we shall be scarcely able 
to muster 600—a notable and unfortunate decrease, 
which it is to be hoped may be compensated by the 
importance of the exhibits shown. In Philadelphia, 
British interests were at first presided over by Sir 
Philip Cunliffe Owen, and, after his resignation in 
1875, by two commissioners, Sir Herbert Sandford 
and Mr. Archer, who were appointed by the Science 
and Art Department at South Kensington. The 
welfare of the British section at Chicago is in the 
hands of a Royal Commission, which was formed in 
August, 1891. As there are various points of 
special interest connected with this Commission, 
some space may be devoted to placing on record its 
history. Shortly after the proclamation issued by 
the President of the United States, the British 
Government announced its intention of officially 
recognising the Columbian World’s Fair, and in due 
time a grant of 25,0001. was allotted to pay the ex- 
penses connected with the undertaking. The 
Science and Art Department at South Kensington 
was appealed to, to take charge of the work, but 
that body not feeling justified in accepting the 
responsibility for less than 60,0001., the negotiations 
failed, and finally the selection was made of the 
Council of the Society of Arts, an eminent and 
highly representative body. It was, of course, ob- 
vious from the commencement that 25,0001. would 
be wholly insufficient to meet the expenses con- 
nected with the work, and the same plan which had 
been adopted successfully by the private committee, 
who under the able management of Sir Polydore de 
Keyser succeeded in making a highly representative 
British section at Paris in 1889, was determined 
upon—that of charging exhibitors for the space they 
occupied. Soon after, however, an additional grant 
of 35,0001. was made to the Commission, raising it 
to the total of 60,000/., which Sir Philip Cunliffe 
Owen and other heads of the Science and Art De- 
partment had reported from the commencement 
would be smallest amount for which the work could 
be done. As soon as this additional grant had been 
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made, it was decided to relieve exhibitors of the 
burden imposed upon them by the tax upon the 
space they were to occupy, and such money as had 
already been paid by them was refunded. The 
Royal Warrant appointing the Commission was 
published in the London Gazette of August 28, 1891, 


and ran as follows : 


Whitehall, August 27, 1891. 
THE Queen has been pleased to issue a Commis- 
sion under Her Majesty’s Royal Sign Manual to 
the effect following : 


VICTORIA, R. 

Vicrorta, by the Grace of God, of the United 
Kingdom of Great Britain and Ireland Queen, 
Defender of the Faith, to the President, Vice- 
Presidents, Treasurers, and other Members of the 
Council for the time being of the Society for the 
Encouragement of Arts, Manufactures, and Com- 
merce ; greeting ! 

Whereas it has been notified to Us, through 
Our Secretary of State for Foreign Affairs, that 
the President of the United States of America, 
pursuant to an Act of Congress, has made Procla- 
mation than an Universal Exhibition of the Works 
of Industry and Agriculture, as well as of the Fine 
Arts, will be held at Chicago, in the State of 
Illinois, in the United States of America, in the 
year 1893, and has invited Great Britain and Her 
Colonies to take part therein by appointing repre- 
sentatives thereat, and sending such exhibits as 
will most fully and fitly illustrate their resources, 
industries, and progress in civilisation : 

And whereas it is Our wish that such Exhibition 
shall afford full and suitable representations of the 
industry, the agriculture, and the fine arts in Our 
United Kingdom of Great Britain and Ireland, Our 
Colonies and Dependencies in Europe, Asia, Africa, 
America, and Australasia, and that Our subjects 
shall take part in such Exhibition : 

Now know ye that We, considering the premises 
and earnestly desiring to promote the success of 
the said Exhibition, and reposing great trust and 
confidence in your fidelity, discretion, and integrity, 
have authorised and appointed, and by these pre- 
sents do authorise and appoint, you the President, 
Vice-Presidents, Treasurers, and other Members of 
the Council for the time being of the Society for 
the Encouragement of Arts, Manufactures, and 
Commerce, to be Our Commissioners to obtain and 
distribute full information as to the best mode by 
which the products of the manufacturing and agri- 
cultural industries and the fine arts of our United 
Kingdom of Great Britain and Ireland, and of Our 
Colonies and Dependencies, may be procured and 
forwarded for exhibition ; to assist with your ad- 
vice and co-operation ; and generally to promote 
the success of the said Exhibition. 

And Our will and pleasure is that you, the said 
Council of the Society for the Encouragement of 
Arts, Manufactures, and Commerce, do report to 
Us in writing under the seal of the Society, all and 
every the several proceedings of yourselves had by 
virtue of these presents. 

And lastly, We do by these presents ordain 
that this Our Commission shall continue in full 
force and virtue until the close of the said Exhibi- 
tion, and until the various proceedings in connec- 
tion therewith shall have been properly concluded 
and brought to an end; and that you, Our said 
Commissioners, or any three or more of you, shall 
and may from time to time, and at any place or 
places, proceed in the execution thereof, and of 
every matter and thing therein contained, although 
the same be not continued from time to time by ad- 
journment. 

Given at Our Court at St. James’s, the 26th 
day of August, 1891, in the 55th year of Our 
Reign. 

By Her Majesty’s Command, 
_ Henry Marruews. 

Tt will be noticed that the wording of this war- 
rant is somewhat exceptional, from the fact that no 
names are mentioned in it, but that the president, 
vice-presidents, treasurers, and other members of 
the Council, for the time being, of the Society of 
Arts, are mentioned collectively as forming the 
Commission. Since the date of the warrant some 
slight changes have taken place, and one notably 
by the sudden and lamented death of the eminent 
member, Mr. Carpmael. Essentially representa- 
tive as is the Council of the Society of Arts, it was 
quickly found that some additional members must 
be added to the number, and as this could only be 
done by passing a special bye-law, that step was 


taken last year, and several new Commissioners, re- 
presenting fresh interests, especially Irish interests, 
were added to the number. The Royal Commis- 
sion is at present composed as follows : 


H.R.H. THE PRINCE OF WALES, K.G. 
President of the Society of Arts. 


Tue ATTORNEY-GENERAL, M.P., 
Chairman of the Council of the Society. 


Sir Freprrick BRAMWELL, Bart., D.C.L., F.R.8., 
Deputy-Chairman of the Council. 


H.R.H. The Duke of Edinburgh, K.G., Vice-Pre- 
sident. 

Sir Frederick Abel, K.C.B., D.C.L., D.Sc, F.R.S., 
Vice-President. 

The Duke of Abercorn, K.G., Vice-President. | 

William Anderson, F.R.S., D.C.L., Vice-President. 

Sir George Birdwood, K C.I.E., C.S.I., LL.D., M.D., 
Vice-President. 

Sir Edward Birkbeck, Bart., Vice-President. 

Sir Edward Braddon, K.C.M.G. 

Major-General Sir Owen Tudor Burne, K.C.SL., 
C.I.E., Vice-President. 

Michael Carteighe, Vice-President. 

R. Brudenell Carter, F.R.C.S , Vice-President. 

Sir George Hayter Chubb. 

Lord Alfred S. Churchill, Vice-President. 

B. Francis Cobb, Treasurer. 

Sir Philip Cunliffe-Owen, K.C.B., K.C.M.G., C.LE., 
Vice-President. 

Professor James Dewar, M.A., F.R.S., Vice-President. 
r Major-General F. J. D. Donnelly, C.B., Vice-Presi- 

ent. 

Sir Henry Doulton, Vice-President. 

James Dredge. 

Francis Elgar, LL.D. 

Professor Clement Le Neve Foster, D.Sc., F.R.S. 

Sir Douglas Galton, K.C.B., D.C.L., F.RS., Vice- 
President. 

Walter H. Harris. 

Sir Edward James Harland, Bart., M.P., Vice-Pre- 
sident. 

Alexander B. W. Kennedy, F'.R.S. 

Charles Malcolm Kennedy, C.B., Vice-President. 

Sir Frederick Leighton, Bart., P.R.A., Vice-President. 

Sir Villiers Lister, K.C.M.G., Vice-President. 

John Biddulph Martin, Vice-President, 

John Fletcher Moulton, Q.C., F.R.S. 

John O’Connor. 

General the Right Hon, Sir Henry F. Ponsonby, 
G.C.B., Vice-President. 

Wyndham §, Portal, Vice-President. 

William Henry Preece, F.R.S. 

Sir Robert Rawlinson, K.C.B., Vice-President, 

Professor William Chandler Roberts-Austen, C,B., 


Sir Owen Roberts, M.A., D.C.L., F.S.A., Treasurer. 
Sir Albert Kaye Rollit, M.P., LL.D., Vice-President, 
Sir Saul Samuel, K.C.M.G., C.B. 

Right Hon, Lord Thurlow, F.R.S., Vice-President, 

Of the principal members of the executive we may 
mention Sir Henry T. Wood, Secretary, and now 
chief Executive Officer at Chicago; Mr. H. B. 
Wheatley, assistant secretary; and Mr. EH. H. 
Lloyd, general superintendent. 

In addition the following Committees were ap- 
pointed to aid the Royal Commission, and some of 
them—notably those of the Fine Arts, Transporta- 
tion, Electricity, and Photography, have devoted 
much time to promoting the welfare of the section. 
Others, however, have had only a nominal exist- 
ence : 


; Committee. Chairman. 
Fine Arts Sir Frederick Leighton. 
Colonies Sir Saul Samuel. 
India ... =. an Sir Owen Tudor Burne. 
Agriculture ... : Duke of Westminster. 


Sir Isaac L. Bell. 

Sir Frederick Bramwell. 
Mr. W. H. Preece. 

Sir Douglas Galton. 

Sir Henry Doulton. 

Mr. C. M. Kennedy. 
Major-General Donnelly. 
Mr. F. Cobb. 

The labours of the Commission were greatly aided 
by an Executive Committee. 

Karly last year the Royal Commission appointed 
Colonel George HE. Grover, Royal Engineers, to 
proceed to Chicago as their representative, his 
chief duty being to superintend the erection of 
Victoria House, the headquarters of the Commis- 
sion on Jackson Park. Colonel Grover was an 
officer who had made for himself an admirable pro- 
fessional record, and whose amiable qualities had 
endeared him to all those with whom he was 
brought in contact. The appointment was an ad- 
mirable one, and all the work entrusted to him by 
the Commission was carried out by him with his 
characteristic. ability. It was our sad duty some 
time since to record the great loss sustained by the 
Commission in the sudden and untimely death of 
this gentleman at Chicago. He was accompanied 
to the grave by all the leading American officials of 
the World’s Fair, and the eulogies pronounced 


Mines and Metallurgy 
Engineering, Architecture... 
Electricity... 
Transportation 

General Manufactures 
Textile Industries 

Science and Education 
Photography ... 


over him were the expressions of the sincere friend- 
ship which he had justly earned during his residence 
at Chicago. 

The first action of the Commission after its for- 
mation was to appoint a secretary and some other 
paid members of the staff; their selection naturally 
and unanimously fell upon Sir H. T. Wood, who 
for many years has so ably conducted the secretarial 
business of the Society of Arts, and who had gained 
considerable experience from previous Exhibitions. 
Some time before the date of which we are speak- 
ing—about July, 1891—the Chicago Exhibition 
Executive had dispatched a Commission to visit 
Europe with a ‘view of arousing interest amongst 
various countries and of laying the foundation for 
such organisations as would be most useful in con- 
tinuing the work they came to commence. These 
gentlemen who paid the first of their visits to Hng- 
land returned about the beginning of September to 
America; and the British Royal Commission 
appointed one of their number to proceed with 
them to Chicago, accompanied by the secretary. 
This visit was eminently satisfactory, the utmost 
possible concessions having been freely made by 
the Exposition authorities, as regarded the amount 
and location of space, the classification of exhibits, 
and other matters. Specially valuable was the 
undertaking which had been obtained that all goods 
exhibited by foreigners might bear upon them 
labels on which were marked the selling price at 
the places of production. This concession, which 
had been refused in Philadelphia, marked strongly 
the broader spirit and wiser counsels that prevailed 
at Chicago. It was in September, 1891, that 
American permanent representatives were ap- 
pointed for the various chief countries of Europe. 
The gentleman credited to England was Mr. Robert 
McCormick, whose useful work continued for some- 
what more than a year, when his resignation left a 
vacancy which it was not considered necessary to fill. 
No time was lost in arousing or attempting to arouse 
theinterest of British manufacturers ; the Commission 
has spared no pains or labour in achieving this end, 
and it certainly will be no fault of theirs if reality 
falls short of the anticipation. The fact is, and it 
is a fact that we cannot too clearly recognise, that 
the World’s Fair of 1893 was at first regarded with 
superb indifference by the bulk of our manufac- 
turers, and afterwards with distrust, and in many 
cases with actual hostility. ‘‘ Why should we 
spend money to help the success of an Exhibition 
held in a country that enforced upon us the 
McKinley tariff?” was the narrow-minded question 
so often put as an answer to the arguments ad- 
vanced as to the advisability, nay, the necessity of 
participating. These were the manufacturers who 
failed to recognise that, in spite of the McKinley 
tariff, America remains, and will, we hope, for many 
years remain, our best foreign customer ; that the 
United States casts jealous eyes upon our trade 
supremacy in South America; that Germany is 
making dangerously rapid headway in the great 
race of commerce ; that the McKinley tariff, with 
all its alleged evils, was tottering and about to fall, 
and an epoch of modified protection in the United 
States, fraught with more of danger than of promise 
to ourselves, was shortly to commence. Still, for- 
tunately for ourselves, all of our English manufac- 
turers were not unanimous, and some 600, rather 
less than more, have come forward to uphold the 
commercial and manufacturing dignity of Great 
Britain at Chicago. How far they will succeed, as 
we have already said, it is too early to predict ; but 
judging from the statements in a recent article pub- 
lished by the Secretary of the Commission in the 
North American Review, the prospect is not so hope- 
ful as we could desire. In this article Sir Henry 
Trueman Wood says: ‘The exhibits in the Hlec- 
trical Building and the Mines and Mining Building 
will probably not be numerous, while very little is 
likely to be sent to the Fisheries Building and to 
that of Horticulture . . . . textile industries will 
make a creditable show, although here the effect of 
the tariff will certainly befelt. . . . . As we do not 
export any raw products, we cannot expect, in the 
Agricultural Building, to compete even with our 
own colonies; but here our food industries will be 
fairly represented, though we shall be showing 
almost nothing in the way of agricultural imple- 
NOUS Hac occ Our machinery section will certainly 
suffer from the effect of the tariff and from the 
severe competition of American makers.” This is a 
melancholy, but we fear an overtrue picture. For- 
tunately, however, it has another and somewhat 
brighter aspect. There appears but little doubt 
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that the able and energetic Art Committee, unde? 
the chairmanship of Sir Frederick Leighton, has 
done admirable work, and there is every reason to 
hope that the quality and quantity of the art dis- 
play from Great Britain will exceed that which 
commanded so much well-deserved admiration at 
Paris in 1889. The leading makers of porcelain and 
glass of this country, who rank second to none in 
the ceramic arts, will, we venture to believe, be 
without a rival. Itis probable that the British dis- 
play in the Transportation Building will be the 
most important of any from this country. A con- 
siderable part of it will be rather sentimental than 
commercial in its value ; the exhibits of the London 
and North-Western, of the Great Western, and of 
some other railway companies, will certainly attract 
much attention, but will hardly bring business to 
this country, and the same may be said of many 
other objects that will be represented in the build- 
ing so ably presided over by Mr. Willard A. Smith, 
chief of the Transportation Department. It will be 
far otherwise, however, with the exhibits of the 
various shipping companies, and those of the ship- 
building and engine-building firms, who are repre- 
sented in this building chiefly by models. The day 
is at hand when the United States will commence to 
develop the proportions of their merchant fleet, and 
probably for some years to come orders from the 
other side of the Atlantic will fill the yards and 
machine shops in the north of England and on the 
Clyde, for not even the indomitable energy and 
determination of Americans can, for the present, 
make her independent of British shipbuilders when 
she has decided upon thisnew departure. For this 
reason it is probable that marine exhibits in the 
Transportation Building will have a high commer- 
cial, and for some time to come pre-eminent, import- 
ance. Inasmaller way the fine collection of bicycles 
and tricycles from English makers should also havea 
considerable value, while the exhibits of the various 
ocean carrying companies should stimulate future 
travel beween Americaand Europe. Weare glad to 
know that to some extent the art industries of this 
country, such as furniture and jewellery, will be 
more or less well represented in the Industrial 
Building ; chemical industries will also find a place, 
and there will besides be quite a number of exhibits 
shown which will add to the interest of the section 
without promoting its trade value, such as the 
collection from the Ordnance Survey officers, from 
the Royal Geological Society, and from some of 
our colleges. The photographic display will also be 
large, and of interest to amateurs as well as to pro- 
fessionals. 

The following list gives the approximate number 
of exhibitors in the British Section ; it is not quite 
correct, as there will be doubtless some additions 
and certainly some deductions to be made : 


Department A, Agriculture 75 exhibitors 
“ B, Horticulture ... 18 Ap 
rs C, Live Stock ... 2 - 
nA D, Fisheries a 11 es 
ifs E, Mines & Mining 33 AF 
is F, Machinery 56 “ 
“ G, Transportation 80 : 
“e H, Manufactures... 191 > 
A J, Electricity... 11 es 

‘ 33 L, Liberal Arts ... 103 Pf 

M, Ethnology _... 1 3 


” 

The number of entries in the Fine Arts Department is 
1130, so that there is little cause of anxiety in this direc 
tion, and there are 17 Indian exhibitors. 

We have heard a great deal from time to time of 
the great efforts being made by Germany to outvie 
every other nation at Chicago. As in the case of 
Great Britain, it is entirely premature to predict 
how far these rumours will be justified, but we 
may gather some indications from a recent article 
in the North American Review upon the subject. 
The Government grant amounts to no less than 
150,000/., and the German Emperor has taken a 
strong personal interest in the success of Germany’s 
representation. The total covered space occupied 
by that country, which is not supplemented by 
colonies, is 250,000 square feet, of which 100,000 ft. 
are in the Industrial Hall, 40,000 ft. in the 
Machinery Hall, 20,000 ft. in the Art Building, and 
20,000 square feet in each of the following: the 
Electrical, the Agricultural, the Horticultural, and 
the Transportation and Mining Buildings. In spite 
of the alleged evils of the McKinley tariff, the 
textile manufacturers of Germany have taken care 
that these branches of industry shall not suffer 
at Chicago, Chemnitz, with its gloves, hosiery, and 
carpets ; Crefeld, with silks, satins, and velvets ; 
Plauen and Greiz, with cloths; Zittau, with laces ; 


and Annaberg, with embroideries—will all be there, 
From Bielefeld and Silesia will come linen goods, 
and the great textile factories of the Rhine Pro- 
vinces, and of Alsace, will be well represented. 
Musical instruments will form a conspicuous part 
of the German display; they will come from 
Plauen, Berlin, Leipzig, Dresden, and elsewhere. 
Chemical industry will occupy much space, and the 
Machinery Hall, so far as the German section is 
concerned, does not appear likely to suffer from 
the McKinley tariff. ‘The famous porcelains of 
Berlin and Dresden, the industrial arts of Munich, 
Carlsruhe, and Hanover, will be sent to Chicago 
in large quantities and wonderful variety... . 
The German Government has issued orders to the 
mining officers to send in all the fine specimens 
of minerals obtainable. It expects to have a 
great mineralogical collection on view. . . . Agri- 
culture will be represented by agricultural machi- 
nery, specimens of grains, grasses, seeds, roots, 
and wines. The preserved fruits of Germany, so 
justly celebrated, the beet sugar of Magdeburg, 
and other agricultural products of Germany, will 
be exhibited. . . . It is also proposed to send over 
specimens of the fine horses and cattle of the 
German marshes and of Holstein. . . . The sight- 
seer, wearied of the day’s work, can turn for rest, 
and possibly refreshment, to the department where 
the grand wines of the Rhine and the Main, and 
the golden fluid of the Moselle, as well as the 
famous brews of Munich and the foaming ‘ weiss- 
bier’ of Berlin, are exhibited.” The Electrical 
Building will contain a large exhibit from Messrs. 
Halske and Siemens. But the great glory of the 
German section is not to be found within any of 
the main buildings, but in the pavilion erected by 
Krupp of Essen, and in which will be displayed 
types of that famous maker’s ordnance in a great 
range of calibres, from the 120-ton gun to the small 
3-pounder of the field battery. Essen has not been 
seen on a large scale at any Exhibition since that 
of Vienna in 1873, and there is no reason to doubt 
but that the exhibit on this occasion will be worthy 
of the great name it bears. Perhaps this picture 
of Germany at the Exhibition is too highly coloured ; 
for the sake of the World’s Fair itself we hope this 
is not so; but if it be not, it is very certain that 
for many years to come our manufacturers will find 
cause to regret the damage that they have brought 
upon themselves by their practical and blind pro- 
test against the McKinley tariff. 

In January last, Mr. E. H. Lloyd, the general 
superintendent, was sent to Chicago, and he was 
followed shortly afterwards by Sir Henry Wood, 
who has been appointed by the Commission as 
Chief Executive Officer, and to whom belongs the 
responsibility of carrying out the details connected 
with the executive work of the British section. A 
few words may be said here as to the arrangements 
made by the Royal Commission for the proper 
supervision of the British section, and for the safe- 
guarding of British interests in Chicago. It may 
here be fairly claimed for every member of the 
Commission that he has acquitted himself of 
the responsibility imposed upon him by the Royal 
Warrant, with unvarying devotion, and that, under 
the able chairmanship of Sir Richard Webster, all 
that is possible has been done. Nor will this 
attention to self-imposed duties terminate with the 
opening of the Exhibition. It has been arranged 
that so far as possible a certain number of the 
Commissioners to attend to administrative work 
will remain in Chicago during the whole period 
of the Exhibition, to represent the main body 
at home. To this end a rota was prepared, by 
which a constant succession in the attendance of the 
Commissioners has been secured. It may be men- 
tioned, in passing, that in order to confer especial 
dignity on the official and honorary duties of the 
Commission, her Majesty was pleased to bestow on 
the members of the Commission the privilege of 
wearing the diplomatic uniform allotted to Ministers 
of the fourth class. Such a distinction can hardly 
fail to be appreciated in Chicago as a mark of per- 
sonal interest taken by the Queen in the Exhibition, 
and as a desire on the part of the Commissioners to 
show a proper respect to the American Government 
and the city of Chicago. It may also be mentioned 
that those members of the Commission for the 
time being in Chicago, will, by virtue of their 
presence, constitute a committee called the Chicago 
Committee of the Royal Commission; and of 
this committee Sir Henry Wood is a member, 
and its principal duty will consist in looking after 
the general interests of the British exhibitors, and 


in reporting progress to the main body of the Com- 
mission at home. Such is a general outline of the 
organisation which has been decided upon by the 
Commission, and we think it will be evident that 
no better plan could have been elaborated. Of 
course it must be borne in mind that the members 
of the Commission have a greater responsibility 
thrown upon them than that implied by the terms 
of the Warrant ; they constitute the Council of the 
Society of Arts; and just as the administration of 
the British section shall prove successful or other- 
wise, just so much credit, or the reverse, will reflect 
upon the Society in whose welfare they take so 
lively an interest, and for which they are respon- 
sible. The first members of the Commission to 
leave for Chicago were Mr. James Dredge and Mr. 
Walter H. Harris ; to the permanent and irrepar- 
able loss to the British Section, Sir Philip Cunliffe 
Owen, who was also going out with these gentle- 
men, was prevented by a serious illness. The 
absence of this Nestor of Exhibitions, as he has 
been so aptly designated in America, will be 
deeply felt, and will prove a most painful dis- 
appointment in the United States, where he is 


greatly admired for his great abilities, and 
generally beloved for his personal qualities. 
Two other members of the Commission, Sir 


Edward Birkbeck and Sir Douglas Galton, followed 
in time to be present at the opening ceremonies, so 
that the first period of the Hxhibition should be 
marked by the presence of a strong contingent of 
British Commissioners. 

In addition to the official labours of the Royal 
Commission, there has been displayed a consider- 
able and very successful amount of private energy 
and kindly feeling in this country towards the en- 
richment of the Columbian Exposition, by loan 
exhibits. It will be readily appreciated in America 
that the value of these efforts is not to be estimated 
by their actual fruition, so much as by the spirit of 
good-fellowship and the earnest desire to do all that 
has been possible in this direction. Some months 
ago, with the approval of the American executive, 
the request was made to the Lord Mayor of London 
to form a Mansion House Committee for the pur- 
pose of collecting loan objects which would be sent 
to the Columbian Exposition from the Mansion 
House, as the offering of the City of London to the 
City of Chicago. The Lord Mayor, Alderman 
Knill, entered into this proposal with the warmest 
sympathy, and a very short examination proved 
that an unrivalled loan collection could have been 
got together under the auspices of the Mansion 
House. The scheme, however, had to be aban- 
doned because the finance department of the Ex- 
position did not feel justified in voting the sum 
necessary to meet the expenses connected with 
insurance, packing, and transport. But, although 
this larger scheme was thus unwillingly given up, 
its influence, as proving the goodwill of the City of 
London and its chief magistrate, has remained. 
Individual efforts were, however, continued, espe- 
cially in three directions. During last summer 
Mr. James Dredge undertook, at the request of 
Mr. Willard H. Smith, chief of the Transportation 
exhibit, the collection of historical objects connected 
with the science of transportation. The result of 
his work has been very successful, and many objects 
of interest have by this means been secured for the 
Exhibition. Amongst other things we may mention 
one of the first wrought-iron high-pressure boilers 
ever constructed, and which has been lent by 
Messrs. Harvey and Co., of Hayle. This boiler, 
which was made by Trevithick at the beginning of 
the century, was used under steam at 160 lb. pres- 
sure, and has been employed with its engine until 
comparatively recent years in pumping and for 
mining haulage. Other Trevithick relics have been 
lent by Mr. T. H. Bailey, of the Plymouth Works, 
Merthyr Tydvil; historic carriages by Messrs. 
Laurie and Marner, of London; a number of 
valuable saddlery collections by various private 
owners; Mr. Isaac W. Boulton, of Ashton-under- 
Lyne, has contributed a number of objects con- 
nected with the early railway history of transport, 
and so forth. In addition to this Mr. Clement E. 
Stretton, of Leicester, has been actively engaged 
for months past in the collection of objects to enrich 
the wonderful exhibit of the Baltimore and Ohio 
Railroad Company, which will illustrate the history 
of railroads, and be a display quite unique in the 
records of the Exhibition. 

But decidedly the loan collection which will be 
most popular and highly appreciated in Chicago 
will be a large series of specimens of Royal Windsor 
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tapestry, permission to exhibit which, as a loan col- 
lection, has been given by the Queen and his Royal 
Highness the Prince of Wales. This collection, 
which has been obtained through the efforts of Mr. 
W. H. Harris (who will take it to Chicago himself), 
will not be exhibited in the British section, but 
will find a suitable place for its display in one of 
the United States sections, it having been rightly 
considered that by this arrangement a greater com- 
pliment would be paid to the American people, who 
feel deeply the various evidences of personal in- 
terest shown by her Majesty in the World’s Colum- 
bian Exposition. 

As we have already said, it is quite too early to 
make a forecast about the degree of success that 
will attend the restricted efforts of English manu- 
facturers to illustrate the industrial power of this 
country. In no case can we hope, however, that 
the display will be fairly representative, and the 
more emphasis that is laid on this fact the better, in 
order to disarm the hostile criticism of competing 
nations, who may seek to make our foreign customers 
believe, that the greatness of our productive power 
is to be gauged by the evidences of it displayed at 
Jackson Park. 

XXIX.—CLASSIFICATION OF EXHIBITS. 

Tuer classification of exhibits is one of the most 
puzzling things with which the executive of an 
Exhibition has to deal. It is easy enough to lay 
down the main lines of demarcation and split the 
natural and artificial products of the earth up into 
broadly defined groups, but when the skeleton has 
to be clothed, the chief of the department finds that 
he should be a very Lord of Verulam and have 
taken all knowledge for his province. An object 
that will appear to belong indubitably to Group A, 
considered from one point of view, will be found to 
possess an equal claim to Group B the next day, 
when another side of the question is to the fore ; 
whilst Groups C, D, E, F, G, and so on, nearly all 
through the alphabet, will seem to offer a proper 
asylum to some many-sided production, when its 
analogy to some other substance already grouped is 
duly considered. ‘‘Cats is dogs, rabbits is dogs, 
and so is parrots,” said Charles Keene’s railway 
porter, labelling a tortoise ; ‘‘but this ‘ere hani- 
mal’s a hinseck, so there ain’t no charge for ’im’”— 
a state of mind in which the diligent classifier will 
be apt to find himself after a hard day’s work. 

In the early days of organisation a special Com- 
mittee was formed at Washington to decide ona 
general scheme of classification, and to work out 
the divisions in minute detail. The principle laid 
down was to group objects acccording to their 
nature, so that articles of the same class should be 
placed together, whether sent by American or foreign 
exhibitors. It was found, however, that this abso- 
lutely international arrangement could not be 
carried out, for foreign exhibitors have a predilec- 
tion for remaining grouped within their respective 
sections. The principle, however, has its appli- 
cations. Thus, machinery, whether American 
or foreign, must go to the Machinery Hall, 
though there are exceptions here, and pictures to 
the Fine Arts Gallery; agricultural exhibits to 
the Agricultural Hall, and objects relating to the 
industrial arts to the building devoted to that pur- 
pose. But apart from these broad lines the Execu- 
tive impose no regulation upon foreign exhibitors 
excepting that they shall follow the official classifi- 
cation of their goods in the spaces that have been 
reserved for them in the several buildings, and it is 
doubtful if this be adhered to. The permission 
was given to the British exhibitors to place—with 

he exceptions of the nature we have referred to— 
all their exhibits under the vast roof of the great 
Industrial Building, where we have been allotted a 
space of 120,000 square feet. We have, however, 
already dealt with the British section, and of the 
other foreign exhibits it is too early now to speak 
in detail. 

The labours of the Classification Committee 
resulted in the division of the exhibits into thirteen 
main departments, marked alphabetically from A 
to M inclusive. These departments were sub- 
divided into groups, and the groups into classes, of 
the former there being 172, and of the latter 917. 
The following is a summary of the arrangements : 

Department A.—Agriculture, forest products 
and forestry, machinery and appliances. This de- 
partment contains 19 groups and 118 classes, 
and has a far wider range than would at first be 
thought, although a good many classes of pro- 
ducts that might be thought to belong to agricul- 


ture are included in the next department. The 


arrangement of the two sections is a good illustra- 
tion of the difficulty we spoke of in regard to de- 
termining classifications, as will be easily under- 
stood if the reader will glance through the sub- 
heads. Group 1 is for cereals, grasses, and forage; 
Group 2, bread, biscuits, pastes, starch, gluten, 
&c.; Group 3, sugar, syrups, confectionery, &c.; 
Group 4, potatoes, tubers, and other root crops ; 
Group 5, vegetable products of the farm not other- 
wise classed ; Group 6, preserved meats and food 
preparations; Group 7, the dairy and dairy products; 
Group 8, tea, coffee, spices, hops, and aromatic and 
oleaginous vegetable substances ; Group 9, cotton, 
flax, wool, silk, and other fibrous and hairy sub- 
stances; Group 10, pure and mineral waters, 
natural and artificial ; Group 11, whiskies, cider, 
liqueurs, and alcohol; Group 12, malt liquors ; 
Group 13, machinery, processes and appliances 
for fermenting, distilling, bottling, and storing 
beverages ; Group 14, farms and farm buildings ; 
Group 15, agricultural literature ; Group 16, farm- 
ing tools, implements, and machinery ; Group 17, 
miscellaneous animal products—fertilisers and fer- 
tilising compounds ; Group 18, fats, oils, candles, 
&c.; Group 19, forest products—forestry. 

Department B.—Viticulture, horticulture, flori- 
culture [Classes 119 to 171]—Group 20, viticulture; 
Group 21, horticulture; group 22, floriculture ; 
Group 23, arboriculture; Group 24, pomology ; 
Group 25, preserved fruits and vegetables ; Group 
26, appliances and methods of horticulture, flori- 
culture, &c. 

Department C.—Live Stock—Domestic and Wild 


Animals. [Classes 172 to 217.] Group 27, horses, 
asses, mules ; Group 28, cattle ; Group 29, 
sheep; Group 30, goats, lamas, camels, and 


other domestic animals; Group 31, swine; Group 
32, dogs; Group 33, cats, ferrets, rabbits, &e. ; 
Group 34, poultry and birds; Group 36, wild 
animals. 

Department D.—Fish, Fisheries, Fish Products, 
and Apparatus for Fishing. [Classes 218 to 268.] 
Group 37, fish and other forms of aquatic life ; 
Group 38, sea fishing and angling; Group 339, 
products of the fisheries and their manipulation ; 
Group 41, fish culture. 

Department E.—Mines, Mining, and Metal- 
lurgy. [Classes 269 to 397.] Group 42, minerals, 
ores, and native metals; Group 438, building 
stones and quarry products; Group 44, metallic 
fuels; Group 45, grinding and polishing sub- 
stances ; Group 46, graphite, clay, asbestos, &c.; 
Group 47, limestone, cements, and _ artificial 
stone ; Group 48, miscellaneous useful minerals 
and compounds; Group 49, metallurgy of iron 
and steel, and their products; Group 50, alu- 
minium and its alloys; Group 51, copper and 
its alloys; Group 52, placer, hydraulic, and 
drift mining; Group 53, quarrying and working 
stone ; Group 54, tools and appliances for under- 
ground mining; Group 55, boring and drilling 
mining machinery ; Group 56, pumping, draining, 
and hoisting mine machinery ; Group 57, moving, 
storing, and delivering ores, &c.; Group 58, appa- 
ratus for crushing and pulverising ; Group 59, 
sizing appliances ; Group 60, extraction of gold 
and silver by milling; Group 61, extraction of 
gold and silver by lixiviation; Group 62, 
extraction of gold, silver, and lead by fire; Group 
63, metallurgy of tin, tinplate, &c.; Group 64, 
metallurgy of zine, nickel, cobalt ; Group 65, metal- 
lurgy of antimony and other metals not specifically 
classed ; Group 66, assaying apparatus ; Group 67, 
history and literature of mining and metallurgy. 

Department F.—Machinery [Classes 398 to 474. ] 
Group 68, motors and apparatus for the generation 
and transmission of power, hydraulic and pneumatic 
apparatus ; Group 69, fire engines and apparatus ; 
Group 70, machine tools and machines for working 
metals ; Group 71, machinery for the manufacture 
of textile fabrics and clothing; Group 72, machines 
for working wood ; Group 73, machines and ap- 
paratus for type-setting, printing, stamping, em- 
bossing, and for making books and paper working ; 
Group 74, lithography, zincography, and colour 
printing ; Group 75, photo-mechanical and other 
mechanical processes of illustrating ; Group 76, 
miscellaneous hand tools, &c., used in various arts ; 
Group 77, machines for working stones, clay, and 
other minerals ; Group 78, electric welding, forg- 
ing, &e. 

Department G.— Transportation, Railways, 
Vessels, Vehicles. [Classes 475 to 518.] Group 76, 
railway plant and equipment ; Group 80, cable 


transportation ; Group 81, electric railways’; Group 
82, transportation on common roads; Group 83, 
aerial, pneumatic, and other forms of transporta- 
tion ; Group 84, marine, lake, and river transpor- 
tation ; Group 85, vessels of war and defence. 
Department H.—Manufactures. [Classes 519 io 
717.]. Group 86, chemical products ; Group 87, 
paints, colours, and varnishes; Group 88, type- 
writers and stationery ; Group 89, upholstery and 
interior decoration ; Group 90, ceramics ; Group 91, 
tiles, mosaics, and tesseree; Group 92, art metal 
work ; Group 93, glass and glass ware ; Group 94, 
stained glass ; Group 95, art carving ; Group 96, 
gold and silver ware ; Group 97, jewellery ; Group 
98, horology ; Group 99, silk and silk fabries ; 
Group 100, fabrics of vegetable and mineral fibres ; 
Group 101, yarns of woven goods, cotton, linen, 
&c. ; Group 102, woven and felted goods of wool 
and mixtures of wool; Group 103, clothing and 
costumes ; group 104, furs and fur clothing, &c. ; 
Group 105, laces, embroideries, &¢. ; Group 106, 
accessories to the toilet; Group 107, travelling 
equipment ; Group 108, rubber goods, &¢. ; Group 
109, toys ; Group 110, leather ; Group 111, scales ; 


Group 112, war material ; Group 113, lighting ap- 


paratus ; Group 114, heating and cooking apparatus ; 
Group 115, refrigerators, hollow metal ware, &e. ; 
Group 116, wire and perforated metal goods ; Group 
117, iron gates, railways, &c. ; Group 118, safes, 
hardware, and cutlery, &e. 

Department I.—Electricity. [Classes 718 to 769. ] 
Group 119, apparatus to illustrate the phenomena 
and laws of electricity and magnetism ; Group 120, 
thermo-electric batteries ; Group 121, secondary 
batteries ; Group 122, dynamos, &e. ; Group 123, 
transmission and regulation of the electric current ; 
Group 124, electric motors ; Group 125, electric 
lighting ; Group 126, electric heating ; Group 127, 
electro-metallurgy ; Group 128, electric forging, 
&c. ; Group 129, the electric telegraph ; Group 130, 
the telephone ; Group 131, the phonograph ; Group 
132, surgical electricity ; Group 133, miscellaneous 
application of electricity ; Group 134, history and 
statistics of the electrical invention. 

Department K.—Fine Arts: Pictorial, Plastic, 
and Decorative. [Classes 770 to 773.] Group 135, 
sculpture ; Group 136, paintings in oil ; Group 187, 


painting in water-colours ; Group 138, painting on — 


ivory, porcelain, &ec., frescoes ; Group139, engravings 
and etchings ; Group 140, crayon and other draw- 
ings; Group 141, antique and artistic carving; 
Group 142, exhibits of private collections. 

Department L. — Liberal Arts: Education, 
Literature, Engineering, Public Works, Music and 
the Drama. [Classes 774 to 881.] Group 143, 
hygiene ; Group 147, instruments and apparatus of 
medicine, surgery, &c.; Group 145, primary, 
secondary and superior education; Group 146, 
books, journalism, &c. ; Group 147, instruments of 
precision, &c., photography ; Group 148, civil eng 
neering and architecture ; Group 149, government 
and law ; Group 150, commerce, trade, and bank- 
ing ; Group 151, institutions and organisations for 
the increase and diffusion of knowledge ; Group 152, 
social, industrial, and co-operative associations ; 
Group 1538, religious organisations and systems ; 
Group 154, music and musical instruments, the 
theatre. 

Department M.—Ethnology, Archeology, Pro- 
ori of Labour and Invention. [Classes 889 to 

Eff 


XXX.—AWARDS AND JUDGING. 

Ir has been determined by the Executive of the 
Exhibition that awards consisting of bronze medals, 
which are to be works of art, and accompanied by 
parchment diplomas, shall be distributed amongst 
exhibitors in a manner that remains to be deter- 
mined ; the method of judging has been generally 
decided, and the rules laid down in an official circular 
recently issued by the Director-General, Colonel 
George R. Davis. The circular is not quite clear 
to us in all its details, but it appears evident that 
there will be somewhat of a new departure in the 
proceedings. The jury system has been abandoned, 
and in its place committees of ‘‘ judges ” have been 
formed. The procedure is, we think, likely to lead 
to some trouble in its practical working, and to 
present difficulties which may more than counter- 
balance the evident good intention of the framers 
of the rules. A ‘Board of Judges” is to be 
formed, and this is to be split up into thirteen 
committees, each one being assigned to one of 
the great departments of the Exhibition. The num- 
ber of judges in the committees has yet to be 
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determined at the time of writing. Ladies are-to 
be included in the case of divisions in which women 
are interested. There is to be at least one foreign 
representative on each committee, the number of 
foreign judges being fixed according to extent of 
participation of various foreign nations, and the 
nature of the class of goods. So far the constitu- 
tion is much on recognised lines, but the way in 
which the work is carried out is entirely novel. So 
far as we understand the wording, each judge will 
work independently of the rest. ‘* It shall,” says the 
circular in Rule 5, ‘‘ be the duty of each individual 
judge to make a report in writing, over his signa- 
ture, of the result of the examination of each 
exhibit primarily examined by him, as each exami- 
nation shall have been completed ; and as to every 
exhibit so examined, which he shall deem worthy 
of an award, he shall formulate in words the 
specific points of excellence or advancement dis- 
closed thereby, and which, in his opinion, render 
it worthy of an award.” The object of the 
Executive is plainly to pin the judges down 
to a definite statement of opinion, so that 
there may be something to fall back upon when 
disappointed exhibitors assail the powers that be, 
with the complaint and abuse that invariably follow 
Exhibition awards. It is hard on the judges, how- 
ever, for they are compelled to break that golden 
rule of all judges and juries—especially Exhibition 
judges and juries—-to give opinions, but never 
reasons for opinions. ‘‘ Every report shall be sub- 
mitted,” says the circular in Rule 5, ‘‘as soon as 
possible, to the committee of which such judge 
is a member, for a finding on the premises ; and 
in every case where, by the vote of the majority of 
such committee, it is determined that an exhibit is 
worthy of receiving an award, said committee shall 
forthwith formulate, in written words, the specific 
points of excellence or advancement which, in its 
opinion, warrant the award, and transmit the 
same, certified by its president or vice-president, 
and secretary, to the Executive Committee on 
Awards.” In a previous part of the circular 
(Rule 3) it is said: ‘* The individual judges of the 
thirteen committees shall be, as far as possible, 
competent experts, and shall perform such duties, 
and shall examine such exhibits, as shall be assigned 
to them by the Executive Committee on Awards.” 
Continuing our former quotations of Rule 5, we 
find it stated: ‘‘ And in case the finding of the 
committee shall differ from the conclusion of the 
individual judge making the preliminary examina- 
tion, either as to its being worthy of an award, or 
as to the character of the points of excellence or 
advancement it possesses, it shall be so distinctly 
stated in the report of the said committee. In 
every case where the departmental committee coin- 
cides with the conclusion of the individual judge, 
the said committee shall transmit, with such finding, 
the report of such individual judge to the Execu- 
tive Committee on Awards; and in those cases 
where the finding of the Departmental Committee 
does not coincide with the conclusion of the indi- 
vidual judge, then the finding in each case shall be 
accompanied by the written report of one of its 
members who shall have examined the exhibit, 
formulating therein in words the specific points of 
excellence or advancement possessed by such ex- 
hibit.” We have quoted Rule 5 in extenso—inter- 
polating a passage from Rule 3—and trusting the 
reader has a firm grip of its meaning, we will pro- 
ceed to the next rule. ‘‘In every case where the 
finding of the Committee is not in accord with the 
conclusion of the individual judge, it shall be within 
the power of the Executive Committee on Awards, 
if, in its judgment, justice demand it, to refer the 
report back to the committee of the department 
from whence it emanated, with the direction to 
review and further consider the case, and report 
its finding under such review, without delay, to 
said Executive Committee on Awards; and such 
finding shall be conclusive.” The procedure is not 
made quite clear by the text, but we take it that 
the committee appoints an individual judge, the 
individual judge examines the exhibit and reports to 
the committee, the committee then votes as to the 
giving a prize and advises the Executive Committee 
on Awards of the fact ; the Executive Committee 
reports to the full Committee on Awards, which 
committee in turn reports to the World’s Colum- 
bian Commission, or to the Board of Reference 
and Control. Whether all the members of a com- 
mittee are at liberty to examine an exhibit and 
make a report is not quite clear. The reading 
seems to us to point otherwise, although expedi- 


ency would ask that such power should be given. 
Of course there would be nothing to prevent 
members of committee examining exhibits, and 
using their own discretion in voting on awards, 
independently of the report of the individual 
judge. However, it is useless to erect hypotheses, 
and perhaps our readers may evolve a clearer mean- 
ing than we havefrom the circular. One thing, how- 
ever, appears plain, that the judges in each group 
are to work singly. We think this is open to 
very grave objections. It is hard to find any one 
man who is sufficiently well-informed, without pre- 
judice, without trade interests, and with a calm and 
firm judgment, so that he would be unaffected by 
the eloquence of one exhibitor or the awkward ex- 
planations of another. It is a very delicate matter 
to cross-question a man on his productions, and sug- 
gest possible defects, but this is a course that must 
be gone through in order to sift the merits of many 
classes of exhibits, notably mechanical devices ; 
unless, indeed, one knows all about it to begin 
with, and then any examination at all is unneces- 
sary. For ourown part, we have more faith in the 
much-abused jury system; it is like a combined 
photograph, giving a truer mien, and smoothing 
down idiosyncrasies that are found alike with the 
most regular features or the best balanced minds. 
The system of appeals opens up, too, a rather ter- 
rible prospect, especially if the exhibitors get an 
inkling of the proceedings. We never, in the 
course of a pretty wide experience, met but one 
man who was resigned to an unfavourable verdict 
of an Exhibition jury, and he was an undertaker, 
so doubtless resignation was a professional interest 
with him. As every one knows, most exhibitors 
are vociferously indignant for many days after the 
announcement of the verdicts, and it would be a 
very poor-spirited exhibitor who could not  bull- 
doze a prize medal out of either an ‘‘ individual 
judge,” a committee, a grand committee of awards, 
or a board of reference and control, Of one thing 
the Executive may be sure: if the exhibitors have 
anything to say in the matter, there will be as many 
appeals as there are prizes. 

A very copious literature is likely to be the out- 
come of the labours of the officials of the awards. 
Rule 12 says: ‘‘In addition to the reports by the 
individual judges of the various exhibits, each of 
the 13 committees shall present a comprehensive 
report, signed by president and secretary, embody- 
ing the principal educational and interesting fea- 
tures of the groups and classes composing that 
department, accompanied by a list of those who 
have received awards, with the reports of the indi- 
vidual judges, giving the reasons and considerations 
thereof ; and this report shall be delivered to the 
Director-General, to be included in, and to form 
part of, the history of the Exposition ; but this 
shall not be so construed as to prevent or inter- 
fere with the duty expected of each of the depart- 
ment chiefs to prepare and submit, as part of the 
official history of the Exposition, a complete and 
comprehensive report of the work of his depart- 
ment.” It is evident that the literature of the 
World’s Fair, 1893, will bear somewhat the same 
relation to the literature of other Exhibitions, that 
the United States Census does to other compila- 
tions of the kind ; and will be, in fact, an encyclo- 
peedia on the natural and manufactured products of 
the earth ; and the circumstance is one upon which 
we may be glad. It would be a pity that all 
this vast amount of material should be gathered to- 
gether, and distributed at the end of a few months, 
without some permanent record being kept. Pro- 
bably the future historian of civilisation and in- 
dustry will find no better data for the compilation 
of his work than the reports of the big Interna- 
tional Exhibitions that have been held since 1851. 
Even at that early date, when there was no “‘ biggest- 
on-record” effect to incite to amplitude, the ‘* Re- 
ports of Juries” was quite an imposing work—close 
upon 1000 pages. As one lifts down the once 
familiar crimson-bound volume, with its handsome 
ornamentation of oak and laurel leaves, and turns 
the pages, the well-remembered names—now, alas ! 
nearly all classic—are guarantees of how trust- 
worthy is the information contained in these volu- 
minous reports. 


XXXI.—THE CONGRESSES. 

No Exhibition is complete without Congresses, 
and the Congresses of the Chicago Exhibition are 
to be on a scale commensurate with the rest of the 
undertaking. A special department has been 
created, to which the title of ‘‘ The World’s Con- 


gress Auxiliary of the World’s Columbian Exposi- 
tion” has been given. Mr. Charles C. Bonney is 
president, Mr. Thomas B. Bryan vice-president, 
Mr. Lyman J. Gage treasurer, and Mr. Benjamin 
Butterworth secretary. The fivefold aim of this 
*¢ Auxiliary” is not without ambition ; its objects 
being : Firstly, ‘‘ To provide for the proper pre- 
sentation of the intellectual and moral progress of 
the world in connection with the Columbian Exhi- 
bition of 1893, in a series of World’s Congresses 
under the auspices of the Auxiliary, with the assist- 
ance of the leaders in all the chief departments of 
human achievement.” Secondly, ‘‘To provide 
places of meeting and other facilities for appropriate 
organisations to hold conventions in Chicago at a 
convenient time in the Exposition season of 1893, 
for the consideration of the living questions pend- 
ing in their respective departments.” Thirdly, 
‘“To arrange and conduct a series of Union Con- 
gresses to present to the people the most important 
results attained in the several departments of 
civilised life, voiced by the ablest representatives 
whose attendance can be procured.” Fourthly, 
‘*To provide for the proper publication of the pro- 
ceedings of such Congresses, as the most valuable 
and enduring memorial of the World’s Columbian 
Exposition of 1893.” Fifthly, ‘‘To bring all the 
departments of human progress into harmonious 
relations with each other in the Exposition of 1893 ; 
to crown the whole glorious work by the formation 
and adoption of better and more comprehensive 
plans than have hitherto been made to promote the 
progress, propriety, amity, peace, and happiness of 
the world ; and to secure the effectual prosecution 
of such plans by the organisation of a series of 
world-wide fraternities through whose efforts and 
influence the moral and intellectual forces of man- 
kind may be made dominant throughout the world. 

The organisation is to consist of local members, 
advisory councils consisting of those persons emi- 
nent in the respective branches of work, and 
corresponding members. There is also a women’s 
branch on much the same lnes. Mixed com- 
mittees have not been appointed, but there is a 
pleasant arrangement in virtue of which the com- 
mittee of men and the committee of women in a 
given department, division, chapter, or section may 
meet in conference and act together as they may 
find agreeable and expedient. 

After the above brief abstract of the scope of the 
World’s Congress Auxiliary our readers will expect 
no apology on our part for confining ourselves to 
the special branch of the intellectual and moral 
progress of the world which is within our own imme- 
diate province. The Department of Engineering 
is one of the leading questions, and in itself accounts 
for a large part of the important results attained 
in the several departments of civilised life with 
which the Auxiliary proposes to deal in so catholic 
a manner. The Executive promises to treat of 
the engineering problem in a broad spirit.‘ As 
philosophy,” says the official announcement, ‘‘unites 
the several sciences and makes them one, so engi- 
neering unites the constructive arts and makes 
them one.” Again, ‘‘ It is the glory of engineering 
that its supreme purpose is to apply the materials 
and the forces of nature to the service of man, and 
make him master of land and sea.” 

The Engineering Department of the Auxiliary in- 
cludes the general divisions of civil engineering, me- 
chanical engineering, mining engineering, metallur- 
gical engineering, electrical engineering, military 
engineering, and marine and naval engineering. Th 
following is the list of subjects suggested : (a) Rail- 
way construction, equipment, and operation ; in- 
cluding safety, speed, convenience, and economy ; 
also safeguards against accidents, &e. (b) Recent 
progress in the improvement of rivers and harbours. 
(c) Pending problems in the construction and navi- 
gation of canals. (d) Possible improvements in 
shipbuilding to secure increased safety, speed, and 
comfort. (e) The sewerage and drainage of cities. 
(f) Improvements in the existing system of drainage 
and irrigation. (g) Mining and metallurgy ; in- 
cluding the discovering, surveying, testing, mining, 
smelting, and further or other treatment of metals. 
(h) The construction and repair of country roads. 
(i) Architectural engineering, and the necessity cf 
engineering knowledge and skill for the proper 
erection of all important structures. (j) The great 
unfinished waterways ; the obstacles in the way of 
their completion, and the prospects of ultimate 
success. (k) The engineering wonders of the world; 
their history, difficulties, and triumphs. 

The committee, selected from the councils of the 
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leading engineering institutes of America, appointed 
to carry out the arrangements, is constituted as 
follows: Chairman, Mr. E. L. Corthell; Vice- 
Chairman, Mr. D. J. Whittemore; Messrs. O. 
Chanute, E. M. Izard, C. L. Strobel, J. W. Cloud, 
T. Appleton, I. O. Baker, EK. M. Barton, Jabs iby 
Hollis, F. W. Grogan, W. Forsythe, R. W. Hunt, 
and J. Hirst. Special committees of the several 
departments have also been appointed. In the 
Advisory Council a number of engineers have been 
appointed, chiefly Americans, though some foreign 
names are on the list. Amongst British representa- 
tives on this Advisory Council are Sir Benjamin 
Baker and Mr. James Dredge; the latter has also 
had the high compliment conferred on him of 
Honorary President to the Congress. 

The engineering section has made good progress, 
and there is little doubt but that it will be one of 
the most successful, if not the most successful, of 
the series. The General Committee consists of 
engineers of the highest standing in America, who, 
moreover, have thrown themselves heartily into the 
work. The time fixed for the engineers to meet is 
the week ending August 5, and the whole work, 
therefore, will have to be got through in six days. 
In order to facilitate the progress of business, the 
committee has determined to divide the sections 
up into seven divisions. The first of these relates 
to civil engineering, and is placed under the direct 
charge of the American Society of Civil Engineers. 
Mechanical engineering occupies the attention of 
the second division, and is under the control of the 
American Institute of Mechanical Engineers. Min- 
ing and metallurgical engineering will be under the 
superintendence of the American Institute of Mining 
Engineers. Engineering education, which forms 
the fifth division, is under the charge of a special 
committee, of which Professor Ira O. Baker, of the 
University of Lllinois, is chairman. The sixth 
division is military engineering, and is under the 
charge of Major Clifton Conby, who represents the 
United States War Department at the Exhibition. 
The seventh division, that relating to marine and 
naval engineering, will be presided over by Com- 
modore George W. Melville, Engineer-in-Chief to 
the United States Navy. The electrical branch of 
engineering is rightly considered of such import- 
ance at the present time that it was decided that 
a separate organisation for the control of an Elec- 
trical Congress should be formed, and this proposal 
has been carried out. The arrangement is emi- 
nently a wise one, for the Electrical Congress will 
be a continuation of that held in Paris in 1889. 
After a time electricity will settle down to its proper 
place in the curriculum of an engineer’s education, 
and a knowledge of the laws governing the genera- 
tion and transmission of electric force will then 
be as much a matter of course as now is a knowledge 
of the principles of steam generation and expansion. 
It has been the intention of the Executive from the 
first to enlist foreign co-operation as much as pos- 
sible, and a large number of invitations have been 
issued to well-known engineers in Kurope and else- 
where abroad (from the United States) to contribute 
papers and take part in the proceedings. In the 
marine engineering section there has been an un- 
usual number of papers promised, a fact due to the 
high opinion held of Commodore Melville amongst his 
professional brethren in this country, and to the cor- 
dial manner in which the Council of the Institution 
of Naval Architects have taken the matter up. The 
fact is very satisfactory, for Americans will appre- 
ciate assistance given from England at this time 
when they are striving to build up again their 
naval and mercantile marine, so as to take that 
place on the ocean which is their birthright by 
descent and geographical position. None but the 
poorest of spirits on this side would feel less than 
pleasure in seeing our kinsmen across the Atlantic 
taking a share of their own, even though in rivalry 
to ourselves ; a rivalry which cannot fail to give a 
healthy stimulus to the shipbuilding industry of 
this country. 

Amongst those members of the Institution of 
Naval Architects who have promised to contribute 
papers are Mr. Benjamin Martell, the chief sur- 
veyor of Lloyd’s; Mr. J. T. Milton, the chief 
engineer of the same body ; Mr. A. Denny, of the 
well-known Dumbarton firm; Sir Nathaniel 
Barnaby, the late Director of Naval Construction ; 
his son, Mr, Sydney Barnaby, of the well-known 
firm of Messrs. Thornycroft and Co., and one of 
our leading authorities on the screw propeller—a 
subject which we believe will form the basis of 
his paper; Professor F, Elgar, the late Director 


of Royal Dockyards, and one in the very front 
rank of naval architects; Mr. James Howden, 
of forced-draught fame ; and many others. Nearly 
one hundred papers have been promised from 
engineers in various parts of the world for the 
Marine and Naval Engineering Department. We 
believe that the prospects of the other sections 
are equally promising, excepting, perhaps, that 
of Engineering Education, a subject upon which 
men have hardly yet been able to make up their 
minds, and which, at best, must be so theoretical 
and open to dispute. 

Although these Congresses are strictly in connec- 
tion with the Exhibition, they will probably not be 
held in Jackson Park, where the various gaieties 
and attractions provided might be disturbing to 
minds engaged on the solemn problems to be 
discussed, and, indeed, where there might be 
difticulty in finding rooms for the various sections, 
Ample accommodation, however, will be  pro- 
vided. The proceedings will consist of the usual 
course. at such gatherings, in reading and dis- 
cussing papers selected by the committees. There 
is one special point which every effort should 
be made to observe —namely, that all papers 
should be printed in advance, so that any per- 
sons who may intend to take part in the discus- 
sions may be able to get copies and have the sub- 
ject matter clearly before them. It is a point to 
which we have made constant reference in En- 
GINEERING in connection with the proceedings of 
our own scientific and technical societies. In many 
instances the reading and discussion of papers is 
little better than waste of time, because those who 
take part in the proceedings have not been able to 
prepare themselves with details, and have found it 
impossible to follow an intricate question during the 
rapid reading of a paper. It is this which accounts 
for the great amount of commonplace that one hears 
at these meetings. To make a good speech on a 
scientific or technical subject a man must prepare 
himself beforehand. There is another advantage 
which the previous distribution of papers would 
secure. The communications can be read usefully 
in abstract. As we have said, it is impossible to 
take in a string of details as fast as they can be 
read, and listeners can therefore only treat matters 
qualitatively, whilst the majority of subjects—i.e., 
engineering subjects—are questions of degree. To 
anyone who has ever attempted to follow the busi- 
ness of a meeting there can be no doubt as to the 
absolute necessity of the papers being distributed 
beforehand. It only requires firmness and an ab- 
sence of procrastination on the apart of the Execu- 
tive to secure this end. 

The publication of the proceedings of the Con- 
gresses is an important question, and one open to 
discussion in itself. The labour of editing and 
compiling will be immense, and the expense will be 
great. It is more than probable, however, that the 
receipts from sale would fully cover outlay, for the 
work in various sections will form most valuable 
books of reference, and the circulation would be 
large. No engineer of any position or any ambition 
would, we think, fail to purchase a copy relating to 
the matter in his own branch of the profession, 
more especially if a good index be compiled, as then 
the work would be a valuable reference-book of 
matter brought up to present date. The various 
departments of the United States Government do 
so much excellent work in spreading abroad infor- 
mation, that it is to be hoped the example will be 
followed by the Exhibition Executive. 

In regard to other departments of the Auxiliary, 
we believe that the arrangements made promise on 
the whole most satisfactory results. In a recent 
report, Mr. C. C. Bonney states that favourable 
progress has been made both at home and abroad, 
The first Congress to be held—place aux dames— 
will be that of the representative women of all 
lands, which is to take place in the week commenc- 
ing May 15. The journalists are to follow on May 
22, which is the date assigned for the Congress of 
the Public Press. This is expected to be a very 
animated gathering. The next week, commencing 
May 29, is of a more sober complexion, for the 
doctors are then to have possession of the field. 
Temperance will next take possession for a week 
from June 5, after which Moral and Social Reform 
will be brought forward. In the following week, 
June 19, the very important subject of Finance will 
be gone into, In Washington, a great deal of work 
has been done on the General Education Congress 
under the charge of Dr. William T. Harris, 
Commissioner of Education ; and on the Congress 


on Meteorology, Climatology, and Terrestria 
Magnetism, under charge of Professor Mark W, 
Harrington, Chief of the United States Weather 
Bureau. 


XXXII.—_THE CREATORS OF THE 
EXHIBITION. 

Tue World’s Fair of 1893 is undoubtedly the off- 
spring of the Paris Exhibition of 1889, and through 
that source, traces its descent from the first great 
International Exhibition of 1851, which in turn 
was an evolution from a series of minor shows held 
in Paris and in this country, of which one held in 
Birmingham was the final development on the early 
lines. But though the Chicago Show is thus Gallic 
in its inception—owing butlittle to its predecessor of 
1876—yet it is essentially American in its creation, 
and is strong with the vigorous nationality of the 
Stars and Stripes. Its moving spirits are American ; 
its managers, architects, engineers, directors, and 
operators are all American. In the matter of 
architectural display it will be a revelation to the 
world—even to Americans themselves. Two years 
ago no one, not even those engaged on such tasks, 
would have believed that American architects could 
have produced a collection of buildings at once so 
impressive, harmonious, and in such perfect taste 
as one can now behold in Jackson Park. We 
have long learned that American engineers are in 
the forefront of their profession throughout the 
world. We must acknowledge that in boldness and 
ingenuity they are unsurpassed. If occasionally 
those virtues are pushed to such an extreme as to 
become defects, it is generally the force of cireum- 
stances that demands the sacrifice. But, though 
we have long held the engineers of the United 
States in such great respect, we have not 
thought the country was equally strong in 
the more artistic branch of the sister profession. 
Those, however, who have watched the signs of the 
times have found that the refined sensibility, which 
is a characteristic feature of the more delicately- 
nurtured native American, has been making its 
mark at any rate in the domestic architecture of the 
States. The hideous plank dwelling-houses, with 
their pretentious classic columns of timber—the 
white paint scarce hiding their gaping joints and 
cracked shafts—which were looked upon at one time 
as the height of gentility and taste, are seldom to be 
seen excepting as relics of the past, and in their 
place are some of the snuggest, pleasantest, and most 
picturesque of homesteads and country houses, their 
harmonious irregularity affording so cheerful a 
contrast to the Brummagem classicism of the past. 
In England we only made the same discovery of the 
value of appropriateness (there is no other word 
which exactly fits) in architecture, a little earlier. 
A peristyle is impressive on the Acropolis, but is 
absurd on a suburban villa, especially if in wood or 
stucco. But though we knew that the new school 
of American architects had discovered the funda- 
mental secret of domestic architecture, we were not 
prepared for the higher flight that they have essayed 
with such complete success at Chicago. The task 
was one of the greatest difficulty. They had to com- 
bine cheerfulness with dignity, to be ornate with- 
out exuberance, harmonious without monotony, 
and, finally, to give a sufficient idea of solidity and 
permanence to buildings required for only six 
months’ use. That they have succeeded so per- 
fectly should form a monument to American archi- 
tectural genius of a permanence directly inverse to 
that of the structures themselves. 

The buildings are the work of a number of hands 
The time available necessitated that the designs 
should be provided simultaneously ; and in any case 
the work was too big for any one man to undertake 
it. There was a danger in this—a danger that has 
too often brought similar enterprises to grief. The 
first arrangement was that there should be a series 
of competitions, after the usual manner ; but hap- 
pily this proposal was overruled by the Executive, 
on the advice of the Chief of Construction, Mr. D. 
H. Burnham, and it was resolved that the best men 
available for the work should be invited to prepare 
designs. This courageous proceeding was a happy 
augury of the way in which the work would be 
carried on. To get a man steadfastly determined 
to do right according to his belief, regardless of 
what people may say or think, is too rare a thing m 
the present day of universal publicity, criticism, 
and advertisement. The result has amply justified 
the procedure. Had competition been the course 
adopted, a number of heterogeneous designs would 
have been sent in, and however good they might 


APRIL 21, 1893. | 


have been individually, it could hardly have been 
ossible that they would have harmonised each one 
with the other. In fact, a fair competition would 
have been an impossibility, for the judges would 
have had more to consider the relation of one build- 
ing to another than the intrinsic merits of the work, 
and thus chance rather than skill would have 
governed the choice. There is another point Mr. 
Burnham may have had in view. The winner of a 
competition is not always made additionally modest 
by his success, and the team of budding geniuses 
that the Chief of Construction might have been 
called upon to control would likely have proved 
quite beyond the directive capacity of even the 
strongest hands. 

Happily Mr. Burnham won over the Executive 
by his clear reasoning, and finally ten American 
architects were selected to design the chief buildings 
of the Exhibition. The names of these gentlemen 
have already been given. 

In addition to these, the Government Building 
has been designed by Mr. W. J. Edbrooke, of 
Washington. Mr. F. M. Whitehouse, of Chicago, 
was commissioned to design a grand Choral Hall, and 
Holabird and Roche, of Chicago, the Stockyards. 
F. L. Olmsted and Co. were appointed to the im- 
portant position of landscape architects. Unhappily 
ill-health necessitated Mr. Olmsted’s absence for 
some time, but fortunately a most capable artist 
was forthcoming to carry on this important work in 
his young partner, Mr. Henry 8. Codman, of Brook- 
line, Massachusetts. This list of names would not 
be complete without that of the late partner of the 
present Chief of Construction, Mr. John W. Root, 
who has not lived to see the completion of the 
work to which he gave so much thought in its 
inception. 

There is one other name which should stand in 
the forefront of this band of architects, and we 
have left it to the last simply because its owner 
gained admission to the ranks on a different order 
of merit to most of the others. In our description 
of the Women’s Building we told how Miss Sophia 
G. Hayden won her position in competition, and 
produced a design of which a veteran architect 
might be proud. 

Our separate descriptions and illustrations of the 
various buildings will serve to give our readers an 
idea—and it is but a faint one at the best that could 
be conveyed by written or pictorial description—of 
the various buildings, but, beautiful as they are in 
themselves, it is as a combined group that their 
effect is most impressive. The secret of this har- 
mony is not far to seek. The architects of the 
World’s Fair have risen superior to petty ambitions 
or jealousies, and, working together as true brothers 
in art, have by consultation and advice subordinated 
their individual work to the general effect. Such a 
result could only be obtained under a firm and 
generous leadership, and to Mr. Burnham this praise 
is due. In carrying out the work the mode of pro- 
cedure was for a meeting to be held one afternoon 
in each week, Mr. E. R. Graham, assistant to the 
Chief of Construction, presiding, and here all ques- 
tions that arose requiring consultation between the 
various Executive chiefs, were discussed. Archi- 
tectural designs were of course settled in broad 
principle before the work began, and the same may 
be said, though to a less degree, of the engineering 
features ; but in work carried on under such an 
excess of time-pressure the details must be left for 
settlement as their necessity becomes apparent. 
Mr. D. Geraldine is General Works Superintendent, 
a post which has been full of care from the first, 
but which has been made lighter by the hearty co- 
operation of the whole working staff. The under- 
ground work in itself—sewage, water supply, electric 
wires, compressed-air pipes, &c.—is a most intricate 
problem, and one constantly changing in its details. 
In the constructive work, where so much iron and 
steel are used, the engineer is constantly in request, 
and here the Executive have again been fortunate 
in the chief of the department, Mr. E. ©. Shank- 
land, whose resource and skill are recorded in hun- 
dreds of details and principles incorporated in the 
various buildings, and whose great roof of the 
Industrial Building must secure his professional 
reputation. Mr. Frederick Sargent until recently 
filled the double post of electrical and mechanical 
engineer, and had an ample field for the exercise of 
skill and resource in both departments. The sanitary 
and water-supply arrangements have been superin- 
tended by Mr. W. S. MacHarg, who has been as- 
sisted by Mr. C. M. Wilkes. Their work is of the 
first importance, for the sanitary arrangements may 
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they should bear if prudence and knowledge can be 
made to avert disaster in this matter. The success 
of the Exposition, and the health of the city of 
Chicago during the coming summer, may depend on 
the perfection with which the sewage purification of 
Jackson Park is carried on. Other engineers who 
have played a leading part in carrying out the work 
are Mr. E. G. Nourse, Mr. J. W. Alvord, and Mr. 
W. H. Holcomb, who have under their care roads 
and railways. The guards and firemen are under 
the superintendence of Colonel E. Rice. 

The creation of an Exhibition does not consist 
wholly in architecture and engineering, nor in the 
ordinary business organisation. The breath of an 
Exhibition is publicity. The Chicago Executive, 
with American shrewdness, have recognised this, 
and created a special department called the Depart- 
ment of Promotion and Publicity, which has been 
put under the charge of Major Moses P. Handy. 
In this way the work has been done in a systematic 
manner, in place of being carried on in a casual 
style, as the secretary, general manager, or other 
official shall have time for the business. The 
department was organised in December, 1890, and 
immediately set to work to distribute information 
and work up enthusiasm. Articles were written in 
the principal European languages, and were distri- 
buted broadcast both to native and foreign news- 
papers. Thesecompositions were, of course, of a most 
glowing description, and by this shrewd move the 
Executive gained the influence of a large portion of 
the press of the world, at least all that part not 
having representatives on the spot. Although 
the descriptive matter distributed was of so eulo- 
gistic a nature, we can bear testimony to the 
fact that it did not extend beyond the fair 
limits of praise—as a general principle. It is 
true the department did not go out of its way to 
expose troubles that arose on defects, and we our- 
selves have had occasion to write in a manner 
somewhat different from the official tone, but this 
has been on rare occasions. The amount of work 
done by Major Handy and his staff has been 
enormous. At the beginning of last year some 
columns of printed information were sent each week 
to close on 24,000 addresses in the United States, 
and similar communications were forwarded each 
week to 75 different nations and colonies, including 
nearly 14,000 addresses. About 15,000 daily or 
weekly newpapers were sent to the department, and 
all these were supplied with the official information 
to the extent of 60,000 words per month. More 
than half this volume of words came back in the 
shape of reprints in the newspapers supplied. 
Everything has been pasted up in a series of 
enormous albums. The average number of letters 


Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


25. 
26, 
2h. 
28. 


29. 


Chicago in 1830... Bes a 54 
Map of Chicago and District in 1890 
The Auditorium ss HOE BEF 
The Masonic Temple 

The Chicago River 


Tae Wortp’s CoLumpran Exposition or 1893. 
Fig. 30. Sketch plan of Exhibition Buildings 


and Jackson Park 


THE ADMINISTRATION BUILDING. 
Figs. 31, 32. Plans of Administration Building 
Fig. 33. View showing Framing of Dome 
Fig. 34. Group of statuary—‘‘ Industry” 
Fig. 35. View of Main Entrance 


THe MANUFACTURES AND LiperaL Arts BUILDING. 


Fig. 
Fig. 
Fig. 


36. 
37. 
38. 


ig. 39. 
ig. 40, 


. 41. 
. 42, 
. 43. 
. 44, 
. 45. 
. 46. 
ig. 47. 
ig. 48. 
g. 49. 


ig. 50. 


End elevation 

Plan ans drs tite Ack 

Transverse section, showing relativesize 
of Machinery Hall, Paris (1889) 

Transverse section, showing framing ... 

View of completed Building, October, 
1892 «.: Pei sie Age Boe 

View of Building in course of construction 

Interior of Main Hall ... 

Base of one of the main ribs 

Erection of first bay 

Erection of main roof ... one Se 

Interior View of Machinery Hall, Paris 
Exhibition, 1889 ... ah wee 

The Fives-Lille mode of erecting roof... 

The Cail mode of erecting roof ifs 

View showing Liberal Arts, Govern- 
ment, and Fisheries Buildings 


Longitudinal section through end of 
Manufactures and Liberal Arts 
Building 


THe Macuinery Hatt. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


Fig. 
Fig. 
Fig. 
Fig. 


51. 
59 


Le 
53. 
54, 
55. 


56. 


57. 
58. 
59. 
60. 


Facade adjoining the greatCentral Court 
Transverse section 

Part longitudinal section 

Plan tee aad seid 
Exterior view during erection ... 
Interior view during erection, 

1892... 

Side elevation aes ate 
Main Facade... tee ene 
North Entrance doc 55.5 
Perspective view of main entrance 


June, 


Figs. 61, 62. Transverse and longitudinal sec- 


tions of electric mains 


Tue Evgerriciry Bui.pina. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


. Main Facade 

. Interior of Main Hall 
. Half transverse section 
3. General View 

. Half plan 

. Elevations 

. Perspective view 


and mail packets posted per day from the Depart-| {un Mixrs anp Mrnina Burspina. 


ment of Publicity was between 9000 and 10,000. 


LIST OF ILLUSTRATIONS. 
Tur PENNSYLVANIA RAILROAD. 


PAGE 
Fig. 4. The ‘‘ Pennsylvania Limited” running 
full speed oa 503 
Fig. 2. The Jersey City Dépét ... 504 
Fig. 3. The Philadelphia Station we 504 
Fig. 4. The Pennsylvania Railroad station at 
Washington .., 504 
Fig. 5. A drawing-room car 505 
Fig. 6. Conestoga Bridge 506 
Fig. 7. A picturesque curve 506 
Fig. 8. The Horseshoe Curve ... i: 506 
Fig. 9. A down grade on the Alleghanies 506 


Tue New York CentraL AND Hupson River RAmRoAD. 
Fig. 10. A New York Central Locomotive, No. 


S700. HES ns are Teh G 
Fig. 11. ‘‘ Record” rain on the New York 

Central Railroad oe RLS 
Fig. 12, Washington Bridge over the Harlem 

River... P ae ve Solas 
Fig. 13. The ‘‘ four-track ” road ; on the banks 

of the Mohawk : re 1 00S 
Fig. 14. The Rapids of Niagara... a ay DLO 
Fig. 15. The Highlands of the Hudson ... 510 
Fig. 16. Niagara River ... os ae mr OLD 
Fig. 17. The Rapids above Niagara ee) LO 
Fig. 18. The Niagara Power Company’s Tunnel 510 

Tue BALTIMORE AND OnI0 RAtLRoAD Company. 

Fig. 19. The Capitol at Washington By ven. VDLD 
Fig. 20. The Baltimore and Ohio Station at 

Washington... ie ie Reo Le 
Fig. 21. The Potomac, Harper’s Ferry, and the 

Shenandoah... ava ae 1. e513 
Fig. 22. Mountain section of the Baltimore and 

Ohio Railroad 511 
Fig. 23. A Mountain Station 511 
Fig. 24, On the Potomac 511 


Fig. 
Fig. 
Fig. 


Fig. 


Fig. 


69. 
70. 
71. 
72. 


73. 


Side elevation ... 

Transverse section 

Plan Fis ied oti te 
Erection of Building, October, 1891... 
Interior of Building 


Tue AGRICULTURAL BurLpine. 
Fig. 74. Diagram of Agricultural and adjacent 


Buildings... ‘ 


Figs. 75, 76, 77. Outside elevations 


Fig. 
Fig. 


Fig. 


Fig. 


Fig. 
Fig. 
Fig. 


Fig. 


Fig. 


78. 
19; 
80. 
81. 


84. 
85. 
86, 
88. 


The Dairy Building 

The Forestry Building .., 
Plan anc we 
General view 


82, 83. Statuary for Agricultural Building 


Main Entrance, showing rotunda 

Decoration for Main Portal d. 

87. Statuary for Agricultural Building 

Transverse section through centre of 
Building 


Fig. 89. Longitudinal section 
Fig. 90, Transverse section 


Tux TrANsporTATION ExHiBiTs BUILDING. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


91. 
94, 
95. 
96. 
97. 
98. 
99. 


Tur Fine 


Side elevation ... 

Perspective view Doe 
Elevation ore ewe eae 

Plan ee 

Transverse section ae Lae nC 
View of interior of Central Gallery ,., 
The Golden Door 


Arts Burinprna. 


Fig. 100. General view of Main Building and 
Annexe BO 

Fig. 101. Longitudinal section ... 

Fig. 102, Transverse section 

Fig. 103, Plan... % ee Gs bat 

Fig. 104. Site of Building, December 28, 1891 

Fig. 105, Fine Arts Building, September 1, 1892 

Fig. 106. North-west corner of Building 


PAGE, 
514 
514 
515 
516 
515 


OT EN OV OV OH en Ot en 
wormed ww no bw bo ko 
mMoOnrnIco OH On i 


F 
” 


ENGINEERING. 


[APRIL 21, 1893. 


596 
Tuer GovernMENT BurLprna. PAGE throughout with adjustable bushes ot gun-metal, so | moderate amount of work on hand forabroad. Some 
Fig. 107. General view ... a2, a0 ... 558 |that any wear can be easily taken up. The oiling | of the other engineering branches of trade are not so 
Fig. 108. Main Entrance aoe sh ... 559 {arrangements are such that the pumps can run ccn- well supplied with work, many firms being but in- 
g. y 
Fig. 109. Half plan 560 
Figs. 110 to 112. Foundation 561 
Tur Unrrep Srares Navy Exursir. 
Fig. 113. General view of the Battleship Illinois 562 
Figs. 114, 115. Views showing progress of con- 
struction one at 562 
Figs. 116, 117. Side elevation and plan 563 N 
N 
Tue HorticutruraL Bur.pine. N 
Fig. 92. Side elevation ... ae 552 N 
Fig. 118. Section through Dome 565 N 
Fig. 119. Transverse section 565 AN 
Mo 16 : BR5 N 
Fig. 120. Part plan 565 N 
Fig. 121. General view ... 4 aK 566 N 
Fig. 122. Main Entrance and Dome... ee mDOO N 
Tur Women’s BvILpIne. 
Figs. 123, 124. General views ... 567 
Fig. 125. Exterior gallery 567 
Tur Fisueries Burnpine. 
Fig. 126. Longitudinal section ... 569 


Bic. 127.) Blanwis.. ass aes 605 bogs Be) 


Fig. 128. General view ... 570 
Fig. 129. Arcade... hi nO ae 571 
Fig. 130. Section and plan of Annexe ... Bey ta 
Figs. 131, 132. Transverse section and plan ... 572 
Tuy Stares and Forrrcn Exurerrors’ Buripines. 

Fig. 133. Dlinois... 573 
Fig. 134. Montana 574 
Fig. 135. Ohio » Hae 574 
Fig. 136. Pennsylvania ... es ee Le iS Te: 
Fig. 137. Log Cabin 574 
Fig. 138. Nebraska 575 
Fig. 139. Iowa 5 


OX 
rT STINT SI 
Or Or Or 


Fig. 140. Maryland eb sab sisls 
Fig. 141. Delaware Bet ihe Sh Ee RO LO 
Fig. 142. Colorado ak 565 ABS see RONLO 
Fig. 143. Wisconsin ne 576 
Fig. 144. South Dakota ... 576 
Fig. 145. Connecticut 576 
Fig. 146. Rhode Island ... a ase sear vé 
Fig. 147. Hayti ... tio are S's See OLS 
Fig. 148. California da Ses me Ott 
Fig. 149. Victoria House oa 506 “6 9 ONE 
Fig. 150, Arkansas “ak ss me me ahs 
Fig. 151. Kansas... die Bos oa so ORS 
Fig. 152. Indiana bas ore a ROS 
Fig. 153. New York ies ie a SOROS 
Tur CotumBus RExros. 
Fig. 154. Columbus’s Ship, the Santa Maria... 580 
WATER SUPPLY. 
Figs. 155, 156. Worthington’s Pumping Engines 582 
Fig. 157. Pumping Station, Jackson Park w. 083 
Fig. 158. Horizontal Pumping Engine .., seo) LOSS 
Mernonps or CoMMUNICATION. 
Figs. 159, 160, 161. The Moving Side-Walk ... 584 
Figs. 162, 163. Whaleback Steamers ... 587 


LIST OF PLATES. 
Prat I. 
The Machinery Hall, looking South-West. 
Horticultural Building, East Front. 


Puate II. 
Statuary on the Agricultural Building. 


Plate II. 
Entrance to Electricity Building. 
Statuary on the Agricultural Building. 
Group on Peristyle. 
Entrance to the Horticultural Building. 


Prats IV. 
Illinois State Building. 


ADMIRALTY DUPLEX PUMPS. 

THE pumps which we illustrate on page 598 repre- 
sent one of six sets supplied to H.M.S. Forte. As will 
be seen from the general view, Fig. 1, and from Fig. 2, 
the pumps are of the double-cylinder duplex type, the 
steam cylinders being 9 in. in diameter by 9 in, stroke, 
whilst the pump cylinders are 6 in. in diameter. The 
steam cylinders, it will be noted, form one casting. 
The pump body is made entirely of gun-metal, and the 
plungers are longer than usual], being 74 in. long, and 
packed with water grooves only. In the design 
especial regard has been paid to making the various 
working parts as accessible as possible. Thus it is 
only necessary to remove the two valve covers to get 
access to the suction and delivery valves, which are 
placed in pairs on each side of the pump, as shown in 
Figs. 2and 4. The valve seats are screwed in, a method 
of fixing which allows them to be easily removed. The 
cylinders, it will be seen, are supported on four turned 
steel columns, the holes for which are all drilled to 
template, so that the cylinders and pumps are inter- 
changeable. An air vessel is placed above the delivery 
valves, and, as shown in Fig. 3, serves as a support for 
the rocking shafts of the valve gear, which is fitted 


tinuously over long periods with very little attention. 
Messrs. Scott and Mountain are constructing for the 
Fairfield Shipbuilding Company several pumps of this 
type for H.M.S. Hazard. 


INDUSTRIAL NOTES. 

Tue labour dispute at Hull developed into greater 
and greater proportions, as it went on from day to day, 
during the last week, until many thousands of men 
were involved init. Moreover, the intensity of feeling 
grew and extended as more men became involved, and 
as federationists were imported to do the labour at 
the docks. The attitude of the local men towards the 
men brought to Hull by the Shipping Federation 
was so manifestly one of active hostility that steps bad 
to be taken to prevent a tumult. The men on strike 
were excited, and the slight disturbances that took 
place would have resulted in further riots if there 
had been no adequate force to intervene. From every 
point of view these outbursts of excited feeling involve 
danger, alike to the workmen, the employers, and to 
the public. 


The monthly report of the Boilermakers and Iron 
Shipbuilders for April shows a reduction in the 
total number out of work from all causes, including 
sickness and superannuation, from 8068 to 7263, a 
decrease of 805. But as there wasa slight increase in 
the list of sick and superannuated members, the total 
reduction was in the number of unemployed. In 
this class there were fewer by 572 on home dona- 
tion, and of 269 signing the vacant book. The cards 
granted were the same—5l in each month. The pro- 
portion out of work was 14.5 per cent., as against 
16.6 last month, or a decrease of 2.1 per cent. The 
number of members is less by 23, by men getting 
into arrears of contribution, but not necessarily run 
out of the society. The society has declared in favour 
of retaining the Tees delegate by a majority of 9863 ; 
doubtless this large majority has been the result of 
the strained relations on the north-east coast at the 
present time. A lengthened statement of facts is 
given as to the wages dispute in South Wales. The 
report states that the manager of the works refused 
to see a deputation consisting of the secretaries of the 
Boilermakers, the Amalgamated Engineers, and of the 
more recently formed National Society of Engineers. 
This refusal is to be deplored, seeing that the depu- 
tation was prepared to negotiate and accept ‘‘any 
reasonable offer as a settlement” of the dispute. The 
statement says that the rates of wages were only from 
2s, 4d. to 2s. 9d. per day. The refusal to negotiate 
has eventuated in a determination on the part of the 
men to refuse to ‘‘ work, use, or manipulate” any iron 
or steel plates or angles manufactured by the Dowlais 
Company. Nor will the men execute repairs on any 
vessel or vessels engaged in carrying iron ore to these 
shores for the said company, or for the Blaenavon or 
Ebbw Vale Companies, until the wages question is 
satisfactorily settled. This dispute has long been 
pending, and neither side is inclined to give way. 


The engineering branches of trade throughout Lan- 
cashire show some signs of improvement, more work 
being reported as coming forward than recently, 
especially as regards some of the best known firms. 
Nevertheless the improvement is regarded as partial 
rather than general, and, taking it all through, the out- 
look is still deemed to be unsatisfactory. The real 
activity is mostly confined to stationary engine build- 
ing, and to the boiler-making branches, most of which 
are well supplied with work, and some of the leading 
machinists are also fairly engaged, having at least a 


differently employed, and there is still a very keen 
competition to secure whatever orders are in the 
market at very low, and even, it is to be feared, at un- 
remunerative rates. In the iron trade business is still 
very slow, but recently there have been more inquiries, 
and a moderate amount of business has been carried 
through. Buyers are chary of large transactions, and 
for the most part insist upon concessions as regards 
the quoted rates. Nearly all brands are, it is said, 
changing hands at rather lower prices than the nominal 
rates ruling the market. The finished iron trade 
remains without animation, and prices have gone 
down to the minimum rates. Ironfounders are better 
off in all respects, both as to orders and prices, but 
even this branch feels the keenness of competition, 
and it is usual to cut down rates in order to secure 
business. In the steel trade business is quiet all 
through, and prices are cut low, but in the best boiler 
plates there is more firmness, There is a general 
absence of labour disputes in all those important 
branches of trade, in the finished article and in the 
raw material, so that in this respect the indications 
are in favour of some revival rather than of increased 
depression, for, as a rule, wages are quickly affected in 
a downward market. 


In the Sheffield and Rotherham district there has 
been an increased activity since the termination of the 
rather prolonged Easter holidays, but the market has 
been generally in a depressed state, owing to the very 
small demand for goods. The makers of various kinds. 
of railway material, wheels, tyres, and springs, are not 
busy, the men for the most part being on short time. 
The rolling mills, tilts, and forges have been moderately 
active recently, which naturally points to the existence 
of a better feeling in the cutlery, file, and wire indus- 
tries. On the whole, however, the prospects in the 
district are not very rosy at the present time, even in 
the trades that expect a revival of activity at this time 
of the year. It is, however, satisfactory to find that 
there is a general absence of labour disputes, and none 
of any consequence seem to be threatening. Indeed, 
Sheffield has become exceedingly peaceful of late years, 
compared with its former activity in this respect. 


The condition of trade in the Cleveland district 
shows no sign of any great improvement. There is 
again some feeling of uneasiness in connection with 
the ironstone miners and quarrymen in the district, 
though the men agreed to the 5 per cent. reduction 
some time ago, and have just recently effected an 
arrangement as regards the working of the ‘‘ ratchet 
machine.” The men allege that the new system of 
working, which it is said the mine-owners seek to 
introduce, will decrease wages by 20 per cent. The 
agents of the men counsel resistance to the scheme. 


In the Midland district generally the men’s agents 
on the Midland Wages Board oppose the proposed re- 
duction of 2} per cent., and have appealed to the 
arbitrator, as they have a right to do under the rules 
of the Board. Indeed, even if the representatives of 
the men deem the reduction a right one in the present 
condition of trade, and with the present low prices, 
they have no alternative but to appeal to the arbitrator 
because of the attitude of many, possibly of a majority, 
of the men. There is a renewal of the feeling, and one 
might add of the exasperation, of four or five years ago, 
against the downward rate of wages under the sliding 
scale. At the time of the former difficulty some 
of the men’s representatives went so far as to 
threaten to resign unless they were left to do their 
best at the Board, according to their light and their 
convictions. The malcontents gave way or were out- 
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voted, and the Board continued in operation. But 
the employers, recognising the difficulties, made some 
concessions. Nowone of the great firms of ironmasters, 
the head of which has done so much to preserve the 
good feeling in the district, has been apparently com- 
pelled to give notices of a reduction, on account of bad 
trade. 


A similar movement is going on in the Yorkshire 
districts against the scale. It is doubtful whether the 
men’s representatives are equally strong in favour of 
the scale in those districts, as they are more or less 
influenced by the attitude of the Miners’ Federation in 
opposition to all sliding scales. Indeed, in the labour 
organ of the district there is a distinct inducement 
offered to the men to ‘‘ put their foot down” in oppo- 
sition to the scale, as a similar reduction is taking 
place at the iron works of the Yorkshire districts. 
Without venturing an opinion as to whether the scale 
is the best or wisest economical device for the regulation 
of wages, itmay be said that it has produced peace 
where formerly there was war, and the condition of 
labour has improved under it. 


In the Birmingham district there has been more 
animation in the iron trade, and prices have remained 
tolerably firm, pending the decision of the arbitrator as 
regards the wages of the ironworkers. Indeed, the 
tone of the market seemed rather to indicate a doubt 
as to whether the decision would be against the men, 
and it is not improbable that even the feeling was 
rather favourable to the men’s contention than other- 
wise. This may be only a surmise, but there is a 
recognition of the fact that the continual lowering of 
prices is not an unmixed good for the manufacturers. 
There are fewer furnaces in blast in the Staffordshire 
district, and stocks have not therefore been largely 
increasing, so that there may be a more favourable 
turn in the tide. Most of the local industries are 
quiet, and the engineering branches show few signs of 
increased activity. There are no fresh disputes of 
any consequence in the district. 


In the Wolverhampton district there has been a 
degree of animation, many inquiries being on foot both 
for crude and manufactured iron, but it appears that 
buyers and sellers were not quite agreed as to prices, 
especially for forward delivery. Here again the award 
of the arbitrator is a factor in negotiations. If the 
wages are reduced by 3d. per ton, the buyers expect 
the benefit of it. But the reduction will not then be 
of any advantage to makers. Trade has been unsatis- 
factory for some time; though several good orders 
have been booked, there is a backwardness in the pro- 
secution of the work. 


In the South Wales district trade is in a disorganised 
state. The dispute between the Boilermakers’ Union 
andthe Dowlais Iron Company, extending also to the 
Blaenavon and Ebbw Vale Works, led to the boy- 
cotting of vessels, &c., engaged in the iron ore trade, 
and it is said that over 10,000/. has been lost by this 
means to the port of Cardiff. The dispute has lasted 
many months, but the recent action of the men has 
led the Rhymney Company to advance the rates of 
pay 6s. per week, making 24s. per week, instead of 
18s. as formerly, The other companies refused to give 
way, and even refused negotiations. Much of the ore 
intended for those works has been sent to Middles- 
brough and to other places. The other branches of 
trade are very quiet ; little has been doing in rails, and 
the tinplate trade is dull, especially as regards Welsh 
plates. 

In the shipping branches of trade at Cardiff there 
has been a great change owing to the dispute at Hull. 
Only a week or two ago Mr. J. H. Wilson, M.P., 
advised the Cardiff men to accept the federation 
ticket rather than fight, and many hundreds of the 
men appear to have done so. Last week, at a great 
meeting in aid of the Hull men, it is said that 800 or 
900 men took their federation tickets to the great 
meeting, and delivered them up to be burned, thus 
practically extending the Hull dispute to the port of 
Cardiff. Both the dockers and seamen seem to like 
a big fight in which their enthusiasm can find vent. 


There were indications of a possible rupture over 
the proposed reduction of the wages of engineers and 
others on the north-east coast, notices having been 
given for a reduction of 10 per cent. in the wages of 
some, and of 5 per cent. in the wages of others. After 
some negotiations between the employers and the 
officers of the Amalgamated Society of Engineers, 
the proposed reduction was modified to 5 per cent. 
from May 1, and 5 per cent. from July 1 next. The 
men were rather inclined to resist, but the society 
was firm in advising the men to agree to the compro- 
mise. The matter was then referred to the vote, 
when a large majority of the members decided by 
ballot to accept the terms and settle the dispute. 


The shipping dispute at Hull has evoked such an 
outburst of feeling that the Dockers’ Union and the 


Sailors’ and Firemen’s Union have been advising a 
general strike at all the chief ports, so as to compel the 
federation to give way. Great meetings at Shields, at 
Middlesbrough, at Liverpool, and in London and 
other places have declared in favour ofa general strike 
against the Shipping Federation. In war the success or 
failure of the plan of campaign is judged by its results. 
Butmost experts in the ‘‘art of war ” deprecate extend- 
ing the line of battle, by reason of its danger, owing to 
the thin line of defence. Of course, if all the forces on 
both sides are thus engaged, the two parties are to 
some extent balanced; but, as a rule, it is better to 
concentrate forces than to disperse them over a wide 
area. Inthe present labour battle it means either a 
big defeat or a great victory. If it has to be prolonged, 
the probability is that the unions will be defeated be- 
cause of the financial weakness of the societies engaged 
in the conflict, for none of them have large resources 
at their command. 


The great strikes in Belgium are scarcely labour 
strikes, as the object is political. The executive of 
the labour unions ordered a general strike because 
the Constituent Assembly rejected the measure for 
universal suffrage. But indirectly the strike was in- 
dustrial in its character and ultimate object, because 
the workmen in Belgium believe more or less in legal 
enactment for improving the conditions of labour. 
The strike was not so general as was expected, never- 
theless a very large number of miners and others 
went on strike, those in the Mons district number- 
ing, it is said, 15,000 men. Some rioting took place 
in some of the districts, and a large number were in- 
jured, while some of the ringleaders were arrested. 
The textile workers in some of the industrial centres 
left work also, but many of the men refuse to take part 
in a general strike, though ordered to do so by the 
“Knights of Labour.” The conflicts were more severe 
in Belgium than in Hull, but the contest is less likely 
to be prolonged. 


The crisis in the coal trade, as it is called, is taking 
an unusual form. It has not broken out in a great 
strike, for the federation districts up to the present 
time have held their own. But it is assuming another 
shape. Large collieries are idle, the pits are closed 
for general operations, and thousands of men are out 
of work. There is, indeed, very little need for a 
general holiday, for a play week, or play days, for 
they come without the call of the men, as an outcome 
of the state of trade. But the peculiarity of this is 
that the men get no pay, no relief from the union. If 
the stoppage was ordered by the union, or was the 
result of a dispute over wages, then the men would 
receive payment from the funds of the union, as they 
do in the Engineers’ and other great unions. Pos- 
sibly this system may be developed among the miners. 

The proposed further reduction of wages in the 
county of Northumberland has been postponed for a 
time. This was decided upon at a conference of the 
mine-owners and of the representatives of the men held 
at Newcastle on Saturday last. The feeling of the 
men was strongly averse to the proposed reduction, 
and probably it would have been difficult for the 
executive of the union to have held in the men. 

In the coal districts of Durham large numbersare out 
of work. Itis said that many large coal contracts 
were obtained by Yorkshire and other districts during 
the Durham strike of last year, and consequently the 
demand for Durham coal has considerably decreased. 
Certain it is that many of the pits in Durham are 
closed. It was proposed recently that the Durham 
Association should withdraw from the Miners’ 
Federation owing to a difference of policy on the eight 
hours, but the proposal was rejected by a substantial 
majority. The federation agents are busy in the 
northern counties just now over the eight hours’ 
measure, seeking support for it in the House. 

In the Forest of Dean the coal trade is very de- 
pressed. Many of the pits have either stopped, or 
notices have been issued for a stoppage. It was pro- 
posed to have a general stoppage of the collieries ; 
but at a meeting of the coalowners no formal decision 
on this point was arrived at. The men are told that a 
small reduction will help to stimulate the trade of the 
district, but the men are averse to it. Some think, 
however, that it was a mistake not to agree to the 
small reduction proposed last November. 


COLUMBIAN EXPOSITION NOTES. 
ENGLISH exhibitors have taken so active an interest in 
the Exposition that Sir Henry Truman Wood, secretary 
of the Royal Commission, is positive that there will be 
few, if any, delinquents, and the English section will be 
ready by May 1. 


Germany will send to Chicago the original group of 
statuary entitled ‘‘ Germania,” which was designed to 
ornament the Imperial portal of the new Parliament 
building at Berlin. It is of embossed copper, the design 
being by the famous Professor Reinhold Begas, and the 
embossing being done by the artist Seitz. Asa work of 
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art the group is famous. It represents the typical Ger- 
mania astride a war-horse. The figure holds in the right 
hand the Imperial standard, and in the left the old 
German shield surmounted with the war eagle. On one 
side of the figure a youthful warrior is represented, while 
on the other side is the Goddess of Victory, heralding 
the triumphs of German armies. The group will be placed 
over the portal of the German section in the Manufac- 
tures Building. 


Practical road-making will be illustrated in a special 
exhibit to be prepared under the directions of Chief 
Buchanan, of the Department of Agriculture. A section 
of the roadway showing the development in the science of 
building roads will be constructed, reaching from the 
live stock pavilion to the Forestry Building. Funds 
necessary for the carrying out of the scheme will be sub- 
scribed by the industries most interested. That sufficient 
money will be advanced Chief Buchanan has been assured, 
and he is now proceeding to arrange the details of the ex- 
hibit. That the roads in Jackson Park are not better is 
a matter that has caused the officials of the Fair much 
uneasiness, and will during the Exposition be the source 
of much annoyance. No one man can be blamed for the 
neglect of the roads, and in fact it has been only within 
the last few weeks that their wretched condition has be- 
come apparent. However, it is now too late to do any- 
thing better than macadamise the drives and walks, and 
that is being done by a large force of men employed by 
the Construction Department. 


The train which the London and North-Western Rail- 
way will exhibit at Chicago consists of an engine and two 
passenger coaches and a number of smaller models and 
railroad appliances. The engine in the collection is 32 ft. 
long, and weighs 47 tons. The tender turns the scales at 
13 tons, and is 15 ft. long. This engine—christened 
the ‘‘Queen-Empress ”—was built at the Crewe works. 
It has four driving wheels, each 7 ft. 6 in. in dia- 
meter. The passenger coaches are built according 
to the latest English patterns, and will be quite novel as 
compared to American vehicles of like character. One 
of the cars is a day coach and the other a sleeper. Both 
cars are painted a chocolate colour up to the windows. 
Above that the colour is white. The interior of the 
sleeper is fitted up in satin and walnut woods, and the 
upholstering is in dark plush. The car is heated by a 
gas stove, and provided with gas lights. The day coach is 
a composite car, arranged to accommodate first, second, 
and third-class passengers. Along with the train several 
other exhibits of the same company will go to Chicago. 
The most important of these is an exact reproduction of 
the old locomotive, ‘* Rocket,” built by George Stephen- 
son, and first operated on the Liverpool and Manchester 
Railroad in 1829. The entire exhibit of the London and 
North-Western Railroad cost 10,000/., and will occupy 
2800 square feet of space. 


To New Yorkers, and in fact to all who have visited 
the great metropolis of the Atlantic seaboard, one of the 
most interesting exhibits at the Fair will be a series of 
models illustrating the improvements in the waters in the 
vicinity of that city. These models are unique in design, 
and have been in process of construction for nearly two 
years, under the superintendence of Lieutenant-Colonel 
George L. Gillespie, who is in charge of the river and 
harbour improvements in New York and New Jersey. 
Government authorities at Washington, recognising the 
general interest in civil engineering, have given the 
exhibits the place of honour in the Government Building. 
The visitor entering the building from the western 
entrance facing the lagoon will see first a model of Sandy 
Hook. In the immediate vicinity of the Sandy Hook 
plan will be grouped all of the modeds prepared by 
Lieutenant-Colonel Gillespie’s force now at work in New 
York City. With these in the north-west corner of the 
bailding will be displayed representations of work done 
at the mouth of the Mississippi River; of the harbour at 
Key West, Fla. ; of the iron pier at Lewes, Del. ; of the 
Delaware breakwater; of the pulsometer at League 
Island and the stone scow at the Delaware breakwater. 
To afford visitors an opportunity to see these models, 
wide aisles have been laid out surrounding them. 


One of the most interesting displays that will be seen 
within the great structure devoted to mines and mining 
will be that now being prepared by the representatives 
of New South Wales. And those who have not made a 
study of the mineral resources of that colony will be sur- 
prised at the comprehensiveness of the exhibit. The 
work of installation is being superintended by Mr. J, E. 
Carne, F.G.S., of the Department of Mines, of Sydney. 
As a whole, this exhibit may be said to be an heroic dis- 
play of base metals. Along the front line will be massive 
trophies of silver ore, tin, copper, and antimony. One 
particularly interesting feature will be the silver monu- 
ment which is to be erected at the north-east corner of 
the exhibit space. It will represent one-sixth of the 
entire output of the great Broken Hill mine, which from 
May, 1886, to May, 1892, produced 36,500,000 ounces of 
silver and 156,000 tons of lead. In the rear there will be 
a triple arch, with two centre pillars of coal and two 
outer pillars of petroleum oil coal, which is locally known 
as kerosene shale. These pillars will be 4 ft. square and 
11 ft. high. Behind this feature will be shown full sec- 
tions of the principal coal seams. That portion of the dis- 
play, which will be first seen by the visitors, will be made 
up of bulk trophies of gold, silver, copper, tin, anti- 
mony, iron, manganese and chrome and building stone. 
These will be made as attractive as possible. Then 
there will be show cases containing collections of all 
metallic and non-metallic minerals. In these collections 
will be some of the most valuable specimens ever dis- 
covered. (Quartz and placer gold and gems will be dis- 
played as a distinct feature. 
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SHIPBUILDING ON THE THAMES. 


Iv is announced that ina few days the well-known 
shipbuilding works of Messrs. Samuda Brothers, on 
the Thames, will be brought to the hammer, and 
with their disposal there may disappear one of the 
most notable establishments and one of the most 
notable firms in the shipbuilding annals of the 
Thames. It is long since the Thames ceased 
to compete with other centres of the shipbuild- 
ing industry as regards the construction of ordi- 
nary merchant steamers. The prizes of the 
trade, in the form of ocean greyhounds, have gone 
to the Clyde, to Belfast, or to other ports, not 
because they could not be built on the Thames, 
but because the higher cost of labour and materials 
on that river made it difficult to undertake such 
work at a price that would compete favourably 
with the work done in the north. But the Thames 
has, nevertheless, had a very interesting and a not 
inglorious shipbuilding history ; it has had its red- 
letter days, as well as its black-letter days, such as 
that now impending through the threatened break- 
ing up of the famous yard whose productions have 
sustained the credit of English shipbuilding in 
every part of the world. 

In the year 1802, an inquiry was undertaken by 
the Committee of Shipowners for the Port of 
London into the question of how far the trade had 
been affected by the war. It appears from the 
results of that inquiry, now before us, that there 
were then fourteen shipbuilding firms on the 
River Thames—five at Rotherhithe, three at Lime- 
house, two at Deptford, and the others were at 
Northfleet, Wapping, Blackwall, and Shadwell. 
The majority of the ships built at that time were 
intended for the services to the East and West 
Indies, and for the Navy. The merchant vessels 
built for the East India Company generally 
varied in size from 800 to 1000 tons. Several of 
the firms, however, reported that they had had 
no contracts on hand for several years, and this 
does not appear to have been a very unusual state 
of things. Some of the more enterprising firms 
were adventurous enough to build ships on specu- 
lation, and in one case a firm had all the tonnage 
built for several years on its hands. One builder 
reported that ‘‘I have upon hand three ships, 
which at prime cost, without any profit included to 
the builder, cost me 14,7001.; they are of the first 
quality, and I have offered them for sale 10 per 
cent. below prime cost, but I have not been able 
to sell them.” At the same date there were 
only five shipbuilding firms on the Clyde, 
who had between them 1200 tons of shipbuilding 
on hand, all of which, except one vessel, was being 
built on speculation, while at Liverpool there were 
also five shipbuilding firms, none of whom had on 
hand a vessel of more than 390 tons. At that time, 
indeed, the whole annual tonnage of shipping built 
in the country was not more than two firms of im- 
portance on the Tyne, or the Clyde, could now pro- 
duce ina year. Up tothe year 1800 the tonnage 
built never exceeded 100,000 tons ina year. After 
London the chief shipbuilding ports in the country 
were Newcastle and Sunderland, while Plymouth, 
Yarmouth, and Rochester enjoyed in a secondary 
degree an amount of importance which they have 
since largely lost. 

The Thames appears to have enjoyed a much 
larger share of the shipbuilding trade of the 


country while the construction of ‘‘ wooden walls” 
was yet the order of the day. When the use of 
iron came more and more to the front, the trade 
tended to settle down in districts near to the 
localities in which the iron was produced. Bel- 
fast and Southampton are notable exceptions to 
this rule, but probably Belfast owes much to a 
lower range of wages. The Thames, however, still 
continued to keep a second or third place in the 
race for many years. 

The Royal Commission appointed in the year 
1867 to inquire into and report on the organisation 
and rules of trade unions, bestowed some attention 
on the shipbuilding trade of the Thames, mainly in 
consequence of the then frequent allegation that 
the action of the trades unions had driven the 
shipbuilding industry from that river to the Clyde 
and the Tyne. Mr. Samuda, Mr. Dudgeon, and 
other competent witnesses gave evidence on the 
subject, and the Commission found that not only 
were the trades unions as active and powerful on 
the northern rivers as on the Thames, but that the 
wages of iron ship builders had been advanced on 
the Clyde and the Tyne, while they had remained 
stationary on the Thames, Indeed, it transpired 
that, so far as the last-named river was concerned, 
the wages of the shipwrights had been regulated by 
an old scale of the year 1825, and that, with some 
exceptional rise during the Crimean War, the wages 
of the men were lower in 1867 than they had been 
at any time since the year 1856. The argument 
that the action of trades unionism had driven the 
shipbuilding trade from the Thames to the Clyde 
had, therefore, to meet this twofold difficulty— 
first, the assertion by the builders on the Thames 
that they could build ships almost as cheaply as on 
the Clyde, and, secondly, that trades unions had 
pursued the same action in both ports. 

In Brassey’s ‘‘ Work and Wages” a statement is 
given showing the average rate of wages paid at 
Millwall Shipbuilding Works from 1863 to 1866, 
and on comparing these rates with those paid in 
France, as shown in a similar table, the author 
remarks that ‘‘it is marvellous that any ships 
should have been built on the Thames for Mediter- 
ranean shipowners.” As a matter of fact, however, 
the Thames has since then continued to supply 
vessels of larger or smaller tonnage for the Mediter- 
ranean, as well as other trades, and the French 
shipbuilders continue to occupy an entirely sub- 
ordinate position. Brassey observes, on a com- 
parison of the two tables of wages, that ‘‘ There 
must be a remarkable superiority either in vigour 
or in skill in the English workman, or he could 
not have held his own in the race in spite of the 
extraordinary difference in the rate of wages.” 
Brassey seems to have overlooked the obvious fact 
that success in shipbuilding does not depend upon 
wages alone. A firm that has established a great 
reputation for good work will often secure valuable 
orders at non-competitive prices, and for many 
years this was more or less the case with Messrs. 
Samuda, John Penn, and others who have made 
the Thames famous. 

Messrs. Samuda closely associated themselves, 
and the river which they have done so much 
to distinguish by their shipbuilding operations, 
with the early development of the use of steel for 
shipbuilding purposes. As far back as 1856 they 
constructed a vessel of this material for service on 
the River Kuban, paying Messrs. Marriott and 
Atkinson 40/. a ton for the plates. In the follow- 
ing year they constructed a vessel of 452 tons, 
wholly of steel, for the Black Sea service, paying 
the same price for the material used. Then fol- 
lowed several Spanish gunboats for Manilla, 
steamers for traffic on the Rivers Thames, Hum- 
ber, and Volga; the Maid of Kent, the Scud, and 
the Foam, for the London, Chatham, and Dover 
Railway Company ; some smaller vessels for the 
Peruvian Government, intended for the explora- 
tion of the tributaries of the River Amazon ; and a 
frigate for the Prussian Government, known as the 
Kronprinz, of 3404 tons, in which, however, only 
the deck plating, the stringers, and the yards were 
of steel. All these, and several other vessels, in 
which steel was more or less largely employed, were 
built by Messrs. Samuda before the year 1866, at 
a time when the rest of the world was hardly 
beginning to think of using that material, and in 
no case was less than 20]. a ton paid for 
the metal employed. A few years later, in 
1873, the firm produced two frigates for 
the German Government, known as the Kaiser 
and the Deutschland, each of 4586 tons, and an- 
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other notable order executed by them was the con- 
struction of 20 cargo boats for the Madras Irriga- 
tion and Canal Company, which were built of steel, 
manufactured by the Steel Company of Scotland by 
the open-hearth process, in the year 1878, a date at 
which steel for shipbuilding was just commencing 
to come to the front. In this case there was a sub- 
stantial reduction on the prices formerly paid for 
the cast or puddled steel employed, the plates and 
angles being supplied at 13]. to 15/.aton. These 
prices are likely to make the mouths of many steel 
manufacturers of later days water. During the last 
10 years or so, steel plates and angles have been 
sold at less than one-fourth of the prices paid for 
them by Messrs. Samuda during the first 10 or 12 
years of their experience as steel ship builders. The 
steel was not, of course, in both cases the same 
thing—Messrs. Samuda employing generally either 
crucible or puddled steel, or that description of 
material known as Shortridge and Howell’s homo- 
geneous metal. 


SPEED TRIALS OF THE “CAMPANIA.” 


Ir was said by Sir John Burns, at a cruise of the 
Campania on Saturday last, that he did not think he 
could pay a higher compliment to the Fairfield Com- 
pany than to state that if the Campania and Lucania, 
with their yast power and great size, could attain 
the position the Umbria and Etruria gained in their 
time and generation, the Cunard Company would be 
entirely satisfied. That this is probable the speed 
trials of the Campania have demonstrated ; and 
these trials, it should be noted, did not consist of 
the ordinary arrangement of runs on the measured 
mile, when it is usually somebody’s business to see 
that the engines and boilers are for the moment 
under the best conditions. On the completion of 
the vessel at Glasgow she sailed down the Clyde, and 
a long series of preliminary trials was commenced, 
the engines being steadily worked up to full power. 
One of these runs included a voyage round Ireland 
to Liverpool, where, as has been stated elsewhere 
in our present issue, she was docked with the view 
of having her hull cleaned, for she had lain in 
the Clyde for several months. This work com- 
pleted, she returned to the Clyde to undergo 
the stipulated power and speed trials. Arriving 
there, the vessel proceeded on runs at full 
power, the final trial taking place on Thursday of 
last week, the 13th inst., when, as at some of 
the other official trials, Sir W. G. Pearce and 
the directors of the Fairfield Company were on 
board, while the Cunard Company was represented 
by Sir John Burns and Sir William Forwood. 
The results of several long-distance runs with the 
vessel in sea-going trim, and including one or two 
trips past Ailsa Craig, may be thus summarised : 


Steam pressure in boilers 165 Ib. 
Vacuum... aes os 369 see 28 in. 
Mean indicated horse-power (both 

engines) ie ae ake as 31,050 
Average revolutions of engines 84 
Speed (mean) ... Sor ae 23.18 knots 
Mean draught of vessel 25 ft. 


Displacement, about ... 18,000 tons 


The run was made within known distances, so 
that the speed could accurately be determined 
without the use of logs. The coal used on the 
occasion was Nimmo’s Slamannan. 

The boilers gave an ample supply of steam, and 
even the fans provided for ventilating the stoke- 
hold were not used. These, indeed, have only 
been run to comply with their own tests. The 
temperature of the stokehold was most satisfactory. 
Of this the writer can speak from experience. The 
funnels are of such height that the draught in the 
furnaces was ample, while the stokehold ventilators 
haveimmensecowls. One feature of the engine per- 
formance was the remarkable uniformity of speed, 
the pistons running about 1000 ft. per minute, 
which is by no means excessive now-a-days, so 
that although the speed exceeds by a nautical mile 
per hour that guaranteed, there is prospect even of 
higher results being attained on the Atlantic. The 
results were certainly not got by straining the 
machinery to the greatest limit. 

The vibration of the ship is of great interest, alike 
to the technical reader in view of the paper by Mr. 
Schlick published last week, *as well as to the general 
reader, since it affects the comfort of the travelling 
public. It may be noted that Mr. Schlick’s investi- 
gations lead to the assumption that severe vibration 
is due to the synchronising of the vibration of the 
ship with the revolutions of engines, and that since 


* Page 457 ante. 


the period of vibration of the ship depends in large 
measure on the length or size of the ship, the effect 
of longer vessels is to make the period of vibra- 
tion longer, while, with increasing speed, the 
number of revolutions of the engines increases, so 
that with great ships there may be no vibration. 
It would have been interesting to have had accurate 
results got with Mr. Schlick’s pallograph at the 
various speeds of the Campania ; or to have had on 
board Mr. W. H. White’s young man from the Ad- 
miralty, whom he described as a human pallograph, 
since, owing to his excessive physical sensitiveness, 
he could determine accurately the extent of vibra- 
tion without an instrument. The present writer, 
fortunately or unfortunately, is not quite so 
sensitive, so that he can only give the general 
results. When the vessel was started there was 
no vibration; as the speed slowly increased, the 
vibration became more and more perceptible until 
three-quarter speed was reached, but even then it 
was only slight, and was chiefly at the extremity 
of the vessel, while when the engines were work- 
ing at 83 revolutions and the speed of vessel 
was 23 knots, it was almost impossible to deter- 
mine that the vessel was moving. When lunch 
was being served to a large company of ladies and 
gentlemen in the dining saloon on Saturday last, 
many were suddenly startled by great throbs, so 
very decided that the number could be easily 
counted at 82 per minute. This was outside 
Ailsa Craig. Itwas so regular, however, that one 
easily got used to it, but it as suddenly ceased. 
The explanation was that the great rudder, with its 
area of 253 square feet, was thrown over to turn the 
vessel, And this rudder, it may be stated, turns 
the vessel within her own length. The absence of 
vibration or of ‘‘ working” of the ship is due in 
large measure to the great strength and the careful 
designing of all detail, a work which requires ex- 
perience in all types of marine construction and in- 
volves constant attention; but the managers at 
Fairfield have that experience which enables new 
conditions to be met with satisfactory results. 

Altogether, in respect of both speed and com- 
fort it may be regarded as certain that the Cam- 
pania and Lucania will be improvements on the 
Umbria and Etruria commensurate with the advance 
of the times, and will thus meet Sir John Burns’s 
requirements. These latter vessels ‘‘in their time 
and generation” reduced the outward record by 
9 hours, and the homeward record by 74 hours. 
If the Campania maintains 23 knots on the At- 
lantic, she will cover the 2800 miles which sepa- 
rate Roches Point from Sandy Hook in just over 
5 days; but even at a lesser speed she will take 
many hours off the duration of the Atlantic voyage. 

The first Atlantic record-breaking vessel built by 
the Fairfield Company was the Arizona, and since 
that time they have constructed 16 Atlantic vessels. 
The series includes the Arizona, Alaska, Oregon, 
Umbria, and Etruria, and the two vessels for this 
summer’s traffic, the advent of which, with their 
respective compeers, will probably result in the 
Atlantic voyage being done in 23 days’ less time 
than in 1879. Of course other firms besides Fair- 
field have contributed to this result; but the 
Campania and Lucania are in advance of all 
other craft as regards speed, while they are second 
to none as regards safety, for this was the first con- 
sideration, it being the proud boast of the Cunard 
Company that in their Transatlantic traffic they 
have never lost a life. We have enlarged upon 
this point in our description of the ships, showing 
that the vessels are subdivided by transverse bulk- 
heads, and that all engines and machinery are in 
duplicate. Indeed, a thousand and one evidences 
might be adduced to show that in working out the 
details of construction and design the requirements 
of safety have been carefully considered. 

The results establish the fact, if ever doubt was 
entertained, that Fairfield still maintains that 
prominent place which for years she has taken in 
marine practice, and that the present managers 
of the technical departments, Messrs. White and 
Laing, are possessed of qualities similar to those 
whereby John Elder, Dr. Kirk, Sir William 
Pearce, and Bryce-Douglas, each in turn, raised 
the establishment to its eminent position, 

The Campania, we may add, leaves Liverpool to- 
morrow, Saturday, April 22, on her first Trans- 
atlantic voyage; but it is improbable that any 
attempt will be made to break the record on this 
occasion. ‘The sister ship Lucania is in an advanced 
ee and will probably be ready for trial early in 

une. 
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THE CONDITION OF THE SHIP- 
BUILDING TRADE. 

Waite the shipbuilding profession is viewing 
with satisfaction such a triumph as the Cam- 
pania, as an evidence that shipbuilding has other 
aspects than those of a mere manufacture, its 
thoughts are rudely recalled by the prosaic, yet 
interesting, statistical return issued this week by 
Lloyd’s Registry of Shipping as to the condition of 
the trade it supervises. In spite of its highly 
scientific character, shipbuilding is a business, as 
well as a profession, and the shipbuilder has per- 
force to consider the situation as interpreted by 
Lloyd’s, whose statistics are far from satisfac- 
tory. The number of vessels building—354, of 
621,668 tons—represents about 50,000 tons more 


Vessels under Construction in the United Kingdom. 


Per Cent, 
— Number. Tons. of Sailing 
hips. 
April, 1893. 354 621,668 13.9 
January, 1893 306 570,741 11.2 
October, 1892 885 678,780 14 
July, 1892 .. 447 778,462 19 
April, 1892 .. 493 843,078 . 23:2 
January, 1892 494 793,913 25 
April, 1891 .. oF oe 549 804,846 16.1 
spPLSO0 ee ae 3e 543 863,678 11.1 


than at the beginning of the year, but this has 
been at the expense of much less work being accom- 
plished during the past quarter, for we find that 
the vessels launched total only 175,205 tons, pro- 
bably the lowest aggregate for many years, the 
average tonnage launched each quarter for the past 
four years having been about 300,000 tons. The 
measurement of vessels on the stocks, too, falls 
short of the total at any time last year. The 
optimist may be inclined to think that we have 
now reached the improving stage, but there is room 
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for doubt in view of the very unsatisfactory condition — 


of the shipping trade and freights, and the fact that 
we have recently been adding to our registry at an 
enormously greater rate than was required to meet 
removals or the development of the world’s com- 
merce.* The small proportion of sailing tonnage, 
too, indicates little faith in an advance in freights, 
for as a rule ships are more readily ordered in such 
circumstances than steamers. The decrease in work, 
when comparison is made with the totals of a year 
ago, is very pronounced, being 26 per cent. as com- 
pared with April, but then a larger number of ships 
were building, so that marine engineers do not 
suffer in the same ratio. It must not be forgotten, 
however, that Lloyd’s figures do not include war- 
ships, and as there were about 80,000 tons warships 
building twelve or fifteen months ago, against about 
2210 tons now, the decline is still more marked. 
The improvement, as compared with January, 
too, is in large measure nullified by the cireum- 
stance that the vessels are in a more advanced stage 
generally. Vessels in the initial stage are consider- 
ably fewer in number, as the appended Table indi- 
cates. There is a slightly greater percentage of 


Vessels in Initial Stages of Construction. 


Percentage 
— Number. Tons. Per pate of) “to Total 
Tonnage. 
January, 1892) 145 299,516 30.7 387.7 
April, 1892 .. 118 223,276 22.6 26.4 
July, 1892 .. 77 123,249 24.5 15.8 
October, 1892 40 72,716 80.6 10.9 
January, 1893 75 154,869 19.2 Q7 
April, 18938 .. 75 126,974 23 20.4 


sailing tonnage to the total tonnage in the initial 
stage than at January ; vessels in the initial 
stages of construction make up only a fifth of the 
total tonnage under order, whereas at January they 
constituted 27 per cent. The proportions given in 
the last two columns are certainly suggestive, indi- 
cating that while the sailing tonnage is slightly less 
than at the various dates last year, there is a greater 
proportion of work to start to than last summer and 
autumn. It must not be forgotten, however, that the 
turn of the year usually finds a greater disposition 
to place orders, resulting in an improvement in 
trade generally, which is often only partial. 

The additional amount of work, as compared 
with January last, is fairly apportioned amongst 
the various ports, but in all places, excepting 


Ireland, there are decreases when comparison 18 — 


* See page 257 ante, 
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made with the total of a year ago. On the Clyde 
there are 45,000 tons, or 29 per cent. more under 
construction than at the beginning of the year, but 
10 per cent. less than a year ago. On the Tyne 
there is also an improvement on three months ago 
to the extent of 16,000 tons or 20 per cent. ; but 
here there is a marked decrease (37 per cent.) on 
the total of a year ago. The other north-east ports 
are ina like condition, with decreases on the totals 
of a year ago of a greater or less extent: while 
Treland shows an increase of 5619 tons, or 7 per 
cent., on the total of January last ; and of 2900 
tons, or 3.5 per cent., on the total of April last 
year. 


LITERATURE, 


American Railroads as Investments: A Handbook for 
Investors in American Railroad Securities. By 8. F. 
Van Oss. London; Effingham Wilson and Co. 
[Price 16s. ] 

Tue author of this book certainly grasps his subject 
well; his definitions of railroad practice in America 
are clear ; his denunciation of malpractices de- 
cisive. As to discriminations against localities in 
general, he does not think American railways are 
as black as they are painted, or that the railways are 
solely to blame. Ii is otherwise with the discrimi- 
nations in favour of one individual against another, 
which he considers by far ‘‘the most damnable, 
unjust, and repulsive practice of railways.” He 
takes a similarly pronounced view of rebates and 
pools, and may have the sympathies of shareholders 
in his condemnation of the extensive system of 
free passes and of ‘‘scalpers.” Reviewing the 
Inter-State Commerce Act, passed to prohibit 
these malpractices, he considers that it has on the 
whole been favourable to a limited extent, having 
to a certain degree resulted in the discontinuance 
of discriminations and pooling. Some officials, 
however, manage to elude the law on the principle 
that no citizen can be required to give evidence 
that would incriminate himself, and thus books 
and documents—as a rule the most desirable evid- 
ence—are not available. On this point he thinks 
the Act requiresamendment. But he isinclined to 
the opinion that time alone, rather than strict legal 
interference, will solve the problem, and of that 
there seems little doubt. 

On the question of competition he gives many 
interesting points, and while appreciating its value 
in the lowering of freights, he discriminates between 
sound and unsound competition, and points out the 
danger of overlooking the risk of having unre- 
munerative railways, involving as they do one- 
tenth of the nation’s wealth. As he points out, no 
‘* oveedy granger ” reflects enough to see that if he 
succeeds in compelling railways to carry his wheat, 
corn, and cattle at a loss, he himself will be the 
first to suffer from the decline in prices of com- 
modities and lands, from the panic which must 
follow adverse laws or an unprofitable business. 
To destroy healthy competition is beyond the 
power of the railways of America; their aim is to 
maintain a rate which, while remunerative, will 
not involve hardship on commerce. The author 
points out that consolidation is a move to attain 
the end impossible with pooling, which was disas- 
trous alike for the railway and the trader, as the 
almost inevitable collapse of the pool at an earlier 
or later date resulted in a reduction of rates. Mr. 
Van Oss believes it no exaggeration to say that to- 
day, counting all Vanderbilt lines as one system, 
there are in the United States 25 systems control- 
ling at least 100,000 miles of railway, while 150,000 
miles are in possession of not more than 75 com- 
panies. As tothe four methods of consolidation 
--acquiring ownership, lease, trafticagreement, and 
association—the author seems to regard the last- 
named with most favour. Associations must be 
welcomed, he thinks, as unmistakable signs of in- 
creasing harmony, or a growing desire among rail- 
ways for peace and goodwill. There no longer 
prevails, he says, that universal disposition to cut, 
regardless of cause or consequences, which at one 
time, say 10 or 15 years ago, was a feature of 
American railways. When difficulties arise now it 
is first attempted to settle them peaceably, and even 
if this is impossible hostilities are rarely resorted to. 
Traffic associations, therefore, deserve the investor’s 
approval. Since their organisation, rates have been 
more stable than formerly. 

Mr. Van Oss considers all phases of the question, 
tracing the progress of railways and the economies 
whereby rates haye been reduced, He also con- 
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siders the American railways from the investor’s 
point of view, and in this connection states that 
there has been general improvement, that the 
relations with the people and the entente between 
railways mutually are much better now than they 
ever were before, and that the intercourse between 
the corporations and their creditors and shareholders 
especially has undergone salutary changes. The rail- 
ways now appreciate the necessity of conciliating the 
people, who in turn are less inclined to harass them 
with legislative interference. Gradual concessions 
are made on either side, and whatever strain there 
is will eventually be relieved. While rates have 
been reduced to a phenomenal degree, he con- 
siders that the consolidations, amalgamations, and 
traffic associations will stay the decline, while at 
the same time the tendency towards mechanical 
improvement and organisation will improve the 
railways as properties. One great point is that the 
era of rascally management has gone, and men of 
integrity are now associated with the railways, so 
that investors are well informed of the workings, 
and the reports ‘‘might serve as an example for 
those issued by English railways.” While depre- 
cating speculation, since we lack the knowledge 
both of American railways and of the methods of 
Wall-street, he regards American railroads as satis- 
factory securities, being safe, and returning a good 
dividend—he estimates that bonds give an annual 
return of 5.67 per cent. on the bonded debt. Bonds, 
which he regards as the most desirable form of 
security, are marketable at all times, and their 
price is remarkably stationary. That there is a 
great future before American railroads seems un- 
doubted, and to prospective investors the work 
under review must be serviceable, since within its 
800 pages each of the principal railways in the 
United States is dealt with exhaustively from the 
dividend-earning point of view. 


An Introduction of the Differential and Integral Caleulus, 
with Examples of Application to Mechanical Problems. 
By W. J. Mittar, C.E., Sec. Inst. Engineers and 
Shipbuilders in Scotland. Third Edition. London, 
piseney. Edinburgh, and Dublin: Blackie and Son, 

imited. 


Up till quite recently the average engineer was 
totally unacquainted with the calculus, and regarded 


the signs d and / witha sort of unholy horror. The 


consequence was that in the books on mechanics, 
&c., written for him, attempts were made to avoid 
the methods of the calculus by giving so-called 
simple proofs, these said proofs being marvels of 
complicated geometrical reasoning, which were 
usually unintelligible to all but their author— 
at least we could never understand them our- 
selves until we had first attacked the problem ana- 
lytically. Even such excellent works as Maxwell’s 
“ Heat” and ‘‘ Matter and Motion” are diflicult to 
read. Both these books contain exceedingly 
interesting and valuable matter, treated in an 
original and very suggestive way, but we have never 
known anyone able to understand them thoroughly 
until he had first tackled the subjects treated 
of by ordinary analysis. No wonder, then, that 
when difficult geometrical reasoning of the kind 
referred to was used as a simpler method of 
explaining matters than the calculus, the prac- 
tical man should get most exaggerated ideas of the 
difficulties of the calculus itself. To dispel these 
groundless fears, no work seems better adapted 
than the little book on the differential and integral 
calculus, by Mr. W. J. Millar, C.E., athird edition 
of which has been lately issued by Messrs. Blackie 
and Son, Limited. In this the general principles 
of the calculus are developed in a singularly clear 
manner, and illustrated by numerous examples of 
their practical application. We note, however 
(page 51), that the strength of a thick hollow 
cylinder is obtained from an incorrect assumption, 
but doubtless the object of the author in this 
instance was mainly to illustrate the integration of 


ar 


The methods of determining the areas, mass 
centres, and volumes of regular surfaces and solids 
are clearly demonstrated ; but in spite of this 
complete exposition of general principles, the little 
work contains only 64 pages. Of course we do not 
think that any one could gain facility in the use of 
the calculus from a study of this book alone, as 
such facility requires the working out of numerous 
examples; but we can highly recommend Mr. 
Millar’s little volume as containing a very complete 


outline of the subject, and as showing the engineer- 
ing student the practical object of the study, a 
point which in text-books of the ordinary kind is 
usually relegated to an obscure position. 


NOTES. 
Roap Construction IN AMERICA. 

Ix a paper recently read before the Illinois 
Society of Engineers and Surveyors, Mr. J. E. 
Miller points out the importance of thorough 
drainage in making a new road, if expensive 
annual repairs are to be avoided. In addition to the 
usual side drains, he states that tiling is in general 
necessary, especially in low-lying, flat ground. 
One line of tiles at the centre of the embankment 
is sufficient, and the depth need only be enough to 
be below the frost line. The surface of the road 
should be 8 in. to 12 in. thick, and 16 ft. wide. It 
should be made of crushed stone, hard gravel free 
from clay, or a combination of both. In many 
places the foundation can be built of a local stone, 
which, though too soft for surfacing, makes as good 
a foundation as any other. For economy, only 
8 ft. of the road need be surfaced at first, turn-outs 
being provided at intervals, and such a road will 
not cost more than 2000 dols. to 3000 dols. a mile. 


Froops in AUSTRALIA, 

South Queensland and the Hunter River district 
of New South Wales have lately been visited with 
the worst floods that they have ever experienced. 
Colonial papers lately to hand show that the Bris- 
bane River rose three times in January and 
February, and each time did much damage. At 
the site of the city the stream is about a quarter of 
a mile wide, with steep banks on which the town 
is built. It was crossed by a fine iron bridge with 
spans varying from 60 ft, to 150 ft. This bridge 
was from 20 ft. to 30 ft. above high-water level, 
but the second flood rose clear above it, and swept 
it away. All down the valley it ruined everything 
within reach, carrying down crops, homesteads, 
and bridges. In Brisbane it deposited the Queens- 
land gunboat Paluma and the steamer Elamang in 
the gardens, where they were left high and dry on 
the recession of the waters. Large numbers of 
shopkeepers had their stocks damaged, and their 
premises soaked with the flood. Scarcely had they 
got their places straight again when the rain began 
to fall heavily afresh. In the twenty-four hours 
ending at 9 A.M. on Friday, February 17, it 
amounted to 8.36 in., and an additional 3.84 in. 
were recorded before 9 o'clock at night. At1 P.M. 
the river was 11 ft. 3 in. above high-water level, at 
5 o'clock it was 12 ft.5in., and at 10 p.m. 13 ft. 7 in. 
high, or 2 in. short of the 1890 flood. On Saturday 
morning the flood was 3 ft. higher, and all the 
wholesale business premises in the East Ward were 
more or less submerged. The flood reached its limit, 
3 ft. below that of a fortnight before, at 9 a.m. 
on Sunday, and then began to fall. Before this, 
however, the grounded vessels managed to get back 
into the stream. In New South Wales there was 
a severe flood on March 11. From Newcastle it is 
reported that there were 30 ft. of water over West 
Maitland, and that the whole country was flooded. 
What little traffic existed was conducted by means 
of boats, which steered between the telegraph posts 
on the railway for miles. Nothing was visible at 
either side but the ridges of the roofs of the farm- 
houses. In addition to the enormous private 
losses, the colonies will be put to immense expense 
in replacing the railway bridges and embankments. 
Practically every large bridge in South Queensland 
has been destroyed, and also many in New South 
Wales. In several instances these were more 
than 1000 ft. in length, and were erected in 40 ft. 
of water, so that they were expensive structures, 
The question of their design, in view of the possible 
recurrence of such floods, will be one full of diffi- 
culty to the advisers of the Government, 


MacGazine RIirwezs. 

The adoption of magazine rifles is proceeding so 
rapidly that soon every important European army 
will be equipped with them. The Mannlicher 
system appears to make very rapid progress, for it 
has been adopted by Austro-Hungary,* Germany,t 
Italy, Holland, and Bulgaria. France, it is well 
known, follows the Lebel system, Belgium and 
Turkey the Mauser system,t and England the Lee- 
Speed.|| Bulgaria is the latest adherent to the Mann- 

* See ENGINEERING, vol. li., page 265. aia 
+ Ibid., vol. li., page 575. 
t{ Ibid., vol. li., page 405, 
|| Zbid., vol. li., page 163, 
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licher pattern, after three years’ most severe test- 
ing of all kinds of magazine arms. The Roumanian 
Ministry for War made a contract on February 16 
last with the Steyer Arms Manufacturing Com- 
pany for the supply of 110,000 Mannlicher rifles, 
calibre 6.5 millimetres, with rim-fire cartridges, 
which quantity has to be delivered by the end of 
1893. Roumania has further contracted to be sup- 
plied with rifles within the next two years, and 
accessories within the next five years, at the same 
prices as at present ; so it is evidently the inten- 
tion to order a further quantity. This is no doubt 
necessary, as these 110,000 rifles, in addition to the 
previously ordered 8000, cannot suffice for the 
whole Roumanian army, as even the youngest of 
the Balkan States—viz., Bulgaria, has already 
ordered 140,000 of these Mannlicher rifles, calibre 
8 millimetres. The South American States are 
hurrying to follow the European example. It will 
be remembered that in the Jate outbreak in Chili it 
was the Mauser repeating rifles of the Congressional 
party that secured Balmaceda’s defeat. On the east 
coast Brazil is rearming, and the Government have 
just signed a contract with Messrs. Loewe and Co., 
of Berlin, for the supply of 65,000 new repeaters, 
this contract including for immediate use 6000 of 
the new German Mannlicher 1888 pattern, partly to 
be supplied by Messrs. Loewe and Co., and partly 
by the Steyer Small Arms Manufacturing Com- 

any. It is interesting to note that the new rifle, 
about to be delivered, is in principle (as regards 
the lock, repeating mechanism, &c.) similar to the 
German 1888 pattern, but differs from that as 
regards cartridges and calibre. ‘The cartridge clip 
is, of course, altered in its dimensions to accord 
with the cartridge itself, and is not as wide or as 
long as the German magazine clips. The barrel 
is not provided with a mantle like the German one, 
and the calibre is reduced from 7.9mm. to 7.5mm. 
The mountings are almost identical with the Ger- 
man ’88 system, and are partly of copper. The 
Brazilian Government pays for the rifle, with 
bayonet, 71.50 marks (about 3/. 11s. 6d.), and for 
the cartridges 135 marks (about 6/. 15s.). 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 14, 1893. 

Tue American iron trade is quiet ; at the same time 
consumption has reached enormous limits. The spring 
trade has opened, and buyers are purchasing freely at 
the lowest prices ever named in the iron trade. Ship, 
car, bridge, and locomotive builders are liberal buyers 
this week. Contracts for a large amount of rolling 
stock for freight and passenger service have been 
placed within two weeks. Other large contracts will 
soon be announced. Electric road requirements are 
also crowding in. Bridge-builders are securing a good 
volume of work. Bar iron mills are very busy. Steel 
billets are active at 25 dols. Steel rails dull at 
29 dols. Plate iron strong at 36 dols. to 40 dols., iron 
or steel; No. 1 foundry iron, 15 dols. The season 
opens with good prospects for a busy year in all sec- 
tions of the country. The anthracite coal trade is 
active. Production this year, 750,000 tons ahead of 
same date last year. Railroad traffic also is in excess 
of same date last year. The stringency in money con- 
tinues, and much inconvenience results, though the 
volume of business is not apparently affected by it, 


Kine Grorcn’s Sounp. — Defence works have been 
authorised at King George’s Sound. The cost of the 
works contemplated is 15,000/. Of this sum Western 
Australia will contribute 5000/., and the remaining 
10,0002. will be supplied by the other Australian 
colonies. 


Marine Execrric Licurrne.—Under the above title 
a special number of Electric Plant has just been issued. 
The number in question contains 91 pages of letterpress 
and 10 two-page plates. A large proportion of the 
matter deals with plant for ship lighting in the English 
Navy, but a good account is also given of the appliances 
used in submarine mining, and many varieties of the 
fuzes used are illustrated. The means of firing guns, &c., 
by electricity are also described, as well as the electric 
telegraph for warships, which has been invented by Cap- 
tain Lloyd, of the Elswick Works. The appliances used 
in the United States Navy are also described, and these 
include the Fisk range-finder, which, however, is not 
illustrated. With respect to the French Navy, the infor- 
mation given is less complete, as there is a difficulty in 
getting particulars. Probably, however, the sections on 
the application of the electric light to the mercantile 
marine will be found of most interest, many different 
types of plant being described, and particulars given of 
the arrangement of circuits on different boats. The re- 
mainder of the volume deals principally with some of the 
applications of electricity in lighthouses, docks, and 
canals. The volume is well printed and the illustrations 
are numerous, 


GRAVING DOCKS. 
To THE Eprror or ENGINEERING. 

Sir,—The remarks of ‘‘University Graduate and 
A.M.I.C.E.” in your last issue show that he has either 
read my letter carelessly, or has wilfully misunderstood 
it. If he will again refer to my letter, he will see that I 
did net say that Sir B. Baker’s deduction was correct 
with regard to the depth of 16 ft. for the concrete floor 
of the dock. What I did say was that the conclusion he 
came to would have been perfectly correct if the concrete 
had been simply supported at its ends, and if its own 
weight had been the only force acting upon it. These 
two premises I showed to be both wrong, the concrete 
being tangentially fixed at its ends, and other forces 
besides its own weight acting on it—viz., the earth and 
water pressures on its under-surface. Hence his result is 
totally wrong, although the mere manipulation of the 
figures was correct. Asa matter of fact, 7 ft. is amply 
deep enough for the concrete invert theoretically. 

As to the ‘‘ concealed arch” theory (or whatever Sir 
B. Baker likes to call it), he says in his remarks during 
the discussion that ‘‘ the whole of the concrete was prac- 
tically in compression, of course varying in intensity.” 
The whole of the cross-section of the invert was resisting 
the action of external forces therefore, so that we have a 
straight arch without any voussoir joints. How does 
such a thing differ from a beam? Does Sir B. Baker 
think that its being in compression makes a concealed 
arch spring into existence within it? If so, any piece 
under compression in a testing machine contains a con- 
cealed arch. Or does hethink that because the intensity 
of the compressive stress varies from one side to the other 
of the section that it contains a concealed arch? Then any 
straight piece in which the compressive force or resultant 
of the compressive forces acts on one side of the centre of 
area of the cross-section contains a concealed arch. Thus 
the loaded cross-girder of a bridge under the action of a 
side-wind has forces acting on it in the same way as on 
the concrete floor under discussion. Does it contain a 
concealed arch? Mr. C. Colson’s experiment was no 
proof whatever of the existence of a concealed arch. In 
fact, the fracture in the piece proves that it actually was 
a beam, and that there had been tension on the part 
below the neutral axis, which axis must have fallen within 
the cross-section of the beam. That it carried a con- 
siderable load afterwards was to be expected, as two- 
thirds of the depth yet remained to resist external dis- 
torting actions. 

There is one other point in Sir B. Baker’s remarks which 
I did not refer tolast time, and that iscertain calculations 
which had been made on the strength of a rail which he 
saysare ‘‘pitiful to contemplate.” Are we then to take 
it on trust from Sir B. Baker that they were ‘‘ pitiful to 
contemplate,” when any impartial reader will see that the 
manner in which he performsa simple calculation himself 
is most untrustworthy? He further says that the author 
of the calculation ‘‘had not enough practical knowledge 
to see that the critical time in the life of a rail was not 
when it was new, but when it had lost perhaps 20 per 
cent. of its weight by wear and rust.” But if a rail is too 
weak when new, it surely will be much weaker when 
worn, and the condemnation of the Master of Engineer- 
ing was just. 

I may inform a “‘ University Graduate” that I have 
now for the third or fourth time carefully read Sir B. 
Baker’s remarks over, and he certainly gives what he calls 
‘* theory ” a pat on the back now and then, but he makes 
me think of the man whocrushed a beetle with his foot, 
saying at the same time, ‘‘ You area beautiful creature 
under the microscope, but you must be exterminated for 
an infernal nuisance,” 

Yours truly, 
THEORY AND PRACTICE. 


[We print our correspondent’s letter, but, as many of 
our readers may not be able to readily refer to the 
remarks which he criticises, it is only right that we should 
say that the conclusions which ‘‘Theory and Practice” 
draws appear to us to be utterly unjustifiable. In the 
discussion referred to, after giving some data as to the 
strength of concrete beams, and pointing out that if 
acting as a beam the invert would have to be 16 ft. thick 
in order to carry its own weight, Sir B. Baker went on to 
say: ‘‘ But it was stable, and the reason was that it was 
“not a beam. The upward pressure of the water on the 
‘* under side of the invert would be accompanied bya 
‘*lateral pressure at the back of the walls, which would 
‘“ pub a compressive stress along the whole of the invert, 
“¢ partially or wholly reversing the tension on the concrete, 
‘* Applying those principles, and including the pressure 
“‘ of the earth as well as the pressure of the water, it 
“‘ would be found that they really got not a beam of con- 
““ crete with tensile stresses, but what might be called a 
“concealed arch in the thickness of the concrete invert, 
“and that there was ample strength for the necessary 
‘* stability, the whole of it being practically in compres- 
‘* sion, of course varying in intensity.” We have here the 
whole facts stated with admirable clearness and terse- 
ness, and the fact that our correspondent does not under- 
stand these remarks after reading them three or four times 
over does not appear to give him any strong claim to the 
signature which he has chosen for his letter. The term 
‘“concealed arch ” is, of course, a perfectly justifiable one, 
and well expresses what is meant. With Sir Benjamin 
Baker’s other remarks in the discussion referred to we most 
cordially agree; they deserve to be most carefully read 
and laid to heart by all engineering students.—Eb. E.] 


THE ‘‘ LEOPOLD II.” 
To THE Eprror or ENGINEERING. 
Sir,—In your description on page 444 of this new 
Dover-Ostend steamer you say she attained a mean 


speed of 22.16 knots, and ‘‘is therefore credited with 
being the fastest paddle steamer in the world.” 

Six years ago it was announced that the Isle of Man 
boats, the Queen Victoria and the Prince of Wales, had 
on trial trip accomplished 253 and 26 knots respectively, 
so that there would appear to be at least two paddle 
ships far ahead of the Leopold IT. in speed. 

Yours obediently, 
W. B. THompson. 


[There is clearly a mistake somewhere. We feel con- 
fident in stating that the Victoria and the Prince of Wales 
never made 254 and 26 knots respectively. It is reported 
officially that the Prince of Wales ran from Douglas to 
the Liverpool Landing Stage in 3 hours 8 minutes, so that 
if the distance be 70 nautical miles, as commonly accepted, 
the speed would be 22.34 knots, while the Queen Victoria, 
traversed the distance in 3 hours 10 minutes, equal to 22.10 
knots. Both vessels were constructed at Fairfield, and are 
described and compared with other fast paddle steamers 
in ENGINEERING, vol. xlvi., page 146. Perhaps some of 
our readers may have authoritative information on the 
interesting point.—Ep. E.] 


STEEL FOR DYNAMO FIELD MAGNBETS. 
To tHE Eprror or ENGINEERING. 

Srr, —With regard to the letter from Mr. James Muir- 
head in your issue of April 14, it may interest your 
readers to know that I have used steel castings for dynamo 
magnets since 1891. 
is quite as high as in ‘‘ magnet bar wrought iron”—in fact, 
the curve connecting ampere turns and density is very 
similar, the steel having rather more hysteresis; this 
latter quality is of considerable advantage in motors. 

_The great drawback in using steel, at present, is the 
high price of the castings. Wrought-iron magnet bars 
can be obtained machined all over, including boring, for 
less than half the price of good steel castings. 

Yours faithfully, 
H. W. RavensHaw, A.M.1.C.E. 

Harrow-road, London, W., April 18, 1893. 


TESTS OF STEAM BOILERS AT THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

To THE EprToR or ENGINEERING. 

Srr,—I shall be pleased to allow a test of the Mills 
boilers belonging to the Chelsea Electricity Supply Com- 
pany to be made so soon as I have completed the altera- 
tions which are now in hand. I am afraid, however, that 
Mr. Gresty must, in this particular case, dispense with 
the ‘‘ independent ” engineer for the purpose of making 
the trials, as I am not disposed to have tests made by 
any one who is not also responsible for the working of 
the company’s plant. 

Yours faithfully, 
Frank KIna. 

Draycott-place, Chelsea, S.W., April 18, 1893. 


To THe Eprror or ENGINEERING. 
Sir,—Referring to the above trials, I think that some 
mistake must have been made, as the efficiency shown is 
so much in excess of what has been the experience of many 
users of this type of boilers, and I feel assured that if the 
high efficiency, as stated, can be obtained, many firms 
who are using these boilers would be willing to go to some 
expense and trouble to gain the necessary knowledge, as 
from the writer’s own knowledge firms are paying very 
large sums to have this type of boiler altered to the Mills 
system. Yours a 


April 18, 1893. oe 


LIVERPOOL AND New OrRLEANS.—The Southern Pacific 
Railroad Company is making arrangements for running & 
line of steamers to carry freight between Liverpool and 
New Orleans. The company has contracted for two 
10,000-ton steamers tu be built at Newport News. 


THe DamacE to H.M.S. ‘‘ Howr.”—A correspondent 
at Ferrol telegraphs that Admiral Seymour and his staff, 
accompanied by Lord and Lady Brassey, the Royal 
Spanish Naval Constructor, Sefior Don Pablo Seoane, and 
Mr. Frederick Logan, of the Admiralty Construction De- 
partment, inspected the injuries to Her Majesty’s ship 
Howe in the dry dock at Ferrol on Tuesday morning. 
The principal injuries consist of a breakage and indenta- 
tion of some 4 ft. inwards through both bottoms, extend- 
ing from near the rolling chocks on the starboard side at 
a breadth of 12 ft. under the after dynamo department, 
and as far on the port side. The keel is broken and 
twisted in an indescribable manner from this breakage aft 
for some 70 ft. On the port side is a hole 27 ft. long by 
6 ft. wide. The minor injuries are numerous and im- 
portant. No determination has been taken as to the 
character, provisional or otherwise, of the repairs that 
are to be effected. Should provisional repairs by plank- 
ing be determined upon, they could be carried out in three 
months. Repairs of a permanent character could not be 
effected under six months, in consequence of the form of 
the ship and the narrowness of the dock. The inconve- 
nience arising from the only dock in Spain, equal to the 
requirements of certain warships which are waiting to 
dock, being occupied, is receiving official attention. Tele- 
grams from the authorities here to the Marine Minister, 
who is in communicaticn with the Admiralty, have 
been despatched, setting forth the facts of the case. 
The Chief Naval Constructor of Spain has expressed his 
surprise at finding that so complete a mastery of the most 
minute details of all the exigencies of this complex matter 
is possessed by Admiral Seymour, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a fairly good 
business done in the pig-iron warrant market last Thurs- 
day forenoon, when between 3000 and 4000 tons of Scotch 
iron were dealt in, the cash price giving way 4d. per ton. 
Cleveland also lost 4d. per ton. The market was quiet in 
the afternoon, and the cash price for Scotch iron was 
about 40s. 114d. cash per ton. At that price 1000 tons 
changed hands, and, with 500 tons of Cleveland at 
34s. 5d. per ton, this constituted the whole of the after- 
noon’s business. Cleveland and hematite warrants were 
quotably the turn firmer, but the Scotch iron was un- 
changed in price. The settlement prices at the close 
were—Scotch iron, 40s. 103d. per ton ; Cleveland, 34s. 44d., 
hematite iron, 45s. 74d. per ton. Dealing on Friday was 
very slack both forenoon and afternoon. ‘The whole of 
the business reported did not exceed more than 6000 tons 
of Scotch warrants, the prices being near those ruling on 
Thursday afternoon. At the last the feeling was steady 
to dull, and the closing settlement prices were—Scotch 
iron, 40s. 103d. per ton ; Cleveland, 34s, 44d.; hematite 
iron, 45s. 73d. per ton. At the opening on Monday the 
pig iron market was firm in tone, but in the afternoon 
the market was weaker. Scotch iron lost the improve- 
ment in price made last week, and Cleveland closed 3d. 
per ton down. For hematite iron the quotations re- 
mained unchanged, but no business was done in that 
article. The total business for the day officially reported 
consisted of 3000 tons of Scotch and 1000 tons of 


Cleveland iron. At the close the settlement prices 
were—Scotch iron, 40s. 104d. per ton; Cleveland, 
34s. 44d. ; hematite iron, 45s. 74d. per ton. Tuesday’s 


market was quiet in the forenoon, with a moderate 
amount of business done in Scotch iron at slightly easier 
figures. Cleveland warrants were done at 34s. 4d. per 
ton cash, and at the close buyers were offering 34s. 3d. 
A large amount of business was done in the afternoon, 
when the price of Scotch warrants gave way to the extent 
of 24d. per ton on the day. Cleveland was also 13d. lower 
in price. About 14,000 tons of Scotch iron changed hands 
at the two sittings of the ‘‘ring.” The settlement prices at 
the close were—Scotch iron, 40s. 74d. per ton ; Cleveland, 
34s. 14d.; hematite iron, 45s. 74d. per ton. A fairly 
active business was done this forenoon at prices which 
were generally steady. From the close of the buying 
there was an evident desire to rally the quotations. 
Cleveland was moderately active, and just a shade 
easier in price. The settlement prices at the close 
were—Scotch iron, 40s. 9d. per ton; Cleveland, 34s. 13d. 
The following are some of the quotations for No. 1 
special brands of makers’ iron: Calder and Gartsherrie, 
48s, per ton; Summerlee, 50s.; Coltness, 533. ; Lang- 
loan, 54s.—the foregoing all shipped at Glasgow ; Glen- 
garnock (shipped at Ardrossan), 49s. 6d.; Shotts (shipped 
at Leith), 53s. 6d.; Carron (shipped at Grangemouth), 
52s. 6d. per ton. Last week’s shipments of pig iron from 
all Scotch ports amounted to 8543 tons, as compared 
with 7196 tons in the corresponding week of last year. 
They included 100 tons for India, 647 tons for Australia, 
191 tons for France, 850 tons for Italy, 730 tons for Ger- 
many, 1028 tons for Holland, smaller quantities for other 
countries, and 4732 tons coastwise. There are now 72 
blast furnaces in actual operation, against 78 at this time 
last year. Two are making basic iron, 20 are working on 
hematite iron ore, and 50 are making ordinary Scotch 
iron. The stock of pig iron in Messrs. Connal and Co.’s 
public warrant stores yesterday afternoon stood at 
341,285 tons, against 342,071 tons yesterday week, thus 
showing for the past week a reduction amounting to 
786 tons. 


Finished Iron and Stcel Trades.—In these trades things 
have brightened up considerably during the past week ; 
there is now a firmer tone all round. There were rumours 
of a few large shipbuilding orders coming to the Clyde, 
and these have been partially confirmed. One merchant 
in a large way endeavoured to make a contract for a few 
thousand tons of ship-plates, but makers refused to book 
for forward delivery. The best prices obtainable are : 


figs ides £os."-d: 
Siemens steel plates 510 0to515 0 
rh », angles Sloe OO O™ 0 

hs », tees, joists, 
and zeds ... ee ee Oo16 0% 6 2 76 
Bar iron, first quality 610 0,,615 0 
RS second ,, 672070576 1b” 0 
» third |, 510 0,,515 0 
Sheets, singles W108 ORs 715 7.0 


Doubles and lattens as usual. All less 5 per cent. deli- 
vered on Clyde and Glasgow district. A very large 
amount of finished iron has been ordered within the past 
week or ten days, much of it for Hong Kong and the 
Chinese markets, and for India, Mauritius, Oporto, &c. 
Sheets are still in large demand, chiefly for galvanising 
and corrugating. As a proof of the activity now show- 
ing itself at Motherwell, it may be stated that on one 
day last week there were as many as 200 wagons 
lying on the railway sidings loaded with steel and ready 
for despatch. It is stated that the angle mill at the 
Dalziel Steel Works, Motherwell (Messrs. Colville’s), 
did a record output one day last week. It amounted to 
cadipm like 140 tons of structural sections in twelve 
ours. 


Wishaw Iron and Steel Works.—The Glasgow Iron and 
Steel Company have ceased to make basic pig iron in 
their blast furnaces at Wishaw, and in like manner they 

ave given up the manufacture of steel by the basic Bes- 
semer process. The steel works are undergoing a very 
radical alteration, with the result that, by and by, they 
will be adapted for the production of open-hearth steel by 
the Siemens process, 
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New Shipbuilding Orders for the Clyde.—An order for 
a new P. and O. steamer of some 8000 tons has just been 
placed with Messrs. Caird and Co., Greenock. She will 
be the largest vessel yet added to the great fleet of the 
P. and O. Company, and the largest yet built in any 
Greenock shipyard. Several contracts have been, or are 
about to be, closed with Port-Glasgow firms. Messrs. 
William Denny and Brothers, of Dumbarton, have taken 
acontract to build a large steamer for Messrs. P. Hender- 
son and Co.’s Rangoon trade. Orders for no fewer than 
ten trawling steamers for the deep-sea fishing trade have 
quite recently been placed with Messrs. Mackie and 
Thomson, of Govan. 


The late Mr. John Finlayson, Parkhead Forge and Steci 
Works.—Mr. John Finlayson, who had been the engineer 
and manager of Parkhead Forge and Steel Works, Glas- 
gow, died suddenly late on Friday night or early on 
Saturday morning, when he was found dead in his bed. 
He went through the works on Friday night as usual 
before leaving for home, and made no complaint. 
The deceased, who was about 43 years of age, was 
greatly respected by the workmen under him, and 
to him the Parkhead Works are much indebted for 
many of the recent improvements. He was an excellent 
mechanical engineer, and was especially well up in de- 
signing and constructing plant for iron and steel works, 
having been long in the service of Messrs. Miller and Co., 
Vulcan Foundry and Engine Works, Coatbridge, the 
management of which has for the past few years been in 
the hands of his younger brother, Mr. Finlay Finlayson. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Utilisation of Coal Shale—Important Experiments.— 
A large number of colliery managers and mining engi- 
neers met at Mitchell Main Colliery, near Barnsley, on 
Saturday, for the purpose of witnessing a series of ex- 
periments with coal shale as a basis for the manufacture 
of water gas for colliery illumination. Since 1890 Mr. 
Joseph Mitchell, the chief proprietor of the collieries, has 
had experiments in progress with a view to the utilisa- 
tion of this shale, and he has found it very suitable for 
the manufacture of water gas. The system was fully 
explained to the visitors, and the practical experiments 
were conducted by Mr. Frank Scudder, who is associated 
with Sir Henry Roscoe, M.P., F.R.S. Both the generator 
gas and the water gas produced from the shale were 
tested. The former was found to contain 34 per cent. 
and the latter 924 per cent. of combustible gases. The 
whole of the colliery surface works were shown, lit by 
water gas made from the shale, the lamps being incan- 
descent ; and quite sufficient was seen to indicate that 
the shale, which has hitherto been looked upon as a dead 
loss, may be made a source of profit. The generator gas 
is shortly to be used for heating the boilers, thus effecting 
a further economy. 


The Consumption of Smoke.—A very exhaustive report has 
just been issued by the Sheffield Smoke Abatement Asso- 
ciation as the result of a searching inquiry by its com- 
mittee. These gentlemen state that of 50 devices sub- 
mitted to them, the majority were defective in principle 
or construction, and unsuitable for the purpose intended. 
In a few instances the appliances satisfactorily answered 
the requirements. The appliances submitted may be thus 
classified: 1. Mechanical stokers. 2. Supplementary 
air supply to furnaces without automatic regulator, 
3. Supplementary air supply with automatic regulator. 
4, Miscellaneous, including hot air, brickwork bridges, 
steam jets, &c. They state that the coking mechanical 
stoker gives an absolutely smokelesschimney. It is not, 
however, quite so rapid a steam generator as the 
sprinkler, and the intense local heat on the grate of the 
cokers has in numerous instances caused trouble with the 
furnace plates. Hot-air appliances, though correct in 
theory, do not work out well ip practice under ordinary 
circumstances. ‘In the first place, the statements by in- 
ventors about the admission to the furnace of intensely 
heated air have no foundation in fact.” Owing to the im- 
portance of the chimney draught in determining the 
coal-consuming capabilities of boilers, the addition of a 
draught gauge for registering the draught, as well as the 
ordinary steam and water gauges for boilers, is strongly 
recommended. In concluding their report, the com- 
mittee point out that while it is certain smoke may be 
almost entirely and completely prevented from steam 
boiler chimneys, the conditions of working are so varied 
that no single arrangement can be expected to meet 
every individual case; and, further, that whatever device 
is applied to a boiler to prevent smoke, its success will, 
in a great measure, depend upon the intelligent handling 
and management which it receives on the part of those 
to whose care it is intrusted. 


Iron, Steel, and Coal.—If anything, the iron market 
is a little firmer in tone, particularly in pig, forge now 
realising 40s. and upwards, and foundry 42s, The out- 
put from the furnaces is being taken up in the district 
for consumption. There is no speculation on the part of 
merchants, as further reductions in the price of fuel are 
still looked for. In manufactured irons, bar of medium 
quality and best boiler plates are selling most freely ; 
in sheets trade is only slack, orders being principally from 
the district collieries. Some of the leading manufac- 
turers of railway material have good orders on_ their 
books for tyres and axles for the home and East Indian 
companies, but, taken as a whole, the heavy steel trade is 
depressed. Hematite, suitable for these branches, is selling 
at 52s. 6d. to 55s, per ton. A number of Australian 
orders have been countermanded. The mills dependent 
on Government orders report no fresh favours up to the 
present. The various engineering branches of the dis- 
trict are alittle more active, but many hundreds of hands 


are still out of employment. Exports of coal from the 
Yorkshire ports continue to fall off, and the local demand 
is on the decline, both for steam and house qualities. 
Many of the pits in the district are only working four 
days per week, so that the condition of the coal trade is 
far from satisfactory. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppiesBroucH, Wednesday. 

The Cleveland Iron Trade.— Yesterday the weekly 
market of the north of England iron trade held here was 
only moderately attended, and most of those on ’Change, 
when asked how business was, replied that there was 
nothing doing. Certainly the tone of the market was 
flat, and the quantity of iron disposed of was small. 
Buyers were very backward, and quotations all round 
were a shade easier than when we last reported. Several 
sellers were most unwilling to reduce prices, and held out 
firmly for last week’s rates; but there were merchants 
ready to sell No. 3 g.m.b. Cleveland pig iron at 34s. 44d. 
for prompt f.o.b. delivery, and a few parcels changed 
hands at that figure. One or two buyers endeavoured 
to purchase the ruling quality at 34s. 3d., but sellers were 
not to be found at such a price. Few, if any, makers 
would listen to anything below 34s. 6d. for prompt No. 3, 
and some of them asked rather more. Middlesbrough 
warrants opened at 343. 3d., and closed 34s. 1}d. cash 
buyers, but the quotations were almost nominal. Hema- 
tite pig iron was rather easier, and buyers offered, as a 
rule, only 43s. for prompt delivery of makers’ Nos. 1, 2, 
and 3 east coast brands, but sellers held off. A little 
business was recorded at 43s. 3d., but most sellers asked 
43s. 6d., and were not disposed to reduce their quotation. 
Spanish ore was reported quiet, but quotations were 
Sake! changed. The tendency, however, was down- 
wards. 


Manufactured Iron and Steel.—A most unsatisfactory 
account must be given of the finished iron trade. Opera- 
tions at the works are exceedingly slack, the demand is 
very poor, and prospects are not at all encouraging. 
Prices are about as low asit is possible to imagine them, 
but in spite of this buyers are not to be found. Common 
iron bars are quoted 4/. 17s. 6d. ; best bars, 5/. 7s. 6d. ; 
best best bars, 6/. 7s. 6d. ; iron ship-plates and iron ship 
angles, each 4/. 12s. 6d. ; all less the customary 23 per cent. 
discount for cash. The steel trade continues very quiet, 
and quotations are weak, but some firms keep busy. There 
are, however, many complaints of present rates, which 
are said to be barely above cost price. Steel ship-plates 
are 5l., and steel ship angles 4/.15s., both less discount. 
Heavy sections of steel rails are put at 3/. 15/. net at 
works, but less might be accepted. 


The Fuel Trade.—Fuel is quiet, but quotations for 
steam coal are pretty well maintained. On Newcastle 
Exchange best Northumbrian steam coal is quoted 
8s. 6d. f.0.b., second qualities about 8s., and small steam 
3s. 8d. to 33. 6d. Household coal finds a very limited 
sale, and prices are easier. Manufacturing coal is dull, 
and bunker coal is very depressed. In gas coal there 
is not much alteration. Prices vary greatly, and the 
consumption is falling away. Coke is rather easier, 
but here it would be difficult to secure good qualities 
under 12s. per ton delivered at Cleveland blast furnaces. 


NOTES FROM THE SOUTH-WEST. 


Landore.—Operations are about to be resumed at the 
Landore Tinplate Works, Landore, near Swansea. The 
works have been closed for upwards of twelve months. 


The Exe.—Mr. A. R. D. Michell has applied to the 
Chancery Division of the High Court of Justice for an 
injunction to restrain the Tiverton Rural Sanitary 
Authority from discharging raw sewage into the water- 
course which runs through his property at Thorverton. 
The authority has almost completed the construction of a 
new sewer at Thorverton, which runs in the course of 
the old drain through Mr. Michell’s grounds. At a meet- 
ing of the authority on Tuesday a letter was ulso read 
from Mr. Shorto, clerk to the Exeter City Council, 
threatening similar proceedings if the works were not 
stopped, on the ground that the sewer is an infringement 
of the Rivers Pollution Act, and would seriously affect 
Exeter, the sewage running into the Exe. The authority 
decided to assure the parties concerned that immediate 
steps should be taken to divert the sewage from the river. 


The “* Ferret”? and the ‘‘ Lynx.”—The Ferret and the 
Lynx, torpedo-boat destroyers, now being constructed by 
Messrs. Laird Brothers, of Birkenhead, are to be supplied 
with bow torpedo tubes made at Keyham. The Ferret is 
to be ready for her trials by February 20, 1894, and the 
Lynx by April 6, 1894. 

Steam Cutters.—A few weeks since the Lords of the 
Admiralty contracted with Messrs. Waterman Brothers, 
of Plymouth, for ten 32-ft. steam cutters, to have a speed 
of 8 knots per hour. During the past fortnight six of 
these boats have had their steam trials carried out under 
the direction of Mr. C. M. Johnson, chief inspector of 
machinery, with satisfactory results. The engines, which 
have been supplied by Messrs. Mumford, of Colchester, 
are surface-condensing. The furnaces are fitted with 
forced-draught apparatus. 


The ‘* Warspite” and the ‘‘ Pheton.”—The Warspite, 
now on her way to England from the Pacific, and the 
Pheeton, cruiser, on the Mediterranean station, are to be 
refitted at Devonport —the Warspite at a cost of 9535/., 
and the Pheton at a cost of 13,7320. 


Cardif.—There has been a pretty good demand for 
steam coal. The best qualities have made 9s. to 9s. 6d. 
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per ton, while secondary qualities have brought 8s. 9d. to 
9s. per ton. Household coal has shown little change; 
No. 3 Rhondda large has brought 7s. 9d. to 8s. per ton. 
Foundry coke has been making 17s. to 18s., and furnace 
ditto 15s. 6d. to16s, 6d. per ton. The iron and steel 
trades have shown scarcely any change ; rail orders have 
continued scarce,’ - The output of pig has been large. Iron 
ore has been ingood demand. 


Briton Ferry A good business has been passing in 
coal and coke, but prices have ruled low. There has 
been about an average production of pig iron and 
steel. 


MISCELLANEA. 
H.M.S. Hower was safely dry-docked at Ferrol on 
Monday. 


At a recent meeting of the Stafford Town Council it 
was resolved to appoint Mr. J. E. Wilcox, of Birming- 
ham, consulting engineer to the new drainage scheme 
now being promoted by that body. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
April 9 amounted, on 16,4543 miles, to 1,394,078/., and 
for the corresponding period of 1892, on 16,3794 miles, to 
1,317,220/., an increase of 754 miles, or 0.4 per cent., and 
an increase of 76,858/., or 5.7 per cent. 


On Wednesday last the anniversary dinner of the 
Institution of Mechanical Engineers was held at the 
Criterion. It was numerously attended, the guest of the 
evening being the Right Hon. Lord Sandhurst, Parlia- 
mentary Secretary for War. The chair was taken by the 
President, Dr. William Anderson. 


Four of the new 67-ton guns, which are superseding 
the 100-ton guns, have been mounted in the battleship 
Empress of India, 14, 14,450 tons, 13,000 horse-power, 
which is being prepared at Chatham for being commis- 
sioned, The work of completing the Empress of India is 
being pushed forward, the vessel being expected to be 
passed into the reserve within a short time, 


The Board of Trade have completed the provisional 
orders containing the revised classification of merchan- 
dise and the future schedule of maximum rates and 
charges, which will be leviable on five out of the six canal 
systems recently taken as typical of the whole of the 
canal systems in the United Kingdom and made the 
subject of a long inquiry before Lord Balfour and Sir 
Courtenay Boyle. These provisional orders, together 
with the Bills to confirm them, will be immediately in- 
troduced in Parliament and printed. 


Official notification is given, with reference to the East 
Coast ‘‘ express” route between England and Scotland— 
which is worked by the Great Northern, North-Eastern, 
and North British Companies—that on and after the 1st 
prox. the running of second-class carriages between 
stations in England and stations in Scotland will be dis- 
continued, and that the issue of second-class tickets 
between such stations will cease. A similar decision, we 
may add, has been come to by the London and North- 
Western and Caledonian Companies, and the change in 
this case will also take effect on the 1st prox. 


In France the roadways are looked after by workmen 
called “‘cantoniers,” who are employed by the year, and 
look after the maintenance and repair of a given length 
of road, varying from 100 yards to one mile in towns and 
from two to three miles in country districts. In Paris 
each ‘‘cantonier” looks after about 15,000 to 24,000 square 
feet of roadway. The total area of macadam pavemeut 
in the city is about 19,000,000 square feet, and the annual 
cost for maintenance averages about 2d. per square foot, 
though in one special instance the cost is as much as ls. 
per square foot per year. The paved streets cost much 
less, viz., about $d. per square foot per year. 


Witha view to preventing the low-pressure mains from 
transformers in sub-stations and in private houses being 
charged to a dangerous potential owing to accident, the 
Board of Trade have sanctioned the following apparatus 
viz., an arrangement such that by the construction and 
winding of the apparatus any wire or other conductor 
forming part of the low-pressure supply circuit within 
the transforming apparatus, is separated from any wire 
or other conductor forming part of the high-pressure 
supply circuit within the transforming apparatus in every 
part by a wire or other conductor possessing sufficient 
sectional area, which is efficiently connected to earth, but 
is not in metallic connection with either the high-pres- 
sure or low-pressure supply circuits. 


At a recent meeting of the Birmingham Association of 
Mechanical Engineers, Mr. E. Taylor, of the firm of 
Messrs. E, Baylie and Co., Stourbridge, read a paper on 
“Chains and Chain Testing,” which was illustrated by a 
large number of examples and tables showing results of 
tests. The author held that the usual plan of breaking 
only three, or some similar small number of links, out of 
any length of crane chain, was unsatisfactory, and recom- 
mended that a yard of chain should be selected, and its 
behaviour under a gradually applied test-load carefully 
noted. As regarded welded steel chains, he thought that 
the difficulty of making a large number of welds in steel, 
even by the most skilful workmen, was so great that such 
a chain would be little, if any, stronger than a first-class 
iron one, though possibly it might wear somewhat better. 


On Thursday, the 13th inst., Colonel. C. H. Luard, 
R.E,, inspector to the Local Government Board, held an 
inquiry at the Lymm (Cheshire) Local Board office on 
the Heatley main drainage scheme, the plans of which 
have been prepared by Mr. G. Herbert Bayley, A.M. 
Inst. C.E., of Manchester and Lymm, who pointed out 


that on account of the very flat character of the district 
to be drained, he had advised the Board to adopt the 
‘*Shone system. There will be one central ejector station 
delivering the sewage under pressure into the existing 
system of sewers, and so on to the Statham sewage farm, 
two miles down the river. The air compressors will be 
placed at the authority’s gas works. Owing to the wet 
subsoil and proximity to the River Bollin, it has been 
decided to use Doulton’s patent-jointed stoneware pipes. 
The amount of the loan sought is 3300/., and there was nu 
opposition. 


At a meeting of the Sanitary Institute held on April12 
at the Parkes Museum, Margaret-street, W., an address 
was delivered by Mr. W. Santo Crimp (district engineer 
of the London County Council) on ‘‘ Notes on the Work- 
ing of the London Main Drainage System.” The lecturer 
began by stating that his address would deal with the 
works on the north of the Thames, as 3,000,000 of people 
contributed to the north sewage works of London, as 
against one-half of that number on the south side. It was 
gratifying to find that the County Council and the various 
district boards and vestries were gradually converting the 
old defective sewers into self-cleansing ones. With 
regard to the sewage outfall works at Barking, the works 
as constructed by the late Metropolitan Board of Works 
consisted of 13 settling tanks for precipitation purposes ; 
each tank was 30 ft. wide, and the length varied 
from 860 ft. to 1210 ft. These tanks held col- 
lectively about 20,000,000 gallons, or about 2# hours’ 
sewage flow during the period of maximum dis- 
charge, after making allowance for those out of 
work for cleansing operations. There were in addition 
works of an extensive and very complicated character for 
dealing with the sludge, consisting of settling tanks, 
sludge stores, and pumping machinery. There was as 
well the old storage reservoir, built when the outfall 
works were first constructed, and this now acted as an 
effluent water store to some extent, so that the bulk of 
the effluent was discharged upon the ebb-tide. The works 
at Barking, including two sludge steamers, cost 525,000/., 
and those at Crossness about 330,000/.; while, since the 
date of the report, three more steamers had been pro- 
cured. But further works and extensions, not of a very 
expensive character, were contemplated ; and when the 
works on both sides were completed it would, no doubt, 
be found that they had, with the five sludge steamers, 
cost about 1,000,000/. sterling. The total estimated cost 
of dealing with both the sewage and the sludge during 
the current financial year was about 110,000/., or about 
30s. per million gallons. In conclusion the lecturer re- 
marked that, in his opinion, the solution of the huge 
problem of London sewage disposal would be accomplished 
by land treatment. 


LAUNCHES AND TRIAL TRIPS. 

Messrs. BARCLAY, CuRLE, AND Co., Limitep, White- 
inch, Glasgow, launched on Friday, the 7th inst., a saloon 
paddle steamer named Princess May, built to the order of 
the Brighton, Worthing, and South Coast Steamboat 
Company (Limited), Brighton, for passenger and pleasure 
excursion traffic on the south coast. The vessel is classed 
to the special requirements of the Board of Trade Bulk- 
head Committee on first or highest grade, which renders 
her practically unsinkable. Her dimensions are 160 ft. 
by 21 ft. 6 in. by 8 ft. 9in. The engines are compound 
surface-condensing. 


The new Swedish ironclad, the Thule, which is the 
largest Swedish warship of more modern type, has just 
been launched at Finnboda, Sweden. She has a good 
many points in common with the Svea and the Gota, 
built at the Motala establishment, but is larger and has, 
what the others have not,a ram. The principal dimen- 
sions are: Greatest length, 84.3 metres (281 ft.); length on 
the water line, 80 metres (267 ft.) ; greatest breadth, 14.6 
metres (482 ft.) ; and the draught, full armament, is 4.9 
metres (16 ft.); displacement, 3165 tons. The space 
between the outer armour and the inner side of the 
vessel is divided into cells, 50 on each side, and 86 in the 
bottom, and the ship is, of course, divided into water- 
tight compartments. The citadel is protected by armour 
varying in thickness between 296 and 197 millimetres. There 
are two turrets—one for manceuvring, and a somewhat 
smaller one for the heavier guns. This latter turret has a 
diameter of 7.076 metres (23 ft.); height, 1.86 metres (6 ft. ), 
and can revolve 292 deg. It contaims two Armstrong 
guns of 25,4 centimetres calibre, placed parallel with each 
other. The heavy armour plates for the turrets and sides 
have been delivered by Creusot. The engines, powder 
magazine, &c., are protected. Otherwise the armour 
plates are Swedish make from Domnarfolt. Inside the 
armour is a substantial coating of teak. The two pro- 
‘pellers are worked by two compound engines of 3200 
indicated horse-power. The normal-speed is 15 knots, 
but it can be raised to 16 knots. The ram; of Bafors 
steel, weighs 10 tons without, the heavy double armour. 
There are two movable mine tubes. In addition to the 
two guns mentioned there are four Bafors 15-centimetre 
guns, and five rapid-firing Maxim - Nordenfelt 57-milli- 
metre guns, which are placed on the upper deck, together 
with some Nordenfelt machine guns. 


On the 6th inst., Messrs. Day, Summers, and Co., of 
Northam Iron Works, Southampton, launched the steel 
paddle steamer Lymington, which they have built to the 
order of the London and South-Western Railway Com- 
pany. Thevessel is intended to run between Lymington 
and Yarmouth, in connection with the train service. 


On the 17th inst., Messrs. W. Gray and Oo., West 
Hartlepool, launched the Elax, built for Messrs, M. 


Samuel and Co., London, under the superintendence of 
Messrs. Flannery, Baggallay, and Johnson, London, — 


The vessel, which is the fourth steamer built by this firm 
for the same owners, is 347 ft. long; beam, 45 ft. 6 in. ; 
and depth, 28 ft. 6 in. ; to carry about 5000 tons of oil in 
13 tanks. She is, like the former ships built for the same 
firm, designed for the conveyance on the outward voyage 
of petroleum in bulk, and on the homeward voyage of 
general cargo. She will be be fitted with engines by the 
ental Marine Engine Works Company, of West Hartle- 
pool. 


The Fairfield Shipbuilding and Engineering Company, 
Govan, on Monday, the {17th inst., launched the Royal 
Sovereign, a swift passenger steamer, built to the order 
of the London and Kast Coast Express Steamship Ser- ~ 
vice, Limited, and intended to be run in connection with 
the vessels of the Victoria Steamboat Association, on 
which service the Koh-i-Noor last year proved so great a 
success. The Royal Sovereign is 310 ft. in length, 61 ft. 
in breadth, including the paddle boxes, and 19 ft, in 
depth. She is built entirely of steel, in ten watertight 
compartments, which, as was proved in the case of the 
Koh-i-Noor, renders her unsinkable. The deck saloons 
forward and aft of the machinery space support an 


unbroken promenade deck 290 ft. in length. The after- — 


deck saloon, carried out to the sides, is fitted for first- 
class passengers in the most luxurious manner. Under- ~ 
neath is the dining saloon, seated for 170. 


Messrs. Scott and Co., Greenock, launched on the 17th 
inst. a paddle steamer of 256 tons for the London and 
South-Western and the London, Brighton, and South 
Coast Railway Companies, for passenger’ traffic between 
Portsmouth and the Isle of Wight. 


Messrs. Alexander Stephen and Sons, Linthouse, Glas- 
gow, launched on the 17th inst. a steel screw steamer, 
spar-deck type, of the dimensions, 325 ft. by 42 ft. by 
29% ft., and about 3300 tons gross. The engines are of 
triple-expansion type, having cylinders 24 in., 39 in., and 
64 in, in diameter by 42 in. stroke; with ample boilers 
suitable for a working pressure of 160 lb. The steamer 
has been built to the order of Messrs. F. C. Strick and 
Co., Limited, London, and is intended for the Persian 
Gulf trade. ‘ : 


There was launched on the 18th inst. from the yard of 
the Naval Construction and Armaments Company, 
Barrow, the Royal Indian marine troopship Warren 
Hastings, built for the Secretary of Statefor India. The 
design and construction of the vessel have been carried 
out under the superintendence of Sir Edward Reed, M.P. 
The vessel is 350 ft. long, 49ft. beam, and 36ft. 9in, in 
depth. The vessel is built of steel, with twin screws, and 
is sub-divided into 33 watertight compartments, rendering 
her practically unsinkable. ‘The woodwork is entirely of 
teak, to adapt her to a tropical climate. 
is provided for 900 European troops, or 1050 native troops, 
besides 29 officers and six ladies. Electric lighting is 
fitted throughout. The vessel will be armed .with six 
quick-firing guns, six 3-pounder guns, and four 5-barrelled 
Nordenfeldt guns. She is fitted with two sets of triple- 
expansion inverted direct-acting engines, and will steam 
about 16 knots. ; 


The City of Belfast, a fine steel. twin-screw steamer, 
built by Messrs. Lair Brothers, of Birkenhead, to the 
order of Messrs. James Laird and Co.; Barrow Steam 
Navigation \Company, as an addition to their extensive 
fleet which conducts the mail and passenger service 
between Barrow and Belfast, in connection with the 
Midland ‘and Furness Railway, went for her official trial 
trip on the 18th (inst. The vessel has a length between 
perpendiculars of 280 ft. with 32 ft. beam, and 14 ft, 6 in. 
depth, and measures 1065 gross and 330.10 net register. 
The load draught of water is 9 ft. 6 in. even keel to meet — 
the exigencies of the port, the trim being secured by 
means of trimming tanks forward and aft. The machinery 
consists of two separate sets of direct-acting triple- 
expansion engines, having cylinders of 18 in., 22 in., and 
42 in. diameter, with a stroke of 30in., with two cylin- 


drical boilers to be worked under forced draught and at 


160 lb. pressure. The engines are to develop upwards of 


2500 indicated horse-power collectively. The propellers _ 


are of manganese bronze. After three highly satisfactory 
runs over the measured mile, it was considered advisable to 


submit her to the more difficult test of a run against time 
between the bar and North-West lightships. This dis-. - 


Accommodation — 


ae 


tance she_covered at a mean speed of 17} knots, withher 


engines making 150 revolutions. The 


guaranteed speed 
under forced draught was 16 knots. ; 


Tur Locomorive ‘“*Greater Brirarn.”—On Monday, _ 


the 17th inst., a series of locomotive trials was commenced 


on the London’ and North-Western Railway. Mr. — 


Webb’s engine ‘‘ Greater Britain,” which has been illus- — = } 


trated and fully described in .a previous volume, was 
brought of the Crewe steam sheds at midnight, hitched 


on to the Scotch mail, and took the train to London, 


After a short stop, the engine restarted at ten and took 
the train to Crewe. After coaling, it tookthe train on to. 
Carlisle, and was timed to be back again at Crewe at - 


midnight with the Scotchman for the south, thus doing ve 


600 miles in the twenty-four hours. It will then restart on’ 
its journey to Euston. It is arranged that ‘‘Greater 
Britain ” shall do this journey from London to Carlisle” 
and back. The engine is being tested for speed, and also_ 


for extra weight-drawing capabilities and economy inthe — & 


consumption of fuel, and the trials aré being watched with at 


great interest, 


+ it ae 
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THE NICARAGUA OANAL, 
(Continued from page 438.) 

Section 4.—The physical difficulties in the way of 
this schemeare, briefly, the following : 

a. The extremely volcanic character of this por- 
tion of the American continent, and its lability to 
earthquake convulsions. 6. The present height of 
the surface of the lakes above mean ocean level. 
c. The permanent raising of that surface to afford 
sufficient depth of water for free navigation be- 
tweenthe top locks of the canal and the regulating 
of the vast volume of water passing through the San 
Juan River gorge, subject to enormous fluctuations. 
d. The creation and maintenance of a suitable 
harbour at San Juan del Norte, and the permanent 
regulation of the flow through the Colorado mouth 
and the old main river channel. e. The unhealthy 


culty of approaching this portion of the work has 
so far permitted, before finally determining upon 
the best situation for the canal through the divide. 
The surface formation throughout the central por- 
tion of Nicaragua is mostly of volcanic origin, con- 
sisting of lava and tufa (talpetate and tepetate) 
interspersed with clays, sands, and loams. The 
lava is very hard and compact, but consists of 
rather irregular masses, and is of uncertain thick- 
ness ; it splits with considerable ease, and can be 
mined with facility. The tufa or talpetate re- 
sembles in texture and hardness under-baked brick, 
and is, in fact, consolidated volcanic ash and mud. 
It stands usually at the ordinary slopes of soft rock. 
Immense deposits of this material exist through- 
out Central and South America. The element of 
uncertainty, and also of danger, in respect to 
earthquakes is the extreme irregularity in the 


climate. disposition of the surface formations, and the way 
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a. The physical difficulty involved in the volcanic 
character of the country may never amount to 
anything, or it may, on the other hand, suddenly 
become invincible and wipe out the whole or the 
major proportion of the canal works, and hope- 
lessly wreck the whole enterprise. All that can be 
said about it is that volcanic action is certainly not 
extinct in this area; that its effects on the configu- 
ration of the country in the comparatively recent 
past have been tremendous, but that it is a con- 
tingency against which there is no remedy that 
engineering science can at present supply, and 
must therefore be deliberately left out of account 
with other elements of the unknown. In view of 
this element of possible and probable danger, 
it is absolutely essential to provide against 
at least the ordinary destructive effects of 
the minor earthquakes which occur almost 
hourly in some corner of this part of the world, 
by exercising extreme care in the selection of the 
actual lock sites. The ordinary rules applicable to 
the choice of foundations in this case must be dis- 
carded for rules framed from such scanty know- 
ledge of earthquake phenomena, and the transmis- 
sion of seismic motion through geological strata, as 
science has so far afforded. This applies to both 
sides of the lake, but more especially to the At- 
lantic side, where the strata are less uniform and 
their continuity more broken up than on the 
Pacific side. Certainly it is to be hoped that the 
canal company will examine the nature of the foun- 
dations in the eastern divide more thoroughly 
than we have reason to believe the extreme difti- 


in which they are intermixed. It would be fool- 
hardy to assert that anything like a uniform core 
of hard rock exists through either divide, although 
the borings which have been taken (marked on the 
section, Fig. 3, page 606) would indicate that this 
was the case. This uncertainty must inevitably 
largely increase the cost of the work, and enhance 
the difficulty of safeguarding the lock foundations 
from damage from earthquakes. 

b. The physical difficulty of the height of the 
lakes above ocean level was so serious before the 
working of locks was as well understood as it now 
is, that it caused the Spanish Government in the 
last century to entirely abandon the project of a 
canal through Nicaragua. The practical question, 
however, now resolves itself into so choosing the 
lift of the locks as to reduce their number to a 
minimum consistent with convenience and speed of 
emptying and filling. Messrs. Childs and Fay’s 
scheme, as we have seen in section 1, proposed 14 
locks on each side of the lake, and this large 
number was the chief defect alleged against the 
scheme in the Canal Congress of 1879, and was the 
principal reason for the disastrous decision in 
favour of the Panamasea-level canal. The present 
Nicaragua Canal Company have, however, proposed 
what seems to be a sound solution of the problem, 
and have reduced Messrs. Childsand Fay’s 28 locks 
to six, plus one in the harbour of Brito. The 
united lifts of the three locks on the Atlantic side 
will be 106 ft., giving an average lift for each lock 
of 35 ft. 4 in. ; and on the Pacific side 110 ft., with 
an average lift of 36 ft. 8in. Though higher than 


the lifts of any locks which have so far been con- 
structed, they certainly need not be unworkable, 
and with the abundance of water available from the 
lake there can be no danger of the supply of that 
indispensable element running short, The dimen- 
sions proposed for the locks are 650 ft. in length 
by 80 ft. wide in the chambers, and 28 ft. on the 
mitre sills, These are amply sufficient for the 
accommodation of the largest vessels afloat, as will 
be seen by reference to the following Table : 


| \* City of New 
— \“*Etruria”and| York” and {‘‘ Teutcnic” & 
| ‘* Umbria.” “City of ‘* Majestic.” 
| Paris.” 
| ft. in. ft. in. ft. in 
Length over all 601 8 562 0 E&2 0 
Breadth _,, mi 52 8B 63 3 57 6 
Draught ale oe] 27 39) 27 ~«~0* 27 «(OF 
Depth of hold wed 88 3 42 0 39 3 


* Maximum draught for entering New York Harbour, but not 
maximum load-line. 

c. The permanent raising of the level of Lake 
Nicaragua by some 6 ft. is a difficulty which 
resolves itself into the question of the proposed 
dam at Ochoa, which is the key to the free naviga- 
tion along the central portion of the canal and to 
the proper working of the locks on the eastern 
section, This dam has to serve the double pur- 
pose of permanently raising the lake level to 
deepen the free navigation part of the scheme, and 
to maintain the necessary head of water for the 
supply of the eastern locks, as well as regulate the 
overflow of the water down the San Juan River. 
The selected site just below the Cafio Machado is 
the best on the river, and there seems little doubt 
that the foundations are all that can be required, as 
the bottom right across the river seems to be uni- 
formand solid. The proposal of the canal company, 
so far has been to create this dam by the simple 
expedient of tipping a rubble-stone embankment 
across the river at this point, and allow the surplus 
water to find its way through this embankment 
and over its entire crest whenever the level should 
rise above 106 ft., this being the level which will, 
it is contended, maintain Lake Nicaragua at the 
constant height of 110 ft. above sea-level, with a 
fall of 4 ft. between Fort San Carlos and Ochoa 
(in 645 miles). In this way the upper reaches of 
the San Juan River will become part of the lake 
and part of the canal at the same time, by flooding 
the side valleys, as suggested by Thomas de Gamond. 
The Ochoa dam would to a certain extent practic- 
ally restore the state of things which existed at a 
former remote period, prior to the final channel- 
ling out of the eastern divide and lowering of the 
lake to its present level. The proposal is emi- 
nently practical so long as the maintaining of the 
constant lake level is properly assured—that is, so 
long as the stability of the dam is secure; but 
what is the chance of a loose rubble dam 1200 ft. 
long of securing this sine qud non? 

This question can only be answered by con- 
sidering the volume of water which has to be dealt 
with in the indispensable regulation of the San Juan 
River. 

The collecting area of the basin of the Nicaragua 
lakes is about 10,500 square miles in extent, the 
area of the lakes themselves being roughly the 
following (see maps on page 607) : 

Square Miles. 
Lake Nicaragua ... ‘as si Re 3000 
»» Managua ... os ae Pa 500 


Total 3500 


The average annual rainfall in Central Nicaragua 
is 97 in. (2.7 yards). During the wet season (May 
to October) the level of Lake Nicaragua rises from 
5 ft. to 7 ft. above the dry season height—that is, 
the lake contains from 15,585 to 21,683 millions of 
cubic yards of water more in the one than in the 
other season. The dry season flow (October to 
May) of the San Juan River at its origin (Fork 
San Carlos) is about 900,000 cubic yards per hour, 
but on an average this is increased fourfold during 
the wet season ; and this enormous volume of water, 
augmented by the contributions of the multitude 
of tributary streams (including the Rio San Carlos) 
emptying themselves into the San Juan above 
Ochoa, has to pass the proposed dam. The point 
of practical interest in the above is that during the 
dry season, or eight months per year, the minimum 
hourly flow past Ochoa will exceed 1,000,000 
cubic yards, and in the wet season, or four months 
per year, it will exceed 4,000,000 cubic yards. 
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eribwork buried in random stone filling, to the 
southward of the canal entrance, so as to arrest thie 
coast current and impound the travelling sands 
and silt, preventing them from filling up the canal 
entrance or forming a bar across the mouth of the 
harbour. Evidently this can only be considered 
asa temporary expedient, as the breakwater will 
stop far short of a point sufficiently removed from 
the present coast line, such as would prevent 
the shore current from finding its way at all 


** NICARAGUA SHIP CANAL. | & 
Log EASTERN DIVISION. I y 
/ 


quate for scour, is more than sufticient to continue 
the mischievous work of silting up. On the whole, 
it would appear that the only satisfactory, because 
| practical and thorough, remedy would be to repru- 
duce the statis qiio ante 1670—that is, block up the 
inner mouth of the Brazo Colorado and reconsti- 
tute the old main channel of the San Juan River in 
its pristine vigour. The volume and velocity of 
the water then flowing past the harbour of San 
Juan del Norte would not only amply suffice to 
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across the mouth of the canal, and permanently 
deflect it outwards from the coast till it should join 
the outer trade current, and form a gigantic eddy, 
extending from Port Limon (Costa Rica) to San 
Juan del Norte (Nicaragua), which shall deposit the 
whole of the travelling sand and silt upon the 
soundings inclosed by its inner periphery. It is evi- 
dent that such a work as this would involve the 
protecting breakwater far beyond all reasonable 
constructive limits, while it would leave practically 
untouched the second great factor in the silting up 
of the harbour, viz., the insignificant current and 
the dwindling volume of water delivered through 
the old main channel, which, though utterly inade- 


% 


arrest further silting, but would probably, with 
time and some slight judicious assistance, scour out 
the area silted up since 1670, and reconstitute the 
natural harbour. The inner mouth of the Brazo 
Colorado could be made to close itself at compara- 
tively slight expense by placing groynes of piling and 
mattress-work in suitable positions to deflect the 
main current into its ancient bed, and promote the 
deposition of the material in suspension in the 
neighbourhood of the mouth, and then planting 
the banks thus formed with the never-failing pro- 
tective mangrove, the only objection to such a 
course being the objection likely to be raised by the 


Government of Costa Rica to any interference with 


the present regimen of the San Juan River, and 
especially of fhe special mouth allotted to them 
(the Brazo Colorado). 

e. The dittculty of carrying out work in the 
climate of the Atlantic slope of Nicaragua is one 
that has also been understated by the canal ccom- 
pany. It is true that the entire route of the canal 
has been always been more or less free from 
epidemics, and that the workmen engaged on the 
work, so far carried out, near San Juan del Norte, 
by the company, have not suffered to any serious 
extent from fever and dysentery, but this cannot 
well outlast the preliminary period of construction. 
For before the foot of the eastern divide can be 
reached, the canal has to be cut across the stagnant 
(rotten) swamps of the old San Juan River delta, 
considerably worse and more extensive in character, 
though similar in kind, than those encountered on 
the Panama Canal works, the turning up of which 
caused the terrible loss of life notoriously associated 
with that unlucky undertaking. 'Then the work 
through the divide and the Deseado and San Fran- 
cisco basins to Ochoa is through a country covered 
with a dense tropical bush, the clearing of which 
and the cutting into the rich surface soil must 
entail the same results as those which were pro- 
duced on the Panama Railway, where each sleeper 
cost at least a life to lay. Theclimate of the whole 
eastern division resembles very closely in rainfall, 
&e., that of Panama, and the same fevers of the 
yellow and chargres types are prevalent, in addi- 
tion to dysentery, and though the extent of 
the dire cffects on health entailed in turning up 
the swampy soil east of the abrupt escarpment 
where the divide cutting begins, may be minimised 
by dredging instead of excavating the canal (as 
proposed by the company), with a minimum of 
human labour, still the liberated miasmata must be 
swept inland by the trade winds across the divide, 
and render the whole of the upper portion of the 
eastern division additionally unhealthy. At the 
eastern divide the greatest demand for labour will 
be required, and here the deleterious climatic 
effects will be concentrated in a fccus, and epi- 
demic yellow fever may be anticipated to become 
permanently installed along with the works them- 
selves. No fears, however, need be entertained 
about the healthiness of the western division, on 
which one-third of the whole work is situated, as 
the climate is wonderfully dry and salubrious. 
Though somewhat enervating for white labour, itis 
decidedly superior to that of most tropical coun- 
tries, and there are hardly any swamps. 

Labour in the quantity (10,000 to 15,000) re- 
quired for the canal works cannot be obtained 
from any other source than ihe West Indies 
(Jamaica, Nassau, &c.), unless the Nicaraguan 
Government can be induced to alter the etipula- 
tion in the contract, and the Jaw excluding Asiatic 
labour. It is also pretty certain that the British 
Colonial Governments will place serious obstacles 
in the way of obtaining this indispensable supply 
of West Indian negro labour, as the experience 
already had of the treatment of this labour on the 
analogous Panama works has been most unfavour- 
able, and has entailed serious expenditure (n the 
part of those Governme1ts to bring the destitute 
and dying negroes back to their homes, Unfortu- 
tunately, the Nicaragua Canal Company has up to 
this time rather increased the existing prejudice 
against canal works in Central America in the 
mind of the West Indian labourer, by the very 
one-sided agreements under which they have ob- 
tained their labour in Jamaica. It seems, therefore, 
probable that the only satisfectory way in which 
the physical difficulty of climate and the economical 
difficulty of labour will be overcome in Nicaragua 
will be the same as in the case of Panama—that is, 
the lavish expenditure of Chinese life. 

(To be continued.) 


INSTITUTION OF MECHANICAL 
ENGINEERS. 

On the evenings of Thursday and Friday cf last 
week, the 20th and 21st inst., an ordinary gencral 
meeting of the Institution of Mechanical Engi- 
neers was held in the theatre of the Institution of 
Civil Engineers, by permission of the Council of 
the latter body. The President, Dr. William 
Anderson, occupied the chair, 

There were three papers on the egenda, the first 
being the second report of Professor Roberts- 
Austen to the Alloys Research Committee; the 
second paper was a short memoir by Mr, William 
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Dean, on the copper fireboxes ; and the third a 
paper by Professor T. Hudson Beare, which was 
a further report to the Research Committee on 
Marine Engine Trials. The reading of the latter 
paper stood adjourned. 

After the usual formal business had been trans- 
acted, the Secretary proceeded to read the contri- 
bution of Professor W. C. Roberts-Austen, which 
constituted the second report of the 


Attoys RESEARCH COMMITTEE. 


The present report is an important contribution 
to the knowledge of the mechanical engineer on the 
subject of the materials he uses. When Professor 
Roberts-Austen’s first report was presented, engi- 
neers not unnaturally viewed with suspicion the 
fact that he had selected gold as a basis of his ex- 
periments, that being a material with which they 
had nothing to do, at least for constructive pur- 
poses, and the report was in consequence by 
some members considered to be somewhat too 
academic to submit to an institution established 
for the consideration of the use of material for 
industrial purposes. Professor Roberts - Austen 
has, however, now extended his work to copper, 
and in doing so has abundantly justified the course 
he originally adopted by showing its general 
bearing, it being absolutely necessary to select a 
metal, in the first instance, which is not liable to 
oxidation, in order to simplify the study as far as 
possible, by reducing it to its simplest elements. 
He has, moreover, not been content with conduct- 
ing the mechanical tests at ordinary temperatures, 
but has, as will be seen by the paper when published 
in full, made progressive tests at temperatures 
which are often attained when the material is sub- 
mitted to industrial use. Perhaps the most im- 
portant point he has developed is the fact that 
engineers must devote the same care to the study 
of the actual composition of the copper they employ 
as they are now wont to give to the study of the 
composition of steel. 

Of the report we commence the publication 
in full in our present issue, and we may there- 
fore at once proceed to the discussion. Before 
the President called on members to speak on 
the paper, Professor Roberts-Austen gave some 
demonstrations as to the manner in which 
the investigations set forth in the paper had 
proceeded in regard to ascertaining the melting 
points, &c., of various metals and alloys by means 
of the Le Chatelier pyrometer. A specimen of 
palladium was gradually heated up, the rise of 
temperature being denoted by the spot of light 
travelling across the whole side of the theatre, a 
scale of degrees of temperature some 50 ft. long 
having been placed upon the wall. The arrestation 
of the curve was well shown at the temperature of 
1500 deg., although on asecond attempt being made 
the thermo-junction gave way. Gold was the next 
metal experimented upon, the spot of light making 
a long pause at the temperature of 1045 deg. An 
alloy of gold with a little aluminium was next 
treated, the influence of the impurity being plainly 
shown, the temperature being very high. The 
point of solidification was very well defined. 

The first speaker in the discussion on Professor 
Roberts-Austen’s paper was Professor Kennedy, 
who rose at the invitation of Dr. Anderson. He 
said that he had really nothing to add to the 
paper. He could only express his admiration at the 
masterly way in which Professor Roberts-Austen 
had treated the subject. Engineers had in the 
experiments set forth, as it were, a new tool 
put into their hands in the recording pyrometer. 
The apparatus which had been described by the 
author they had not yet learned to use, but he 
hoped that at some time they would gain suffi- 
cient mastery of the subject to be able to turn 
the labours of the author to good and useful 
account. The author had referred to the work of 
Mr. H. Tomlinson (published in the Proceedings of 
the Royal Society, 1885, page 485), who had shown 
that the thermal capacity of metals closely follows 
their atomic volume, while as regards their elasticity 
he gives a table showing the relation of Young’s 
modulus to the atomic volume. Professor Kennedy 
pointed out that in nearly all qualities of iron and 
steel, from Swedish iron to steel of 4 per cent. 
carbon —he had never experimented with chemically 
pure iron—the modulus of elasticity was nearly the 
same, but when they got the higher carbons from 
3 to 1 per cent., the difference was very great. 
In ordinary steel there was a fairly constant 
modulus ; that is, in nearly all commercial steel. 


This fact was remarkable, considering how small 
quantities of impurity affect the commercial pro- 
perties of the metal. He would call attention to 
the very beautiful experiment detailed by the 
author, as having been made by Messrs. Warburg 
and Tegetmeier, which, as the author said, would 
seem to demonstrate the possibility of producing a 
degree of porosity in vitreous bodies, which will 
admit the passage of elements having small atomic 
volumes, while other elements, having larger atomic 
volumes, are strained off, thus occasioning a mecha- 
nical sifting of the elements. The author had 
shown by a diagram the manner in which this was 
done. Sodium amalgam being placed on one side 
of the glass, several millimetres thick, whilst pure 
mercury was on the other side, the whole was 
heated to the temperature of 200 deg. Cent. 
(392 deg. Fahr.). By means of a battery the atoms 
of sodium silicate were set in motion, and after 
thirty hours a quantity of sodium, amounting to 
0.05 gramme (0.77 grain), had passed into the mer- 
cury, and a corresponding amount of sodium 
had been lost by the amalgam, whilst the glass 
preserved its original weight and clearness. The 
glass, under electrical stress, became composed 
of neutral molecules of sodium silicate, together 
with free molecules, both of sodium and of the acid, 
and the free sodium was capable of being trans- 
ported under the influence of the electric current. 
When Tegetmeier replaced the sodium amalgam 
by lithium amalgam and repeated the experi- 
ment, the sodium of the glass was passed as 
before into the original pure mercury, and the 
glass became opaque on the side touching the 
lithium amalgam. The conclusion formed was 
that atoms of lithium, having an atomic weight 
of 7 and an atomic volume of 15.98, can pass 
along a track or molecular gallery left in the glass 
by the sodium atoms, the atomic weight and volume 
of which are 23 and 16.04 respectively. When a 
metal of superior atomic weight and volumetosodium 
is substituted for the lithium, it is found impossible 
to chase out the sodium, the new bodies being too 
big to pass along through the spaces where the 
sodium had been. The author had pointed out that 
we are thus confronted with a molecular porosity, 
which can, in asense, be gauged, and the mechanical 
influence of the volume of the atom is thus made 
evident. From the discussion, it looked as if we 
could proceed step by step in passing matter through 
the glass, and Professor Kennedy would ask, Did 
Professor Roberts-Austen mean by the term 
‘“oallery” that we can get a gallery large enough 
for one molecule, but not large enough for another ? 
Turning to another part of the paper, the speaker 
referred to the statements of the author in regard 
to copper. It had been said that there appeared 
to be little doubt that copper can be prepared by 
electrolytic disposition in an allotropic state, in 
which the density of the metal is from 8.0 to 8.2, 
as compared with 8.92, which is that of normal 
copper. The allotropic variety also shows a readi- 
nesss to undergo chemical change, which is not 
shared by ordinary copper. Professor Kennedy 
would ask whether by this we are to understand 
that in one state the pure copper was really denser 
than inanother. This was an interesting point; he 
had tried at various times to condense iron and steel, 
but he had never been able to do so, or, at any 
rate, to get a result which showed he had been 
successful within the limits of error due to record- 
ing. In the paper, reference had been made to the 
electrical conductivity of copper as being 102 per 
cent. It was a point worth attention, and the 
standard required revision. No doubt it arose 
from the fact that in former times what was sup- 
posed to be pure copper was not absolutely pure, 
but engineers object to having a percentage of 102 
out of 100. Could not a rational standard be given 
them? In his table attached to the paper, the 
author had given tensile tests of pure and alloyed 
copper rods, subjected to various mechanical treat- 
ment. The strength was given in one column on 
original areas, and in another on final areas. He 
did not think the details contained in the latter 
column were of great value. The final area was 
difficult to determine, and he was confirmed in 
this opinion by the wide variation in the results 
obtained. 

The next speaker was Mr. Arnold, of the Sheffield 
Technical School, who expressed his appreciation of 
the report, and bore testimony to the utilitarian 
character of the bulk of the matter contained in it. 
That portion which bore reference to the influence of 
small quantities of bismuth in copper was of special 


importance, and the speaker fully agreed with the 
claim that only by the assistance of photographic 
pyrometry, developed by the author, could the re- 
markable results recorded have been obtained. At 
the same time the statement contained in the report 
that because the metal is highly crystalline it is 
consequently intensely brittle, the speaker could 
not admit to be invariably true. For instance, the 
most crystalline structure in the metallurgy of iron 
and steel is that of pure wrought iron, a substance 
remarkable for its ductility. Mr. Arnold was 
willing to admit that the author’s law of atomic 
volumes has a solid foundation in the case of metals 
like gold and copper, but in its application to iron 
the theory, as tested by every-day practical results 
in the steel shop, utterly breaks down. ‘The iron 
industry of this country, the speaker said, is now 
emerging from a governance by rule of thumb to one 
of science, and it was therefore additionally neces- 
sary that the theory should besound. He protested 
against the theory that chromium, tungsten, and 
silicon softened steel. The practical man knew 
that the introduction of these elements in the 
presence of carbon had a remarkably hardening 
effect. But an even more surprising theory was 
advanced in the present report. He referred 
to the ‘‘8 iron” theory of Osmond, which stated 
that the hardness of steel depends, not upon the 
carbon to any great extent, but upon the pro- 
duction of an allotropic modification of iron of 
adamantine hardness. To carry the theory to its 
logical conclusion, the speaker said, there wasnothing 
to prevent, under suitable physical conditions, a bar 
of wrought iron making an excellent turning tool 
for chilled rolls. The main foundation on which 
this theory rests is that during the cooling of a 
piece of iron there is, at a point between 850 deg. 
and 900 deg. Cent., an abnormal but minute 
evolution of heat. 

The speaker had been engaged upon a minute 
study of the thermal phenomena occurring on 
heating or cooling steel between the temperatures 
of 600 deg. and 1000 deg. Cent., and he had much 
pleasure in acknowledging the value of Professor 
Roberts-Austen’s guidance in the installation of the 
apparatus by means of which these observations 
were made, but he (the speaker) had introduced 
considerable modifications which seemed to him 
necessary to obtain true results, These modifica- 
tions consisted of, firstly, a means of more 
delicately registering the thermal changes occur- 
ring ; secondly, the employment of larger masses 
of steel; and thirdly, a furnace arrangement by 
means of which the reversibility of the points in 
question could be accurately measured. Upon 
the last point M. Osmond had obtained results 
somewhat erratic; these conditions, the speaker 
said, he had successfully obtained, the deflection 
at the critical points being about one millimetre 
for each 4 deg. Cent. The masses of metal ex- 
perimented upon weighed 415 grains each. As an 
instance of the delicacy of this installation, the 
speaker stated that, on cooling, the temperature 
of the mass of steel rose in certain instances 
25 deg. Cent., and on heating actual reductions 
of temperature were registered. 

Professor Arnold next pointed out that the 
author, in reply to his (the speaker’s) criticism 
on the first report, expressed his opinion that 
the speaker’s suggestion of the use of the micro- 
scope in these researches was valueless, because 
the changes involved were molecular. As a matter 
of fact, the speaker said, the correlation of the 
pyrometric results with the microscopical exami- 
nation of the samples under investigation had re- 
vealed a number of facts in connection with the 
critical points of iron and steel which had escaped 
the observation of Messrs. Osmond and Roberts- 
Austen. These points were three in number— 
namely : a point w7' 1, occurring between 650 deg. 
and 700 deg. Cent. ; a point a7 3, occurring between 
850 and 900 deg. Cent., anda point a7 2, occurring 
about 750 deg. Cent. In the observations of Messrs. 
Osmond and Roberts-Austen the evolution of heat 
at ar 2 was so minute that the former regarded it 
merely as a tail end of av 3, and in the present 
report a remark indicated that the author regards 
its existence, as a true critical point, as somewhat 
apocryphal. The results of the investigations made at 
the Sheffield Technical School indicated that g iron 
theorists must in future base their proof of the 
existence of a molecular change in iron upon the 
point ar2. The number of curves on steel low in 
carbon, in which alone this evolution of heat can be 
observed, show that it has no connection with the 
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point a7 3, and that, moreover, it possesses physical 
properties distinct from those of the points ar1 
and av3. Mr. Arnold went on to enumerate 
facts which, he said, were clearly indicated in a 
record book of curves, a copy of which he handed 
to Professor Roberts-Austen. In these curves, he 
stated, it was shown that the pointsa7 3 andar 1 
possess the properties noted in the report under 
discussion in reference to Newton’s alloy, that they 
are not truly reversible, but appear on heating at 
a temperature above 20 deg., whereas the point 
ar 2 appears at exactly identical temperatures, or, if 
anything, at an average a few degrees lower. This 
important fact having been ascertained, the ques- 
tion arose, the speaker said, To what causes are 
these abnormal evolutions of heat to be attributed 2? 
As regards the point a71, almost every iron and 
steel metallurgist admitted it to be true on heat- 
ing to dissociation, and on cooling to the combina- 
tion of iron and carbon in the form of Abel and 
Muller’s compound C Fe,. 

The truth of this idea had been fully confirmed 
by the microscopical results obtained. As the 
magnitude of the bulge in the curve increases with 
the carbon, so does the area of Sorby’s lamin 
grow in the respective micro-sections. The materials 
upon which the investigation of the properties of 
ar2 and a7 3 have been chiefly made are, the 
speaker said, firstly a sample of Swedish bar iron, 
brand D.U., containing 99.8 per cent. of iron, and 
secondly (as it was felt advisable also to examine 
iron which had been fused in order to get rid of 
any involved cinder), a 50-lb. ingot of fused 
wrought iron, which was made in a special crucible 
by the aluminium process suggested to the Sheftield 
Metallurgical Society two years before. This mate- 
rial, which hammered and rolled exceedingly well, 
gave remarkable chemical and mechanical tests. Its 
composition was as follows: Carbon, .07 ; silicon, 
.04; manganese, .06 ; phosphorus, .02; sulphur, .02; 
aluminium, .03; iron, 99.76. The speaker gave 
the mechanical test in round numbers on a test- 
piece fin. area, and 2 in. long, as a maximum stress 
of 21 tons per square inch, 50 per cent. of elonga- 
tion, and 80 per cent. of reduction of area. In 
both these materials the evolution of heat at the 
carbon change point was so small as to be barely 
perceptible. The other two points, however, were 
well marked. The speaker next noticed that 
although, as already pointed out by M. Osmond, the 
point a 7 3 (and to some extent the carbon point at 
av 1) was lowered in cooling from a very high initial 
temperature, the point a r 2 was practically un- 
affected by this condition; in other words, the 
upper and lower points possessed similar proper- 
ties both in respect to the temperature of their 
recurrence on heating and to the influence of high 
initial temperature, whilst the point of appearance 
of ar2 was almost uninfluenced by any of the 
conditions to which the speaker had already re- 
ferred, showing that it possessed distinct physical 
properties. Mr. Arnold next proceeded to refer 
to the correspondence in our columns which had 
resulted from his criticism upon the first report. 
Ina letter addressed to us he expressed the opinion 
that the upper critical points marked not neces- 
sarily an allotropic change, but one from a plastic 
to a crystalline condition, or vice versd. M. Osmond, 
in reply, had stated that none of the three points 
had anything whatever to do with crystallisation, 
which he asserted occurred above 900 deg. Cent. 
M. Osmond also admitted, the speaker said, the 
principle that crystallisation should be accompanied 
by a slight evolution of heat, yet neither his curves 
nor those of Professor Roberts-Austen indicated 
the slightest perturbation at the temperature 
specified. Mr. Arnold continued that the re- 
markable constancy of the point a7 2 led him to 
the conclusion that it must indicate a true physical 
change rather than one due to chemical dissociation 
or combination, to which the point a 7 1 was known to 
be due. A series of experiments was therefore made 
to determine the point at which iron passes from the 
crystalline to the plastic condition. These deter- 
minations the author made in the following 
manner: Bars of the two samples of iron already 
referred to were rolled out at a very low red heat 
in order to produce a well-marked elongation of the 
crystals present in the normal bars. The cold 
rolled bars revealed under the microscope the fact 
that the crystalline grains had been drawn out into 
fibrous strings. Pieces of the bars were then 
heated in connection with the thermo-couple to 
various temperatures lying between 650 deg. and 
990 deg. Cent. Sections from the various trial 
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pieces were then polished, etched, and micro- 
scopically examined, when it was found that the 
iron changed from a fibrous to a granular condition 
about the point a7 2. Pieces heated only to the 
temperature of the point a7 1 showed the fibre 
structure very little modified ; at a7 2 the struc- 
ture consisted of small grains; at «7 3 the large 
normal crystals were entirely re-formed, indicating 
that the metal had been reheated to a temperature 
considerably above its crystalline change point, or, 
in brief, iron crystallises at a temperature approxi- 
mately 750 deg. Cent. There then only remained, 
the speaker said, the pointa r3. The fact that in 
its properties it so closely resembled the point 
a y 1—which was known to be of chemical origin— 
led to the reasonable supposition that it also 
was due to a chemical cause, and it was neces- 
sary to speculate as to the element produc- 
ing it. As a tentative hypothesis for inquiry, 
the speaker suggested, from certain data he had ob- 
tained, the possible influence of the element hydro- 
gen. Messrs. Osmond and Roberts-Austen both 
assumed that they had guarded against any pos- 
sible influence of this element upon the thermal 
indications by merely heating the samples of iron 
dealt with to a red heat. This supposition was 
very remarkable, the speaker said, in face of the 
fact that some ten years ago Parry indicated that 
steel, maintained in something approaching a 


vacuum at 1000 deg. Cent. for a week, still gave off 


hydrogen. Having obtained remarkable micro- 
scopic indications that the mild steel under exami- 
nation in these researches contained large quanti- 
ties of highly compressed gas, one of the recalescence 
pieces was maintained in a vacuum varying 
from 24 in. to 29 in. at a white heat for 17 hours. 
Analyses made at intervals on the extracted gases 
showed during the early hours of the experiment 
the presence of carbonic acid, carbonic oxide, 
nitrogen, and hydrogen, but during the 16th and 
17th hours the unexhausted steel was evolving 
practically pure hydrogen. <A _recalescence test 
was then made upon the piece ; the curve indicated 
that the pointa7r3 had been distinctly affected, 
not inthe direction of elimination, but the change 
occurred much more sharply between shorter 
limits of temperature. This fact might, the 
speaker said, possibly be interesting in connection 
with Professor Roberts-Austen’s observations on 
the influence of internal pressure on recalescence. 
[Professor Roberts-Austen here pointed out thatMr. 
Arnold had entirely ignored the fact that in the 
previous report, he, Professor Roberts-Austen, had 
carefully stated that the iron was heated in vacuo, 
and that a figure of the apparatus used was given. | 
The problem that remained necessary to be solved 
in connection with a 7 3 was, whether the point was 
due to a combination of hydrogen dissolved in the 
iron to form a hydride by a reaction analogous to 
that at the point a7 1, where the dissolved carbon 
forms acarbide. In conclusion, Professor Arnold 
said he could only reiterate his conviction—with 
which the practical experience of Mr. Hadfield led 
him to agree—that the profoundly different physical 
conditions capable of being assumed by steel had 
little connection with any allotropic modification of 
iron itself, but were due almost entirely to the 
action of carbon. He would lay down as an axiom 
in steel metallurgy that if one takes care of the 
crystals the molecules will take care of them- 
selves. 

Mr. R. A. Hadfield, of Sheffield, had read 
Professor Roberts-Austen’s second report to the 
Alloys Research Committee with much interest, 
and having at the last meeting heard an 
account of his interesting and exhaustive work, 
as well as seen proofs of the numerous experi- 
ments in connection with this matter, he felt he 
must, whilst not agreeing with some of the con- 
clusions drawn, heartily congratulate the author. 
He could say, at any rate, that Professor Roberts- 
Austen had placed before the meeting a valuable 
collection of facts which would have considerable 
bearing upon future developments in metallurgical 
practice. Turning to the details of the paper, Mr. 
Hadfield stated that the useful elements to be 
alloyed with iron, outside carbon—viz., manganese, 
chromium, tungsten, nickel, cobalt, copper—when 
added in small quantities, say under 0.2 per cent., 
appear to influence iron comparatively little, at any 
rate as regards its mechanical properties, such as 
permanent set point, tensile strength, and duc- 
tility. All these, the speaker said, vary but 
little. To the elements just named may be 
added silicon and aluminium, secondary elements 


of no special value as additions in themselves, 
or as materially altering the physical qualities, 
but which are used with other objects in view. 
In other words, as regards the influences of 
small traces of added elements upon iron, it 
seemed to the speaker that carbonless iron alloys, 
containing a tenth per cent. of any one of the 
above elements, would differ but slightly from 
each other, and but little from iron plus a tenth per 
cent. of carbon. It was only by largely increasing 
the amounts of the added elements that the special 
quality of each individual alloy is caused to show 
itself. Manganese, for example, has several grades or 
stages, say up to 1} per cent., then from 14 to 7 per 
cent., from 7 to 14 per cent., and finally14 to 20 per 
cent., when the alloy ceases to be malleable. Nickel 
and cobalt do not behave in this regular manner so 
farasthespeaker’s observations enabled him to judge, 
and they certainly did not show the peculiarities of 
manganese steel. There was another remarkable 
exceptionin nickel (6.7 atomic volume), which, when 
added to iron in varying quantities, from, say, 0.1 
per cent. to 10 percent., in the absence of carbon, 
will not give the slightest signs of any change in 
molecular structure, resembling carbon steel— that 
is hardness—even when quenched from tempera- 
tures of 1800 deg. Fahr. to 2000 deg. Fahr. All 
the samples that Mr. Hadfield had tested in this 
way had been quite soft and easily filed after such 
treatment. Chromium and tungsten somewhat 
resemble each other, although varying considerably 
in atomic volume. These, again, have a somewhat 
different set of properties to those previously named, 
Tungsten, the speaker said, was probably the 
stronger of the two as regards its influence in 
stiffening iron—that is to say, when added in com- 
paratively large amounts. Copper comes outside 
these, giving a sort of superior silicon and aluminium 
steel. The malleability of a copper alloy ceases at 
about 3 to 34 per cent., whereas silicon and 
aluminium will each take about 1 per cent. more 
than this before ceasing to be malleable. From 
the results obtained in the speaker’s own experi- 
ments, it certainly seemed to him difficult to define 
the precise effects produced on the mechanical pro- 
perties of iron in the testing machine with alloys of 
small amounts of added elements. He had recently 
made some tungsten experiments which probably 
would be of interest to the meeting, as the atomic 
volume of this element is 9.6—that is, but little 
lower than aluminium and much higher than iron 
(7.2). With a very thin sample containing 14 per 
cent. of tungsten and about .2 per cent. of carbon, 
quenched very rapidly, he had been able to scratch 
glass. But, notwithstanding this, he thought that 
tungsten had similar effects to chromium. This 
was an important fact, as both chromium and 
tungsten have atomic weights above that of iron, 
and should, therefore, according to the theory ad- 
vanced in the report, tend to soften iron. The 
following are the figures which Mr. Hadfield gave 
in connection with this matter : 


o | T | Tensile | Elonga- | Elastic |Reduction 
e Strength. tion. | Limit. of Area, 
per cent. | per cent. | tons per cent. tons per cent. 
18 | 610 | 888 43.10 | 1d} 65.46 
13 +38 | 23 | 44.95 164 68.90 
at | 1.40 | 98h | 36.90 | 19} 54.80 
| 


If the use of the atomic volume table be to indi- 
cate the prejudicial or beneficial effect of an element 
added to iron, according to its position above or 
below the latter element, he believed practical 
metallurgists would find Professor Roberts-Austen’s 
research work of considerable service, but when 
the theory is advanced that those elements below 
the atomic weight of iron produce a f or hard 
condition of iron, and above the atomic weight 
a soft condition of iron, then he must very strongly 
dissent from this view. In the speaker’s opinion 
all the alloy work yet undertaken clearly proved 
that there is one element alone, and that was 
carbon, which, in combination with iron, takes the 
hard condition, and that we must look to other 
facts for an explanation of this phenomenon. Mr. 
Hadfield next referred to the work done in connec- 
tion with this subject in America, He referred to 
what Professor Langley had very aptly pointed out 
in the excellent contribution he had made to a dis- 
cussion on ‘‘ Structural Steels,” at a meeting of the 
American Society of Civil Engineers in October 
last-year. The professor considered ‘‘that a working 
hypothesis relating to this fact may be based upon 
molecular change.” As he had said, ‘‘the solution 
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of carbon in steel above the recalescent point is 
practically perfect unless the dose of carbon is very 
large. At the recalescent point and below it the 
excess of carbon tends to crystallise out, hence 
very rapid cooling of the steel is necessary to retain 
it in solution. Also the formation of large crystals 
is prevented, only small ones being produced in 
forming the refined grain. This disturbance of the 
crystalline forces results in violent molecular 
stresses which produce hardness, for it is a familiar 
fact that cold rolling or hammering of any metal 
whatever hardens it. The function of the carbon 
is to so alter the ordinary molecular aggregation of 
iron that the strained grouping can be brought 
about within easily managed temperature limits.” 

On the members assembling on Friday evening, 
the 21st inst., Dr. Anderson again occupied the chair 
for the first part of the evening, his place being 
later taken by Mr. J. Tomlinson, as the Pre- 
sident was obliged to leave early. 

Mr. Dean’s paper on ‘‘ Tensile Tests and 
Chemical Analyses from Copper Plates from Fire- 
boxes of Locomotives on the Great Western Rail- 
way,” was first read by way of renewing the dis- 
cussion upon the report. This paper we print in 
full on page 629. 

Mr. Blunt was the first speaker on Friday evening. 
He referred to that part of the report in which details 
were given of copper rods being tested at different 
temperatures. Professor Roberts-Austen had ex- 
plained that the temperature was ascertained by 
means of a thermo-junction of platinum, and 
platinum-rhodium wires, firmly tied down to the 
specimen, the whole being inclosed in a thick 
copper cylinder of sufficient length to fill the space 
between the jaws of the test machine. The speaker 
said that in such a case it was necessary to use clips 
of a non-conducting material; otherwise there 
would be a perceptible difference in temperature 
between the middle and the ends of the specimen, 
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With regard to the effect of arsenic on copper, the | 


author had shown that a higher tenacity was given 
by a sample of arsenical copper than of pure 
copper ; and he was glad that the author’s experi- 
ments bore out the opinion of the older users of 
copper in fireboxes who did not object to a per- 
centage of arsenic. 

The next speaker was Dr. David Watson, of the 
Broughton Copper Company, who spoke at con- 
siderable length, and gave some most valuable and 
interesting details in regard to the properties of 
copper, as applied to practical purposes. He said 
that Professor Roberts-Austen had very properly 
drawn a distinction between copper which contains a 
compound of copper and oxygen as a constituent, 
and that which does not, and he had, in the main, 
confined his observations to the latter. It had been 
the speaker’s good fortune to work with copper in 
both these categories, and he proposed to give his 
experience upon some points touched on in the 
paper. He was familiar with pure copper, free 
from oxygen, in two forms—first, in the condition 
in which it is deposited from solution by the gal- 
vanic current, that is, electro deposit ; and, secondly, 
fusion. By observing certain precautions, copper 
may be electro-deposited in a condition perfectly 
comparable to that of ordinary copper. The pro- 
duction of such copper, the speaker said, was part 
of the regular business of the Broughton Copper 
Company, and he himself had tested many pieces 
of that copper, in order to ascertain its adapta- 
bility as a material for mechanical engineers. Dr. 
Watson said that, as had been pointed out by 
Professor Roberts-Austen, certain precautions are 
necessary to prevention of oxide forming when 
fusing pure copper, and, whilst he could not 
but admire the ingenuity with which Professor 
Roberts-Austen had managed this point in the 
preparation of the experimental rods, he (the 
speaker) preferred the method which is employed 
by those copper manufacturers who produce 
articles of deoxidised copper—viz., the addition to 
the fused copper of a regulated quantity of phos- 
phorus, slightly in excess of that quantity required 
to deoxidise ; the slight excess preventing the forma- 
tion of oxide in pouring. The action of the phos- 
phorus on the molten metal is immediate and com- 
plete. All the oxygen is removed in the phosphoric 
slag which is formed, and which separates from 
the molten copper like oil from water. 

The speaker said that electro-deposited copper, 
prepared with proper precaution and without any 
mechanical work put upon it in any stage, was in 
what would be readily understood as the half-hard 
condition. He mentioned that in a series of tests 
made by him, he prepared and dealt with copper, 
which, as deposited, stood a tensile strain of 
16 tons, with an elongation of 20 per cent. ; the 
same copper, annealed, gave 13.6 tons tensile 
(130,464 lb.), and 42 percent. elongation. This he 
would take provisionally as representing pure 
copper. The elongation was taken in 4 in., and 
the test-piece was lin. wide and .106 in. thick. 
In these respects, as in others, this copper was 
inferior to good commercial copper of the oxidised 
kind. It would probably not be impossible, though 
certainly difficult, to deposit copper electrically, 
containing definite minute quantities of other 
metals, and the study of a series prepared in that 
way would doubtless throw further light on the 
very difficult subjects with which the Professor had 
dealt. The tensile strength and elongation given 
by Dr. Watson for pure copper agree very closely 
with those given in Professor Roberts-Austen’s 
No, 22—viz. : 


Tensile 


Strength Elongation. 
lb. per cent. 
R.A. 30,170 37 
D.W. 80,464 42 


but is very different from Nos. 13, 14, 20, 37, and 
38. 

Dr. Watson said that, whilst recognising the 
great interest attaching to Professor Roberts- 
Austen’s experiments, it appeared to him, from a 
survey of his results, that the method of casting 
employed did not secure the object aimed at— 
viz., copper quite free from oxygen, and perfectly 
sound castings free from defects, and that the 
mechanical work put on the cast rods in preparing 
the wrought specimen was not sufficient to oblite- 
rate the defects existing in the castings. 

The speaker added that a good many years ago he 
had made a limited series of experiments similar to 
those of Professor Roberts-Austen, to determine 


the effect of certain impurities on the tensile pro- 
perties of copper at ordinary temperatures. The 
copper was electrotype copper melted and deoxi- 
dised by phosphorus, as previously described. 
Each casting was of 6 lb. of copper, and the quan- 
tity of phosphorus added was in each case the 


same—viz., .02 per cent. ( 2 ). The phosphorus 


10,000 

was added as copper paosphide. Dr, Watson next 
proceeded to describe the results of nine experi- 
ments, illustrating theinfluence of arsenic, antimony, 
and lead. The metal, after deoxidation, was cast 
into strips, 6 in. long, £ in. thick, and 2 in. wide. 
These strips were rolled cold to } in. thick without 
annealing. The mechanical properties of these 
strips were good, seeing that they stood the severe 
rolling perfectly. From the resultant rolled metal 
the test pieces were cut, and carefully annealed 
before testing. The results were as follows: 


Tensile Klongation 
Strength. in 2 In, 
tons persq. in. per cent. 
Pure Copper ohh Ss 14, 62.5 
Containing .05 p.c. arsenic ... 14.29 60 
7 lili Ae oat 14.39 61 
ORE GS pn eas coe £50 61 
i .025 p.c. antimony 14.50 56.5 
Po G L000 MBs no 14.68 58.5 
Eee CO aaa 14.77 60 
3 .050 p.c. lead 14,21 62 5 
a3 22005; 5 14.36 58 


These figures, the speaker said, he would not 
attempt to compare with those of Professor 
Roberts-Austen, with which they did not entirely 
agree ; he hadalready spoken of the irregularity of 
Professor Roberts-Austen’s results, and of some of 
the causes of that irregularity. By accepting his 
(Dr. Watson’s) figures it would be found that at 
the ordinary temperature and within the limits 
given, arsenic does not affect the tensile strength of 
deoxidised copper. Antimony improves the tensile 
strength, but the elongation is lowered. Lead 
lowers the tenacity. With regard to bismuth, Dr. 
Watson said that he had no figures to compare 
with those of the report, although he was familiar 
with the phenomena illustrated by them, but he 
expressed the extreme interest with which he had 
read the record of the experiments, Nos. 6 to 11, 
and the most successful pyrometric demonstration 
of the cause of it. He said that if Professor 
Roberts-Austen had extended his researches to in- 
clude lead, he would have found that in deoxidised 
copper lead behaves ina manner precisely analogous 
to that in which bismuth behaves ; it renders the 
copper perfectly rotten at elevated temperatures. 
One of the most important points studied by Pro- 
fessor Roberts-Austen was, the speaker said, the 
change in properties of copper as its temperature 
increases—a detail which it is becoming more and 
more important for the engineer to take into con- 
sideration, owing to the high pressures of steam 
now so generally employed, and the corresponding 
high temperatures to which brass and copper steam 
fittings are raised in actual service. Ordinary 
oxidised copper has been found to be superior to 
deoxidised copper in this respect. 

Dr. Watson said that the influence of impurities 
on copper in the oxidised condition in which it is 
ordinarily used by engineers, was in some cases 
different from their influence when the copper was 
deoxidised ; almost all the wrought copper in the 
world contained lead, and at some stage of its 
manufacture had been worked atared heat. The 
speaker said that copper with even minute portions 
of lead—.05 per cent. or less —if deoxidised was quite 
incapable of being worked hot, as had been seen, 
if his (the speaker’s) experiments had been relied 
on. Arsenic does not increase the strength of 
deoxidised copper, but it adds to that of oxidised ; 
antimony is rarely present in sufficient quantity 
to materially influence the properties of wrought 
copper, but its tendency is to cause cold shortness ; 
bismuth, singularly enough, behaves in precisely 
the same way towards oxidised copper as to de- 
oxidised ; copper containing even very small quan- 
tities displays the hot-rottenness demonstrated by 
Professor Roberts-Austen. 

Dr. Watson next made reference to Mr. Dean’s 
paper, and stated that there appeared to be some 
conflict between the chemical analyses and the 
electrical tests of the samples of copper forming 
the subject of the paper.* As the electrical deter- 
minations could not well be wrong, he concluded 
that no useful conclusion could be drawn from 


* The figures relating to electrical tests were not 
printed with Mr, Dean’s paper as distributed at the 


the analyses. The speaker next stated that he 
had facts relating to the question, which he pro- 
ceeded to read. The first instance was of three 
samples of copper taken some years before from 
three fireboxes of similar construction that had 
been working under similar conditions, but with 
very different results. No. 1 sample failed after 
two years, No. 2 sample after nine years, and 
No. 3 sample after twenty years. No. 1 sample 
contained .322 per cent. of lead and .192 per cent. 
of arsenic; No. 2 sample had .226 per cent. of 
lead and .142 per cent. of arsenic; and No. 3 
sample .079 per cent. of lead and .847 per cent. of 
arsenic. The second instance was that of a firm of 
locomotive builders who submitted two samples of 
copper Nos. 4 and 5. No. 4 sample was a quality of 
plate much preferred to No. 5 sample on account 
of its superiority in giving no trouble in the work- 
shop in the process of manufacture either hot or 
cold. No. 4 sample had .025 per cent. of lead and 
.440 per cent. of arsenic. No. 5 sample had .124 
per cent. of lead and .049 per cent. of arsenic. The 
third instance was that of a sample (No. 6) supplied 
by a locomotive engineer of one of our largest rail- 
ways, as a portion of one of the best fireboxes he had 
ever known, and that had been at work for many 
years. It contained .186 per cent. of lead and .332 
per cent. of arsenic. The following analyses of 
plates that failed prematurely afforded the speaker 
his fourth instance. Sample No. 7 was from a tube- 
plate which broke between the tubes. Samples 
No. 8to11 were crown plates which failed in 
longitudinal cracks. 


Sample. Lead. Arsenic. 
No. per cent. per cent. 
7 384 065 
8 194 .047 
9 .214 -046 
10 164 053 
11 215 047 


Dr. Watson said that these analogies and differ- 
ences between the influence of lead and bismuth 
were worthy of an exhaustive study. There was 
much more difficulty in tracing the effect of metallic 
impurities on the properties of oxidised copper 
than in the case of deoxidised. The proportion of 
oxygen, which varies more or less within certain 
limits, very seriously affects the physical properties 
of copper, and, speaking very generally, much 
more seriously than the presence, more or less, of 
the impurities which had been mentioned. The 
speaker said that the whole matter of the propor- 
tion of oxygen which ought to be present in copper 
containing various impurities, to confer on the 
metal the very best proportion, had at present, so 
far as he knew, not been at all successfully 
attacked. It was a question presenting a really 
bewildering perplexity, and involving very dificult 
chemical analyses. He considered that published 
analyses were usually quite wrong as to this point, 
it having been treated by analysts as a matter of 
no moment, but he felt bound to say that in the 
whole of the analyses given in Mr. Dean’s paper, 
and in that given by Professor Roberts-Austen, the 
amount of oxygen returned by the analyst must 
have been very much less than that actually con- 
tained. 

Dr. Watson went on to say that, as the margin 
allowable as regards the percentage of oxide un- 
doubtedly varied in proportion to the amount of 
certain metals, other than copper, present, therein 
lay the reason for the use of lead, which is regu- 
larly employed in refining. Its presence gives the 
refiner a margin of allowance. Arsenical copper 
requires no such addition, the margin of oxygen 
allowance being doubtless provided by the influence 
of the arsenic. 

The speaker added that much experience and many 
comparisons of analyses with tensileand other tests, 
had shown that the most satisfactory copper for the 
ordinary purposes of the mechanical engineer, con- 
tains arsenic, from, say, .385 per cent. upwards. 
The practice of the engineer is in making specifica- 


meeting, but a Table was hung upon the walls of the 


theatre. Of this Table the following is a copy: 
Conductivity of Copper Firebox Plates. 
Sample. Unannealed. Annealed. 
No. per cent. per cent. 
1 67.2 66.53 
4 69.95 69.61 
5 22 28 
11 63.01 62.7 
12 65.66 65.09 
LS 47.6 47.31 
14 49.26 68.68 
18 78,1 78:3 
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tions is to fix the upper limit about .5 per cent., 
but copper of excellent quality may contain more 
thanthis. The great necessity in addition is that the 
copper should be so refined as to contain an amount 
of oxygen between certain limits. This is left to the 
skill of the refiner, and the engineer must judge of 
his success by the results obtained. Dr. Watson 
then described briefly the means which were pro- 
vided to the refiner to effect this. 

Mr. W. Gowland said that in the important 
results of the researches made by Professor Roberts- 
Austen, contained in his report, there was one 
which he thought was a most noteworthy discovery. 
He alluded to the second break in the curve of 
cooling of the copper-bismuth alloys. By no other 
method known to the speaker could such light 
have been thrown on the state in which some of 
the bismuth existed, and on the manner in which 
that metal acted in producing brittleness in such 
alloys. Some years ago, the speaker made a long 
series of experiments in the Imperial Japanese 
Mint on the effect of the presence of bismuth on 
silver, when the mint was much troubled with 
brittle silver coinage bars. The brittleness of 
these bars the speaker demonstrated to be due to 
bismuth, and he published a paper on the sub- 
ject in the Proceedings of the Chemical Society. 
The effectof bismuth when added to pure silver, was, 
he found, to produce the most extraordinary brittle- 
ness, so much so that an ingot weighing 1000 oz. , and 
measuring in cross-section about 4 in. by 4 in., could 
be broken easily by a blow of a hammer; in fact, 
on cutting a small assay piece from it, it broke 
into two pieces. The fracture was coarsely crystal- 
line. Mr. Gowland succeeded in detaching several 
of the crystals, and to his surprise they possessed 
the most perfect malleability and ductility. Until 
he read Professor Roberts-Austen’s paper, in 
which the important discovery of the second break 
in the copper-bismuth curve was announced and its 
explanation given, he was unable to account satis- 
fretorily for this peculiar condition of the silver- 
bismuth alloy, in which the mass broke up when 
it was hammered or rolled, yet the individual 
grains of which it was built up possessed 
the utmost ductility. Chemical analysis failed 
altogether to show the cause of this peculiar 
behaviour. Now it was perfectly clear the silver- 
bismuth ingot consisted of crystals or crystalline 
grains of the alloy, separated from one another by 
an infinitesimally small film of a mother-liquor, so 
to speak, of the metal bismuth. He wished 
further to call the attention of the meeting to the 
author’s table, in which there were also some very 
important data relating to the behaviour of copper 
containing bismuth, when exposed to high tem- 
peratures. In this table it was shown that 
copper containing 0.1 per cent. bismuth, which 
at 59 deg. Fahr. has a tenacity of 18,020 lb., 
had that tenacity reduced to 2770 lb. when 
heated to 558 deg. Fahr. These were the 
first published experiments of this action of bis- 
muth on copper, and he thought they would be a 
surprise to most of the members. To mechanical 
engineers they must be of the greatest importance, 
showing as they did that bismuthiferous copper 
should never be used for plates, stays, or bolts in 
positions in which they were liable to be heated to 
high temperatures. In Mr. Dean’s paper a table 
was given of the chemical composition of several 
copper firebox plates, and in another table the 
electrical conductivity of the same plates. Now, 
whilst he did not wish to impugn the accuracy of 
the chemical analyses or of the determinations of 
electrical conductivity, he must say that the results 
given were most inexplicable. The electrical con- 
ductivity did not bear that relation to the 
chemical composition which it ought to have done. 
Now they must admit that the determinations of 
the electrical conductivity were accurate, as nothing 
was more simple or accurate than such determina- 
tions. Such being the case, if the chemical analysis 
were right, and there had been no confusion of 
specimens, some change must have taken place in 
the plates during use, which, so far as present 
knowledge went, could not be explained. Possibly 
the low conductivity might be due to the presence 
of oxide, but it was difficult to see how suflcient 
could be present to reduce the conductivity to the 
low numbers given. 

Mr. Jenkins asked if Dr. Watson was sure that 
the lead had been got intothe copper. The speaker 
had made frequent efforts to get quantities of lead 
into the copper, but had not succeeded in doing 
8, as the lead remained in the tube, Dr.. Watson 
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said his experiments were with small quantities of 
lead, to which Mr. Jenkins replied that he was re- 
ferring to small quantities. 

Professor 'T’. Hudson Beare was the next speaker. 
He referred to the diagram of curves, exhibited by 
the author on the walls of the theatre, showing the 
results of testing copper. The elastic limit was very 
difficult to fix, permanent sets showed itself with 
very low loads. The ratio of shearing strength to 
tensile strength was found by the speaker in his 
tests to be high, and in other metals he had not 
found so high a value. In the alloys a different 
result was found, for example, in naval brass and 
phosphor bronze, but in the latter alloy he found 
the very anomalous result than in the cast, for in 
it had a greater shearing strength than tensile 
strength. The great difference between the alloy 
in the cast and rolled state was very curious. The 
co-efficient of contraction used by the author 
was not that generally adopted, which was the 
ratio of difference between original and final 
arm of cross-section at fracture to original area. 
The particulars given as to the influence of heat 
on copper were very interesting. He himself 
had made many tests, using an oil bath, In this 
way he was able to get the temperature steady, 
there being very little difference at the ends to 
that of the middle. Mr. Dean’s analyses had been 
criticised, but the speaker thought that they might 
be correct, in the light of Professor Dewar’s in- 
vestigations, in which the great influence of small 
quantities of impurities on electrical resistance of 
metals was shown. 

Another speaker suggested that the figures in 
Mr. Dean’s paper, with regard to conductivity, had 
been simply transposed, through an error, for the 
degree of conductivity of soft copper, compared to 
hard, as given in the table, appeared to be a reversal 
of what was known to be the case. Mr. Gowland 
said that he could perhaps throw some light on that 
point. It was true, as regards pure copper, that 
the conductivity was higher with soft than with 
hard copper, but that was not a fact in copper that 
was alloyed. 

Mr. Joseph Tomlinson, who occupied the chair 
(Dr. Anderson having had to leave a short time 
previously), said that when he used to design 
locomotives they thought it a very bad result 
if they did not get 500,000 miles running with 
a copper firebox. Now locomotive engineers 
thought it very well if they got 260,000 miles. 
They had to thank the electricians for this de- 
terioration, for it was to those scientists that they 
owed the very pure copper now commercially ob- 
tained. The speaker considered that not only 
arsenic, but tin and iron, were good to have in 
copper plates used for fireboxes, and he was con- 
firmed in this opinion because in the old Cornish 
copper that used to he employed for the purpose, 
the elements referred to were all present. It was 
true, with regard to locomotive fireboxes, that 
harder work was now done, but against this they 
were burning a soft fuel, instead of the hard 
cutting coke of the old days. With the modern 
brass tubes, too, they did not get anything like 
the mileage of those of old days. The speaker did 
not think that Mr. Dean’s paper much fur- 
thered knowledge upon the subject. It was 
difficult to arrive at any definite conclusion from 
the analyses given as to the running that had been 
obtained with the fireboxes, beyond the fact that 
arsenical copper gave the best results. It seemed, 
also, that nickel appeared to help, as arsenic does. 
There was one other thing which was unsatisfactory 
in the paper. A firebox must necessarily contain 
three plates, and the samples were only taken from 
one plate. In old times the fireboxes wore out 
comfortably all over ; now they gave way in one 
place. He had criticised Mr. Dean’s paper, but it 
should be remembered that the contribution had 
been made at the special request of the Council of 
the Institution, and their thanks were therefore due 
to the author for having complied with their request. 

Professor Roberts-Austen, in replying to the 
discussion, said that Professor Kennedy had asked 
if the remarks as to the dual state of copper re- 
ferred to the mass. The author said he had given 
the fact on the authority of Schutzemberger, and 
his statement referred to the actual stuff itself, and 
was not made in view of any porosity in the mass. 
Professor Kennedy had also asked if the ‘‘ galleries” 
left in the glass, as explained in the paper, were to 
be looked on as really galleries. The speaker 
said he gave the details on the authority of 
Mr, Tegetmeier; who; he belieyed, had used 


the expression ‘‘ worm-holes.’’ They were, in 
fact, true channels, through which the molecules 
and atoms proceeded from one side of the glass 
to the other. Further experiments, however, 
were to be made, and would doubtless throw more 
light on this most interesting subject. The author 
quite agreed with what had been said as to measure- 
ment of final area of fracture in test pieces. 
Professor Kennedy had also expressed a doubt as 
to the results given by Mr. Tomlinson, with regard 
to the modulus of elasticity being modified by 
the presence of impurity, but he would point out 
that the experiments quoted by Professor Kennedy 
all referred to carbon, in varying proportions it was 
true, but there was no other element in question. 
With regard to what he might be permitted to call 
the supplementary papers read by Professor Arnold 
and Mr. Hadfield, he would remark they had not 
been content to criticise the present report, but 
had gone back to the former one. He would reply to 
their criticisms in detail when he had the manu- 
script before him. Roughly, it might be said they 
objected to the existence of g or hard iron, 
and a or soft iron. Professor Arnold had said, 
if the a and 8 theory were correct, it would 
be possible to turna chilled roll with a cutter 
of wrought iron. Nothing, the speaker said, had 
been advanced which would warrant this assump- 
tion, either by Mr. Osmond or himself. He had 
always been careful to point out the need of carbon 
or some other element to enable iron to be retained 
in the hard form on quenching from a red heat. 
In regard to another point raised, he had never 
disparaged microscopical research. In fact, as any 
one who had attended his lectures would know, 
the walls of his theatre were at times absolutely 
covered with diagrams showing microscopical sec- 
tions. Mr. Hadfield, in his remarks, had admitted 
the existence of the allotropic state of iron, but 
he failed to distinguish the difference between 
the hardness of atoms and the hardness of the 
mass. The existence of such a difference had been 
borne testimony to in a remarkable manner that 
evening by Mr. Gowland, who wasa high authority in 
such matters. The reference to the extreme hard- 
ness of the mass of silver containing bismuth, and 
the ductility of the atoms, bore strongly upon this 
point. There was one matter in which he regretted 
the observations of Mr. Hadfield. He was con- 
stantly distinguishing between the scientific and 
practical side of the question. That was a distine- 
tion which should not exist. All were working in 
the same direction, and although their methods of 
procedure might differ, accuracy of observation 
was the basis of all their work, whether it had 
a practical bearing or not ; and Professor Roberts- 
Austen wished to pay high testimony to the excel- 
lent scientific work Mr. Hadfield had done in 
relation to alloys of iron with manganese and 
chromium. With regard to Dr. Watson, here was 
a School of Mines man, one almost in his (the 
speaker’s) own year, who had collected an im- 
mensely important mass of information, which 
the Research Committee would have valued highly, 
but these details, instead of making public, Dr. 
Watson had kept to himself, and had only pro- 
duced them now, under stress of discussion raised 
by the report. He would suggest that they were 
of too great importance to be merely published 
as a speech in a discussion, but should be so 
printed as to form an integral part of the report. 
With regard to the remarks of Professor Hudson 
Beare, he acknowledged that the elastic limit 
was the weakest part in the whole investiga- 
tion. With regard to the composition of copper 
for engineering purposes, he would point out 
that in his paper he had called attention to a 
firebox which had run 500,000 miles, and which 
contained not only arsenic, but nickel. He thought 
the latter as important in its effects as the former. 
He would claim, in conclusion, that the work of 
the committee had resulted in assigning a practical 
value to arsenic in copper, and had also pointed 
out the effect of bismuth. He thought they were 
all ready to give a proper value to nickel also. 

The meeting concluded with the usual votes of 
thanks. 


Coat In FrANcE.—The extraction of coal in France con- 
tinues to exhibit a gradual advance. The output of 1892 
amounted to 26,548,860 tons, showing an increase of 
522,967 tons as compared with 1891. The progress 
made last year was confined to the departments of 
the Nord and the Pas de Calais. In the other French 
coal-mining districts there was ®ven some decline in the 
output in 1892, 
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ENGINES AT THE CRYSTAL PALACE ELECTRIC SUPPLY STATION. 
CONSTRUCTED 


BY MESSRS, 


Tue illustrations above represent the engines of the 
Crystal Palace Electric Supply Station, and were con- 
structed by Messrs. Richard Hornsby and Sons, of 
Grantham. The high-pressure cylinder is 13 in. in 
diameter, and the low-pressure cylinder 21 in. in 
diameter, both having a stroke of 24 in. The piston- 
rods are of steel, 2%in. in diameter; the crankshaft 
is also of steel, 64 in. in diameter in the bearings, and 
74 in. in the main part. The flywheels are of extra 
large diameter—viz., 14 ft., and are grooved for eight 
1d-in. ropes, the weight of flywheel rim being 46 cwt. 
The engines are mounted on massive wrought-iron 
frames, and are fitted with Hornsby and Edwards’ 
spring governor; the balls and crossarms in this 
governor are arranged very low down, being only just 
above the top of bearing of the spindle, so that a 
very steady governor is obtained (Fig. 3). 

The sleeve of the governor (which engages itself with 
the lever actuating the expansion gear) encircles the 
guide or bearing of the spindle, and is carried up past 
the governor crossarm or frame on each side, and is 
attached to the top sleeve that coversthespring. The 
pressure on the spring is obtained by balls fitted to 
bellcrank arms carrying rollers at the ends; the 
governor works within a 3 per cent. variation, and has 
perfect control of the engines through an oscillating 
link controlling the cut-off valve at the back of the 
high-pressure main valve. The governor runs at a 
mean speed of 225 revolutions, the initial compression 
of the spring being 523.36 lb., and the final compres- 
sion being 993.76 lb. 

The whole of the lubricators for the crankshaft and 
its bearings and eccentrics are contained in one long 
box in front of the engine, each bearing having its own 
drop sight feed; the whole of these can be thrownjout 
of action at once by merely turning the box, which 
rests on pivots, through 90 deg. 


UNITED STATES CRUISER ‘‘ OLYMPIA.” 

WE complete in this week’s issue our illustrations 
of the propelling machinery of the United States pro- 
tected cruiser Olympia. On the two-page plate given 
with our issue of April 7, and on page 410, we repro- 
duced sections and plans of the machinery, while en- 
gravings of the engines were given on the two-page 
plate, and on page 455, with the issue of April 14. 
We reproduce now, on page 610, drawings of the 
boilers and pumps. ‘The vessel was built at the 
Union Iron Works, San Francisco, and was launched on 
November 5 last. Her length on water line is 340 ft., 
breadth 53 ft., and designed draught 21 ft. 6 in., the 
displacement being 5500 tons. The proposed speed is 
20 knots, which is to be reached with the engines 
exerting 13,500 indicated horse-power. The arma- 
ment consists of four 8-in. breech-loading guns, ten 5-in. 
quick-firing guns, twenty-four 6-pounder rapid-firing 
guns, six l-pounder rapid-firing guns, and four gatlings. 
There are six torpedo tubes. The coal capacity is 1300 
tons, the endurance at 10 knots with full coal supply 
being 13,000 miles, The ‘‘ sustained sea speed ”’ is put 
down at 19 knots. The cost, exclusive of armament, and 
excluding any premium that may be paid for increased 
speed, is not, according to the Appropriation Act pro- 
viding for the building of the vessel, to exceed 
1,800,000 dols. The ‘tbids” of contractors were 
opened on June 10, 1890, the arrangement being that 
the vessel should be completed in the spring of this 
year, 
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The Olympia exceeds in size any of her predecessors 
inthe United States Navy, the American constructors 
appearing to be forced in the same direction as our 
own by the ever-increasing demands for speed and 
armament. She has three complete decks, including 
the protective deck, and a large superstructure amid- 
ships, which is cut away forward and aft, and ends at 
the 8-in. gun barbettes. There are two masts, with a 
fighting top and electric light top on each, and suffi- 
cient fore and aft sail to steady the ship in a sea- 
way. The freeboard is 17 ft. both forward and aft. 
A complete protective deck is worked 2 in. thick on 
the flat throughout, 4% in. on the slopes amidships, 
and 3 in. on the slope forward and aft. A water ex- 
cluding belt, 2 ft. 9in. thick, is worked above the 
protective deck completely surrounding the ship. It 
extends to a height of 4 ft. above the water line. 
The space immediately above the protective deck is 
closely subdivided, and much of it covered with coal, 
forming an additional safeguard against the effects of 
damage near the water line. The 8-in. guns forming 
the principal armament are mounted on the main deck 
forward and aft, in the centre line in elevated bar- 
bettes 4 in. thick, with turrets around the guns. 
The latter are about 10 ft. above the deck, and have a 
wide arc of training. Thearmoured ammunition tube 
is3in. thick. The5-in. guns are mounted in the super- 
structure in such a way that four of them can fire right 
ahead, five on either beam, and four rightastern. They 
are each protected by a 4-in. segmental shield. The 
6-pounder guns have 2-in. segmental protection. 
There is one fixed torpedo tube in the bow, one fixed 
tube in the stern, and two training tubes on each 
broadside. The 8-in. guns are 26 ft., and the 5-in. 
guns 18 ft. above water level. 

The propelling machinery, as will be seen by our 
illustrations, consists of two vertical, inverted, direct- 
acting, three-stage compound engines, which drive 
two screws, The cylinders are 42in., 59in., and 


92 in. in diameter, by 42 in. stroke, and it is estimated 
that when making 129 revolutions per minute, the indi- 
cated horse-power, with auxiliaries, will be 13,500. 
The high-pressure cylinder is forward in the ship, as 
shown in the plan of general arrangement. The main 
valves are of the piston typeasshown. For each high- 
pressure cylinder there is one double-ported valve, 
two single-ported ones for each intermediate cylinder, 
and four single-ported ones for each low-pressure 
cylinder. The valves of the intermediate and low 
pressure cylinders are packed in the usual manner with 
rings, but the high-pressure valve is not packed. The 
diameters of the valves ‘are—high pressure 18 in. ; 
intermediate pressure, 23 in. ; low pressure, 21 in. 
They are driven by Stephenson double bar links as 
shown, and are fitted with steam reversing gear and 
hydraulic controlling cylinders. The intermediate 
and low-pressure cylinders are steam jacketed, and 
the high-pressure cylinders are provided with liners, 
all the rubbing parts being made of hard cast iron. 
As originally designed, the framing was to have con- 
sisted of inverted Y -frames at the back, to be of cast 
steel, and cast steel cylindrical columns in the front, 
with cross bracing. In the longitudinal elevation of 
the engines, and in the end view, these columns are 
shown as castings as designed. Owing to the diffi- 
culty of obtaining these castings, it was determined to 
substitute built up Y-frames of wrought-iron. These 
are shown in our engraving on the two-page plate ; 
which, being taken from a photograph of the engines, 
naturally represents the work as actually carried 
out. The cast-steel columns were also replaced in 
the design by columns of forged steel. The bed- 
plate of [-section, on which the columns are sup- 
ported, is of manganese bronze instead of steel, as 
originally designed. The crank-shafts are of mild 
forged steel, 16 in. in diameter, with an axial hole 
of 74 in. The crank-pins are 17 in. in diameter, 
with 83-in. axial holes. The crank-shafts are in three 
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sections, which are interchangeable and reversible. The 
iston-rods, connecting-rods, and all working rods are of 
orged steel. The condenser-shells are rolled brass, with 
cast brass heads, containing the various nozzles and 
openings. The sheets are riveted together and to the 
heads, and the joints then soldered. Theyare also fitted 
with manholes and plates, and facilities for boiling out 
and cleansing. Hach condenser contains 4904 seam- 
less drawn brass tubes, tinned on both sides, 11 ft. 10 in. 
long, No. 20 B.W.G., in. outside diameter. The 
tubes are so packed that each may expand freely, but 
are prevented from crawling. Hach condenser has 
9495 square feet of cooling surface, or 18,990 square 
feet in all. The interior is so divided by diaphragm 
plates that the steam will be brought into contact with 
all parts of it, thus rendering the whole of it efficient. 
The arrangement of condensers is shown in Figs. 9 and 
10, page 610. Condensing water is supplied to each con- 
denser by two circulating pumps, each capable of dis- 
charging 6750 gallons per minute. These pumps were 
designed to be made of composition, with phosphor 
bronze runner shafts running on lignum vit bearings 
in the water space. They can also be used as bilge 
pumps in case of a leak, and are so fitted with valves 
that communication with the sea and with the bilge 
cannot be open at the same time, thus preventing 
flooding the ship by accident. The air pumps for 
each engine are two vertical single-acting lifting 

umps, the designs for which are shown in Figs. 11 to 16. 

hey are 22in, in diameter by 20 in. stroke, and are 
driven by two simple engines with 8-in. steam cylinders 
attached directly to the pump rods. The exhaust 
from these engines can be led into the intermediate or 
low-pressure receiver, or directly into the condenser. 

here are six steel boilers, designed for a working 
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pressure of 160 lb, They are 15 ft. 3 in. in outside 
diameter, and the shellsare 1{4in. in thickness. Four 
of these are double-ended, 21 ft. 8 in. long, and 
two single-ended, 10 ft. 114 in. length. Each double- 
ended boiler has eight corrugated steel furnaces, 
and each single end one, four furnaces. They are all 
3 ft. 3 in, inside diameter. The total grate surface is 
824 ft., and the total heating surface 28,298 square 
feet. These, it is calculated, will be ample propor- 
tions to supply steam for the engines without unduly 
forcing the boilers, In designing these boilers the 
United States naval engineers kept in view the neces- 
sity of having the water spaces large, and special care 
had been taken to avoid crowding large heating sur- 
faces into contracted spaces. It will be remembered 
that the designs were made in 1889, when the necessity 
of the points mentioned had not beem emphasised quite 
so forcibly as they since have been, and the United 
States naval engineers may therefore claim some 
credit for foresight in this matter. 


EXPRESS PASSENGER LOCOMOTIVE FOR 
THE COLUMBIAN EXPOSITION. 

On our two-page plate and on the present page and 
page 618 we illustrate an exceptionally powerful pas- 
senger engine built to the designs of Mr. F. C. Winby 
by Messrs. R. and W. Hawthorn, Leslie, and Co., 
Limited, of Newcastle, for exhibition at the World’s 
Columbian Exposition, Chicago, and which, as will 
be seen from our engravings, has many novel features. 

The engine has four cylinders, arranged in two pairs 
to drive independent axles. Those driving the forward 
axle are 17 in, in diameter by 22 in. stroke, and are 
placed inside the frames, just over the bogie. The 
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valve chests, as will be seen (Fig. 1), are on top, the 
valves being worked by rocking levers as usual in 
such cases when the link motionis used. The cylinders 
driving the trailing axle are outside the frames, and 


are 164 in. in diameter by 24 in. stroke. As in the 
previous case, the valve chests are above the cylin- 
ders, but the valves are operated by Joy’s gear, the 
ordinary link motion being, as we have said, used in 
the case of the inside cylinders, 

The frames are of steel plates 14 in. thick, and, as 
shown in Fig. 2 on our two-page engraving, they are 
3 ft. 9in. apart at the forward end of the engine, being 
splayed out behind the outside cylinders to 4 ft. 1} in. 
apart to make room for the firebox. 

The driving wheels have cast-steel centres, and are 
7 ft. 6 in. in diameter. The cranked axle for the for- 
ward pair is 8} in. in diameter in the crankpins, whilst 
the straight axle for the trailing wheels is 7? in. in the 
plain portion and 84in. in the journals. The total 
wheel base is 23 ft. 8 in. 

The boiler, as will be seen from the longitudinal 
section (Fig. 1 on our two-page engraving), and from 
the cross-sections (Figs. 3 and 4 annexed), is of peculiar 
construction. In the barrel portion its cross-section is 
that of two intersecting circles, the diameters of the 
circles being 4 ft. 2 in., and their centres being 17 in. 
apart. At the point of intersection of the two circles 
the plates are connected together by stout curved cover 
strips, which take a single row of horizontal cross-stays. 
This construction, as will be seen, avoids the use of flat 
surfaces exposed to pressure. The boiler barrel thus 
obtained is equivalent to one of the ordinary type, 
about 5 ft. in diameter. This large barrel gives room 
for 235 tubes of 2in. outside diameter. The total length 
between front and back tubeplates is 14 ft. 9} in. 
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The firebox, as will be seen, is very long—viz., 8 ft. 
32 in. inside, and it is also very high. The great 
length ot this firebox makes it necessary to use firebars 
steeply inclined, as otherwise the fire would be diffi- 
cult to work. The firebox, as will be seen from the 
longitudinal section, is of somewhat peculiar shape, 
the tubeplate being placed about the middle of the 
length of the firebox, thus allowing longer tubes to be 
used. The crown of the forward part of the firebox 
is lined with firebricks, this lining forming a continua- 
tion of the firebrick arch which extends into the rear 
portion of the firebox. ; 

The engine is fitted with steam and hand reversing 
gear by which both sets of valve gear are operated 
simultaneously. Gresham and Craven’s steam sanding 
gear, and the Westinghouse quick-acting brake are 
also fitted. Two No. 10 Holden and Brookes injectors 
are provided, and the cylinder cock gear has Haw- 
thorn’s steam-worked drain valves. 

The springs on which the engine is carried are of 
the spiral type, and of Timmis’ latest section. The 
manner in which they are arranged will be readily 
understood from our engravings. The tractive power 

is) ‘ 72 D 
of the engine is (16.5? x “Re (172 x 22) _ 4491p. 
for every pound of mean pressure in the cylinders, and 
as the boiler pressure is 175 lb. per square inch, it is 
probable that the engine is the most powerful yet con- 
structed for high-speed work. The general dimensions 
and particulars of the engine are as follows : 


Cylinders (inside) : Ft. In. 
Diameter ... ose ate a: ate 0 17 
Stroke 0 22 


Centre to centre of cylinders ... se 

», of cylinder to centre of valv 

spindle ... on a, wei a8 hy 
Ports on top of cylinder 


Diameter of piston-rod ... 0 3 
Valve Motion (inside) : 
Ordinary link. 
Slide bars, number per cylinder 4 
i: width... ise es. Bee ) 53 
Crosshead (forged solid with piston- 
rod nic ac coe 500 ace 
Length of shoe... oer as se aL al 
Cylinders (outside) : 
Diameter ... 0 163 
Stroke ee es bas a 0 24 
Centre to centre of cylinders ... ss 6 5 
» Of cylinder to centre of valve 
spindle ... Se ae if 3} 
Ports on top of cylinder. 
Diameter of piston-rod ... 0 3} 
Length of piston-rod 9 8% 
Valve Motion (outside) : 
Joy’s patent. 
Slide bars, number per cylinder 
(in one steel casting) ... ats 2 
Slide bars, width... te ee oh 0 6 
Crosshead forged solid with piston rod 
Length of shoe ... oer ove ce 5 es) 
All piston-rods and valve spindles have 
metallic packing. 
Wheels. Cast Steel Centres : 
Bogie, diameter on tread 4 0 
Driving 3 55 iO 
Axles (Steel) : 
Bogie : 
Diameter of journals ee ae 0 6 
Length =e Sa A os 0 12 
Centres of bearings e 2 3 43 
Driving Axle; Ins'de Crank: 
Diameter of journals 0 8% 
Length Pr ee 0 9 
Diameter of crank bearing 0 8 
Length ae is 0 43 
Cranks hooped and pinned. 
Driving Axle; Straight: 
Diameter of journals 0. 8% 
Length D 0 104 
Crank-pin : 
Diameter ... dos ae a3 nd 0.5 
Length... are eee Aes ee 0 6 
Frames (Steel) : 
From front end to centre of bogie... 5 3 
», centre of bogie to centre of 
driving wheel ... Be a 9 8 
», centre of driving wheel to centre 
of trailing wheel An eu 11 43 
», centre of trailing wheel to end 
of frame... a ee see 4 4 
Total length of frame ... ss a ae 
Thickness of frames... af Sse 0 13 
Between frames ... _ te is 4 1% 
AA »  atfrontend ... 3 9 
Wheel Base : 
Bogie wheel base ... oA ave an 5 3 
Fixed i. ve a fr Ses 11 43 
Total Sa was ee ie ay, 23° 8 
Boiler (Steel) ; 
Height of centre from rail 8 23 
Length of barrel ... at st a 9 24 
Diameter ,, (see sectional views) 
Thickness of plates are tae Se 0 Ors 
. smokebox tubeplate 0 O02 


Firebox Shell (Steel) : Ft. In. 
Length outside ae 8 11} 
Breadth ,, at bottom 3 5 
Depth below centre of boiler front 6 8 

¥ * es back 5 104 
Thickness of wrapper plates : 0 03 
2 throat 5S ses ae 0 02 

” back ” 7 AC 0 032 

Firebox (Copper) : 

Length at bottom inside 8 32 

Breadth _ re ick Ben 3 43 

Centre of boiler to top of box front ... 1 4 
;; 7 back ... 11 

Thickness of tubeplate es se 0 0g 
mG », Other plates 0 03 

Tubes (Brass) : - 

Number _... ae ast 235 

Length between tubeplates yy A 

Diameter outside... nb ii a 0 2 

Chimney : 

Height from rail ... A es oe ils} (8 
Diameter inside ... aes ne E80 eg) 
Heating Surface : 
Tubes : ... 1817.4 sq. ft. 
Firebox PL S2Giee, 
Total :.. 2000.0 ,, 
Grate 28.0 ,, 


Working pressure 175 1b. per sq. in. 


Weight in Working Order : Tons. 
Bogie cn sate iG 25 
Leading driving wheels... 18 
Trailing ,, inet? ie 

Total 60 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 20, 1893. 

ALARGE order, that will probably amount to 18,000 
tons of plates and angles, will be placed a week from 
to-day for New York Park improvement work, also 
orders for sheet rails, standard rails, and structural 
material. Considerable new work has come in sight 
during the week. The production of pig iron is at the 
rate of 9,000,000 tons per year. Stocks are declining, 
and are equivalent to about four weeks’ melting. This 
is a narrow margin, considering the nature of the 
American iron trade. Railroad building is pushed 
actively on short lines. Merchant bar mills are all 
busy, and sheet iron makers have more work ahead 
than for a year. No change has taken place in prices, 
and western iron markets continue active. Large 
steel billet contracts have been placed, and ore con- 
tracts for the season are being announced, Southern 
ironmakers are quoting a slight increase in prices of 
the best known brands. Electrical supplies are in 
urgent demand. Car and ship builders are large 
buyers. 


BOILERS AND GROUND LANDLORDS. 
To THE EDITOR OF ENGINEERING. 

Sir,—A firm of manufacturers desiring to remove the 
machinery, plant, &c., of one of their abandoned works 
to another, have consulted us with regard to the ground 
landlord’s claim to steam boilers (Lancashire type). Be- 
lieving that some contradictory decisions have been given 
in the law courts respecting this, we have delayed 
advising our friends, with the hope of obtaining definite 
information on the subject. Information from reliable 
authorities would be acceptable, doubtless, to many except 
ourselves. Yours faithfully, 

Swansea. W. D. Ruzs ann Co. 


GRAVING DOCKS ; THEORY AND 
PRACTICE. 
To THE Epriror oF ENGINEERING. 

Sir,—Beyond doubt Sir Benjamin Baker’s remarks in 
a discussion on the above subject, as printed in the 
Minutes of the Proceedings of the Institute of Civil Engi- 
neers, do constitute an attempt to unjustly depreciate the 
value of a theoretical training for engineers ; and they can 
make but one impression on those who desire to send 
their sons into the profession. As a warning, I fail to 
see that it is very opportune, seeing that the world is re- 
sounding with the same note from the mouths of almost 
all the old engineers that exist. Its popularity is its 
only source of strength, especially seeing that heretofore 
of all the mistakes made by engineers a very large pro- 
portion have been due solely toa want of a good theo- 
retical training. 

Sir Benjamin seems to take a delight in exposing the 
mistakes of what he calls a theoretician, as in the case of 
the “* Master of Engineering ” who calculated the stresses 
in a new rail instead of a worn one—a mistake impartial 
men would put down to carelessness of thought-—and then 
invites us to the truly extraordinary conclusion that it 
was due to a lack of practical knowledge. What will this 
warning teach young engineers? Not what Sir Benjamin 
seems to want it to, Again, what is the lesson to be learnt 
from his illustration of a tube subjected to internal pres- 
sure? He invites us to believe that senior wranglers, &c., 
are incapable of thinking (or becoming habituated to 
think) of the possibilities of the effects of those “‘ certain 
facts,” and reserves the right of this capacity to his 
own fraternity. Does anybody believe him ? 


What is Sir Benjamin’s idea of a theoretical training? 
The learning of sundry formule, and perhaps in a few 
advanced cases the proof thereof? 

Such a view is the only one I can conceive to be con- 
sistent with his remarks, particularly his reference to the 
‘‘ value of theoretical investigations of strength in cases 
such as a flat concrete inyert ;” and in this connection I 
should like to ask what man in his senses would attach 
the slightest importance to the result of such an absurd 
deduction as that for the invert asa beam. I think we 
have little fear of logical contradiction when we say that 
the cure for cases such as those Sir Benjamin adduces, 
where the fault is admittedly ‘‘a dangerous confidence 
in theoretical deductions and the use of formulas,” which 
are demonstrably wrong or inapplicable in each case—is 
more theoretical knowledge, not less. 

For, speaking generally, it is a matter of common 
experience that high-class mathematicians and such men 
scrutinise and modify the results of their calculations 
morc than any class of men in existence, and the so-called 
practical engineer is rather behind the times than 
otherwise in this respect. 

This much-talked-of evil, which is the sole source of Sir 
Benjamin Baker’s remarks—an implicit and blind trust in 
the results of a calculation of any sort—is a true evil, but 
it is only found in the case of very imperfectly educated 
men, and tothese, and these only, are Sir Benjamin’s re- 
marks applicable. 

It is not a new saying that a little knowledge is a dan- 
gerous thing, so that Sir Benjamin’s testimony is not of 
special value. : 

It is only fair to admit that there aremany men who 
are not practically minded enough to be able to use or 
learn the necessary ‘‘applied mechanics,” &c., in the 
right sort of way, but who might make very fair mathe- 
maticians. These men, however, do not appear as theo- 
retical engineers more often than otherwise. 

It is not right, therefore, that the opprobrium due to 
the mistakes of such men and of the very imperfectly edu- 
cated class before mentioned should be cast by the anti- 
theorist at theory in general. 

This popular cry out against theory has done much to 
retard the progress of the profession and to place our 
Contuiental rivals ahead of us, for this fallacy is ex- 
tremely rare there. 

Why did not Sir Benjamin devote his attention to the 
discussion of the commercial aspect of an engineer’s train- 
ing, as it appears in your issue of February 17 last? This 
is a much more important aspect of the subject. 

In spite of all that has been, or will be said, there is 
no class of men who can make such good use of a really 
high theoretical education as an engineer, and certainly 
in no profession are the results used so freely. 

Therefore a good theoretical training makes an engi- 
neer much more capable, and is certainly not inconsis- 
tent with a good knowledge of practical details simul- 
taneously. 

I remain, yours very sincerely, 
JUSTICE, 

{We entirely disagree with the conclusions which 
“ Justice” draws respecting Sir Benjamin Baker’s remarks 
in the discussion to which he refers, and we think that 
‘* Justice” must have read those remarks in a very per- 
functory way. Thisis shown by what he says respecting 
the calculations of the ‘‘ Master of Engineering.” Had 
he read Sir Benjamin’s remarks carefully, he would haye 
seen that the point specially condemned was not the 
consideration of a new rail in place of a worn one, but 
the fact that the ‘‘ Master of Engineering ” arrived theo- 
retically at results which were utterly opposed to the 
teaching of the best railway experience, and was yet unable 
to appreciate the worthlessness of his calculations. To any 
one familiar with Sir Benjamin Baker’s professional 
work the allegation that he is unappreciative of the 
value of theoretical investigations will certainly appear 
utter folly. But Sir Benjamin—like all our successful 
engineers — recognises the fact that when the results 
of theory and practice clash, it must not be concluded 
that the former is necessarily right and the latter wrong, 
but rather that such discrepancies should incite the 
theorists to more carefully investigate all the features of 
the case, with a view to substituting a correct theory for 
that which has been found wanting. Really correct 
theory and sound practice do not disagree, and this is 
the point which Sir Benjamin Baker evidently wishes to 
enforce.—Ep. E.] 


THE ‘‘ LEOPOLD II.;” FAST PADDLE 
STEAMERS. 
To THE Eprror oF ENGINEERING. 
Sir,—Your correspondent Mr. W. B. Thompson calls 
attention to the speed attained by the paddle steamers 
Prince of Wales and Queen Victoria, running in the 
Liverpool and Isle of Man service, claiming that these 
vessels have exceeded the speed of the new Ostend boat 
Leopold II. I would put in a further claim for pre- 
cedence on behalf of the London, Chatham, and Dover 
Company’s s.s. Calais- Douvres, which vessel has on 
several occasions covered the 213 nautical miles from 
Dover to Calais (pier head to pier head) under the hour. 
Her quickest passage occupied 57 minutes, equal to 
speed of 22.63 knots, 
I am, Sir, yours faithfully, 


A. G. RosIns. 
Dover, April 24, 1893. 


THE CONSUMPTION OF SMOKE, 
To THe Epiror or ENGINEERING. 
Srr,—The report of the Sheffield Smoke Abatement 
Association only shows, what the best experts have said 
over and over again, that if smoke is once made it 18 


Aprit 28, 1893.] 


ENGINEERING. 


almost impossible to consume it, and that, therefore, the 
only effectual way to avoid smoke is to use a fuel that 
will make none. Such a fuel is gas. Let manufacturers 
turn their fuel into gas, and use it in that form, and the 
most careless, stupid, or ill-intentioned stoker could not 
make smoke if he were to try. 

Then, look at the economy! At their very door these 
Sheffield inquirers could have seen any time the past 
eighteen months two 30-ft. tubular boilers working on gas, 
and not a sign of smoke at any time, with the coal bill 61. 
per week for the same hours and produce as cost with 
erude coal firing 16/. per week. 1501. spent in gas plant 
saves 480/. a year, and entirely avoids smoke! When 
will our manufacturers learn wisdom ? 

Your faithfully, 


T. NICHOLSON. 
Colwyn Bay, April 24, 1893. 


ATMOSPHERIC GRAIN ELEVATORS. 
To THE EprroR oF ENGINEERING. 

Str,—We shall feel obliged if makers of atmospheric 
grain elevators will send us their illustrated catalogue 
price lists and terms, Yours truly, 

ELEVATORS. 


SCREW PROPULSION WITH NON- 
REVERSIBLE ENGINES. 
To THE EnrroR OF ENGINEERING. 

Srr,—I am in receipt of so many applications in con- 
nection with the last announcement you kindly permitted 
me to make in your esteemed journal upon the above 
subject, that I beg you will grant me space to inform 
your readers that Messrs. Priestman will be glad to see 
any one interested in this development of my reversible 

ropellers on their (38 ft., 10 horse-power nominal) launch 
Potrel (fitted with the latest pattern of their marine oil 
engine), which will call at Westminster Bridge Pier at 
2.30, 3.0, and 3.30 p.m. on the afternoons of Tuesdays 
and Thursdays. 

I have the honour to be, 
Your obedient and obliged servant, 
Rosert MoGuasson, 
39, Dagnall Park, Selhurst, S.E., April 22, 1893. 


ROYAL METEOROLOGICAL SOCIETY. 

Tu monthly meeting of this Society was held on 
Wednesday evening, the 19th inst., at the Institution of 
Civil Engineers, 25, Great George-street, Westminster, 
Dr. C. Theodore Williams, President, in the chair. 

Dr. R. L. Bowles, Miss H. Brown, Dr. W. C. Falls, 
Mr. R. Lamont, and Mr, A. R. M. Simkins were elected 
Fellows of the Society. 

The following papers were read : 

1. ‘‘The Direction of the Wind over the British Isles, 
1876-80 ;” by Mr. F. C. Bayard, F.R. Met. Soc. This is 
a reduction on a uniform plan of the observations made 
twice a day, mostly at 9 a.m. and 9 p.m., at 70 stations 
during the lustrum 1876-80; and the results are given in 
tables of monthly and yearly percentages, 

2. ‘‘ Notes on Two Photographs of Lightning taken at 
Sydney Observatory, December 7, 1892;” by Mr. H. C. 
Russell, F.R.S. These photographs were taken with a 
half-plate view lens, mounted in a whole-plate camera, 
and, asa matter of course, there is some distortion at the 
edges. Both photographs show the gas-lights in the 
streets as white specks, the specks being circular in the 
centre and crescent-shaped in other parts of the plate 
owing to distortion. The lightning flashes are also dis- 
torted. Mr. Russell believes that this distortion may 
account for the so-called *‘ ribbon” flashes which are seen 
in many photographs of lightning. He has also made 
some measurements of the length and distance of the 
flashes, and of the intensity of the light. 

3. “Notes on Lightning Discharges in the Neighbour- 
hood of Bristol, 1892;” by Dr. E. H. Cook. The author 
“Mes some particulars concerning two trees in Tyntesfield 

ark which were struck by lightning, one on June 1, and 
the other on July 18, and also some notes concerning a 
flagstaff on the summit of Brandon Hill, which was 
struck on October 6. 

4. “ Constructive Errors in some Hygrometers ;” by Mr. 
W. W. Midgley, F.R. Met. Soc. The author, in making 
an investigation into the hygrometrical condition of a 
number of cotton mills in the Bolton district, found that 
the mounting of the thermometers and the position of the 
water receptacle did not by any means conform to the 
regulations of the Royal Meteorological Society, and 
were so arranged that they gave the humidity results 
much too high. The Cotton Factories Act of 1889 
prescribes the maximum weight of vapour per cubic foot 
of air at certain temperatures, and the author points out 
that if the instruments for determining the amount 
present in the mills have an error of 20 per cent. against 
the interests of the manufacturer, it is necessary that the 
makers of the mill hygrometers should adopt the Royal 
Meteorological Society’s pattern for the purpose. 


COLUMBIAN EXPOSITION NOTES. 

THE railway companies running west of Pittsburg have 
decided to issue round trip tickets to Chicago at two- 
thirds the ordinary rates, a concession which is, it 
appears, not considered sufficient by many. 


During the Exposition season seven miles of the Lake 
Hront will be lighted by means of electric buoys. This 
Is tobe a feature of the Fair, and will form a part of the 
Government exhibit. Captain W. S. Schley, U.S N., 
will have can of the work of arranging the line of 
buoys, and will superintend the experiment. The current 
for the lights will be furnished from one station. Four- 


teen miles of cable have been received, and will be used 
to complete the return circuit. The cost of the experi- 
ment will be about 25,000 dols. 


The programme for the opening day, May 1, is an- 
nounced as follows: 1. Music—Columbian March and 
Hymn (John K. Paine). 2. Prayer. 3. Presentation of 
chiefs of departments and foreign commissioners by the 
Director-General. 4. Music—‘‘ In Praise of God ” (Beet- 
hoven). 5. Address and opening of the ‘‘ World’s Colum- 
bian Exposition” by the President of the United States. 
6. Starting of machinery, during which time will be per- 
formed the ‘‘ Hallelujah Chorus” (Handel). 7. Official visit 
from the President of the United States and officials of 
the World’s Columbian Exposition and the World’s 
Columbian Commission to the various departments, 
arangements having been made previously with each chief 
to receive them. 


Canada will make an imposing display at the World’s 
Fair. But of the 500,000 square feet allotted to Great 
Britain, the mother country gave 300,000 to her colonies, 
reserving 200,000 for herself. Canada, her premier 
colony, got half the space thus available. In every de- 
partment the Dominion will be well represented, but her 
most notable exhibits will be in the departments of agri- 
culture, manufactures, mines and mining, and fisheries. 
In the department of agriculture, the Ottawa Commis- 
sioners, presided over by the Hon. A. R. Angers, late 
Lieutenant-Governor of Quebec, have full charge of the 
Canadian exhibits. The Dominion House of Commons 
and Senate unanimously voted 200,000 dols. to enable the 
colony to make a creditable show at the Fair, so there 
has been no lack of funds for the organisation and instal- 
lation of the section. Besides the general Canadian sec- 
tion there will be several sub-sections representing the 
various provinces of the Dominion. Thus from Halifax 
(NovaScotia) on theeast, to Vancouver (British Columbia) 
on the west, a stretch of 3400 miles, there will be exhibits 
in every department, representing the varied, interesting, 
and almost unlimited resources of this splendid colony. 


A feature of the natural wealth of Minnesota, which is 
not fully appreciated, will be illustrated by means of a fine 
display in the Department of Mines and Mining. This exhi- 
bit will be under the direction of Mr. L. P. Hunt, general 
superintendent of all the exhibits, and Mr. H. B. Moore. 
These gentlemen have secured specimens of all varieties of 
ore mined in the State, and each mine that is in operation 
will have a distinct exhibit. The mineral interests of the 
State are as yet very little developed, and the gentlemen 
who have charge of this branch of the exhibit feel that 
there is an excellent chance in their department to do 
good work. Two great ranges represent the iron ore 
interests of the State, the Masaba and the Vermillion. 
An interesting feature of this exhibit will be a miniature 
mine in full operation, sent from Tower City. This model 
is about 6 ft. high and 4 ft. wide, and its object is to 
demonstrate the method of mining iron ore, showing all 
the various levels, apparatus pertaining to a mine, and 
even the miners with their lamps on their heads. In 
arranging the exhibit in the Mines and Mining Building 
the stonework that was necessary was constructed of 
Minnesota stone, each block being labelled, showing from 
what quarry it was taken. Good granite and sandstone 
are plentiful in that State, and with samples from each 
quarry of prominence the merits of the different grades 
can easily be seen. 


The fleet of launches which will carry sightseers by 
water through the grounds is made up of 69 boats. 
Fifty-four of these are electric launches, and are owned 
and controlled by the Electric Launch and Navigation 
Company of New York. The electric launches are 35 ft. 
long, 6ft. 6 in. beam, and will draw 26 in. of water when 
fully loaded. Each is equipped with a 4 horse-power 
motor of the Thomson-Houston pattern, which is attached 
to the propeller shaft without any intermediate gearing. 
The propeller is 18 in, in diameter, with a 12-in. pitch. 
The motor will drive it at the rate of 400 revolutions per 
minute, Batteries and motor are all placed under the 
floor of the boat, or under the seats. In each boat are 
62 cells, which will run her over 60 miles without 
being charged. By this arrangement of power appliances 
the seating capacity of these boats is much enlarged. 
Throughout the hulls are constructed of red cedar. The 
lines of the models were planned to give a high rate of 
speed, beauty of design, and a maximum seating space 
for the size of the boats. There isa short deck fore and 
aft, but the cockpit extends nearly from stem to stern, 
and is unobstructed by machinery, leaving ample room 
to seat 30 passengers in each boat without crowding. 
Overhead will ba permanent awnings, stretched upon 
stanchions of hardwood with brass fastenings. On either 
side amidships landing steps will be placed, and there 
the awnings will be arched to allow for exit and entrance. 


LAUNCHES AND TRIAL TRIPS. 

On Thursday, the 20th inst., Sir Raylton Dixon and 
Co., Middlesbrough, launched a steel screw steamer 
named Bannockburn, built for the Montreal Transporta- 
tion Company, of Montreal. The principal dimensions 
are: Length, 254 ft.; beam, 40 ft.; depth moulded, 
21 ft. 4 in., with a deadweight carrying capacity of over 
2700 tons. Engines will be fitted by the North-Eastern 
Marine Engineering Company, Limited, of Wallsend-on- 
Tyne, the cylinders being 21 in., 84in., and 56 in. by 
39 in. stroke, with two large boilers working at a pressure 
of 160 1b. per square inch. The vessel has been con- 
structed specially for trading on the Great Lakes of North 
America, and in order to get the vessel on her station she 
will require to pass locks on the St. Lawrence. which are 
much too short for her length. Efficient provision has 
therefore been made for cutting the steamer in two por- 
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tions, each of which will float at a suitable draught, and 
will be again riveted together. 


Messrs. David and William Henderson and Co., Par- 
tick, launched on Thursday, the 20th inst., the composite 
cutter racing yacht Britannia, which they have built for 
His Royal Highness the Prince of Wales from designs by 
Mr. G. L. Watson. The length on the load water line 
is 86 ft., and the tonnage, by yacht measurement, about 
220. The vessel is tastefully but plainly fitted up. The 
beam permits of a spacious dining saloon, extending the 
full width. This is framed in mahogany, with panels of 
cretonne. Aftof the dining saloon isthe Prince’s private 
cabin and bath-room, another state-room, smoking-room, 
cloak-room, and a ladies’ cabin, all of which are hand- 
somely finished and furnished. Immediately forward of 
the dining saloon is the pantry, forward of which are the 
galley, the captain’s room, and the mess-room. ‘The fore- 
castle is fitted up for a large number of men. Under 
the cabin floor are the store-rooms, fresh-water tanks, 
coal bunkers, &c. The vessel carries three boats. 


The Ramillies, a first-class battleship of the Royal 
Sovereign type, built and engined by Messrs. J. and G. 
Thomson, Limited, Clydebank, made an eight hours’ 
contractors’ trial of her engines, at Portsmouth, on Tues- 
day, under natural draught. The ship was designed for 
a mean load draught of 27 ft. 6 in., and her mean immer- 
sion on trial was 25 ft. 2in. The average steam in boilers 
was 149 lb., which was maintained with the remarkably 
low air pressure of .22in. The vacuum was very good, 
averaging 27.8in., and the port and starboard engines 
were worked regularly at 96.7 revolutions, Under these 
conditions the engines developed 4705 and 4710 horse- 
power respectively, thereby securing a collective indicated 
horse-power of 9415, and a log speed of 16.75 knots. The 
designer’s estimate was 9000 horse-power and a 16-knot 
speed. The coal consumption during the run was 1.7 lb. 
per unit of horse-power per hour, 

The Naval Construction and Armaments Company, of 
Barrow-in-Furness, completed their contracts under the 
Naval Defence Act on Tuesday, the 25th inst., by the 
delivery to the dockyard authorities at Sheerness of the 
new first-class gunboat Niger, which has been built upon 
similar lines to the Jason and Jaseur, recently delivered 
by the same firm. The Niger has a displacement of 
810 tons, and her engines have been designed to propel 
her at a speed of 194 knots under forced draught, and 
17? knots under natural draught. The preliminary 
trial of the Niger in Morecambe Bay was attended with 
successful results, and her machinery worked satisfac- 
torily on the voyage from Barrow to Sheerness, which 
was accomplished in 45 hours. The Admiralty have 
directed the Niger to be immediately prepared for com- 
mission at Sheerness Dockyard. She is to be armed with 
two 4.7-in. and four 3-pounder quick-firing guns and five 
torpedo tubes, 


The paddle steamer Comet, which embodies some un- 
usual features of design, went on an experimental cruise 
on Saturday, the 22nd inst. The craft, which was 
launched in the autumn of last year by Mr. R. Rodger, 
boatbuilder, Port-Glasgow, is of the following dimensions; 
Length, about 90 ft.; breadth, 10 ft.; depth, 5ft. She 
is built after the design of a modern river steamer, hav- 
ing a saloon fore and aft, the latter being handsomely 
upholstered, and, for the size of the vessel, commodious. 
She has been built expressly to experiment with and 
demonstrate Mr. M‘Intyre’s patent geared engines. The 
machinery bas been supplied by Messrs. Hannah, Donald, 
and Wilson, Paisley, and is of 60 indicated horse-power. 
The engines are triple-expansion of the most approved 
type, with cylinders of 54 in., 85 in., and 14 in. diameter 
by 9 in. stroke. The crankshaft is geared to paddle 
wheels about 8 ft. in diameter, the engines going four 
revolutions for one of the paddle wheels. ‘The advan- 
tages claimed by Mr. M‘Intyre, the patentee, are that 
the first cost is cheaper, and the deadweight of the 
machinery carried is about that of direct-acting engines, 
making it possible for shallow-draught steamers to be 
fitted with the most modern type of machinery. It 
may be added that this new geared machinery is being 
fitted on a steamer being built by Messrs. John Reid 
and Co. at Whiteinch. This steamer is of about 150ft. 
keel, and is for the Goole and Hull passenger service. 


CaTALOGUES.— We have received from Messrs. Samuel- 
son and Co., Limited, of the Britannia Works, Banbury, 
a copy of their new catalogue of reaping machines and 
other agricultural machines, and also of their blowers and 
power hammers. The various machines are fully illus- 
trated and described, and the catalogue is well printed 
and neatly got up.—The new catalogue issued by Messrs. 
R. Hunt and Co., of Earls Colne, Essex, has illustrations 
and descriptions of a very large variety of couplings, 
plummer-blocks, shafting, and other power transmission 
plant, 


Tue CopENHAGEN Free Harsour.—The severe winter 
has very materially interfered with the progress of this 
important undertaking, but work has now been resumed 
with much vigour. This more especially applies to the 
excavating works of the southern section, where the 
various piers and quays will now be proceeded with. The 
piling along the central pier is about completed, so that 
the construction of the quay walls can be commenced. 
These begin about 4 ft. below and rise to about 7 ft. above 
ordinary water level. All the excavating machines are 
now at work, and the foundation work in connection with 
warehouses and sheds on the east pier will scon be taken 
in hand, 


618 ENGINEERING, [Aprit 28, 1893, 


WINBY’S EXPRESS LOCOMOTIVE; WORLD'S COLUMBIAN EXPOSITION. 


CONSTRUCTED BY MESSRS. R. AND W. HAWTHORN, LESLIE, AND CO., LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE, 


(For Description, see Page 615.) 


U 


Im 


S 


i i | | i Mm l i 2 


| 


“dill 
Us 


ly 


wa 
6) 


Ss 


_ LIBRARY 
OF THE 
UNIVERSITY CF ILLINOIS 


H 
{ Not Se 
_ \ 
= * 
t 
' 
- ‘ 
bes z 
A 
. i 
. sae ' 
\ Pere 
¥ 
} 
; \ } 
2 : 1 ee ] 
‘1 
ves Soe ee p 
9 , - ~_ oo 
. —- ~ 
Bree ar? ‘ce 
a ee 7 
r 8cele pga aw 
et eh + mn y 
So oe ; 
A J wer _ 
4 a ilies bee's 
: A 
‘ 
' a 
. 


ENGINEERING, AprRIL 28, 1893. 


a 


WINBY’S FOUR-@Y LUNE Rar? hein. LOCOMOTI 


CONSTRUCTED BY MESSRS. R. AND W. HAWTHORN 


(For D 


= ——z-- 
! = 
i ' <S 
Ss 
: ' : Sy 
) Fig. 7. ye 
i 2 § 
| : | Sy 
i ~N LL SE, 
i Y I 
; A { 
' rz 4 
pA) Sa be tp ee y 
( H 5 Ss ara dy 
J 
t aE | ; A 
pes eee p 6.54. i 
} ; z = | ——— 4 
i 1 R 7 | Ay 4 
' H 21 ae mrs | peers Oe (Seb one i 
\ 4 z Hy ean 
' ' - = —— OTE IIE ILE SSN AG Br he 
' ' Q SLLIDLILITE LL ELSLILLIL NR A 
| \ © Ae (nn a ee NB VN uy? cocemrremng IM as emerpe nfm cm re nH Y, A 
ig et: 
i | 
|| i 
} 
\ 1" 
\ aC \ 
| % + 
1 ; ni 
1 + + 
H ep : 
1 a + + 
\ i |__| 235 Tubes 2 dia. 
! y 
; / 
| ! 4 
| 
} Hy’ 
a \ Hl iH Tie aye pO) 10! oe eae 
5 4 6 cit SOURCE CHE CMEC OES REG, © 0 0 0 ©) 0 CO Of Guim 
S| \ 4 1p 10. 0. '0. b_ 0.0_0_0._0_0,0,.0 0 0 OO ee 
SI x » 4 SOTTO NET ISH GHG HOMO OOO OT OO ROM OROROR 
ee 1 aR 4 $ HOLnOSOr POLO ORES) oO 0 0 0 60 0 Op OuiuamED 
i Pol © @ 010 0 0 0 0 0 0 0 0 Oo lONO Naima 
s \ H g@ 10 0.80 Dp. (0 (0) (0 (O JOO OMORNG Oo 0 O (ORiarO- 
3 y potas eae 540 ms 
o I] 4 at S tor f 5 
> < | if | eo 
g x i foe 
iS Ss i te 
e < j 
w oS 4 
8 i 
© 
: 3 t 
Bel = H ; 
& jim: ' > ; 
' . 
§ mI Rael i | io ae) 
f ‘ J ANSANANNAANTSNNN i i i Menthe 
' & CON Nr rn rN hh ora IEICE 
Sis= VSS 1 ie 
a) / N= = 
\ 2 F rs Re ieee DS . 
' ee / O ISK LESS a 2 18) ~ ~~ 


(Ga hea i WN 

SSH CA eh OR 
S VS = 
sess 

al 

RS 


SSS 


N 
a 


SS 
RSS 
Lin eee 
aa | 


( 


Get 
Se 
* a 


Les ee) 


ee 


oF Front deiv# wh 


LY 


i 


VE : 


' we 


gn Ne _ > | : 
LZ ING 
| ea Va MIN 
| ion eZ RZ | 
' lek ae Zips NZS 
! i H SONG WW Ks 4 
| fC Aes es i % 
H | fee ! a : 
| ho ae Lg : ot 
H Nea S53 Ka S ed tf 
“ : 43 ° nS 6:24 Cen. of conneresTR 
g See &S 3 E 
c ! mS | 
Lacie H =e 
3 = aS Cs) ois aS : 
: 2g 5 se 3. 
ene Rare cee 3 
- oy > \ heat 4 
cs Boia bt i ‘ 
; : \ 
H crea ve Cy. as 
| | { 
a | 
| \ Saaz 
{ : 
PH 


dng, 1210.8 
au { 


1612.8, |K-- - -+=2--= === 


THE WORLD’S COLUMBIAN EXPOSITION, 1893. 


D CO., LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 


ge 615.) 


Work? Press. 175 lbs. per Sg. In. 
Mt hed fe enn nt 


Ss not 
IY SSS ea er eat Ze, 
5 eS SES 


eu AL LAI TEDSTODLE ITB EIIEEPLITLI LS ELPILLD EPITEEETOETOES. SISLALPLELEPILELD OPEL: 
———=— \ 


SoS meee 


Lee 


Heating Surface. 
Tubes 18/7.4 Sq. Ft. 


Total 2000 Sg. Fe. 
Grate 28 Sq.Ft. 


hz : 
——————————e 


i ee ee ees 


“feo * 


ALA 


SS ER eat fe Sunes 
Sah : 2 Re ~~ 4 ESSA b otal s -¢:- = 
S 3 2 . : s q Ay = 
+ OH MMOHuys s ] it 4 / 
} i cae Seca el aS “~Q-Q, 4 
i yal 3 f res is i (ty ates. © 
SS a i a a ne ! PES, 
9 : ; | vt yt 5 “git it / a, 
; a4 i fe)! he Ct H : en fe Pe 
ia: } o lo ai of fh ROTO OG 


gf 


_ ee ee 


WWW a7 aan 


== aS | 


NOS 
Cll REE TLL LLL ELLIO 
; a Ni (—_ a 


WZ 


= 
V4 pe bs 
ZZ 


VD 


F otal ie NEF “ZX KKKKXZKKxxK,e sy 


NSS ey at PN 


N | 
WTS = sa eee 


Nia | 


Aa ePEELEES EO FTTTFE 


GL OE SS SSS ESTES SOS SEES SESE EEE SS ESSERE SESS 


as 
Vw 


| 


WOON EY 


ELE 
ALLL 


a 
— 


} 


YL 


1! 


of 


7!2 Wrath 


TOE SSS SSS SESS SSS SSS SSS ESSE EES Se 


_ Sake. ee A Bee, Bese i Cae 


oe ee 


uy eer F 
+ - al 
- 
> 14 
‘ ' ; =A 
, mi ’ i 
. 
' ‘ 
+ 
j t 
F 
t a 
- 
iY 
ut 
ae 7 
av 
. 4 
f F: 
¢ 
re To ie 
s 
wre 
‘ . 
b ’ 
‘ “» 
4 


LIBRARY. eee 
) OF THE he 
UNIVERSITY. OF ILLINOIS | 


ApriL 28, 1893. } 


ENGINEERING. 


619 


AGENTS FOR ‘ ENGINEERING.” 


AvustriA, Vienna; Lehmann and Wentzel, Kirntnerstrasse 

Cark Town: Gordon and Gotch. 

EpINBURGH : John Menzies and Co., 12, Hanover-street. 

Francg, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue dela Banque; M. Em, Terquem, 31is Boulevard Haussmann. 
Also for Advertisements, Agenve Havas, 8, Place de la Bourse. 
(See below.) 

GrrMaAny, Berlin: Messrs. A. Asher and Co,, 5, Unter den Linden. 

Leipzig: F, A. Brockhaus. 
Mulhouse: H, Stuckelberger. 
GLasgow: William Love. 
Inp14, Calcutta: Thacker, Spink, and Co, 
Bombay : Thacker and Co., Limited. 

Iraty: U. Hoepli, Milan, and any post office. 

LivERPOOL: Mrs, Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 

New SourH Waugs, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street. Gordon and Gotch, George-street, 

QUEENSLAND (SouTH), Brisbane : Gordon and Gotch, 

(NortH), Townsville: T, Willmett and Oo. 

RorreRDAM : H. A. Kramer and Son. 

SoutH Austra, Adelaide: W. C. Rigby. 

Unitep States, New York: W. H. Wiley, 53, East 10th-street 

Chicago: H. V. Holmes, 44, Lakeside Building. 

VicroriA, MELBOURNE : Melville, Mullen and Slade, 262/264, Collins- 

street. Gordon and Gotch, Limited, Queen-street. 


NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States, Mr. W. H. Wiuzy, 63, East 10th-street, New York, 
and Mr. H. V. Holmes, 44, Lakeside Building, Chicago. The 
prices of Subscription (payable in advance) for one year are: For 
thin (foreign) paper edition, 1l, 16s. Od. ; for thick (ordinary) 
paper edition, 2/. 0s, 6d., or if remitted to Agents, 9 dollars for 
Pain and 10 dollars for thick. 


ADVERTISEMENTS. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early witha portion of the edition, 
alterations tor standing Advertisements should be 
received not later than 1 p.m. on Wednesday after- 
noon in each week. 


The sole Agents for Advertisements from the Con- 
tinent of Europe and the French Colonies are the 
AGENCE HAVAS, 8, Place de la Bourse, Paris. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the publisher, 
post free for Iwelve Months at the following rates, payable in 
advance :— 


For the United Kingdom................£1 9 2 
», ll places abroad :— 

Thin paper copies ............£1 16 0 

Thick ” ee concsecees £2 0 6 


Allaccounts are payable to the publisher, Mr. CHARLES GILBERT. 
Cheques should be crossed ‘‘ Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

When foreign Subscriptions are sent by Post Office Orders 
advice should be sent to the Publisher. 


Foreign and Colonial Subscribers receiving 
Incomplete Copies through News-Agents are re- 
quested to communicate the fact to the Publisher, 
together with the Agent’s Name and Address, 

ffice for Publication and Advertisements, Nos. 
35 and 36, Bedford-street, Strand, London, w.Cc. 


TELEGRAPHIC ADDRESS—ENGINEERING, LONDON. 
TELEPHONE NUMBER—3663, 


The New Cunarders “ Campania” and “ Lucania;” 
and Chicago Exposition of 1893. 

In consequence of the whole of the issue of the 
2ist inst. being sold out on the day of publication, 
the Publisher begs to announce that a Reprint of 
the Descriptive Matter and Illustrations contained 
in that Number will be published next week, 
printed throughout on special Plate paper, bound 
in cloth, gilt lettered. Price 6s. Post free, 6s. 6d. 


CONTENTS. 


PAGE || PAGE 
The Nicaragua Canal (JI- | Depression in the Mining 
Fetstvated) ...-ccccccce .. 605 and Metallurgical Indus- 
Institution of Mechanical CMR Aron pee mnshncann 
Engineers 
Engines at the Crystal 
Palace Electric Supply 
Station (Illustrated) .... 614 
United States Cruiser 
“ Olympia” (Illustrated) 614 
Express Passenger Locomo- 
tive for the Columbian 
Exposition (Jilustrated).. 615 
Notes from the United States 616 
Boilers and Ground Land- 


620 


Notes from Cleveland and 
the Northern Counties .. 
Notes from South York- 


625 


PANG s SANs viele cts o0:5 616 BRITE aohoctolas aiviersiccdd acpi 625 
The Consumption of Smoke 616|| Notes from the South- 
Graving Docks ; Theory and WHOSE Sona tasarer teal nes haha 625 

BIFRCUOE Ds 5. < e'oa.picle o:c'slon ai 616 || Miscellanea ............4. 626 
The “Leopold II.;” Fast Multiple Drilling Machine 

Paddle Steamers ........ 616|| (Lllustrated) ............ 
Screw Propulsion and Non- Abney’s Inclinometer Level 627 

Reversible Engines ...... 17 || Industrial Notes .......... 32 
Atmospheric Grain Eleva- Copper Plates for Locomo- 

BORGES Iuelsiecicics oss cass 617|| tive Fireboxes (Illus- 
Meteorological Society .... 617|| trated) .........seeeeeees 


Columbian Exposition Notes 617 | Alloys(JUlustrated) ........ 52 


Launches aid Trial Trips .. 617 || ‘‘ Engineering” Patent Re- 
County Councils and Tech- || cord (Illustrated) ...... SL 
nical Education ........ 619 | 


With aw Two-Page Engraving of WINBY’S FOUR-CYLIN- 
- DER EXPRESS LOCOMOTIVE AT THE WORLD'S 
COLUMBIAN EXPOSITION, 1893. 


NOTICES OF MEETINGS. 

THE INSTITUTION OF CIVIL ENGINEERS.—Students’ meeting, Friday, 
April 28th, at 7.830 p.m. Paper to beread: ‘‘Fire Risks of Elec- 
tric Lighting,” by Mr. H. W. Handcock, Stud. Inst. C.E. Mr. 
W. H. Preece, F.K.S., Member of Council, in the chair.—Ordinary 
meeting, Tuesday, May 2nd, at8p.m. Paper to be read with 
a view to discussion: ‘‘ Mining and Ore Treatment at Broken 
Hill, New South Wales,” by Mr. M. B. Jamieson, Assoc. M. Inst. 
C.E., and Mr. John Howell.—Extra meeting, Thursday, May 4th, 
at8p.m. The first James Forrest lecture, ‘‘The Interdepend- 
ence of Abstract Science and Engineering,” will be delivered by 
Dr. William Anderson, F.R.S., M. Inst. 0. E. 

Socirmty oF ENGINEERS.—Monday, May Ist, at the Town Hall, 
Westminster, a paper wlll be read on ‘‘ Blake’s Bridge, Reading,” 
by Mr. Edmund Burrows. The chair will be taken at 7,30 p.m. 
precisely. 

Tug CHARTERED INSTITUTE OF PATENT AGENTS.—Wednesday, 
May 3rd, in the Arbitration Room, first floor, 63 and 64, Chan- 
cery-lane, at 7.15 o’clock precisely, to resume the discussion of 
Mr. Clark’s and Mr. Woosnam’s papers ; to read and discuss a 
paper by Mr. E. Carpmael, Fellow, ‘‘ On Preliminary Examina- 
tion into Novelty ;” and, if time permit, to read and discuss a 
paper by Mr. John Hayes, Registered Patent Agent (of Liverpool), 
ees 103 of the Patents, Designs, and Trade Marks Act, 

Society or CHEMICAL INDUSTRY, LoNDON SEcTiIonN. — At the 
Chemical Society’s Rooms, Burlington House. Monday, May 
1st, at 8 p.m. Papers will be read on: ‘‘The Gassification of 
Coal and of Liquid Hydro-Carbons,” by Dr. P. Dvorkovitch. 
‘ Estimation of Tannic and Gallic Acids,” by Mr. W. P. Dreaper. 

CHEMICAL SociEty.—Thursday, May 4th, at 8p.m. ‘* Hydrates 
of Potassium, Sodium, and Lithium Hydroxides,” by Mr. 8. U. 
Pickering, F.R.S. ‘‘ Notes on Marsh’s and Reinsch’s Tests for 
Arsenic,” by Mr, J. Clark, Ph. D. ‘‘ The Formation of Hydrogen 
Peroxide in Organic Liquids,’ by Mr. A. Richardson, Ph. D. 
“The Supposed Saponification of Linseed Oil by White Lead,” 
by Mr. J. B. Hannay and Mr. A. E. Leighton. ‘‘ Notes on the 
Capillary Separation of Substances in Solution, by Mr, L. Reid, 
—Friday, May 5th, at 8 p,m. Hofmann memorial meeting. 
Addresses by the Right Hon. Lord Playfair, K.C.B., F.R.S., 
V.P.C.S.; Sir F. A. Abel, K.C.B., F.R.S., V.P.C.S. ; Mr. W. H. 
Perkin, LL.D., F.R.S., V.P.C.S. 

Socmmry or Arts.—Monday, May Ist, at 8 p.m. Cantor 
Lectures. ‘‘Some Masters of Ornament,” by Mr. Lewis Foreman 
Day.—Tuesday, May 2nd, at 8 p.m. Foreign and Colonial 
Section. ‘‘ Russian Industrial Art,” by Mr, E. Delmar Morgan. 
Mr. J. Hungerford Pollen will preside. —Wednesday, May 3rd, at 
8 p.m, Ordinary meeting. ‘‘ Practical Electrical Problems at 
Chicago,” by Professor Silvanus P, Thompson, F.R.S. Mr. W. H. 
Preece, F.R.S., will preside. 

THE JUNIOR ENGINEERING SocreTy.—On Saturday, April 29tb, 
visit to Lea Pumping Station of the East London Water Works, 
members to leave Liverpool-street Station at 2.32 p.m.—Meeting 
on Friday, May 5th, in the Westminster Palace Hotel, at 8 p.m., 
when a paper on ‘‘Gold-Mining Machinery” will be read by Mr. 
A. H. Bromby, G.I. Mech, E. 
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COUNTY COUNCILS AND TECHNIOAL 
EDUCATION. 


WueEN the great revolution in the domestic 
government of this country was initiated a few 
years ago by the institntion of county councils, there 
was nothing of which greater hopes were enter- 
tained, as the outcome of the new order of things, 
than in the matter of technical education. Here, 
it was said, the county councils would have a fair 
field for their energies, if they would direct them 
that way; and, as the subject then occupied a large 
share of public attention, and opinion was ripe for 
authority to take the matter up, the only thing re- 
quired appeared to be a proper organisation for the 
purpose. In the majority of instances, we think it 
may be said that the county councils have fairly 
well fulfilled the expectations formed ; so far as the 
power ultimately given them and the money at 
their disposal have enabled them to do so. Mr. H. 
Llewellyn Smith, in a report which he has pre- 
sented to the Special Committee on Technical Edu- 
cation of the London County Council, expresses his 
strong opinion that the Council should supply schools 
and institutions, on a municipal basis, in addition 
to affording assistance to institutions under other 
management. He considers that not only will it 
be impossible otherwise fully to cover the ground 
(especially with regard to central institutes, train- 
ing institutions, technical museums, &c.), but the 
establishment of a few first-rate municipal institu- 
tions might do more than any other measure to 
set and maintain a high standard. of teaching 
throughout London. Mr. Llewellyn Smith, as is 
well known, is the secretary of the National Asso- 
ciation for the Promotion of ‘Technical and 
Secondary Education, an institution which does a 
vast deal of good work in a very unobtrusive 
manner. In a pamphlet recently issued by the 
Association, and written by Mr. Robert Warington, 
F.R.S., testimony is also borne to the manner in 
which the county councils have zealously taken up 
the task of technical education ; and it is pointed 
out how favourable an opportunity they have for 
following the matter up, especially in regard to 
agriculture. It is inthis branch of industry (which 
even in our own manufacturing country is still the 


most considerable) that we want instruction, per- 
haps more than in any other. The traditions of 
the British farmer are proverbially conservative. 
He prides himself on adhering to the manners and 
customs of his forefathers ; that, of course, in the 
present day means that he will be left behind. In 
agriculture, as in other industries, the factory 
system is destined to supersede smaller operations. 
The instances which prove this to be true are 
numerous abroad. There are many causes why, 
for instance, American farmers can send wheat to 
this country and undersell the home producer, in 
spite of the 1000-mile land carriage and the 3000- 
mile water carriage that has to be covered. Climate 
andsoil may be important factors, but the large scale 
on which operationsarecarried on abroad, the facility 
with which large quantities of grain can be trans- 
ported in bulk, are the ruling factors. In the United 
States, at the present time, we are informed by 
Mr. Warington, there is an ‘‘ experiment station” 
in every State, and in some States more than one ; 
the total number being fifty-four. These stations 
are endowed by Congress, there being nearly 
4000/. a year for each station for current expenses. 
In nearly every case the station is connected with 
the State Agricultural College, so that the college 
students are able to profit by the work in progress, 
and have intercourse with investigators, at the 
station. It is unnecessary to dwell here upon the 
influence that the engineer has had on agricultural 
practice, and it may be said that in the present day 
the farmer can no more get on without the assist- 
ance of the engineer, than can any other representa- 
tive of industry. There isa good deal of truth in 
some remarks we recently read in an American con- 
temporary, although the lesson is not conveyed, in 
some parts, with great consideration for the feel- 
ings of the British reader. ‘‘Our British friends 
must meet the issue squarely, if they would save 
their agricultural industry from becoming mere 
truck gardening. The question is simply one of 
agricultural methods. The high rates of wages in 
the United States count nothing in our advanced 
mode of cultivation. A man, a horse, and a 
machine in Dakota will do as much work as a 
dozen men and horses in England. There is 
not enough agricultural labour in all Europe and 
the United States, combined, to prepare, sow, 
reap, harvest, and market the crops of the United 
States, on the Kuropean plan. It is to the inven- 
tive genius of the United States, which gives the 
American farmer his tools and machines, that our 
superiority is to be credited.” There are other 
things, we may add, besides inventive genius, that 
are required ; the chief being enterprise suflicient 
to utilise the products of inventive genius, and a 
reform in our economic conditions, so as to esta- 
blish operations on a larger scale. The cheese fac- 
tories may be taken as an instance in point, 

Most of the county councils have given a promi- 
nent position to agriculture, in the matter of tech- 
nical education, in rural districts. Miscellaneous 
classes and lectures have been held, to which ad- 
mission has been generally free, but it has been felt 
that a system should be established by which a 
plan of operation would be constructed by some 
central authority, so that each committee would not 
be left to form its own plans, and to buy its own 
experience. The success of the first attempts to 
teach farmers that they have much to learn has been 
small, and the apparent non-success of the lecture 
schemes in our own country has led many people 
to ask whether a more profitable result could not 
be obtained by establishing experiment stations, 
If the object be to pursue a purely scientific investi- 
gation of agricultural problems, they will, Mr. 
Warington says, fail to bring about any general im- 
provement in agricultural practice. There are an 
abundance of facts which have never yet become 
part of the farmer’s knowledge, nor have been put 
by him to practical use. To increase this store of 
facts would prove of little direct benefit to the 
farmer so long as his power of assimilation remains 
undeveloped. There is, nevertheless, ample work 
for the experiment station, in supplying practical 
illustrations of many facts, whilst the fields of the 
station may be used as a training ground for 
students, and the research laboratory may be made 
use of to solve problems which immediately con- 
cern the farmer. In fact, the experiment station 
would afford that connecting link between science 
and practice which is at present so much needed. 

The report of Mr. Llewellyn Smith being made to 
the London County Council, naturally, has not 
much to do with the agricultural question. He tells 
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us that, in the work now being done for technical 
education, London is not only very far behind Ger- 
many and France in quantity and quality, but also 
behind our chief provincial towns ; and he says 
that unless the County Council take the matter up, 
we must expect this difference to increase very 
greatly in the next few years, in view of the great 
efforts now being made by the councils of boroughs 
and counties for the organisation of technical edu- 
cation in their respective districts. Asan example, 
he states that the number of students on the re- 
gister of the evening technical classes in Man- 
chester has more than doubled since the corpora- 
tion took action under the Technical Instruction 
Act. At the date of his report (excluding com- 
mercial and domestic subjects) this number 
reached over 14,000. To be ona level with Man- 
chester, there should be in London 140,000 
entries in corresponding classes, instead of 
24,000 — the number revealed by his inquiry. 
What adds to the seriousness of this matter is the 
comparatively small number of boys employed in 
the London trades, as compared to the provinces. 
Taking lads under the age of twenty years, the 
last census shows that in the engineering trades, for 
instance, there are but 13 per cent. of those em- 
ployed, under twenty years of age; while the rest 
of the country has a proportion of 17 per cent. 
Amongst carpenters, the discrepancy is even 
greater ; the figures being 11 per cent. for London 
and 16 per cent. for the wholecountry. The pro- 
portion of lads engaged in masonry is 10 per cent. 
for London and 13 per cent. for the country. With 
plumbers, the representative figures are 23 per cent. 
for London and 26 per cent. for the rest of the 
country. In other trades, the difference is as 
great, or even greater. The reason given for this 
lack of employment of lads in London, is the high 
rent of London workshops, which disinclines em- 
ployers to take up much room with learners, and 
the extreme division of labour, as practised in 
London trades. If the full number of learners 
required to recruit the building and engineering 
industries in London, were now actually learning 
their trade, in London, there would be 2000 more 
boys learning carpentering, 1400 more learning 
house-painting, and 1200 more learning engineer- 
ing, than actually appear in the census returns. 
Thus, says Mr. Llewellyn Smith, ‘‘ the influx from 
the country must be greatly stimulated by the want 
of means for the effective training of London arti- 
sans, whilst the London boys who should be receiving 
a training in the workshops and technical schools, 
are too often qualifying as odd boys and porters 
for a subsequent career at the docks,” Except ina 
few special trades, such as shipwrights, barge- 
builders, &c., apprenticeship under indentures is, 
the report says, practically dead in London. In 
some industries it is replaced by a definite period 
of learning the trade without indentures. In mak- 
ing his inquiries, of which the report we have 
referred to is the result, Mr. Llewellyn Smith 
says that the workmen, or, at least, their repre- 
sentatives, are now keenly alive to the evil of the 
present state of things. ‘‘ Not a hint of objection 
or prejudice against technical education has reached 
me from labour leaders,” he says; ‘‘they feel that 
the old system of handing on the ‘ mysteries’ of the 
craft from master to apprentice is hopelessly gone 
and cannot come back, and they look to the tech- 
nical schools to supply the defects of the modern 
slipshod method of workshop training.” 

In an article which appeared in ENGINEERING 
some time ago (see ENGINEERING, vol. xlv., page 
143), it was pointed out that, great as was the 
need for technical education, it was only a few that 
could profit by it to any great extent; and the 
modern tendency towards specialisation, and sub- 
division of trades and processes in trades, em- 
phasises this fact. In the engineering industry 
the milling machine alone has done away with the 
necessity for a large body of skilled workmen, 
At the same time a higher skill than ever is re- 
quired in order to shape the cutters used in this 
machine ; that is to say, one very highly skilled 
mechanic and a number of ordinary labourers, or 
even boys, will carry out operations that of old 
required a considerable body of skilled tradesmen. 
A very striking instance of the same kind has re- 
cently come before our notice in the large watch 
factory established at Prescot, in Lancashire. Here, 
the skilled watchmakers, whose manual dexterity 
was little less than marvellous, are replaced (or, 
rather, would have been replaced, if any work 
had remained for them to do) by girls or boys, 


attending to extremely intricate and ingenious 
machine tools, in the design and manufacture of 
which a highly organised intelligence is necessary. 
In both instances we have given, we find the need 
for technical education has disappeared in the case 
of a large class of operatives, looking, of course, 
at the matter from a strictly economic standpoint. 
On the other hand, the designer of the machinery 
requires his intelligence cultivated toa much higher 
extent than in any case that;was needed formerly. 
As the report points out, some branches of science 
are of value to the workman, while others are re- 
quired by the few who are foremen and managers. 
The training of these few is of the highest import- 
ance, since on them hangs the fate of an entire 
industry. Mr. Llewellyn Smith gives an instance, 
which we may quote, as an example of ‘‘how not 
to do it.” The chief obstacle to the scientific 
training of the managers of the numerous 
small chemical and colour works in Hast London 
is their rooted disbelief in the value of scien- 
tific training. A good example of this was 
afforded by the case of a London colour manu- 
facturer, who used to be able to make a particular 
colour better than it could be made abroad, but 
who found himself edged out of the market by his 
foreign rivals, because he was unable to make the 
colour uniform in quality. He suspected his re- 
agents to be impure, but, being unable to test them, 
had to rely on the guarantee of the manufacturer. 
He had a disbelief in the value of chemical teaching, 
dating from the time when he attended, without 
profit, some badly given theoretical lessons in the 
subject, and he was confirmed in his sceptical atti- 
tude by hearing one of a course of lectures on a 
branch of applied chemistry in which he could 
detect practical blunders. Thus, between a want 
of enough preliminary scientific training to make 
the manufacturer understand the value of science, 
and the slipshod character of some of the teaching 
which has hitherto passed for ‘‘ technical instruc- 
tion,” a branch of colour manufacture slipped into 
the hands of the Germans. 

As no birth-mark is set upon mechanical genius, 
and it is impossible, either by competition or ex- 
amination, to find out amongst young persons those 
who are most likely to excel in any particular 
branch, such as the designing of those special tools 
already referred to as being produced by a few 
highly skilled to be used by the many unskilled, it 
is necessary that the net should be spread as wide 
as possible, so as to lose no chance ; and for this 
reason, all persons should receive an education 
fitting them for the highest posts in that walk of 
life they are likely to follow. Natural selection 
may then be left to perform its proper function, 
and ‘‘mute, inglorious Miltons” of the scientific 
and industrial world will become less possible. 

There are very many things which the workman 
should know, and which he is only likely to learn 
by education specially devoted to that point. For 
instance, as Mr. Llewellyn Smith points out, a 
want of the artisan in the constructive trades is a 
knowledge of geometry and technical drawing ; the 
power of reading a drawing is necessar'y for many 
who will rarely have to make one ; and to beable, by 
means of a rough sketch, to illustrate an idea, is an 
immense advantage to an artisan, and one, we may 
add, which is likely quickly to transform him toa 
higher sphere. The familiarising of workmen with 
the general knowledge of processes and branches 
of his trade, outside the particular work which he 
is doing, is the main function of the engineering 
workshops at polytechnics, &c. In these we find 
those confined to the vice or lathe working at 
machines of which otherwise they would get no 
notion, and in this way counteracting the evils of 
excessive division of labour. Asan example of a 
similar kind, it is stated in the report that at the 
workshops at Finsbury, the Polytechnic, and the 
People’s Palace, bricklayers are trained in ‘* brick- 
cutting,” which the modern ornamental brickwork 
demands. There are only a few bricklayers who 
can perform this operation, and the acquisition of 
the art must necessarily place the workman in a 
very advantageous position. Handrailing and 
staircasing is another instance, in a different 
branch of industry. This is taught with great 
success at the Polytechnic workshops. 

We regret that we have not space to follow Mr. 
Llewellyn Smith further in this particular matter. 
The subject is one of great interest, and it is to be 
hoped that the report will be widely read, not only 
in London, but also in many provincial towns and 
country districts, 


DEPRESSION IN THE MINING AND 
METALLURGICAL INDUSTRIES. 

THERE is probably no group of industries that 
is more liable to extreme alternations of elation and 
depression—to more violent oscillations of costs 
and prices—than those which are described as 
mining and metallurgical. Certain it is that in 
those trades the past four years have been ex- 
tremely eventful, and have been attended with 
vicissitudes that hardly any former period of 
equally short duration can parallel. This is not a 
limited movement; it is to be found pervading 
every branch of mining and metallurgical industry. 
It is not a movement confined to the United 
Kingdom, for it is almost equally apparent in Con- 
tinental countries, which are not protected from it 
by their policy of protection, nor relieved from the 
anxieties as to trade depression and unprofitable 
prices that are so keenly felt at home. Hven Ger- 
many, which has been pointed to by many pessi- 
mistic observers as the coming country, and as the 
one nation in Hurope that has made substantial 
progress in foreign trade in times of serious ad- 
versity, has a very poor record to show, if measured 
by the fluctuations in the prices of the commodi- 
ties produced, and in the market value of the shares 
of the principal companies engaged in the produc- 
tion of metals, and in kindred industry. Thereisno 


product of the iron works, steel works, foundries, — 


or engineering works of Germany, that has not 
greatly fallen in value during the last eighteen 
months, and in most cases the fall has been more 
considerable than that in England for the same 
description of product. In not a few cases, it is 
asserted that German manufacturers are now, and 
have for some time past been, producing at 
an absolute loss, and it is only necessary to look at 
the comparative absence of dividends all along the 
line, in order to understand why the German in- 
dustrials are grumbling, and why the shares of the 
principal German firms or companies have fallen 
so seriously. The extent of that fall is shown in 
the following Table : 
Statement showing the Quotations of leading German Com- 
panies on the Berlin Bourse at the End of Hach of the 
last Four Years. 


Company. 1889, | 1890. | 1891. | 1892, 
Bochumer Verein .. 289 | 162) 119} 118 
Dortmunder Union fe 137 85 55 54 
Konigs und Laurahtitte .. 173 | 140} 105 91 
Gelsenkirchen Bergwerken 221 | 178) 188} 129 
Harpener Bergwerk 328 | 203, 143) 124 
Hibernia A 244 | 196 | 122] 108 
Mechernicher ,, 291 | 242} 180} 114 
Gruson werk = 190 | 152| 1388] 184 
Dusseldorfer Wa. . a a. 173 | 139; 147 | 128 
Allgemeine Electricitats-Ges. .. 236 | 170} 138) 134 
Hamburg-Am, Paketf. 152 | 138] 100 89 
Norddeutscher-Lloyd 186 | 1389 94 82 


Here we see a fall of well on to 50 per cent. 
in some cases, and in others to considerably less 
than one-half the prices of 1889, which was the 
period when the commercial prospects of the 
Fatherland were deemed to be so bright that much 
inflation of prices followed. The last two items in the 
Table show that the depression extends to shipping 
as well as to mining and manufacturing companies. 

When we come to examine the economic condi- 
tions under which manufacturing companies are 
employed in England, we have not much room for 
elation, and our only solace is likely to be that 
contained in the homely proverb that ‘‘ misery 


Current Prices of Shares at December 31 in Each of the 
last Four Years. 


Prices at End of the Year. 
Company, 

1889, | 1890. | 1891. | 1892. 
Barrow Hematite Steel Compan 5h 6 | 3 24 
Bolckow, Vaughan, and Co. .. 12 123 | 7 5 
Consett Iron Company .. a5 --| 28% | 28% | 27 20 
Ebbw Vale Steel, Iron, and Coal Co. ..| 8% 83 | Bf 4 
Moss Bay Hematite Iron Company ..| 8} 8h ds 1 
Parkgate Iron Company.. te -.| 654 | 104 | 43 37 
Pearson and Knowles Coal and Iron 

Company .. ot 30 na) *CB) 2185 87 | 32 30 

Rhymney Iron Company Se Bitar? § elt at t 
SheepbridgeIronand Coal Company(A)| 224 | 24} | 16 16 
Steel Company of Scotland... --| 10% | 10% | 6, | ~4 
Teeside Iron and Engine Company 14 it; 4 t 
Tredegar Iron and Coal Company 293 | 294 | 14 9 


likes company.” If German works are in a par” 
lous state, it cannot be said that English works are 
in better case. The depression has especially 
marked out the steel rail manufacturers for its 
own. The steel rail manufacturing capabilities of 
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the United Kingdom are not less than two million 
tons a year, and during 1892 not more than a third 
of that quantity was produced. The prospects of 
the trade have not improved since then, so that the 
production of 1893 bids fair to drop to a lower 
point than even that of 1892. Hence the prices of 
steel rails have fallen to an altogether unproduc- 
tive level, and the shares of companies engaged in 
this special manufacture were never of so little 
value as at present. ‘The tale is told in the figures 
on the preceding page. 

It is asomewhat brighter side of the picture if 
we look at the Sheffield companies engaged in the 
steel and kindred manufactures. The majority of 
those companies are engaged in special branches of 
manufacture, and they do not compete so fiercely 
against each other, nor do they undercut prices 
in the same way as is done in the more general 
departments of the trade. Hence they have been 
able to pay better dividends, even in 1892, as the 
following compilation shows, and their shares have 
been more steady : 

Statement showing the Dividends that have been paid by 
some of the principal Sheffield Companies during each of 
thelast Four Years. 


s : 
| 1889. 1890. | 1891. 1892. 


Company. 

| p,, 6.,| p..C.,] Pp. C..| Pa Ce 
Brown, Bayley, and Co. .. Boh ae 2b (|) 25 15 
CO. Cammell and Co, cif ee eat 10 Beier 6 5 
Davy Brothers .. me “5 Sf aby 74 5 4} 
Hadfield’s Steel Foundry Company ... 7} 7s) 7h $ 
H. BessemerandCo. ..  .. Pale 20mm Toei 1b | 10 
John Brown andCo. .. seme b (bgi| men al| ws 
Newton, Chambers, and Co. 4 3 | 6 6 
8. FoxandCo._.. a5 13 cin he 15 | 15 | 15 
Sanderson Brothers and Co. .. 24 2k | 2h | 
Sheffield Forge and Rolling Mills 3 Cia 4 
Tinsley Rolling Mills... Be 10 25 | 25 20 
Vickers, Sons, andCo. .. 4 64 74 | 6% 
W. Jessop and Sons ee gal 64 6} | 10 

\ \ 


As with the Sheffield firms, so with the wagon 
companies, which now unitedly make up so im- 
portant a branch of our railway plant industry. 
The business carried on by such firms appears to 
have been really sound and remunerative, notwith- 
standing the fact that there is now a larger number 
of wagon companies than there ever was before, 
and that the competition is keener for the limited 
amount of work that has recently been offered. 
Most of the wagon firms appear to be able to pay 
steady, if not handsome dividends, varying from 
8 to 20 per cent., and in one special case as much 
as 30 per cent. has been paid. Nor do the divi- 
dends vary much as between one year and another. 
The prices do not appear to be subject to the same 
violent oscillations as in the case of the iron and 
mineral industries, and hence, if wagon firms do 
not secure now and again the same large dividends, 
they have their reward in more constant returns. 
The following statement shows the dividends paid 
by a number of the principal wagon companies 
during each of the last four years : 


British Wagon Companies—Dividends Paid 1889 to 1892. 


Company. 1889. 1890. 1891 1892 
; perct. perct. | perct. | per ct 
Birmingham Wagon Company| 10 10 10 10 
British Wagon Company .. ene oO 10 10 
Gloucester Wagon Company 12h | 14} 124 8h 
Lincoln Wagon Company 3h | 4 5 6 
Metropolitan WagonCompany| 20 20 { wens } 80 
Midland Wagon Company .. 7 16 10 20 
North Central Wagon Com- | 
pany .. Ae ce 4 6 6 7 8 
Scottish Wagon Company .. 5 5 ial 5 
Western Wagon and Property 
Company a so a ie | 8 8 8 
West Lancashire Wagon Com- | 
pany .. a a ea 5} 5} 
Yorkshire Wagon Company .. 5 5 


Most of the principal coal companies whose 
shares are dealt with on the Stock Exchange were 
able to pay good dividends in 1892, so that there 
has not been the same extent of depression in this 
industry as in manufacturing firms. At the same 
time, as prices are steadily falling, the depression 
tends to deepen and extend. 


THE WORLD’S COLUMBIAN EXPOSI- 
TION: BRITISH OATALOGUE. 

Tue official catalogue of the British Section of the 
Columbian Exposition is a heavy volume of more 
than 500 pages, not counting the advertisements 
that form a considerable addition to its bulk, and 
suggest that many British manufacturers are alive 
to the advantages of making their specialities known 
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to an American public. The first impression which 
this catalogue conveys is that the exhibits in our 
section must be very numerous to require so large 
a bulk in which to record them. HExamination, 
however, shows that this impression is misleading. 
As a matter of fact, despite the exceptionally large 
space allotted to us in every department of the 
Exposition, and much of which has had to be 
abandoned since its allotment to Great Britain in 
1891, we are sending fewer exhibits to Chicago than 
we have ever contributed to any previous Interna- 
tional Exhibition. This is not an occasion for inquir- 
ing into the reasons why, with a large money grant, 
and the influence of a powerful Royal Commission, 
it has not been possible to find as many exhibitors 
as took part in the Paris Exhibition of 1889 under 
the most unpromising auspices ; on that occasion 
England had about 800 exhibitors, as compared with 
the 550 or 560 at Chicago. We are now confining 
ourselves toareview of the book, onthe appearance of 
which the Commission may be congratulated. That 
the volume is so bulky is due to three causes: 
first, because the art catalogue is included, instead 
of forming, as has hitherto been the case, a separate 
catalogue ; second, because it comprises in addition 
along list of articles for the Women’s Building; and 
third, because a considerable number of essays, 
bearing on the different departments, have been in- 
troduced. Moreover, advertisement pages are freely 
inserted in the text—a feature detrimental to the ap- 
pearance of the book, but possibly justifiable froma 
financial point of view. The worst of this extraneous 
matter is that it converts the catalogue into a sort 
of practical conundrum, the answer to which the 
reader is perpetually trying to solve by turning 
over the pages. Truth to tell, the list of exhibits is 
very meagre indeed, but we think that, small as it 
is, it would have been better to have massed the 
essays together in one part of the volume, and have 
made the catalogue itself continuous. 

As we have frequently stated in this journal, the 
contents of the Columbian Exposition are divided 
into twelve main departments ; of these, the first, 
A, is devoted to agricultural and allied exhibits, 
and on the subject of agriculture we have an essay 
by Mr. Ernest Clarke, of considerable interest, as 
far as that languishing industry in Great Britain is 
concerned. Then follows a list of exhibitors in this 
department, 75 inall. We regret that no agricultural 
implements are included; on the other hand, 
natural and artificial waters, whiskies and malt 
liquors, form 35 out of 75 of the exhibits in this 
department. Considering the unfortunate condi- 
tion of agriculture in the United Kingdom, and the 
fact that we are dependent for our food supply 
chiefly upon foreign sources, it was hardly to be 
expected that we could make a good show in 
this section, but we may take this opportunity of 
pointing out that English agriculturists may visit 
Chicago to study with advantage the present 
practice and development of agriculture in the 
United States. 

Department B is devoted to horticulture, and 
the catalogue essay on this subject has been con- 
tributed by Mr. Thiselton Dyer, Director of the 
Royal Gardens at Kew. This interesting essay 
occupies more than twice the room of the catalogue 
for this department; for in horticulture, despite 
the fact that it represents a considerable volume of 
commerce between this country and the United 
States, only some half-dozen of our horticulturists 
are represented, the rest of the section being occu- 
pied with preserved fruits, condiments, &c. 

Department C, that of live stock, domestic and 
wild animals, is introduced by an essay written by 
Mr. Ernest Clarke ; two entries are all that have 
been gathered for this section, both of them poultry 
incubators. 

Department D, that of fish, fisheries, and fish 
products, and apparatus of fishing, is introduced 
by two essays, the first, on ‘‘Sea Fisheries,” by 
Professor Ray Lancaster ; the second, on ‘‘ Ang- 
ling,” by Mr. R. B. Marston. The length of these 
interesting contributions to a valuable subject— 
which, by the way, has been raised to the height 
of a practical science in the United States—partly 
compensates for the meagre list of British ex- 
hibitors in the beautiful and fantastic building at 
Jackson Park. Only ten British exhibitors are 
found in this building, none apparently making 
displays of any great importance. 

Mr. C. Le Neve Foster has written the intro- 
duction to Department E, for mines, mining, and 
metallurgy. In this section of industry we fill but 
scantily a limited space. Mr. Bennett H. Brough 


has formed a sufliciently interesting collection of 
economic minerals, arranged in cabinets, which will 
doubtless be interesting, and Dr. J. E. Ball has 
formed a second collection, illustrating economic 
metallurgy, about which doubtless we shall have to 
say more hereafter. Of the three groups forming 
this department, we may note four exhibits of 
mineral combustibles, three cf building stones, 
one of grinding substances, nine of graphite clays, 
&c., six of limestone and cements, three of salt, 
only two of metallurgy of iron and steel, one of 
ielera one of safety fuzes, and one crushing 
mill. 

The introductory essay on Department F, 
**Machinery,” by Mr. Graham H. Harris, pre- 
cedes a very slender list in a department where we 
ought to have been well represented. We have 
but 58 exhibitors scattered over the 40,000 ft. of 
space allotted to us in the Machinery Hall, and in 
this list we note but few of the names we could 
have wished to see included. We are glad to find 
that Messrs. Galloway have sent an engine for 
driving the shafting in the British Section, that 
Messrs. Hornsby and Sons show an oil engine, 
and that Messrs. Willans and Robinson have no 
less than three engines in the section. Messrs, 
B. and S. Massey show some steam hammers, 
and there are nine entries of machinery for 
the manufacture of textile fabrics; of these the 
display of Messrs. Platt Brothers is apparently the 
most important. In printing machinery we have 
three exhibitors, neither of them of great promise. 
We have one entry for colour printing, and five for 
miscellaneous hand tools and machinery. 

Department G, that of transportation, is one 
which we think will better sustain the credit of 
England. Four essays introduce this part of the 
catalogue. The first, on ‘‘ Ships and Shipping,” is 
by Dr. Elgar; the second, on ‘‘ Railways,” is by Sir 
Douglas Galton ; the third, on ‘‘ British Carriages,” 
by Mr. George M. Hooper; and the fourth, on 
** Cycling,” by Mr. G. Lacy Hillier. We have 80 
exhibitors in the Transportation Exhibits Building, 
and we are glad to see that the Great Eastern Rail- 
way Company, the Great Western, the London and 
North-Western, and the Midland are all con- 
tributors. The Great Western Railway Company 
has sent the historical engine, the ‘‘ Lord of the 
Isles ;’ the London and North-Western has a com- 
pound express passenger locomotive, besides an 
interesting collection of other exhibits; and Messrs. 
Westwood and Winby are sending the express pas- 
senger locomotive of which we publish a descrip- 
tion and illustrations in our present issue. This 
exhibit is likely to attract considerable atten- 
tion. Cycles of various classes are fairly repre- 
sented, but the great value of the British Section 
in this part of the building will be the models of 
ships and of marine engines, there being no less 
than 30 entries in this group, including the 
names of the principal English shipbuilders and 
carrying companies. Conspicuous also among the 
models will be that sent by Messrs. Armstrong, 
Mitchell, and Co., of the Victoria, the model which 
attracted so much attention and admiration at the 
recent Naval Exhibition. Messrs. Yarrow and Co. 
also send some interesting models. 

Department H is devoted to manufactures, and 
the British exhibits in this class occupy a large 
space in the Manufactures and Liberal Arts Build- 
ing. The catalogue contains several essays for this 
department. The first isa ‘‘Statistic of British and 
Trish Exports of Manufactures,” by Mr. Reginald H. 
Hooker; the second is on ‘‘Textile Manufactures,” 
by Mr. Swyre Smith; and the third on ‘‘ Pottery,” 
by Mr. Wilton P. Rix. We can boast of nearly 200 
exhibitors in this department, many of the contri- 
butions being of considerable interest, and some of 
them of great importance; in fact, it is not too much 
to say that we must look to the collections of our 
ceramic manufacturers to uphold the credit of Great 
Britain. The Coalport China Company, Messrs. 
Daniell and Sons, Messrs. Doulton and Co., and the 
Worcester Royal Porcelain Company are the princi- 
pal exhibitors in this group. There will also be a 
limited amount of goldsmiths’ and jewellery work, 
and of art furniture, as well as a certain number 
of exhibits of fabrics, clothing tissues, embroidery, 
&e. 

Anessay on “Electricity and Electrical Appliances,” 
by Professor W. E. Ayrton, introduces our contemp- 
tible display in Department J, that of electricity. 
We may briefly summarise the manner in which 
electrical science will be shown to the world at the 
British Section of the Columbian Exposition, We 
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shall have some electric accumulators by the 
Epstein Company ; the exhibit of jointed conduits 
for underground electric work, a miscellaneous col- 
lection by Mr. J. G. Lorrain; electric light fittings 
by the General Electric Company ; two exhibits 
of electro-plating; telephones and switches by 
Anders and Kottgen ; some phonopore telegraph 
apparatus, and some speaking-tube devices. The 
only thing which will apparently save this section 
from utter disgrace is the extremely interesting 
collection of historical telegraphic apparatus be- 
longing to the British Postal Department, and 
which was secured by Mr. W. H. Preece. 

Department K is that devoted to fine arts, and 
the essay on this subject is by Mr. J. E. Hodgson, 
R.A. This department, of course, lies wholly out- 
side our province, but we note with gratification that 
the Fine Arts Committee of the Royal Commission, 
under the able guidance of Sir Frederick Leighton, 
has succeeded in forming a collection of more than 
1100 works of art, of sufficient average excellence 
to justify the hope that British art will be at least 
as worthily represented as that of France and 
Germany, or any other foreign country. 

Four essays precede the catalogue of Department 
L, that of Liberal Arts, which includes educa- 
tion, literature, engineering, public works, music, 
and the drama. The essay on ‘‘ Education” 
is by Mr. J. G. Fitch; that on “Music” by 
Mr. J. A. Fuller-Maitland ; on ‘‘ Photography,” 
by Captain Abney; and on ‘‘Instruments of 
Precision,” by Professor Silvanus P. Thompson. 
There are quite a considerable number of exhibits 
in this department: six are grouped under the 
head of Hygiene; four under Instruments of 
Medicine, Surgery, &c. ; six for Education ; thirty 
for Literature, Books, and Journalism ; thirty-three 
for Instruments of Precision, Photography, &c., 
and this includes a valuable loan collection of more 
than 200 photographs, which will no doubt attract 
considerable attention. There are nine exhibitors 
in civil engineering and construction, one under 
the group devoted to Government and Law, 
showing a collection of postage stamps; one 
under Commerce, Trade, and Banking, which im- 
portant branches of industry are represented by 
some air-tight show-cases ; five of Scientific Institu- 
tions, two of Industrial and Co-operative Associa- 
tions. Religion is represented by two exhibitors, 
and Music and the Drama by six. 

We will not venture to refer to Department M 
except in the most casual manner. It comprises 
ethnology and the progress of labour and invention, 
and within this department are classified the 
labours of the Ladies’ Committee, the results 
of which are to be found within the Women’s 
Building. So far as one can judge by the number 
of pages occupied by the essays in the catalogue, 
this section should be an important one. 

To the brief list of Indian exhibits an essay on 
‘*Tndia,” by Mr. Samuel Digby, is added, and this 
brings us to the end of the catalogue, except for 
the alphabetical list of exhibitors and the index. 

There is no doubt that, besides swelling the cata- 
logue to respectable dimensions, the various essays 
are worth the money that will be charged for the 
volume. But we think it much to be regretted 
that all these essays are not placed together, so as 
to render the work of discovering the actual cata- 
logue, to those persons who have occasion to con- 
sult it, less arduous. In concluding this review, 
we may notice as a regrettable omission the absence 
of maps and plans of the Exhibition and of those 
portions of it which have been allotted to the dis- 
play of Great Britain’s arts and industries. But 
this error will no doubt be rectified in subsequent 
editions. 


LABOUR IN GERMANY.—No. II. 

_ Tue main principles of legislation designed to 
improve the material prosperity of the working 
classes of Germany having been already dealt with 
on page 451 ante, we turn to arecent Foreign Office 
report from Berlin by Mr. Whitehead, which gives 
particulars concerning the present condition of the 
workpeople. 

The last census of the industrial population was 
taken in 1882, when the total number of persons 
deriving their subsistence from industry was esti- 
mated at about 16,000,000, the number of producers 
at about 6,500,000, and that of the employed—not 
including masters, managers, and administrative 
officials—at about 4,500,000. It is, however, well 
known that these figures are considerably below 


the numbers at present engaged in industrial pur- 
suits, for from the collected reports of the German 
inspectors of factories it appeared ‘‘that the rapid 
development of industry had caused a large increase 
in the number of hands employed.” In the dis- 
trict of Oppeln, in Prussia, the number of factory 
hands increased from 110,268 in 1886 to 139,406 
in 1890. In the kingdom of Saxony the increase 
was from 321,629 in 1888 to 340,498 in 1889 ; in the 
Grand Duchy of Oldenburg from 10,253 in 1888 to 
11,284 in 1889 ; in the two principalities of Reuss 
from 19,659 to 20,990 in the same period. In the 
district of Berlin-Charlottenburg the increase from 
1889 to 1890 amounted to 15,225 persons, and in 
that district there are at present 5186 factories, 
employing a total of 159,505 hands. In the pro- 
vince of Posen the numbers rose from 34,007 to 
35,780 in 1888-90 ; in Breslau and Leignitz (Silesia) 
from 141,399 to 157,340, and in Erfurt from 73,313 
to 92,1386. Judging from the above figures, Mr. 
Whitehead is of the opinion that the present num- 
ber of operatives is over 7,000,000, as against 
4,500,000/. in 1882. 

The wages paid vary very greatly, according to 
the occupation and locality ; there are no compre- 
hensive statistics upon the subject, but a general 
idea may perhaps be gathered from the few in- 
stances available. In the factories of Upper 
Bavaria skilled male labourers are paid from 2s. to 
5s. per day, and unskilled adult male labourers 
from 1s. 10d. to 2s. 10d. Skilled female labourers 
receive from ls. 6d. to 3s. per day, and unskilled 
adult female labourers from 1s. 13d. to 1s.6d. In 
the cotton-spinning mills of Alsace-Lorraine young 
persons work for 12 hours for from 9#d. to Is. ; 
where they are employed under the limitations of 
the Industrial Code, and the hands are few, they 
are paid from 93d. to 1s. 4d. per day. Girls work- 
ing at drawing frames are paid Is. 2id. tols. 102d., 
and for night work from 15 to 20 per cent. more. 
Boys are paid for working carding machines from 
ls. 6d. to 2s. 8d. per day. Spinners earn from 
2s. 10d. to 4s. per day. In cotton weaving mills 
young persons working for 12 hours are paid Is. 
and 1s. 24d. per day, and those employed under 
the limitations of the Industrial Code 74d. to 10d. 
per day ; spooling girls 1s. 2}d. to 1s. 7id. ; male 
weavers, 8d. to ls. 44d. and 2s. to 2s. 24d. per day. 
At engineering works at Buckau, near Magdeburg, 
the rates of wages paid are as follow, per hour : 
Fitters, 404 pf. (100 pf. = 1 mark, which is prac- 
tically equal to our shilling); locksmiths, 37 pf. ; 
turners, 37 pf. ; carpenters, 38 pf. ; blacksmiths, 
414 pf. ; boilermakers, 374 pf. ; tube fitters, 36 pf. ; 
labourers, 284 pf. Against these rates the men 
struck work, but were unsuccessful in their endea- 
vours to obtain an increase. In the years 1888-9 
in the district of Leipsic a rise of wages in the 
engineering trade was from 27 pf. to 35 pf. up to 
40 pf. to 45 pf. per hour ; and inthe same period a 
general rise of wages took place in many of the 
industrial centres, amounting in the district of 
Potsdam, Frankfort-on-Oder, to from 10 to 25 per 
cent.—except in the textile industries—and in the 
district of Diisseldorf the rise was about 15 per 
cent. In the district of Berlin in the year 1889 the 
average weekly earnings for adults in the hat- 
making trade was about 14s.; in the paper- 
making trade it varied from 3s, to 13s.; in 
the building trades, masons, bricklayers, and car- 
penters earned from 15s. to 25s. weekly, and 


labourers lls. to 14s.; and in the wood in- 
dustry, sawmill hands earned from -12s. to 
203. 9d. ; wood carvers from 17s. 6d. to 
26s. ; cabinetmakers 14s. 6d. to 26s., and 


polishers 13s. to 26s. It will be seen from the 
above how difficult it would be to state an average 
wage for artisans throughout Germany ; but, before 
the Select Committee of the House of Commons 
which sat in 1885 to consider some schemes of 
national provident insurance, a German Govern- 
ment official, who, as a labour expert, was in this 
country to examine the condition of labour in our 
industrial centres, stated in evidence that 371. 10s. 
was a good average earnings per annum for a 
German workman. 

These demands for increases of wages, and the 
few cases wherein they have been successful, have 
not passed without raising serious alarm in the 
breasts of many who are not workmen, as to the 
ultimate result of this movement amongst the 
labouring population. In one of the Government 
publications upon the subject the following appears: 
‘* What the constant demand for higher wages is to 
lead us to can hardly be foreseen, as with higher 


wages the requirements of the workmen increase, 
and the concessions of the employers cannot go 
beyond a certain limit. The probable result will 
be that many establishments will be obliged to sus- 
pend their work, and the workmen will then haye 
attained the opposite of their present object, as 
they will be forced to seek work elsewhere at any 
price. Many engineering works now obtain ordi- 
nary castings more cheaply from England than they 
can be made in Saxony.’”’ This news should surely 
be consoling to those English manufacturers who 
hold somewhat similar gloomy views about the 
likelihood of trade being driven out of the country 
by the demands of workmen for shorter hours or 
more wages, and the following from the same 
publication tends to point the moral that it is nota 
wholly English type of demand on the part of work- 
men for a minimum wage quite irrespective of any 
other consideration: ‘‘ Among the causes of dis- 
pute between employers and employed, during 
recent years, there has often appeared the claim 
on the part of the workmen for a fixed minimum 
wage, independent of the industry and ability 
of the workman earning it. This claim is opposed 
by the employers as an injustice to the better 
and more able workmen, as in consequence of 
such a system, the wages of the more indus- 
trious men could not be raised in busy times to 
a point corresponding to the result of their work, 
as compared with that of the less skilful and 
idle ones. ‘By this arrangement,’ the masters 
assert, ‘ the incentive to good work is reduced, and 
indifference and carelessness are fostered.’” The 
German workmen throughout: the whole country 
object most strongly to piecework, and the same 
arguments are used by them against it, and by em- 
ployers in favour of the system, as are used by the 
average trade logician in this country—pointing to 
the similarity in consideration of the subject and 
method of argument between employers and em- 
ployers and workmen and workmen, though both 
classes be occupants of different parts of the world, 
distinct racially and in language, and living under 
laws based upon different shades of sentiment. 
The Industrial Code of Germany—Section 115— 
makes it compulsory onall employers to calculate 
the wages of the workmen in coin of the realm and 
pay them in cash; but, like most other Acts of 
legislative bodies, this clause provides for so many 
exceptions, that it is probable the proverbial 
coach-and-four could accomplish its journey through 
the legal tangle without coming to grief ; itis stated 
that ‘‘ breaches of these regulations are occasionally 
reported by the inspectors of factories, but on the 
whole such cases are rare.” The duration of 
the hours of labour is equally a burning question 
between the German employer and workman as it is 
in most European countries and in England, The 
two extremes of hours worked throughout the 
empire are 7 hours and 16 hours per day. In 
the Grand Duchy of Hesse, of the 264 factories 
working in 1890, 14 had a working day of less than 
10 hours ; 134 of 10 hours and less than 11 hours ; 
99 of 11 hours and less than 12 hours ; 17 of 12 
hours and over 12 hours per day. In Alsace- 
Lorraine the general average of working hours 
appears to have been about 12, varied in different 
establishments by arrangements of the day and 
night shifts and other causes. In the case of one 
glass works the men worked for 24 hours without ces- 
sation, and then rested for the following 24 hours ; 
there were no fixed pauses, but the men slept 
whenever the condition of work allowed them to 
do so. Itis stated in the report that at a cotton- 
weaving mill in the Alsace-Lorraine district ‘‘ the 
hours of labour were reduced at the instigation of 
the Government inspector ; but the workmen, of 
their own accord, requested that they should again 
be increased, because ‘they did not know what to 
do with themselves at home.’” Evidently where 
this remarkable instance of self-denial and Arcadian 
simplicity was manifest, there were no ‘‘Socialistic 
agitators” roaming loose around the district. In 
Potsdam-Frankfort-on-Oder, the working day, in- 
cluding the midday rest, varies from 13 to 15 hours 
—from 5 a.m. to 8. p.m. At Diisseldorf in certain 
oil mills the custom was to have alternate shifts 
of 12 hours daily, and in addition, during cer- 
tain periods of the year, the men had an overtime of 
from four to six hours. It is stated that the men 
did not object to these hours, because they were 
paid more for the overtime than for the day’s work. 
In the large manufacturing districts around Magde- 
burg, in 278 factories, employing 5236 workpeople, 
the length of the day’s work was 11 hours ; and in 
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586 factories, employing 25,478 workpeople, 10 
hours was the working day ; one factory, employ- 
ing 42 glass-blowers, worked seven hours per day. 
The report states that the amendments of the Indus- 
trial Code of Junel, 1891, whilestating themaximum 
number of hours for which children, women, and 
young people could be employed, purposely left the 
question of the length of the working day for 
adult workmen a matter of private arrangement 
between employers and employed. Overtime work 
is pretty general in German factories, and there is 
a growing dislike to it amongst the workmen, and 
also a strong movement towards having a maximum 
working day fixed by law. The report states that 
the Socialistic party are anxious to have an eight- 
hours working day fixed by law, and then, continu- 
ing with the citation of arguments, passes from the 
realm of facts—wherein these reports are valuable— 
to the promulgation of partisanlike arguments 
which are worthless. 

Trade combinations began amongst workmen in 
1868, in imitation of the English associations of 
the same nature. The first movement was made 
by Dr. J. B, von Schweitzer and Herr Fritzche, 
who wished to establish a central trades union 
for the whole of Germany, ‘‘the avowed object 
of which was to be the improvement of the 
condition of the workmen by means of well- 
organised and far-reaching strikes.” The proposal, 
being evidently too rich for the blood of the 
German workman of that day, was overruled, 
and another set of organisers, ‘‘ who advocated a 
more peaceful policy,” founded the first German 
trades union—‘‘ Gewerkverein ” —a sort of pluto- 
cacy of labour, which now embraces 18 national 
trades unions and 1400 local unions, with 63,000 
members. In these later years this body has be- 
come quite out of touch with the people; itis in op- 
position to the Social Democratic party, and it has 
combated the spread of Socialistic principles from 
its foundation. Another organisation, the ‘*Gewerk- 
schaften,’ appears to have been formed upon a 
popular basis, and under its auspices large bodies of 
workmen have banded themselves together, for in 
October, 1878, a repression law was passed and the 
combination or society was declared to be illegal 
and was suppressed, but immediately new 
branches were formed as secret societies. About 
two or three years later these branches began to 
meet openly under the name of ‘‘ Fachvereine,” 
with nominally a very moderate programme ; the 
Government tried to suppress one branch, but 
failed, and they have subsequently proved to be 
very active politically. All this time the ancient 
trade guilds, which the Government tried to 
bolster up by carefully prepared provisions of 
the Industrial Code in 1881, were hopelessly 
falling into decay ; and the ‘‘ Gewerkverein” 
ceased to attract the great body of workmen. There 
are also several other societies of workmen beyond 
the Fachvereine and the more recent ‘‘ Arbeiter- 
bezirkvereine,” formed in 1883-4. Trade combi- 
nations did not cease with the workmen, for in 
many large centres employers have combined to 
defeat the activity of their employés for conces- 
sions, privileges, and pay. In 1890 a combination 
of employers in Barmen forced the return to work 

_ of their employés who had gone out on strike, de- 
manding an abolition of piecework, a maximum 
day of 10 hours, and a minimum wage of 18s. 
weekly ; the terms the men eventually bad to 
accept were very much lower than those which they 
demanded. 

The industrial courts, which were further regu- 
lated by the Act of July, 1890, were, ever since the 
year 1845, provided for by the Prussian Industrial 
Code, which was admitted into the German Indus- 
trial Code of 1890 with only insignificant changes. 
Clause 120a of this law, as it stood in 1878, pro- 
vided for the hearing before these courts of 
“‘disputes between independent industrial entre- 
preneurs and their workmen, respecting the com- 
mencement, continuation, or termination of their 
labour contracts, their mutual obligations under it, 
and the granting or contents of certificates.’’ So 
few courts were established that in 1886 the Reichs- 
tag passed a resolution, ‘‘ to request the Chancellor 
of the Empire to introduce a Bill for the compul- 
sory establishment of industrial courts, with the 
condition that the assessors in such courts shall 
be elected in equal numbers by employers and em- 
ployés separately and by ballot.” This resolution 
proved ineffectual, and a similar one was passed in 
January, 1889, with the omission of the word 
“compulsory.” Following these demands a Bill 
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was presented and passed into law in July, 1890. 
In this law, in spite‘of the previous experience of in- 
action, the principle of leaving the matter of the 
institution of the courts to parish authorities has 
been generally preserved. A court consists of a 
president and two assessors ; the president is. nomi- 
nated by the parish authorities, the assessors are 
elected in secret ballot by employers and employed. 
No lawyers, nor persons who are professionally en- 
gaged in legal proceedings, are permitted to repre- 
sent contending parties before these courts. The 
law provides for the conversion of the courts under 
certain conditions into boards of conciliation ; but 
the decisions when acting in that capacity are not 
legally binding and cannot be enforced. Even by 
this revised code the ancient iiuuungen are protected, 
and are empowered to establish courts of arbitra- 
tion even in districts where industrial courts already 
exist. 

According to Article 1396 of the Industrial 
Code, the whole of the empire is divided into 51 
inspectorial districts, with the same number of 
regular inspectors of factories, and 33 assistants ; a 
tabulated statement is given of the work which 
they have done, which shows that they moved 
about a good deal. These officials report the 
existence of a fairly cordial feeling between them 
and the employers and employés, though in some 
cases the men have shown distrust, and in others 
the employers have resented, as a breach of dis- 
cipline, matters of complaint being brought before 
an inspector by workmen. 

Profit-sharing was established in Germany in the 
year 1847, and has been very slowly extended, 
until there were in the year 1888 some 18 instances 
of a successful inauguration of the system. The 
chief object appears to be to make the staff of 
workmen more permanent. Some of the firms 
hand over a share of their profits to benevolent 
funds connected with their establishments, others 
distribute them amongst the men, while other firms 
confine the benefits they offer to foremen and 
better-class workmen ; almost every firm which uses 
the system at all carries outits principles according 
to details which they conceive to be most fitted to 
meet their own particular case. There are two 
successful instances recorded of agricultural pur- 
suits being carried out upon a profit-sharing basis. 


NOTES. 

THe CHANNEL MAIL AnD PASSENGER SERVICE. 

Our Consul at Calais, Mr. E. W. Bonham, has 
forwarded to the Foreign Office a most interesting 
report, which, in addition to much information re- 
garding the trade of this port, gives details of the 
cross-Channel mail and passenger service. As to 
the ultimate effect of the protective tariff Mr. 
Bonham reserves his opinion, but he states that so 
far it has not conduced to improve trade, and many 
protectionists have had their faith rudely shaken. 
There is nothing but complaints as to dulness of 
trade, badness of business, want of employment, 
and lack of orders. There is great distrust and 
uncertainty, due partly to ‘‘recent financial 
matters.” Commerce is greatly restricted. The 
position of Calais as a port is largely due to the 
mail and passenger service. The time is not long 
past when the Indian mail, vid Calais and 
Brindisi, consisted of twenty-five small boxes ; now 
it has reached to 1684 bags. The mails for last year 
for France totalled 103,098 bags, while the weekly 
Indian, Australian, &c., mails passing to Brindisi 
included 61,802 bags. The mails to Britain num- 
bered 77,684 bags from France and 14,945 bags 
from the far East. In addition 25,000 baskets of 
parcels passed through Calais to or from Britain. 
The figures aresuggestive not only of the great extent 
of our interest in the East, but also of our close 
association with France. The passing annually of 
180,000 bags of letters to and from France must 
create a community of interests which we may 
hope is tending to the concord of the two nations. 
Again, there is even a closer relation consequent 
on the passenger traffic. The ‘short sea-route 
between Dover and Calais must ever be popular. 
At present, as we pointed out in describing last 
week the 22.16-knots paddle steamer Leopold 
II., the Belgian Government are making a great 
effort to increase the popularity of their route 
between Ostend and Dover, and since they have 
four 21 or 22 knot boats, the necessity of still 
faster Calais- Dover boats is growing very apparent. 
The mid-day service is the favourite, and carries by 
far the largest number of passengers, as the fast 


vessels are run in this service, and the consular 
officer says it is to be regretted that equally fine 
boats are not regularly used in the other services, 
as the cost of faster boats would be recouped by 
the greater traftic which might be reckoned on. 
For this reason, also, he urges the Calais autho- 
rities to push forward with the widening of the 
harbour. The number of passengers crossing shows 


Calais. Boulogne. 
1888 248,001 120,021 
1889 346,934 127,430 
1890 262,364 106,604 
1891 258,465 109, 285 
1892 248,347 113,765 


a falling off since 1889, the Exhibition year, the 
decrease during the past year being due to the 
cholera scare. 


INCREASING THE ILLUMINATING Power oF Gas. 

The Edinburgh and Leith Gas Commission have 
decided, after careful investigation, to adopt oil for 
enriching gas instead of cannel coal, which, owing 
to the supply rapidly diminishing, commands an in- 
creasingly high market price. We have in previous 
issues described the process and published results 
of tests (see ENGINEERING, vol. liii., page 793, and 
vol. liv., page 81), but the results got by Mr. Linton, 
manager of the Leith works, are very suggestive. 
As to the cost, he states that for the same amount 
of illuminating power the gas from high-class 
cannel coal at current prices costs from three to 
four times as much as gas enriched with oil by Mr. 
Young’s process; while as against cannel gas at 
the lowest price ever known, the oil gas would be 
only half the price. Oil at present is calculated at 
21. 9s. 9d. per ton, and even if it were raised to 80s. 
per ton it would yet admit of the price of the oil 
gas being cheaper than gas from the high-class 
cannels at the cheapest price ever reached. The 
composition suggested for the gas enriched with oil 
is—10,000 ft. of 15-candle gas from splint, and 
1666 ft. of 90-candle gas from oil, which would 
give gas of a candle-power of 26. The aver- 
age during the past year was 25.33 candles 
at the Edinburgh and 25.03 candles at the Leith 
works. The cost of manufacture and enriching 
would be 14.83d. per 1000 cubic feet, while in 
1891-2 the cost was 26.69d., the lowest cost ever 
known in the works having been 15.97d. in 1888-9. 
Whenitisnoted that onanaverage about 100,000,000 
cubic feet of gas are made at the Edinburgh works 
per month, and assuming that the saving is 12d. per 
1000, it is found that the saving is 50001. per month, 
or probably 60,000/. per annum, due not to any de- 
crease in illuminating power, but to the use of less 
costly but equally efficient enriching agents—oil 
instead of cannel coal. Were the Leith works, be- 
longing to the same Commission, supplied with 
plant for the oil enrichment system, the gain would 
be 25,000/. per annum, but in this case the change 
is deferred owing to want of room. 


THe McKiniey TaRirF AND THE TINPLATE 
INDUSTRY. 

The industry which the Protectionists of America 
were most certain of establishing was probably that 
of tinplate manufacture, and remarkable statements 
have been made as to the development. An in- 
structive report, transmitted to the Foreign Oftice by 
the British Ambassador at Washington, indicates 
that, according to the ruling of the Treasury, a 
black sheet may be rolled, annealed, and cold-rolled 
in this country, boxed and imported by manufac- 
turers, and dipped in imported tin, and yet be 
returned officially as tinplate produced in the 
United States. A new industry has thus been 
created; and not only are the steel sheets imported, 
cut to size and ready for tinning, but the pig tin 
and palm oil used for tinning are imported. The 
men, too, have been brought in large numbers from 
Wales. Thus it is that while the imports of black 
tin were nominal in 1890, they have increased to 
ten million pounds, or only three and a half mil- 
lion pounds less than the total amount of tinplate 
manufactured in the States according to official 
returns. The total make of tinplate during the 
past fiscal year was 13.64 million pounds, but only 
one-third was bright tin, the remaining two-thirds 
consisting of terne plates. The insignificance of 
this total is accentuated by the fact that it is only 
equal to about six days’ consumption in the States, 
for 678 million pounds are required annually for 
all purposes. There seems no doubt, however, 
that a tinplate industry has been started in the 
States, and that various iron and steel factories 
have added tinplate machinery, and are making 
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plate of a certain kind in increasing quantities every 
quarter. At the same time fine plates do not appear 
to have been turned out in any appreciable quan- 
tity, owing, as the report puts it, to the fact that 
black plates of a thin gauge cannot, so far, be made 
according to requirements, either in quality or 
price, especially the latter, and the industry has 
consequently been confined to dipping and to the 
manufacture of coarser kinds for roofing. Tin- 
plates have increased in price by nearly 25 per 
cent. in three or four years; and are 22s. per 
box in New York, against 12s. in Liverpool. 
In other words, the American consumer pays 6s. per 
box more than would be the case if there was no 
tariff, and this has materially affected the canning 
industry. The factories have to use an inferior 
quality, but even then the result is such a decline in 
trade that the quarter’s wage-bill is less than one- 
half what it was two years ago. The inability of 
the Americans to produce their own tinplate is evi- 
denced further by the fact that imports from this 
country have not fallen off, but even show signs 
of increasing. Yet there are words of warning in 
the report. It is said that there appears to be no 
reason why the present difficulties as to price and 
quality in the production of fine black plates ready 
for tinning should not be overcome in course of 
time, provided the present duty be maintained. All 
the raw materials necessary can be found. The 
rolling mills in the United States are now produc. 
ing nearly 250,000 tons per year of the heavier 
kinds of sheet iron and steel, and it may not be long 
before American ingenuity, aided by a bounty of 
fully 1d. per pound, will discover means to attain 
the end in view. But so great is the consumption 
that it will be years before the English product 
will be seriously affected by the new industry under 
the best of conditions. 


THE LATE MR. FREDERICK RANSOME. 

By the death, at the age of 75 years, of Mr. Frederick 
Ransome at 42, Melbourne-grove, East Dulwich, there 
passed away on the 19th inst. one who, by patient re- 
search, enriched the world’s knowledge of the chemical 
treatment of minerals. Early in life the idea occurred 
to him that stone, like iron, might be melted and run 
into moulds, that the myriads of little grains of sand 
by the sea-shore might be cemented indissolubly to- 
gether. After many years of experiment, during 
which he made several discoveries, some of them un- 
expectedly, he perfected his process of manufacture, 
which was based on one of the most beautiful of 
chemical reactions. Flints were first dissolved by 
means of caustic alkali under high pressure, so as to 
form silicate of soda, a kind of water glass. This 
viscous and tenacious substance was then rapidly 
raixed with a proportion of very fine and sharp silicious 
sand in a mould, so as to form a soft plastic mass 
which could be moulded into any shape that was 
desired. The soft stone was then placed in a bath of 
chloride of calcium solution, which was made to pene- 
trate every pore by means of hydraulic or atmospheric 
pressure. When this solution came into contact with 
the silicate of soda a double decomposition took place, 
the silica combining with the calcium and forming a 
hard solid silicate of lime, and the soda uniting with 
the chlorine to form chloride of sodium in a small 
quantity. Instead, then, of the particles of sand being 
covered with a thin film of the liquid silicate of soda, 
they were covered and united together with a film of 
solid silicate of lime, one of the most indestructible 
substances knowr. The small quavtity of soluble 
chloride of sodium, one of the results of decompo- 
sition, was then washed out of the stone by a douche 
of clean water or by hydraulic pressure, and when dry 
the stone was ready for use. A cube of stone 4 in. 
square took 44 tons to crush it, although only ten 
days old, while sections 2} in. square bore respec- 
tively 70 lb. and 1200 Ib,* 

The artificial material produced by Mr. Ransome 
was a sandstone, the silicious particles of which were 
bound together by a cement of silicate of lime. Its 
composition was precisely that of the best building 
stone known—such as Cragleith and some varieties of 
Yorkshire stone, which resist the most trying air and 
climate. When fractured it showed perfect homo- 
geneity, so that it was admirably adapted for carving 
with chisels. It could be moulded into the most deli- 
cate forms while in a soft state, and could be surface- 
dressed or finished when hard, if necessary. Its 
plasticity during the first process of manufacture 
enabled it to he used with great economy in all 
elaborate mouldings and repeated ornamentation, and 
many of the public buildings in England, Bombay, 
Calcutta, and New Zealand may be regarded as 
m:2morials of Ransome’s success, notably the new 


* See ENGINEERING, vol. iii., page 671; 


India Offices, St. Thomas’s Offices, the Brighton 
Aquarium, the Albert Bridge at Chelsea, and many 
churches, while for other purposes, as in the Metro- 
politan Railway stations and at the London Docks, 
it was largely used. 

The process was utilised for many other purposes, 
devised in succeeding years by Mr. Ransome, notably 
for emery wheels, and for grindstones, which ground 
away + oz. of steel in 16 minutes, against about 11 
hours taken by a Newcastle stone, both pieces of steel 
being cut off the same bar. Mr. Ransome also con- 
structed filter in which porous slabs were used for 
passing the water. While engaged in such minor pur- 
suits, the subject of our memoir continued to direct 
his studies to the manufacture of other materials, one 
of the results being the manufacture of cement from 
blast furnace slag and lime. Into the details of the 
process it is scarcely necessary to enter, further than 
to state that he worked assiduously until he perfected 
it, overcoming all difficulties, and producing a cement 
the tests of which* showed that it possessed remark- 
able properties, the strength within a few days of 
manufacture being higher than that of Portland cement 
after seven years. Being made from waste materials, it 
could be produced at half the cost of Portland cement. 
He next directed his energy to the mechanical details 
for burning the cement, and produced a novel type of 
revolving kiln, the characteristic feature of the pro- 
cesst being that the material was burned in a state of 
powder, and that it emerged from the furnace in this 
condition, the object being to reduce the final grinding 
from a tedious and expensive process to a very simple 
and rapid operation. 

In recent years Mr. Ransome rested from _ his 
labours, the general tendency only of which we have 
indicated by some of the more conspicuous successes. 
His geniality and kindliness of heart made for him 
many friends, who regret his death, and not a few paid 
the last duty of friendship at Norwood Cemetery last 
Saturday, 


Gorton S—EwAGE ScHEME.—On Saturday, the 15th inst., 
Mr. J. S. Smith, C.E., one of the Local Government Board 
inspectors, held an inquiry into an application by the 
Gorton Local Board for sanction to borrow 30,000/. for 
works of sewerage and sewage disposal. The inquiry 
created much interest in the neighbourhood, and there 
was a large attendance at the Town Hall, Gorton, Man- 
chester. Mr. Bidder, Q.C., and Mr. Sutton, instructed 
by Messrs. Hall, Son, and Lord, solicitors, appeared in 
support of the application, and Mr. J. Addison, Q.C., 
M.P., and Dr. Parkhurst watched the proceedings on 
behalf of the Manchester Corporation. Mr. Bidder, 
after explaining the object of the inquiry, said the popu- 
lation of the district was 16,000, and it was already 
effectually sewered, but the sewage flowed totally un- 
treated into the Gore and Corn Brooks. The area of the 
works was to be eight or nine acres, but owing to the high 
price of land in the district, and its being quite unsuited 
for sewage treatment, it was proposed to deal with the 
sewage, first by chemical precipitation, and then by fil- 
tration through polarite beds. Three precipitation tanks, 
each of a capacity of 409,275 gallons, were to be provided, 
and six polarite filters. The sludge they intended to 
press. Mr. Bidder stated that as a result of their obser- 
vations they were confident of being able to obtain by the 
polarite system an effluent which he might say had never 
yet been obtained by any other process. Mr. C. J. Lomax, 
C.E., of the firm of Messrs. Lomax and Lomax, of Man- 
chester and Bolton, said that the Board, who were 
submitting a scheme without land, relied upon the fact 
that the chemical treatment in the tanks and the sub- 
sequent purifying of the effluent through the best-known 
filtering medium—polarite—would be sufficient to satisfy 
the authorities having jurisdiction over the river. Mr. 
Lomax then gave particulars as to the character of the 
sewage and routes of the sewers. In cross-examination 
Mr. Lomax said that at various places where lime was 
used to treat the sewage the effluent was unsatisfactory. 
Dr. Burghardt, analytical and consulting chemist at 
the Victoria University, Manchester, was called in sup- 
port of the scheme, as also Mr. J. Carter Bell, borough 
analyst for Salford, who gave the results of analyses of 
effluents from Swinton, Pendlebury, and Royton, where 
the polarite system is in operation; these analyses were 
made for the Salford Corporation, and Mr. Bell stated 
that they were of extremely high purity and satisfactory 
in every respect, and that he had never before had 
samples so pure. Mr. Frank Candy, managing director 
of the International Water and Sewage Purification 
Company, Limited, whose polarite system is proposed to 
be adopted, was also called, and said that the War Office 
and Home Office had the polarite process in operation at 
various places, that polarite practically lasted for ever, 
and by its use effluents were obtained far better than any 
he had seen from sewage farms. After some futher dis- 
cussion, the proceedings terminated, having occupied the 
whole of the day. This, as will be seen, is one of the 
most important inquiries on sewage treatment which has 
probably ever been held, and therefore it was watched 
with great imterest by the officials and members of the 
Corporation of Manchester, in view of steps which are 
about to be taken in connection with the purification of 
the entire watershed of the River Irwell. 


* See ENGINEERING, vol. xxxix., page 95. 
+ Ibid., vol. xlii., page 156, 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a fairly good 
business done in the iron market last Thursday at easier 
prices. Scotch iron opened 3d. per ton stronger, but as 
there was evidently a good supply of warrants on offer, 
prices lost the early gain, and closed $d. down on the 
day. Cleveland warrants were pressed for sale, and 
prices receded 1d. per ton further. Hematite iron, 
which had been steady over the previous week, was 
offered on Thursday at a decline of 4d. per ton, but no 
business was reported. The closing settlement prices 
were—Scotch iron, 40s. 6d. per ton; Oleveland, 34s,; 
hematite iron, 45s. 44d. per ton. Only a small amount of 
business was done on Friday, and prices were again 
backward. At the opening Scotch pig iron was firm, 
but it gave way in the afternoon, and closed 1d. per ton 
cheaper on theday. Cleveland improved $d. early in the 
day, but later on that gain was lost, and the close was 
without alteration. Hematite iron was idle, and Thurs- 
day’s cheaper quotations were maintained. Between 4000 
and 5000 tons were dealt in during the day, 1000 tons 
of which was Cleveland iron. At the close the settle- 
ment prices were—Scotch iron, 40s. 74d. per ton; Cleve- 
land, 34s.; hematite iron, 45s. 44d. per ton. The market 
was quiet, but steady, on Monday. About 10,000 tons of 
warrant iron changed hands in the open market. Scotch 
iron opened easier, but recovered, and closed 4d. per 
ton over last week’s closing price. Sellers of Cleveland 
were asking 4d. per ton over their last week’s final price. 
Although no official notification of business in hematite 
iron was given, about 3000 tons were sold at 45s, 44d. per 
ton three months. The official closing prices showed 
3d. down with buyers, and 1d. down with sellers. In 
all about 13,000 tons of iron changed hands during the 
day. The settlement prices at the close were—Scotch 
iron, 40s. 9d. per ton; Cleveland, 34s. ; hematite iron, 
45s. 3d. per ton. There was rather more business doing 
in the pig-iron market yesterday, and prices were a shade 
firmer. In the forenoon there were dealings in Scotch 
warrants at 40s. 9d. per ton, but the price was not main- 
tained, and the closing quotation for the day was 40s. 8d. 
cash. Cleveland was done at 34s. 04d., but closed at 34s, 

erton. There were no official transactions in hematite 
iron, which recovered the recent loss of 3d. per ton. The 
closing settlement prices were : Scotch iron, 40s, 7d. per 
ton ; Cleveland, 34s. ; hematite iron, 45s. 43d. per ton. The 
market was quiet to-day, both forenoon and afternoon. 
Some sales of Scotch were made at 40s. 83d. per ton cash, 
and 40s. 10$d. one month. The prices did not undergo 
much change in the afternoon. The following are some 
of the prices of No. 1 special brands of makers’ iron: 
Gartsherrie and Calder, 48s. per ton; Summerlee, 50s. ; 
Coltness, 53s.; Langloan, 54s.—all the foregoing 
shipped at Glasgow ; Glengarnock (shipped at Ardrossan), 
49s. 6d.; Shotts (shipped at Leith), 58s. 6d.; Carron 
(shipped at Grangemouth), 52s. 6d. per ton. The number 
of blast furnaces in actual operation over aJ] Scotland is 
now 71, as compared with 77 at this time last year. Two 
(at Glengarnock) are making basic iron, 19 are working 
on hematite ore, and 50 are making ordinary Scotch iron, 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 7550 tons, against 7585 tons in the corre- 
sponding week of last year. They included 412 tons 
for the United States, 170 tons for Canada, 100 tons for 
India, 1400 tons for Australia, 135 tons for France, 610 
tons for Italy, 470 tons for Germany, 100 tons for Russia, 
100 tons for Holland, smaller quantities for other coun- 
tries, and 3553 tons coastwise. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores stood at 
340,325 tons yesterday afternoon, as compared with 
341,285 tons yesterday week, thus showing a reduction 
for the week amounting to 960 tons. 


Finished Iron and Steel Trades.—The position in the 
finished iron and steel trades remains without much 
change. There are no quotable alterations in makers’ 
prices, but sellers in the open market are prepared to 
accept very low figures to secure orders. Manufactured 
bar-iron makers report trade a little better ; the demand 
for local iron merchants’ stocks and consumptive purposes 
continues below the average at this season. Coatbridge 
and Motherwell makers, however, report the arrival of 
some welcome orders from New Zealand, the Cape, South 
America, and Chinese markets. The competition is very 
keen. Tubing hoops and strips and bedstead angles are 
more indemand. There has of late been a better demand 
for iron and steel tubes, and makers are, if anything, a 
little firmer in their quotations, 


Institution of Engineers and Shipbuilders in Scotland — 
The thirty-sixth annual general meeting of this Institu- 
tion was held last night, Mr. Robert Dundas, M. Inst. 
C.E., President, inthe chair. A very satisfactory finan- 
cial statement for the past year was submitted on behalf 
of the treasurer (Mr. J. M. Gale), in his absence; 
and then Mr. Dundas, whose term of office had 
expired, moved as his successor in the presidential chair 
Mr. John Inglis, naval architect and engineer. That 
gentleman’s election was unanimously agreed to. Mr. 
George Russell, Motherwell, was elected to a vacant vice- 
presidentship, and for five vacancies in the council the 
following members were elected: Professor Barr, 
D.Se., M.I.C.E. ; Mr. James Mallison, engineer-surveyor 
to Lloyd’s; Mr. Matthew Holmes, locomotive superin- 
tendent, North British Railway; Professor Jamieson. 
M.I.C.E.; and Mr. C. P. Hogg, M.I.C.E. Mr. Gale 
was re-elected to the post of honorary treasurer. On the 
motion of Mr. George Russell, the retiring president was 
very cordially thanked for his services to the Institution 
during the past two years. At an earlier stage of the 
proceedings premiums of books were awarded on account 
of papers read during session 1891-92 to Mr. Alexander 
M‘Ara, for his paper on ‘‘Tiimes ahd Cements ;” to Mt 
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John Crum, of Workington, for his paper on “ Air 
Pyrometers ;” and to Mr. Rankin Kennedy for his paper on 
his new system of producing and distributing electricity. 
Interesting discussions took place on three papers that 
had already been submitted to the Institution and pub- 
lished in the monthly issue of the Transactions. Next 
Tuesday night an extra meeting will be held for the dis- 
cussion of other three papers that have been published in 
the Transactions. 


The Royal Scottish Society of Arts—On Monday night 
the eleventh meeting of the present session of the Royal 
Scottish Society of Arts was held. There was fairly large 
attendance, and Mr. Alexander Leslie, C.., President, 
oceupied thechair. There was submitted the report of 
a committee on the paper of the late Mr. Laurence Hill, 
C.E., Glasgow, on his non-automatic or confidence 
water meter, the paper having been read before the 
Society on February 27 last. The committee reported 
“that Mr. Hill’s invention is very ingenious, and has all 
the merits claimed for it by the author in his paper, and 
should be of great service to shopkeepers using a very 
limited quantity of water on their premises, and where 
the law is such that the quantity used only is paid for.” 
Mr. G. H. Gemmell, FLO. F.C.S., then read a paper on 
“Micro-organisms in Drinking Water in relation to 
Public Health.” After discussion on several points in 
the paper, M. Gemmell received the thanks of the meet- 
ing. 

Philosophical Society of Glasgow.— At au ordinary meet- 
ing of this society, held last week, an interesting paper 
was read on ‘‘A New System of ining Eoraey Ware 
by the Use of Gaseous Fuel,” by Mr. W. F. Murray. 
The results of the practical working of the kilns showed 
that the regenerative or recuperative system of firing 
was attended with a very marked economy. Mr. 
Alexander George Moore, M.A., read a paper en- 
titled ‘‘A Mining Engineer’s Notes of a Recent Visit 
to South Africa,” in the course of which he gave some 
very valuable information regarding the coal deposits of 
Natal. Subsequently Mr. William Aitken, Assoc. Inst. 
E.E., engineer to the National Telephone Company, read 
a paper on ‘‘Special Applications of the Telephone,” 
referring principally, however, to the domestic use of the 
telephone. The paper was very fully illustrated. 


The Glasgow Subway. —The Glasgow Subway, the new 
underground line which makes a circle underneath the 
city, and passes twice under the Clyde, is, according to 
the latest report of the engineers, making rapid progress. 
The circumference of this important circular line is about 
64 miles, and of this about 2% miles are already com- 
pleted. For the vigorous carrying on of the undertaking 
there are no fewer than thirty-four working faces. If the 
| ar rate of progress is maintained, the promoters are 

opeful that the subway will be an accomplished fact in 
the fall of next year. 


Dundee Gas Supply Undertaking.—The past year’s 
working of the gas supply undertaking of Dundee has 
been so successful that there is a strong probability that 
the price of gas for next year will be reduced from 3s, 9d. 
to 33, 6d. per 1000 cubic feet. It is very likely that the 
price of the coals required will be about 12s. 3d. per ton, 
as compared with 16s. in the past year, thus giving a 
saving of about 10,000/. 


Lanarkshire and Dumbartonshire Railway.—An impor- 
tant portion of the work on this railway has been let to 
Mr. Robert M‘Alpine, and two contracts have been let to 
Messrs. Hugh Kennedy and Sons. There are still two 
contracts yet to let, one of them for a viaduct over the 
Kelvin at Partick. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
ixtending the Coalfield in South Yorkshire. —'The 
directors of the Wharncliffe and Silkstone Colliery Com- 
Pree promote to sink a shaft from their Parkgate pit to 
the Silkstone bed. The company has worked the silk- 
stone seam for many years direct from the surface, and 
the proposed new shaft will be an additional outlet. 


Electricity as Applied to Sheffield Trades.—Mr. W. H. 
Watkinson, M. Inst. M.E., lecturer at the Central Schools 
at Sheffield, in the course of the delivery of a third address 
on electric welding, smelting and melting, has made a 
Suggestion in reference to local industries. In his last 
address he commenced with a description of some of the 
machines now in use, such as the Coffin welding machine, 
Burton’s automatic forging machine, and Siemens’ elec- 
trical furnace. He went on to mention that at Neuhausen 
(Switzerland), where power was being obtained from 
waterfalls, the aluminium process was carried on by elec- 
tricity without either fire or smoke; work having gone 
there that might just as easily have been done in Shettield 
by the same electrical agency. He commended the idea 
to the Sheffield manufacturers, and, to show that the 
thing was practicable, went through several experiments 
in the way of smelting, melting, and making small cast- 
ings by means of a miniature furnace heated by elec- 
tricity. 

The Probabilities of the Armour-Plate Trade.—To ven- 
ture an opinion as to who will receive the bulk of the 
forthcoming orders for armour-plates would be a step 
that would not be desirable, but we may say this, that 
Government inquiries point to the fact that all-steel 
core with surface hardening, will be those that will 

nd favour with some of the leading inspectors. Having 
regard to the fact that heavy machinery has to be 
laid down for the production of special armament, 
it appears that time is being given to some of the 
Older howises for the fransition; but befors long it is 
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anticipated that those who are capable of rolling an 
armour-plate to present requirements will have their 
hands full of work. One meaning of the present delay is 
that mills that have done so well in the past shall have 
an opportunity for further work in the advancing com- 
petition. Even the additional machinery now being 
placed in the district for the making of forgings points to 
the fact that heavier ordnance will before long be turned 
out by the leading Sheffield houses. 


Engineering.—The majority of the mechanics in this 
district have obtained work, but many of them are on 
short time ; the arrangement of the Engineers’ Associa- 
tion being that as many hands as possible shall be taken 
on by firms. This arrangement, however, causes no 
improvement in trade. The busiest firms are those 
engaged on traction engines and agricultural machinery. 
The bulk of this work lies in the Leeds district, and 
this branch of trade is expanding. The call for best 
classes of iron and steel boiler plates is extending week 
by week, and this department of trade may now be 
said to be busy. Those depending on orders for marine 
work are short of employment, as indents from private 
and Government shipyards are falling off. The pre- 
sent outlook for improvement is for mining machinery, 
orders for which may be anticipated from South Africa, 
Brazil, and Canada. The Australian trade is floored for 
this season, financial reasons having caused a counter- 
manding of orders that has seriously affected this dis- 
trict. These countermands affect particularly bar iron, 
sheets, and cutlery. 


Coal.—The coal market is in a very unsatisfactory posi- 
tion ; sales at adjacent ports are falling off, and the district 
demand is far below the average for the corresponding 
ibe of last year. Exports to Hull from the Yorkshire 

istrict are seriously affected by the strike, and values of 
coal and coke are on the downward grade. Heavy con- 
tracts for coal are on the eve of completion. Masters in 
South Wales have announced their intention to reduce 
wages by 20 per cent,, and already in this and the adjoin- 
ing competing Derbyshire coal district, the alarm has been 
given that a reduction in wages may be asked for before 
long. The employers are silent for the present, but prices 
of fuel are falling in the open market, and action on 
the part of coal raisers is Jooked for. The values of locally 
produced iron and steel, as given last week, do not vary, 
but there is beneath the surface a movement for a reduc- 
tion of wages that may before long find more open ex- 
pression so far as the miners are concerned. There are 
no encouraging lines to hand in either the iron or steel 
trades, and no alteration in rates as given last week, but 
the coal trade is weaker, and production exceeds require- 
ments, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on ’Change, and the tone of the market 
was very flat. Inquiries were exceedingly few, and many 
people expressed the opinion that the outlook for the 
future was gloomy and discouraging. Buyers were very 
backward, and offered exceedingly low rates for iron, and 
what orders were placed were by no means large. Several 
sellers asked 34s. 3d. for prompt f.o.b. delivery of No. 3 
g.m.b. Cleveland pig iron, al would not listen to less 
than that figure, but buyers were not to be found at the 
price. A few small lots changed hands at 34s. 14d., 
but most purchasers would not offer above 34s., and 
they reported being able to procure No. 3 at the last- 
mentioned figure. The lower qualities of pig were weak 
in price, particularly grey forge, which was difticult to 
sell, owing to the dull state of the finished iron trade and 
the slack demand for Scotland. Orders for grey forge 
would readily have been accepted at 32s. 9d. Middles- 
brough warrants were steady throughout the day at 34s. 
cash buyers, but there was little or no business doing in 
them. Local hematite pig iron was reported a shade 
easier, but 43s. was the least price mentioned for prompt 
delivery of mixed numbers. To-day’s market was weaker 
than yesterday’s, and business was almost at a standstill. 
There were plenty of sellers of No. 3 g.m.b. Cleveland 
pig at 34s. Middlesbrough warrants were very flat, and 
very little, if anything, was donein them. At the close 
of the market they were quoted 33s. 104d. cash buyers. 


Manufactured Iron and Steel.—These two important 
branches of the staple industry are in as unsatisfac- 
tory a state as ever, and unfortunately at present there 
is nothing to indicate an early improvement. Quota- 
tions are weak, but they can hardly be said to be lower 
than the figures given last week, nor is it likely that 
makers will further reduce their rates, for present 
prices leave a bare profit, and it is probable that firms 
will close their works rather than do business at lower 
prices than have recently been accepted. Common iron 
bars are quoted 4/. 17s. 6d. ; iron ship-plates, 47. 12s, 6d.; 
iron ship angles, 4/. 11s, 9d.; steel ship-plates, 47. 18s. 9d.; 
and steel ship angles, 4. 15s., all less 24 per cent. dis- 
count. Heavy steel rails are still put at 3/. 15s. net at 
works, but orders might be placed at a trifle less. 


The Fuel Trade.—There is very little alteration in the 
fuel trade. Steam coal keeps steady, and a fair demand 
is reported. At Newcastle the general quotation for best 
Northumbrian steam coal is 8s. 6d. f.o.b. ; second qualities, 
83. ; and small steam, 3s. 3d. to 3s. 6d. An abundance 
of bunker coal is offered for sale, the supply being very 
heavy, and 6s. is generally mentioned for unscreened 

ualities. The demand for gas coal continues to diminish. 
oke is pretty steady. Here good blast furnace qualities 
are 12s. per ton delivered at Cleveland works. 


Coal Staithes for the Teesi—At last the 1 ong-felt want 


of coal staithes near Middlesbrough is to be supplied, the 
North-Eastern Railway Company having decided to 
erect staithes at Port Clarence. Complaints have been 
numerous for years past that vessels had to leave the 
Tees for the Hartlepools, Tyne, and Sunderland in order 
to obtain coal cargoes or bunkers, and often load coals 
from collieries nearer Port Clarence than the ports to 
which they had proceeded. Those who trade with the 
Tees will be glad to hear the decision of the North-Eastern 
Railway Company, and we hope that no time will be lost 
in carrying out the erection of the staithes, 


NOTES FROM THE SOUTH-WEST. 

Water Supply of Chard. —The local authorities of Chard 
are considering the best means of acquiring a better 
water supply. Two schemes are proposed—one for 
obtaining water by natural gravitation from Wainbrook, 
about three miles west of the town; and the other for 
utilising the present supply and pumping it to a reservoir 
on Snowdon, soas to make it available for the higher 
parts of the town. 


The ‘‘ Astrea.” —Considerable progress has besn made 
during the past fortnight with the new cruiser Astrea 
at Keyham. All the boilers have been fixed on 
board, and the work of shipping the machinery has com- 
menced. On Friday and Saturday the low-pressure 
cylinders, each weighing 40 tons, were transferred from 
the erecting shop at Keyham on the duck side, and one 
of the cylinders was placed in position on board the ship. 


Cross Hands.—In spite of the depression at present 
existing in the coal trade of South Wales, extensive 
developments are taking place at Cross Hands, near 
Llanelly, which is in the heart of the anthracite district. 
The Cross Hands Colliery Company has sunk two pairs 
of pits to intersect the Pumpquart vein. The company 
is already in a position to raise 40 tons per day, and ina 
few months this quantity will have been increased to 
over 100 tons per day. 


The Rhymney Valley.—At the Llanbradach pits the 
Little Rock seam is now being opened out, and its quality 
is stated to be good, Other pits have been started at 
Aber, and excavations are being proceeded with for the 
erection of engine-houses, &c. 


The ‘‘ Barham.” —At the trial of the Barham, cruiser, 
the engines developed 4538 horse-power, while the ship 
attained a speed of 20? knots per hour by patent log. 
Over the measured mile the speed was only 182 knots per 
hour. The Barham was originally designed to develop 
6000 horse-power, but this appears to be beyond her 
strength. 


Bute Dry Dock and Shipbuilding Company, Limited.— 
Thiscompany gives its shareholders 10 per cent. for the 
financial year ending March 31, 1893, a substantial sum 
being at the same time added to the reserve fund. 


Cardifi—About an average business has been passing 
in steam coal; the best qualities have made 9s. 3d. tu 
9s. 6d., while secondary descriptions have brought 
8s. 6d. to 9s. per ton. Household coal has ruled quiet. 
There has been a steady demand for both foundry and 
furnace coke; foundry qualities have made 17s. to 
17s. 6d., and furnace ditto, 153. to 16s. 6d. per ton. In 
the iron and steel trades, industrials are laying in liberal 
supplies of iron ore. 


Torpedo Tubes.—Five fixed torpedo tubes for the 
Ramillies line-of-battle ship, which have been constructed 
at Keyham Factory, have been sent from Devonport to 
Portsmouth. These tubes are all to bs fitted above 
water, four on the broadside and one astern. The 
Grafton’s tubes, also made at Keyham, are ready for 
passage to Portsmouth. The Grafton will be fitted with 
two submerged and two above-water 18-in. broadside 
tubes. 


Defences of Plymouth.—Works in connection with the 
defences of Plymouth, under the Imperial Defence Act, 
continue to be vigorously pushed forward. The arma- 
ments of Raleigh battery, in which two 29 ton 10-in. 
breechloading barbette guns have been mounted, have 
already been completed, as are also the nine central 
position-finder cells at Middle Barton, Rame. Three 
position-finder cells for Penlee battery, which are being 
erected alongside Folly Tower, are progressing. At 
Penlee battery the work of the contractor (Mr. J. Mar- 
shall, Plymouth) is almost at a standstill until a 67-ton 
gunis mounted. The mounting of the carriage, shield, &c., 
was completed on Saturday, and it is expected that the 
gun will be mounted in the course of another four or five 
weeks. At Rame Church battery four 9-in. 12-ton 
howitzer guns have been mounted by a detachment of the 
7th Company Western Division Royal Artillery from 
Fort Picklecombe, on drum-like pneumatic carriages, 
working on clip-racers. At Tregantle Down battery two 
similar carriages and two 9-in. 12-ton howitzer guns have 
been conveyed from Wacker by military railway into the 
battery ; and the other two guns which should have 
arrived at Wacker last week, will, when landed, be taken 
up in like manner. 


Proposed Cardif’ Harbour Trust.—Proposals are about 
to be submitted to the Cardiff Town Council for the forma- 
tion of a harbour trust for Cardiff. The trust will include 
the Barry Dock, and it will altogether represent a capital 
of 7,000, 0002. 


Clifton Rocks Railway.—A system of signalling by 
electricity has been designed by Messrs. King, Mend- 
ham, and Co., Bristol, for the Clifton Rocks Railway, 
upon which water power is used for hauling up the 
cars, which convey any number of passengers up to 
eighteen. The signals are received in succession upon a 


' signal board; an eleetrie bell rings at each fresh indication! 
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and the engineer is thus able to provide for suffi- 
cient water being admitted into the tank to take a car 
down, and when it is ready a signal is sent down inti- 
mating that the car is starting. The object of the 
signals is to enable the engineer to establish the neces- 
sary balance in working the cars. 


Fishguard Bay Railway and Pier.—This Bill came on 
Friday before a Committee of the House of Lords, the 
Earl of Morley presiding. The object of the Bill is 
to authorise the construction of a railway, with a 
pier and breakwater in connection therewith, at Fish- 
guard Bay, in the county of Pembroke. Formal proof 
having been given, the Bill passed through the Com- 
mittee stage, and will in due course be reported for third 
reading. 


Swansea Corporation Water Works.—A claim which 
has been brought against the Swansea Town Council by 
Messrs. Baldry and Yerburgh, contractors for the con- 
struction of a storage reservoir in the valley of the Upper 
Lliw, has not yet been settled. The amount claimed is 
about 68,000/. 


Torquay Breakwater.—Messrs. Abernethy and Sons 
have reported to the Torquay Town Council that Mr. 
Abernethy has carefully examined the harbour works, 
particularly with the object of dealing with the sea, which 
at times of south-easterly gales is heavy at the entrance, 
and causes considerable disturbance within the harbour. 
From long experience and intimate personal knowledge 
of other harbours, Mr. Abernethy is of opinion that the 
present breakwater should be extended a further 50 ft., 
as previously designed ; and having regard to the fact 
that in many other harbours, where strong tidal 
currents set past their entrances, 150 ft. or less has 
been found ample width for vessels and steamers of larger 
tonnage than ever came to Torquay, he is obliged 
to disregard the evidence of local authorities to the 
contrary, and to state that it is most desirable to reduce 
the width of the entrance to170ft. Further, bearing in 
mind that in the present case there are no tidal currents 
to deal with, Mr. Abernethy is convinced that that width, 
while more effectually protecting the harbour, will be 
found quite sufficient and convenient for vessels either 
entering or passing out. With regard to the important 
question of saving further expense, the present height of 
the breakwater will, Mr. Abernethy thinks, be suffi- 
cient with the addition of a 6-in. concrete surfacing. The 
question of the slipway is receiving attention. Messrs. 
Cochrane and Son have received drawings of the pro- 
posed work, and it is expected that a tender from them 
will be forwarded in the course of a day or two. 


Institute of Naval Architects.—The Institute of Naval 
Architects will visit Cardiff in July. The reception of 
the visitors will take place on July 11 at the Town Hall. 
A luncheon will follow, and in the afternoon a tour of in- 
spection will be made of the docks and adjacent works. 
In the evening there will be a dinner at the Park Hotel. 
The Marquis of Bute has intimated through Sir W. T. 
Lewis his desire to entertain the members of the Insti- 
tute, and the Taff Vale Railway Company has placed 
free special trains at the disposal of the visitors. An 
excursion will probably be made to Ilfracombe under 
the auspices of the Cardiff Chamber of Commerce. 


MISCELLANEA. 


AN electric railway for passenger traffic is to be con- 
structed from Douglas to Laxey in the Isle of Man. 


It is reported that the smokeless powder adopted by the 
Russian Government has turned out to be practically 
useless, as it does not keep. 


The annual dinner of old students of King’s College 
will be held at the Holborn Restaurant on Monday, 
May 15, with Mr. W. H. Preece, F.R.S., in the chair. 


The directors of the London and North-Western 
Railway Company, at their meeting last Friday, ap- 
pointed Mr. Frederick Harrison, their chief goods 
manager, to be general manager of the company, in suc- 
cession to the late Sir George Findlay. 


Messrs. Johnson and Phillips have contracted for the 
supply of upwards of 200 ‘‘ Brockie-Pell” arc lamps for 
the electric lighting of the buildings and grounds of the 
Gardening and Forestry Exhibition to be opened at 
Earl’s Court next month. 


Dingler’s ‘‘ Polytechnic Journal ” describes a new glass 
which is nearly impervious to the calorific rays, a plate 
3 in. thick only allowing about 11 to 12 per cent. of the 
total heat from a bat’s-wing burner to pass. The glass is 
Se from 70 parts of sand, 25 of china clay, and 34 of 
soda. 


The Leeds Steel Works, Limited, Leeds, have secured 
contracts 1 and 2 for several thousands of tons of metal 
work for the extension of the ship wharf, Karachi Har- 
bour, Karachi, India, the engineer for which is Mr. E. 
ecteont M.1.C.E., of India House, Leadenhall-street, 
4ondon, 


The gross receipts of the 23 principal railways of the 
United Kingdom for the week ended April 16 
amounted, on 16,454$ miles, to 1,312,518/., and for the 
corresponding period of 1892, on 16,3794 miles, to 
1,372,355/., an increase of 754 miles, or 0.4 per cent., and 
a decrease of 59,757/., or 4.3 per cent. 


At the last meeting of the Junior Engineering Society, 
held in the Westminster Palace Hotel, a paper on ‘‘ The 
Sanitary Engineering of Dwellings” was read by Mr. 
R. W. Newman, Stud. Inst. C.E., Memb. San. Inst. 
se reeneements hae pean aad for a summer excursion of 

e society durin e third week in Augus cs 
ad Oordwallonillibevadicd, eee 


Mr. Warren has described in the Chemical News an 
electric ‘‘ saw,” consisting of a platinum wire heated by 
an electric current, and with which he states the hardest 
woods can readily be cut. Unfortunately the platinum 


wire is liable to break, and hence he has also tried a steel | ¥ 


wire, platinised by immersing it in a solution of chloride 
of platinum in ether. 


The date fixed by the Admiralty for the completion of 
the first-class battleship Empress of India, 14, 14,150 tons, 
13,000 horse-power, preparing in Chatham Dockyard for 
her first commission, is July 1, by which date she is to be 
ready for the pennant. The armament has been mounted 
on board, and the work of fitting her under-water torpedo 
tubes completed. 


An International Exhibition, under the patronage of 
the King of Belgium, will be opened at Antwerp on 
May 5, 1894, and will remain open for six months. The 
Exhibition will include industrial, scientific, and artistic 
productions, and particular attention will be devoted to 
the nautical, colonial, and African sections. Upwards of 
100,000 square yards of covered galleries will be provided, 
and there will be over 18 acres of gardens, 


A company is being formed, with Mr. G. J. Snelus, 
F.R.S., as one of the directors, to acquire and work the 
patents of the Bridgeport Chain Company, U.S.A., for 
the weldless steel chain which was described in our issue 
of August 6 last. These chains, as our readers may 
remember, are made entirely by machinery, and have 
shown remarkable strength. The capital of the company 
is fixed at 100,000/., in 10,000 shares of 10/. each. 


The following method of soldering aluminium and its 
alloys is recommended by Mr. G. Wegner, a goldsmith of 
Berlin. The method consists essentially in the use of a 
flux made of 80 parts of stearic acid, 10 parts of zinc 
chloride, and 10 parts of chloride of tin. Any ordinary 
soft solder can be used, but the best consist of 80 parts 
of tin and 20 parts of zine. After the pieces of metal 
have been cleaned and damped with the flux, the solder 
is applied in the usual way. 


At the Institution of Civil Engineers, on Thursday, 
May 4, at 8 p.m., being the forty-first anniversary of the 
election of the Secretary as an Associate, the first 
‘‘James Forrest” lecture will be delivered by Dr. W. 
Anderson, F.R.S., M. Inst. C.E., the subject being 
‘““The Interdependence of Abstract Science and Engi- 
neering.” The association of a series of lectures with the 
name of one who has served the Institution so long and 
so ably is a most happy idea, on which everybody con- 
cerned is to be congratulated. 


The members of the Birmingham Association of Mecha- 
nical Engineers paid a visit on Saturday last to the works 
of Messrs. Tansley and Haines, Fazeley-street, Birming- 
ham, and inspected the cold stores, electric installation, 
and the process of ice-making. A very large number of 
members were present, and Mr. Haines, who is a member 
of the Association, took the party round and explained 
in detail the refrigerating operations. The party after- 
wards visited Messrs. Fellows, Morton, and Clayton, 
canal carriers, who build the engines for their own boats. 


Some time ago an action against Messrs. Barry, Henry, 
and Co. was raised in the Court of Session by Messrs. 
Harper, Limited, Aberdeen, craving for interdict, it 
being alleged that the defenders had infringed the pur- 
suers’ copyright catalogue and circulars. Messrs. Harper 
subsequently threatened to raise an action of damages 
in respect of the infringement, and the defenders have 
now settled the case by agreeing to pay 1000/. to the 
pursuers. This, it may be added, practically settles for 
the first time in Scotland the law regarding the copy- 
right of trade circulars. 


A Ferrol correspondent of the Times states that the 
employment of steel plates has been definitely decided 
upon in the provisional repairs of the damages to the hull 
of the Howe. The operations, which are expected to 
occupy three months, were begun on Tuesday. Mr. 
James Dunn, Chief Constructor, arrived at Ferrol from 
London on Monday. One of the leading officials con- 
nected with the Chief Constructor’s staff at Chatham 
Dockyard has, by direction of the Admiralty, pro- 
ceeded to Ferrol, there to make a thorough survey of the 
Howe and report on the nature of the injuries which the 
vessel has received. 


In commemoration of the very valuable work accom- 
plished by the late Mr. P, W. Willans in practical thermo- 
dynamics, it has been decided to raise a Willans memorial 
fund from which a premium may be awarded annually 
or triennially for papers on “‘ The Utilisation or Trans- 
formation of Energy.” The Councils of the Institutions 
of Mechanical and Electrical Engineers will be asked to 
act as joint trustees to the fund. A strong committee 
has been formed for carrying out the above proposals, 
including Dr. Anderson, Sir F.Bramwell, Lord Kelvin, 
Mr. Crompton, and many others of equal note. Sub- 
scriptions should be sent to Mr. Alexander Siemens, 12, 
Queen Anne’s-gate, S. W. 


A special committee appointed by the Central Railroad 
Club to report on the efficiency of combustion in locomo- 
tives states, at best, modern locomotive boilers are un- 
economical as compared with first-class boilers for sta- 
tionary engines. Experiments have shown that from 
50 to 60 per cent. of the total heat of combustion of the 
coal passes away from a locomotive boiler without 
evaporating any water. The performance of a locomotive 
boiler can be, they state, bettered by 5 percent. by the 
use of a brick arch, which keeps the hot gases longer in 
contact with the heating surfaces, and also reduces the 
amount of black smoke produced. In ordinary American 
locomotives an evaporation of 7 1b, of water per lb. of 


coal is considered good work, but often the evaporation 
efficiency of these boilers is only 4 lb. or 5 lb. 


The Elswick Ordnance Works continue to turn out a 
good proportion of the guns ordered for the Army and 
avy. From a return just issued it appears that the 
five largest weapons made last year for our warships came 
from the Tyneside—the lot including a 16.25-in. breech- 
loader which cost 19,5137., one 13.5-in. costing17,318/., and 
three of the same bore, though lighter, costing 40,2361, 
For the same service Messrs, Armstrong and Co. con- 
structed fourteen 6-in. ordinary breechloaders at a total 
cost of 15,639/., and twenty-four others of the same bore at 
26,9217. In addition to these, fifteen 6-in. and 165 4.7-in. 
quick-firing guns were made, the total sum paid for the 
first being 23,1577., and for the latter 109,304/. All the 
above were for use in the fleet. For field and battery pur- 
poses there were built at Elswick two 12-in. breechloaders 
at an outlay of 18,1267. ; five 10-in. at 32,1087. ; four 9,2-in, 
at 18,564. ; one 8-in. at 26797. ; one 6-in. at 1138/.; two 
5-in, at 69417. ; and twenty-seven 12 pounders at 79371. 


In_a paper recently read before the Engineers’ Society 
of Western Pennsylvania, Mr. T. H. Johnson described 
a number of tests with full-sized upper chord bridge 
members. The test-pieces were duplicates of members in 
actual use, and were supplied by four leading bridge com- 
panies. Out of the nine tests made seven failed, not as 
columns, but through weakness of the pin plates and 
their connections, the rivets being sheared and the webs 
buckled in five cases, whilst in two other cases the web- 
plates tore open horizontally, as if there were vertical 
strains in the web. The failures by shearing of the rivets 
were due to the latter being insufficient in number to 
transmit to the top flange its full share of the load, whilst 


the tearing of the web plates was attributed to the vertical. 


tension arising from the oblique Jines in which the 
stress is transmitted from the pin to the flange rivets, To 
avoid these sources of weakness, the author suggests that 
the pin plates should in all cases engage enough flange 
rivets to transmit to the top flanges and cover plates their 
full proportion of the load, and that the length of the pin 
plates should be at least four times the vertical distance 
between the pin centre and the top pitch line, 


Herr A. Slaby has been pursuing his experiments on 


the heat processes in the gas motor. He says that in the 
Otto machine the following are his observations : (1) The 
explosion in the firing tube gives rise to an increase of 
pressure, which is sudden though of small amount. (2) 
Next comes a strong sudden sweep of flame into the 
cylinder, followed by a relatively slow propagation of 
flame until all the gas is kindled. (3) The speed of propa- 
gation depends upon the mean composition of the mixture, 
the speed of the piston (increasing therewith), and with the 
greater or less homogeneity of the mixture. (4) The 
combustion takes from 0.08 to 0.06 second at any part of 
the cylinder, and the temperature attained is the maxi- 
mum mean temperature. (5) This never exceeds 1600 deg. 
Cent. (6) Even during the period of combustion the 
flame travels along the walls and loses to them between 8 
and 18 per cent. of the total heat ; but this loss would 
have been greater if the contact had taken place instantly 
or at all points. The bulk of the combustion process goes 
on in the kernel of the gaseous mixture, locally surrounded 
only by indifferent gas. Hence the importance of the 
method introduced by Otto in his machines. But Otto 
himself did not desire the combustion period to be con- 
tinued into the period of expansion. 


ANOTHER NIAGARA BripcE.—A new bridge is to be con- 
tructed across the gorge at Niagara Falls either by the 
Railway Suspension Bridge Company or by the Grand 
Trunk Railway of Canada. : 


ACADEMIC Honour TO Mr. W. H. Warts, Direcror 
or Navat Construction.—On Friday last, at the gradua- 
tion ceremony at the Glasgow University, Professor 
Moody-Stuart presented to the Vice-Chancellor, for the 
honorary degree of Dcctor of Laws, Mr. William Henry 
White, stating that he was Companion of the Bath, 
Director of Naval Construction and Assistant Controller 
of the Navy, Fellow of the Royal Societies of London 
and Edinburgh, vice-president of the Institution of Naval 
Architects, and President cf the Institution of Marine 
Engineers. Having gained the highest distinction as a 
student at the Royal School of Naval Architecture, South 
Kensington, Mr. White was appointed in 1870 Instructor 
in Naval Architecture in that institution, and also in 
the Royal Naval College, Greenwich. Among his pupils 
were many who have since become prominent members 
of their profession, including the late and the present 
Professor of Naval Architecture in Glasgow University. 
Mr. White is the author of a ‘‘ Manual of Naval Architec- 
ture,” which has been translated into various Huropean 
languages, and is the officially authorised text-book in the 
naval schools of Great Britain, Germany, and Italy. 
He has also contributed numerous and valuable papers 
relating to that subject to the Transactions of various 
societies. Since Mr. White’s appointment in 1885 to the 
important offices which he at present holds, he has been 
the responsible designer of all the ships built for the 


Royal Navy, including the largest and swiftest battle- 


ships and cruisers ever constructed, several of the ships 
designed by him having quite recently been completed on 
the River Clyde. It is peculiarly fitting that the Uni- 
versity of Glasgow, which has its seat in a great centre 
of the shipbulding industry, and alone among our 
universities has a chair of Naval Architecture, should 
recognise the merits of a naval architect of the greatest 
eminence, who has done good service to his country, an 
a writer of very high repute on subjects relating to the 
science and art of shipbuilding, by conferring on Mr, 
White the degree of Doctor of Laws. ; 
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MULTIPLE DRILLING 


MACHINE. 


CONSTRUCTHD BY MESSRS. HABERSANG AND ZINZEN, ENGINEERS, DUSSELDORF. 


Tue multiple drilling machine which we illustrate 
on this page has been built by Messrs. Habersang and 
Zinzen, of Dusseldorf, in Germany, for drilling holes 
in couplings, pipe flanges, &c., in which class of work 
it effects a great saving of time. The machines, the 
general appearance of which is shown in Figs. 1 and 
2, are built with as many as six spindles, or even more 
if desired, and, as will be seen from Figs. 3 and 4, these 
spindles are constructed in three parts, their lower 
ends being carried in a modification of the well-known 
self-centering clutch, by means of which the drill points 
can be centred simultaneously onany bolt circle within 
the capacity of the machine. Asthe upper ends of the 
spindles are fixed, some kind of flexible connection is re- 
quired between these upper ends and the lower movable 
ends. This is provided by claw couplings of a special 
type, as shown at b in Vig. 3. These couplings are 
kept up to their work by strong spiral springs as shown 
at a. For driving purposes the spindles at their 

- upperends are ranged round a central toothed wheel, 
which is in gear with pinions firmly keyed to the 
spindles, The drill table is of the ordinary type, save 
that the feed motion is obtained by raising the table 
in place of depressing the drills. The largest machines 
yet built will drill holes on a 3-ft. circle. It is claimed 
that with this machine no marking off is required. 
The drill table has a revolving head, divided off for 
use when a greater number of holes are to be drilled 
than the number ofspindles. Thus witha four-spindle 
machine eight holes are drilled in two operations by 
first drilling four holes, and then rotating the drill 
table through 45 deg. When required to drill long 
objects the machine is built with the spindles hori- 
zontal, The agent of the manufacturers in this coun- 
try is Mr. Hermann Wedekind, of 158, Fenchurch- 
avenue, London, E.C. 


Coat In GERMANY —The production of coal of all kind- 
in Germany last year was 92,305,683 tons, as compared 
with 94,252,278 tons in 1891 The value of last year’s 
output was estimated at 29,232,150/., as compared with 
82, 184,2000. in 1891. 


GLascow Harsour.—The quarterly report by Mr. 
James Deas, engineer to the Clyde Navigation Trustees, 
indicates that good progress is being made with the new 
docks at Glasgow. ‘Two of the three basins of the 
Cessnock tidal dock are in an advanced stage, while 
excavation is proceeding in the entrance and canting 
basins. 32,229 cubic yards of rubble have been built into 
the walls, 14,207 cubic feet of granite ashlar, 175,194 cubic 
feet of concrete ashlar, while the coping has absorbed 
20,396 cubic feet of granite. The work of erecting the 
two-storey sheds is also well forward. The total quantity 
dredged during the year was 398,480 cubic yards. 


THe Cunarp Liner ‘‘ CamPANIA.”—Messrs. Adamson, 
Rothesay, the well-known marine photographers on the 
Clyde, have issued a series of about seventeen photo- 
graphs of the Cunard liner Campania at various speeds, 
and showing different views of the great steamship. 
These photographs, as well as the two reproduced on 
Plate No. VIII. accompanying our Campania supple- 
ment last week, are copyright, but copies are on sale,— 
The Campania left Liverpool on Saturday on her first 
voyage, and had on board a special company of guests of 
Sir John Burns, Bart., who went as far as Queenstown, 
returning to Liverpool and the Clyde in Messrs. Burns’ 
new Channel steamer the Hound, also built by the Fair- 
field Company. The Campania left Queenstown on 
Sunday morning for New York, where her arrival is 
awaited with great interest, 
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ABNEY’S INCLINOMETER LEVEL. 

Tut Abney level and inclinometer has been so 
long and so favourably known to route surveyors and 
others, that we have pleasure in bringing before our 
readers a new form of it, now being introduced by Mr. 
J. H. Steward, optician, of 406, Strand, London. As 
will be seen from our illustration, the instrument is 
much more compact than the usual form, being much 
shorter. This is accomplished without the use of 
lenses, by constructing the instrument with a couple of 
telescopic tubes, which close up into the body of the in- 
strument for carriage, and are drawn out when the level 
is to be used, thus nearly doubling its length. Another 
new feature is the adjustment for moving the vernier 


arm and the bubble tube attached to it. This is 
usually done by a simple milled head on the arbor on 
which the vernier arm turns, but in using the instru- 
ment it was difficult to keep the cross-hair on the 
mark and at the same time to turn this head. In the 
present instance a wormwheel is fitted on the vernier 
arbor, with which a vertical worm moved by a milled 
head gears as shown. ‘Turning this milled head does 
not tend to shift the cross-bars up or down, but only 
right or left, and time is thus saved. This arrange- 
ment also gives room for a larger divided are than 
usual. The instrument reads to 10 minutes of arc, and 
is also graduated in rise in inches per yard, and in 
slopes of 1 in 10, &e. 


Bec1an Coat Exports.—The exports of coal from Bel- 
gium in January amounted to 417,194 tons, as compared 
with 303,468 tons in January, 1892. In these totals the 
exports to France figured for 338,918 tons and 260,656 
tons respectively. 


INDUSTRIAL NOTES. 

Tae industrial outlook has not much improved 
during the past week ; indeed, in some respects it is 
more cloudy and obscure. The Hull strike has over- 
shadowed all other disputes for the moment, and its 
effects have extended far and wide to other ports and 
districts. It was expected that the dispute would 
have ended immediately after the preliminary con- 
ference which took place at the House of Commons 
between the representatives of the shipowners, of the 
men involved in the contest, the President of the 
Board of Trade, and one or two others. A basis of 
agreement was really arrived at, and was signed by 
those present ; but a subsequent conference, held at 
York by representatives of the Shipping Federation, 
came to decisions not quite in accord with the terms 
agreed to by the informal committee at the House of 
Commons, and the arrangements consequently fell 
through. The fact is, that the action taken by both 
sides was scarcely favourable to peaceful negotiations, 
for on the one hand the public demonstrations of the 
men, and the conference of the Shipping Federation on 
the other hand, took up a position which very nearly 
approached to a no surrender policy, which after all 
means a complete surrender on the one side or the 
other as the only condition of resuming work. The 
attitude at the commencement of the present week 
was this: The federation was busily engaged in 
transferring to Hull batches of non-unionists or 
federationists to carry on the work, while the unicns 
were holding meetings at the chief ports to prevent 
the supply of men, and thus defeat the shipowners. 
Moreover, the unions were further busy in preparing 
in other ports for a block of vessels belonging to the 
Wilson Line, and of other vessels supposed to be help- 
ing the shipowners at Hull. Thus the action taken 
was not consistent with the publics assurances that 
efforts were being made to end the contest by mutual 
and peaceful negotiations on a basis of equity for all 
concerned. 


There are some indications of a further improye- 
ment in the condition of the engineering trades in 
Lancashire, though the signs are somewhat slight in 
some branches. More work has been coming forward 
amongst locomotive builders than has been the case 
recently. Stationary engine builders keep fairly well 
employed, and boilermakers report a steady continu- 
ance of a moderate weight of new orders. Ma- 
chinists are also better supplied with new work than 
they were, and some firms have fairly good orders in 
prospect. Machine tool makers are, however, only 
moderately supplied, and the general run of engi- 
neering establishments experience slackness, though 
even in these there are signs of a slight improvement. 
The complaint usually is that the prices are cut so 
fine that there is little or no margin of profit, ard 
many compete at extremely low figures in order to 
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secure sufficient work to keep the establishments going. 
So far, however, there have been no steps in the direc- 
tion of a reduction in wages in any of the branches 
of the engineering and cognate trades in the Lancashire 
districts, except that at Barrow some time ago. The 
iron trade shows very little animation ; the business 
done is slow, and only such as is needed for present re- 
quirements. The prices show a weakening tendency 
in most cases, and material for forward delivery is 
quoted under makers’ prices. ‘he finished iron trade 
manifests very little change, most of the forges being 
on short time. The steel trade is also without any 
signs of active improvement, (Quoted prices are, how- 
ever, the same. 


In the Cleveland district there has not been much 
change for the better. In the ironstone districts things 
are still somewhat unsettled, and ballots of the men 
have been taken on some matters in dispute. There 
have been some disagreements as to the use of the 
rachet at the mines, the mode of working it having 
resulted in lower wages. But the men appear to be 
less anxious about the matter than their agents, so 
that a dispute may be averted. 


In the Birmingham district trade in iron and steel 
has been quiet, and prices have been weaker in con- 
sequence of the reduction in the wages of the iron and 
steel workers in the Midland districts. As a matter 
of fact, the reductions do not seem to improve the 
position of makers and manufacturers, but only mer- 
chants and purchasers of the material for manufac- 
turing purposes. The local trades, if not busy, are 
not very depressed, except in some branches. But at 
best trade is quiet, not to say dull, in most of the 
local industries connected with iron and steel, and all 
branches of the engineering and cognate industries. 
There are no labour disputes of any consequence, nor 
are there any notices of reductions in wages to cause 
alarm or irritation. 


In the Wolverhampton district the state of trade 
has not materially changed. The orders giving out 
are not large, and few negotiations for forward 
deliveries have been entered into. Notwithstanding 
the reductions in iron and steel workers’ wages, there 
has been no reduction in quoted prices for marked 
bars, though for various other classes the rates are 
lower than they were. The firmness of the larger 
ironmasters does not appear to have deterred smaller 
masters from accepting lower rates. At some of the 
works they depend almost upon orders from day to 
day to keep going. No serious complications exist in 
the labour market now that the award has been given 
as regards the ironworkers’ wages. 


The Midland Iron and Steel Wages Board met as a 
Board of Arbitration last week to consider the wages 
question, when, after hearing both sides, the meeting 
adjourned. Later in the week, the arbitrator, Sir 
Thomas Martineau, gave his award, by declaring for 
a reduction of 24 per cent. in millmen’s wages and 3d. 
per ton for puddling. The rates of wages are thereby 
reduced to 7s. 6d. per ton from the 3rd of the pre- 
sent month to June 3 next. At the meeting the arbi- 
trator referred to the fact that for four years the 
board had been able to settle all matters as a concilia- 
tion board, without once having to call in the arbi- 
trator, and to constitute it as an arbitration board. 
All parties agreed that this was a matter for con- 
gratulation, though one of the men’s representatives 
declared that they had often verged to a point where 
some of them thought that he ought to be called in. 
The old difficulty had brought about the present state 
of things, and rendered it necessary to go to arbitra- 
tion. It was the relative prices ruling in the North 
of England which governed the Midlands, and some 
thought that if that state of things was to continue 
the board might as well dissolve. But the proposal to 
amalgamate the scale was rejected last year, so that 
the different rates still hold good, The representatives 
of the men stated that they did not want to fight over 
a paltry 24 per cent., but they thought that they ought 
to find a bottom to reductions, which had now reached 
20 per cent. They had some difficulty in holding the 
men loyally to the board, with the present system of 
the two differential rates, in the North and in the 
Midlands, but the North was already working at the 
reduction. The men will, doubtless, be loyal to the 
award, as they now see that their representatives have 
done all in their power under the arrangements of the 
sliding scale and the board to avert the reduction, by 
demanding a reference to the arbitrator. 

The President of the Board of Trade has introduced 
a Bill having for its object the promotion of a more 
general system of boards of arbitration and concilia- 
tion throughout the country for dealing with labour 
disputes. Mr. Muridella has had long experience in 
this matter ; he and Sir Rupert Kettle, county court 
judge, having done much to promote arbitration and 
conciliation for thirty years past. For many years 
Lord St. Leonards promoted legislation for the pur- 


pose of establishing such boards, the noble lord’s view 
being that they should be in a sense local tribunals, 
with State sanction, popularly elected, and with power 
to examine witnesses on oath, and enforce awards as 
courts of law. There can be no doubt as to the value 
of such boards, for they have been carried on success- 
fully in the hosiery trades, in the iron and steel in- 
dustries, and in many other industries. But latterly 
there has been a kind of labour revolt against 
such boards on the part of some men. On the other 
hand, those boards which have been established in 
connection with the Chambers of Commerce have 
gradually extended, and have in some instances done 
good work. At Hull, however, the board was not 
even called together to deal with, or attempt to deal 
with, the shipping dispute. In point of fact, though 
arbitration and conciliation are much preached upon 
the platform and in the press, the parties concerned 
usually hold such doctrines as ‘‘ pious opinions,” 
scarcely applicable to busy every-day life. Lord St. 
Leonards thought that such boards should be consti- 
tuted in various districts, like county courts, and be 
elected by popular suffrage. But, asa rule, the men do 
not care to submit their contentions to a board, except 
it be one confined to the particular industry to be dealt 
with. Hence the plan of constituting a board consist- 
ing of sections representing groups of cognate indus- 
tries. Ifthe Bill of Mr. Mundella passes we may be 
able to gain such experience under it as will facili- 
tate the reference of all labour questions to an equit- 
able tribunal in the future. 


The dispute in the glass bottle trade has practically 
ended, the men going back on the old terms. After a 
long conference, this was only agreed to by a small 
majority of the employers. The strike has lasted 
sixteen weeks ; it was very quietly but most stubbornly 
contested ; outside arbitration wasresented, but when 
both parties once met an arrangement was come to by 
which the works were thrown open to the men. 


Notices of reductions in the wages of the platers, 
helpers, and labourers in the shipbuilding yards on the 
Tees and at Hartlepool have been issued by the ship- 
builders tothe extent of 1s. 6d. per week on wages of 
30s. per week and upwards, and of 1s. per week on wages 
below 30s. and down to ll. per week. The reduction 
is to take effect from May 17 next. 


It appears that the stevedores refuse to co-operate 
with the Dockers’ and the Sailors and Firemen’s Union 
in the event of a general strike being declared in 
London. Their attitude will be one of neutrality. But 
if a general strike were really carried out, neutrality 
would be difficult, as the dockers would then find that 
stevedores would do work which the dockers deem to 
be their work in some instances. ‘This is not the first 
time that the two bodies have failed to co-operate. 

At Liverpool, Shields, and some other ports the 
men declare their readiness to come out if ordered to 
doso. But no such orders had been given up to the 
middle of the week. In London there have been 
indications of a readiness to strike if called upon 
to do so, but no signs have been manifest of a general 
willingness on the part of the men. The payment of 
only 6s. per man at Hull, and this only in tickets, will 
not encourage the general body of the dockers and 
sailors to come out. If the Hull men cannot be sup- 
ported better than by 6s. per week, what is to become 
of 50,000 or 60,000 men? The men have to depend 
upon voluntary subscriptions rather than upon union 
funds, a fact that tells terribly against the unions in- 
volved. 


The near approach of the May Day demonstration in 
London has not as yet brought about any completed 
arrangement for concerted action between the London 
Trades Council and the Legal Eight Hours Committee. 
In point of fact, the divergence seems to be increasing 
rather than diminishing. The Trades Council evidently 
represents the mass of the organised trades ; whereas 
the Eight Hours Committee represents political bodies, 
improvised sections, and some of the more recently- 
formed industrial organisations in the metropolis. 
The divergence does not appear to be so much as 
regards the aims and objects of the demonstration, as 
both bodies, and, indeed, all the bodies, have converged 
more and more closely to one point as respects legis- 
lative action. But the divergence is not less acute on 
that account. Indeed, a matter of precedence is as 
stubbornly fought by workmen’s associations as it ever 
was by Court partisans. This, in some respects, has a 
healthy side, because it shows a regard for order. It 
is, however, feared that confusion will arise over the 
point, and it may result in two or more independent 
demonstrations, as was the case at the outset of the 
movement, 

In the great provincial towns there is less prepara- 
tion than there was last year and the year before ; but 
there is not the same need for long and elaborate pre- 
parations beforehand in Leeds or Liverpool, Man- 
chester or Newcastle, Bristol or Birmingham, as there 
is in London. The vastness of London requires a 


more efficient organisation if a demonstration is to be 
on a large scale, and successful in all respects, 

On the Continent the preparations seem to be on a 
less extended scale, and there appears to be little 
enthusiasm in the movement. It is expected, how- 
ever, that in parts of Germany, in parts of France, in 
Belgium, perhaps in Switzerland, and also in the 
Austrian capital and one or two other places, there 
will be large gatherings of a peaceful character in 
favour of an eight hours working day. The reports so 
far are, however, very meagre. 


What is called the ‘‘coal crisis” continues to cause 
a good deal of anxiety in various districts, but no 
distinctive action has been taken in the chief 
federation districts to bring matters to an issue. The 
federation claims that the recent withdrawal of the 
demand for a reduction of wages in Northumberland 
was due mainly to their action in the two northern 
counties; but the National Union contends that this 
was not the case. Be that as it may, the notices were 
withdrawn, and it is probable that the withdrawal 
was more out of respect for the leaders who negotiated 
than from any outside influence. But it is probable, 
nevertheless, that the threatened action of the federa- 
tion may have helped to prepare the way for the con- 
cession of the coalowners in Northumberland, 

It seems probable that the first struggle on the part 
of the Miners’ Federation will take place in the 
Forest of Dean, the Bristol, and the Somersetshire 
districts. This is not surprising when it is remem- 
bered that they are contiguous to the South Wales 
and Monmouthshire coalfields, in all of which large 
reductions in wages have already taken place under 
the sliding scale arrangements. The transport of coal 
is easy and comparatively cheap from Wales to 
Bristol and other ports by water, and to inland places 
by rail, and hence the cheaper rates at which Welsh 
coal is sold influence prices in the coal districts adja- 
cent. The demand in the Forest of Dean is for 20 
per cent. reduction, and it appears that a similar 
reduction is contemplated in the other mining dis- 
tricts. The men, at their various meetings, declared 
strongly against any reduction; they adhere to the 
federation policy of no surrender in so far as wages 
are concerned. The coalowners, on the other hand, 
declare that nothing short of 20 per cent. reduction 
will do, the only alternative being the closing of the 
collieries that will not pay for the working at present 
prices. Meanwhile a number of collieries are idle or 
partially idle, the coal trade being unusually slack. 
The position of the men is this: if a strike takes 
place they will get support; if they are discharged 
they will get no support. 

The mining districts of South Wales are in a deplor- 
able condition. Notwithstanding the recent reductions 
in wages, colliery after colliery has been stopped, until 
thousands of men are out of work, and thousands of 
others are only working about half-time. In Mon- 
mouthshire things are getting nearly as bad. Some of 
the men appear to think that these stoppages are the 
result of a deep -laid scheme on the part of the 
employers for further reductions in wages, but that 
view is simply absurd. The losses to the colliery 
owners by the closing of the pits are too large to 
induce them to lay the pits idle if they can be worked 
at a profit. Indeed, no profit at all is preferable to 
the heavy losses by idleness. In point of fact, the 
coalowners have tried to stimulate consumption by 
lowering prices, but even this device has failed. 

In Lancashire things are not much better. Pits 
are idle, and a large number of others are on short 
time, working only three or four days per week. But 
no steps have been taken towards a reduction, and 
many think that the existing rates will be continued, at 
least for the present. The disputes at the Crippin 
collieries have been arranged satisfactorily, the old 
rates of wages being paid, the matter in dispute being 
2d. per ton. At the Golborne Colliery also a partial 
settlement has been effected. 

The strike at the Granville Colliery continues, and 
there seems to be no prospect of a settlement. The 
owners appear determined to keep the pits closed 
rather than give in to the demands of the miners. 

In Staffordshire a number of pits are closed owing 
to bad trade, but it is stated that no reductions are 
contemplated by the stoppages. But some of the 
above-ground men have been reduced. It is, indeed, 
doubtful whether the wages question is not at the 
bottom of some of the stoppages. In Nottingham- 
shire, Leicestershire, and Derbyshire, there is a 
similar slackness in the coal trade, but no distinctive 
action has been taken to raise the wages question by 
notices of reductions. In Yorkshire also things remain 
quiet, but a large number of men are out of work. 
Verily there is a crisis in the coal trade. 


Brician TENDERS IN Germany.—An adjudication for 
24,600 tons of rails has just taken place at Carlsruhe. 
The John Cockerill and the Ongree Companies submitted 
the lowest tenders, but they do not propose to supply more 
than 6000 tons each, 
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COPPER PLATES FOR LOCOMOTIVE 
FIREBOXES., 
Tensile Tests and Chemical Analyses of Copper Plates from 
Firebowes of Locomotives on the Great Western Railway.* 
By Mr. Witi1am Dean, Member of Council, Locomotive 
Superintendent, Great Western Railway. 
CoNSIDERABLE differences having been found in the du- 
rability of copper fireboxes in locomotives on the Great 


plates. It would appear, however, that the presence of a 
small percentage of arsenic is in no way detrimental to 
the lasting quality of the plates. 

The testing machine used for the tensile test is a 
compound lever horizontal machine of Tangye’s pattern 
with hydraulic cylinder. In making these tests the 
pressure was applied by hand pumps. The test pieces 
were sheared out of the plate, straightened by ham- 
mering cold, and planed to the dimensions shown in the 
preceding sketch, so as to have a uniform sectional 


TABLE I.—Tensite Tests or Copper PLATES FROM FIREBOXES OF LOCOMOTIVES ON GREAT 
WESTERN RAILWAY. 


| | 
Locomotive. oo? 3 ka Date when Plate was Tensile Test. 
3 258 8 = > > 
Q 50 8 cy | Ves 
g 25a5| % 6 3 eae Bot 
g : n | | Bas. 
a Haas 5 ot ae) iZ5° d| 3 & 
be anti op a 3 DiS 5 8 | lag a| oS - aS) 
fH es Description. ag2e o ao g | # | g |g7o<| 38 3 
= = srs 4 | A e2 - I 
B|4 e228) 8 | 28) S28 | 32 Silex esheso le 8 
: se enn A ae Ee ge S ReaG! Ss B 
——— ee —— . 
1b. in. | tons p.c p.c 
J* 15 | Four-wheels goods, tank . 130 Tube i — 1847 | —§ 1886 | 463,660 Hl 
Tube Sor teCdS ame Tact ARO EEE IL Corea Oot tinne on 
2 | 330 | 5-ft. coupled, goods, tender] { 149 to } hy aE gal Ute a 
‘ : : \ 120 Side — 1664| — 1884 | 489,334 edo 40.63, || 20.62 
Tube &) | (14.90 | 37.59 36.71 
ube | 
3 .. | New plate : “ { Back f be — 1884 de 0 
4+ | 818 | 6ft.6in.coupled, passenger} 140 | Side al Dec., 1882 | April, 1887 | 177,633 | t 
5 | 176 eer coupled, coor toe Oh tabs | Nov., 1864 | Aug., 1886 | 493,994 | 14.73 | 52.73 | 41.16 
a | | | | 
; 130 to rs : | (14.61 | 49.41 | 44.788 
6 237 | 5 ft. coupled, goods, tender 190 \ Tube a] Nov., 1865 |» 1885 | 427,102 113.56 | 57.44 36 26 T 
7 | 2211 | 6ft.6in. coupled, passenger} 140 Side 4 July, 1882 | Dec., 1888 | 223,801 
8 510 | 5ft. coupled, goods, tender | 140 Tube fand}) May, 1886 | Jan., 1889 | 72,676) 13.44 41.59 36.45 
9 | 1205 Ditto ditto 140 Side 4 June, 1876 x», 1889 | 295,574) 14.78 60.43 43.40 
10 643 | 5 ft. coupled, passenger,| 140 Tube fand %! Mar., 1869 | May, 1890 | 441,744 | 14.50 48.20 42.70 
tank | 
1lt | 183 | 5ft. 9in. coupled, passenger) 140 Back oi June, 1887 | _,, 1890 | 72,247 | 14.47 40.10 30.411 
12 979 5 ft. conpled, passenger,) 140 Tube | 4and | Oct., 1874 | June, 1890 | 485,004 14,94 55.83 47.65 
tank 
13 986 Ditto ditto 140 ” dand §| Nov., 1874 | Oct., 1§90 | 506,341 14.40 49,42 33.98 
sn Coupled, goods, | (140 to \ i vs »» §| Mar., 1874 | Dec., 1890 | 414,185 | 14.50 | 51.56 | 39.32 
15 809 | 6 ft. 6 in. coupled, passenger) 140 “A ts 1 §| May, 1873 | Jan., 1891 | 587,500 13.79 | 52.93 33.06 
16 978 | 5 ft. coupled, passenger,| 140 | ee 4 ,, $| Oct., 1874 | Nov., 1890 | 427,296 | 14.90 | 52.73 35.28 
tank | | | 
17 462 Ditto ditto 140 =F) ys » &| Feb., 1869 », _ 1890 | 512,092 | 14.07 50.39 32.28 
18t 19 | 6 ft. coupled, passenger 140 +, Oct., 1890 | April, 1892 | 54,564 13.73 43.28 34.70 
* Drillings for analytical purposes only, + Badly corroded, } Badly cracked, § Firebox still working. 
8 = Slotted. T = Turned, 


TABLE II.—Cuemicat ANALYSES OF CoppER PLATES FROM FIREBOXES OF LOCOMOTIVES ON GREAT 


WESTERN RAILWAY. 
7 
~ - b | 
6 : o E as | os 
Ble |ilel|¢ ee el ae : Fee: Us 
o 7 =| aI c a = (2 : LrsS) De Analysis 
g8 FI & 3 8 Fe sg 3 we | 8 2 2 a 3 3 on Be | being made. 
5 =| 2 ° = = 3 a g a 
Be) & eae aes easel sel | a | & Ika | Aol Robe S| 8A 
Bio. Pe: .0. | p.G | p.c. | p.c. .c, | p.c. | p.c, | p.c. | p.c. | p.c. | p.c. | p.c. p.c. 
1*| 463,660 | 0.005 | 0 262 | 0.00: .. | 0.006 | 0.090 a 0.044] .. | 0.071 | 0.000 | 0027] 0.000} .. 99.486 | Jan., 1888 
2 | 489,334 | 0.006 | 0.734) 0.007) .. | 0,022}0.051| .. | 0.094] .. | 0.015 | 0.000 | trace | 0.000 | 0.076 | 99.195 May, 1888 
3 0 | 0.002 | 0.020 | 0.020 | 0.000 | trace | 0.020 | 0,000 | 0.070 | 0.000 | 0.010 | 0.000 | 0.020 | 0.000 | 0.020} 99.818 | Dec., 1884 
4+) 177,633 | trace | 0.013 | 0.009) .. | trace| 0.043] .. | 0.055 + | 0.024 | 0.000 | 0.009 | 0,000 | 0,019} 99828 | Jan., 1888 
5 | 493,994 | 0.009 | 0.811 | 0.043; .. | 0.020/0.081| .. | 0.083) .. | 0.007 | 0.000 | trace | 0.000 | 0.045] 98.901 | Jan., 1889 
6 | 427,102 | 0.004 | 0.017 | 0.018 0.011 | 0.113 . | 0.080} .. | 0.041 | 0.000 | trace | 0.000 | 0.044} 99.672 | Jan., 1889 
7 | 223,801 | 0.006 | trace | 0.063 0.014 | 0 381 . | 0.181 | 0,000 | trace | 0.000 | 0.000 | 0.000 | 0.077} 99.278 | Mar., 1889 
8 | 72,676 | trace | 0.069 | 0.004 .. | 0.036 .. |E=0.171 per cent, 0.070 | §99.650 | Dec., 1889 
a 295,574 | trace | 0.115 | 0.013 on 0.135 | E = 0,132 ” 0.095 | §99.510 Dec., 1889 
0 | 441,744 
lit 72,247 trace | 0.042 | trace | 0.000 | 0.006 | 0.126 | 0.000 | 0.060 |E=0.016  ,, 0.000 | 0.000 §99.750 | Mar., 1893 
* 485,004 | 0.010 | 0.059 | trace | 0.000 | 0.008 | 0.096 | 0.000 | 0.186 | E = 0.061 __,, 0.000 | 0.000 §99.630 | Mar., 1893 
606,341 
14 | 414°185 
7 537,500 | 0.004 | 0.039 | 0.008 0.002 | 0.189 or 0.026 | E = 0.042 as 5 $99.690 July, 1892 
427,296 
17 | 512/092 | 0.006 | 0.021 | 0.023 trace | 0.222 0.055|E=0.043 ,, §99.630 | July, 1892 
18{| 54,564 | 0.005 | 0.042 | 0.012 0.004 | 0.056 0.015|E=0.056 ,, . $99.810 | July, 1892 


* Drillings for analytical purposes only ; firebox still working, 
§ Copper by direct test. 


Western Railway, which could not be accounted for by 
differences inthe conditions of working, it was decided 
to commence testing and analysing samples of copper 
from fireboxes which had run long mileages, and from 


ve 
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others which had run short mileages only. Upto the 
present time, March, 1893, eighteen samples have been 
selected ; and the results of the tensile tests and chemical 
analyses are given in Tables I. and II., which appear 
on this page, 

The number of samples examined being comparatively 
smal), and the results wanting in uniformity, it would 
probably be unsafe to form from these tests any decided 
conclusion as to the best composition for copper firebox 


*Paper read before the Institution of Mechanical 
Engineers, 
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+ Badly corroded. 


+ Badly cracked, 
E=Blements not separately determined. 


area of half a square inch throughout the length tested of 
8 in. 


ALLOYS. 
Second Report to the Alloys Research Committee.* 


By Professor W. C. Roperts-Avusten, C.B., F.R.S. 


In presenting a second Reportt to the Alloys Research 
Committee, it may be well to state briefly the nature of 
the investigation intrusted to me, and the conclusions to 
which the previous work had led. The main object in 
view was to extend a research I had previously made 
upon the application of the ‘‘ periodic law” of Newlands 
and Mendeleef to the mechanical properties of metals. 
This law, as originally expressed, states that ‘‘the 
properties of the elements are a periodic function of their 
atomic weights.” It had already been shown that the 
effect of impurities added to gold is nearly proportional to 
their atomic volumes, the larger the volume of the atom 
the greater being its effect ; and the question was, does 
this hold good for other metals? It was manifest that 
the most important evidence which could be gained was 
that relating to the thermal disturbance which accom- 


* Paper read before the Institution of Mechanical 
Engineers, 

+ For first Report see ENGINEERING, vol. lii., pages 528, 
548, 577. 


panies any molecular change; and as this usually cccurs 
at high temperatures, it was necessary to develop and 
perfect the methods which were available for measuring 
them, aud for recording the results. The first Report 
therefore dealt with the description of certain new methods 
and appliances that had been adopted in conducting the 
inquiry, the most important being a photographic method 
of pyrometry. Further details respecting the pyrometric 
methods adopted will be found in the present report. 

Before proceeding, however, to describe the experi- 
ments that have been made, I would direct attention to 
some further considerations which seem to point to the 
possibility that the influence of small quantities of added 
elements on the mechanical properties of masses of a metal 
will be in proportion to the atomic volume of the impurity. 

In the first place it must be borne in mind that the re- 
searches of Raoult,* and the conclusions of Van’t Hoff+ 
and Arrheniust, led to the view that the molecules of 
small quantities of elements distributed through a mass 
of a solvent retain their individuality ; that is, they 
remain free, and donot enter into combination with the 
mass. As regards metals, the work of Heycock and 
Neville§ as well as the results of experiments described 
in the previous Report,|| point to the conclusion that the 
added elements may retain their freedom when they are 
presentin much larger quantities than 0.2 per cent., which 
is the amount of added matter usually dealt with through- 
out the present series of researches. No pains were spared 
in making this point clear. It will be evident, however, 
that the question whether the added element does or 
does not remain free in the mass of the solvent, is a vital 
onein limiting the scope of this inquiry. If the added 
element enters into combination with the solvent, its 
individuality will be changed, and it may well be that 
the mechanical properties of the metallic mass will 
mainly depend on the degree of fusibility of the com- 
pound whichis formed. If the concentration of the solu- 
tion is such that a fraction of the dissolved body alone re- 
mains isolated, the influence of the volume of the added 
element will evidently be disturbed, as this influence is 
supposed to be exerted only by a single constituent of the 
mixture, whilst the mechanical properties of a solidified 
mixture are functions of both constituents. In the favour- 
able circumstances, however, where the solvent is not 
saturated by the added element, and where the law of 
atomic volumes is applicable, the work of Sorby and of 
Osmond has shown that a metal is seldom homogeneous, 
but is more often formed of rounded polyhedral grains ; 
and the cohesion in the interior of a grain differs from the 
adherence between two neighbouring grains. The law of 
atomic volumes cannot apply to the adherence of the 
grains, which is regulated by other causes, such as the 
rate of cooling and the pressure, and whether a compound 
is formed which solders the grains together. It follows 
that, in an attempt to prove the nature of the influence of 
atomic volumes by mechanical tests only, anomalies and 
more or less grave irregularities will be met with. Ex- 
perience shows that this is actually the case. If the 
appeal were only to mechanical tests, the position of 
those who think that the influence of the impurity is pro- 
portional to the volume of its atom would not be a very 
firm one; but there is no such limitation. The series of 
experiments on bodies alloyed with iron, to which re- 
ference was made in the previous report, demonstrates 
that, independently of all mechanical tests, the influence 
of impurity on the molecular transformations in iron, 
studied by Osmond, may be shown in several ways. 
These transformations may be assisted by the presence 
of impurity, the temperature at which they occur may be 
altered, or the molecular changes may even be entirely pre- 
vented by the presence of elements which behave in strict 
accordance with the law of atomic volumes. Thethermal 
displacement of the critical points of molecular change— 
the a and £8 points in iron, for instance—may be produced 
at will; and the nature of the effect of added elements 
on iron may be predicted in cases which have not as yet 
been studied. It may be urged that the behaviour of 
iron is peculiar and special, but this is improbable. 

Tt must be borne in mind that the view originally set 
forth, namely, that ‘‘ traces” of elements influence masses 
in proportion to the volume of their atoms, is new, and if 
it be true is of great importance in molecular physics. It 
will be well, therefore, to consider what evidence other 
observers have obtained as to the influence of the atomic 
volume of a mass of metal on its mechanical properties. 
H. Tomlinson] has shown that the thermal capacity of 
metals closely follows their atomic volume; while as 
regards their elasticity, he gives a Table** showing the 
relation of Young’s modulus to the atomic volume; and 
after considering the work of Wertheimt+, of Maxwelltt, 
and of Heen§§, he concludes on experimental evidence of 
his own that the value of the product of the elasticity E, 


multiplied by a fractional power of the atomic volume D 


* Comptes Rendus, vol. Ixxxvii., 1879, page 167. 

+ Philosophical Magazine, 1888, series 5, vol. xxvi., 
page 81. i , 

+ Philosophical Magazine, 1888, series 5, vol. xxvi., 
page 99. ; 

g Journal of the Chemical Society, 1889, vol. lv., page 
666 ; 1890, vol. lvii., pages 376 and 656; 1892, vol. lxi., 
page 888. 

|| Proceedings 1891, page 543. 

{ Proceedings of the Royal Society, 1885, p. 485. 

** Philosophical Transactions of the Royal Society, 
1883, p. 32. 

++ Annales de Chimie, 1884, vol. xii. 

tt Philosophical Transactions of the Royal Society, 
1866, vol. exxvi., Part I. 

s Bulletin de Académie Royale de Belgique, 1882, 
vol, iv, 
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is constant for metals, or K * 3—181 x 104; and thatthe 


divergences shown by several metals from this mean value 
arise from the fact that the presence of small amounts of 
impurity makes an enormous difference in the elasticity. 
Sutherland* shows that the rigidity of metals bears a 
close relation to their atomic volumes; and points out 
that the rigidity of metals ‘‘in its essence is a kinetic 
phenomenon almost as simple in character as the elas- 
ticity of perfect gases.” And Professor Hessenden,t 
whilst holding that the cohesion of metals is proportional 
to some power of their atomic volumes, seems to conclude 
that their rigidity varies as the fifth power of the dis- 
tance between the centres of the atoms, or as (atomic 


volume)3. 

One other fact deserves notice. M.'T. Werth has quite 
recently urged} that in the production of the diamond 
form of carbon, which M. Moissan has shown can be 
effected artificially, the three factors are: (1) pressure ; 
(2) rate of cooling ; and (3) the simultaneous presence, iu 
the metallic mass from which the diamond separates, of 
some body which has a smaller atomic vwlume than that 
of the carbon. M. Werth states§ that the effect of pres- 
sure, in enabling a body to pass from its normal form to 
an allotropic conditition, has been indicated by me; and 
that the influence of the presence of a body of small 
atomic volume hasalso been indicated by me, and studied, 
in the case of iron, by Osmond. As regards the influence 
of an element of small atomic volume, he considers that, 
in the separation of the diamond form of carbon from 
iron, this condition is met by the presence of hydrogen. 
The influence of pressure in determining the state of a 
mass of a metal or alloy is still further examined in the 
present report. 

Molecular Perosity.—A remarkable series of experi- 
ments has recently been made by E. Warburg and F. 
Tegetmeier,|| which would seem to demonstrate the 
possibility of producing eventually a degree of porosity in 
vitreous bodies, which will admit the passage of elements 
having comparatively small atomic volumes, while other 
elements having larger atomic volumes are strained off, 
thus occasioning a mechanical sifting of the elements. 
A receptacle (Fig. 1) was divided by a sheet of glass, 


whichcould be several millimetres thick, Sodium amalgam 
was placed on one side, and pure mercury on the other ; 
the whole was then heated to a temperature of 200 deg. 
Cent. or 400 deg. Fahr., at which theglass becomes slightly 
conducting. By the aid of a Planté battery, the sodium 
atoms of the sodium silicate present were set in motion ; 
and after the experiment had continued thirty hours it 
was found that a considerable quantity of sodium, 
amounting to 6.05 gramme or 0.77 grain, had passed into 
the mercury, which was originally pure. A corresponding 
amount of sodium had been lost by the amalgam; but 
the glass had exactly preserved its original weight and 
clearness. The glass was partly composed of neutral 
molecules of sodium silicate, together with free molecules 
both of sodium (base) and of the acid and the free 
sodium capable of being transported under the influence 
of the electrical current. When, however, Tegetmeier 
replaced the sodium amalgam by lithium: amalgam and 
repeated the experiment, the sodium of the glass passed 
as before into the origiaally pure mercury, and the glass 
became opaque on the side touching the lithium amalgam ; 
but after a time the opacity extended right through the 
thickness of the glass, and then metallic lithium began to 
ac2umulatein the previously puremercury. Itisnot possible 
thus to chase out all the sodium present in the glass ; but 
the free sodium atonis are replaced by those of lithium. 
Analysis showed that the glass originally contained 2.4 
per cent. of potassium and 13.1 per cent. of sodium; but 
after the experiment, while retaining the same percentage 
of p tassium, it had 4.3 per cent. of lithium and only 5.3 
per cent. of sodium. The glass in which lithium has 
thus replaced part of the sodium is very tender, and is 
opaque and friable. The conclusion is that the atoms of 
lithium, having an atomic weight of 7 and an atomic 
value of 15.98, can pass along the tracks or molecular 
galleries left in the glass by the sodium atoms, the atomic 
weight and volume of which are 23 and 16.04 respectively. 
When a metal of superior atomic weight and volume to 
sodium is substituted for the lithium—such as potassium, 
with atomic weight 39 and atomic volume 24—it is found 
not possible to chase out the sodium, the new atoms being 
too big to pass along through the spaces where the sodium 
had been. We are thus confronted with a molecular 
porosity which can in a sense be gauged ; and the mecha- 
nical influence of the volume of the atom is thus made 
evident 

It will be evident that there is a direct connection 
between the properties of a mass and the volume of its 


* Philosophical Magazine, August, 1891, p. 41. 

+ Chemical News, vol. lxvi., 1892, p. 206. 

~ Comptes Rendus, vol. exvi, 1893, p. 323 (A paper 
sent to the Académie des Sciences, January 31, 1893.) 

§ Comptes Rendus, pp. 218, 458, and 460. 

|| Wiedemann’s Annalen, vol. xli., 1890, pages 1 to 41. 
E Warburg, Galvanische Polarisation. FF. Tegetmeier 
Ueber die electrolytische Leitung des Glases und Berg- 
Pus Also Revue Générale des Sciences, 1892, page 
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atoms. In all probability, therefore, the introduction of 
free molecules of an added element must create a disturb- 
ance, the nature and magnitude of which will bear some 
relation to the volume of the disturbing atoms. In the 
present inquiry, which is conducted essentially from the 
engineer’s point of view, great prominence must be given 
to mechanical tests, upon the results of which the em- 
ployment of materials depends. This fact was remembered 
in conducting the following experiments on the effects of 
certain impurities on copper, which was one of the three 
metals specially selected by the Research Committee as 
the subject of experiment. 

Influence of Impurities on Copper.—Copper is a favour- 
able metal for study, because its industrial applications 
are many and varied, whilst its mechanical properties are 
known to be strangely affected by the addition of foreign 
matter. The results already obtained with iron at once 
suggest the question whether copper is a metal whose 
ultimate atoms are capable of arrangement in different 
ways in the molecule. Can normal copper be made to 
assume an allotropic state, analogous to that in which 
there is reason to believe iron can exist? If it can, are 
the properties of normal and of allotropic copper as 
widely different from each other as are those of the dis- 
tinct varieties of certain well-known non-metallic 
elements? There seems to be little doubt that copper can 
be prepared by electrolytic deposition in an allotropic 
state,* in which the density of the metal is from 8.0 to 
8.2, as compared with 8.92 which is that of normal copper ; 
theallotropic variety also shows a readiness to undergo 
chemical change, which is not shared by ordinary copper. 
The evolution or absorption of heat, however, during 
gradual cooling or heating, which is evidence of marked 
reversible thermal effects, and is a main indication of 
molecular change, is not so easy to detect in copper, as it 
is in iron which is being gradually cooled or heated. On the 
other hand, it is held in the case of iron that subjecting 
the metal to any mechanical stress} which tends to produce 
permanent deformation of the mass enables the iron to 
assume an allotropic form. In this respect the purest 
obtainable copper seems to be singularly sensitive, inas- 
much as its subjection either to stress which deforms the 
metal, or to annealing, the tendency of which is to reverse 
the effects of mechanical stress, is accompanied by pro- 
found changes in the mechanical properties. It is im- 
possible to say, for instance, what the standard tenacity 
of a normal sample of pure copper should be taken to be, 
as so much depends on the previous history of the piece 
of metal, especially as regards the mechanical and thermal 
treatment to which it has been subjected. The following 
figures will show how great the variations may be. Rods 
of very pure electrolytic copper, all the same sample but 
variously treated, broke under the following stresses : 
Breaking Stress 

per sq. inch. 
Lbs. Tons. 
18,410 8 219 


18.259 


Treatment of Copper Rods. 


Cast rods 0.2 in. diameter 
Cast rods carefully worked 
and annealed... wes 
Cast rods carefully worked 
at the crdinary tempe- 
rature, and annealed by 
slow cooling from a red 
heat ah Sor Rs 
Cast rods heated toa tem- 
perature of 800deg. Cent. 
or 1470 deg. Fahr., and 
quenched in water three 
times oe ae 
Cast rods worked 
forged), and not 
nealed 42,000 18.750 


The experiments entirely confirm the results obtained in 
this country by Mr. Parkert and by Professor Unwin,§ 
and by M. André le Chatelier ;|| but, as the latter points 
out, the tests by Mr. Parker and by Professor Unwin 
appear to have been made on unannealed copper, and the 
results are applicable only to the particular specimens sub- 
jected to examination. Curves were plotted from the re- 
sults obtained by Professor Unwin and by M. André le 
Chatelier. [The curves will be published in a subsequent 
issue.] M. A. Le Chatelier has, moreover, called attention 
to the fact that the time during which the metalisannealed 
has a marked effect on the tenacity. A consideration of 
these facts shows the great difficulty of determining what 
should be the standard tenacity of copper; and this is 
well illustrated by the results obtained by the American 
Committee appointed many years ago to investigate the 
properties of the alloys of copper and tin.§] Even if a 
standard tenacity could be fixed, it would be very diffi- 
cult to obtain a sufficient quantity of copper of a stan- 
dard degree of purity for the purposes of a lengthy 
inquiry. 

After many difficulties and fruitless trials, the author 
adopted pure electrolytic copper cast in thin rods, as 
the material which formed the basis of the experiments ; 
and in the preparation of these rods the following plan, 
suggested by Mr. Jenkins, was followed. There is 
usually great difficulty in making small castings of 
copper, owing to the rapidity with which oxidation pro- 
ceeds when the liquid metal is exposed to the air, as it is 


40,900 


31,710 14.156 


ae 25,400 11.339 
(or 
an- 


* Schutzenberger, Comptes Rendus, vol. ]xxxvi., 1878; 
pages 1265 and 1397. 

+ Osmond; Carus Wilson, Philosophical Magazine, 
1890, series 5, vol. xxix., page 200; Barus, Nature, vol. 
xli.. 1889-90, page 269. 

t See ENGINEERING, vol. xlvi., August 3, 1888, page 
125. ' 

§ Reprint from Le Genie Civil, 1891. 

| British Association Report, 1889, page 746. 

a Report on the Alloys of Copper and Tin, 1879, page 
456. 
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when poured into amould. Moreover, as old and well- 
known experiments have shown, the strength of copper ig 
singularly affected by the presence of small quantities 
of dissolved cuprous oxide; and it becomes absolutely 
neeessary, in studying the effect of single elements upon 
copper, to exclude the simultaneous presence of cuprous 
oxide. In order to insure this, the molten metal was not 
brought into contact with the air at all, but the moulds 
formed part of the crucible in which the metal was 
melted, 

Tubes were prepared by drilling out long rods of electrie 
light carbon from one end, a certain thickness of solid 
material being allowed to remain at the opposite end, 
through which a fine hole was subsequently made, The 
weighed amount of pure electrolytic copper was placed 
ina crucible sufficiently large to leave an inch of its 
height to spare, beneath the plug or lid into which 
the tubes were fixed. The arrangement is shown 
in the sketch, Fig. 2, in which, for the sake of clear- 
ness, a crucible with only a single tube is represented ; 


but seven tubes were usually employed for each set of — 


castings. The carbon tubes, with their open ends down- 
wards, were placed vertically in the centre of the crucible, 
and packed in with fireclay ; the whole was carefully 
dried, and when ready was placed in a furnace with a 


Fug. 2. 
Air Hole 


deep fire. When the copper was thoroughly melted, the 
crucible was lifted out, and then inverted, so as to cause 
the copper to flow into the carbon tubes. A little copper 
was allowed to flow out of the fine holes in the outer ends 
of the tubes ; and these holes were then stopped by placing 
the tubes upright ina bath of sand. In casting the bars 
containing impurity, a rich alloy of known composition 
was made in the first instance, and a weighed amount of 
this alloy was added to the charge, which latter was well 
shaken when melted. 

In the preparation of the copper rods, they were first 
carefully and evenly hammered, until they were somewhat 
flattened. They were then heated to redness for a few 
minutes, and plunged into cold water, and hammered 
until they were of square section. They were again heated 
to redness and quenched, and then hammered until they 
were octagonal. They were finally brought to an approxi- 
mately circular section by passing them through grooved 
rolls. After a third heating and quenching, their dia- 
meter was measnred by means of a micrometer, and 
marks were made at every half-inch of their length. They 
were then ready for testing. If they were required to be 
tested at any other temperature than that of the room, a 
thermo-junction of platinum and_ platinum-rhcdium 
wires was firmly tied down to the specimen by means of 
a short spiral of seft copper wire ; and the whole was 
inclosed in a thick copper cylinder of sufficient length to 
fill the space between the jaws of the testing machine. 
The ends of the tube were lightly parked with asbestos 
fibre, so that, whilst air currents were prevented, the 
tube formed a small air bath around the specimen. The 
tube was very slowly heated by ordinary gas burners, 
until the desired temperature was reached at which the 
test had to be made; the gas supply was then moderated 
until the temperature was quite steady, and when this 
was the case the load was applied. The test pieces were 
loaded at such a rate that fracture occurred in about 
fifteen minutes from the first application of load. 

This copper was analysed by one of my own students, 
Mr. Allan Gibb, who has devoted much care and atten- 
tion to this particular portion of the investigation. It 
was found to be singularly pure, containing 99.99 per 
cent. of copper. Neither lead, silver, antimony, arsenic, 
tin, iron, nickel sulphur, nor phosphorus could be de- 
tected, though they were carefully sought for. On the 


other hand, a minute trace of bismuth was detected. The 


method of unalysis adopted is given in the appendix. 

The electrical conductivity of this metal after anneal- 
ing was very high; tested by Mr. W. Gowland, a well- 
known authority upon the subject, it proved to be 102, 
pure copper being usually 100 or 101. 


(To be continued.) 


Srreer Ramwars at Denver.—There are 1563 miles of 
cable and electric street railways at Denver. Upwards 
of 30,000,000 passengers were carried over these lines last 
year, % 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ComerirtepD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDEX THE ACLS 1883—1:88. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. ; 

Where Inventions are communicated from abroad, the Names 
&c., of the Communicators are given in tialics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealin, is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
ive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


4731. A. H. Crockford, Crayford, Kent. Steam 
Generators. (6 /iys.)| March 10, 1892 —Th's invention 
relates to steam generators and its object is to utilise the heat 
of the produc's of combusticn on their passage through the 
external return flues. Within each of the return flues, near the 
exterior wa 1, horizontal tubes are arranged one above another, 
and connected by a large number of vertical tubes of smaller 
diameter. These tubes are co joined with the boiler that the 


water flows from the lower part thereof, first through the lower 
horizontal tubes, and then through the vertical tubes to the 
upper horizontal ones, and thence back into the boiler at the 
water level. The tubes are also so arranged that the water flows 
from the boiler at one end, end returns at the other end. To 
promote the circulation cf the water through the multitubular 
extens'ons of the generator, jets of : team from the steam space 
of the generator are provided. (Accepted March 15, 1893). 


6632. A. and F. Normandy, London. Producing 
Fresh Water from Salt Water. [1 Fis.) April 6, 1892.— 
Thisinvention relates to means for producing fresh from salt 
water, in whish steam is passed into a closed condensing and 
evaporating chamber consisting cf a group cf vertical tubes held 
in upper and lower toxe2, the former having an i Jet for steam 


f 4 


and the latter an ont’et for water of condensation, by pipes which 
pass through the duplicate stuffing-boxes, and have an external 
appliance for turning the whole round. A floatand piston valve 
are provided for regulating the feed of salt water, and an overflow 
brine pipe for determining its level in the casing. (Accepted 
March 15, 1893). 


ELECTRICAL APPARATUS. 


8152. A.Chapman, London. Driving Machines by 
tectromotive Power. [5 Figs.) May 4, 1892.—This in- 
Vention relates to machines that require adaptation of position 


of their operating parts to suit the work to be operated upon, 
such as percussive or rotary rock drills, &c., and consists of 
applying an electric motor direct to the body of the drill, sothat 


the motor and machine keep the same relative positions, either 
ascending, descending, or traversing, or at any angle. Adjust- 
able quadrants are attached to bearings fitted loosely on the 
main shaft of the drill as a centre, and held firmly at a radius by 
studs to the body of the machine, thus making it adjustable at 
any portion of the circle around the shaft. The ends cf the 
quadrants are produced, and a platform is formed thereon on 
which the motor is firmly fixed, the motor being always thus 
allowed to keep its proper pcsition while the dri.l is at any 
angle. When worm gear is employed, the motor and gear 
spindles are connected wiih couplings having a space between 
their faces, and being driven by pins fixed in the one part, and 
fitting loosely into holes in the other, so that no end thrust 
from the gear is communicated to the motcr, (Accepted March 
15, 1893). 


5988. J. S. Raworth and W. Geipel, London. 
Distribution of Electricity. [4 Figs.) March 28, 1§92.— 
The object of this invention is to enable some of the primary con- 
ductors to be cut out of circuit without necessitating the shutting 
off of the current in the secondary system, so as to enable those 
conductors to be manipulated with safety while the secondary 
system is fed by other portions of the primary one. The trans- 
formers are arranged to be fed by two or more distinct primary 
conductors connected together at the generating station, and each 
is provided with aswitch | y which it can be disconnected from 


the primary conductor, which it is desired to cut ou‘. Con- 
ductors, switches, cut-outs, and joints are provided, at certain 
points in the primary system, and are contained in and protected 
by boxes, each made in two par’s, the bottom part carrying the 
switches, cut-outs, or joints, and the top formed in one piece of 
non-porous material with deep sides, which rest in a recess in 
the bottom rart, and which is filled with oil to exclude air and 


mo’sture. The conductors enter through the bottom, the aper- 
tures being made watertight by stuffing boxes. (Accepted March 
15, 1893). 


GUNS, &c. 


5018. E. M. Reilly, London. Cartridges. (9 Fi,s.] 
March 15, 1892.—The object of this invention is to facilitate the 
action ef loading, and toenable any number of cartridges to be 
filled and completed by consecutive operations. The hoppers 
being first filled with powder and sto‘, and the wad tubes with 
wads, the main sh ft is caused to rotate, and the first row of 
empty cases comcs under the powder mechanism, and receives 
the charge of powder. At the next movement of the carriage the 
cartridge cases already powdered pass beneath the first wad 


; 
YU 


mechanism, and receive the wads. The second row of cases 
coning at thesametime under the powder mechanism, the first 
row advances then to the shot mechanism, and receives the shot, 
the other rows of cases following in due course step by step, The 
top wad is then inserted in the first row of cases, and then it is 
advanecd to the turnover mechanism, and the cartridges are then 
completed snd removed from the tray, the machine being in full 
operation and allthe five loading parts working at once, when 
the first row has reached the turnover mechanism. (Accepted 
March 15, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


8230. J. E. Carter, Halifax, Yorks. Nut-Tapping 
Machines. [5 Figs.| May 2, 1892.—In this invention the 
machine consists of a hollow spindle 1 carried by bevel wheel ?, the 
latter having extended bosses mounted in bearings of the frame 
fh. The spindle 1 receives its motion from a pulley 6, bevel pinion 
7, and bevel wheel z. the latter having a key which fits in a groove 
8 ofthe spindle 1, Inthe upper end cf the spindle forming the 
head, two pairs cf grippers are placed for holding the tap 11, the 
u per grippers holding the square formed on the tap shank the 
distance from the thread of the tap to allow the depth of the nut 
to be tapped and the thickness of support for the nut. The 
lower grippers are placed helow the upper ones £o es to allow 
one or mo e nits between the two sets. The upper and lower 


pairs of grippers are operated by adjustable double camplates held 
in a sleeve 13, which firs on the head of the spindle 1, and is free 
to be operated upon by adjustablestops. As the spindle ascends 
with the tap and passes through a nut 16, the sleeve 13 comes 
in contact with two of the stops, which presses the latter down 
as the spiadle ascends, thereby releasing the upper grippers and 
allowing spiral springs to withdraw them from the tap, at the 
same time the sleeve 13 by means of camplates closing the lower 
grippers before the upper ones have released the tap. As the 
spindle 1 with the tap descends, the nut falls and rests upon the 
lower grippers, the sleeve comes in contact with adjustable 
collars 15, which, by the camplates, closes the upper grippers and 
releases the lower ones, allowing other spiral springs 18 to with- 
draw the grippers from the tap, thus allowing the nut to fall into 
a hopper 19 under the machine, the spindle being caused to 
ascend by a weighted lever pressing against the bott m thereof. 
The spindle is caused to descend, by a coarse thread formed on 


the lower part of it, into gear with a wormwheel and clutch boss 
on the same axle as the latter. Asthe spindle ascends, a collar 
on it comes incontact with an adjustable collar, which, by levers 
and gearitg, stops the rota’ion of the wcrmwheel and forms a 
nut. To cause the spindle to descend as soon as the collar comes in 
contact with the adjustable one, the levers and clip release the 
clutch bosses, thus allowing the spindle to escend by means of the 
weighted lever, the rising and falling motion of the spindle 
operating a | lever, which, by vertical arm and plunger, puts a 
nut into position to be tapped. A column of nuts rests on the 
plunger, the latter at its end nearest the tap being recessed to 
correspond to the shape of nut. As the spindle with the tap 
ascends, the weighted arm of the | lever draws the plunger so 
that the part shaped to hold the nut comes opposite the hoprer, 
and when the spindle descends the curved arm of the | lever)s 
operated by aspindle head, wh‘chin turn operates the vertical 
arm, the latrer by plunger bringing a nut into position for the tap. 
(Accepted March 15, 18¥3). 


13,952. V. Coates and Co.,and V. H. Coates, Bel- 
fast. Riveting Machines. (1 Fig.) August 2, 1892.—This 
invention relates to siveting machines having a vertical gap ar- 
ranged for riveting shells, flues, &c., of boilers, and consists of av 
attachment by which they are enalled to rivet in a vertical direc- 
tion. A bracket is attached to the front of the bolster support A, 
having a bell crank lever B, for the purpcse of changing the 


motion of the ram of the machine cylinder from a horizontal to a 
vertical direction. One arm of this bell-crank is connected by 
links to the ram, and the other is fitted with a rivet snap C, which 
descends upon a similar snap fitted into the same bracket that 
supports the bell-crank ; this snap, being on the outside of the 
bolster pillar, enabling any diameter of flanged pipe to be riveted 
equally well. (Accepted March 15, 1893). 


7619. F. F. Byrne. Dublin, Ireland. Friction 
Clutches and Couplings. [& Kigs.] April 22, 1892.—This 
invention has reference to a friction clutch and coupling, and 
consistsin an outer cylinder keyed on a shaft at rest. To another 
shaft is keyed a flanged hub enclosed by an expansion ring, which 
is recessed at both sides to receive the flange of the hub on one 
side and a junk ring on the other, so that the hub is protected 
and the complete clutch rendered dust-proof, The expansion ring 
is caused to expand and grip the outer cylinder by means of a 


right and left hand screw gca’ing intwo round transverse units 
working free in recesses formed in the interior of the ring. While 
the ring, which is eccentric, is out of hold, its circumferentiel 
recesses enable it to fit tightly on the hub flange and junk ring, 
whereby it is maintained concentric with the shaft. The rght 
and left hand screw is provided midway with a boss having a 
number of sides, and this screw is operated by a lever containing 
a corresponding number of inside flats, so that when it is required 
to take up the wear of the expansion ring and outer cylinder, 
the screw lever may be altered one flat. The screw lever is hinged 
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to a link pivoted to a loose grooved collar. The clutch lever is 
pivoted to an arm hung loosely on theshaft, and maintained in 
position by a collar keyed to the shaft. (Accepted March 15, 
1893). 


MISCELLANEOUS. 


7945. J. Wotherspoon, Forest Hill, Kent. Halliard 
Winches. [3 Figs.) April 27, 1892.—This invention relates to 
an apparatus for use as a halliard winch for hoisting and 
lowering yards and sails, &c. Two opposite standards are bolted 
to a baseplate intended to be secured to the mast or bulwarks. 
The two standards are fitted with bushings 7 adapted to serve as 
bearings for two parallel screwed shafts 8, which connect the 
opposite standards, and to receive two parallel guide-rods 9 
which also connect the opposite standards, and act as stays 
thereto, and are secured by screw nuts 10. Each of the shafts 8 
is adapted to rotate in the bearings 7, and between these bearings 
is screw-threaded for nearly the whole of its length, the half 
end parts being respectively right and left hand screw-threaded. 
The end of each shaft projects through the standard at one end 
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of the winch, and has secured thereon a wormwheel 11, with 
the adjacent edges of the pair of which engages a wormshaft 12, 
which is disposed at right angles to the axes of the shafts, carried 
by the bearings 13. The two screwed shafts are disposed with 
the right-hand screwed part of one opposite the left-hand screwed 
part of the other (Fig. 1), so that, on their being rotated in reverse 
directions by the operation of the wormed shaft and connecting 
wormwheels, both are adapted to impart endway motion in the same 
direction to two opposite carrying nuts 15, which respectively 
engage with the screwed shafts, and with the guide and stay-bars 
9, by which they are prevented from turning about, and are 
caused to traverse in the direction of the axes of the screwed 
shafts, and mutually support a connecting axle 16, on which are 
mounted independent and freely turning grooved sheaves. (Ac- 
cepted March 8, 1898). 


8112. T. D. Rock, London. Gas Generators. [1 
Fig.) April 29; 1892.—This invention relates to generators, and 
consists in the utilisation of the heat radiated from the outside 
of the gas generator. The gas-producing charge is surrounded 


PES 
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is 
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by a water and steam space which acts as a boiler, and generates 
steam for use in the producer. The steam and water space is 
formed by constructing the generator with a double skin, or by 
lining the generator with tubes connected to a common chamber 
from which the steam may bedrawn. (Accepted March 8, 1898). 


20,145. H. H. Lake, London. (C. Curtis Newton, 
Middlesex, Massachusetts; N. M. Jones, Bangor, Penobscot, 
Maine; and T. B. Draper, Canton, Norfolk, Mass., U.S.A.) 


construction that will protect the metal shell of the digester 
against the acid solutions employed to dissolve the resins and 
gums of the wood ; also means for the protection of the inner 
surface of the cement lining, To the upper end of the 
digester shell @ a cylindrical collar f is attached, the upper 
part of which is provided with a flange. A cylinder g is 
placed within the collar f and separated therefrom by an 
annular space, which receives a part of the cement lining 
b and is open at its lower end, so that this part commu- 
nicates with the main body thereof. The cylinder g is pro- 
vided at its upper end with an outwardly projecting flange 
which bears upon another flange. The external surface of 
the cylinder g is corrugated, and its lower end projects 
somewhat into the interior of the digester, and is externally 
screw-threaded to engage an internally screw-threaded collar 
having an outwardly projecting flange, which bears upon the 
inner surfaces of the end tier of lining blocks 8, and serves to sup- 
port it as well as to co-operate with the lining in securing the 
cylinder in place. The lower end of the digester is provided with 
a similar collar,f and cylinder g, these two differing from those at 
the upper. end of the digester only in size. The lining blocks 8 
are provided on their inner faces with protecting plates of 
metallic acid-resisting material, each plate being independently 
attached to the corresponding block. (Accepted March 8, 1893). 


22,936. C. B. Cottrell, Westerly, Washington, 
Rhode Island, U.S.A. Printing Machines. [6 Figs.] 
December 13, 1892.—This invention relates to means for feeding 
to the impression cylinder of a printing machine, sheets of dif- 
ferent lengths. An endless carrier of variable length is arranged 
between the web feeding and cutting apparatus and a pair of feed 
rollers, and consists of four sets of pulleys, shafts therefor, and a 
set of tapes running on the pulleys, two of the shafts having 
fixed bearings, and two having bearings on the carriage, one of 


the latter being geared with the feed rollers to drive the tapes. 
One pair of feed rollers is arranged in a fixed position relatively 
to the cylinder, and geared with the cylinder to run at the same 
surface velocity therewith, the second pair of rollers being ad- 
justable, with a carriage provided for them, towards and from 
the first pair. Bevel gears, one on one of the rollers of each pair, 
gear with those on the shaft, one of the latter gears being 
movable lengthwise thereon by the carriage for driving the second 
pair of feed rollers at various distances from the first set. (Ac- 
cepted March 8, 1893), 


2154. T. C. Dill, Philadelphia, Penns., U.S.A. Spin- 
ning Mules. [4 Figs.) January 31, 1893.—This invention 
relates to a bobbin support for spinning mules, &c. The drums 
B are arranged in sections throughout the entire length of the 
mule, and support the spools D, the latter having heads which 
overhang each side of the drums. At intervals at the rear of the 
mule adjustable standards E are arranged, being supported by 
adjustable brackets El adapted to the rear of the frame A. 
Each of these upright standards carries a lever G, and the long 
arm of each lever passes under the trunnion of the spool and 
is so shaped, as to form with the standard C a \/-bearing for the 


spool. The short arm of the lever has a pin to which is adapted 
a link, which in turn is adapted to a spring H adjustably secured 
to a bracket on the standard E, the tension of the spring being 
regulated by a thumb nut. When the spool is moved from the 
levers G by the operator, the levers spring back, and the short 
arm of each strikes an abutment which has a \/-shaped head for 
receiving the arm, this abutment being guided by the upright E 
and having an extension which rests directly under the bracket 
e, the screw-threaded portion of the spring H passing through an 
orifice in extension, so that when the arm is thrown back by the 
spring in striking the abutment it is cushioned by the spring 
itself. (Accepted March 8, 1893). 


1545. E. W. Sant, Stockton-on-Tees. Self-Sus- 
taining Machinery for Lifting and Lowering 
Weights. [3 Figs.) January 24, 1893.—This invention relates 
to self-sustaining machinery for lifting and lowering weights, in 
which the weight can remain suspended at any point where the 
motive power ceases to be applied either in lifting or lowering, 
and in the lattercase the weight can be automatically lowered with- 
out the use of applied power, by a lever action. When a weight 
is hung on the chain 8 for the purpose of being lifted by the other 
chain a1, the effect is to cause the rocking levers to tilt over some- 


what on their variable fulcrums. Thus the end of the shaft on which 
the lifting pulley 5is mounted is somewhat depressed in its frame 
recess, the effect of this depression acting through the cranked 
shaft, and slightly elevating the opposite end of the shaft on 
which the pulley a@ is mounted, and so pushing up the latter 
against the brake slippers. The pulley is thus forced by the sus- 


7913. B. Waddington, 


‘Wingerworth, 

Applying Loads on Road Vehicles, &c, 
April 27, 1892.—This invention relates to means for adjusting and 
controlling loads and applying brakes on road vehicles. Slides B 
are fixed between the load Cand the axle D, the upper slides 
being secured to the load, and the lower to the axle, these pro- 


Derbys. 
[2 Figs.) 


viding for limited traverse. The slides attached to the axle have 
brackets to receive the fulcrum E of brake lever F, which is 
attached to the load at G. A strap brake is carried round the 
nave of the wheel and attached to the lever F ; thus, as the load 
is moved backwards or forwards on the slides, the balance of 
weight is put forward or back of the axle, making the load heavy 
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on the horse’s back when pulled forward, and fight on when pushed 
back, and by having attachment of the brake lever to the load, 
and the fulcrum secured to the axle, the brake strap round the 
nave is tightened as the load is pushed hack, and slackened when 
pulled forward. Tosecure the load in desired position a stay Ais 
attached to the axle and runs through a guide fixed to the load, 
teeth being cutin the stay into which a pawl is geared from the 
shaft L running to the side of the load and operated by a hand 
lever. By setting the pawl out of gear this apparatus works auto- 
matically by means of the horse pulling forward or pushing back 
at the load. Putting the pawl in position secures the load either 
forward or backward. (Accepted March 8, 1898). 


UNITED STATES PATENTS AND PATENT PRACTICE. | 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


CanapIAN Paciric Rattway.—The Canadian Pacific 
Railway Company proposes to secure a winter port at 
Louisburg. 


Drepeinc APPLIANCES.—Messrs. William Simons and 
Co., Renfrew, have issued a catalogue which gives some 
suggestive information regarding the various types of 
dredging appliances now adopted. Their great experl- 
ence inclines them to the belief that the bucket ladder 
type comes nearer fulfilling the conditions of economy, 
efficiency, and expedition than any other type extant 
especially where different kinds of material, hard an 
soft alike, have to be dealt with. They state that one of 
their dredgers, working on the Clyde while cutting a new 
channel, raised frequently boulders from one to two tons 
in weight, while another at Bristol raised a stone weigh- 
ing 2% tons without damage to the buckets. The firm 
have constructed in recent years 29 bar, e - loading 
credeet 55 hopper barges, 55 hopper redgers—a 
popular type which carries the material to sea as Well as 
dredges—besides sand-pump and other dredgers. ‘They 
have introduced many new and advantageous arrange- 
ments into the modern design of dredgers, and any one 
interested in the subject will find interesting details in 
the catalogue. psy 
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A WELSH COLLIERY EXHIBIT AT 
CHICAGO. 


Ir isafarcry from Merthyr Tydfil to Chicago, 
and one that holds out no hope of profit to the 
colliery proprietors. Other classes of industrials 
may spend time in debating whether it is, or is not, 
worth while to send their goods over the interven- 
ing 4000 miles of ocean and land, but the coal- 
owner can feel no uncertainty on this point. He 
would find a more profitable market, or at any rate 
a less ruinous one, in Newcastle than at Chicago. 
Eyen the splendid Welsh coal, which is carried 
over every sea, cannot find an outlet in the inland 
towns of the States. Yet, in spite of these facts, 


Fic. 1. 


Tydfil, that is going to sustain the fame of South 
Wales at Chicago. It originally was the Plymouth 
Iron Company, the coal pits being subservient to 
the iron works. Under such men as Anthony 
Bacon, Richard and Anthony Hill, and Richard 
Fothergill, the undertaking had a most prosperous 
career, until the strike of 1873-75, and the rise 
of the Bessemer and Siemens processes, dealt a 
fatal blow at the Welsh iron trade. Then came a 
period of change, which is always one of difficulty. 
The iron trade decayed in South Wales, and in 
place of it there arose the present enormous coal 
trade. But it needed new blood to resuscitate 
the failing enterprise ; Mr. F. A. Hankey became 
chairman of the concern, and Mr. T. H. Bailey 


GENERAL ViEW oF ‘‘CuEertsry” AND “ VeLoctry”’ Winning Pants, 
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one Welsh colliery is going to make a most 
interesting exhibit in the forthcoming World’s 
Columbian Exposition. It is comparatively an 
easy matter for a colliery to fill up a large amount 
of space in an exhibition, for every thing connected 
with coal-winning is massive. But to render the 
display interesting is a more difficult affair ; the 
industry is so well understood that it has lost all 
novelty. But in the particular case we are con- 
Sidering, the exhibits come from an undertaking 
which has both a past and a future, each alike 
distinguished by the enterprise and_ ability 
of those responsible for the management. Its 
history thus forms a splendid object-lesson in 
the progress of mining science and practice, and 
enables us not only to learn by what steps they 
have been brought to the present stage, but also to 
see how readily and certainly an industrial enter- 
prise responds to spirited management and abun- 
dant capital. The exhibit will link the achieve- 
ments of Trevithick with those of to-day, particu- 
larly in the matter of haulage, and will illustrate 
ft century’s progress in the transportion of 
8 


It is Hill’s Plymouth Company, of Merthyr 
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undertook the management, and in 1890 the pro- 
prietors converted themselves into a company, 
under the title of Hill’s Plymouth Company, 
Limited. Its properties are situated about a mile 
anda half south of Merthyr Tydfil. They comprise 
pits No. 1, 2, and3, South Duffryn (Fig. 1), one pit 
at Taibach, and another at Abercanaid (Fig. 3, 
page 637), together with the Saron and Brazil levels, 
the deepest sinkings being at South Duffryn, where 
they reach a depth of 270 yards. The product is 
a most excellent quality of smokeless steam coal, of 
which the output now reaches 600,000 tons per 
ear. 

In 1802 the Coalbrookdale Company built a tram 
locomotive for Trevithick, and in 1804 he was in 
the neighbourhood of Merthyr Tydfil, showing the 
power of another locomotive. These two engines 
are no longer in existence, but there are some of 
the trams that were drawn by them, and also rails 
and parts of the road. It is these that the 
Plymouth Company are sending to Chicago, as 
showing the most advanced means of transport 
available to the colliery manager at the commence- 
ment of this century. On page 640 are shown 


These do not represent some abortive experi- 
ment, only tried to be abandoned. On _ the 
contrary, this road was actually in use from the 
year 1800 to 1875, and the tram plates were only 
taken up in 1890. The road was 13 miles in 
length, and was constructed for the conveyance of 
limestone from the Morlais Castle quarries to the 
Plymouth Company’s furnaces, and of manufac- 
tured iron from the furnaces to the canal at Navi- 
gation. From thence it was transferred by boat to 
Cardiff. The locomotives proved rather heavy for 
the line. That built at Coalbrookdale had a boiler 
4 ft. in diameter, with a cylinder 7 in. in diameter 
and 3 ft. stroke. To demonstrate its power beyond 
contradiction, a pump 10 in. in diameter by 4 ft. 
stroke was attached to it, and water was forced to a 
height of 35 ft. The steam pressure was often as 
high as 145 Ib. to the square inch ; and, indeed, 
under the influence of the blast pipe rose incon- 
veniently fast. In October, 1803, Trevithick was at 
Penydarran, in South Wales, constructing a locomo- 
tive to run on the rails shown in our illustration, the 
gradient being limited tol in 50. On February 15, 
1804, steam was raised for the first time, and two 
days afterwards the engine was on the road. On 
February 20 Trevithick wrote that he had not tried 
to draw more than 10 tons, but he believed he could 
manage 40 tons. The diameter of the cylinder was 
87 in., the stroke 44 ft. A few days later, March 4, 
the locomotive drew 25 tons of iron quite easily. 
A Government engineer was coming to test the 
engine, and it was arranged that it should first lift 
water to a height of 28 ft. by means of 18-in. 
pumps, then go by itself from the pump and work 
a hammer, then wind coal, and finally take a journey 
on the road with iron. It is not quite clear whether 
these tests were ever made. The haulage was 
effected partly to win a wager, and when this was 
settled the engine was diverted to other uses. It 
was only for a short time that steam-power on 
common roads was tried. Even the genius of 
Trevithick was unable to bear up against the 
opposition offered to him by interested persons, 
and the inertness of those whom he endeavoured 
to serve, and for a time it was almost forgotten 
that he had ever made a locomotive at all. 

As illustrative of their position to-day, the Ply- 
mouth Company show a series of fine photographs, 
from which we have prepared the illustrations on 
pages $36, 637, and 640. Some of these relate to the 
Abercanaid pit, in which a very powerful electric 
haulage plant has recently been put down, the first, 
we understand, in South Wales, and one of very 
considerable power, as it will deal with 500 tons a 
day. It replaces 27 horses and many hauliers, and 
has attracted a very large amount of attention in 
the Principality, where economy in working 
expenses is now a subject of great importance. 

The power station is shown in Fig. 3. It is 
61 ft. in length, 32 ft. in width, and 36 ft. in 
height. It contains a 40 horse-power (nominal) 
compound engine by Messrs. Marshall and Co., of 
Gainsborough, working at a pressure of 140 lb. 
to the square inch, and haying cylinders 13 in. and 
21in. in diameter, with a stroke of 24in. By 
means of a flywheel 12 ft. in diameter and 18 in. 
wide, it drives a dynamo of the Crompton type, 
built on a wrought-iron girder bedplate, and 
capable of giving a current of 180 ampéres at 
a pressure of 500 volts, when running at 550 
revolutions per minute. This current is led down 
the shaft, and along the workings to a point three- 
quarters of a mile distant, where there is situated 
a hauling engine in the 5-ft. 6-in. seam. ~The 
underground engine-house is built on the site of a 
recent fall. Part of the earth was removed, and 
two side walls were built. At every 2 ft. longi- 
tudinal timbers were put in, with cross-timbers 
14 in. square. Above these a 6-ft. wall was built, 
and on this were placed timbers, making a total 
height in the engine-house of 12 ft., with a width 
of 14 ft. and a length of 26ft. In this building 
there is a hauling engine constructed by the Usk- 
side Engine Company, Newport, Monmouth. It is 
arranged to work on the main and tail rope system, 
and is fitted with two drums (Fig. 7) 3ft. 6 in. 
in diameter by 1 ft. broad, each drum being fitted 
with a clutch and foot brake. The drum shaft is 
driven by spur gearing from a countershaft, on 
which is a rope wheel, grooved for six ropes of 
lin. diameter. These ropes pass round a smaller 
pulley on a series wound Crompton electric motor, 
arranged to be driven by a current of 80 ampéres 
at a pressure of 450 volts. Fora short time, as at 


some of the wagons and a part of the road.!starting, the motor will take a current of 160 
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amperes with safety. It is governed by a Howell- 
Pownall switch, arranged to deal with currents of 
great pressure and magnitude without injurious 
sparking. The motor is mounted on the end 
of a wrought-iron frame, which forms a bed 
for the drum and spur gear. This plant will 
haul coal from three different parts of the pit, and 
although these are not far from the motor at the 
present time, it is expected that eventually coal 
will have to be dealt with from nearly a mile 
distant. 

The Abercanaid pit is fortunate in being quite 
free from gas, so that no precautions have to be 
taken to prevent sparking at the commutator and 
switch. It is, however, lable to falls of roof and 
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descent lamps of 16, 32, and 50 candle-power 
distributed about the engine-house, pitbank, 
screens, and various other positions on the surface, 
There are also twenty-five 32 candle-power lamps 
distributed over 14 miles of village streets, and 100 
16 candle-power lamps fixed in various positions 
underground, along the main roadways in the 
stables, &c. Figs. 4 and 5 were photographed by 
aid of electric lights, the former being the pit 
bottom at 9 ft. coal in the South Duffryn Colliery, 
and the latter the underground engine plane at 
Abercanaid Colliery. The plane is worked with 
endless rope haulage, and, as shown, is temporarily 
obstructed by the cables used in the electric light- 
ing. The whole of the electric work was done 
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other accidents that might damage the conductor, 
if not efticiently guarded against. A very heavily 
armoured cable has, therefore, been laid down, of a 
length of 3200 yards. It is carried down attached 
to the side of the shaft, and from the shaft to the 
hauling engines it is run underground along the 
roadway (Fig. 8). 

The conductor of the cable consists of 37 wires, 
each No. 14 s.w.g. of tinned copper, of 98 per 
cent. conductivity. The section of conductor is 
therefore .191 square inch. This strand is insu- 
lated by means of a solid sheath of vulcanised 
bitumen put on in one operation under heavy 
pressure. This is protected by two layers of 
bitumenised tape, compounded, and over this a 
bedding of jute yarn is formed by two heavy 
servings, well dressed with preservative compound. 
On this are wound the two layers of steel wires 
which form the armour. The first consists of 24 
wires, each .160 in. (No. 8 s.w.g.), laid right- 
handed ; the second is of 30 wires of similar size, 
laid up left-handed. This was supplied by Callen- 
der’s Bitumen Telegraph and Waterproof Company, 
Limited, of Leadenhall-street, London. 

The cable is completed by being passed 
through compound and served with jute yarn 
thoroughly impregnated with Stockholm tar, 
and then dressed with asphalte compound. 
The diameter of the cable is 2.15in. It was 
made in lengths of 150 yards, each weighing, 
without the drum, about 30 cwt. Owing to the 
difticulty in handling the cable in the limited space 
available, it was not considered prudent to supply 
it in longer lengths. Hach length was finished by 
a copper end-piece, which was sweated on to 
the conductor before being laid, and these end- 
pieces were subsequently bolted together and 
protected by strong cast-iron boxes, which boxes 
were run in solid by insulating material. Any 
length can be disconnected for testing at a few 
minutes’ notice, and reconnected without re- 
quiring any jointing or soldering. In addition 
to the haulage plant, electric lighting is effected 
from the power station. There are 100 incan- 
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by Mr. J. C. Howell, of 24, Queen Victoria-street, 
London, and Llanelly, South Wales. 

Merthyr Tydfil may be well content to be repre- 
sented at Chicago by Hill’s Plymouth Company. 
There are, doubtless, in America, much larger 
examples of the application of electric power to 
mining, but nowherewill there be found an installa- 
tion better constructed, or more efficiently designed 
to fulfil the end required. The combination of the 
very oldest and the very newest examples of 
haulage appliances invests the display with im- 
mense interest, and we have no doubt that it will 
attract very much attention among mining engi- 
neers in the States. 


LONDON SOCIETIES.—No. XXXVIII. 
Roya Instrrution—continued. 

Tue study of glacial action, and that of the 
absorption and radiation of heat by gases and 
vapours, seem at first sight to have no relation to 
each other. Yet Dr. Tyndall’s justly celebrated 
researches on radiant heat spring directly from his 
investigation of the causes of the ‘‘ flowers” in 
ice ;* and his consideration of the speculations of 
philosophers on the transmission of solar and ter- 


* See ENGINEERING, February 24, 1893, page 217. 


restrial heat through the earth’s atmosphere as 
involved in glacial phenomena. These researches 
were followed by his lectures on ‘‘ Heat as a Mode 
of Motion,” in which Joule’s ‘‘ mechanical equiva- 
lent of heat’ was expounded with such an abund- 
ance of original experimental demonstration, as to 
put forth the philosophy of heat as almost a new 
philosophy; though, as he observes, the term 
cannot be so restricted, for the connection of this 
agent with the general energies of the universe is 
such, that if we master it perfectly we master all. 

Even now we can discern, though but darkly, the 
greatness of the issues which connect themselves 
with the progress we have made—issues which 
were probably beyond the contemplation of those 
by whose industry and genius the foundations of 
our present knowledge were laid. 

These researches are noted in the prospectus of 
the Royal Institution, and recorded in her archives 
as being worthy of remembrance in company with 
those of Rumford, Davy, Young, and Faraday. 

The sun throws out two different kinds of rays, 
one capable of producing light, and one altogether 
incapable of producing light. Throwing on a 
white screen the beam from an electric arc lamp 
(Dr. Tyndall’s ‘‘ domestic sun ”) passing a bundle of 
the rays through a slit, and then through a prism, 
the slice of light formed is pulled in different 
degrees, and, as it were, unravelled into the 
different parts of which it is constituted. There is 
no artificial arrangement of colours which can give 
such delight to the eye as the wonderfully beautiful 
way in which they appear when thus pulled asunder, 
at the same time remaining sufficiently linked 
together to show the harmonious disposition of the 
infinitesimal waves producing the sensation of 
light. 

But what is seen in this glorious spectrum does 
not adequately mark the main quantity of rays 
coming from the electric arc beam. Beyond the 
visible spectrum in both directions are rays which 
excite no impression of light. Those at the red 
end excite heat, and the reason why they fail to 
excite the sensation of light is probably because 
they never reach the retina at all. 

The colours, their amount, and the space they 
occupy, have been accurately measured. 

The heating power of the successive colours of 
the solar spectrum was first determined by Sir 
William Herschel, who employed a thermometer 
with a blackened bulb. He found that the red 
rays were much hotter than the blue, and that even 
in the dark region on the near side of the red end of 
the spectrum a considerable elevation of tempera- 
ture was still observable. Dr. Tyndall, who 
used a form of Melloni’s thermo - pile* specially 
arranged for the research, drew up the curve of 
heat intensity for the spectrum of the electric are 
light. The face of Tyndall’s thermo-pile is a 
rectangle, which, by means of side pieces, can be 
rendered as narrow as desired. The face of the 
pile may be the tenth, the hundredth, or even the 
thousandth of an inch in breadth. By means of an 
endless screw, the linear thermo-electric pile may 
be moved through the entire spectrum, each of its 
rays being selected in succession, the amount of 
heat falling upon the pile at every point of its 
march, being declared by an associated needle. 
(See Fig. 2.) 

When this instrument is brought up to the 
violet end of the spectrum of the electric light the 
heat is found to be insensible. As the pile gradu- 
ally moves from the violet end towards the red, 
heat soon manifests itself, augmenting as the red is 
approached. Of all the colours in the visible spec- 
trum, the red possesses the highest heating power. 
On pushing the pile into the dark region beyond 
the red, the heat, instead of vanishing, rises sud- 
denly and enormously in intensity, until at some 
distance beyond the red it attains a maximum. 
Moving the pile still forward, the thermal power 


* Melloni’s pile consists of a large number of rods of 
antimony and bismuth soldered together at their ends in 
the manner shown in Fig. 1, so that the first, third, fifth, 
&c., or generally the odd numbered joints 8, b, b are 
turned in one direction, whilst the even numbered joints 
a, a, a are turned the opposite way. If the end rods are 
connected together by a wire, an electric current is excited 
so soon as there is any difference of temperature between 
the opposite sides of the pile. The current in a heated 
joint is always from bismuth to antimony, so that if both 
sets of joints are equally heated the currents will be in 
opposite directions and neutralise each other. By multi- 
plying the joints, Melloni constructed a pile which, when 
attached to a delicate galvomometer, made evident exceed- 
ingly minute variations of temperature. 
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falls, somewhat more suddenly than it rose. It 
then gradually shades away, but for a distance 


- greater than the whole length of the visible spec- 


trum signs of heat may be detected. Drawing a 
datum line, and erecting along it perpendiculars, 
proportionate in length to the thermal intensity 
at the respective points, the extraordinary curve is 
obtained (Fig. 3) which exhibits the distribution of 
heat in the spectrum of the electric light.* 

The solar spectrum is composed of three portions 
of nearly equal length. In Fig. 4 three curved 
lines are drawn above the spectrum: that marked 
IIL. shows the heat rays; II. in like manner ex- 
presses the chemical action on a mixture of chlorine 
and hydrogen, and on the salts of silver; and the 
curve I. gives the amount of brilliancy as recog- 
nised by the retina of the eye. 
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In reference to the rays themselves, these 
three curves have a very different signification. It 
is clear that the action which a ray exerts upon a 
body is determined on the one hand by the in- 
tensity or energy of the ray, and on the other by 
the capacity for absorption of the body. However 
great the intensity of a ray may be, it will exert no 
influence upon a body which will not absorb it. 
Each of the curves I. and II. therefore expresses 
the co-operation of two actions—the intensity of 
the rays and the capability of absorption of the 
retina, or of a photographie plate which is very 
different for different kinds of rays. The curve 
III. shows the heating influence which each part 
of the spectrum exerts upon the blackened surface 
of the thermo-pile. Lampblack behaves to all 
kinds of rays alike, since it completely absorbs 
them all, and becomes heated in proportion to 
their intensity. The thermotic curve is therefore 


* Dr. Tyndall’s Bede Lecture, Cambridge. 
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to be regarded as the ‘‘true curve of intensity of 
the prismatic spectrum.”* 

Dr. Tyndall considers that the reason the rays 
beyond the red fail to excite the sensation of light, 
is because in all probability they never reach the 
retina at all. This followed from the researches of 
Briicke and Knoblauch. He placed a thermo- 
electric pile, connected to a large galvanometer 
(Fig. 2), near to the red end of the spectrum, but 
still outside of it. The needle of the galvanometer 
was deflected, and came to rest in a position about 
45 deg. from zero. A glass cell, containing the 
transparent vitreous humour of the eye of an ox, 
was now placed in the path of the rays ; the ‘‘light” 
of the spectrum was not perceptibly diminished, 
but the needle of the galvanometer fell to zero, 
thus proving that the obscure rays of the spectrum, 
to which the galvanometric deflection was due, 
were wholly absorbed by the humours of the eye. 

Melloni, in a simple and ingenious manner, 
demonstrated that the law of inverse squares was 
true of radiant heat passing through air. Dr. 
Tyndall devised the following experiment to show 
this to the members of the Royal Institution: A 
tin vessel, narrow, but presenting a side a square 
yard in area (A B, Fig. 5), coated on one side with 
lampblack, and filled with hot water, was used as 
the source of radiant heat. 

A thermo-pile C, connected with a galvanometer, 
and provided with a conical reflector 6 in. long, 
but lined with black paper, so that heat rays falling 
obliquely upon it would not be reflected, but would 
be completely cut off, was used as a measure of the 
radiation. 

The reflector was placed close to the large radiat- 
ing surface, the face of the pile being about 6 in. 
distant from the surface. The needle of the galva- 
nometer moved to 60 deg., and remained steadily 
there so long as the temperature of the radiating 
surface remained sensibly constant. The pile was 
then gradually withdrawn from the surface, in a 
straight line, to double, treble, quadruple, quintuple, 
ten times the distance, but the needle rigidly adhered 
to its deflection of 60 deg. ‘To all appearance there 
was no diminution of intensity with the increase of 
distance. 


were without any information until Dr. Tyndall 
made the mutual action of radiant heat and gases 
of all kinds the subject of an experimental inquiry. 

It was, in his view, desirable to examine the 
action of such media—desirable on purely scientific 
grounds, and also on account of certain specula- 
tions which had been based upon the supposed 
deportment of the atmosphere as regards radiant 
heat. These speculations were originated by 
Fourier ; but it was to Pouillet’s celebrated memoir, 
and more recently a paper by Hopkins, to which 
they owed their chief development. 

It was supposed that the rays from the sun and 
the fixed stars could reach the earth through the 
atmosphere more easily than the rays emanating 
from the earth could get back into space. This view 
required experimental verification, and the more 
so as the only experiment we possessed was the 
negative one of Melloni, just now quoted. 

The energetic action of the solid and liquid com- 
pounds into which the element hydrogen enters 
suggested to Dr. Tyndall the thought that hydrogen 
gas might act more powerfully than air, and he 
devised the following means to test the idea. A 
tube was constructed, having its ends stopped air- 
tight by polished plates of rock salt held between 
suitable washers, this salt being transparent to heat 
of all kinds ;* the tube could be attached to an air 
pump and exhausted, and anyrequired gas or vapour 
could be admitted into it. 

The arrangement of the apparatus is shown in 
Fig. 6. A B is a hollow tin cylinder 4 ft. long, 
and nearly 3in. in diameter; plates of rock salt 
are screwed on to the cylinder by means of caps 
A and B, Two stopcocks C, C! open upon the 
cylinder—one, OC, is connected with a powerful air 
pump ; the other, C1, is the door by which air or 
any other gas is permitted to enter the tube. 

At one end of the cylinder is a Leslie’s cube,+ D, 
coated with lamp-black, to augment its power of 
radition, containing boiling water, kept so by the 
lamp beneath it, EH. At the other end of the 
cylinder stands a thermo-electric pile, F, from 
which wires lead to the galvanometer. Between 
the end B and the cube D is atin screen, G, which 
when withdrawn will allow the calorific rays to 


Imagine the hollow cone prolonged ; it would cut 
the radiating surface in a circle, and this circle is 
the only portion of that surface the rays of which 
can reach the pile. All the other rays are cut off 
by the non-reflecting lining of the cone. When 
the cone is moved to double the distance, the section 
of the cone prolonged incloses a circle of the 
radiating surface exactly four times the area of the 
former circle ; at treble the distance the radiating 
surface is augmented nine times ; at ten times the 
distance the radiating surfaceisaugmented 100 times. 
But the constancy of the deflection proves that the 
augmentation of the surface must be exactly neu- 
tralised by the diminution of the intensity; the 
radiating surface augments as the square of the 
distance ; hence the intensity of the heat must 
‘*diminish as the square of the distance.” Thus 
the. experiment, which might at first sight appear 
fatal to the law, demonstrates that law in the most 
simple and conclusive manner.t 

Melloni also inferred that for a distance of 18 ft. 
or 20 ft. the action of air upon radiant heat was 
totally inappreciable. 

Melloni’s was the only experiment which had 
been made regarding the transmission of radiant 
heat from terrestrial sources through air; and with 
regard to its transmission through other gases, we 


* Dr. Eugene Lommel, ‘‘The Nature of Light,” page 
204, International Scientific Series. 
+ Dr. Tyndall, ‘‘ Heat as a Mode of Motion,” Sec, 336. 


pass from D through the tube to the pile. The 
gas to be tested is dried and freed from carbonic 
acid during its passage through the bent tubes 
U, U!, filled the one with fragments of pumice- 
stone moistened with caustic potash, the other 
with fragments of pumice-stone moistened with 
sulphuric acid. 

The tin screen being withdrawn, the heat rays 


* With regard to this Dr. Tyndall appends the follow- 
ing interesting note: ‘‘ At a time when I was greatly in 
need of a supply of rock salt, I stated my wants in the 
Philosophical Magazine, and met with an immediate re- 
sponse from Sir John Herschel. He sent mea block of 
salt, accompanied by a note, referring to the purpose for 
which the salt was originally designed.” Here follows an 
extract from Sir John Herschel’s letter: ‘*‘ After the 
publication of my paper in the Philosophical Transac- 
tions, 1840, I was very anxious to disengage myself from 
the influence of glass prisms and lenses, and ascertain, if 
possible, whether in reality my insulated heat spots in 
the spectrum were of solar or terrestrial origin. Rock 
salt was the obvious resource, and after many and fruit- 
less endeavours to obtain sufficiently large and pure speci- 
mens, the late Dr. Somerville was so good as to send me 
the very fine block which I now forward. ... I was 
not prepared for the working of it—evidently a very deli- 
cate and difficult process (I proposed to dissolve off the 
corners, &c., and, as it were, lick it into shape)... . If 
your should find it of any use, I would ask you, if possible, 
to repeat my experiment as described, and settle that 
point, which has always struck me as a very important 
one. 

+ A cubical vessel so called from having been used by 
Sir John Leslie in his researches on radiant heat. 
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fell upon the face of the thermo-pile, and the 
galvanometer needle was deflected. After it had 
come to rest, the air was pumped from the tube, 
and the needle was carefully observed, to see 
whether the removal of the air had any influence 
on the transmission of the heat. Nosuch influence 
showed itself; the needle remained perfectly 
steady. A similar result was obtained when 
hydrogen gas was used instead of air. 

Thus foiled, Dr. Tyndall put his questions to 
nature in a modified form. A source of heat, 
having a temperature of about 300 deg. Cent., 
was placed at one end of the tube, and a thermo- 
pile at the other—a large deflection was the 
consequence. Round the astatic needle of the 
galvanometer, however, a second wire was coiled, 
thus forming a so-called differential galvanometer ; 
a second pile was connected with this second wire, 
so that the current from it circulated round the 
needle in a direction opposed to that of the current 
from the first pile. The second pile was caused 
to approach the source of heat until both currents 
exactly neutralised each other, and the needle 
stood at zero. Here, then, we had two powerful 
forces in equilibrium, and the question now was 
whether the removal of the air from the tube 
would disturb this balance. 

A few strokes of the air pump decided the 
question, and on the entire removal of the air the 
current from the pile at the end of the tube pre- 
dominated over its antagonist from 40 deg. to 
50 deg. On re-admitting the air, the needle again 
fell to zero ; thus proving beyond a doubt that the 
air within the tube intercepted a portion of the 
radiant heat, 

The same method was applied with other gases, 
and with most remarkable results. 

Gases differ probably as much among themselves 
with rezard to their action upon radiant heat as 
liquids and solids do. Some gases bear the same 
relation to others that alum does to rock salt. 

Dr. Tyndall compared the action of perfectly 
transparent coal-gas with perfectly transparent air. 
To render the effect visible to the audience, a 
large plano-convex lens was fixed between two 
upright stands at a certain height above a delicate 
galvomometer. The dial of this instrument was 
illuminated by a sheaf of rays from an electric lamp, 
the sheaf being sent through a solution of alum to 
sift it of its heat, and thus avoid the formation of 
air-currents within the glass shade of the instru- 
ment. Above the lens was placed a looking-glass, 
so inclined that the magnified image of the dial 
was thrown upona screen, where the movements of 
the needle could be distinctly observed by the whole 
audience. 

Air was first examined, the currents from the 
two piles being equilibrated in the manner described. 
The tube was exhausted, and a small but perfectly 
sensible deflection was the result. It was next 
arranged that the current from the pile at the end 
of the tube predominated greatly over its antagonist. 
Dry coal-gas was now admitted into the tube, and 
its action upon the radiant heat was so energetic, 
the quantity of heat which it cut off was so great, 
that the needle of the galvanometer was seen to 
move from about 80 deg. on one side of zero to 
80 deg. on the other. On exhausting the tube, the 
radiant heat passed copiously through it, and the 
needle returned to its first position. 

Similar differences were also established in the 
case of vapours. As representatives of this diverse 
action the vapour of ether and of bisulphide of 
carbon may be taken. For equal volumes the 
quantity of heat intercepted by ether is enormously 
greater than that intercepted by bisulphide of 
carbon. 

To test the influence of quality, Dr. Tyndall de- 
vised the following experiment. A powerful lime- 
light was placed at one end of the tube, and the 
rays from it, concentrated by a convex lens, were 
sent throughthe tube, having previously been caused 
to pass through a thin layer of pure water. The 
heat of the luminous beam excited a thermo-elec- 
tric current in the pile at the end of the exhausted 
tube ; and this current being neutralised by the 
current from the second pile, coal-gas was admitted. 
This powerful gas, however, had no sensible effect 
upon the heat selected from the lime-light, while 
the same quantity of heat from an obscure source 
was strongly affected. 

The quantity of heat was measured by Dr. Tyn- 
dall by the amount of galvanometric deflection 
which it produces; its power of passing through 
media he took as a test of quality. 
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The bearing of this experiment upon the action of 
planetary atmospheres is obvious. The solar heat 
possesses, in a far higher degree than that of the 
lime-light, the power of crossing an atmosphere, 
but, and when the heat is absorbed by the planet, 
it is so changed in quality that the rays emanating 
from the planet cannot get with the same freedom 
back into space. Thus the atmosphere admits of 
the entrance of the solar heat, but checks its exit ; 
and the result is a tendency to accumulate heat 
at the surface of the planet. 

Pouillet regarded this action as the cause of the 
lower atmospheric strata being warmer than the 
higher ones. The late William Hopkins has shown 
the possible influence of such atmospheres upon 
the life of a planet situated at a great distance from 
the sun. Dr. Tyndall put forth the speculation 
that, were the sun abolished, and did stellar heat 
alone remain, it is possible that an atmosphere 
which permits advance and cuts off retreat, might 
eventually cause such an accumulation of small 
savings as to render a planet withdrawn entirely 
from the influence of the sun a warm dwelling- 
place. But whatever the fate of the speculation, 
the experimental fact abides—that gases absorb 
radiant heat of different qualities in different de- 
grees; and that the action of the atmosphere is 
only one case of many. 
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taking at Nottingham is 6.35/. per ton of coal 
carbonised, but this includes a large portion of 
reserve land and buildings provided for future ex- 
tensions, &c. If new works were being laid out— 
even building for posterity and not for the wants 
of to-day—substantial works could, the author 
says, be provided for 4/. per ton of coal carbonised, 
the interest on which, at 5 per cent., would be 
covered by a charge of a little less than 43d. per 
1000 cubic feet of gas sold. The volume has been 
very carefully edited. 


Willing’s British and Irish Press Guide, 1893. London: 
James Willing, 162 Piccadilly, W. [Price 1s.] 

There is an alphabetical list of all papers in the 

kingdom in this comprehensive guide, a classifica- 

tion showing the interests to which journals are 
devoted, and a list of the papers in each town, 

with some information regarding the district, &c., 

which must be serviceable to advertisers. It is 

interesting to note that of the thousands of news- 
papers now issued only 92 were first issued prior 
to this century, and that about 60 were before the 

Times, which was started as the Daily Universal 

Register, at 24d., and celebrates its centenary two 

years hence. Only three existing journals were 

started before 1700—the London Gazette, Course of 

Hachange, and the Edinburgh Gazette, the Dublin 

Gazette and several English provincial papers fol- 

lowing soon after. 

Bourne’s Handy Assurance Manual, 1898. Edited by 
H. 8. Carpenter. London: H. 8. Carpenter, Tra- 
falgar - buildings, Northumberlaud - avenue, W.C. 
[Price 1s. ] 

TuE book gives historical and statistical details of 

all assurance companies in Britain, showing the 

standing of all the life offices for ten consecutive 
years, and to those interested in the subject the 
figures are of value. There are eighty-two offices 
doing business in the United Kingdom, seventy- 
seven being British, four American, and one 
colonial. The total insurances in force represent 

792% millions sterling, in addition to 2634 millions of 

life and annuity funds, the premium income being 

345 millions sterling. The expenses of manage- 

ment, including commissions, absorb about one- 

fifth of the premium income. The companies are 
not compelled by Act of Parliament to state the 
extent of their new business ; but the fact that the 
funds increase each year at the rate of nearly 

14 millions sterling is suggestive; while sixty- 

one British companies report that in 1892 the 

number of policies issued was 128,369, represent- 
ing a sum of 35 millions, with premiums of over 

1} millions, 
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The Incorporated Gas Institute: Transactions, 1892. 
Edited and published for the Institute by W. H. 
Harvry, Secretary, at the Offices of the Institute, 3, 
Victoria street, Westminster, 8.W. [Price 10s. 6d. ] 

Tus volume includes the report of the twenty- 

ninth annual meeting of the Institute, and shows 

that it isin a satisfactory position, the membership 
being 580. The Presidential Address is particu- 
larly interesting, as it includes an analysis of the 
returns requested of gas works managers by the 

Institute on behalf of the Labour Commission. 

Yardmen and labourers have in three or four 

years had their wages increased by sums varying 

up to15 per cent., and in a few cases up to 25 and 

30 per cent.; mechanics and artisans have received 

increases of from 5 to 15 per cent.—a few to a much 

higher ratio--and stokers and firemen of about 20 

per cent., with variations up to 50 per cent., the 

advances in ten cases being between 40 and 50 per 
cent. As to remedies suggested, they were very 
varied, and covered the complete field of economics. 

Mr. Frederick G. Dexter, of Winchester, con- 
tributes a paper giving the results of tests made in 
applying steam as an aid to the revivification of 
oxide of iron in sitw. He had an annular con- 
denser, and applied the exhaust steam by means of 
two jets—one above and one below the gas inlet. 
The path of the steam being at right angles to that 
of the gas, thorough admixture was obtained. He 
further fitted the annular spaces with wood and pine 
shavings supported upon rings at intervals, in a 
similar way to Cleland’s scrubber, and this arrange- 
ment prevented undue compression of the material 
at the lower layers. Extended trials over many 
months with comparatively small and large air 
percentage, both with and without steam, he says, 
left no room to doubt the marked superiority re- 
sulting from its use. Professor Foster, of the 
Middlesex Hospital, gives the detail of analyses 
and lighting values of English coal gas. In his 
Murdoch lecture Professor Lewes gave a historical 
narrative, dealing largely with gas burners, and 
with the results of practical tests of the use of 
electricity, oil, and gas with various burners ; but 
we referred to this subject in dealing with the 
Gas Lighting Centenary (see ENGINEERING, vol. liv., 
page 142). The same author’s paper on the ‘‘ Car- 
buretting of Gas’’ has been published in extenso 
(see ENGINEERING, vol. liii., page 793). 

There are several interesting papers on the con- 
struction of gas-holders; one by Mr. Thomas 
Newbigging, Manchester, on ‘‘ The Difficulties of 
Tank Construction;” another by Mr. Arthur T. 
Walmisley on ‘*The External Vertical Standards 
of Gasholder Framework ;” a third by Mr. Gadd 
on ‘‘Cantilevers and Cantilever Gasholders ;” 
while Mr. W. R. Chester, Nottingham, deals with 
the cost of gas works. In this case complete data 
are given for the construction of works having a 
maximum daily output of 34 million cubic feet of 
gas, and to carbonise 336 tons of coal per day. The 
structural cost worked out at 4.821. per ton of coal 
carbonised. The canital charge of the whole under- 


Mining and General Telegraphic Code. By Brprorp 
MoNeit1, F.G.S. London: Whitehead, Morris, and 
Co., 9, Fenchurch-street, E.C. 1893. [Price One 
Guinea. ] 

Mr. McNeill has arranged his code primarily to 

meet the requirements of those associated with the 

mining and metallurgical industries, but has, of 
course, had to add to technical phrases, such ex- 
pressions and phrases as are of general use, so as to 
make his special code complete to meet all exi- 
gencies. There can be no question of the utility of 
telegraphic codes, as by them communication can 
be made at small cost ; and when it is remembered 
how many small mining tools, &c., are sent to 
remote regions, and consequently how many parts 
are frequently required urgently to substitute for 
fractured parts, prompt communication is of great 
advantage. There must come a time, however, 
when the multiplication of codes may be a disad- 
vantage rather than a benefit, but so long as they 
meet a special industry they may be welcomed. 

Some idea of the scope of the McNeill code will be 

appreciated when we state that it has about 45,000 

phrases with separate code words. Included in 

the book are several suggestions for using the code, 
and these comprise serviceable information regard- 
ing the prevention and correction of errors in 
messages. Mistakes are frequently due to a mis- 
reading of the dots and dashes which make up the 
alphabet of the telegraphic instrument. All letters 
are made up of dots and dashes, corresponding to 
the duration of the electric current, and if the 
interval or space between the dots and dashes is 
irregular, it is easy to read two or three letters 
instead of one. Thus the symbols for C may by 
wide spacing be made the same as those for ten, so 
that ‘‘cable” might become ‘‘tenable ;” and where 
code words do not assist the telegraph operator to 
the meaning, such mistakes cannot be detected, 


May 5, 1893.] 


ENGINEERING. 


639 


Mr. McNeill has therefore given the Morse signals, 
alphabet and figures, with some possible substitu- 
tions; but it would have been much better to 
have given all substitutions, more especially as 
only a few have been omitted. In the table, too, 
EI is given as a possible substitution for R. EN 
is probably intended. The list is useful, but had 
it been complete would have been much more so, 
Many other items of information make the work 
of great utility. 
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THE MURREN WIRE-ROPE AND ELEC- 
TRIC MOUNTAIN RAILWAY, 


By C. S. Du Ricue Pretizr, M.A., Ph. D., 
M.I.H.E., A.M.1.C.E. 
(Concluded from page 436.) 

THE two four-wheeled cars, by which the line is 
worked, have thirty seats and ten standing places 
each, and are divided into four compartments 
and two platforms, one of the former serving 
also for luggage and light goods (see Figs. 10 
to 13, page 641). They are 8.4 metres, or 
27.6 ft., in length over all, and 2.5 metres, or 
8.5 ft.,in width ; the wheel base being 5.8 metres, 
or19{t. Hach of the two axles carries a toothed 
wheel having the same diameter (pitch c‘rcle 
0.64 metre) as the ordinary wheels. The rack and 
wheel teeth have 10 centimetres (3.94 in.) pitch, 
their breaking strain being, like that of the wire 
rope, 60 tons. On each of the two axles are fitted 
two grooved brake discs, one on each side of the 
pinions, one disc on each axle being acted upon 
by the hand-brake, and the other by the automatic 
brake, so that each brake acts independently on 
both axles. The automatic brake comprises a 
counterpoise fitted to the lower end of the car. 
This counterpoise is normally raised, viz, in a 
horizontal position, and its automatic fall to an 
angle of 25 deg. acts by lever arms on the brake- 
blocks (two to each disc), causing them to clutch 
the brake discs. The automatic brake comes into 
operation (1) in the event of the rope snapping, in 
which case the rope-clutch at the upper end of the 
car acts upon the counterpoise by lever-arms and a 
chain, and causes it to fall; and (2), in the event 
of the regulation speed of 5 kilometres, or 3 miles 
per hour, being exceeded, in which case the counter- 
poise is made to fall by the centrifugal force 
of a regulator, connected with the car axle by 
toothed gearing, and with the counterpoise by 
a link belt, bevel gearing, and lever-arm ; in 
any other emergency, the counterpoise can also 
be made to fall by the driver pressing on a 
pedal which is let into either platform, the 
pedal of the lower platform acting on the counter- 
poise direct, and that of the upper platform by 
lever-arms and chain. In either of these cases, the 
pressure of the blocks on the brake disc causes the 
pinions to be locked in the rack, whereby the car is 
stopped instantaneously. The driver’s or lower 
platform is fitted (Fig. 10) with the following 
appliances: The screw hand-brake (of the same 
power as the automatic brake); this acts upon the 
brake-blocks by bevel gearing and lever arms; the 
tank emptying regulator, by which the outflow of 
water from the tank through a pipe is regulated 
during the descent ; a cooling-water regulator, 
which through two orifices causes a jet of water to 
be thrown on the circumference of the grooved brake 
discs, the water being derived from a small tank 
placed under the upper or guard’s platform ; a speed 
gauge connecting with the lower car axle by belt ; 
a water gauge showing the head of water in the 
tank; and, lastly, the automatic-brake pedal already 
mentioned. The tank, which is fitted under the 
car frame between the two axles (see Fig. 10), is 
filled from the reservoir by a pipe. for the 
better protection against the contingency of the 
ordinary front wheels mounting the rails through 
the pull of the rope during the ascent, or from any 
other cause, a pair of fang-shaped grappling-irons 
(Fig. 12) are fitted to the bottom of the car frame at 
the upper end; the fangs travel loosely along the 
lower edge of the rack girder flanges, but clutch 
the latter if the contingency referred to should 
arise. 

The body of the car rests directly on the car-frame 
without springs, and hasan inclination of 52percent., 
equal to the sine of the angle of 31 deg.* The car 


* Referred to the datum line, the maximum inclination 
of the line is 60 per cent. (tangent 31 deg. x 100) ; referred 
to the hypotenuse, it is 52 per cent. (sine 31 deg. x 100). Up 
to angles of inclination of 6 deg. the values of tangent and 
sine are the same, viz., 0.105, equal to 10.5 per cent. 
gradient ; above that, the true gradient is given by the 
sine, although it is conventionally referred to the datum 
line or tangent. 


weight is 7.8 tons, that of the water in the tank when 
fullis 7 tons; and that of 40 passengers and the 
driver, guard, and luggage is 3.2 tons, giving a total 
of 18 tons for a full descending car. he com- 
ponent of gravity of the car is, therefore, 18 x sine 
31 deg, or 18x 0,52=9.4 tons ; hence the effective 
brake power required at the circumference of the 
4 FO es diameter pinion-pitch circle 0.64 
ag Sa gD diameter brake-disc 0.60 
9.4 x 1.07 = 10 tons; and the required 
theoretical brake-pressure, taking the efliciency at 
one-fifth, is 10 x 5 = 50 tons. The brake-blocks 
act upon the grooved dises as wedges at an 
angle of 60 deg. ; hence the required brake-power 


is reduced to one-half, or 25 tons, equal to a 


6.25 tons per brake-block, The weight of the 
counterpoise is 120 kilogrammes (264 lb.), whose 
fall, being transmitted in a ratio of 1 in 62.5, 
gives 7.5 tons x 4 = 30 tons brake-power, or a 
margin of 5 tons. Similarly, the hand screw- 
brake (radius of handJe 19 centimetres ; radius 
of screw, 1.5 centimetre; pitch, 0.6 centi- 
metre) gives 7.5 tons for each block, or 30 tons 
total brake-power, like the automatic brake.* 

The efficient action of the two brakes, as well as 
the system of gradually emptying the car tanks on 
the descent, which constitutes a novel feature in 
wire-rope railway practice, were put toa protracted 
and severe test before the line was opened for pas- 
senger traflic, inasmuch as the whole of the plant 
and material of the hydraulic and electric installa- 
tion, permanent way, rolling stock, and buildings 
of the electric section from Grutsch to Murren, was 
hauled up from Lauterbrunnen by the wire-rope 
railway, which thus rendered signal service (see 
illustrations on pages 414 and 446 ante), 

Oonclusion.—As has been already stated, the rack 
is used on this wire-rope railway, not for traction, 
but for safety only, viz., through the operation of 
the automatic brake, and also for insuring the 
steady motion of the cars, and keeping them to 
the rails. Although it has been shown by trials 
on the Righi Rack Railway that even the break- 
ing of a rack-tooth does not at all impair the 
regular motion of the pinion, and hence does not 
endanger the service, it may, on the other hand, 
be averred that a gradient of 60 per cent,, corre- 
sponding to an angle of 31 deg., constitutes the 
extreme limit at which the ladder rack is of any use 
as an effectual safety-factor, because on a steeper in- 
cline the teeth of the pinion would not exert sufli- 
cient grip on those of the rack, both having a 
trapezoidal cross section, forming between the base 
and the upper surface an angle of 77 deg. The 
same applies to Abt’s rack, with this difference, 
however, that here the double grip on the single, 
and the four-fold grip on the double rack bars offer 
a much larger margin of safety ; these double rack 
bars are used on the San Salvatore (Lugano) Wire- 
Rope Railway already referred to, and are better 
suited for the purpose than the ladder rack. The 
most effectual, though more complicated safety rack 
for such exceptionally steep inclines is undoubtedly 
the double horizontal rack as used for traction by 
rack engines on the Pilatus railway (48 per cent. 
gradient). 

For inclines, on the other hand, which are 
either too long to be worked by a single wire-rope, 
or which cannot be worked by rack engines, or 
which, for one reason or another, such as perpetual 
snow or ice, cannot be laid down in the open but 
involve tunnelling, a simple, safe,and ingenious de- 
vice is that patented by Colonel Locher, C.E., of 
Zurich, fora pneumatic railway from Lauterbrunnen 
to the summit of the Jungfrau (4200 metres or 
13,780 ft. above sea level) with a gradient of 70 per 
cent. (35 deg.), consisting of two circular and 
practically straight tunnels through which the cars, 
acting as pistons, are pushed up and let down by 
compressed air at a pressure of only 0.09 atmo- 
sphere, or 1.3]b., per square inch, driven into the 
tunnels by two centrifugal compound ventilators 
(similar to those used in the Arlbergtunnels). In 
this way, the trip of 6 kilometres (3.8 miles) from 
Lauterbrunnen to the summit, or arise of 3400 
metres or 11,155 ft., could, it is estimated, be 
accomplished in 15 minutes, viz., at the rate of 
24 kilometres, or 15 miles, per hour. 

II.—Tue EecrricaL SEcTION. 

Starting from the summit of the wire-rope sec- 
tion, the electric line skirts the steep slope of the 
Alp between Grutsch and Murren, closely following 
the sinuosities of the extremely broken ground, 
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HILL'S PLYMOUTH COMPANY, LIMITED, MERTHYR TYDFIL, SOUTH WALES. 
(For Description, see Page 633.) 


which is intersected by the Staubach and numerous 
other torrents (see Fig. 2, page 434 ante). The Murren 
terminus is situated at 1641 metres or 6502 ft. 
above sea level, 151 metres higher than the Grutsch 
terminus, not far from the village, the Jungfrau 
being exactly opposite. Nearly half the length of 
the line is in curyes from 200 to 50 metres or 10 to 
2.5 chains radius, while only about 180 metres, or 
about 4 per cent. of the total length, is on the level, Nels} 
the remainder of 4.1 kilometres having almost _S_> 


continuous gradients of 3 and 5 per cent. The | aS Be 
. . . . SSSS>S55 
permanent way consists of flange rails weighing SS | 


35 lb, per yard, with wooden cross sleepers, and 
is for a single line, a crossing station being provided 
about half-way between the termini. As on the 
wire-rope section, so also on the electric line, the 
works were extremely heavy and costly ; the diffi- 
culty being aggravated not only by severe frost, but 
by the hostile attitude of the small landowners, 
guides, and mule-drivers of the locality, which 
necessitated all the timber and other building 
material being brought up from the valley. The 
friable nature of the ground along the whole line, 
moreover, necessitated long sustaining walls, and 
some of the torrents had to be bridged over at con- 
siderable height. The stations and sheds at the 
two termini are built in the Swiss chalet style. 
The construction of the line took nearly two years, 
being greatly delayed by the Alpine winter setting 
in very early. 

The rolling stock consists of three electrical locomo- 
tives, two passenger cars, and two open goods trucks 
(see our two-page plate). The four-wheeled loco- 
motives of 7.2 tons each are 4 metres or 13 ft. in 
length over all, 2 metres or 6.56 ft. in width, and 


3 metres or 10 ft. in height, and have a wheel base ==) I) + eae N na tlle | 
of 2 metres, the wheel diameter being 0.75 metre, \ : UH sy a i 
or 2.4 ft. They carry each two motors, which are = =) iN i | 
fitted above, viz., in the same vertical plane as the : a | 38 . sy é 


wheel axles, and are also held by spiral springs 
fitted to the centre of the locomotive frame. The 
motion is transmitted to the wheel axles by vertical 
spur gearing with single reduction of 1 in 5. The 
motors are four-poled, and have drum armatuies, the 
latter being in series with the bobbins of the field 
magnets, which are in parallel. Each motor carries 
only one pair of carbon brushes, placed radially 
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in contact with the bronze commutator, and remain- 
ing in that position under all conditions of load and 
speed, whether the locomotive is running forward or 
with reverse motion. The motors are easily acces- 
sible through openings in the spacious platform, in 
the centre of which is fitted the mechanical brake and 
the rheostat. The former is a powerful screw hand- 
brake acting on blocks on both sides of the wheels, 
the handle being mounted on the top of the rheostat ; 
the connections and cut-outs are governed by aring, 
which, by means of two handles, moves round the 
drum of the rheostat in either direction for regu- 
lating the current and speed for forward or reverse 
motion, for placing the locomotive out of circuit, or 
for causing the motors to act as dynamos, viz., to 
send a current through the resistance coils of the 
rheostat, thereby constituting a separate electrical 
brake, which insures a smooth and easy motion in 
the sharp curves and on the steep sections on the 
descent, and, used in conjunction with the hand- 
brake, will stop a train on the 5 per cent. down- 
ward grade within its own length. Having regard 
to the low speed, this electrical brake obviates the 
necessity of using a separate automatic brake, such 
as the Westinghouse, which is essential on such 
lines as the City and South London and Liverpool 
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Overhead, where the higher speed would render it 
inadvisable to trust to an electrical brake. The 
Murren locomotives are served, like those of the 
City and South London, by two men ; those of the 
Sissach (Basle) line only by the driver. 

The supply current is transmitted from the con- 
tact wire to the motors by a reversible steel trolley- 
pole, which is fitted to the roof of the locomotive, 
the trolley-wheel being, by a spiral spring, pressed 
against the contact wire. The trolley arrange- 
ment is similar to that of Sprague’s, but the 
trolley-pole is much lighter, and hence of much 
more pleasing appearance, than the heavy and 
clumsy pole used in American practice. The 
motors make normally 450 to 500 revolutions per 
minute, corresponding to a speed of 11 kilometres 
or 7 miles per hour. They develop up to 30 horse- 
power each (36 ampéres at 600 volts), which for the 
two motors, and at a speed of 2.25 metres per second, 


60 x 75 

736 2000 
xilogrammes, or 2 tons, equal to one-third of the 
locomotive weight. The weight of the motors is 
only 1 ton (1000 kilogrammes) each, including 
gearing, or, in respect of their output, 45 kilo- 
grammes (100 lb.) per kilowatt. 

The passenger saloon cars, which are very 
well-proportioned and elegant in appearance, weigh 
4.5 tons empty, and with 40 passengers, guard, 
mail, and luggage, 8 tons, their length being 10 
metres, or 33 ft. Asa train is ordinarily composed 
of one locomotive and one car, the total load is 15 
tons, of which 11.5 tons are dead and 3.5 tons pay- 
ing load, or 77 and 23 per cent. respectively. The 
effective energy to be developed by the motors on 
the mean grade of the line of 4 per cent., and in 
curves of 2.5 chains radius, at a speed of 3 metres 
per second, and taking the co-efficient of traction 
15 x (40 + 12) x 3 

75 

= 31 horse-power, or 23 kilowatt, while the maxi- 
mum of 60 horse-power, or 44 kilowatt, takes two 
full cars, or one car and two goods trucks, at the same 
speed. As two trains are simultaneously running 
on the line, one ascending and requiring 23 kilo- 
watt, the other descending without the current 
(except at the crossing station), and taking the 
energy required in starting alternately at either end 
at 100 per cent. higher, or double that of the average 
energy in running, the total effective working energy 
at full load is 23 + 0 + 46=69 kilowatt, which, in 
respect of the output of the dynamo, viz., 90 kilo- 
watt, gives an effictency of 76.6 per cent. 

One of the numerous difficulties which had to be 
overcome before the line could be worked efficiently, 
was that caused by the passenger cars. Those 
originally built for the line had only four wheels, 
with loose axle-boxes ; but in consequence of an 
accident during one of the trial trips, when a car, 
in passing over a bridge coinciding with a sharp 
curve, left the metals, and, snapping the locomotive 
coupling-bar, was wrecked by its fall into the torrent 
below, the Federal Railway Department very pro- 
perly condemned the cars, and ordered them to be 
replaced by those now in service, which have two 
four-wheeled bogie trucks each, the bearings of the 
pivots being cylindrical, and the pivots themselves 
spherical, to insure the radial play taking effect. 

The turbine and dynamo (central supply) 
station (see Figs. 22 to 25, page 644), is situated 
about a mile from the Grutsch terminus, 300 
metres below the line, on the Staubach torrent, 
just above the fall. The high-pressure turbine, 
which is of Escher Wyss and Co.’s patent type, with 
direct tangential action, spoon-shaped buckets, and 
regulator for constant speed, has an outer wheel 
diameter of 0.8 metre or 2.65 ft., and is fed by 
the water of the Staubach torrent from an inter- 
mediate storage tank, the minimum volume being 
60 litres or 2.12 cubic feet per second, and the fall 
no less than 215 metres or 705 ft., equal, at 80 per 
cent. efficiency, to 187 horse-power on the hori- 
zontal shaft.* The maximum power of the tur- 


* A turbine of this class (1 metre outer diameter of 
wheel) was recently subjected to a series of official tests 
at the hydro-electric central lighting station of Bellinzona. 
The feed water was gauged direct in a tank, and the brake 
lever, 2.15 metres long, acted direct on a decimal balance, 
the effective horse-power being given by Pxnx0.003, 
where P is the load on the brake, and m the number of 
revolutions per minute. At 220 metres pressure, and a 
volume of water of 56.9 litres per second, the theoretical 
power is 166.91 horse-power. At 700 revolutions per 
minute, and a weight on the brake lever of 66 kilo 
grammes, the effective power was, therefore, 138.6 horse- 
power, equal to the high efficiency of 83 per cent. 


gives a maximum tractive force of 


at 12 kilogrammes per ton, is 


bine is 150 effective horse-power, and the power 
required for the ordinary service is 120 horse-power. 
The tail race of the conduit conveys the water back 
to the torrent, so as not to impair the quantity and 
beauty of the Staubach Fall (305 metres or 1000 ft. 
vertical depth). A four-pole, compound, and series- 
wound continuous-current dynamo (Brown’s patent) 
is fitted direct on the horizontal turbine shaft, mak- 
ing 750 revolutions per minute, the output being 
150 ampéres at 600 volts, or 90 kilowatt, equal to 
120 horse-power, or at the maximum potential of 
700 volts, or 105 kilowatt, equal to 140 horse- 
power. 

From the central station, six conductors of 
8 millimetres diameter or 50 square millimetres 
(0.077 square in.) in section, carried on telegraph 
poles, lead to the line. Three of these are the 
main feeders, viz., one for the one-mile section 
to Grutsch, and the other two for the 1.7-mile 
section to Murren, while the other three con- 
ductors connect with the rails forming the re- 
turn circuit. To insure the continuity of the 
latter, the rails are connected by soldered copper 
plates at all joints, and at equal distances of about 
100 metres, moreover, by copper wires as additional 
protection. The contact silicon bronze wire of 6 milli- 
metres or 0.24 in. diameter is suspended 5 metres 
above rail level, or 2.5 metres or 8.2 ft. above the 
roof of the locomotive, either from brackets fixed 
to the main conductor poles on one side, or from 
transverse wires to poles on both sides of the line. 

The total cost of construction and equipment of 
the wire rope and electrical sections combined was 
as follows: 


Fr. 
Works, line and stations... 1,266,000 


50,640 
Wire rope and pulleys, 1.3 
kilometres ai ae 10,000 400 
Turbine installation, 120 
horse-power ae ie 22,000 880 
E'ectrical installation, 120 
horse-power ; Ae 12,000 480 
Transmission and __ tele- 
phone, 5 kilometres 90,000 3600 
2 wire-rope cars an 30,000 1200 
3 electrical locomotives ... 45,000 1800 
2 passenger cars 16,000 640 
2 trucks % re 4,000 160 
Furniture and tools 5,000 200 
1,500,000 60,000 


equal to 291,000 fr. per kilometre, or 18,6247. per mile. 


The works were carried out by Messrs. Frey and 
Haag, contractors, of Bienne ; the rack and metallic 
sleepers were supplied by the Machine Works of 
Berne ; the turbine and the hydraulic installation 
by Messrs. Escher Wyss and Co. ; the electric in- 
stallation and locomotives by the Oerlikon Works 
of Zurich ; the cars and trucks of the electric line 
by the Machine Works of Basle; the wire rope 
cars and iron bridges by Messrs. Theodore Bell and 
Co., of Kriens (Lucerne) ; and the steel ‘rope and 
appurtenances by Messrs, Felten and Guillaume, 
of Cologne. 

The line was opened for trafficon August 1, 1891, 
and although, for the reasons already mentioned, 
the service on the electric section was at first 
organised only provisionally, the line carried its 
full complement—viz., 600 passengers per day, dur- 
ing the months of August and September, which 
number has considerably increased since the spring 
and summer season of 1892. The line is closed 
during the winter, and the staff discharged, with 
the exception of a watchman for the turbine and 
dynamo house. The mean fares for the up and 
down journey are at the rate of 50 centimes per kilo- 
metre, or 7.7 pence per mile ; the daily number of 
trains is 22 in both directions, equal to 130 train 
kilometres ; and the gross receipts averaged 830 fr. 
or 531, per kilometre and mile per week respec- 
tively, or 6.70 fr. per train kilometre, while the 
expenditure for electro-motive power (generating 
and locomotive power), including wages, was only 
25 centimes per train kilometre, or 4d. per train 
mile, and the total working expenses amounted to 
3.40 fr. per train kilometre, or only 50 per cent. of 
the gross receipts, so that the result of the first 
partial working season is equal to a return of 14 
per cent. on the capital. The working of the line 
has been taken over by the Bernese Oberland Rail- 
way Company at cost price, in view of the advan- 
tages accruing to its main line from Interlaken 
to Lauterbrunnen. 

Conclwsion.—One of the most noteworthy features 
in the electrical locomotives of the Murren line is 
that the extra energy required in starting does not 
exceed, as a maximum, 100 per cent., or double 
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that of the average energy when running. This 
fact is also confirmed by repeated tests on the 
Sissach (Basle) Railway, which, as already men- 
tioned, is worked by Oerlikon locomotives of the 
same, but somewhat lighter, construction. On this 
line the ordinary train load hauled by a 6-ton loco- 
motive is 14 tons, or about twice its own weight ; 
but even in starting the maximum train load of 27 
tons, or four and a half times its own weight, the 
tested extra energy was found to be only 92 per 
cent. of the average when running. On the City 
and South London Railway, on the other hand, 
where the maximum load hauled by a 10-ton gear- 
less electrical locomotive is 30 tons, or only three 
times the locomotive weight, the current required 
in starting is 150 ampéres, as against the average 
of 50 ampéres when running, or three times more. 
In this respect, therefore, these gearless locomo- 
tives mark no advance even upon the older geared 
motors with double reduction of 1 in 12 of tram- 
way cars, in which the extra energy in starting is 
practically the same. The much more economical 
starting of the Murren and Sissach locomotives is 
due, in the first place, to the spring suspensions of 
the motors, the elastic medium thus provided 
assisting in overcoming the inertia of the train, 
whereas the axle-wound motors are rigid and 
therefore require a greater effort. The Murren 
locomotives have over those of the City and South 
London the further advantage of, comparatively 
speaking, considerably higher tractive force, seeing 
that in the former the maximum is 2:7 tons or a 
and in the latter 1.5:10.3 tons, or only one- 
seventh of the locomotive weight. Lastly, it may 
be noted that the simplicity of gearless axle-wound 
motors is, to a certain extent, more apparent 
than real, seeing that the cleaning, repairing, or 
replacing of a motor always involves the necessity 
of one of the axle wheels being dismounted, whereas 
separately suspended and geared motors, or any part 
thereof, can be much more easily handled or re- 
moved. On the other hand, axle-wound motors 
are, of course, adapted for much higher speeds than 
those having either vertical or horizontal gearing, 
and the superiority of gearless over geared motors, 
or vice versd, cannot, therefore, be laid down a 
priori, but must be governed by the conditions and 
requirements of individual cases. 


LIABILITY OF ENGINEERS : THEORY AND 
PRACTICE. 
To THE Epiror oF ENGINEERING. © 

Sm,—I have often thought that the most effectual 
antidote to the dangers which sometimes result from 
young men confounding technical training with practical 
engineering experience would be a lecture by a qualified 
lawyer on the ‘‘Liability of Engineers,” which every 
student should be bound to attend before concluding his 
course of instruction. i 

The young engineer would then learn that if he under- 
took any work and failure resulted he would be personally 
responsible for the consequences and costs of that failure 
unless he could satisfy a jury that he had done all that 
any skilful and experienced engineer could reasonably be 
expected to do under the given circumstances. 

It would help him nothing with an average British jury 
to produce folios of calculation proving the work ought 
to have stood, unless he could demonstrate the soundness 
of the hypothesis upon which those calculations were 
based by a reference to practical experience. An engineer 
can be proceeded against for negligence, but it was long 
ago laid down in the case of Chapman v. Walton that it 
would be a good answer toacharge of negligence if it 
could be shown by evidence that a number of experienced 
men in the same profession would have acted in the 
same manner as the person whose conduct was under 
discussion. For that reason responsible engineers 
always protect themselves by comparing their own 
designs, before putting them in hand, with those of 
already successfully executed work, and it is only the 
unhappy lad who has quitted college with the idea that 
everything can be determined by formule who is caught 
in the meshes of the law. 

Take, for example, the recent correspondence on dock 
inverts, where one writer ridicules the expression ‘‘cou- 
cealed arch,” as it must be so obvious to any one that the 
invert is a modified form of concrete beam. If a young 
engineer executed a work on this theory, and it failed, he 
would have to pay the consequent damages, because he 
could not show a jury that even a single experienced man 
would have acted in the same way, as the latter would 
have learnt from practical experience that shrinkage 
cracks render any reliance upon tensile strength in such 
cases inexcusable. . 

I have been puzzled to understand why Sir Benjamin 
Baker’s remarks should have caused such a flutter in the 
dovecot. Everybody, as a correspondent in your last 
week’s issue remarks, agrees that a little knowledge 13s 
dangerous, and Sir Benjamin Baker merely pointed out 
in effect that some young engineers did not recognise 
the fact that the knowledge of practical engineering 
problems attainable in college was necessarily little. The 
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letters appearing in your columns show that his assump- 
tion was correct. The object of the reference to the 
senior wranglers and the steel tube, as I read it, was not 
to belittle mathematical attainments, but to show that 
the greatest ability and industry will not avail if un- 
accompanied by practical experience. Text-books can 
necessarily only contain a very small fraction of the 
information upon which experienced engineers act in the 
multitudinous branches of their great profession. In 
the case of the steel tube, for example, the senior wrangler 
and the gun-builder would proceed alike in their calcula- 
tions up to a certain point, and then the former would 
stop at his theoretical result and the latter proceed 
with his practical corrections. He would require to 
know the dimensions of the forging when it was last red- 
hot, and the rate of cooling, and other matters, and then, 
availing himself of experimental data, costing many 
thousands of pounds, but appearing in no text-book, the 
experienced engineer would exercise his judgment as to 
the probable value of certain constants, and resort again 
to theory to determine the distribution of stress through- 
out the thickness of the tube. 
‘Your obedient servant, 
AN ELpERLY BACHELOR OF ENGINEERING. 


GRAVING DOCKS ; THEORY AND 
PRACTICE. 
To THe Eprror or ENGINEERING. 

Sir,—On account of the importance of the bearing of 
this subject on the education of an engineer, perhaps you 
will allow another letter to uphold my view of the case. 

You say in your subscript to my letter that really 
correct theory and sound practica do not disagree. This 
is the keynote of my arguments, and is undoubtedly 
true; but that it is what Sir Benjamin Baker means to 
enforce in his arguments I cannot believe, for I find 
nothing in his remarks from which it can be inferred ; 
had it been so, I venture to say this controversy would 
never have been begun. 

When he casts a doubt on the value of theoretical 
deductions in such cases as a flat concrete invert—having 
previously discussed the ridiculous case of the invert con- 
sidered, by theoretical means, as a simple beam, and that 
case only—he hardly leads one to infer that that is what 
he means to enforce. 

Referring to the case of the ‘‘ Master of Engineer- 
ing’s” calculations of stresses on a rail, new instead 
of worn, even a casual perusal of my letter will show 
that I in no way imaginable defended him; what I did 
was to criticise Sir Benjamin’s criticism, and I still think 
very correctly and very much to the point, for adverse 
criticism always errs just in that way—by imputing wrong 
canses to mistakes. And the point you credit Sir Ben- 
jamin with—viz., that the error was in delivering and 
upholding results differing from the known results of 
practice—is of course correct, and my letter shows that I 
was of that opinion ; it is this point and a few others that 
I alluded to as being of so much use to the partially 
educated man. 

The subject is an important one, and well deserves 
being dealt with in both aspects, impartially, by more 
able men than have hitherto spoken upon it, and to be 
more generally discussed. 


May 2, 1893. JUSTICE. 

{Our views and those of ‘' Justice ” as to the interpre- 
tation of Sir Benjamin Baker’s remarks are hopelessly at 
variance. All we need add is that a comparison of 
“* Justice's” remarks in his two letters, respecting the 
‘*Master of Engineering’s” calculations, will show that 
consistency is not his strong point.—Ep. E ] 


Yours very sincerely, 


? 


THE ‘‘ LEOPOLD II.;” FAST PADDLE 
STEAMERS. 
To THE Eprror or ENGINEERING. 

Srr,—Anent the question raised in your columns con- 
cerning the relative speeds of fast paddle steamers, a few 
figures gleaned from various sources, and pertaining to 
the vessels mentioned, may be of interest. The Queen 
Victoria was placed on the measured mile at Skelmorlie 
in 1887, when she attained an average speed of 21 knots 
during six runs, and subsequently steamed from the Tail 
of the Bank to Liverpool, with a strong tide in her favour, 
at the rate of 22.25 knots. Her sister, the Prince of 
Wales, is reported to have accomplished a speed of 
22.34 knots in running one way over the mile, but as no 
mention is made of the return journey, this result is as 
useless for comparison as I hope to show port-to-port 
speeds are. The Calais-Douvres, for which Mr. Robins 
claims the blue riband for speed in connection with this 
type of steamer, was tried on the Clyde in 1889, and 
realised an average speed of 20.75 knots on the measured 
mile. According to the statements of your correspon- 
dents, each of the above boats has exceeded these per- 
formances in actual service, but port-to-port speeds are 
totally unreliable as a means of comparing the steaming 
capabilities of such vessels. The Belgian steamer Prin- 
cesse Henriette has crossed from Ostend to Dover, a 
distance of 62 nautical miles, in 2 hours 46 minutes, or at 
the rate of 22.4 knots. Steaming between the Clock and 
Cumbrae Lights, in 1888, this vessel, under the most 
exacting conditions, attained a mean speed of 21.1 knots 
during four runs, two with and two against the tide. 
Under similar conditions the Leopold IT. steamed a knot 
faster ; hence her speed on service, compared with that 
‘f the Princesse Henriette, should be 23.4 knots. The 
Leopold II, has, on an exhaustive trial, conducted under 
the supervision of a Government Commission, proved 
herself to be the fastest paddle steamer afloat. How 
long she will maintain this reputation it is difficult to 
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say. The Marie Henriette, at present under construc- 
tion by the Société Cockerill, may perhaps lower the 
colours of the Leopold IE., as I believe she is fitted with 
more powerful machinery, 
PADDLE- WHEEL. 
Glasgow, May 2, 1893. 


TESTS OF STEAM BOILERS AT THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

To THE EpiTor oF ENGINEERING. 

Str,—Mr. King, in his letter printed in your issue of 
the 21st ult., refuses to allow any independent engineer of 
recognised authority to make a repeat trial on the Bab. 
cock boilers, the efficiency of which (83 per cent.) Mr. 
King has vouched for. 

Such phenomenal figures from such a boiler are what I 
challenged in my former letter, which challenge EF here 
repeat, that the Babcock boilers be tested by an inde- 
pendent engineer of recognised standing. 

Mr. King’s reason, or excuse, that such a test would 
interfere with the working of the Chelsea station, is, to 
say the least, unworthy, for he knows as well as I do that 
with the spare boilers available no possible inconvenience 
could arise. 

I fear or suspect other motives and other reasons have 
operated. Is he not afraid of the absurdity of the figures 
to which he has lent his name being exposed or made 
apparent? 

The refusal to allow repeat tests is much to be regretted 
in the public interest. Innocent steam users may be 
tempted to run after impossibilities. I assert that the 
figures stated are impossible to attain. 

Having regard to the circumstances of the case, the 
incredible results claimed in the report, and the refusal to 
allow them to be proved true (or otherwise), and the fact 
that such report has been for some time, and still is being, 
used by the makers of the boilers—i.e., the Babcock- 
Wilcox Co., Limited—for trade purposes, Mr. King is 
bound in honour to allow it to be substantiated or other- 
wise, by an independent authority, and so save the 
necessity of a public denunciation of a report the truth of 
which is not proved. 

Yours truly, 
J. GRESTY. 

Manchester, May 1, 1893. 


SMOKE ABATEMENT. 
To Tax EpiTor OF ENGINEERING. 

Str,—Like Mr. Nicholson, I am persuaded that we 
shall never arrive at a smokeless atmosphere until we 
adopt liquid fuel—that is to say, until we convert our 
crude coal into gas or oil, or both, as a preliminary step 
in the production of heat. 

Mr. Nicholson says in his letter in your last issue 
(April 28, page 617) that ‘‘ Sheffield inquirers could have 
seen any time during the past eighteen months two 30-ft. 
tubular boilers working on gas, and not a sign of smoke 
at any time, with the coal bill 67. per week for the same 
hours and produce as cost with crude coal firing 1v/. per 
week.” This, sir, is indeed good news to those whose 
conviction is—first, that there is no reason in the nature 
of things why the whole animal and vegetable world 
should not breathe pure air; and, secondly, that in the 
fulness of time this will be accomplished. 

May I ask Mr. Nicholson, through you, to give your 
readers full information where the boilers to which he 
refers are to be seen? 

I am, Sir, yours truly, 
Kode), Vie) Kes). 


RECENT SCIENCE. 
To THE Eprror oF ENGINEERING. 

Sir,—I observe an article in the Nineteenth Century 
headed ‘‘ Recent Science,” and in Part II. is an account 
of Henri Moissan’s discovery of the manufacture of 
diamonds. 

I myself in 1888 made numerous experiments with the 
object of condensing carbon by combined heat, pressure, 
and chemical action, the experiments being fully de- 
scribed in a communication to the Royal Society in June 
of that year, a copy of which I inclose.* 

At the conclusion of the experiment a combination of 
carbon, lime, and silica was tried, with the result that a 
fine grey crust was formed on the carbon, which, on 
examination, contained minute crystals, some black, 
some transparent, which possessed all the characteristics 
of diamond—viz., scratched ruby, abraded diamond, 
giving the peculiar sound characteristic on abrading two 
diamonds together. The specific gravity was 3.5, same 
as diamond, measured by immersion in iodide of metha- 
line and borotungstate of cadmium; they burnt away 
under the blowpipe. 

Lastly, specimens were examined by Professor Croches, 
and exhibited the glow peculiar to diamond powder. 
Many of the above tests were made shortly after the 
reading of the paper. 

The action appeared to be as follows: At the intense 
temperature the lime combines slowly with the carbon, 
eating it away ; gas or liquid is formed, which percolates 
up the carbon and exudes from its surface against the 
molten silica, with which the lime combines, leaving the 
carbon in a crystalline form on the surface. The hard 
particles did not appear to form at a less pressure than 
3 tons per square inch. 

It occurred to me that your most interesting columns 
often contain matter of a kindred nature to this one, and 
that the production of diamond, even of diamond dust, is 


* See ENGINEERING, vol. xlvi., page 315, 


a matter of peculiar interest to engineers for many pur- 
poses where emery or black diamonds are now used. 

I should be pleased, should you consider the matter of 
sufficient interest for insertion, to give you any further 
particulars you may wish, 

I remain, Sir, yours truly, 
CHARLES S. PARSONS. 

Elvaston Hall, Ryton-on-Tyne, Ayril 20, 1893. ; 

[We shall be glad to receive any detailed information 
which Mr. Parsons can supply.—ED, E.] 


ENGLISH AND AMERICAN LOCOMOTIVES. 
To THE EpiTor OF ENGINEERING. 

Str,—As bearing upon the question of the relative 
merits of English and American locomotives, a subject 
which has occupied the attention of the engineering 
world lately, the subjoined quotation from a letter 
recently received from a friend who is making a tour of 
the world, may prove of interest. The writer of the 
letter in question is not interested in the manufacture of 
locomotives either in this country or America—or, indeed, 
in any manufacturing establishment—and as the letter 
was intended simply as a private communication, the 
information may be taken as unbiassed. The writer of 
this letter was formerly a staunch supporter of English 
practice, and inour many conversations on the subject, 
has upbraided me for what he considered my unpatriotic 
leaning towards American practice. The extract is as 
follows: 

“*T have been having some little experience in railways 
here, and very interesting it was—in many ways quite 
different from that which one comes across at home. 
went over one of the Government works, and among 
other things had a good look at the Fell engines, with 
which they work an incline of 1in 15. They are all ma- 
chinery, Ale two sets of engines causing a good deal of 
complication, especially on a 3 ft. 6in. gauge. The ordi- 
nary engines are of all sorts, kinds, and descriptions. The 
different classes extend over all the letters of the alphabet, 
and some are double banked. But the most interesting 
experience I had was on the — line, the only line 
worked by a private company, and, being so, superior 
to the Government ones, both in catering for the 
public and in results. It isa line 84 miles in length, with 
some tremendous grades on it. Just out of ———— 
the gradient is 1 in 37. I got an introduction to 
——_————,, and went over the sheds with him, and the 
next day he took me up part of the line on the engine, 
and, do you know, Iam fast becoming a convert to the 
American engine. I don’t mean to say that the English 
engine is not a famous machine for its own work, but out 
here, on a line like the —, Iam afraid it must be 
admitted that the American beats it; and the reasons 
are evident, and to some extent the English maker seems 
to see it, for the English engines that are most serviceable 
are greatly American in design. The American engire 
burns more coal than the English, but, as —said, 
the Yankees give you an engine which will do the work, 
and what is the good of an economical engine if it will not 
do what is required of it? I went up ona Consolidation 
engine by Baldwin, and came back on an English one by 
a firm , and there was no question that the 
American engine ran very much the more easily, and that 
though the Consolidation is not the best form of ergine 
for running smoothly. The American engine was eight- 
wheel coupled, with a two-wheeled truck; the English 
six-wheeled coupled, with a two-wheeled truck leading and 
another trailing. But the American engine had the 
springs of all the wheels and the truck compensated from 
end to end, while the English one had only the drivers 
compensated, and the trucks were independent and 
arranged about as badly as they could well be, with 
short springs and the engine bearing right on them. 
Also the side play of the English engine was 
taken up in the trucks by springs so boxed up as 
to be difficult of access, while the American had swing 
links, easily got at and simple. I do not suppose the 
swing links are as good as the springs, but they are to be 
got at easily, and are cheaper. At any rate theresult of 
the American arrangements is that the engine travels 
smoothly and easily, and the English one jars every bone 
in your body. There are many little things:which are 
very neat, and which go to save work and expense, an 
important consideration in a country like this, and much 
more to the locomotive superintendent than saving coal. 
For instance, the smokebox door in the American engine 
is of cast iron, and is made tight with a red-lead joint and 
seldom opened. The ashes are removed by a small shoot 
and a steam jet—a very neat dodge. The tubes are left 
to clean themselves, and give no trouble. If one does 
get choked itis cleared from the firebox end. Again, the 
expansion of the boiler is allowed for by means of a link, 
while the English engine has a clumsy slide arrange- 
ment. 

“* Again, the drain cocks are neat little valves resting on 
seats and kept tight by the steam, and are opened ky an 
inclined plane cut on a flat rod which is made to slide 
forward. These valves are always tight, while the plug 
cocks on the English engine are always requiring atten- 
tion. Then there is the bar framing, much abused, and 
I must say I think not so good or strong as the Eng- 
lish plate framing, but the American builder does not 
hesitate to bend it as he chooses, and puts his firebox 
right on top of it, so he gets 2in. more firebox space, 
which is worth having on a8 ft. 6in. gauge. There are 
some other things I could mention. By the bye, the 
English engine I came back on was driven by an English- 
man who used to be in Aveling and Porter’s works, and 
he said he much preferred the American engine, because 
it rode so easily, though he said the English ones were 
good too. Still he would always rather have an American 
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to work on, and he wondered they would not build 
engines at homeon that pattern for the colony. There is 
another instance of the businesslike way the Americans 
work. The Baldwin people send a traveller round about 
once a year, putting his nose into everything. As one of 
them said to ——, ‘ You know you run engines ; we 
only build them, so we like to hear what you say of 
them.’ And he puts down in a note-book any little sug- 
gestion. For instance, — found fault with the 
notches in the sector of the reversing lever being too 
small. This was immediately noted and the note sent 
home. And Iam sorry to say the result of it all is that 
this line is getting its new engines from America, and I 
do not suppose the English makers will have a look 
in again,” 


I remain, Sir, yours obediently, 
G. R 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScortanD.—The members of the Institution of Engi- 
geers and Shipbuilders have at last captured Mr. John 
Inglis, the Pointhouse engineer and naval architect, to 
serve as their president for the ensuing term of two years, 
epost which, says a Glasgow contemporary, he might 
have had long ago, if he had not been possessed of the 
weakness of preferring ‘‘ Handel to Howden,” speaking 
generally. It is well known to many people that he has 
long been an enthusiastic patron of the subscription con- 
certs, which have hitherto taken place on the Tuesday 
evenings, and have thereby clashed with the meetings of 
the Institution. Although, we understand, the night of 
meeting is not to be changed from Tuesday to Wed- 
nesday, as has been proposed, the Pointhouseman has 
consented to be put in harness, and to contribute to the 
welfare of the Institution during his term of office. 
A vice-president was elected to serve under Mr. Pre- 
sident Inglis, and five members were elected to fill 
vacancies in the council, yet, strange to say, not one 
of the half-dozen was new to office. One of them had 
already been in office for at least five terms, and four 
or five of them have served as vice-presidents. There is 
nothing in the shape of ‘' cliqueism” about the Institu- 
tion, but it assuredly is not good policy to go on from 
year to year electing office-bearers from the same limited 
circle. Two capital specimens of ‘‘new blood” were 
elected into the council a year ago, and there does not 
seem to be any sufficient reason why an equal number of 
really new hands should not have been elected on this 
occasion. There are many good men in the membership 
who have not yet been in office. 


Tur FLUSHING OF SEWERS.—On the recommendation 
of their surveyor, Mr. Charles Mason, the Vestry of St. 
Martin’s-in-the-Fields has adopted the most efficient 
apparatus for the flushing of sewers introduced some time 
ago by Messrs. Merryweather and Sons, and a demon- 
stration of its utility was given on Thursday in Long 
Acre, where a long length of 4-ft. sewer of egg-shaped 
section was thoroughly cleansed in a comparatively short 
time. The hydraulic sewer flusher consists of a cylinder 
of brass, punctured round its circumference spirally 
with small oblong holes, while at the one end which is 
closed there is a series of round holes, The other end 
has a gun-metal coupling to suit hose or pipe connection. 
This apparatus is mounted on wheels, and when the hose 
is attached is drawn along the sewer between manholes. 
The water entering through the hose passes under pressure 
through the small nozzles in the cylinder, and thusa series 
of jets play against the entire circumference of the sewer, 
removing all sediment and solid matter, and thoroughly 
flushing the drains, besides effectually breaking up and 
deodorising the foul gases. The diameters of the flusher 
and the carriage wheels are arranged to suit the size of 
sewers, so that the cylinder from which the jets pour 
shall pass along the centre line of the sewers. This 


MURREN WIRE ROPE AND ELECTRIC MOUNTAIN RAILWAY. 


(For Description, see Page 639.) 
V7 iS Fig. 22. 
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method supersedes the expensive practice of removing | access to the shafts connecting with the sewers would 
the sediment by manual labour, while the work is more | facilitate the frequent and periodical flushing of the drains 
quickly and more efficiently done. 


regular manholes at the side of the thoroughfares giving | ing the outbreak and spread of epidemics, 


The providing of |in this way, and thus provide a readier means of prevent: 
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COMPOUND ENGINES 


OF 


JAPANESE CRUISER 


Be CN Gta: L34 


CONSTRUCTED BY THE FORGES ET CHANTIERS DE LA MEDITERRANEE, HAVRE, 


On the present page we illustrate the engines of the 
Japanese cruiser Unebi, which was built from the 
designs of M. Marmiesse by the Forges et Chantiers de 
la Méditerranée, at their works at Graville, to the 
following principal dimensions : 


Metres. Ft. 
Length ; ae ars 103.93 341 
», between perpendiculars 98 321.5 
Beam A ar ee Lorn) 42.98 
Depth wes t Fee eS 8.50 27.88 
Draught of water fully loaded... 5.72 18.77 
Displacement , aes 20 3754 tons 


The vessel was designed with a protective deck over 
the whole length. In addition to this it was minutely 
subdivided into watertight compartments. The decks 
were arranged for an armament of four 24-centi- 
metre (9.45 in.) guns mounted in barbettes, and seven 
15-centimetre (5.9 in.) guns, together with a number of 
machine guns and four torpedo tubes. 

The engines, as shown in our engraving, are of the 
compound inclined type, two sets of them driving twin 
screws. They were constructed to the designs of M. 
Landeau, chief engineer of the Havre works, the cy- 
linders being 1.040 metres (40.9 in.) and 1.800 metres 
(70.8 in.) in diameter by .95 metre (37.4 in.) stroke. 
For the steam supply there were provided nine boilers 
with a grate surface of 36.54 square metres (393.3 
square feet), and 1435 square metres (15,447 square 
feet) of heating surface. The working pressure was 
6 kilos. (85.34 1b.) per square inch. On trial in 1886 
a mean speed of 18.37 knots was maintained during 
two hours, the maximum speed being 18.60 knots. 
This was the first warship constructed in France to 
reach so high a speed, 


Frencn Locomotive Burtprne.—The Cail Company 

as secured a somewhat important order for locomotives 
from the Paris, Lyons, and Mediterranean Railway Com- 
pany, 


Etevatep Rartways at Curcaco.—The Chicago and 
North Western Railroad Company has 27 miles of main 
track in Chicago, which will be elevated at a cost of 
4,800,000/. The interest on the bonds representing this 
ere will about equal the amount now paid annu- 

y for damages at level crossings, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Mining Outlook—Derbyshire’s Decision.—A meet- 
ing of various representatives of lodges connected with 
the Derbyshire Miners’ Association was held on Monday 
at Chesterfield. The present outlook in the coal trade 
was discussed at great length, with a view to arriving at a 
decision as to the policy to be advocated at the Iederation 
Conference in London. Delegates were instructed to vote 
for the support of the men on strike in Bristol, Forest of 
Dean, Cumberland, and elsewhere, by a general levy. 
Should there, however, be a majority in favour of putting 
into operation the 26th rule—setting down all the pits— 
the meeting decided that the county should loyally abide 
by the decision of the conference, 


Seamen and Firemen and the Colliers.—The neighbour- 
ing miners of Derbyshire have considered the application 
of the Seamen’s and Firemen’s Union for permission to 
join the Miners’ Federation of Great Britain. It was 
pointed out that the union is over 60,000 strong, and that 
it would be a valuable addition to the federation in 
making stronger the position of the miners. <A resolution 
was passed unanimously in favour of accepting the fire- 
men and seamen as members of the federation. A depu- 
tation of the Hull strikers attended and addressed the 
same meeting. After hearing their remarks, the council 
of the Derbyshire Miners’ Association resolved to sub- 
scribe 50/. to the strike fund. 


Coal, Iron, and Steel.—It is evident that a crisis must 
be looked for in connection with the local coal trade. 
Stocks are accumulating on every hand, because of the 
decrease in local requirements, the falling off in shipping 
orders at Hull, and the terribly severe competition of the 
adjoining counties. The course of prices is downward, 
and it remains to be seen whether any resolution of the 
Miners’ Federation will have any effect in keeping 
up the South Yorkshire list of miners’ wages in the 
face of the coming competition for contracts. Good 
steam coal is now obtainable at 8s. per ton. The pig- 
iron market is terribly flat, as speculators are awaiting 
the course of the coal trade, and will not easily 
commit themselves after the adverse experiences of the 
first quarter of this year. Manufactured irons are little 
inquired for, there having been a general countermanding 
of orders on Australian account. This has had a bad 
effect generally, Bessemer billets are still quoted at 
51. 7s. 6d. to 5. 12s, 6d., and Siemens at 62. upwards. 
Orders for railway material are not plentiful, but East 
Indian and South African requirements are the heaviest 
at present. There will not be much activity in local 
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trade until financial dealings with Australia are on a 
sounder footing, mills engaged at the east end of 
Sheffield receive further Government support, and the 
future of the coal trade is more apparent. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday theattendanceon 
*Change was not very large, and at the opening the market 
was exceedingly dull, but laterin the day affairs were not 
quite so unsatisfactory. At no part of the day, however, 
was much business transacted, buyers being very shy. A 
few parcels of No. 3 g.m.b. Cleveland pig iron were sold 
at 34s. for prompt f.o.b. delivery, but purchasers, as a 
rule, endeavoured to buy at a rather lower figure, and 
reported being able to procure the ruling quality at 
33s. 103d. Makers, several of whom are pretty well sold, 
did not press for orders, and would not accept less than 
the first-mentioned price. Grey forge was quiet, and was 
obtainable at 32s. 6d. for prompt delivery. There was 
very little new with regard to hematite pig iron. If any- 
thing, prices were a shade easier, but the general quota- 
tion for Nos. 1, 2, and 3o0f makers’ east coast brands was 
43s, Middlesbrough warrants were weak, but they 
strengthened a little towards the close of the market, 
when they became 34s. 03d. cash buyers. To-day there 
was no alteration whatever in the market. 


Manufactured Iron and Stcel.—There is no improve- 
ment in the manufactured iron trade, and prospects 
are about as gloomy and discouraging as it is pos- 
sible to imagine them. Inquiries are few, and most 
of the works are badly employed. Common iron bars 
are put at 4/. 17s. 6d.; best bars, 5/. 7s. 6d.; iron 
ship-plates, 4. 12s. 6d.; iron boiler plates, 5/. 12s. 6d.; 
and iron ship angles, 4/, 11s. 9d.; all less the customary 
24 per cent. discount for cash. Just a slight advance has 
this week taken place in prices for somie classes of steel, 
owing to a few inquiries. For steel ship-plates 5/. is 
asked, and 4/. 15s. for steel ship angles, both less the usual 
discount. Heavy sections of steel rails are 87. 15s. net 
at works. 


The Fuel Trade.—Fuel on the whole is quiet, but 
steady. Steam coal keeps firm, but gas coal is weak, and 
quotations vary a good deal. Coke is about the same as 
last mentioned, something like 12s. being the price for 
good blast furnace qualities delivered here. 


The Make and Disposal of Cleveland Pig Iron.—The 
ironmasters’ returns for the month of April, issued. 
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to-night, show the make of Clevelamd pig iron in the whole 
district has been 117,107 tons, as compared with 124,182 
tons in the previous month, being a decrease of 7075. 
The make of other kinds of pig, including hematite, 
spiegel, and basic, was 111,409, as compared with 110,845 
tons in March, showing an increase of 564 tons. The 
total decrease of all classes is, therefore, 6511. As the trade 
of the district was last year crippled by the stoppage in 
Durham, comparison with the corresponding period is 
valueless. The makers’ stocks stand at 125,330, as against 
132,091 tons in the previous month, being a decrease of 
about 6661 tons. In public stores there are 70,803, as 
against 62,440 tons at the end of March, or an increase 
of 8363 tons on the month. There were 50 furnaces on 
Cleveland, as against 61 in March, and 37 on hematite 
and other kinds, which is exactly the same number as 
were working in March. 


Reduction of Wages in the Engineering Trade.—The 
moulders and pattern-makers of the Tyne and Wear 
district have settled the wages dispute with the engineer- 
ing employers on the basis of the same reductions as 
have been accepted by the other classes of workmen— 
viz, men earning 303. and upwards per week, Ils. 
per week reduction on the first full pay in May, and 
another 1s. per week reduction the first full pay in July ; 
men earning 25s. and over, but below 30s. per week, Is. 
per week reduction on the first full pay in May, and 6d. 
per week reduction on the first full pay in July ; men 
earning less than 25s. per week, 6d. per week reduction 
on the first full pay in May. and another 6d. per week in 
July. Similar reductions to the above have already been 
accepted by nearly all the workmen connected with the 
engineering trades, and also the Shipbuilders’ Society, 
though exceptions have been made in the case of men 
who did not participate in the advance of wages obtained 
some time ago, 


NOTES FROM THE SOUTH-WEST. 


Birmingham and the Bristol Channel.—A party of 
engineers recently inspected the waterway from the 
Bristol Channel to Birmingham. Mr. J. McGregor, 
C.E., now reports as follows: ‘‘I beg to express my 
obligations for the opportunity afforded of visiting the 
various waterways between Birmingham and the Bristol 
Channel, and for the pleasant and instructive trip we had 
in connection therewith. The great part of the district 
traversed was comparatively new to me, and I was not a 
little surprised to find that such an important manufactur- 
ing centre as Birmingham should not long before this 
have developed, on a scale commensurate with its im- 
portance, the facilities for water communication with 
the coast which lie easily within its grasp. The Severn 
between Gloucester and Worcester can only be charac- 
terised as a fine natural waterway, almost entirely 
neglected for shipping transport ; but the improvements 
now approaching completion, and which will secure a 
minimum depth of 10ft., are likely soon to induce a 
change ; and as the difficulties of the Severn navigation 
below Gloucester have been entirely removed by the fine 
ship canal to Sharpness, direct communication with the 
sea is completely effected. There is, therefore, now 
nothing to prevent Channel steamers and barges of 135 ft. 
in length, drawing 8} ft. of water, and carring 400 
tons, proceeding from Worcester to any of the Bristol 
Channel ports, or from Worcester to Liverpool, South- 
ampton, and elsewhere. At Worcester we are within 
30 miles of Birmingham, and in communication 
therewith by water along the Worcester and Bir- 
mingham Canal, which admits of navigation by barges 
70 ft. long by 7 ft. wide, carrying about 40 tons on a 
8 ft. 9 in. draught, so that regular water communication 
between this important Midland centre and the Bristol 
Channel purtscan now be established, and there is noreason 
why it should not—at least to some of the ports for a con- 
siderable portion of the year—be direct through communi- 
cation, while with transshipment into larger vessels at 
Worcesterit can becarried on uninterruptedly. The vessels 
proposed for these services will perform the work without 
difficulty, and will, I believe, grow rapidly into favour 
among the exporters and importers of the district. Nor 
is it likely that the services contemplated will stop at 
Birmingham, as the barges for the Worcester and Bir- 
mingham Canal are suitable for, and will beconnected with, 
an immense system of canals which admits of inland 
navigation to London, Hull, and Liverpool.” 


The *‘ Téméraire.” —The Témeéraire, line-of-battle ship, 
went outside Plymouth Breakwater on Thursday for 
trials of her eight 3-pounder Hotchkiss guns. The results 
were satisfactory. On the completion of the gun trials, 
the ship returned to the Sound, where torpedo and 
electrical trials were carried out, 


The ‘‘ Victoria.” —The old wooden line-of-battle ship 
Victoria, which has been lying at Portsmouth since 1867, 
is to be sold out of the service. The vessel was launched 
at Portsmouth in 1859; her original cost was 150,0001., 
and she was engined by Messrs. Maudslay at a further 
cost of 66,0007. The Victoria is stated to be now rotten, 


Sharpness New Docks.—The half-yearly report of the 
directors was issued on Monday. They state that, owing 
to the exceptionally large imports of grain and timber 
last August and September, stocks at the beginning of 
the half-year were unusually heavy. This fact, added to 
generally bad trade, and a stoppage of both sections of 
the undertaking occasioned by severe frost, reduced the 
receipts by 13711. 17s. 6d.; while the expenditure showed 
am increase of 11127, 10s. 10d. The directors have entered 
into a contract with Sir W. G. Armstrong, Mitchell, and 
€o., Limited, of Newcastle-on-Tyne, to supply the 
mecessary machinery for substituting hydraulic power for 


of vessels at Sharpness, the cost being estimated at 60000, 
The Gloucester Harbour Board contemplates lowering 
the Bull Rock, which is a serious obstacle to navigation. 
The lighting of the Channel at night by the Harbour 
Board has been of great service, many vessels now com- 
ing up in the darkness. The directors have petitioned 
in favour of the Midland Railway Bill, which proposes 
to connect the main line with the new Monk Meadow 
Dock. 


Barnstaple.—The Barnstaple Town Council has con- 
tracted a loan of 4500/. for sewerage works and street 
improvements. 


Cardiff.—The steam coal trade has ruled firm, and it 
has been a matter of some difficulty to place orders for 
prompt shipment. The best qualities have made 93. 6d. 
to 10s. per ton, and secondary ditto 9s. to 9s. 3d. per ton. 
Household coal, as is usually the case at this period of 
the year, has shown a downward tendency; No. 3 
Rhondda large has made 10s. 3d. to 10s, 6d. per ton. 
Patent fuel has been in average demand at about late 
rates. Coke has shown little change; foundry qualities 
have been making 17s. to 17s. 6d. per ton, and furnace 
ditto 16s. to 16s. 6d. per ton. Iron ore has ruled firm. 


The Rhymney Valley.--Sinking operations at the Tyne- 


wydd Colliery, Pontlottyn, are making good progress. 


The sinking of No. 2 shaft at Llanbraddach is also ad- 
vancing, and a vein of house coal is being opened out. 


Mr. F. Harrison.—Mr. F. Harrison, the new general 
manager of the London and North-Western Railway, 
entered the service of that great undertaking in 1864. He 
was born in 1844, and at fifteen years of age he became an 
employé of the Monmouthshire Railway and Canal Com- 
pany. He has accordingly been associated with railways 
all his life. 


Llanelly and the Great Western Railway.—The Great 
Western Railway Company proposes to increase the 
facilities for dealing with traffic at the New Dock, 
Llanelly. Plans are being prepared with this object. 


New Colliery Company.—A new company is in course 
of formation to work certain coalfields in Flintshire. 
The undertaking is to be known as the Alun Hill Col- 
liery Company, and will purchase the right to work coal- 
fields in the neighbourhood of Mold. Mr. J. Hopwood, 
of Mold, will be the consulting engineer. 


Tron AND STEEL TRADE WITH PortTuaALt.—The secre- 
tary of the British Iron Trade Association, having re- 
ceived a communication to the effect that the Portuguese 
Government had received an application from a Franco- 
Portuguese syndicate desiring the exclusive right to pro- 
duce all iron and steel, has communicated with the 
Foreign Secretary on the subject. Mr. Jeans asks if any 
official information has been received, whether the pro- 
posed concession is not ultra vires of the international 
arrangements existing between Portugal and Britain, and 
whether threats might not be made as to retaliation by 
differential duties on wines. Lord Rosebery has pro- 
mised tomake inquiries. The yearly exports to Portugal 
include about 56,000 to 62,000 tons of iron and steel, valued 
at from 370,0000. to 400, 0000. 


CANADIAN Rattway Economy.—The expenditure made 
upon the permanent way of the Grand Trunk Railway 
of Canada in the second half of last year was 350,916/., as 
compared with 359,654/. in the corresponding half of 1891. 
The length of line in operation upon the Grand Trunk at 
the close of 1892 was 35124 miles, of which 4034 miles 
were laid with second track. There were also 678? miles 
of sidings at the close of last year, so that in one way or 
another the system comprised 45944 miles of track and 
sidings. Of the Grand Trunk proper 3809 miles of line 
were laid with steel at the close of 1892, and only 106} 
miles were laid with iron. As regards the sidings, 380 
miles were laid with steel at the close of last year, and 
298 miles with iron. It follows that the length of steel 
rails upon the entire system at the close of last year was 
4189 miles, while there were 4054 miles laid with iron rails. 
The length of line laid with new steel rails last year 
upon the Grand Trunk and Midland divisions was 95 
miles, as compared with 100} miles in 1891. Of the new 
steel rails laid down last year, 394 miles were provided 
with rails weighing 79 lb. per yard, and 55% miles with 
rails weighing 65 1b. per yard. Of the old steel rails 
released last year, 33 miles were laid upon branches in 
the place of iron rails. In the course of last year, 314 
miles of double track were opened for traffic, and in 
January, 1893, the Port Hope viaduct and yard were 
completed, so that of the 333 miles between Montreal 
and Toronto, 276 miles are now double-tracked, leaving 
57 miles yet to be taken in hand. As regards the Great 
Western and Northern and North-Western divisions, 
59864 tons of new steel rails were laid down upon the 
main track, and 3071} tons of partially worn steel rails 
were utilised upon branch lines and side tracks. Of the new 
steel rails used last year upon the Great Western and 
Northern and North-Western divisions, 57802 tons 
weighed 79 lb. per yard ; the remaining 205} tons weighed 
65 Ib. per yard. On the Northern and North-Western 
divisions there are still 16 miles of old iron rails in the 
main track, and it is proposed to replace these with steel 
rails during the current year. On the Detroit and 
Michigan Air Line divisions, 3955 tons of new steel rails 
were laid last year upon the main track, and 206 tons of 
partially worn steel rails were used on sidings. In the 
second half of last year the Grand Trunk expended 
77731. upon sundry new sidings and works, 17,506/. in 
replacing wooden bridges by stone and iron structures 
and strengthening iron bridges, 10,8637. in increasing 
the weight of the rails in the permanent way, and 


suanual labour in connection with the ingress and egress | 74,7297. upon double track, 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market. — A moderate amount of 
business was done in the local pig-iron market last Thurs- 
day forenoon, when fully 10,000 tons of Scotch were sold, 
but the dealing was wholly of a jobbing character. One 
lot of Cleveland was sold. Prices were flat. Scotch and 
Cleveland each lost 1d. per ton. The market was steady 
in the afternoon, with a moderate business done at 
40s. 7d. per ton cash, and 40s. 9d. one month, 1000 or 
1500 tons being done at the former price, and 2000 tons 
at the latter. The settlement prices at the close were 
—Scotch iron, 40s. 6d. per ton; Cleveland, 33s. 103d. ; 
hematite iron, 45s. 6d. per ton. There was a firmer tone 
ie the market on Friday, and a fairly good business was 

one. 
on the previous day, and Cleveland recovered 2d. of the 
previous decline. Of the former some 4000 tons and of 
the latter a few lots changed hands in the forenoon, but 
at irregular prices. For hematite iron there were 
sellers offering ata decline of 1d. per ton. Themarket was 
a shade firmer in the afternoon, but dealing was slow. 
Only about 3000 tons of Scotch were got quit of, and 
1500 tons of Cleveland—1600 tons at 333. 11d. cash and 
500 tons at 34s. 34d. three months fixed. At the close 
the settlement prices were—Scotch, 40s. 74d. per ton; 
Cleveland, 34s.; hematiteiron, 45s. 6d. per ton. Monday 
was observed as a statutory holiday, and consequently 
there was no meeting of the iron ring; and when the 
market opened on Tuesday there was no marked disposi- 
tion shown to do business, as only about a couple of 
thousand tons were disposed of. In the afternoon the 
market was steady, but very quiet. About 3000 tons of 
Scotch changed hands, the prices being 40s. 83d. cash 
next Monday, 40s. 9d. cash on Thursday and Friday, and 
40s, 8id. next week, with a plant. One lot of 500 
tons of Cleveland was sold at 34s. 14d. seventeen days. 
Scotch and Cleveland were both firm at the close, and 
were advanced in price 1d. and 13d. per ton respectively. 
The settlement prices were—Scotch iron, 40s. 9d. per ton ; 
Cleveland, 34s.; hematite iron, 45s. 6d. per ton. There 
was a quiet business done in Scotch pig-iron warrants 
this forenoon, but prices were firmer, up to 40s. 10d. 
per ton cash being paid. No alteration in the prices 
of Cleveland or hematite iron tock place. In the 
afternoon Scotch warrants were $d. per ton cheaper. 
The following are the quotations for some No. 1 special 
brands of makers’ iron: Gartsherrie, 47s. 6d. per ton ; 
Calder, 48s. ; Summerlee, 49s. 6d. ; Coltness, 53s. ; Lang- 
loan, 68s. 6d. per ton—the foregoing all shipped at Glas- 


Scotch pig iron recovered the loss of 14d. per ton 


ow; Glengarnock (shipped at Ardrossan), 49s. 6d.; _ 


Shotts (shipped at Leith), 52s.; Carron (shipped at 
Grangemouth), 52s. 6d. per ton. There are still 71 blast 
furnaces in actual operation, as compared with 77 at this 
time last year. Two of them (at Glengarnock) are 
making basic iren, 18 are working on hematite ore, and 
the remaining 51 are making ordinary iron, The output 
of the latter kind of iron is now about 4500 tons 
per week, greater than at this time a year ago, 
but of hematite and basic iron together is some- 
thing like 7500 tons less than it was at this time last 
year. The shipments of Scotch pig iron are scarcely 
on so large a scale as was the case a twelvemonth ago, 
but there is an improved demand for home consumption, 
which it is hoped may still further expand. Last week’s 
shipments amounted to 8257 tons, as compared with 4182 
tons in the corresponding week of last year. They 
included 400 tons for the United States, 875 tons for 
Canada, 125 tons for France, 250 tons for Italy, 530 tons 
for Germany, 925 tons for Russia, 360 tons for Holland, 
100 tons for Belgium, smaller quantities for other 
countries, and 4577 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
at 340,210 tons yesterday afternoon, against 340,325 tons 
yesterday week, thus showing for the week a reduction 
amounting to 115 tons. 


Finished Iron and Steel Trades.—There is no marked 
change for the better to report in regard to the finished 
iron trade of Lanarkshire, The demand has not improved, 
but prices have remained practically unchanged. In 
scarcely any case have the large works been on full time 
lately. In consequence of some new shipbuilding con- 
tracts having been placed recently, there is rather a better 
feeling in the steel trade. Prices run something like the 
following: Plates, 57.10s. per ton ; angle-bars, 5/. 15s. ; 
sheets, 7/. 10s. ; doubles, 8/. 5s. ; lattens, 97. 5s.—all less 
5 per cent. f.o.b. Glasgow. It is stated that the Glasgow 
Tron and Steel Company are likely to spend upwards of 


30,0002. on the new Siemens steel plant which they are ~ 


ying down at Wishaw instead of their basic Bessemer 
plant. 


Glasgow Bridge Accommodation.—At the last meeting of | 
the Town Council of Glasgow, it was resolved, on the 
motion of Councillor Cumming, Convener of the Bridge 
and Statute Labour Committees, that the Broomielaw 
Bridge (one of Telford’s masterpieces), after being taken 
down from its present site at the harbour, should be re- 
erected over the Clyde, nearly a mile further up, at 
Glasgow Green, thus connecting two densely populate 
parts of the city. It is estimated that the cost of re- 
moving the bridge to, and erecting it on, the new site 
will be 45,0002, or 50,000/. 


Clyde Shipbuilding Trade: Launches during April.— 
The record of the output of new shipping on the Clyde 
during the month of April, shows this branch of the 
local industries to be in a depressed condition. The 
amount of new shipping put into the water was only 
17,720 tons, and yet the new vessels included in it num- 
bered 33. In the corresponding month of last year the 
output was considerably more than twice that amount of 


tonnage, and taking the output for the four months 
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of the year now past it amounted to 72,030 tons, whereas 
in the corresponding period of last year it was 131,777 
tons, or nearly twice as great. There is some room to 
feel satisfied with the extent of the contracts for new 
shipping placed last month, amounting, it is said, to 
fully 25,000 tons, one of the vessels ordered being a 
steamer of 8000 tons, with engines of 13,000 horse-power 
indicated, 


Proposed New Harbour for Kirkcaldy.—The proposal to 
construct a harbour at Ravenscraig, Kirkcaldy, has again 
come to the surface this week. This time the mover in the 
matter is Mr. Hall Blyth, C.E., Edinburgh. According 
to his plans the dock would be nine acres in extent, and 
have a depth of 27 ft. of water. The total estimated cost 
of the dock is set down at 300,000/. 


The Most Powerful Pillar Crane in the World.—This 
afternoon the members of the Clyde Trust visited 
Finnieston Quay and witnessed the testing of the largest 
steam crane in the world, which has been a conspicuous 
object there for some time past. The crane, which is 
intended to lift 130 tons, has already been tested up to 
150tons. The framing, shafting, and jib are all of steel; 
the gearing, with the exception of the largest wheel, is 
cast steel. The crane revolves on a steel pathway on 75 
steel rollers, and the centre is a strong casting weighing 9 
tons. Therearesix foundation bolts, and the centre steel 
pin weighs 6 tons. The diameter of the roller path is 
83 ft., and it weighs 12 tons. The jib is of the twin-tube 
type, andeach tube is 3 ft. 3 in. in diameter at the centre, 
well braced together, and it is90ft. long. From the quay 
level to the centre of the jib top pulley is 100 ft., and to the 
top of the foundation 20 ft. There are jib top pulleys for 
light and heavy weights. The main hoisting drum is 
5ft. 2in. in diameter, and 10 ft. long. The gross weight 
of the crane is 370 tons, and it is worthy of mention that 
practically all the material has been obtained in the 
Glasgow district. The total cost of the crane, including 
the foundations, is 16,000/., and it has been built by 
Messrs. Cowans, Sheldon, and Co., Limited, Carlisle, 
under the supervision of Mr. James Deas, engineer to 
the Clyde Trust, and Mr. James Taylor, Birkenhead, 
who some time ago presented to Kelvingrove Museum 
two models illustrative of the progress made in the con- 
struction of steam cranes during the last fifty years. 


Glasgow Customs Revenue for April.—tf the state of the 
Customs revenue may be taken as any indication of the 
facts of the case, then it may be concluded that the 
shipping trade at Glasgow Harbour was rather brisk 
during the months of April, for the revenue amounted to 
132,858/. 14s. 10d., being 14,5337. 10s. 10d. greater than 
that of April, 1892, which was the largest then on record 
for the same month. 


Institution of Engineers and Shipbuilders in Scotland.— 
An extra meeting of this Institution was held last night 
—the retiring president, Mr. Robert Dundas, in the 
chair. It was announced that during the past week a 
plebiscite of the members had been taken on the pro- 

osal to change the night of meeting from Tuesday to 
iiainesday, with the result that a majority of the voters 
were opposed to any change being made. Discussions 
then took place on several papers that had been published 
in the Transactions of the Institution, one of which was 
by Dr. Francis Elgar on ‘‘The Speed Constants of 
Ships.” 


MISCELLANEA. 
Simm J. Harwoop announced at a meeting of the Man- 
chester City Council on Wednesday, that the Ship Canal 
would be opened in January next. 


An attempt was made this week to sell the shipyard 
of Messrs. Samuda Brothers, on the Thames, but the 
bidding did not reach the reserve price of 20,000/., and 
the works were accordingly withdrawn from the sale. 


Mr. A. W. Richardson, of Skew Bridge, Worsley- 
road, Patricroft, is supplying four 100-ampére arc lights 
to the Zoological Gardens, Bellevue. These lamps burn 
40 mm. fluted carbons, and are supplied with current 
from a compound-wound dynamo, which drives two of 
them in series. The lamps, as will be seen, are excep- 
tionally powerful. 


_ On Tuesday, May 2, the University College Engineer- 
ing Society held its monthly meeting, when Mr. I. R. 
Stratford Fox, Assoc. M. Inst. C.E., read a paper entitled 
“ Narrow-Gauge Railways in the Argentine Republic,” 
in which he described his experience as assistant engi- 
neer in the construction of the Reconquista line. The 
paper was followed by a discussion. 


The Canadian Pacific Railway Company have inaugu- 
rated a new route to Australia and New Zealand, vid 
Vancouver and Honolulu, and the steamers Miowera and 
Warimoo, 5000 tons each, belonging to the New Zealand 
and Australian Steamship Company, will be engaged 
in the service. The Miowera leaves Vancouver on June 
14, and the Warimoo on July 14, after which there will 
bearegular monthly service to all points in Australia 
and New Zealand. The route is by any of the Atlantic 
lines to Montreal or New York, and thence by the 
Canadian Pacific Railway to Vancouver. 


In consequence of the continued absence of rain the 
Ascot Racecourse Committee have procured from the 
Fire Appliances Manufacturing Company, of London 
and Northampton, a powerful double-cylinder ‘‘ Vulcan” 
pattern steam fire engine capable of discharging 2 tons of 
water per minute, together with 2000 ft. of hose and other 
gear for watering the racecourse, and so keeping it in 
condition for the approaching popular meeting in June, 
Four of these engines have recently been built for Belfast, 
and underwent their trials on Tuesday last. The engines 


have a total capacity of 2000 gallons per minute. The 
engines on trial exceeded the requirements of the contract 
as to pumping capacity by 25 per cent. 


The anniversary festival of the London Association of 
Foremen Engineers and Draughtsmen was held in 
Cannon-street Hotel, on Saturday evening, the} 22nd ult., 
when about 160 members sat down to dinner in the Great 
Hall. The chair was occupied by Major - General 
Charles E. Webber, C.B., and the vice-chair by Mr. 
Frederick C. Frye, M.P., and among the guests were a 
number of the principal engineering employers in the 
London district. During the evening subscriptions were 
announced from gentlemen present and other friends in 
aid of the benevolent funds of the Association, amounting 
to over 1301., and the proceedings terminated with the 
singing of ‘‘ Auld Lang Syne.” 


M. Raoul Pictet, the well-known Swiss physicist, claims 
to have attained a temperature of - 273 deg. Cent., or very 
nearly the absolute zero. M. Pictet obtained this tem- 
perature by using aseries of cold wells. In the first well 
he used a mixture of carbonic acid and sulphurous acid, 
and by their evaporation attained a temperature of — 110 
deg. Cent. below zero. In this first cold well he immersed 
a condenser in which vapours of ethylene were condensed, 
and by the use of this attained a temperature of —150 deg. 
Cent. In the third well a temperature of — 210 deg. Cent. 
was reached, and in the fourth one of — 273 deg. Cent. In 
these latter wells nitrogen, carbonic oxide, marsh gas, and 
air, under 40 atmospheres pressure, were used. Hydrogen 
thermometers were used for measuring the lower tempe- 
ratures. The results sound almost too good to be true, 
and further particulars of the experiments will be awaited 
with interest. 


A party of the Incorporated Association of Municipal 
and County Engineers, on Saturday, the 29th ult., 
visited the Staffordshire works of Messrs. Doulton and 
Co., at Rowley Regis, near Dudley, which are devoted to 
the manufacture of stoneware pipes, chimney-pots, blue 
bricks, and architectural terra-cotta. These works are 
the largest of the kind in the kingdom, and, together 
with the clay workings, cover an area of some 30 acres, 
and give employment to about 700 men. A canal runs 
through the works, and this, together with the adjacent 
railway sidings, affords every facility for the transport of 
goods. The members of the Association were conducted 
through the various buildings, and were shown the 
numerous processes the clay undergoes from the time it 
is taken from the clayfields until it issues as the finished 
product. There are eight large steam presses at work, 
capable of turning out about ten miles of sanitary pipes 
per week. Extensive drying-rooms, heated by steam, are 
used to prepare the pipes for the kilns. The blue-brick 
works have an output of 100,000 bricks per week. A 
branch of the works is devoted to the manufacture of the 
highest class of architectural terra-cotta. In connection 
with these works there are also large engineering shops 
replete with all machines and tools necessary for the pro- 
duction of dies, &c., for Messrs. Doulton’s numerous 
works throughout the country. The steam power for the 
works is derived from five large boilers, and the engines 
are capable of supplying 1000 horse-power. 


Mr. Pilling, of the Syria-Ottoman Railway Company, 
has recently given some interesting particulars of the 
line. He stated that along the whole of the coast of 
Syria there was only one point from which a railway 
could be carried into the interior of the country on 
gradients permissible for the efficient and economical 
working of a railway with the standard gauge, or without 
incurring enormous expense in tunnel and bridge work, 
This point was at Acre, whence the company’s railway 
ran along the plain for 55 miles to the Sea of Galilee, 
where the hill slope of the Hauran was traversed for 
seven to ten miles by gradients whose maximum was 
never more than 1 in 40, and where tunnelling would not 
exceed half-a-mile in length. From the summit of this 
hill they gained the plateau, which then carried them 
right to Damascus on the easiest of gradients. The 
Kishon would be crossed by a bridge 120 ft. in length, the 
Jordan bridge was 350 ft., and the Rukkad bridge 190 ft., 
these being the three principal bridges. The whole tract 
traversed by the railway was now under an excellent state 
of cultivation. The railway policy of the Ottoman Govern- 
ment marked the final stage in the recovery for the 
Imperial dominions of their ancient position as a princi- 
pal contributory to, and as the through highway of, the 
world’s commerce, Final decisions had led to the adop- 
tion of a most comprehensive trunk system, to be supple- 
mented by lateral connections as might be found requi- 
site from time to time. This comprehensive policy had 
naturally its objective in the Persian Gulf, whence lines 
would run westward through Mesopotamia, one arm 
passing up the River Tigris, vid Asia Minor, to the port 
of Constantinople at Haidar Pasha; the second arm 
would traverse the Euphrates valley through Syria to 
Egypt. The central portion of this second arm would be 
formed by the Acre-Damascus Railway now in course of 
construction, 


In a paper on ‘‘ Painting Wood and Ironwork,” re- 
cently read before the Engineers’ Club of Philadelphia, 
Mr. Edward E. Brown stated that a paint consisted of 
two portions—the pigment and the vehicle. Linseed oil 
was the vehicle most generally used. It possessed the 
peculiar property of uniting with the oxygen of the air to 
form a tough leather-like compound called linoxin, This 
drying process took about thirty days to complete. It 
had been supposed that linoxin was impervious to air 
and moisture, but according to Dr. Dudley, chief chemist 
to the Pennsylvania Railroad, this was not so, and during 
the drying process it had an oxidising effect on the surface 
covered. Hence linseed oil was not as good a vehicle to 
use in painting ironwork as it was in the case of wood. 


With certain metallic bases linseed oil formed a soap. Thus 
with white lead a lead soap was formed, and an elastic 
skin of paint was thus produced over the surface to 
which it was applied. In time, by the action of water and 
the heat of the sun, the soap gradually decomposed and 
the paint began to chalk or flour off. Zinc white also 
formed a soap with linseed oil, which was harder and 
more brittle than that formed with white lead, and had a 
tendency to contract when drying, and also to peel off in 
time. It had not the same tendency to chalk and flour 
that the white lead soap had. It was best used asa final 
coat to an elastic undercoating of white lead. On account 
of this peculiar chemical activity of white lead and lin- 
seed oil, attempts had been made to substitute chemi- 
cally inert substances for the white lead, but none 
of these had proved satisfactory, and probably there 
was a better chance of success of obtaining a satis- 
factory substitute for the linseed oil than for the white 
lead. Of inert pigments lamp-black was probably the 
best. It was unalterable save by fire, and had great 
spreading properties. For ironwork red-lead paint had 
long been considered as the best possible preservative, but 
it was necessary that the iron should be clean and abso- 
lutely dry before applying the paint. All the scale possible 
should be removed by stiff wire brushes, and the work 
should then be washed down with a pickle of very dilute 
acid, which should be thoroughly washed off before paint- 
ing. Another method which had been suggested to clean 
the metal was to wash it with coal oil, and to remove this 
oil afterwards with benzine. 


A Lone Distance TELEPHONE.—A telephone line be 
tween Boston and Chicago has just been opened by the 
Governor of Massachusetts. The line is 1200 miles in 
length, and is strung on 54,000 poles, or an average of 
about 45 per mile. Owing to the great distance to be 
covered, a special experimental circuit, consisting of two 
No. 8 hard-drawn copper wires, has been constructed, 
This wire weighs 435 lb. to the mile, and the circuit 
therefore contains 1,044,000 lb. of copper. 


Open - HeartH Practice 1N Amertca.—Mr._ Fred. 
Heron, general manager of the Phenix Iron Works, 
Pheenixville, Pa., gives us the following wonderful per- 
formance of oneof the open-hearth furnacesat their works. 
The furnace is a 20-ton acid open-hearth furnace, and for 
the week ending Saturday, April 8, the unparalleled ton- 
nage—viz., 434 tons (2240 lb. tons) was melted in this fur- 
nace ; in the twelve turns comprising the week’s run, this 
furnace was charged and made 20 heats of low carbon 
steel, the carbon being under .14. The last heat was 
tapped at 3.30 Saturday afternoon. This enormous output 
seems more remarkable owing to using as high as 40 per 
cent. pig and 60 per cent. scrap, the usual percentage in 
the States being 25 per cent. pig and 75 per cent scrap. 
We should be pleased to hear of any works approaching 
this quantity of steel made in a 20-ton furnace. The 
greatest credit is due to Mr. Brown, who has charge of 
these furnaces, as under adverse circumstances no such 
number of heats could possibly have been made. We 
have heard of large quantities of high-carbon steel being 
made in an open-hearth furnace, but never, we believe, 
has this high efficiency been obtained with low carbon, 


Tait Suart PReseRvER.—Mr., T. Mudd, of the Central 
Marine Engine Works, West Hartlepool, has recently fitted 
to the propeller shafts of several steamers engined at these 
works, an arrangement for preventing the galvanic action 
which arises immediately at the ends of the brass liners 
when immersed in water, and the general corrosive action 
that proceeds along the middle part of the shaft between 
the liners when exposed to salt water in the stern tube, 
and which is aggravated by the churning action produced 
resulting in the water being largely mixed with atmo- 
spheric air. Mr. Mudd holds that the one great essential 
to be aimed at is keeping the water away from the shaft. 
This has been attempted in several ways, such as by 
lengthening out the liners till they meet, and there 
brazing them together, but he believes it has never been 
effectually accomplished, and the covering of a shaft with 
brass all over is a very expensive expedient. Mr. Mudd’s 
patent tail shaft preserver then consists simply of a tube 
or sleeve, made of first-class indiarubber, of such dimen- 
sions as to cling tightly to the shaft over the whole length 
between the liners, and for several inches up the inclined 
liners at its ends. For this purpose the liners are 
lengthened out about 6 in, more than is usual, and 
gradually tapered away to accommodate the elastic sleeve. 
This gentle tapering of the liners has another good effect, 
as it gradually diminishes the strength of the liner, and so 
overcomes the objection to a sudden change of strength 
where the liner finishes, and which, doubtless, in many 
cases aggravates the damage caused by galvanic action 
at that point. When the preserver is to be put on the 
shaft, the latter is thoroughly cleaned bright, and coated 
with a suitable cement, and by means of special apparatus 
of a simple character the sleeve is drawn over the end of 
the shaft until it isin its place, where it becomes embedded 
firmly in the cement, clinging so tightly as to make the 
accession of water beneath it quite impossible. When 
desired, the ends may be lashed with copper wire over 
wire gauze, and the lashings soldered together. To 
prevent any chance of the sleeve being damaged when 
the shaft is being pushed into its placein the tube, a false 
nut is provided which runs on the thread on the end of 
the shaft, the external diameter of which is precisely the 
same as the diameter of the brass liners, and which there- 
fore holds eH the point of the shaft as it passes through, 
preventing the elastic tube from being injured by the 
neck bush. This nut, of course, goes with the ship as 
part of the outfit, 
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ARBITRATION AND CONCILIATION 
IN LABOUR DISPUTES. 

Tue President of the Board of Trade has intro- 
duced ‘‘A Bill to make provision for conciliation 
and arbitration in labour disputes.” The Bill is 
backed by Mr. Burt, and by Mr. Asquith, the 
Home Secretary. Mr. Mundella has had such 
wide experience in all matters concerning arbitra- 
tion and conciliation, during the last quarter of a 
century, or more, that he ought to be the most 
experienced living expert upon the subject. Bear- 
ing this fact in mind, the Bill now before the 
House is most disappointing. The very title of the 
Bill is misleading, for it simply says ‘‘ to make pro- 
vision for conciliation and arbitration in labour 
disputes,” as though no other provision had been 
made, and no enactments were in force on this sub- 
ject. Mr. Mundella might at least have said to make 
‘¢ further” provision, knowing, as he well does, the 
provisions in several Acts which are still in force 
dealing with this important matter. But, from 
every point of view, the measure is sadly deficient 
and inadequate. 

We have heard so much about arbitration and 
conciliation in trade or labour disputes recently, 
that it may be interesting to review the efforts 
that have been made in this direction, and to indi- 
cate the provisions now in force relating to the 
subject. Such a review and summary may indeed 
help up us to understand what has been done, and 
where we now are, as regards the settlement of 
labour disputes by arbitration and conciliation, and 
also assist the Legislature to formulate and pass a 
measure which shall fulfil, to some extent, at least, 
the requirements of the present time. Almost 
everybody professes to be in favour of some mode 
of preventing disputes, or of settling them when 
they arise, by arbitration or by conciliation. There 
is no occasion, therefore, to argue in favour of such 
a system. The only questions at issue are: (1) 
How to effect the object, the means to be em- 


ployed, and the measures to be taken; and (2) 
What steps are to be taken to enforce the awards 
when made, or the terms agreed upon by a court of 
conciliation. To this, of course, may be added 
another, (3) How the court or tribunal shall be 
constituted. 

The constitution of a Court of Arbitration or 
Conciliation implies that an ‘‘award” be given; 
and this, in its turn, implies that there must be 
some mode of enforcing such an award. The 
term employed appears to be derived from the 
French word agard, because it means that the 
award shall be imposed equally upon both parties, 
to be observed by them. The act of referring a 
matter to a Court of Arbitration or Conciliation in- 
volves ‘‘the submission” of any matter in dispute 
between the parties to the private decision of 
another party, whether of one or more persons, 
not concerned or interested in the dispute. The 
party to whom the reference is made is called an 
arbitrator. When the matter is referred to more 
than one person, and the parties so agree, provi- 
sion is usually made, in case the arbitrators dis- 
agree, that the case shall be referred to an umpire. 
The judgment given, or determination made, is 
called an award, though in former times the award 
by an umpire was called an ‘‘umpirage,” or, less 
correctly, an award. The latter term is, however, 
now general in all cases. 

The submission may be purely voluntary on the 
part of the persons involved in the dispute, or it 
may be by their act with the interposition of a 
court of justice. Latterly, in cases of litigation, 
the court may refer the matter without the formal 
consent of the parties, and even in spite of them, 
or of one of the said parties. A submission may be 
merely verbal, or it may be in writing ; but the 
general practice is to clearly set forth all the 
matters in writing, as being more safe for all 
parties. In any forma submission implies a mutual 
bond to accept the award, and carry out its terms 
and conditions, or, on refusal or violation thereof, to 
forfeit pecuniarily or otherwise, as the case may be. 
The awards or decisions in legal references have all 
the force of a decision by the court, and are 
enforceable by law. Criminal matters are without 
the pale of arbitration ; but some matters which 
can be proceeded with by indictment may be ¢o re- 
ferred, by the authority of the court. Provision is 
now made in various Acts of Parliament for a 
reference of matters in dispute to arbitration, such 
as in the Friendly Societies Acts, the Building 
Societies Acts, the Industrial and Provident 
Societies Acts, the Trade Union Acts, and some 
others, and also in many general Acts of a wider 
character and application, 

The germs of arbitration and conciliation are to 
be found in the old guild ordinances, the courts of 
such guilds having the power and authority to deal 
with disputes between the members mutually, and 
between the members and the guild. This power 
was extensive, and embraced commerce and trade, 
as well as questions of labour. In many cases the 
masters and wardens adjudicated solely ; in other 
cases the guild as a fraternity had to decide, some- 
times as a court of appeal. The earliest legisla- 
tive measure appears to have been 1 James L., 
c. 10, ‘‘ An Act for the better execution of justice.” 
This was a general Act, and refers to exactions, 
extortions, and corruptions as being odious, and to 
be prohibited in all well-governed commonwealths. 
Provision is then made for committing or referring 
the matters in dispute to impartial persons, having 
no personal interest therein, and who shall not in 
any way, directly or indirectly, be concerned, or be 
paid for their services, or be corrupted or bribed, 
under penalty of 1001. The 9 and10 William IIL., 
c. 15, ‘‘An Act for determining differences by 
arbitration,” states that such references have been 
beneficial in determining controversies, because of 
being obliged to submit to the awards. It then 
provides that merchants and traders may agree to 
a submission being made a rule of court, from and 
after May 11, 1698. So far the legislation did not 
apply to labour disputes, but had reference to liti- 
gation in courts of law. 

The Ist of Anne, Statute II., c, 22, introduces a 
mode of arbitration before the justices, in § 3, 
the object being to prevent the oppression of work- 
people, and insure payment of wages in the current 
coin of the realm. The Act applied to persons 
employed in the woollen, linen, fustian, cotton, 
and iron manufactures ; but its main purpose was 
to prevent frauds and abuses in those trades by the 
workpeople. This Act was revived and continued 
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by 9 Anne, ec. 30, and was made perpetual. It was 
extended to Ireland by 3 George II. (Irish Act), 
and to Scotland by 13 George II., ¢. 8. It was 
further extended to other trades by 22 George 
IL, ¢ 27, rand.) byritwow Acts Mini yl Zia 
George III., cc. 55 and 56; and by 19 and 
20 George III. the Acts were extended to Ireland. 
In those Acts arbitration was rather incidental 
than the main purpose of the enactments, but the 
germs of a reference to magistrates, or justices of 
the peace, in matters of wages and other disputes, 
are to be found, and were so interpreted. 

In the year 1773 a more distinctive reference to 
arbitration was made in 13 George III., c. 68, ‘* An 
Act to empower the magistrates in London, West- 
minster, and Middlesex to settle and regulate the 
wages of persons employed in the silk manufac- 
ture, within the said jurisdiction.” This Act was 
amended and extended to materials mixed with 
silk by 82 George IIL, c. 44; and the two 
Acts were further amended, and the provisions 
were extended to female workers, by 51 George III., 
c. 7. Those three Acts, in the years 1773, 1792, 
and 1811, were popularly known as the Spital- 
fields Acts, all of which were repealed by 5 
George IV., c. 66. In 1795 the Acts were ex- 
tended to Ireland by 36 George III. (Irish Act).. In 
the year 1800, the 39 and 40 George III., c. 90 
—‘*An Act for settling disputes that may arise 
between masters and workmen engaged in the 
cotton manufacture in that part of Great Britain 
called England’—-was passed ; the Act being ex- 
tended to Ireland in the same year by 40 
George III. (Irish Act). The Act was amended 
in 1801 by 41 George III , c. 38, and was extended 
to Scotland in 1802-3 by 48 George III., c. 151. 
These Acts were further amended in 1803-4, 1810, 
and 1812-13, and in 1815 the Stamp Duties Act 
fixed the fees upon awards applying to all general 
arbitrations at 11. 15s. 

In the year 1824 the Spitalfields Acts, and some 
other Acts, were repealed by 5 George IV., c. 66, 
and in the same year ‘‘An Act to consolidate and 
amend the laws relating to the arbitration of dis- 
putes between masters and workmen,’ was passed 
—5 George IV., c. 96, an Act which is still in 
force. This Act was amended in 1833 by 3 and 
4 William IV., c. 42; by 7 William IV., and 
1 Victoria, c. 67, in 1837; by 2 and 3 Victoria, 
c. 71, in 1839 ; and by 8 and 9 Victoria, c. 128, in 
1845. Certain provisions in the Common Law 
Procedure Act, 1854, in the Supreme Court of 
Judicature Act, 1873, and the Amending Act of 
1884, apply generally to arbitrations ; while the 
whole law relating to arbitrations by legal refer- 
ence was consolidated and amended by 52 and 
53 Victoria, c. 49, in the year 1889. This is now 
the principal Act under which all arbitrations are 
conducted, though there are some twenty-six other 
Acts, or parts of Acts, which apply in particular 
cases, four in Scotland, and fourteen in Ireland. 
In this branch of law and legal procedure there is 
little to be desired, in so far as legislation is con- 
cerned, for all is clear and definite, the cases being 
settled by well-known decisions in the courts of 
law specially concerned. 

In the case of labour disputes the state of the law 
is far different. Where there ought to be sim- 
plicity and clearness there is confusion. There are 
already eight Acts in force, to which it is now pro- 
posed toaddaninth. The Act of 1824,5 GeorgelV., 
c. 96, is the principal Act. The provisions of this 
Act are vitiated by limitations and by references to 
justices, and are generally out of accord with more 
recent legislation and the altered conditions of 
labour. The principal Act is amended by 1 Vic- 
toria, c. 67; and bargemen and other waterside 
workers on the Thames are dealt with by 
2 and 3 Victoria, c. 71. In the year 1867 Lord 
St. Leonards passed ‘‘ An Act to establish equitable 
councils of conciliation to adjust differences between 
masters and workmen”—380 and 31 Victoria, c. 
105. It refers to the principal Act and amends 
three subsequent Acts, and provides for the crea- 
tion of councils of conciliation in particular trades 
and districts, to be elected by a popular suffrage, 
and to belicensed. Those councils are to have power 
to enforce awards by distress, sale,or imprisonment. 
All the necessary forms and provisions are enacted 
for the adjustment of trade disputes by such 
councils ; but here, again, future rates of wages are 
excluded from the purview of the constituted 
council. 

In the year 1872 the Arbitration (Masters and 
Workmen) Act was passed, 36 and 36 Victoria, 


c. 46. This amended 5 George IV., c. 96, and 
provided a series of agreements by which disputes 
could be adjusted. The Act provided (1) the most 
simple machinery for a binding submission to arbi- 
tration ; (2) extended the facilities of arbitration to 
questions of wages, hours, and other conditions of 
labour, and also to all the numerous and important 
matters which might otherwise have to be deter- 
mined by justices under other Acts then in force ; 
and (3) provided for submission to arbitration of 
future disputes by anticipation, without waiting 
until a dispute had actually arisen. Further pro- 
vision was made in 1875 by the Employers and 
Workmen Act, 38 and 39 Victoria, c. 90, and by 
43 and 44 Victoria, c. 16, s. 11, in special cases. 
Here, then, we have a series of enactments, which, 
in the aggregate, cover the whole ground upon the 
lines of existing law, as laid down in the principal 
and other Acts. 

The new Bill of the Government ignores all these 
Acts, though it does not pretend to repeal, or 
amend, any of them. There they remain, to be 
worked in, as best they may, with existing enact- 
ments. The proposals in the measure are: (1) To 
give power to the Board of Trade to appoint a con- 
ciliator or Board of Conciliation, on the appli- 
cation of any of the employers or workmen, who 
shall inquire into the causes of the difference by 
communication with the parties and otherwise, and 
endeavour to bring about a settlement of the dif- 
ference. (2) To give power to the Board of Trade in 
any district or trade where disputes are of frequent 
occurrence, and adequate means do not exist for 
haying the disputes submitted toa local Board of 
Conciliation, to appoint persons to inquire into the 
conditions of trade, and confer with employers and 
employed with a view to establish a board composed 
of representatives of employers and employed. 
(3) To provide for the registration of such boards, if 
they think fit, and for the keeping of such register 
by the Board of Trade, and the publication of 
returns—such returns (4) to be presented to Parlia- 
ment. 

The only thing that is new in the proposal is to 
give power to the Board of Trade to initiate pro- 
ceedings with the view of establishing Boards of 
Arbitration and Conciliation. The Bill does not 
provide any new machinery for constituting such 
boards, so that presumably they wil] work under 
existing provisions in other Acts ; and there are no 
new provisions for the enforcement of awards. It 
does not even seek to apply the existing law by any 
express reference to such enactments, so that it 
might be doubtful whether the Act of 5 George IV., 
c. 96, or the Conciliation Act of 1867, or the Arbi- 
tration Act, 1872, will apply, or, if they apply, to 
what extent, or in what manner. Itis seldom that 
a Government Bill is so meagre in its details as this 
Bill is, or so uncertain as to its application and 
intentions. 

If any good is to be done by legislative effort 
to establish a sound system of arbitration and con- 
ciliation, as applied to labour disputes, some attempt 
should be made to focus the law, to crystallise it, 
and to bring it into accord with the altered condi- 
tions of labour. The first thing to be done is to 
consolidate the law, and so to amend it that the 
elements which were right enough, perhaps, under 
the old Master and Servants Acts, shall be elimi- 
nated. Justices of the peacehave no longer such 
power, or can no longer exercise it, as that provided 
under the earlier Acts, and the retention of these 
provisions only hinders the cause of peaceful settle- 
ment of labour disputes by arbitration and con- 
ciliation. Besides, the restriction in existing Acts 
as to future rates of wages, is out of accord with 
the object of arbitration, and is opposed to it. The 
chief value of arbitration and conciliation in labour 
disputes is that it deals with the future as well as 
the present. In commercial and trading disputes 
the reference is mainly to past conditions and pre- 
sent effects ; in labour disputes it is to present 
conditions and future effects mainly. It is, there- 
fore, all the more necessary that the law shall be 
simple and clear, both as to the submission and the 
award ; and that the constitution of the board or 
tribunal, and the legal machinery for enforcing 
the award, shall be equally clear, precise, and de- 
finable. Whilst each party should have the right 
to refuse to submit to arbitration, yet, having sub- 
mitted, the award when made should be binding, 
or the essence of arbitration is void and of none 
effect. It is disappointing that a measure of such 
importance should be so weak and unsatisfactory, 
the more so because it is impossible to engraft 


upon it adequate provisions for attaining the 
objects sought. 


THE INDUSTRIAL DEVELOPMENT OF 
INDIA. 


INTIMATE acquaintance with the laws of inter- 
national exchange and the benefits derived, result 
in a less selfish view being taken of the progress of 
a foreign or a dependent country. It is not many 
generations since the power possessed over a de- 
pendent country or colony was exercised to prevent 
the inauguration of such industries as would enter 
into competition with imports from the older 
country. As evidence, one has but to recall the 
prohibitive laws enacted against industries in the 
American colony. Now, however, our merchants 
generally appreciate that the establishment of 
manufactures, say, in India requires a great 
amount of machinery, which, for years at all events, 
must be imported from the more advanced countries, 
while the improved condition of the people and the 


increased wealth to bespent suggest agreaterdemand 


for such goods as we may supply, and which Indian — 
makers cannot produce. The story of industrial pro- — 


gress told by Sir Juliand Danvers at last Thursday’s 
meeting of the Indian Section of the Society of Arts 


may, for the reasons stated, afford some satisfaction, — 


But while the record of progress suggests the pro- 
bability of new markets for some classes of British 
manufactures, it clearly indicates the possibility of 
our goods being in some degree superseded by 
those of native make. The balance, however, as a 
result of the increase in national wealth, should for 
years be in our favour. 
The most marked influence in the development 
of India has been, and will continue to be, the 
better facilities of transportation. 


rial was always available. Cotton factories on a 


small scale were started fifty years ago; many — 


attempts were made by Englishmen years ago to 
start 
minerals : but generally financial disaster resulted, 
for the cost of production was great, and transpor- 
tation rates high, in consequence of imperfect 
communication. Railways are now opening up the 
entire country, so that, with plenty of raw material 
to hand and cheap manual labour, the likelihood 
of success is immensely greater. Again, water- 
power is in many places available, and the pro- 
spectsof producing steam from native coal are yearly 
improving. There are good ports, and the advan- 
tages of the geographical position of the country, 
with the convenience of the Suez Canal, added to a 
firm Government, backed by an Imperial power 
securing peace and internal safety, make up a sum 
of considerations which strengthen the belief in 
ultimate success. 


of the industrial movement and to the vigour of 
the people. 

Fuel is an important factor, and it is interesting 
tonote that whereas in 1881 there were forty-seven 
collieries open, there were in 1890 eighty-two at 
work, the output in that period more than 
doubling—having increased from 997,730 tons to 
2,168,520 tons. The necessity for the contiguity 
of the coal, the ore, and the lime necessary for iron 


production has been appreciated, and failure at 


Bengal has brought home the lesson that plant 
must be efficient. The Government, therefore, 
made it a condition of the lease of works con- 
veniently situated on the Kast Indian Railway, that 


the plant must be so improved and extended as to 


insure an output of at least 15,000 tons of pig iron 
a year. With three furnaces, one of them 60 ft. 
high, the works now produce 2000 tons a month. 
Coke and anthracite coal, used in about equal pro- 
portions, are both available in abundance. The 
lime has to be brought a long distance at consider- 
able expense ; but it is hoped that exploration will 
result in the difficulty being overcome. Foundries 
for the casting of pipes and sleepers have been 
constructed, with modern appliances. During the 
three years ending October last the production of 
pig iron was 8433, 8420, and 10,046 tons, and this 
year itis likely to be 25,000 tons. Of this ‘ Bengal 


pig,” the quality of which is reported as good, the 
East Indian Railway use 800 tons per month 


making cast-iron sleepers, and other railways take 
500 tons per month. Of pipes 4000 tons were cast 
last year, and the complete success encourages the 
belief that similar works will be started elsewhere 
in India. 


The raw mate- — 


iron works in several districts rich in ~ 


Moreover, present indications 
all point to earnestness on the part of the pioneers” 


There are 48 iron and brass foundries on | 
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asmall scale throughout the country, and some of 
these may develop into large works. ‘ 
At present the most important manufacturing 
industry is that of cotton, which centres at Bombay, 
close to the fields where the raw material is grown. 
In 1857 there were two mills, running 1267 looms 
and 67,300 spindles, but then the condition was 
more favourable, for there was the 35 per cent. 
duty on Lancashire yarns, and the cost of trans- 
port from Britain was greater. The establish- 
ment of railways inthe interior of India, and the 
commencement of an export trade to China and 
Japan, consequent on the lowering of the rate of 
exchange, counteract the influences of cheaper 
freights, &c., which favour Lancashire in the 
competition, so that, notwithstanding natural reac- 
tions following periods of inflation and too great 
activity, there has been advancement, more parti- 
cularly in recent years. In 1878 there were but 
28 mills ; in 1890 there were 89; and in 1891-2 126 
mills, with a capital of eleven crores, or, taking 
the rupee at nominal value, of eleven mil- 
lions sterling. These factories run 24,670 looms 
and 3,272,988 spindles, employing 112,000 per- 
sons. An interesting point, which seems to 
support the contention already indicated regard- 
ing the balance of international trade, is that while 
the Indian yarns have increased in quantity, the 
imports of British manufactured cloths have in- 
creased from 21} million rupees to 28.68 million 
rupees in ten years, a ratio exceeding that of the 
increase of population. Onthe other hand, India is 
increasing her export trade with China, Japan, and 


Africa, the increase in ten years having been from 


2to7 million rupees, of which 94 per cent. goes to 
Chinaand Japan. Japan is, however, setting up mills 
to meet the demand for piece goods for her own 
population. This progress in India, be it noted, 
has been made, too, against odds, for not only has 
the import duty in India been abolished, but factory 
legislation has been enforced. The minimum age of 
child workers is nine, and the duration of work seven 
hours per day, and eleven hours for women. The 
stimulus of competition has brought exertion and 
skill and a desire for better machinery. But withal 
Lancashire is far from being supplanted. The 
amount of cotton twist and yarn which India 
receives annually from the United Kingdom may 
be taken at from 50 million pounds to 52 million 
pounds, and of piece goods from 1800 million 
to 2000 million yards, while the whole output 
from the Indian mills for home consumption 
and exportation may be taken at about 400 
million pounds. It is said that during the recent 


-strikes in Lancashire 15 million spindles were idle. 


The whole number of spindles at work in India is 
about 3,200,000. England, as Sir Juliand Danvers 
remarked, has more to fear from strikes, labour 
disputes, and the action of ill-advised trade unions 
than Indian competition. When these occur 
England’s perplexity is India’s opportunity, and 
the opportunity also of European countries which 
are keener competitors than India. 

Similar progress may be indicated in connection 
with the jute mills, in which three millions sterling 
is sunk in capital, while the exports have increased 


‘in ten years by about one million rupees to 


2} millions. There is an extensive hand-loom 
woollen industry, and in addition five factories 
worked by steam power; but the wool is of low 
quality, suitable only for manufactures of inferior 
quality, and the trade generally languishes for 
want of care and energy. The great source of 
India’s wealth at present, however, is agricultural. 
Many are engaged on those miscellaneous indus- 


tries, typical of the people, which have been 


existent for many generations; but withal only 
9 per cent. of the population are employed in 
factories and handicrafts, while 83 per cent. are 
engaged in agriculture. Again, of the total exports 
of 1034 million of rupees, only 14.3 are manufac- 
tured goods. Agriculture must ever be the chief 
resource of the country ; but great benefit must 
accrue from a development of industries. The raw 
material, especially textile, if not also mineral, 
might be exported in a manufactured rather than its 
crude state, and the primary necessity seems to be 
capital, Into the vexed question of the deprecia- 
tion of the rupee it is not desirable to enter ; for, 
apart from British help, which in the past has been 
most beneficial in the development of railways, 
and the starting of the iron, cotton, tea, and indigo 
industries, &c., there is hope for India in the 
awakening of the native princes to the need of 
capital for development, and to the absurdity of the 
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traditionally imperative duty of accumulating family 
treasures ad infinitim—a survival of an old custom. 
The importance of maintaining a high moral tone and 
of preserving a good name for honest work is being 
enforced, and the industry of the people themselves 
is being quickened. There may, therefore, be a 
bright future before India, even as a manufacturing 
nation. 


THE INTERNATIONAL ENGINEERING 
CONGRESS. 

Tue Engineering Congress to be held at Chicago 
during the first week of August next is, as our 
readers are aware, one of the many international 
assemblies which, under the auspices of the 
World’s Congress Auxiliary, are to occupy nearly 
the whole of the six months during which the 
Exposition will remain open. We shall hereafter 
have much to say about these congresses, though, 
of course, that relating to engineering must occupy 
most of our attention. It is most gratifying to be 
able to announce that this Congress is already 
completely organised, the necessary funds sub- 
scribed, and a large number of papers guaranteed ; 
to a considerable extent arrangements have been 
made for publishing the papers, at first for distri- 
bution in pamphlet form. prior to the date of the 
Congress, and subsequently in volumes as a per- 
manent record of the great work carried out by 
American engineers. 

Ample experience has already shown thatthe actual 
business of such congresses in session is of compara- 
tively small importance, though the assembling of 
representatives of the profession from all parts of the 
world lends the highest possible moral influence to 
such meetings. Nor are the discussions on the papers 
read of very great value. Where so much business 
has to be transacted in a few days, where so many 
papers have to be considered that many of them 
can he read only by title, where the members 
assembled are from many lands, speaking many 
tongues, it is evident that the real value of an 
International Congress must lie in the subsequent 
publications. It may be safely asserted that, so far 
as the Engineering Congress is concerned, a bril- 
liant success is’ assured. During two years the 
various societies have been working together to 
secure this result—the American Society of Civil 
Engineers, the American Society of Mechanical 
Engineers, and the American Institute of Mining 
Engineers. For the work in hand these societies 
have been amalgamated, or rather members of their 
councils have been appointed to form a joint com- 
mittee for the Congress, with head-quarters at 
Chicago; Mr. O. Chanute and Mr. H. L. Corthell, 
both prominent engineers residing in Chicago, are 
placed at the head of this committee. 

But while neither as regards organisation nor 
means are these societies at all deficient, it is 
otherwise with two most important branches of 
the profession—those relating to marine and naval 
engineering and to military engineering. Both these 
subjects form separate sections at the Congress, 
and at each a large number of papers are to be 
submitted. But it happens that neither branch is 
represented by any technical society, and there- 
fore funds are lacking, though under the able 
and energetic management of Commodore Mel- 
ville, Engineer-in-Chief of the United States 
Navy, the section of Marine and Naval En- 
gineering and Nayal Architecture will be able 
to present a very large number of papers for 
reading and discussion. But as there are no funds 
available for the publication of these proceedings, 
the deficiency has been made good by private 
enterprise. Messrs. John Wiley and Sons, of New 
York, havearranged for the publication of the papers 
in this section, both separately for previous distri- 
bution, and collectively in a volume shortly after 
the Congress has been closed. These Transactions 
will occupy 700 octavo pages, and about 150 plates; 
the numerous contributions in French, German, 
Italian, &c., will be translated into English. There 
will be about 55 papers in all, of which about 
30 have been contributed by foreign engineers. Six- 
teen of these papersare written by English engineers, 
so that we may be well content with the part we 
have taken in the Congress, as the number of 
English papers is as great as that of all other 
foreign nations put together. This is the position 
England ought to take at an International Exhibi- 
tion, and it is gratifying that, if we have sadly failed 
with our exhibits, our engineers, at least, have 
done their part to retrieve the position, and the 


good moral effect of this, and of other personal 
efforts, may yet go far to make up for the defi- 
ciencies of the British section. 


THE WEATHER OF APRIL, 1893. 

THE soft breezes from the west with which March 
ended were delusive, for easterly winds have had 
almost exclusive possession of April, though having 
been for the most part very gentle, their usual 
blighting and harsh character has not been appa- 
rent. ‘The sky was uncommonly free from clouds, 
hence sunshine was very prevalent. The air was 
consistently dry, hence frosty nights have done 
little or no damage to the masses of blossom on 
trees and shrubs. Drought has been the anxious 
feature, and it may be said to have prevailed 
throughout March and April. 

Referring to the records of the Royal Observa- 
tory, Greenwich, which practically apply to south- 
east England, it appears that April, 1817, had the 
greatest mean atmospherical pressure, 30.308 in., 
the least rainfall, 0.06in. ; 1834, February to May, 
inclusive, the rainfall was very small ; 1840, March 
and April very dry ; 1844, a very dry spring, the 
mean temperature of April 51.7 deg., and the least 
recorded amount of cloud 3.7 ; 1847, little rainfall 
in March and April ; 1852, small rainfall during 
February, March, and April ; 1854, small rainfall 
in March and April ; 1855, only 0.09 in. rain in 
April ; 1863, small rainfall during February, March, 
and April ; the warmest April, 52.3 deg., was 1865; 
the highest maximum temperature, 81.5 deg., came 
on April 27, 1865 ; the highest temperature in 
sunshine for the month was 138 deg. on April 18, 
1875 ; the most sunshine, 196.3 hours, April, 1892. 
April, 1893, at the same place, can compare 
favourably with the antecedents: highest tempera- 
ture 80 deg. on the 20th, rising in the sun- 
shine to 129 deg.; rain fell on two days only 
to the amount of 0.1 in.; only one day was 
sunless, and several days had nearly twelve 
hours of sunshine each. The metropolitan 
death-rate was 21. The public health has been 
good, for people generally were allured by 
‘‘the sun’s all-cheering beams, when mild he 
shines, to bask in his invigorating ray.” The 
glorious weather of the past two months led to an 
unprecedented development of the steamboat traflic 
on the Thames. If the owners of steamboats had 
been able to predict such an exceptional occurrence 
they would have brought the excursion service into 
operation ; as it is, they have let this good time 
slip away. The poet abroad on his travels who 
lamented, ‘‘Oh! to be in England now that 
April’s there,” must have imagined just such a 
cheerful spring—the sun warm, the sky clear. 
Towards the close of February 

‘* Winter his violence withheld, 
His progeny of tempests quelled, 
His canopy of clouds dispelled, 
Unveiled the sun ; 
And blithesome days unparalleled 
Began to run.” 
The run continued without interruption during two 
entire months, until agriculturists were satiated, 
and began to long for good soaking rains. Al- 
though the crops and the fruit trees are healthy 
and vigorous, rain will not come too soon if it 
comes at once. 
‘“ When in the prime, 
The earth being troubled with a drought long time, 


The hand of heaven his spongy clouds doth strain, 
And throws into her lap a shower of rain.” 


At present, certain it is a few showers would 
show that 


‘The thirsty earth soaks up the rain, 
And drinks and gapes for drink again.” 


The mean pressure and temperature of the 
atmosphere at extreme positions in the British 
Islands to which the Isle of Man is central, were 
as follows : 


Mean | 


ah Mean Difference Difference 
Positions. | Pressure. | from Normal. eenere, from Normal, 
3 Eo ae (ae 
in. in. deg. deg, 
North 30.10 above 0.26 | 46 above 3 
South 50:12 es 17 52 Pi 2 
West 30.17 Fh 29 62 a 4 
East 30.19 os 27 46 nil 
Central 30.17 a 26 60 | above 8 


The rainfall may be roughly represented in fre- 
quency and quantity by the following results : 
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; Difference 

Places. Rainy Days. Amount. [tom Normal. 
in. in 
Sumburgh 18 1.22 less 0.85 
Scilly. 2 0.15 eamonte 
Valentia 7 1.22 530 SOL 
Yarmouth .. 5 0.13 re eax 


The daily general directions of the winds over 
these islands give a resultant from N.E. by E., but 
if the estimated force is taken into the computation 
S.E., though in both cases it is quite trifling, as 
indicated by the mean distribution of atmospherical 
pressure, which shows a belt of high pressure ex- 
tending east to west about latitude 55 deg. The 
most prominent feature of the weather was the 
prolonged drought extending to all parts, in con- 
nection with which there are to be noticed the high 
temperature and great atmospherical pressure. The 
greatest pressure, 30.6 in., occurred on the 8th ; 
the least, 29.7, on the Ist, 15th, and 29th ; hence 
the absolute range of the barometer was less than 
an inch. The highest temperature, 84 deg., was 
reported at Cambridge on the 20th; the lowest, 
21 deg., at Stamford on the 13th. The mean 
temperature at 8 a.m. for the entire area of the 
United Kingdom at sea level was 46 deg. on the 
1st, 49 deg. on the 4th, fluctuating to 48.5 on the 
12th, rising with fluctuations to 53.5 on the 22nd, 
then decreasing to 47 deg. on the 29th. On the 7th 
Prawle Point had 57 deg., while Oxford had only 
38 deg.; and on the 10th, Valentia 54 deg., York 
34 deg. Thunderstorms of slight intensity oc- 
curred in many parts of Great Britain on the 20th, 
in south-western England on the 21st and 22nd, and 
at Holyhead on the 25th. Aurora was seen in north 
Scotland on the 26th. According to the weather 
notations, clear days varied between fourteen in 
the east and nine in the west; overcast days 
between twelve in the west and five in the central 
district. There was more than the usual fre- 
quency of mist and fog in the mornings, especially 
over the Scilly Islands. 

Shepherds know 
How hot the midday sun shall glow, 
From the mist of morning sky. 

Under these circumstances ‘‘the brightest sun- 
shine of spring’s unclouded weather” should be 
looked for in England. During the four weeks 
ending the 29th, the duration of bright sunshine, 
estimated in percentage of its possible amount, 
was: For the United Kingdom, 54 ; Channel Isles, 
70; south-west England, 66; south England, 64 ; 
east England, 62; central England, 59; north- 
west England and south Ireland, 53; west Scot- 
land, 52; north-east England, 51; north Ireland, 
42 ; east Scotland, 41; and north Scotland, 37. 

Most people in these islands will be inclined to 
pronounce this the finest April in their recollection. 
Though commonly ‘‘ April makes all things young 
and fresh appear,” yet, in the words of a quaint 
old writer, ‘‘It were a world to set down the worth 
of this month ; for it is heaven’s blessing and the 
earth’s comfort . , . . the jewel of time and the 
joy of nature.” 


NOTES. 


STEEL v. CopppR Firesoxes FoR LOCOMOTIVES. 

In an article published in La Revue Générale des 
Chemins de Fer, M. Ei. Chabal, locomotive superin- 
tendent of the Paris-Lyons-Méditerranée Railway, 
gives his conclusions as to the comparative merits 
of steel and copper fireboxes, based upon facts 
obtained both from his own practice, and during 
a visit to America specially made to study the 
subject. The article gives many details of 
American practice, and, summing up, the author 
states that, as regards safety, neither metal has any 
material advantage over the other. Steel fire- 
boxes, however, weigh less, as the tubeplate 
when of copper is often 1 in. thick where the 
tubes go through, and the rest of the internal fire- 
box about 5%; in. thick. With steel the tubeplate 
is $ in. thick, and the rest of the box about 53; in. 
As regards cost, although copper is much more 
expensive than steel, it is easier to work, and the 
labour account is accordingly much lower than 
when steel is used. Moreover, when the firebox is 
worn out the metal has still a considerable value if 
copper ; and taking these two facts into considera- 
tion, experience shows that the saving by the use 
of steel is much less than might have been expected 
at first sight. As regards maintenance, steel costs 
considerably more than copper. Speaking gene- 


rally, steel fireboxes require greater care both in 
construction and maintenance than copper ones do. 
They should always be washed out with hot water, 
as is usually done in America. They can only be 
made to last for long periods by careful inspection, 
and by extensive repairs of a kind which it is not 
the custom to attempt with copper. 


THE CHorce or BUILDING STONE. 

In a recent article in Engineering News the choice 
of a stone for building purposes is discussed, and 
the following notes, which may be of use to engi- 
neers in new countries who have to adopt untried 
stones, are abstracted from that article. The best 
method of getting an idea of the weathering quali- 
ties of a new stone is to examine it at its natural 
outcrops, or in old quarry workings if such are avail- 
able. Lichen-covered rocks are generally of greater 
strength and durability than those free from such 
growths. Soft decomposing rocks appear in low 
rounded or flattened exposures, or covered with 
their own detritus. They form no conspicuous 
features of a landscape, whilst the hard rocks stand 
out in relief. Old gravestones, where available, 
will also give valuable indications of the weathering 
qualities of astone. As regards texture, in trap rocks 
the constituent minerals form a homogeneous mass, 
and are not separately distinguishable. Granites 
vary, the particles of mica, quartz, and feldspar 
being sometimes so small that the stone shows a 
fine even grain, and an almost uniform colour. 
Some sandstones are very uniform, whilst others 
contain grains and pebbles of various sizes. Fine- 
grain stones are generally the best. The chemical 
composition is oftenimportant. Granites containing 
an excess of alkali in the feldspar are liable to de- 
composition, and those in which the feldspar is in 
excess tend to crumble. Dolomites vary greatly 
in their resistance to atmospheric influences ; but 
perhaps those containing equivalent proportions of 
the carbonates of magnesia and of lime are the 
most durable, and the more crystalline the better 
the stone. The cementing material is of great im- 
portance. In sandstone the individual grains of 
silica are much harder than marble, but a block of 
marble is frequently stronger than a sandstone. In 
marble and in some sandstones the cementing 
material is the same as the rest of the stone, and 
when this is so the stone is usually durable. In 
many sandstones, however, the cementing material 
is ferruginous, calcareous, orof amixed character, and 
the stone is then more easily disintegrated. Foreign 
ingredients may or may not be harmful. Iron is 
usually bad, causing stains and loosening the grain. 
In building, stones seldom fail from direct crushing ; 
the most important agent in destroying them is the 
action of water and frost. In expanding on freezing, 
water exerts a pressure of at least 138 tons per 
square foot. It, moreover, often contains carbonic 
acid, which dissolves limestones. Hence dense 
stones are, other things being equal, to be preferred 
to porous ones. A stone which does not absorb more 
than 1 per cent. of water is usually very durable. 
The resistance of a stone to the action of frost may 
be tested by immersing it in a saturated solution of 
Glauber’s salt, and allowing the salt to crystallise 
out, or better by alternately freezing and thawing 
the stone, and ascertaining the weight of the detri- 
tus. A stone with a laminar structure is seriously 
affected by the weather. For paving purposes 
toughness is more important than hardness. Granite 
stands fire badly, fine-grain silicious sandstone 
being the best from this point of view. Generally, 
building stone should be hard and close-grained, as 
impervious as possible, with the film of cementing 
material thin and of a silicious or calcareous char- 
acter. 


Russtan MAnvuFACTURES. 

While the industrial pursuits of the people of 
Russia still manifest in large measure the charac- 
teristics of past centuries, village industries 
(leather, wood-carving, &c.) predominating, there 
are distinct evidences to show the influence of 
that intercourse with the West which dates from 
the time of Peter the Great, even in the case of 
decorative art, ikonography, &c., which largely 
partook of a religious character, and was jealously 
guarded and controlled by the priesthood and 
synodal authorities. An important result is the 
organisation of work in factories. Mr. G. Delmar 
Morgan, whose association with Russia dates 
back many years, in a lecture at the Society of 
Arts on Tuesday, gave some indications of this 
result. When he visited the Ural mines there 
were but two large iron works, excepting those of 


the Government, charcoal iron being rolled into 
rails or hammered into thin sheets for roofing, 
Since then the growing reduction of the forests has 
limited the production there, and the chief seat of 
the iron industry has been removed to Southern or 
New Russia, where iron and coalfields have been 
discovered. But the Ural Mountain region is rich 
in copper and in precious metals, and yields mala- 
chite, lapis lazuli, aventurine, jasper and porphyry, 
and other semi-precious stones, which accounts for 
an industry of ornament-making. Recent statistics 
show that there are 522 iron mines in the Ural 
district, producing about 790,000 tons per annum ; 
20 mines in Southern Russia, with an output of 
215,540 tons; and 63 mines in Poland, yielding 
193,320 tons. The total production of iron in 
Russia is nearly 1} million tons. The only industry 
of greater importance is cotton manufacture, which 
dates back about a century ; but the chief develop- 
ment, as in other industries, is consequent on the 
abolition of dues. When in 1840 English looms 
could be introduced free of duty, works multiplied. 
In the period 1866-79 the production of prints in- 
creased 167 per cent., while the number of works 
diminished 19 per cent., a consequence of the 
development of the factory system. The intro- 
duction and improvement of machinery was also 
a potent influence, for the annual production of 
each workman increased from 178.4 to 341.8 
pieces of print. Further, the number of em- 
ployés increased from 94,566 to 162,691 in the 
thirteen years. The total product more than 
tripled. There is still the same progress, for 
although prices have greatly decreased, notwith- 
standing improved quality, the value of yarn 
spun has increased from 42 millions of roubles in 
1867 to 133 millions, or 17 millions sterling, in 1888. 
The concentration of work in large factories con- 
tinues by amalgamation, &c. As to the future, 
Mr. Delmar Morgan, whose experience entitles 
him to speak confidently, says that while dependent 
to a large extent on other countries—on America 
for the raw cotton, on Britain for machinery, on 
Miilhausen and Rouen for designs—there are signs 
of the industry becoming nationalised. Central 
Asia supplies cotton, which, though inferior in 
staple, does very well to mix with American and 
other sorts. Russian mechanics, too, are learning 
to make machinery, and he states that, although 
this branch is backward, the time will come when 
English mechanical skill will no longer be needed 
in Russia. 


PRAcTICAL ELECTRICAL PROBLEMS AT CHICAGO. 


Most of the audience who gathered last Wed- 
nesday evening at the Society of Arts to hear Dr. 
Silvanus Thompson speak on ‘‘ Practical Electrical 
Problems at Chicago” probably imagined that they 
were about to listen to an account of the means 
adopted for the utilisation of electricity in the 
Exhibition for lighting and motive power, for 
tramway and boat propulsion. This, however, was 
not the case. The practical problems set before 
them were those that are to be discussed at the 
Electrical Congress which is to be held in connec- 
tion with the World’s Columbian Exposition. 
These Dr. Thompson dealt with in a very 
suggestive paper, in which he . enumerated 
many of the various points and subjects on which 
electrical engineers differ, and on which it is very 
desirable they should come to a common agreement. 
The question of units, which will largely occupy 
the Congress, the lecturer expressly excepted from 
his catalogue, owing, as it transpired later, to a re- 
quest from the executive of the Society of Arts. In 
relation to electric supply stations he pointed out 
the differences between European and American 
practice, emphasising his remarks by lantern pic- 
tures of actual installations, contrasting the wilder- 
ness of belts and countershafts that is characteristic 
of the States with the compact combined engines 
and dynamos to be seen here and in Germany. It 
seems that there is only one electric lighting station 
on the English model in the States. The switch- 
boards, also, present features of difference. Here 
the end aimed at is to connect all the circuits 
and all the dynamos to two omnibus bars, every- 
thing working in parallel. In America the object 
sought is the power to connect any dynamo to any 
circuit, with the impossibility of coupling any two 
dynamos in parallel. The mains are, of course, 
carried overhead, and even the transformers are 
attached to the poles, instead of being placed in 
fireproof cellars, as here. Another point on which 
light would be sought at the Congress was the most 
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EXPERIMENTS ON BESSEMER Basic JOISTS. 


Glengarnock Iron and Steel Company, Limited, April, 1893. 


| | Material. 
| a a Toad Di Strain in 
: Weight | Ultimat oad Dis- Flanges at) 
Material. Eons Web. per Foot Span.) ‘Tensile. tribution | Failure oo 
, Run. | Strength Elonga- on per Square 
| per tion 8 In. | Failure. | Iuch. 
Square | 
| Inch. 
| ine in, 1b. ft. tons per cent. tons | tons 
Bessemer basic 12 x 6 X }#} &4 15 29.6 25.5 50 21 Deflection at 50 tons distributed= 
steel lin. on removal of load recovered 
| to3in., the load having remained 
/ on 18 hours. On joist being again 
loaded, as 50 tons was reached col- 
| lapse took place. 
Ditto 10x6x 4 3 42 15 27.7 24.0 844 21 Deflection at 344 tons just before col- 
| | lapse = 2} in. 
| ! | \ 
6 
Te Both joists on collapsing turned over and bent with an easy radius until the ends were 


nearlyat right angles fo each other, No flaw in any flange, 


economical degree of incandescence for lamps. The 
advocates of high and low tension, of transformers 
and accumulators, of two-phase, three-phase, 
and four-phase currents, would have plenty to 
talk about. Personally, Dr. Thompson thought that 
the alternate current would hold its own against 
the others, and he looked for the speedy produc- 
tion of a serviceable self-starting alternate current 
motor. Over the question of frequencya sturdy battle 
would, he said, be fought at Chicago. What was 
wanted was a ‘‘ frequency-raiser,” an apparatus 
that would do for frequency what the transformer 
did for voltage. The Leyden jar and the Hertz 
resonator were merely laboratory appliances. With 
such an instrument the Tesla phosphorescent light 
would assume a practical position—now it was 
as costly as the glow lamp. Turning to the 
electric railway, the speaker mentioned that 
although they had thousands of miles in America, 
they had nothing so large and efficient as 
the City and South London Railway, and 
the Liverpool Overhead Railway. Perhaps they 
had some surprise for us at Chicago. In re- 
viewing other forms of apparatus the lecturer 
said that Professor Gray would show his telauto- 
graph, which had excited much interest. The rapid 
Wheatstone system of telegraphy was just being 
introduced into America, although it was there that 
the duplex, triplex, and quadruplex systems were 
first put into service. The fuller utilisation of tele- 
graph and telephone wires was becoming urgent, in 
view of the difficulty of finding accommodation for 
additional lines. Mr. Preece had shown what could 
be done by careful design in submarine telephonic 
cables. The speaker looked on long-distance sub- 
marine telegraphy as no longer adream, and he saw 
no theoretical difficulty in sending 100 simultaneous 
messages on a wire. The Chicago Congress would 
see all nations meet in friendly rivalry, and 
America would contribute to it a galaxy of eminent 
names and brilliant intellects. 


THE STRENGTH OF BASIC BESSEMER 
STEEL JOISTS. 
THe accompanying Table and illustrations record 
the results of experiments recently made at Glengar- 
nock Works, Ayrshire, to ascertain, by direct loading, 


the breaking weight of a pair of rolled Bessemer basic 
steel joists of the Glengarnock Iron and Steel Com- 
pany’s, Limited, ordinary make. 

The results are self-explanatory, except that the 
engraving does not show in Fig. 2, as clearly as 
desirable, that the suspending rods pass through cross- 
bars resting on the top of the joists and not through 
the joists themselves, The experiments were watched 
with close attention by a number of gentlemen specially 
interested in the rapidly expanding steel joist industry. 

The tests were carried out under the immediate 
superintendence of Mr. E. T. Retchford, works 
manager, and of Mr. F, W. Ruddock, testing depart- 
ment superintendent; Mr. H. Cunningham being 
also present. 


PHILLIPS’ FLYING MACHINE. 

TN a recent issue (see page 288, ante) we described a 
flying machine which has been perfected by Mr. 
Horatio Phillips, of Harrow. We then stated that we 
should shortly illustrate the machine, and, in con- 
formity with our promise, we now publish, on page 
648, four views, of which two show the machine in 
the act of flying, it being lifted from 2 ft. to 3 ft. 
off the ground, as described in our previous article. 
Our illustrations are, of course, from photographs, 
and it will easily be understood how difficult it is to 
photograph a piece of mechanism of this description, 
moving at so high a speed, when close to. The aerial 
propeller itself is not visible, the motion being too 
quick, the revolutions per minute being about 600. 
Our illustration at the head of the page shows the 
‘* whirling machine” which Mr. Phillips has used in 
the course of his numerous experiments in order to 
ascertain the best form of slat or sustainer, while 
below it, the flying machine is seen at rest. 

Since our last description we have again seen 
another aerial machine of Mr. Phillips’ in operation, 
the same engine and boiler, however, being used. 
In this latter trial the weight of 72 lb. was lifted 
clear of the track ; but the distance which the ma- 
chine flew was not so great as on the first trial we 
witnessed, and this in spite of the fact that the day 
was more favourable, there being less wind, the 
travel of the breeze being probably about 10 
miles an hour. From this it may be argued that Mr. 
Phillips has not improved the first machine we saw, by 
the modifications he has introduced. The chief altera- 
tion was an addition to the area of sustainer surface, 
and Mr. Phillips is of opinion that he has gone beyond 
the limit of the power at his disposal with the present 


the first were entirely horizontal. 
of reducing the speed and therefore the efficiency of 
the surfaces. The speed which Mr. Phillips has in 
view to commence with, is 40 miles an hour, and in 
order to reach this speed lighter propelling machinery 
will be required. At present Mr. Phillips has turned 
his attention more especially to the sustainer surfaces. 
Although the engine is a very nice specimen of 
mechanical work, much might be done in lightening 
this part of the apparatus, especially in regard to 
the boiler. Mr. Phillips is now turning his attention 
to this part of the problem, and hopes soon to show con- 
siderably higher results. The interesting point, of 
course, will be reached when an apparatus large 
enough to carry an operator has been constructed. An- 
other detail to which attention has been turned, is the 
levelling of the circular track on which the machine 
runs ; this was known to be somewhat out of truth, but 
on testing it was found that there was a difference of 
4 ft. Gin. in the level of the two sides; this has now been 
putright. Since our notice appeared, a large number of 
persons interested in these matters have paid a visit 
to Mr. Phillips’ trial ground, and the operations are 
being watched with great interest by all persons con- 
nected with aeronautical matters, 

A word should be said about the whirling machine, 
Aswill be seen, it consists of a spar pivoted near one end, 
the balance being obtained by a locomotive boiler of 
about 10 horse-power, which is mounted on theshortarm 
ofthe spar. The engine which drives the apparatus is 
ona two-wheeled carriage running on rails. The engine, 
which is attached to the long arm of the spar, not far 
from the pivot, runs round on a circular rail, and 
carries the spar with it, the steam being conveyed 
from the boiler to the engine by a pipe running on the 
spar. Beyond the carriage there projects a long arm, 
the end of which sweeps through a large circle; by 
this a rapid motion is obtained. The circle is 323 ft. 
in circumference, and a speed of 70 miles an hour is 
thus often obtained. The slats or sustainer surfaces 
to be experimented on are, of course, placed at the end 
of the spar, and connected to an apparatus by which 
the weight lifted and the power required to tow the 
surfaces through the air are automatically registered. 
On a future occasion we hope to give further parti- 
culars of these interesting experiments. 


THE Late Mr. C. T. Warts.—We regret to record the 
death, on the 24th ult., of Mr. C. T. Watts, who was for 
about forty years a member of the well-known firm of 
Messrs. Riches and Watts, of Norwich. Mr. Watts was 
an engineer of great experience in flour mills, and his 
advice; was much valued in his district. His earnest- 
ness in his work and his kindness of heart caused him to 
be highly esteemed alike by those for whom he acted 
and those he employed, and he will be much missed by a 
wide circle of friends. 


Briake’s Bripek, ReEApING.—- At a meeting of the 
Society of Engineers, held at the Town Hall, Westmin- 
ster, on Monday evening, May 1, 1893, Mr. W. A, 
McIntosh Valon, J.P. (President), in the chair, a paper 
by Mr. Edmund Burrows on “* Blake’s Bridge, Reading,” 
was read. This bridge crosses the River Kennet, and 
unites the north and south sides of the borough. The 
old bridge was erected in 1855, with a carriage road only 
14 ft. wide. Proving too narrow for the increase of 
traflic, it has been removed, and a new bridge, 30 ft. wide, 
has been erected by the corporation in its place. The 
new bridge, of 51 ft. 4 in. span, was designed by Mr. A. T. 
Walmisley, M. Inst. C.E., and consists of lattice girders 
4 ft. 6 in. deep, having parallel flanges with ornamental 
cast-iron work between the diagonal members, so fixed as 
to provide a parapet without interfering with the definite 
transmission of strain throughout the braced members of 
the structure, which is constructed of mild steel. With 
the view of distributing the live load produced by a steam 
roller of 15 tons, together with a distributed weight over 
the remainder of the platform estimated at 1 cwt. per 
foot super., trough flooring 5 in. deep is used, having 
the lines of ridge and furrow fixed at right angles to 
transverse lattice girders 4 ft. 6 in. apart, suspended from 
the main girders, but stiffened in their attachments at the 
ends by side brackets. The girder form of construction 
was adopted as providing uniform headway under the 
bridge, while the original level of the approaches and 
roadway over the bridge was not raised. With the view 
of employing the abutment walls of the old bridge, the 
new girders were carried on brick piers supported by pile 
foundations, and surmounted with ornamental masonry 
caps. The upper flange of each of the main girders is 
covered with American oak to form a handrail. The 
bridge was tested after completion by loading with water 
vans, a 10-ton steam roller, and loaded stone trolleys, in 
all amounting to a total load of 63} tons distributed, and 
gave a deflection in the centre of ;, in. The bridge was 
opened for public traffic on October 6, 1892. During con- 
struction, vehicular traflic was only impeded for about 
twoand a halfmonths. Messrs. Parker and Co. were the 
contractors for the foundations and masonry, and Messrs, 
Handyside and Co., of Derby, for the erection of the 
steel and iron work. The total cost of the bridge and 
improved approaches was 45007. The author acted as 
resident engineer for the Reading Corporation during 
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IRON AND STEEL IN SWEDEN. 
AccorpINe to the statement made by the Board of 
the Society of Swedish Ironmasters at their last meet- 
ing, the exports from Sweden were, during the first 
quarter of the present year (the corresponding figures 

for last year being added for comparison sake) : 


1892. 1893. 

Tons. Tons. 
Pig and ballast iron ... 2,745 1,962 
Ingots a As 881 193 
Blooms, &e. 1,268 1,008 
Bar iron ... 24,009 19,520 
Plate 481 384 
Nails 600 445 


the totals, including a few other less important 
articles, being respectively 30,267 tons for 1892 and 
23,838 tons for 1893, showing a decline of 6429 tons 
for the first quarter of this year, as compared with 


1892. There were warrants for : 
April 1, 1892. April 1, 1893. 

ons. Tons. 

Pig iron ... 32,245 35,587 
Bar iron, &c. 7,379 6,223 
Blooms, &e. 4,448 
Ingots 27,292 16,603 
Other iron 9,182 
66,916 72,043 


showing an increase in warrants of 5127 tons. 
During the first quarters of the present year and 1892 
there were in operation : 


1892 1898. 
Blast furnaces 134 121 
Furnaces ... 4. eat 3381 312 
Bessemer converters 25 23 
Martin furnaces... 25 24 
The outputs were, during the same period : 
1892. 1893. 
Tons. Tons. 
Pig iron ... 133,242 117,768 
Blooms a 53,696 49,324 
Bessemer ingots... 20,768 21,519 
Martin ingots 19,483 20,616 


showing a decrease on the whole of some 18,000 tons. 
It is thought that the smaller shipments have, toa 
great extent, been caused by the severe winter, 
which has put a stop to shipping for a number of 
weeks. A fair amount of sales have been effected 
during the first three months of the present year, and 
the majority of the iron works are well off for orders, 
but prices continue low and leave much to be desired. 

The quotations of the Society for the current 
quarter are : 
Gothenburg. Stockholm. 


f.o.b. f.o.b. 
Sigss ds ee omens. od 

Ordinary hammered iron 8 2 6 8 0 0 
3 rolled iron (Ck TeLO0 
Rolled fine iron Gel1510 712 6 


per ton without discount. 


BattimorE.—The value of the exports from Baltimore 
last year amounted to 18,600,0007, This total shows an 
increase of 2,800,0002. as compared with the value of the 
exports effected in 1891. 

DrRoyL~sDEN SEWAGE DisposaL ScHremME.—At length 
schemes for the disposal of the sewage of town after 
town in the Manchester district are being rapidly pushed 
forward, in view of the determination of the authorities 
not to allow pollution of rivers and streams falling into 
the Manchester Ship Canal. Another Local Government 
Board Inquiry was held by Mr. Samuel J. Smith, C.E., 
on the17th inst., into an application of the Droylsden 
Local Board for sanction to borrow 28,0002. for works of 
sewerage and sewage disposal. The Town Clerk of 
Manchester and the City Surveyor watched the proceed- 
ings on behalf of the corporation, but explained that they 
were not there to oppose the scheme. The clerk to the 
Local Board said that at present the sewage passed into 
a stream which emptied itself into the River Medlock, 
and they proposed to purify it by the international system, 
in order to produce a comparatively pure effluent. The 
board had visited several places to ascertain the best pro- 
cess, and, with their medical officer of health, came to the 
conclusion that to deodorise and precipitate with ferozone, 
and finally filter through polarite filters, would be the 
best. Mr. Washington Hurst, engineer to the board, 
entered into further details as regards the scheme, and 
stated that the outfall works would consist of six tanks 
having a total capacity of 600,000 gallons. and eight 
polarite filters with 3 acres of land below, which could be 
used if desired. Mr. Hurst explained that without 
polarite beds, the area would not be enough, but with 
them it was quite sufficient. The site proposed for the 
outfall works is rather low, but the clerk stated that 
negotiations with a landowner in the district were in 
progress, which, if carried out, would obviate the diffi- 
culty. The scheme also provides for a destructor. The 
inspector subsequently took evidence as to the borrowing 
of money for the purchase of land fora recreation ground, 
cemetery, and town’s yard, after which the inquiry 
terminated. The scheme proposed for purifying the 
sewage of Droylsden is the same as that adopted by the 
neighbouring Local Board of Gorton, who have also 
applied to the Local Government Board for a loan to 
carry out their works. 


MINING AT BROKEN HILL, N.S.W. 


Ar the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, May 2, 1893, Mr. Harrison 
Hayter, President, in the chair, the paper read contained 
a description of the system of ‘“‘Mining and Ore Treat- 
ment at Broken Hill, N.S.W.,” by Mr. M. B. Jamie- 
son, Agsoc. M. Inst. C.E., and Mr. J. Howell. 

From this mine silver and lead of the value of over 
8,250,0002. sterling had been taken within seven years; 
and it continued to yield about 220,000 oz. of silver and 
between 600 and 800 tons of lead per week. 

The geological formation consisted of metamor- 
phosed clay-slate and talcose mica-schist, with intru- 
sive masses and dykes of granite and diorite, which 
traversed the sedimentary rocks generally in a north- 
easterly direction, but sometimes in all directions, 
forming a network of dykes. In places the schists 
passed into gneiss, which changed into porphyritic 
granite. The Broken Hill derived its name from the 
huge masses of black manganese and _ iron - stained 
material that formed the crest of the hill. This, in spite 
of its comparatively-speaking insignificant height, formed 
a conspicuous feature in the landscape, rising 170 ft. at its 
summit above the adjoining plains, and extending about 
34 miles in length. About a quarter of a mile to the east, 
and the same distance to the west, of the hill were to be 
seen broad dykes of diorite with quartz veins, and between 
the diorite and the lode, gneiss, and garnetiferous mica, 
and talcose schists ; whilst lenticular patches of quartzite 
and a coarsely crystalline binary granite were of frequent 
occurrence. The general strike of the rocks was north- 
west, and they dipped about 63 deg. north-west; but, 
owing to the crumbling to which the rocks had been sub- 
jected, the direction of the dip was locally somewhat 
reversed. It had been frequently asserted that this was 
a true fissure-lode, but there was scarcely sufficient evi- 
dence to prove this point definitely. The lode, so far as 
it was known, appeared to be a mineralised bed without 
regular and well-defined walls. 

The ore-bodies varied much in size, the greatest width 
yet disclosed being 316 ft. and the least 15 ft., the average 
being 105 ft. Manganese-iron ore might be said to form 
the capping of the lode throughout, and the greatest 
depth to which iron ore might be said to exist exclusively 
was 300 ft. from the surface, although it had been dis- 
covered (but not yet proved of any great extent) at 400 ft. 
from the surface. Underneath the iron, the greatest 
extent of ore existed as carbonate of lead and also masses 
of kaolin. Carbonate of copper was found in a horizontal 
seam, separated somewhat within the carbonate of lead 
and kaolin ore-bodies. Underneath the carbonate of 
lead and the kaolin lay enormous bodies of sulphide ore. 

When the mine was in its infancy, and the dimen- 
sions of the ore-bodies were undetermined, the method 
of mining was that usually adopted in mines having 
small lodes, but in 1887, owing to the great width and 
friable character of the lode, it was found difficult 
to maintain the workings and stopes in a safe or 
satisfactory condition. The general manager at that time 
recommended the adoption of what was known as the 
square-set system of timbering. This system of securing 
the ground, although costly, and in some respects extra- 
vagant, was superior to that employed previously, It 
enabled larger faces of ore to be exposed and worked at 
one time, and afforded more freedom for the men while 
working, as well as greater security from accidents. 

Experts differed as to the advisability of commencing 
the removal of ore from the foot-wall or the hanging-wall 
side. As a question of mining and engineering com- 
bined, the authors had no hesitation in saying that, 
in a lode of the character and dimensions of that 
at Broken Hill, the correct method of opening 
up the lode and sustaining the hanging-wall, was to 
commence at the hanging-wall side and carry the timbers 
up toit. The base of the timber-sets, in cross-section, 
should always be kept so far advanced towards the foot- 
wall that the line of timbers on the working faces might 
form a right angle with the hanging-wall until the foot- 
wall was reached. At stated points stopes could be 
carried ahead of the main longitudinal stopes across the 
lode from the hanging to the foot-wall, so that the 
requisite number of different ore-faces might be exposed. 
In any case the space from which ore had been removed 
should be filled with hard dry material as soon as pos- 
sible. The quantity of timber required in the framework 
of one complete set of square-set timbering amounted to 
533.4 superficial feet for sill-floor sets, and 405.7 super- 
ficial feet for stope-sets ; the average total quantity of 
timber of all sizes, including decking, shoring, lathing, 
false sets, &c., required per ton of ore removed being 
about 40 superficial feet (¢.e, 12 in. by 1 in.) 
per ton of ore. If the mine had been opened 
under the hanging-wall first, and the space from 
which ore had been removed filled with rock, the authors 
imagined that little danger would have resulted; but 
when this style of timbering was introduced, the full ex- 
tent and character of the ore bodies had not been accu- 
rately determined, and sometimes ore of a certain quality 
had to be obtained irrespective of systematic mining, in 
order to enable the output to be maintained. To relieve 
the pressure on the timbers, and to obtain certain qualities 
of ore more cheaply, the removal of the cap of the lode 
and quarrying from the surface had been commenced. 
There were in all eleven shafts, varying between 175 ft. 
and 762 ft. in depth, the aggregate length being 4189 ft. 
Several of these shafts were started before the dip 
of the lode had been determined, and were situated 
without regard to the hanging or foot-wall; but the 
more recently sunk shafts were placed on the foot-wall 
side. The hauling engines varied in design and power, 
but none possessed any novelty calling for special remark. 
On some, flat, and on others round, steel ropes were used, 


the preference being given to the latter. Three of the 
shafts were fitted with 9-in. Cornish pumps of ordinary 
design. It was remarkable that such limited pumping 
plants should be more than sufficient to drain a lode 
of such large dimensions; and it was a great pity 
that this was the case, for next to the ore itself there 
was hardly anything more valuable than an ample and 
continuous supply of water. The country rock was 
almost dry, and water was not looked for except in the 
lode formation. All the cages were ‘‘ safety cages,” and 
so long as the horizontal steel springs which worked the 
serrated eccentrics kept in order, everything was satis- 
factory. The ore-reduction works comprised the smelt- 
ing plant, ore-dressing mill, leaching plant, amalgamating 
mill, and refinery. The products of the refinery were 
thus disposed of: the pure silver was sold in the colonies 
by tender at stated intervals, in parcels of between 
100,000 oz. and 150,000 oz., and was purchased by the 
banks, usually at a price somewhat above the price 
currentin London. The soft lead was shipped either to 
England or to China; the latter country was becoming 
gradually a larger buyer of the company’s lead. The 
matte (and other compound products) were shipped to 
England. The small amount of gold in the ore was 
recovered in the refinery. It amounted to about 3.4 dwt, 
per ton of bullion. 

The average cost of desilverising was from 1/. 16s. to 
2l. per ton of bullion; but, as would be readily under- 
stood, the cost of treatment varied considerably as the 
bullion was rich, or otherwise, in silver, or contained a 
high or low percentage of impurities requiring re-treat- 
ment. The working losses amounted to about 4 per 
cent. lead and 2 oz. silver per ton of bullion. The 
number of men employed was about eighty. The re- 
finery and smelting plant and the surface works of the 
mine were described in detail, comprising the saw 
mill, electric lighting plant, railway system, and water 
supply works. The last-mentioned undertaking was 
of a most important character. It was sanctioned 
after long and bitter opposition from the residents of 
Broken Hill and in Parliament; and powers were ob- 
tained to construct works to bring water from Stephen’s 
Creek, a distance of about ten miles north of Broken 
Hill. The company carried out its work at an expendi- 
ture of 180,000/. Stephen’s Creek was a typical Austra- 
lian creek, and only contained water after heavy rain. 
It never actually discharged water from its upper and 
middle reaches into the River Darling, of which it was 
supposed to form a tributary. The catchment area was 
about 170 square miles, and consisted chiefly of hilly 
country, which would facilitate the rapid accumulation 
of water in Stephen’s Creek during a heavy fall of rain. 
The capacity of the reservoir was 3,940,000 gallons, The 
loss by evaporation would be considerable, but the reser- 
yoir accommodation was good, and the embankment and 
weirs were of a most substantial character. The works 
consisted generally of an earthen embankment across the 
creek, with concrete weirs at each end, situated at a point 
where the hills abutted abruptly on the banks of the 
creek. The embankment was 440 ft. in length, 35 ft. in 
height, and the breadth of the base averaged about 225 ft. 
The weirs were respectively 215 ft. and 165 ft. long. 
The pumps, manufactured by the Austral Otis Engi- 
neering Company, were of the triple-expansion duplex 
horizontal type, supplied with steam from Babcock and 
Willcox boilers, and were capable of delivering 1,250,000 
gallons per 24 hours to the surface reservoir at Broken 
Hill, a distance of 10 miles, the lift being 377 ft. 

The paper contained a discussion of the labour ques- 
tion as it was presented at the mine, and concluded 
with a financial statement of the general working. Sum- 
marising the various items of expenditure, ib was found 
that the total cost (including capital expenditure, such 
as plant and development work) of producing and dis- 


posing of the silver and lead for the half-year ending 
May 31, 1892, had been about 2s. 3d. per ounce of silver, 
and 71. 10s. per ton of lead. But by allowing the profit 
on the lead to go in reduction of the cost of the silver, 
the net cost of producing the silver was about 1s. 104d. 


per ounce. 


WEYBRIDGE AND OATLANDS SEWERAGE.—The Chertsey 
Rural Sanitary Authority, at their meeting on April 25, 
accepted the following tenders for the sewerage and 
sewage disposal works for Weybridge and Oatlands: Mr. 
John Jackson, The Laurels, Broadway, Plaistow, Lon- 
don, E., for the general contract for the construction of 
sewers, pumping station, and precipitation tanks 
(26,5002.); the Stanton Iron Works Company, Limited, 
near Nottingham, for the supply of iron pipes, special 
castings, and other ironwork in connection with the 
above works (6710/. 11s. 8d,); Messrs. Davey, Paxman, 
and Co., Colchester, for the boilers and pumping engines 
(29001.); Messrs. Manlove, Alliott, and Co., Limited, 
Nottingham, for the mixing and pressing machinery at 
the disposal works (15147. 2s.) The total amount of the 
contracts is therefore 37,6241. 13s. Sd. There are 
134 miles of earthenware sewers, 14 miles of iron pipe 
sewers, and 5? miles of iron pumping main and pipes 
conveying flushing water. The whole of the sewage will 
gravitate to one pumping station on the banks of the 
Thames, and the sewage will be pumped a distance of 
about three miles to a site of 28% acres, where it will be 
purified by precipitation in tanks, followed by land filtra- 
tion, The sewage mud will be pressed. The scheme 
includes pumping 30,000 gallons of water a day, and dis- 
tributing it to automatic flushing chambers at the heads 
of all the sewers. The district is immediately above the 
London water companies’ intakes, and therefore the most 
modern system of sewage disposal was required. Hassall’s 
pipes will be used in some waterlogged streets and iron 
pipes in others. Mr. W. H. Radford, C.E., of Nottingham, 
is the engineer to the works, 
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THE PHYSICAL SOCIETY. 

Av the meeting of the Physical Society held on 
April 28, 1893, Professor W. EK. Ayrton, F.R.S., Past- 
President, in the chair, Mr. F. Harrison was elected a 
member of the Society. 

In the adjourned discussion on “The Viscosity of 
Liquids,” by Professor J. Perry, J. Graham, and L 
W. Heath, Professor Perry read a communication from 
Professor Maurice Fitzgerald on the subject, in which 
the latter discusses the corrections necessary for re- 
ducing the results obtained by circular motion to the 
corresponding motion in plane layers. He shows that in 
addition to the circular motion the effect is complicated 
by radial flow due to ‘‘centrifugal head,” which causes 
the liquid to pass outwards near the bottom of the trough 
and inwards across the edge of the suspended cylinder, 
with continuations along the sides of the trough and 
cylinder. Taking this motion into account, the formula 
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is deduced, where v is the velocity, « the viscosity, A and 
B arbitrary constants, and ca constant depending on the 
radial flow. Whence = 0 the formula reduces to equa- 
tion (5) of the paper, whilst if c = — 2 « it becomes 


a=Ar 


4=—. 
r 
The subject of critical velocities in non-turbulent motion 
is referred to, and some probable effects of the anomalous 
variations of density and viscosity of sperm oil noticed by 
the authors of the paper, are pointed out. 

Professor Perry, in further reply to Professor Osborne 
Reynolds’ comments, said he understood Professor Rey- 
nolds to have proved that friction was proportional to 
velocity when the motion was steady. Experiments he 
(Professor Perry) had made with discs of iron and glass in 
revolving mercury seemed to show that this was not the 
case. On replacing the mercury by sperm oil, he found 
that up to a certain speed friction was strictly propor- 
tional to velocity, whilst above that speed friction varied 
as vi, Coloured streaks in the liquid remained un- 
broken even at the highest speeds. He, therefore, con- 
cluded that continuity of the streaks was not necessarily 
accompanied by a linear law of friction. 

Mr. E. C. Rimington read a paper on ‘‘ Luminous Dis- 
charges in Electrodeless Vacuum Tubes.” The luminous 
rings produced in exhausted bulbs and tubes by discharg- 
ing Leyden jars through coils surrounding them, had, he 
said, been attributed by Mr. Tesla (Electrical Engineer of 
New York, July 1, 1891) to the electrostatic action of the 
surrounding wire rather than to the rapidly varying mag- 
netic induction through the rarefied gas. The present 
paper describes several experiments kearing on this point, 
which lead the author to conclude that varying magnetic 
induction is the chief cause of the luminous rings. They 
also show that a superposed electrostatic field greatly 
assists the production of the luminosity. Most of the 
experiments described were performed before the meet- 
ing, some of the effects being particularly _ bril- 
liant. In one experiment an exhausted bulb was placed 
within a coil connecting the outside coatings of two 
Leyden jars and placed between two metal plates which 
could be connected at will with the outside of either jar. 
The spark gap between the inner coating was then 
arranged so that noluminosity was seen in the bulb. On 
connecting one or both the metal plates with the jars in 
such a way as to increase the electrostatic field through 
the bulb, bright ringsimmediately appeared. Anelectro- 
static field produced by a small induction coil connected 
to a piece of tinfoil on the bulb, caused the rings to form 
at irregular intervals when the discharges of the jars and 
coil happened to be properly timed. In another experi- 
ment two loops of wire in series were used, and when put 
on the bulb in such a way as to producea large magnetic 
effect but small electrostatic field, bright rings ap- 
peared ; but if the magnetic effects of the coils opposed 
each other whilst the electrostatic field was increased, 
no rings were seen. The subject is treated mathematic- 
ally at some length in the paper, the times at which the 
Maximum values of the current, the potential difference 
between the outsides of the jars, and the rate of change 
of current occur, as well as the values of their successive 
maxima, being determined. The influence of ‘‘size of 
jars” is next considered, and the time-integral of rate of 
change of current, on which the effect on the eye 
depends, expressed as a geométrical series. Taking an 
approximation, the author shows that the time-integral 
is roughly proportional to the fourth root of the capacity. 
Large jars are therefore theoretically only slightly better 
than small ones, and this agrees with observations. 

On the subject of apparently unclosed discharges, such 
as are seen when discharges pass through a coarse spiral 
Wound on an exhausted tube, the author said he had 
observed that the discharges were really closed, but the 
return part much diffused and of feeble intensity. Experi- 
ments were exhibited showing that under some circum- 
Stances an exhausted bulb acted like a closed metallic 
Circuit, whilst under other conditions dissimilar effects 
were produced. Another experiment was shown in which 
4 faint luminous ring produced by a single turn of insu- 
lated _Wire round a bulb, was apparently repelled on 
touching the wire with the finger. 

The author also showed that fan-shaped luminosities 
could be produced by rotating an exhausted tube in the 
Eee erontatio field produced by a charged ebonite or glass 

Dr. Sumpner, speaking of the apparently unclosed 
discharges, pointed out that they might be closed through 

wire forming the primary circuit in the same way asa 
coil of a transformer might be arranged to act partly as 


primary and partly as secondary. 
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Mr. A. P. Trotter, after referring to Dr. Bottomley’s 
researches, said it was important in discussing such 
experiments to distinguish between electrostatic and 
electromagnetic effects. In Mr. Campbell Swinton’s 
experiments the luminosity always appeared to get as far 
away from the wire as possible, and to be at right angles 
to it, whereas in Mr. Rimington’s the luminous portions 
were close to the wire. With a view to puzzling the dis- 
charge in Mr. Swinton’s tubes, he had made a right- 
angled bend in the spiral surrounding the tube, the result 
of which was to make the luminosity discontinuous, one 
end of the break being bifurcated. Inall Mr. Swinton’s 
experiments brush discharges surrounded the wire. 

Professor 8. P. Thompson thought an electrostatic field 
would aid a discharge, even if its direction was not the 
same as the electromotive force due to varying magnetic 
induction. Planté had found that vacuum tubes, through 
which 800 cells were insufficient to produce a discharge, 
immediately allowed a discharge to pass when a rubbed 
ebonite rod was brought within about 10 ft. distance. 
This effect was found to be independent of the direction 
of the disturbing field. Analogous effects had also been 
observed by Professor Schuster, and described in his 
Bakerian lecture. 

Mr. E. W. Smith regarded the stresses set up in the 
medium as cumulative, a very slight cause acting on a 
substance already strained nearly to breaking point being 
sufficient to cause breakdown. 

Mr, Blakesley inquired if the effects were the same if 
the induction coil, used in one of the experiments, was 
replaced by an electric machine, and whether the direc- 
tion of the field so produced influenced the result. 

Mr. W. R. Pidgeon said closed circuits were necessary, 
and he had found it very difficult to produce discharges 
in tubes unless the ends of the primary wire were brought 
together. 

In his reply Mr. Rimington said each turn of the 
luminous spiral formed a complete circuit of itself. The 
phenomena observed by Mr. Campbell Swinton were 
quite different to those he had shown, and due to different 
causes. Mr. Swinton’s spirals were reversed, and were 
due to phosphorescence of the glass. 


COLUMBIAN EXPOSITION NOTES. 

Tue following is the list of the officers of the World’s 
Columbian Exposition elected on April 14 by the Board 
of Directors: Harlow N. Higinbotham, President ; 
Fred. W. Peck, First Vice-President; R. A. Waller, 
Second Vice-President ; H. O. Edmonds, Secretary ; W. 
K. Carlisle, Attorney; W. K. Ackerman, Auditor; A. 
F. Seeberger, Treasurer. Never since the first Board of 
Directors was organised has there been so little interest 
manifested in the election of officers, This was all the 
more remarkable because of the fact that the ensuing 
year is to be the one all-important in the history of the 
Exposition. 


Two old wagons that would not sell for 20 dols. apiece 
at an auction sale out on a farm, are shown in the 
(Quartermaster’s Department. These clumsy old vehicles 
will be looked on with fond interest by every visitor who 
wears the tricoloured button of the Loyal Legion or the 
copper insignia of the Grand Army. One of them was 
used to carry Sherman’s personal camp equipage on the 
march to the sea, and the other performed a similar ser- 
vice for General Thomas in the campaigns led by the 
“Rock of Chickamauga.” Sherman’s wagon was four 
years and nine months in the service, and on the rough 
side of its box the statement is painted that in that time 
it travelled 4160 miles. 


France has spent more on the World's Fair than any 
other European Government, the sums voted amounting 
to 4,000,000f., and the beautiful French pavilion is 
complete in every detail and elaborately finished. The 
French colonies are very fully represented, and the dis- 

lay of Lyons silks is the finest ever seen in America. 

rance has also made a great feature of her mining ex- 
hibits, which occupy 9000 square feet. But it is in the 
Fine Arts section that France stands pre-eminent. Be- 
sides filling one of the great courts with castings from her 
masterpieces in sculpture and architecture, she is repre- 
sented by a splendid collection of pictures, among which 
are ‘‘ The Prodigal Son” (Tissot), ‘‘ A Prisoner” (Corot), 
portraits of Columbus by Benjamin Constant and Laurans, 
and ‘‘The Holy Women at the Sepulchre” (Bouguereau), 
The French section contains 500 oil paintings, 200 draw- 
ings, 150 pastels and water-colours, and many etchings. 


Oregon has adopted a unique and practical method of 
displaying the woods produced in that State. At Jackson 
Park there has been erected a house constructed entirely 
of Oregon woods. It is 10 ft. squareand 19 ft. high, and 
is surmounted by an open cupola. The body of the 
structure is of yellow pine. The roof, which is of red 
cedar shingles, issupported by four Doric columns. The 
columns are of maple, and are very richly carved. The 
roof of tbe cupola is also supported by four small Doric 
columns of carved oak. The exterior is furnished with 
panel work containing about all the woods of the State, 
among which are manzanita, madrone, yew, laurel, myrtle, 
ash, maple, oak, spruce, balm, fir, sugar pine, bird’s-eye 
pine, cherry, curly maple, and alder. The house forms 
the Oregon pavilion in the Forestry Building. 


President Cleveland opened the Chicago World’s Fair 
on Monday morning. The weather was dull and ungenial, 
but enormous crowds assembled both inside and outside 
the Exhibition. A procession, headed by the carriage 
occupied by the President and Vice-President, proceeded 
through the streets to the Exhibition Buildings. After a 
ceremonial, which included performances by an orchestra 
of 600 instrumentalists, the recitation of a poem on the 
incidents of Columbus’s vuyage, and an address by the 
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Director-General of the Exhibition, the President de- 
livered a brief speech, referring to the magnitude of the 
enterprise, and its significance as exemplifying the 
brotherhood of nations. He then touched a button which 
setin motion all the machinery of the Exhibition. A 
grand luncheon followed the inaugural ceremony, and the 
President subsequently proceeded to the foreign section 
of the Manufacturers’ Hall, where he was received by the 
foreign commissioners. 


Comparisons as to which of the foreign countries 
represented at the Fair will have the best show are still 
premature ; but down to the present Germany is dis- 
tinctly first favourite, and, strange as it may appear, 
Japan comes next. Great Britain and France compete 
closely for third place, with odds slightly in favour of 
France. There is a pretty general feeling that Britain 
has somewhat slighted the Exhibition, and visitors from 
the United Kingdom, whose number is daily increasing, 
are not a little surprised and disappointed to discover 
that their country, as a participant in the Fair, will 
rank only in the second class. Germany’s claim to 
priority seems to be universally acknowledged. She 
occupies in all about 500,090 square feet of space in the 
various departments. This is exclusive of the German 
village, which has a prominent position. There will be 
in all about 6000 German exhibits. The German official 
building at the north end of the Park eclipses all the 
other structures erected as headquarters for foreign 
commissions. It has cost 250,000 dols. Unlike most of 
the buildings at the Park, it is of solid stone, brick, and 
mortar. A curious fact connected with this building is 
that all the material, including the stone and brick, was 
brought from Germany. A considerable portion of the 
German exhibits will be shown in this establishment. 


England’s representation in the Art Gallery will be 
such as to command the admiration of all lovers of art. 
Many of the country’s most distinguished artists have 
combined to make this exhibit of the mother country the 
success it should be. All of the pictures have arrived, 
and will be hung as rapidly as possible. Sir Frederick 
Leighton, P.R.A., is president of the art commission, 
and J. W. Beck is secretary. Among the more note- 
worthy of the great number of pictures are the follow- 
ing, accompanied by the names of the artists: ‘‘The 
Garden of the Hesperides” and ‘‘ Perseus and Andro- 
meda,” Sir Frederick Leighton, P.R.A.; ‘‘ A Dedication . 
to Bacchus,” L. Alma Tadema, R.A.; ‘‘ Fireside Fan- 
cies,” Mrs. Alma Tadema; ‘‘ Herod’s Birthday Feast,” 
K. Armitage, R.A.; ‘'The Home Light” and ‘‘ Dancing 
down the Hay,” G. H. Boughton, A.R.A.; ‘‘A High- 
land Summer,” J. Brett, A.R.A.; ‘‘The Church Doors,” 
J. B. Burgess, R.A.; ‘‘ Romeo and Juliet ” and ** Wyck- 
liffe on Trial,” Ford Madox Brown; ‘‘Circe” and ‘‘ The 
Death of Cleopatra,” the Hon. John Collier; ‘‘The Re- 
demption of Tannhauser,”’ Frank Dicksee, R.A. ; ‘‘Summer 
Roses,” W. C. 'T. Dobson, R.A.; ‘‘ The Race for Wealth,” 
W. P. Frith, R.A. ; ‘‘ By the Sea of Galilee,” F. Goodall, 
R.A. ; ‘ Disaster,” Walter Langley ; ‘‘St. Paul’s”’ and 
“Louis XI.,” Seymour Lucas, A.R.A.; ‘‘ Hen and 
Chickens,” G. D. Leslie, R A. ; ‘‘ Conway Bay,” B. W. 
Leader, A.R.A.; ‘* The Fairy of the Glen,” J. McWhirter, 
A.R.A.; ‘‘The Gentle Craft,” H. Stacey Marks, 
R.A.; ‘‘Sons of the Brave” and ‘‘Féte Dieu,” P. R. 
Morris; ‘*‘ Westward,” Henry Moore, A.R.A.; ‘‘The 
Death of the Firstborn,” Ernest Normand ; ‘‘ The Rapids 
of Niagara,” Colin Hunter, A.R.A.; ‘‘The Traitor,’ 
John Pettie, R.A. ; ‘‘ Requiescat,” Briton Riviere, R.A. ; 
“The Gambler’s Wife” and ‘‘ A Passing Cloud,” Marcus 
Stone, R.A. ; ‘‘ Maternity,” John M. Swan ; ‘‘ Love and 
Life” and ‘‘ Love and Death,” the last two companion 
pieces by G. F. Watts, R.A. Nearly all the above artists 
will have other work on exhibition, and the collection of 
pictures by less prominent artists will be excellent. 


The great model of the Nicaragua Canal shown at the 
Exhibition is about 35 ft. long and 5 ft. wide, and gives 
a bird’s-eye view of the oceans, mountains, jungles, rivers, 
lake, and harbours, showing the advantages of this route 
for interoceanic communication. In order that nothing 
may be left for the imagination, the model is so con- 
structed that water will cover the oceans and lake and fill 
the canal and rivers. Standing by the model one may 
study the formation of the harbour at Greytown, on the 
Atlantic coast, then follow the canal traversing the 
swamp lands for ten miles, until it reaches the foot of 
the coast range. Here it climbs up the hills 100 ft. 
by three locks, entering a series of lagoons on the Limpio 
and San Francisco Rivers, which form natural channels 
to the great San Juan, the Ohio of Central America. 
At this point the Ochoa dam will raise the waters of the 
great river toa level with its source, Lake Nicaragua, 
giving slack water navigation to the inland sea. From 
Ochoa the old ’49ers who went to California over the 
Vanderbilt route will point out to their friends the 
famous rapids of Balas and Mico, the picturesque fort 
of Castillo, where Admiral Nelson won glory and 
Napoleon’s marines were vanquished; the dangerous 
crocodile-haunted rapids of Machuca and EI Tora, and 
soon, to where the flag of Fort San Carlos waves over 
the entrance to the great inland sea. Here the line of 
dredging through the volcanic ash at the bottom of the 
lake is shown, and the route past the island of Balsillos, 
where the wrecks of Commodore Vanderbilt’s steamers 
may still be seen; then under the shadow of the two 
voleanic cones, Madera and Omotepec, that tower 5800 ft. 
above the water, and then into Virgin Bay. From the 
bay to the Pacific Ocean the distance is only 12 miles 
and the highest pass only 45 ft. above the lake level. 
The canal passes about four miles south of the city of 
Rivas. About half-way to the ocean the ships will enter 
the artificial lake of Tola, then go down 110 ft. by three 
Li into the quiet waters of the Pacific at the harbour 
of Brito, 
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LAUNCHES AND TRIAL TRIPS. ; 

THE new racing cutter yacht Deirdré, 20 tons rating, 
has just had her outfit completed in Gourock Bay, and, 
having had a satisfactory trial cruise on Thursday of last 
week, sailed for the Solent on Wednesday. The Deirdré 
is a composite cutter, and has been built for Lord Dun- 
raven by Messrs. John Reid and Co., Limited, White- 
inch, from the design of Mr. G. L. Watson. 

Messrs. R. Napier and Sons, Govan, launched on 
Thursday, April 27, a steel screw steamer, built to the 
order of Messrs. William Sloan and Co., Glasgow, for 
their Channel trade. The new steamer has been specially 
designed for service between Silloth and Dublin, calling 
en route at Douglas, Isle of Man. Her general dimen- 
sions are: Length of keel and forerake, 230 ft. ; breadth, 
32 ft.; depth of hold to main deck, 14 ft. 10in. <Ac- 
commodation has been provided in the poop for about 
seventy first-class passengers, and she will carry about 
450 head of cattle, besides cargo. 


The concluding steam trial of the battleship Ramillies, 
at Portsmouth, on Thursday, the 27th inst., under forced 
draught, was attended by Mr. Oram, from the Admiralty, 
the Chief Inspector of the Steam Reserve, and the 
Chief Constructor and Chief Engineer of the dockyard. 
Captain Burnell took charge of the ship, and the con- 
tractors (Messrs. Thomson, Limited, Clydebank) were 
represented by Mr. J. R. Thomson, Mr. G. P. Thomson, 
and Mr. J. G. Dunlop. The engines are substantially 
of the same pattern as those of the other ships of the same 
type. The propellers have four blades, a diameter of 
17 ft. 1 in., and a pitch of 18 ft. 7in. The vessel got 
under way from Spithead at 9 o’clock, steering a straight 
course for Beachy Head, and half an hour later every- 
thing was ready for the official four hours’ run. The 
contractors had covenanted for the engines to indicate a 
mean horse-power of 11,000; the first half-hour they gave 
12,000 horse-power and the second half-hour 11,900. As 
it was the desire of the naval officials to keep the returns 
as closely as possible to the contract power, the engines 
were subsequently eased down and the ship was run with- 
out incident to the end. As on the former trial, under 
natural draught, the uniformity characterising the action 
of the double set of engines was noteworthy. The mean 
pressure of steam in the boilers was 1503 lb., the vacuum 
284 in. and 27.7 in., and the revolutions of the starboard 
and port engines, 102.7 and 102.4 a minute. The mean 
power developed during the four hours was 5831 star- 
board, and 5718 port, resulting in a collective indicated 
horse-power of 11,549, obtained with the unusually low 
air pressure of .35 in., and a consumption of coal 
( ‘‘ Harris’s ” deep sea navigation) amounting to 2.17 lb. 
per indicated horse-power per hour. On the conclusion of 
the engine trial, the telegraphs, capstan machinery, and 
steering gear were successfully tested. 


Messrs. A. and J, Inglis, of Pointhouse, Partick, 
Glasgow, successfully launched the large cutter Calluma 
on Monday, May 1, and on the 3rd she left the yard com- 
plete. Her keel was laid on the blocks on February 27 
(see page 231 ante), just nine weeks ago. The two other 
large yachts building in the neighbouring yard, although 
ordered earlier, have not yet been completed. In regard 
to her principal dimensions, the Calluma differs but little 
from the Prince of Wales’s cutter Britannia, and Lord 
Dunraven’s Valkyrie, her length on the water-line being 
about 86 ft., and beam about 22 ft. The Calluma will, 
however, be the longest of the three over all in conse- 
quence of her having great forward overhang. The 
Calluma is what is known in America as a “ ballast 
fin” boat, and she showed a very sightly top when afloat. 
She has been built from a design by Mr. W. Fife, jun., 
of Fairlie, N.B., for a syndicate of Clyde yachtsmen, of 
which Mr. P. Donaldson will be the responsible owner. 
The Calluma is the first challenger for the Cape May 
cup. She is no mereshell, but is comfortably fitted below 
for cruising; in fact, she has everything a cruiser requires. 


The new first-class gunboat Alarm, built at Sheerness 
Dockyard under the Naval Defence. Act, and supplied 
with triple-expansion engines by Messrs. Penn, illus- 
trated recently in ENGINEERING (page 280 ante), arrived 
in Sheerness Harbour on Monday evening, upon the 
successful termination of an eight hours’ full power 
trial, under natural draught, with the engines working at 
223 revolutions per minute. A mean of 2593 horse-power 
was developed, with a speed of 18 knots. The speed is a 
quarter of a knot in excess of the estimate of her de- 
signers. The average power develcped in the first five 
hours was 2750, but during the last three it was reduced 
to bring the mean down to about the contract. The 
mean air pressure was .8 in., the contract allowing 1 in. 
Forced-draught trials of three hours’ duration were run 
on the 3rd inst., when the engines, running 2624 revolu- 
tions, indicated a mean of 3884 indicated horse-power, 
or 384 indicated horse-power over the guarantee, with 
148 lb. steam pressure and 2.17 in. air pressure, while 3 in. 
are allowed. The vacuum was 27.5 in. The speed of 
the vessel was 19.6 knots. On examination of the boilers 
after the trial there was no evidence of any ill effects 

_from the application of the forced draught. At the 
trials Mr. Oram attended on behalf of the Admiralty, 
Mr. Moon representing the Steam Reserve, and Mr. 
Pattison the Dockyard. Mr. J. P. Hall represented the 
machinery contractors. 


Messrs, David and William Henderson and Co. 
launched on Saturday from their yard at Meadowside, 
Partick, the composite cutter Valkyrie, which they have 
built for Lord Dunraven from designs by Mr. G. L. 
Watson. The vessel, as is well known, is to represent 
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this country in the forthcoming race for the America 
Cup. She will be sailed by Captain Cranfield. She is 
handsomely fitted on a plan similar to that followed in 
the construction of the Prince of Wales’s yacht Britannia, 
which was launched from the same yard last week, and 
briefly described in last week’s issue. 


Messrs. David J. Dunlop and Co., Port-Glasgow, 
launched on Saturday, the 29th ult., a steel twin-screw 
steamer for the Royal Niger Company, Chartered and 
Limited, London. The vessel has been built under Board 
of Trade survey, and is of the following dimensions : 
Length, 204 ft.; breadth, 35ft.; depth, 15ft., with a 
gross tonnage of about 800 tons. She has been specially 
designed for light-draught service, and for the purpose of 
carrying palm oil on the West Coast of Africa. The 
vessel is being supplied by her builders with two sets of 
triple-expansion engines, having cylinders 11 in., 18 in., 
and 28 in. in diameter, by 27 in. stroke. 


Messrs. Ramage and Ferguson (Limited), Leith, 
launched on Saturday, the 29th ult., a steam yacht of 
about 650 tons, built for Mr. John Lysaght, St. Vincent’s 
Iron Works, Bristol, and designed by Mr. G. L. Watson. 
The principal dimensions are 185 ft. by 27 ft. by 18 ft, 
m.d. She is fitted with triple-expansion engines having 
cylinders 18 in., 29 in,, and 47 in. by 33in. stroke, sup- 
plied with steam from a large single-ended steel boiler, 
working at 160 lb. pressure, 


Messrs. David J. Dunlop and Co., Port-Glasgow, 
launched on the 2nd inst. the s.s. Delaware, built for the 
Anglo-American Qil Company, Limited, London, for 


carrying petroleum oil in bulk, for which the vessel has 
been specially designed, being divided by strong *thwart- 
ship bulkheads into ten oil-tight compartments, which 
are again subdivided by a longitudinal bulkhead in the 
middle line of the vessel. At the forward and after end 
of the oil compartments is a 4-ft. well, extending the full 
breadth of the vessel, and carried up to the height of the 
spar deck. The fore hold, fore peak, and after peak, and 
tanks under the engines and boilers (the latter built on 
the cellular principle) are all arranged for carrying” 
water ballast for trimming purposes. The dimensions of 
the Delaware are as follows: Length, 345 ft. ; breadth, 
44 ft. ; depth moulded to spar deck, 31 ft. 6 in. Gross 
tonnage, about 4000 tons. The machinery consists of a 
set of triple-expansion single-screw engines, having 
cylinders 27 in., 434 in., and 70 in. in diameter by 51 in. 
stroke, fitted with Brown’s steam and hydraulic steam 
starting gear, steam turning gear, &c. There are two 
large double-ended boilers, constructed for a working 
pressure of 160 lb. per squareinch. The oil pumping 
machinery consists of two ‘“‘Snow” duplex pumping 
engines 14 in. by 14 in. by 12 in. placed in a pone 
amidships ; these pumps are capable of a combined maxl- 
mum output of 1000 tons per hour. In the same pump- 
room there is placed a “Snow” pump, size 8 in. by 7 in. 
by 10in. arranged to fill and empty the wells and forward 
ballast tanks, 


PETROLEUM IN GERMANY.—The German - American 
Petroleum Company has purchased land in the neighbour- 
aan of Berlin with a view to the erection of petroleum 
tanks, 
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WIMSHURST INFLUENCE MACHINE. 
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Mr. Wimsuvrst’s untiring activity in the cause of 
electrical science has brought about the construction 
of another influence machine, differing entirely in con- 
struction and method of working from the type with 
which his name has hitherto been associated. From 
the illustration above, it will be seen that the new 
machine consists of two discs of plate glass, each 
3 ft. 5 in. in diameter and fin. in thickness, mounted 
on one boss and spindle, about ¢in. apart. This spindle 
is driven by a handle, and the discs rotate in one 
direction. Within the space between the two discs 
are fitted four vertical slips of glass, two being 
situated on the right-hand side of the machine and 
two on the left. ‘The vertical edges of the slips which 
come nearest the spindle are cut to an angle of 15 deg. 
radially ; each of the two discs, therefore, is covered 
by the slips for nearly three-quarters of its surface, 
Upon each slip is a paper inductor, and on its lead- 
ing edge a brush, the brush and the paper inductor 
being metallically connected together. These brushes 
are of fine wire, and touch lightly upon the inner sur- 
faces of the discs. The glass slips are held in place 
by grooves at their top and bottom ends; they may be 
removed or replaced easily at pleasure. 

The outer surfaces of the discs are also touched 
by brushes. Two brushes to each disc take the place 
of the usual collecting combs and obtain the charges 
for outside use, while two other brushes remove the 
remaining portions of the induced charges, the trans- 
re being from one half of the plate to the other 

alf. 
These essential parts of the machine are fitted 
together within a glass case, and in every way the 
machine is so constructed as to be useful for experi- 
mental purposes. Owing to the large size of the 
dises and the necessarily limited dimensions of the 
case, the distances between part and part are small, 
and the length of the sparks is limited by the insulat- 
ing distances. 

All the glass under excitement is coated with 
shellac, and when the surfaces are in good condition, 
and the brushes new and in proper position, the 


machine is self-exciting, and quickly obtains its maxi- 
mum value. The direction of the electrical flow does 
not change even when the terminals are opened beyond 
striking distance ; the whole of the charges then pass 
by way of the neutralising brushes and circuit. When, 
however, the neutralising circuit is also broken, the 
electrical charges are not reduced, but then they 
change from positive to negative with each half-revo- 
lution of the discs. 

As anapproximate measure of the efficiency of the 
machine, the following experiments have been made : 

The glass throughout was held free from electrical 
excitement, and the discs were rotated sixty times 
per minute. The actuating cause was then removed 
and the discs left to come to rest; they did so after 
completing 47 revolutions. This may be accepted as 
the measure of the friction of the journals and the 
brushes. 

The discs were then similarly treated, but the 
electrical charges were allowed to form, when it was 
found the discs came to rest after completing 23 revo- 
lutions. The friction of the machine is therefore 
about equal to the electrical resistance (or the repul- 
sion of the electrical charges). 

Leyden jars, each having 8 square inches of tinfoil, 
were then connected to the terminals, and the terminals 
set 34in. apart. The discs were then turned to the 
same number of revolutions, and left to come to rest, 
which they did after producing 80 sparks of 3% in. 
in length. 

The discs were then steadily turned, and the numbers 
of sparks of several lengths were counted in relation 
to the rotation of the discs. This showed that, for 
each revolution, seven sparks of l-in. length, five of 
2-in. length, four of 3-in. length, and three of 44-in. 
length, were produced. 

Eight metal sectors (area 14 square inches in each) 
were then added to each disc. With them the self- 
excitement becomes so free that, before any circuit 
whatever is made, merely presenting a finger to the 
rotating disc causes an electrical discharge. When 
the circuits are made between the several brushes the 


plates appear aglow with electricity, and electrical 
charges shoot out for a large part of the circum- 
ference of the discs. These discharges may be 
heard for some distance, and remind one of the beating 
of the floats of a paddle-wheel. The display is, how- 
ever, wasteful ; the amount of waste may be measured 
by the fact that the discharges at the terminals are 
less by 25 per cent. than when the discs have no sectors 
upon them. When a pulley 3 in. in diameter was 
fitted to the spindle, and a weight of 15 lb. was sus- 
pended therefrom by a cord, the fall of the weight 
through 3 ft. produced 17 revolutions when no excite- 
ment was present, and only 10 revolutions when excite- 
ment was present. The same Leyden jars were then 
connected, and it was found that the fall of the 
weight through the 3 ft. produced 28 sparks of 34 in. 
inlength. Reducing this to the terms of work done in 
relation to the spark length, it will be seen that 1 lb. 
weight falling through rather less than 12 in. produces 
one spark of 3} in. in length. It must not, however, 
be forgotten that a considerable amount of electricity 
is also passing by the neutralising brushes and cir- 
cuits—at least as much as by the terminals; this 
amount has not yet been measured, 

The method of working of Mr, Wimshurst’s very 
popular original machine, which is now to be found in 
all science schools and colleges, is a subject on which 
differences of opinion exist. The same may probably 
be said of the present machine. The following theory, 
however, seems to satisfy the conditions, and is the 
one followed by Mr. Wimshurst himself. As the 
machine starts without any artificial excitement, it is 
evident that there must be a difference of potential 
between the discs and the plates at all times, due to 
the differences that exist in the atmosphere. Let us 
assume that the discs revolve in the direction of the 
hands of a watch, and, following one disc, imagine a 
small positive charge upon it just above the fixed 
glass slip on the left-hand side. This charge will be 
carried forward until it reaches the brush attached to 
the fixed slip on the right-hand side; immediately 
this charge will diffuse itself over the paper inductor, 
leaving a free positive charge on the face of the disc in 
the neighbourhood of the inductor. This charge 
will be caught by the upper brush on the glass rod, 
and delivered to the terminal above. Any remaining 
charge will be carried forward to the lower brush and 
delivered to the neutralising circuit, which is con- 
nected by a wire in the base of the case to the upper 
brush on the glass column on the left of the machine. 
This brush is in contact with another part of the disc, 
and thus imparts to it a positive charge ready to be 
carried forward as described. The part of the disc 
leaving the inductor on the right-hand side carries on 
its face a negative charge, which plays the same part 
in relation to the left-hand inductor as that we have 
already described, and imparts a negative charge to 
the terminal ball on the left of the machine. 

This machine is likely to be exhibited shortly to the 
Physical Society, of which body Mr. Wimshurst is a 
Member of Council. 


PrRopvucTION OF MANUFACTURED TRON IN THE UNITED 
Kinepom.—The production of puddled bar in the United 
Kingdom in 1892 was 173,205 tons less than in the 
previous year, a decrease equal to about 10 per cent., the 
total having been 1,560,697 tons, instead of 1,733,902 tons 
asin the previous year. South Staffordshire and Wor- 
cestershire make about a third of the total, yet their out- 
put is fairly well maintained, the reduction being only 
about 5 per cent., while Cleveland, the next largest pro- 
ducing centre, has a decline equal to 32 per cent., due un- 
doubtedly to labour difficulties. Scotland comes next 
with 216,510 tons, practically the same as in the preceed- 
ing year, but this is far below the average of some years 
of prosperity. Lancashire, with a total of 214,084 tons, 
has increased her output fractionally, the only other in- 
crease being one of nearly 25 per cent. by Shropshire, 
which last year turned out 41,828 tons. North Stafford- 
shire made 158,826 tons, showing a decrease of 6.8 per 
cent. ; Yorkshire, 130,662 tons, a decrease of 8.4 per 
cent, ; and the other districts have lessened their make in 
even greater ratios, 


STEAM SHIPPING.—Messrs. H. £. Moss and Co., Liver- 
pool, in their half-yearly circular, comment on the de- 
pressed state of shipping, remarking that they cannot 
see any rift in the clouds, and fear that any permanent 
improvement cannot be looked for this year. hat 1894 
will be, must be determined by those most interested, 
who have the power in their own hands by not increasing 
the tonnage, and only building such vessels as they may 
require for their legitimate business. In the half-year 
80,000 to 100,000 tons have been removed from the active 
list, and many other vessels of this class of obsolete ships 
will shortly follow suit. Rather an active demand has 
set in for good second-hand vessels of 2000 to 3000 tons 
deadweight, and about 60,000 tons register have lately 
changed hands, but at prices that must have nearly 
broken the hearts of the original investors. There is no 
doubt that in certain trades good second-hand vessels of 
Jow value can still earn a moderate living. The depres- 
sion has been particularly disastrous to single-ship com- 
panies. Freights are abnormally unremunerative, and 
the firm fears they will remain so whilst tonnage is so 
much in excess of trade requirements, 
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INDUSTRIAL NOTES. 

THE memorandum of the labour correspondents to 
the Board of Trade states that the number of strikes 
that commenced in the month under review was 
larger than usual, there being 59 reported, as against 
37 in the previous month and 39 in the corresponding 
month of last year. Of the total no fewer than 22 
occurred in the mining industries, 12 in the building 
trades, five in the shipping and dock branches, four in 
the shipbuilding trades, and four in the textile trades. 
The remainder were in the miscellaneous trades of the 
country other than those enumerated. The settle- 
ment of the cotton dispute enabled a large number of 
workpeople to resume work, not only in the textile 
branches, but in other trades of the districts more or 
less affected by that dispute. The closing of that dis- 
pute has changed the proportions out of work con- 
siderably. The demand for labour is described as 
having been steady, mostly with an upward tendency, 
though below the average of the last three years. In 
April, 1890, the proportion of unemployed was 1.7 per 
cent.; in 1891 it was 2.8 per cent. ; and this year 
it was 8.7 per cent. The increased proportion out of 
work is mainly in the engineering, iron, and cognate 
industries. The improvement in the building trades 
has checked the downward tendency on the whole, 
but the metropolitan printing trades have increased 
the number of unemployed. Of the 23 unions report- 
ing, embracing 294,136 members, twelve describe 
trade as bad, six as moderate, and five as good. Of 
the total number of members, 25,622, or 8.7 per cent., 
were out of work, a decrease of 890 compared with 
the previous month, or 1.2 per cent. less than in the 
last report. The general effect of the report is dis- 
appointing by reason of the fact that with genial 
weather trade has not shown any upward spring 
worth mentioning. The report emanates no longer 
from the Labour Correspondent, but from labour 
correspondents to the Board of Trade. 


The branches of the engineering trades represented 
by the Steam Engine Makers’ Society report a slight 
improvement in the state of trade and a decrease in 
the number of unemployed. But the prospects are by 
no means encouraging. In the metropolitan district, 
including Woolwich and Enfield, the Government are 
discharging men, the estimates for the year being less 
by 150,000/., or about 30007. per week, which the men 
interpret to mean a loss to that extent to the wage- 
earner. On the other hand, at the Government dock- 
yards there is still considerable activity, although no 
fresh hands are being taken on at the present time. 
The dispute as to wages of the engineering branches 
of trade at Hull is in a condition of suspense, because 
of the strike of seamen and dockers ; but the engi- 
neers declared by resolution against a reduction, and 
a meeting arranged with the employers is awaited 
with interest, but will not now take place till the 
strike of the other trades is settled. It is stated that 
numerous repairs are required and are in progress on 
the ships laid up, pending the settlement of the 
present dispute. Some dissatisfaction is expressed at 
the reduction on the Tyne and the Wear of 2s. per 
week, but the men were obliged to accept the reduc- 
tion because of the acceptance by others in the same 
branches of trade. Notices of a further reduction at 
Barrow have been given, and there appears to be an 
indication of contemplated reductions elsewhere. It 
appears that the sectional societies at Newcastle only 
consented to accept the reduction under protest, after 
the Amalgamated Society of Engineers had assented 
to the terms proposed as a compromise. The cohesive 
action which had been proposed by the federation of 
the engineering and allied trades has broken down, 
each body acting by itself on behalf of its own mem- 
bers. This is to a large extent inevitable, as was 
pointed out at the time in “‘ Industrial Notes,” for the 
interests of all sections do not always quite corre- 
spond, or, if they do, other factors have to be taken 
into account, as was done recently in that dispute. 


There is very little change in the general condition 
of the engineering industries of Lancashire, but what 
change there is seems to be for the better. Heavy 
engine builders and boilermakers are pretty fully 
employed, and rather more work is stirring amongst 
the locomotive builders ; but machine tool makers are 
only indifferently supplied with orders, and the general 
branches of engineering are still rather slack. If we 
turn to the several centres of engineering and cognate 
industries, there are signs of improvement in many of 
the towns. Bolton remains fairly good; at Black- 
burn, Bury, and Rochdale there are some signs of im- 
provement, and also at Wigan, with the exception of 
one firm. At St. Helens and Burnley work is steady, 
while Manchester shows improvement in some parts, 
but slackness in others and at Salford. Warrington 
is a little slack, and Barrow reports trade to be bad. 
At Preston also it is bad. On the whole, the tendency 
is better, but the signs of improvement are too slight 
to be able to predicate as to the future. The state 
of the iron trade does not indicate any prospect of 
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much greater activity, for generally it is extremely 
quiet, the weight of business is small, and the 
prices very low, especially for forward deliveries. 
The manufactured finished iron trade is very slow, 
and there seems to be no sign of any revival; 
nor is the steel trade much better. Thereare no labour 
disputes of any consequence in any part of Lanca- 
shire in connection with the iron, steel, or engineering 
and cognate branches of industry; but at Barrow 
notices are given of a further reduction, similar to 
that of last year. Trade is quiet at Barrow, as it is, 
indeed, at the neighbouring localities in Cumberland, 
and the keenness of competition is cutting down 
prices to such a point that employers are pressed to 
reduce the cost of production or close the works. 
There is no movement in any other part of Lanca- 
shire to reduce wages, and the rumours of such an in- 
tention some time ago have died out. 


In the Sheffield and Rotherham district the engi- 
neering trades are very dull and slack ; indeed, it may 
be said the state of trade is bad, and there are no 
real signs of a revival in those branches of industry. 
There are no evidences of any general reductions in 
wages in the district, and no disputes of any conse- 
quence exist at the present time. The disturbed state 
of the Central and South American States, and the 
condition of things in Australia, have affected the 
district adversely. 


In South Wales the disputes at some of the chief 
works between the Boilermakers’ Union and the com- 
panies have not been settled, although less is heard 
of the ‘‘blecking system” to which the men resorted 
a short time ago. There is one sign of prospective 
improvement, namely, the disposition on the part of 
buyers to purchase for forward delivery, but at the 
present low rates ; the makers, however, are chary of 
accepting such contracts, 


In the Birmingham district the engineering trades 
are very quiet still, though a few more men have 
secured work. In the iron market there has been a 
little more animation, and a fair amount of business 
has been done in some cases, but the orders were 
mainly for immediate requirements, very little being 
done for forward delivery. Pig iron was in good 
demand. The local trades are rather flat, but there 
are no signs of any serious trade disputes or wages 
reductions, the absence of which is a good sign, 
though a negative one, as regards labour. 


In the Wolverhampton district the reduction of 
ironworkers’ wages has not affected the selling price 
of iron, as was expected, But the volume of business 
has increased somewhat, orders having circulated 
more freely since the decision of the arbitrator. 
Generally speaking, the stocks of material on hand are 
low, and consequently the orders are for prompt de- 
livery. Foreign orders are for heavy lots, and the 
prices secured are better than was anticipated. This 
has produced a hopeful feeling of brighter prospects 
in the near future. 


The one absorbing topic in connection with labour 
during the past week has been with regard to the 
Hull strike, and its varied developments. The House 
of Commons conference wholly broke down, and all 
attempts to raise the question in the House were a 
complete failure. This failure was due rather to 
the methods of attempting it than to any want of 
sympathy with the cause of labour rightfully advo- 
cated. For example, the attack upon the poor-law 
guardians was not sustained by the facts, accurately 
stated, and the debate ended in a fiasco. Then there 
have been attacks upon the local authorities and upon 
the Government for the presence of the naval and 
military forces, but the state of the town of Hull and 
the incidents of the strike were shown to have ren- 
dered the presence of the forces justifiable under the 
circumstances. The great fires which have taken 
place, the riotous conduct of some of the men, and 
the attacks upon the ‘‘ free labourers” have made the 
local authorities and the residents timid as to the 
result of any withdrawal of the military and extra 
police forces. The timidity may be merely the out- 
come of fear, or it may have good foundation, but in 
any case the peacefulness of the town has to be pro- 
vided for by those responsible for law and order. 

After vain attempts to bring about a settlement, 
the week ended without any adjustment of the dif- 
ferences. Energetic action was taken by the leaders 
to provide relief for the families affected by the dis- 
pute, but all that could be done was to furnish 6s. to 
each man by tickets, for food and other requisites. 
This method of striking spells failure at the outset, 
and yet some of the leaders actually propose to in- 
crease the number of strikers, without means of sup- 
port, by a further number of from 50,000 to 60,000 
men, 

Although no general strike has been agreed upon, 
the idea being scouted by some of the more active 
leaders, yet both in London and some other ports a 
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partial strike, in connection with the Hull dispute, 
has taken place. At the Victoria Docks, London, a 
strike of some 400 dockers took place towards the 
close of last week, because of the employment of fede- 
ration coalies on board the steamship Massachusetts, 
belonging to, or rather being unloaded by, Messrs. 
Scrutton and Sons, the ship being owned by the 
Atlantic Transport Line. The unionists drove the 
federation men off the ship on the first day, but on 
Saturday they returned to work under a strong escort 
of police. Later on the dockers struck on three other 
vessels that were being unloaded, It was stated that 
the firm of Messrs. Scrutton had offered to discharge 
the federation men on Monday, if the dockers returned 
to work, but the latter refused to work with the non. 
union men. At Newcastle the Tyneside labourers re- 
fused to unload a vessel because she belonged to a Hull 
owner, out of sympathy with the Hull men on strike, 
Similar action has been taken at Cardiff, Swansea, and 
some other ports, but the action has not been general. 
At a meeting on Tower Hill some of the men were in- 
censed against the unionist speakers for the action 
taken, and rather threatened to go in. Looking at 
the dispute all round, matters are very grave, and the 
threat of the leaders to organise a London strike if the 
Hull dispute does not end in favour of the men, is 
scarcely the way to succeed in the negotiations that are 
pending. ‘There is a lack of prudence both in spirit 
and action which is blameable at such a crisis. When 
negotiations are pending, it is the bounden duty of 
both sides to abstain from irritation as much as possible, 
If this sensible rule is departed from, failure is almost 
sure toresult. At present both sides seem determined 
to accentuate differences and increase the friction, 
each having its ultimatum, which is brandished in the 
face of the other. This is the attitude of war, not of 
peace. 


The preparations for the Eight Hours Demonstra- 
tions have occupied the attention of numerous labour 
organisations during the week, and in most cases they 
may be said to be fairly complete. That to take place 
in Hyde Park may be marred somewhat by the fact 
of two bodies having the management, with slightly 
divergent views. ‘The London Trades Council com- 
plain that the Hight Hours Committee have forestalled 
the Council in obtaining the vantage-ground in the 
park. Negotiations have been going on to obviate 
any difficulty in this respect, and therefore the antici- 
pated confusion may be averted. The trades in con- 
nection with the Council will enter by way of Hyde 
Park Corner, those of the Eight Hours Committee 
by the Marble Arch, the two contingents each form- 
ing a crescent, and facing each other somewhat in the 
form of an ellipse. 

Various preliminary demonstrations out of doors 
have taken place with the view of increasing the 
interest in the monster demonstration of Friday next ; 
but the Anarchists and others have also demonstrated 
against the legal eight hours day, on this occasion in 
Trafalgar-square and elsewhere. 

In the provinces some large meetings will also be 
held, but the miners confine their demonstrations to 
the Mines Bill only, though some will co-operate 
with the other bodies. 

On the Continent there is more stir than was antici- 
pated, in connection with the May Day “‘ celebrations,” 
though what the day is to celebrate is not yet quite 
clear, seeing that no real success has, as yet, been 
achieved. In France there will be many demonstra- 
tions, but that at Paris is rather doubtful as re- 
gards its nature and extent. At Marseilles there is 
some anxiety as to order, but at most of the other chief 
centres there is no such anxiety. In Denmark there 
will be several demonstrations. In Austria it is 
stated that the men will be discharged who leave their 
work on that day. In Spain care is being taken to 
preserve order. At Roubaix, in France, the municipal 
council is granting a subsidy of 20 francs to every 
society taking part in the demonstration. 


The preparations on the part of the miners for the 
debate on the Mines Kight Hours Bill on Wednesday 
were as complete as the most expert wirepullers could 
have made them. Their ‘‘ case” was published some 
time ago, and a few days before the debate a ‘‘ whip” 
was sent out by the officers of the Miners’ Federation. 
The employers also sent out an elaborate ‘‘case ” 
against the Bill, but the men were ahead of the em- 
ployers in general preparation and arrangement. It 
was not known until a short time prior to the discus- 
sion on the second reading of the Bill who would 
move its rejection, when it was announced that Mr. 
Thomas and Mr. Joicy, both coalowners, would 
undertake the task. This was a much better ar- 
rangement than for either Mr. Fenwick or Mr. John 
Wilson to move the rejection, because those two 
members have to run the gauntlet of men of their 
own class, with the additional force of all their 
political opponents. Neither of those two representa- 
tives of labour would have shrunk from the task, for 
they are convinced of the difficulties and dangers of 
such legislation, and have, moreover, at their backs 
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the voice of their constituents. But their action is 
misrepresented as being opposed to shorter hours, 
whereas they are only opposed to the method—that 
of compulsion by law. ‘The estimate of the forces for 
and against the Bill proved quite inaccurate. The 
majority was no less than 78, against a minority of 
109 last year. A strong effort will be made to get 
the Bill into Committee, and to pass it this year. But 
the affirmation of the principle of the Bill is one thing, 
the settlement of its details in enacting clauses is 
another, and many think that, having assented to the 
principle, they have discharged their obligations to 
their constituents, whose votes helped to secure their 
return. But the Bill having been so strongly affirmed, 
it is a duty to give it effect by legislation. But the 
final issue of the measure will be very different from 
the meagre provisions in the Bill now before the House. 


The coal crisis, as it is called, is getting somewhat 
acute. It appears as though the fighting ground 
chosen is to be the Forest of Dean, The employers 
demanded 20 per cent. reduction; the men rejected 
the proposals. The men feel that they had better 
risk a strike, and get 10s. per week, than be thrown 
idle by the stoppage of the pits, with no payfrom the 
union. The first pay of 10s. per man was made by 
the federation last week, and the local labour asso- 
ciation propose to pay an extra shilling for each child. 
In the discussion on the question it is stated that 
many of the pits do not pay for the working, and that 
a stoppage is necessary in any case, or a substantial 
reduction in wages. 

In some of the mining districts of Lancashire there 
have been local disputes, and in one instance a strike 
appears to be imminent. At another the situation is 
rather acute, the men declaring that a very large re- 
duction is being effected by the management. At 
another there is some friction as to the terms for 
getting coal. In all these cases efforts have been made 
to avert a strike, if possible. 

In the Midland coalfields there have also been some 
local disputes, and things seem tending towards a 
rupture. The Granville strike still continues, and 
there seems to be no approach towards an amicable 
settlement, though there has been some talk about 
arbitration in the locality, 
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Testing Machine.—A small hydraulic machine of the 
single-lever type was employed, the general arrangement 
of which is shown in Figs. 3 and 4. The load is 
applied by an hydraulic ram, and measured by weights 
carried at the end of a bellcrank lever working upon steel 
knife-edges. The maximum tension that could be exerted 
on the specimen was two tons, and the leverage was 
twelve times. The little appliance employed for deter- 
mining the limit of elasticity is shown in Figs. 5 and 6; 
it consists of aframe carrying two multiplying levers, 
to the second of which is attached a mirror. A ray of 
light is allowed to fall upon this in a direction parallel to 
the axis of the machine, and is reflected upon ascale 50 in. 
distant. The frame is supported upon three hardened 
steel screws, two of which are sharpened and rest in slight 
centres punched in the test rod, being held in them by 
spring clips. One of these two screws, however, is con- 
nected to the frame by means of the first of the multiply- 
ing levers ; and hence any elongation of the rod isgreatly 
multiplied by the mirror. The elongation is by this 
Means magnified to the extent of 2000 times. The total 
length of each specimen was about 7 in., and the length 
between the jaws was 4 in. 

The calculations for the strength of the rods were made 
both upon the original and upon the final areas which the 
rods assumed before fracture ; but the final section was 
not in all cases easy to determine. The rods usually 
fractured in one of two ways. Either the rod broke sud- 
denly when the case presented no difficulty ; or some- 
times the metal did not break until it had become drawn 
out to a fine knife-like edge. In thelatter cases the beam 
of the machine dropped rapidly ; and in some trials it was 
found that, by carefully measuring the place of stricture, 
and then applying again a diminished load, further exten- 
sion did not occur until the load per unit of area of the 
constriction equalled the maximum load that had been 
previously applied to the rod; and that, when this load 
was exceeded, a further rapid constriction would oceur. 
On account of this fact, in all cases where such rapid flow 
occurred, the area taken for calculation was that of the rod 
immediately prior to the constriction taking place. The 
tenacity of the worked and annealed electrotype copper, 
which forms the basis of the experiments, is given in 
curve No. 3, Fig. 7. The metal, as already stated, 
proved to be singularly pure. 

_In view of the great difficulty of obtaining large quan- 
tities of pure copper, it is not easy to see what better 
method could have been adopted. Nevertheless such 
Irregularities as are shown by the respective curves 
plotted in Fig. 7 are probably due, less to variations 
im the duration of the test, than to want of uniformity 
either in the amount of work done upon the samples 
tested, or in the annealing to which the test-pieces were 


* Paper read before the Institution of Mechanical 
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TABLE I.—Tensitp TESTS OF PURE AND VARIOUSLY ALLOYED Copper RODS SUBJECTED TO VARIOUS 
MECHANICAL TREATMENT. 


8 gree of Cross Sigil pe Strength) 4 
a = ection. a er Square Inch : 
° | Tempera- | re Pie 2s 
5 ture of ak |p aaae & 8 aid ple ah) Med wee: Description of Rods. 
2as Rod. a9 7 SS | = |On Ovi . el 
a3 | Bg | Origi- | pina, | 2S | SB ginal (OFinal| $6 
Sey | ies nal. | 6 |aq| 2 Area om 
A ° 3) a Area, ay 
dg. C. dg. F.} in. sq. in. | sq. in. Ibs!) Ve 1b, 
1 20 = 68 0.234 | 0.0430 | 0.0353 | 0.82 | 1068 | 24,840 | 30,250 20.0 | Copper containing 1.2 per cent. arsenic. Rods 
2 | 1830 = 266 | 0221 | 00384 | 0.0330 | 0.86 | 786 | 20,470 | 23,820 16.6 | tested as cast, without preliminary working. 
3 | 224 = 435 | 0.226 | 0.0401 0.0302 | 0.75 660 | 16,460 | 21,850 15.0 | Fractures like those in set containing 1.5 per 
4 | 266 = 5LL 0.240 | 0.0452 | 0.0415 | 0.92 648 | 14,340 15,620 4.0 | cent. arsenic (tests 39-44). 
5 | 346 = 655 0.229 | 0.0412 | 0.0327 | 0.79 612 | 14,860 | 18,720 10.0 
6 15= 69 0.218 | 0.0373 0.0333 | 0.89 672 | 18,020 | 20,180 20.0 Very pure copper with 0.1 per cent. bismuth 
7 | 101 = 214 | 0.193 | 0.0292 | 0.0265 | 0.91 336 | 11,510 | 12,680 15.0 added. Rods testedas cast. All exhibited a 
8 | 162 = 324 0.195 | 0.0299 | 0.0299 | 1.00 | 168 | 5,620 5,620 12.0 columnar structure, in some cases developing 
9 | 199 = 390 0.218 | 0.0373 | 0.0373 | 1.00 | 144 | 3,860 3,860 0.0 very striking planes of fracture, 
10 | 274 = 525 0.208 | 0.0340 0.0333 | 0.98 168 | 4,940 5,050 0.0 
11;! 292 = 658 0,223 ' 0.0390 | 0.0387 ' 0.99 108 2,770 | 2,790 0.5 
Effect of Working upon Rods of Pure Copper, Cast Side by Side. 
12 18= 64 se ae 0.0206 ae 1104 | se 53,600 12.0 Worked. Fracture red, fibrous. 
13 | 18= 64 | 0,269 | 0.0568 | 0.0415 | 0.73 | 6841 12,040 | 16,480 5.0 | Not worked. Fracture short crystalline. 
Effect of Slow and of Rapid Cooling upon Rods of Pure Copper, Cast Side by Side. 
14 18 = 64 | 0.246 | 0.0475 | 0.0380 | 0.80 | 876) 18,450 23,050 200 | Not worked. 
1h 4 18 = 64 0.248 | 0.0483 | 0.0291 , 0.60 | 1188 | 24,600 | 40,840 7.0 | Hammered, heated, and quenched. 
16.) 18 = 64 | 0.270 | 0.0572 | 0.0410 | 0.72 | 1814 | 31,720 | 44,250 | 21t033 AS a slowly cooled. 
Effect of Slow and of Rapid Cooling upon Rods Containing 0.2 per Cent. Arsenic, Cast Side by Side. 
17 18 = 64 0,241 | 0.0456 | 0.0299 | 0.65 | 984 | 21,580 | 32,910 | 30to 40 | Not worked. 
18 18 = 64 | 0.225 | 0.0398 | 0.0289 | 0.73 | 1200 | 30,150 | 41,530 30.0 Hammered, heated, and quenched. 
19 18 = 64 | 0,218 | 0.0378 | 9.0266 | 0.71 | 1140 | 30,570 | 42,850 | 20.0 5 i slowly cooled. 
Effect of Heating and Quenching Alone, without other Work, upon Rods of Pure Copper, Cast Side by Side. 
20 18 = 64 0.241 |{ 0.0456 ) 0.0389 | 0.85 | 900 | 19,740 | 23,130 | 35.0 | Tested as cast. 
21 18 = 64 0.238 | 0.0445 | 0.0235 | 0.53 | 914 | 20,540 | 38,900 | 21to42 | Tested after having been heated and quenched 
| three times in succession. 
22 ti 62 0.210 | 0.0346 | 0.0211 | 0.61 | 1044 | 30,170 | 49,480 37°01 | This set of rods was made from copper of a 
23 15= 59 0.197 | 0.0304 | 0.0130 043 900 | 29,600 | 69,300 27.0 high degree of purity. They were hammered, 
24 | 100 = 212 0.205 | 0.0330 | 0.0283 0.86 | 1020 | 30,920 | 36,040 | 30.0 rolled, and slowly annealed. All gave 
25 | 102 = 216 0.210 | 0.0346 | 0 0204 | 0.59 984 | 28,450 | 48,240 30.0 fibrous fractures, passing into granular as 
26 | 151 = 304 0.209 | 0.0343 | 0.0235 0.68 | 1032 | 30,090 | 43,930 | 23.0 the temperature of the test increased. 
27 | 218 = 424 0.187 | 0.0275 | 0.0133 0.48 798 | 29,020 | 60,000 , 25.0 
28 | 249 = 480 0.208 | 0.0340 | 0.0198 | 0.58 960 | 28,240 | 48,490 37.0 
29 | 325 = 617 | 0.188 | 0.0277 | 0.0149 | 0.54 702 | 25,340 | 47,130 21.0 
30 | 370 = 693 0195 | 00299 | 0.0165 0.55 630 | 21,070 | 38,180 20.0 
31 | 401 = 754 0.190 | 0.0283 | 0.0198 | 0.70 594 | 20,990 | 30,000 15.0 
32 | 470 = 878 0.180 | 0.0254 | 0.0238 | 0.94 552 | 21,730 | 23,190 | 
33 | 18= 64 0.225 | 0.0398 | 0.0289 | 0.72 | 1200 | 30,150 | 41,520 30.0 | Copper containing 0.2 per cent. arsenic. Rods 
84 | 106 = 214 0.210 | 0.0346 | 00201 | 0.58 | 1068 | 30,880 | 53,140 30.0 cast as described on page 10, and carefully 
85 | 144 = 201 0.200 | 0.0314 | 0.0218 0.69 | 972 | 30,960 | 44,590 21.0 worked and annealed like Nos, 22 to 32. 
36 | 249 = 480 | 0.205 | 0.0330 | 0.0188 0.57 948 | 28,730 | 50,420 30.0 
37 | 18= 64 | 0246 | 0.0475 | 0.0380 | 0.81 | 876 | 18,450 | 23,050 20.0 | Rods of very pure copper, tested as cast, with- 
38 1g= 64 0.241 | 0.0466 | 0.0389 0.85 900 | 19,740 | 238,140 35.0 out preliminary working. 
39 1609759 0.239 | 0.0449 | 0.0314 0.70 | 1188 | 26,460 | 37,830 20,02 | Copper containing 1.5 per cent. arsenic. Rods 
40 | 18 = 64 | 0,225 | 0.0397 | 0.0295 0.74 | 1008 | 25,400 | 34,170 |25 to 50| tested as cast, without preliminary working. 
41 (116 = 241 0.212 | 0.0353 | 0.0283 | .. 828 | 23,460 | 29,260 26.0 Fractures finely drawn at low temperature, 
42 | 415 = 419 | 0.230 | 0.0415 | 0.0299 | 0.72 | 807 19,450 | 27,000 37.0 and coarsely granular at high ones; and 
43 | 260 = 500 | 0230 | 0.0415 0.0214 0.51 | 762 18,360 | 35,610 ares paler in colour than those of pure copper, 
| gular 
44 | 308 = 586 0.230 | 0.0415 | 0.0415 1.00 624 | 15,030 | 15,040 0.0 
465) 1659 0.212 | 0.0353 | 0.0283 | 0.80 | 762 | 41,530 | 26,930 13 63| Copper containing 0.2 per cent. tellurium. 
46 15 = 69 0.215 | 0.0363 | 0.0211 | 0.58 840 | 23,140 | 39,820 | consi- 
| | derable 
47 15= 59 0.250 | 0.0491 | 0.04830 0.87 | 840 | 17,110 | 19,540 | 13.0 | Copper containing less than 0.05 per cent. 
| | | potassium, tested as cast. 
48 15= 659 0.225 | 0.0398 | 0.0808 0.77 | 916 | 23,020 | 29,740 11.0 | Copper containing less than 0.05 per cent. 
potassium, rolled and annealed. 
49| 18= 64 0.217 | 0.0370 | 0.0165 0.45 | 1236 | 33,420 | 74,900 37.04} Rods of very pure copper contaminated with 
50 | 100 = 212 0.205 | 0.0330 5G sia 1020 30,920 a 30,0 0.5 per cent arsenic. These were all cast in 
5L | 170 = 338 0.211 | 0.0350 | 0.0170 | 0.48 | 1020 | 29,150 | 60,000 35.0 one set, and very carefully worked and 
| | annealed. 
| 
52 | 170 = 338 0.215 | 0.0363 | 0.0139 | 0.38 | 1178 | 32,470 | 84,740 30.0 
53 | 258 = 496 0.213 | 0.0356 | 0.0154 | 0.43 | 1068 | 30,930 | 69,350 23.0 
54 | 340 = 644 | 0.206 | 0.0333 46: a5 9090 | 27,030 Pr 
65 446 = 835 0.205 | 0.0320 | 00277 | 0.84 600 | 20,000 | 23,820 13.0 
| | | 


1 Limit of elasticity 2600 1b. per square inch. 
per square inch. 


subjected. This is shown by the fact that the coefficients 
of contraction, found by dividing the area of the frac- 
tured surface of the test-piece by its initial area, while 
they vary, as do those given by André le Chatelier, from 
0.43 to 0.94, do not show the same uniform and progres- 
sive rise with the temperature of the experiment. The 
metal appears to be quite as ductile at the ordinary tem- 
perature as the samples tested by M. le Chatelier ; which 
tends to show that the annealing to which they had been 
subjected had been as complete as in his samples. The 
copper as cast, when tested at the ordinary temperature 
of 18 deg. Cent., or 64 deg. Fahr., showed a tenacity of 
18,410 lb. or 8.219 tons per square inch. Copper employed 
for industrial purposes is worked and annealed ; and, as 
already stated, this might raise the tenacity to 41,000 lb. 
or 18.3 tons per square inch, and upwards, and no 
amount of annealing would reduce the tenacity to that 
of the cast metal. The results of the tests are given in 
Table I. and in Fig. 7. 

Arsenic, Bismuth, and Antimony.—First as regards the 
effects of the presence of arsenic. The effect of arsenic 
on copper is shown by the curves Nos. 4, 5, 6, 7, in 
Fig. 7. Nos. 6 and 7 were not worked; if they had 
been, they would probably have come much higher. A 
series of four rods was carefully prepared of pure copper 
alloyed with 0.2 per cent. of arsenic, and the results 
obtained from the tests (Nos. 33-36) are given in Table 
I., and are plotted in the curve No. 4 in Fig. 7. The 
tenacity of pure copper at 300 deg. Cent., or 570 deg. 
Fahr., is 9.38 tons per square inch, with an elongation of 
34.6 per cent. (A. le Chatelier); while that of the 
arsenical copper, according to the results of the experi- 
ments now published, is 28,230 lb. or 12.6 tons per square 
inch at that temperature. It appears safe to conclude 
that the superior strength and ductility of arsenical 
copper is maintained at the temperatures attained 
by the plates of the fireboxes of locomotives; and it 


2 Limit of elasticity 4260 lb. per square inch, 
4 Limit of elasticity 8240 lb. per square inch, confirmed by a second test. 


3 Limit of elasticity 1193 lb. 


is harder than pure copper. This would explain the pre- 
ference of the makers of locomotive fireboxes for old brands 
of copper, supplied before the elimination of arsenic was 
so fully understood by smelters. This is borne out by 
some experiments recently made by Professor Hampe,* 
who has studied the effects of arsenic, antimony, and 
silicon, on pure copper. He employs very pure copper in 
the form of wire, having an initial tenacity of 49,120 lb. 
or 21,03 tons per square inch ; and shows that the effect 
of the presence of 0.351 per cent. of arsenic is to raise its 
strength to 72,380 lb. or 32.26 tons ; while with a larger 
proportion, 0.808 per cent. of arsenic, the strength is 
somewhat less, namely 69,380lb. or 29.7 tons. The 
influence of antimony appears to be even more marked, 
the strength of copper with 0.26 and 0.529 per cent. being 
respectively 73,800 lb. or 32.96 tons, and 77,900 lb. or 
34.77 tons. No attempt was made to ascertain the 
strength of these alloys at temperatures higher than 
those of the atmosphere. 

A curious form of fracture was presented by the rods 
containing bismuth. All exhibited a more or less quasi- 
fibrous fracture, and rather suggested that of a network 


of cells; but in a few cases a very fine surface as of 
cleavage planes was the result, an example of which is 
shown in Fig. 8. 

Questions of great interest are raised by the curves 
given in Fig. 7, which represent the influence of arsenic 
and bismuth on the tenacity of copper. The results of 
Professor Hampe’s experiments just referred to would 


* Chemiker Zeitung, May 25, 1892, page 726. 
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seem to show that antimony behaves like arsenic, and 
when present in small quantity greatly strengthens the 
copper. Bismuth, on the other hand, as the experiments 
submitted to the Committee show, renders copper singu- 
larly weak; and the peculiar behaviour of bismuth 
pointed to the necessity for a very close examination of 
its mode of action. For instance, curve No. 8, Fig. 7, 
represents copper containing 0.1 per cent. of bismuth. 
It was too brittle to work, and has at the ordinary tem- 
perature a tenacity of 18,000]lb. or about 8 tons per 
square inch; and when the members of the series are 
tested at graduated rising temperatures, the fall in 
tenacity is very rapid, and there is practically no elonga- 
tion. The effect of bismuth, however, does not appear 
to be quite proportional tothe amount present, as copper 
with 0.2 per cent. has a tenacity of only 7000 lb, or about 
3 tons per square inch. The prejudicial effects of bismuth, 
it would appear, do not vanish, even though but a trace 
be present. Jor instance, curve No. 3 is from singularly 
pure copper, but analysis showed it still to contain 0.002 
per cent. of bismuth. It worked well, and the entire 
series is strong, but the elongation is small, as shown by 
tests Nos. 12 and 14 in Table 1. 

Why bismuth, when present in amounts above 0.1 per 
cent., should differ so widely in its action from arsenic 
and antimony, is not at first apparent. According to the 
classification of Mendeleef, arsenic, antimony, and 
bismuth all belong to the same family, of which nitrogen 
is the type. It is true that the atomic volume of bismuth 
20.9 is higher than that of arsenic 13.2, or of antimony 
17.9; and therefore, according to the principle I have 
laid down, it ought to diminish the tenacity of copper, of 
which the atomic volume is only 7.1; but then the 
influence of arsenic and antimony should be exerted in 
the same direction as bismuth, though in a less degree. 
It soon became evident that a complex and tedious series 
of experiments could alone afford hope that the peculiar 
action of bismuth would be explained; and it was clear 
that the method detailed in the previous report was the 
one to follow in the attempt to determine what happens 
during the solidification of copper containing bismuth. A 
comprehensive series of alloys was prepared, and each 
member of the series was analysed in the metallurgical 
laboratory of the Royal College of Science; and the 
results will be given subsequently. Each alloy was melted, 
and the thermopile, protected by a very thin tube of fire- 
clay, was inserted in the molten mass, and its behaviour 
during cooling was studied by the aid of the autographic 
method of registration. The results of these experiments, 
which have extended over nearly a year, are shown 
in Fig. 9, and reveal a wholly unexpected fact in 
connection with the action of bismuth on copper. On 
the left of the diagram will be found the time tempera- 
ture curve of the cooling of the purest copper which could 
be obtained. This is also shown in Fig. 9 in the 
facsimiles of the photographs actually obtained. It will 
be observed that the portion of the curve which repre- 
sents the evolution of the latent heat of fusion is closely 
horizontal, and the angles are comparatively sharp. In 
general this is an indication of the purity of the metal 
under examination. An incidental point of interest de- 
serves mention ; there is a slight depression at the ex- 
treme left, which shows that surfusion took place, the 
copper having passed below the freezing-point before it 
actually became solid. The rest of the curves show the 
gradual fall in the solidifying point of the copper, pro- 
duced by the addition of increasing amounts of bismuth. 
The curves numbered 2 to 10 on the diagram have also 
the temperatures as ordinates and the times as abscisse ; 
but each curve has been arranged diagrammatically at 
such a distance from its neighbour that the abscissa of 
its higher initial point of solidification represents the 
percentage of bismuth it contains. Consequently the 
red mean curve drawn between these higher solidifying 
points will represent the curve of temperature of soliditi- 
cation of the entire series. 

It will be observed that each curve representing the 
cooling of a copper bismuth alloy has a second or lower 
point of solidification upon it, and that this lower point 
occurs at a constant temperature in each, very close to 
the melting point of bismuth itself ; consequently a line 
drawn through these lower points is approximately hori- 
zontal. The existence of a second point of solidification 
is evident even when the copper contains only 1 per cent. 
of bismuth; and this fact goes far to explain the peculiar 
action of bismuth upon copper. It would appear that, 
however poor or however rich in bismuth the alloy with 
copper may be, a portion of bismuth, containing perhaps a 
little copper, always remains fluid until the temperature of 
the mass has fallen to 268 deg. Cent. or 514 deg. Fahr., the 
point at which bismuth itself solidifies. The presence of 
a fluid constituent in an alloy, long after the mass itself 
has become solid, is doubtless the determining cause 
which enables the metal to assume a highly crystalline 
and consequently an intensely brittle structure. So far 
as the author knows, the cause of the peculiar behaviour 
of bismuth could not have been revealed by any other 
method of investigation than the one adopted, which is 
a direct outcome of the work of the committee, and of 
which an account was published for the first time in the 
previous report. 

Judging from their polished surfaces, the alloys of 
copper rich in bismuth are to all appearance as coherent 
as the alloys of copper and tin, which possess great 
strength and have such wide industrial application, as 
*‘oun-metal” and ‘‘bell-metal” for instance.  Bell- 
metal contains 75 per cent. copper and 25 per cent tin ; 
replace the tin by bismuth, and an apparently coherent 
alloy is produced. It is not sonorous, however, and has 
but little tensile strength; and the persistence with 
which a portion of the alloy remained fluid while the 
mass was cooling doubtless explains this weakness, On 
solidification nearly all the series of alloys reject a small 


portion of a very fluid alloy, which is squeezed to the 
surface, and may often be detached as a Jittle button. 
This fact explains a certain want of regularity in the 
curves, Nos. 3 and 6 for instance, as the analyses of the 
alloys were made after the cooling curves had been taken, 
and some portion of this rejected part of the alloy may, 
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of the presence of small quantities of foreign elements, 
such as aluminiun: or nickel, increases the endurance of 
the metal by rendering it less ductile. The case in point 
is a remarkable one, and serves to show how very com- 
plicated the question becomes when various impurities act 
on a metallic mass in presence of one another, 
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in a few instances, have been lost ; and a small source of 
error has thus been introduced, which was not recognised 
until the work was far advanced. Analysis proved that 
these detachable buttons consist of bismuth containing 
0.10 per cent. of copper ; a fact which is entirely in accord- 
ance with the recent observation of Heycock and Neville,* 
who have shown that bismuth is soon saturated with 
copper, as little as 0.4 per cent. of copper being sufficient 
to effect this, while as much as 1.0 per cent. of other 
added metals is required to effect the molecular saturation 
of copper. 

Before leaving the consideration of the effects of im- 
purities, so far as they have as yet been examined, it may 
be well to refer to the analysis of asample of copper given 
in the appendix. 

The metal was taken from a locomotive firebox which 
possessed singular endurance. The engine had been 
running for twenty years, and had covered 500,000 miles. 
Analysis proves it to be very impure, notwithstanding 
the fact that in specifications for the metal of which fire- 
boxes are constructed it is usual to direct that it shall 
not contain more than 0.5 per cent. of impurity. This 
sample contains as much as 1.3 per cent. of impurities, of 
which 0.4 is lead, 0.37 arsenic, and 0,3 nickel. At present 
no satisfactory explanation can be given of the singular 
qualities of this sample of copper; but the work of 
André Chateliert has shown that at 400 deg. Cent., or 
750 deg. Fahr., a temperature which is readily attained 
in fireboxes of locomotives, pure copper is singularly 
liable to disruption. Its very ductility is a source of 
danger, for even the deformation produced by successive 
expansions and contractions will destroy it. The effect 


* Journal of the Chemical Society, 1892, vol. Isi., 
page 888, 
t Le Génie Civil, 1891. 


Influence of Impurities on Annealing.—Experiments ar 
in progress with a view to ascertain in what order im- 
purities hinder the restoration to copper of its original 
strength and ductility, after it has been strained beyond 
the limit of elasticity. 


(Zo be continued.) 


THE CunarD Steamsuip ‘‘CAMPANTA.”—The new 
Cunarder Campania arrived at Sandy Hook at 5.24 on 
the afternoon of Saturday, April 29, having made the 
passage in 6 days, 8 hours, 34 minutes, said to be 
the fastest maiden voyage on record. The distance 
covered was 2869 miles, and the best day’s steaming 
showed 503 miles. She encountered strong head winds 
and a heavy sea on Thursday, and dense fogs on Friday 
and Saturday. The engines worked smoothly through- 
out, and were never slowed down except during the fog, 
but she was not specially pressed in the matter of speed, 
The Campania attracted great attention at New York, 
and was open for public inspection on Wednesday. 


Export of Iron ORE FROM GELLIVARA, SWEDEN.— 
During the first three months of the present year a total 
of 80,336 tons of iron ore has been conveyed down to the 
shipping port at Svartén. There are now two double 
trains running every day, and this will have to be con- 
tinued, as: altogether 300,000 tons have to be shipped 
during the present summer. Several steamers of as much 
as 21 ft. and 22 ft. depth have already been chartered 
for first open water. The Swedish Government has 
bought 250 ore wagons, which have hitherto been hired 
from the North Central Wagon Company, fifty wagons 
having been previously bought from the same firm. The 
State railways now possess 325 ore wagons on the 
Gellivara-Lulea line, ari 
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‘© ENGINEERING” 1 OR Tae PATENT 
CoMPILED BY W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names 
d&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


2123. W. C. Higgins, Norwich, New London, Con- 
necticut, U.S.A. Steam Generators, [18 Figs.] January 
81, 1893.—This invention relates to the draught flues of generators 
of the sectional type, the object being to enable the caloric pro- 
ducts of combustion to be efficiently utilised. The heater is pro- 
vided with a series of vertical draught flues communicating with 
each other at the top and bottom, one of which is provided with 
an exit and a bridge above it. The rearmost of the intermediate 
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sections is provided with a cross wall forming a flue chamber 
between the wall and rear section, this chamber being divided 
by vertical partitions into three flues, the middle one of which has 
a smoke outlet ; each of the intermediate sections is formed with 
horizontal flues corresponding in number and position with the 
vertical flues, and the front section is formed with a transverse 
io into which the horizontal flueslead. (Accepted March 22, 
1893), 


GAS, &c., ENGINES. 


8128. W. Hornsby and R. Edwards, Grantham. 
Gas, &c., Engines. [5 Figs.) April 29, 1892.—This inven- 
tion relates to engines operated by the explosion of mixtures 
of combustible vapour or gas and air. The piston is recessed 
at the middle of its length, so as to arrest any products of the 
explosion that pass the piston rings, and allow them to be 
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passed away throughahole. A partition of wire gauze divides 
the combustion chamber from the cylinder. The air drawn into 
the vaporiser is heated by passing through a pipe placed inside, 
this pipe being heated by the explosions. The valve-box is 
jacketed with water or oil to keep it cool. (Accepted March 15, 


1893). 
GUNS, &c. 


1816. F. Bex, Brightwood, Columbia, U.S.A. Guns, 
&c, (6 Figs.) January 27, 1893.—The object of this invention 
is to provide a moving platform for use in teaching naval gunnery 
onshore, so as to compensate for the rolling, heaving, and pitch- 
ing of a ship at sea. A strong drum forms the base of the 
Carriage which it supports, and which is fitted with means for 
rotating the carriage. In the drum is a cross-bar 1, in the 
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Middle of which the lower end of a vertical revclving shaft 2 is 
Stepped and held. On this shaft is mounted a series of platforms, 
and secured to it is a supporting collar 3, on which rests a bevel 
toothed wheel fixed on the shaft, and engaged bya pinion 6. 
From the centre of the platform B extend sleeves in a vertical 
direction. The top of the drum A carries a number of rollers on 
which the platform B revolves. In the middle of this platform 
is an upwardly projecting block with dovetail sides engaged by a 


slide, to which is attached the tilting mechanism serving to pro- 
duce the varying motion of the carriage. Tilting bars are pivot- 
ally connected to the opposite sides and ends of the slide 14, 
their upper and outer ends being jointed to the underside of the 
tilting platform ©. A bearing block is fixed on the platform B, in 
which a screw spindle is carried and operated by pulleys, The 
inner end of this spindle engages a screw thread with a cross- 
piece, so that when the spindle is rotated the slide is drawn in 
a corresponding direction, and the tilting bars are thus made to 
moye the platform C. On the platform B is an angular frame, the 
cross-piece of which has a threaded hole in which the screw of the 
spindleengages, In theside arms of the angular frame are racks 
engaged by teeth on vertical lifting screws with quick pitched 
threads and their bottom ends rounded. These threads take 
into nuts on the underside of the platform C, and pass up through 
it. The rear set of lifting screws have threads reversed to the 
front set, so that when one set is used to lift the carriage, the 
other draws in the opposite direction to assist in the operation. 
On the platform B is a support extending across it and con- 
stituting a fulcrum on which the platform C is hinged, rests, and 
tilts. On the latter are a number of rollers carried by bearing 
brackets and supporting a gun floor towardsits outer circumfer- 
ence. This has a ball-and-socket bearing connection with the ver- 
tical rod 2. The central aperture in the platform C is made larger 
than the diameter of the rod 2 to provide space for the tilting of 
the platform at this place. (Accepted March 22, 1893). 


1941, P. Mauser, Oberndorf-on-Neckar, Wurttem- 
burg, Germany. Bolt Guns. [6 Figs.] January 28, 1893. 
—This invention refers to breechloading small arms knownas bolt 
guns. The firing-pin @ is coupled with the pin-nut s and with the 
small lock 7 by forming upon the back part of the firing-pin, which 
is flattened on two opposite sides and slides in the corresponding 
shaped hole p of the small lock, a number of annular ribs, of 
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which one is broader than the others. Annular grooves are formed 
in the side of the pin-nut, which can be pushed over the firing- 
pin and correspond to the side ribs, so that the pin-nut can only 
be turned round upon the firing-pin through an angle of 90 deg. 
when it is in correct position with relation to the firing-pin, so 
ine sd nose can enter a slot of the small lock. (Accepted March 
22, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


16,655. H. F. L. Orcutt, London, (Ludwig Loewe 
and Co., Berlin.) Milling Machines. [9 VFigs.] Sep- 
tember 7, 1892,—This invention relates to a circular milling 
machine constructed with a rotary shaft for carrying a wheel, 
and with adjustable stop mechanism adapted to automati- 
cally throw the machine out of action when the work has been 
caused to turn to a predetermined extent in contact with the 
milling tool. The adjustable stop mechanism comprises a clutch, 
the endways movable part of which is connected with the 
driving pulley, and is provided with a spring adapted to put 
the two parts of the clutch out of gear, a catch being adapted to 


hold the parts in gear, The rotary shaft is formed with a screw 
thread and provided with an adjustable stop, a lever having one 
of its arms connected with the catch, and the other so arranged 
as to be acted upon by the rotary shaft when the latter has been 
moved endways through a predetermined distance. A half-nutis 
adapted to be put into and out of engagement with the rotary 
shaft, and a rock shaft is provided, with an arm adapted to disen- 
gage the nut from the rotary shaft, and with one for moving the 
two parts of the clutch into gear with each other, means being 
provided for operating the rotary shaft on the tool spindle. (Ac- 
cepted March 22, 1893). 


8413. A. G Brown, Bolton, Lancs. Bearings for 
Shafts. [10 Figs.] May 4, 1892.—This invention relates to 
bearings for revolving shafts. The bearing is constructed with 
end chambers, and with wells leading from them towards the 
centre. On the shaft within the chambers are rings or flanges 
for directing the oil which would flow out of the ends of the 
bearing into the wells, means being provided for raising the oil 
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from the wells near the centre of the bearing, and feeding it to 
the shaft. The bearings are made with curved surfaces above 
and below the line of the shaft, against which bear hollow 
blocks, the blocks being held in position by screws provided 
with nuts. These screws pass through slots in brackets secured 
to the carriers, and are adjusted and held in position by the nuts. 
(Accepted March 15, 1893). 


5464, E. B. Donkin and F. H. Bacon, London. 
Boring Machines, [10 Figs.] March 19, 1892.—This inven- 
tion has reference to a boring machine in which the boring bar Ais 
journalled in bearings C arranged toslide transversely in guide- 
ways D, and has fixed to each of its ends two cams, each adapted 


to work against a collar turning about a fixed axis, the arr : 
ment being such that when the boring bar is rotated, ‘tracts 
is caused, by the action of the cams against the rollers, to 
reciprocate transversely and cause the cutting point of the tool 
carried by the bar to travel in a curved path depending upon the 
form of the cams. (Accepted March 15, 1893). 


MINING AND METALLURGY, 


9188. _C. W. Burton, Nogent par Creil, France 
Rock Drills. [9 Figs.) May 14, 1892.—This invention relates 
toa hand-operated percussive rock drill, and consistsin means 
for rotating the boring tool, of automatic feed mechanism, and of 
means for regulating the force of the blow. The feed screw is 
situated in the longitudinal axis of the boring tool, which ig 


rotated by a pawl and ratchet gear M N, anda long spirally-toothed 
part Cand its pawl K. The percussive action is produced by a 
spring confined between the sliding crosshead G and an abut- 
ment I, which is adjustable by a nut J for regulating the initial 
tension of the spring. Cams F!, carried by ashaft F, act upon the 
crosshead G, (Accepted March 15, 1893). 


6990. W. O. Rooper and H. G. Tozer, Northamp- 
ton. Rock Drills. (3 figs.) April 12, 1892.—The object 
of this invention is to apply electrical power to drilling machinery, 
especially for mining purposes, so as to combine portability 
with rigidity. Upon the top of a small trolley A an upright drill- 
ing post B is vertically fixed, having upon its topmost extremity a 
jackscrew for temporarily securing it to the roof of the cutting, 
and carrying upon itself a metal sleeve capable of being moved up 
or down, tightening screws being provided for holding it in any 


position. Attached to this sleeve D are two trunnions which 
carry a metal frame projecting on each side of the sleeve, This 
frame carries at one end a small electric motor, driving a per- 
cussive or rotary drilling machine bolted horizontally at the 
other extremity of the frame. By means of a radius bar attached 


to this frame, and a set screw fitting into the sleeve through the 
bar, the frame can he raised or depressed to any angle, so that 
oblique as well as horizontal holes can be bored. 
March 15, 1898). 


2399. J. A. and S. Fletcher, Ashton-under-Lyne, 
(2 Figs.] 


(Accepted 


Lancs, Furnaces, February 3, 1893.—This in- 


vention relates to furnaces such as are used by brassfounders 
especially those in which the part which holds the crucible is 
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surrounded by an annular space for the purpose of heating the air 
before it reaches the burning fuel. Between the supporting 
block and the crucible, and surrounding the latter, is the fuel. 
b ie the refractory lining of the furnace carried in the inner shell 
bl, between which and the outer shell is an annular air space ¢ 
communicating by means of several orifices ¢ with the interior of 
an annular air supply pipe f by which the air is admitted and dis- 
tributed round theinner shell. By this means the temperature 
of the air is raised before it reaches the combustion zone in the 
interior of the furnace. gis the outlet for the products of com- 
bustion. Round the air supply belt f, and also at the bottom of 
the furnace, doors are provided giving access to the interior of 
the air supply belt, and the bottom of the furnace respectively. 
The hinged doors are so set and weighted as to remain set open 
when using induced draught, and to close the apertures when 
placed in position for using forced draught while acting as safety 
valves. (Accepted March 22, 1893). 


MISCELLANEOUS. 


6499. W. P. Thompson, Liverpool, (H. N. Hansen- 
Goos, Flensburg, Schleswig-Holstein, Prussia.) Valves. [2 
Figs.) April 15, 1892.—This invention relates to a cock intended 
to be employed where high pressures exist, and furnished with a 
balanced plug. This plug is made hollow, and the liquid passes 
first from the aperture of entrance e through two channels o half 
around the plug, and then enters from both sides into the plug 
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through apertures f, two other holes g from the outlet of the 
liquid being placed under the apertures f, and the liquid on 
going out at both sides being also conducted around the plug 
through the channels u to the outlet 7. The liquid is thus press- 
ing against both sides of the plug instead of pressing against one 
side only, and the plug is balanced. (Accepted March 15, 1893). 


2692. E. W. Naylor, New York, U.S.A. Cranes. 
[2 Figs.) February 7, 1293.—This invention relates to cranes 
which consist of a main jib pivoted to supports, and a supple- 
mental one, longer than the main one, lying outside of and 


pivoted to its free end; these two jibs being turned on their 
respective axes by independent motors carried on the main one. 
A fixed wormwheelis placed axially with reference to the mast of 
the jib, a worm being mounted on the latter, and a motor for 
operating the worm being provided. (Accepted March 22, 1893). 


7345. T. H. Ward, Smethwick, Birmingham. Re- 
gulating Valves. [1 /%g.] April 19, 1892.—This invention 
relates to regulating valves, and consists of a valve-box, with an 
jnlet branch at one side and an outlet at the other, this valve- 
box being made in halves, each containing an internally screwed 
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valve. These valves are secured together with a division plate 
communicating at the centre, in between them, and serving as a 
seat, front and back, to the valves. These valves face each other, 
and close on the plate from opposite directions when actuated by 
the right and left-handed screw provided for that purpose. Means 


are provided for centrally guiding the valve spindle and for allow- 
ing a slight automatic adjustment for the valves axially when 
closing. (Accepted March 15, 1893). 


9173. J.H. Annandale, Polton, Mid-Lothian, N.B. 
Breaking and Beating Engines for Making Paper 
Pulp, &c. [2 Figs.) May 14, 1892.—This invention relates to 
a breaking and beating engine having a conical roll A, which 
works in a conical casing B, the roll being armed with knives C, 
and knife bars D being fixed in the casing. The roll and 
casing are placed with their axis vertical and their larger ends 
downwards. The fibrous materials are put into a feed trough B, 
formed at. the top of the casing, which is flared outwards in 
form at about the top of the roll A. Water is admitted through 


perforations in a pipe F, encircling the casing, near the neck 
of the casing. The materials, after being operated on between 
the roll A and casing, pass off from the bottom by a pipe 
extending up tothe level of the water within the casing, the 
pipe G being provided with a sluice for rcgulating the rate of dis- 
charge. The shaft of the roll A is fitted with a belt pulley, and 
the footstep bearing is connected to an adjustably counter- 
weighted lever which is connected to a rod, having on its upper 
end ascrew handwheel, by turning which the shaft is adjusted 
vertically for varying the distance between the knives of the roll 
A and those of thecasing. (Accepted March 15, 1893). 


4671. J. Backhouse, Whitchurch, Hants. Ploughs. 
{11 Figs.] March 9, 1892.—This invention has reference to ploughs, 
and consists of means for regulating the depth and breadth of the 
furrows to be cut as the plough is being worked. Upon the plough 
beam and upright vertical shaft carrying the plough wheel, is 
fixed a bracket, into which passes horizontally a sliding block- 


piece, having a diagonal slot cut in it into which work to and 
fro, a pinand die projecting from the vertical shaft. To allow of 
the raising and lowering of the plough, a lever and rack are 
secured to the bottom of the plough body within reach of the 
ploughman, and to this lever is adapted a connecting-rod 
attached to the sliding-block piece by a hook. By pulling or re- 
leasing the lever, the plough wheels are raised or lowered. To 
regulate the width of the furrow a bracket is secured to the axle 
of the plough wheels, and asliding-block piece passes through it. 
A draught-rod and bracket are arranged so that the former can 
move freely from side to side, and thus enable the ploughman to 
steer. (Accepted March 15, 1893). 


3108. E. Hollingworth, Dobcross, Yorks. (G. F. 
Hutchins, Worcester, Mass., U.S.A.) Looms, [2 Figs.] Feb- 
ruary 11, 1893.—This invention relates to supplementary me- 
chanism for reversing the loom by power to move back the slay. 
The mechanism consists of a pivoted lever supporting a pivoted 
yoke carrying a pulley adapted to engage with the belt pulley, a 
second pulley adapted to engage the fast one, and intermediate 
gearing between the pulleys supported in the yoke. In order to 


convey power from the loose pulley to the fast one to reverse the 
loom by power, and move back the slay, a lever is provided 
pivoted at one end of the loom, with its front end adapted to be 
engaged and operated from the front of the loom, and its gear 
end adapted to extend under the loose and fast pulleys, and pro- 
vided with a pivoted yoke carrying two shafts, on each of which 
is mounted a pulley, and between which is intervening gearing. 
(Accepted March 15, 1893). 


_ 23,806... F. Richter, Rathenow, Prussia. Thresh- 
ing Machines. [2 Figs.) December 24, 1802.—This invention 
relates toa threshing basket for threshing machines, which is 
made to yield automatically whenever any hard foreign substance 
carried with the corn comes between it and the drum. The 
threshing basket ¢ is divided into two parts, and is held adjust- 


ably in place by the screw bolts b. At both ends of the threshing 
basket are flanges d, through which the bolts bare parsed locsely, 
the heads of the bolts normally bearing against the flanges, 
When the basket is moved backwards, the flanges slide on the 
bolts b. Fitted around the bolts are spiral springs which bear 
at one end against flanges, and at the other against tension nuts, 
and are sufficiently powerful to prevent the corn, when being 


threshed, forcing back the basket ; but when any hard substance, 
such as a nail, passes between the basket and the drum, the 
springs @ are by the movement of the flanges d compressed, ard 
the basket is pushed back sufficiently to allow the foreign sub- 
stance to pass without doing damage. When the foreign sub- 
stance has passed out, the springs expand again and force back 
the basket to its original position. (Accepted March 8, 1893). 


747. H. R. Griffin and T. Culpin, London. Con- 
trolling the Rakes of Reaping Machines. (3 Figs.) 
January 12, 1893.—This invention relates to means for controlling 
the rakes of reaping machines, the object being to prevent the 
possibility of collision between the rake arm and the switch, and 
while dispensing with the switch spring to make the controlling 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


A Larcr AMERICAN STEAMER.—The new Morgan Line 
steamer El Rio, built at the yard of the Newport News 
Shipbuilding Company, is the largest all-steel merchant 
steamer built under the American flag. She is 406 ft. long, 
with 48 ft. breadth of beam, and has a gross burden of 
4500 tons. Her coal consumption does not exceed 60 tons 
per day. 


Ralzs In THE UniveD StratEs.—In consequence of the 
great development of Ameriean metallurgical industry 
during the last decade, the Americans are now ning 
scarcely any foreign rails. Formerly they importe 
European rails (and especially British rails) upon 4 
liberal scale ; but now they practically supply their entire 
rail requirements. In 1870 the consumption of rails in 
the United States was 969,958 tons. In 1875, the total 
stood at 724,963 tons; and in 1880, at 1,564,756 tons, In 
1885 it declined to 979,167 tons, Since 1885 it has moved 
on as follows year by year: 1886, 1,642,125 tons ; 1887, 
2,277,469 tons; 1888, 1,459,980 tons; 1889, 1,527,765 
tons; 1890, 1,885,489 tons; 1891, 1,307,429 tons; and 
1892, 1,500,347 tons. In 1870, the imports of rails into 
the United States amouted to 356,387 tons. In 1875, the 
total stood at 17,364 tons; and in 1880, at 259,544 tons. 
In 1885, it had sunk to 2189 tons. Since 1885, the imports 
have moved on as follows year by year: 1886, 41,588 tons; 
1887, 137,829 tons; 1888, 56,280 tons; 1889, 5551 tons ; 
1890, 182 tons; 1891, 253 tons ; and 1892, 347 tons. Of 
course, the construction of new railroads has a good de 
to do with the consumption of rails in the United States. 
The progress made in the work of railroad establishment 
has fluctuated rather materially year by year._ The 
greatest activity was observable in 1882 and 1887. In the 
former year 11,569 miles of new American railroad were 
built, and in the latter, 12,878 miles. On the other hand, 
in 1875 only 1711 miles of new line were completed. 
Since 1885 construction has moved on as follows year by 
year: 1886, 8018 miles; 1887, 12,878 miles ; 1888, 6916 
miles; 1889, 5146 miles; 1890, 5498 miles; 1891, 4262 
miles ; and 1892, 4200 miles, ; 
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THE SPECTROSCOPE OF 
THE ALLEGHENY OBSERVATORY. 


THE spectroscope which is illustrated by our 
engravings on pages 664, 665, and 668, is the 
most important recent addition to the instrumental 
equipment of the Allegheny Observatory. Although 
not strictly a universal instrument, it is intended to 
be used for several different kinds of work, and to 
be eflicient in all of them. 

It is not an easy task to design a spectroscope 
which shall satisfactorily meet a number of very 
different requirements, and in presenting the Alle- 
gheny spectroscope as one solution of this difficult 
problem, it is well to point out that some additions 
and conveniences, which might easily have been 
added, wererejected because it was thought thatthey 
might compromise the utility of the instrument in 
some one of its applications. After testing the 
spectroscope in both visual and photographie ob- 
servations, although as yet only ina preliminary 
manner, Professor Keeler has found that there are 
very few changes that he would wish to make in 
the original design. The instrument is large and 
powerful enough to compare favourably with others 
of the highest class, designed for the same kinds of 
work, yet light enough to be readily mounted and 
dismounted, and to be carried by a telescope of 
moderate dimensions. The spectroscope is con- 
venient in use, and, most important of all, it is very 
rigid, and capable of yielding results of extreme 
precision. 

The Allegheny Observatory owes this splendid 
addition to its resources to Mrs. William Thaw, 
of Pittsburgh, who generously supplied the funds 
for its construction without any limitations what- 
ever. Hints for the design were gathered from 

-yarious sources: from previous experience with 
the Lick Observatory spectroscope, from Vogel’s 
spectrograph and other instruments, and from 
some very excellent spectroscopes which had 
been previously designed and made by Mr. John 
A. Brashear, of Allegheny, who was the constructor 
of the instrument now under notice. 

The main frame of the spectroscope consists 
principally of two rings, one large and one small, 
connected by three 1j-in. steel tubes. The upper 
and larger ring is 13 in. in diameter. It forms the 
principal support of the spectroscope, and is clamped 
to the flange of the end plate of the telescope by 
three stout screws, which are arranged as clips. 
When these screws are loosened, the spectroscope 
can be rotated around the axis of the telescope, and 
the reading of the circle on the end plate of the 
telescope tube gives the position angle of the slit. 
On throwing out the clips the spectroscope is 
detached from the telescope. 

A secondary support, which greatly increases the 
rigidity of the instrument, is formed by a smaller 
ring which fits accurately a slightly conical bearing 
on the lower end of the tail-piece. After the three 
large clamps have been tightened, this ring is also 
clamped, by a screw which is shown in our en- 
gravings. 

The lower ring is 6 in. in diameter. Its outer 
face is flat and smooth, with a depression for centre- 
ing the attachments which will be described here- 
after, The hole in its centre just allows the passage 
of the lower end of the collimator. An additional 
support is afforded by a triangular brace which holds 
the upper end of the collimator case. The cclli- 
mator case has no centreing screws, as the adjust- 
ment of its axis is effected by means of the screws 
in the end plate of the telescope, in the manner 
already described. 

In constructing the instrument, the whole eye 
end of the telescope was placed in a lathe, the 
spectroscope frame was built upon it, and every- 
thing was turned up true in this position, this 
method of construction insuring the perfect centre- 
ing of all the parts. The face of the lower ring is 
2 ft. 7 in. from the end plate of the telescope, and 
14} in. from the focal plane of the objective. 

The collimator slide has a range of 1.4 in. The 
position of the collimator is given by a millimetre 
scale and index on the outside of the case, the 
motion being effected by a large focussing head. 
The collimator tube, and all the sliding tubes of 
the spectroscope, are nickel-plated. Two clamps 
Secure the collimator in any desired position. A 
visual and a photographic objective are provided, 
each having a focal length of 16 in. and an aperture 
of Ijin. As the ratio of focal length to aperture 
of the 13-in. refractor is 14.10, the effective aper- 
ture of the spectroscope is 1.13 in. A stop with 


an aperture of this size can be placed on the end 
of the collimator, to limit the emergent beam from 
the comparisen apparatus. 

The slit is quite similar to the slit of the Lick 
Observatory spectroscope, * although a few additions 
have been made. The jaws open symmetrically 
from the centre by turning a screw with divided 
head, one division of which changes the slit width 
by 0.001 in. By turning another small head, the 
length of the slit can be varied, A thin tongue of 
brass, which is fined down to a point at its 
extremity, can be slipped over the exact centre of 
the slit, in order that the comparison spectrum may 
be photographed without encroaching on _ the 
previously exposed photograph of a star spectrum. 
The width of the tongue at its intersection with the 
slit can be varied bya small adjusting screw. 
Another small head throws the 60 deg. comparison 
prism on or off the slit. The diagonal eyepiece for 
viewing the slit from behind has a rack and pinion 
movement, and it is made to slide very easily 
between stops. When the train of prisms shown 
in Fig. 12, page 668, is used, this eyepiece is not 
accessible in its usual position, and it can there- 
fore be rotated 90 deg., and clamped in the position 
shown in Fig. 3, page 665. 

The tubes containing the cylindrical lenses fit the 
ordinary eyepiece adapter, and are adjusted to the 
proper distance from the slit by means of the 
focussing screw of the main draw-tube. 

The comparison apparatus is exactly similar to 
the same attachment of the Lick Observatory 
spectroscope, except that, as none of the rods is 
in the prolongation of the slit, it is secured to the 
frame of the instrument in a somewhat different 
manner, It is arranged for holding both metallic 
points and spectrum tubes, and all necessary 
adjustments are provided. An image of the source 
of light is formed on the slit, after reflection by 
the prism, by a lens which has a greater angular 
aperture than the collimator. The comparison 
apparatus can be readily detached from the rod 
which holds it, and placed, if desired, above the 
spectroscope, with the tube or spark in the optical 
axis of the collimator. In Professor Keeler’s 
opinion the latter arrangement is not a desirable 
one, at least when the metallic spark is used. 

The parts of the spectroscope, so far described, 
weigh 42 lb. They are common to all the different 
arrangements of the instrument, three of which 
are represented in our engravings. ‘The desired 
arrangement for any kind of work is obtained, in 
the first place, by attaching to the face of the 
annular plate in which the frame of the spectro- 
scope terminates, one or the other of two distinct 
pieces of apparatus, each of which is a complete 
spectroscope with the exception of a collimator ; 
and, in the second place, by using with either of 
these attachments either a visual telescope or a 
camera. The separate attachments have been 
ealled, for want of better names, the ‘‘ grating 
head” and the ‘‘ prism-train box,” or ‘‘ prism-box.” 
Each has a strong circular baseplate, which fits 
tightly to the terminal plate of the spectroscope 
frame, the two plates being held firmly together by 
four stout screws. In order to facilitate the change 
of heads, the screw holes are slotted and counter- 
bored, and the screws need never be entirely with- 
drawn. With this arrangement the exchange of 
heads is very easily effected. 

The baseplate of the grating head (Figs. 4 and 5) 
is cast in one piece with two strong ribbed arms, which 
project from it about 54 in., and carry the pivots of 
the observing telescope. The distance between the 
parallel inner faces of these arms is 4.4 in. 

The cross-arm which carries the observing tele- 
scope is also strongly ribbed. On one side is the 
fixed graduated circle, 8 in. in diameter, the edge 
of which is divided on silver with a double set of 
graduations. The outer set shows the position of 
the observing telescope, the inner set the position 
of the grating or prism. The circle is fixed in 
such a position that the reading of the outer 
vernier is zero when the telescope is in line with 
the collimator; for any other position of the 
observing telescope the reading of this vernier 
gives directly the deviation of the observed ray. 
Both verniers read to 30 sec. with the aid of a small 
reading microscope, or easily, by estimation, to 
15sec. In designing the instrument it was intended 
that the circle should serve mainly as a finder, the 
comparison apparatus and micrometer being relied 
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upon for exact results by differential measurements 
The cross-arm which carries the observing tele 
scope is provided with a slow-motion screw and 
clamp. 

Through the hollow pivot on the side toward the 
graduated circle passes the long spindle of the grat- 
ing table, or circular brass plate on which the grat- 
ingand prisms are mounted. The outer end of the 
spindle is fitted with a clamp, ratchet wheel, and 
tangent screw, all of which are well shown in Figs. 1, 
2, 4, and 5, pages 664, 665, and 668. 

Just below the grating table, the inner end of the 
spindle is encircled by a collar, which carries the 
tailpiece of the minimum deviation apparatus, and 
which is clamped to the spindle after the prism is 
set to the position of minimum deviation for any 
special line. Each prism has its separate mounting, 
which is readily secured to the grating table. The 
grating is mounted in the usual manner, with all 
necessary adjustments. 

Two loosely fitting, thin brass covers, one for 
the grating, and one for either prism, exclude all 
stray light in observing. One short piece of tube 
projects from the cover and receives the lower end 
of the collimator ; another short tube is attached 
at one end to a thin plate, bent to the curve of the 
cylindrical side of the cover, and at the other to 
the end of the observing telescope, where it is held 
in position by a small clamp. The cover is pre- 
vented from falling off by a small screw-pin, which 
passes axially through the pivot on the side opposite 
to the graduated circle, and enters a central hole 
in the top of the cover. No resistance is therefore 
opposed to the motion of the observing telescope. 

When the grating is used, the minimum-devia- 
tion arms are removed ; the observing telescope is 
turned toward the collimator, as shown in Fig. 1, 
until its cross-arm rests against two stops provided 
forthe purpose, andthen clamped. Different parts 
of the spectrum are brought into the field by 
rotating the grating. The angle between the axes 
of the collimator and observing telescope in this 
position is 30 deg., which is the smallest angle 
allowed by the construction of the apparatus. 

Both prisms have refracting angles of 60 deg. 
One is made of heavy flint, the other of light flint 
glass. The flat Rowland grating has 14,438 lines 
to the inch, the ruled surface measuring 1.3 in. by 
1.8 in. 

The aperture of the observing telescope is 
1.25 in., and its focal length is 10in. All the 
objectives of the spectroscope are made of Jena 
glass, and have a considerably smaller chromatic 
aberration than the ordinary combination of crown 
and flint. The lenses are cemented with castor oil. 
For the sake of stiffness, the tube of the observing 
telescope is quite large (1.85 in. in diameter), and 
for the same reason, and in order to make the 
instrument as compact as possible, the tube projects 
through the cross-arm into which it screws, the 
broad flange of its bearing being 3in. from the 
object-glass end. 

The micrometer has 50 threads to the inch. It 
carries a coarse and a fine wire, illuminated by a 
small electric lamp at one end. The lamp is 
inclosed in a small box or lantern, fitted with a 
revolving disc containing coloured glasses, which 
can be removed from the micrometer when 
desired. The micrometer is divided on xylonite 
to 100 parts, whole revolutions being read on a 
dial outside the box. The draw-tube is graduated 
to millimetres, and provided with a focussing screw 
and clamp. 

There are three achromatic eyepieces, one having 
a power of 5.6, intended to give the maximum of 
brightness ; one with power of 12.5 for general use, 
and one magnifying 25.0 diameters for solar and 
other work requiring a high power. 

In observing with a prism, the observing tele- 
scope is counterpoised, as shown in Fig. 2, The 
bearing of the counterpoise arm is independent of 
the pivot, which is on the same side, in order to 
preserve the pivot from strain or unequal wear. 

Fig. 1, on page 664, shows the spectroscope as 
arranged for visual observations with the grating, 
and Fig. 2, on the same page, the arrangement 
when a prism is used. In the latter view an exten- 
sion-rod is shown, clamped to the slow-motion 
screw which moves the telescope in declination. 
This screw is thus brought within easy reach of the 
observer at the eyepiece. The slow motion in 
right ascension is effected by means of cords. A 
triangular piece of sheet iron with a small central 
hole is supported by the three rods, just in front of 
the slit, to protect the instrument from the heat in 
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observing the sun, The weight of the grating 
head, without telescope or counterpoise, is 17 lb. 

The prism-train box is attached to the frame of 
the spectroscope in the same way as the grating 
head. It contains a train of three rather dense 
flint-glass prisms, connected by an automatic mini- 
mum deviation apparatus. Considerable study has 
been given to this important part of the apparatus, 
particularly with a view to securing the rigidity 
which is essential in photographic work with long 
exposures. The minimum deviation of the H line 
for each of the 60 deg. prisms is 60 deg. 18 min., 
or for the whole train 180 deg. 54 min. 

Light corresponding to this line is therefore 
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sent back nearly in the direction from which it 
came, a condition which allows a construction 
extremely favourable to rigidity. At the same 
time the movable prisms are an unfavourable con- 
dition. As it was not desirable to confine the 
work to one part of the spectrum, it was necessary, 
in adhering to the original plan, which allowed a 
considerable range of motion, to arrange the 
prisms in such a manner that no shifting of their 
positions could occur during a long exposure. 

The arrangement which was finally adopted as a 
probable solution of the difficulty is the following : 
Each prism is mounted on a table with three feet, 
which rest on the flat face of one side of the prism- 
box. To these feet the linkwork or gearing of the 
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automatic minimum deviation apparatus is attached, 
with a slight amount of play. Opposite the centre 
of each prism, aclamp passes through the other 
side of the prism-box, by which the feet of the 
prism are pressed firmly against their support. 
Hence, when these clamps are tightened, the 
prisms are held, not by the linkwork of the mini- 
mum deviation apparatus, but by the sides of the 
box, just as they would have to be held if they 
were fixed. 

The observing (or photographic) telescope screws 
into a peculiarly shaped box, the faces of which are 
planed flat and truly parallel, and made as broad 
and long as possible. This box fits snugly, and 


¥ 
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yet moves smoothly between the sides of the 
prism-box. 

Four clamps, two on each side, pass through 
curved guiding slots in the sides of the prism-box, 
and keep the observing telescope pointed in the 
direction of the emergent rays. The curvature of 
these slots was determined graphically. To this 
sliding box is attached the outer end of the minimum 
deviation train, which is of the geared form. When 
all the clamps are tightened, the observing telescope 
and all the prisms are secured firmly to the sides of 
the prism-box. No slow motion is provided for the 
telescope with the train” of prisms, as its position 
is not supposed to be frequently altered. 

Whether this arrangement will give the desired 


rigidity, with movable prisms, can probably be de- 
termined only by prolonged trial. However, in a 
number of long-exposure photographs of planetary 
spectra, made with this apparatus, the lines are 
beautifully sharp, and show no traces of shifting of 
the prisms. : 

The camera, or photographic telescope, has an 
aperture of 1.25 in. and a focal length of 16 in. 
Both this and the photographic collimator objective 
are corrected for the H line. The object-glass is 
adjustable by a focussing screw, the plate-holder 
remaining fixed. Its slide is provided with a 
scale, and a clamp not shown in the engraving, 
Fig. 3. 


Two short rods extend from the frame of the 
spectroscope to a collar on the camera cube. When 
they are clamped to the latter, the stiffness of the 
whole apparatus is greatly increased, as the slit 
and the camera are almost directly connected by a 
short brace. 

The range of the photographic telescope is from 
C to just below H. The camera has two metallic 
plate-holders for 2-in. by 3-in. dry plates, and a 
ground glass screen for approximate adjustment. 
Both the camera and the visual telescope are fitted 
with “quartered” screws,* so that when dropped 


* Mr. Brashear suggests this name as preferable to the ™ 


more common expression “ mutilated” screw used by 
artillerymen and mechanics, 
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into place they are tightened by one-eighth of a 
turn. 

For directing the telescope during an exposure, 
the method adopted at Potsdam has been followed. 
A small telescope, movable through a short arc, 
receives the light reflected from the first surface of 
the prism nearest to the collimator. The straight 
tube at first made for this purpose was cut in two, 
and a totally-reflecting prism was inserted in a 
suitable mounting, the ‘* broken” telescope thus 
formed allowing the observer to take a more com- 
fortable position. A small incandescent electric 
lamp with a red glass bulb is inserted in the side 
of the collimator, where it will throw light on the 
inside of the slit to illuminate the latter during 
exposure, so that it can be seen in the following 
telescope. It is not certain whether this will 
prove to be a useful device or not. Fig. 3, page 
665, represents the spectroscope arranged for 
photography of stellar spectra. 

The weight of the prism-box, complete, without 
camera or observing telescope, is 12 lb. The 
visual telescope weighs 2 lb., and the camera, with 
its side braces and plate-holder, weighs 4 lb. 1 oz. 
According to the arrangement of the apparatus, 
the total weight of the spectroscope varies from 
56 lb. to 67 lb. 

To restore the balance of the main telescope 
when the spectroscope is moved, 100 1b. or less 
must be added to the eye end, and for this purpose 
iron counterpoise weights are provided as follows: 
four of 25 lb. each, two of 10 lb. each, and four of 
2lb. each. With these weights, which can be 
slipped along the telescope tube for a short dis- 
tance, the spectroscope can be balanced with any 
desired arrangement. The rods to which the 
weights are secured are at such a distance from the 
tube that the balance in right asccnsion is never 
appreciably disturbed, even when the whole spec- 
troscope is removed, a point of considerable 
practical importance. 

Preliminary trials have demonstrated the great 
convenience of this instrument for all kinds of 
spectroscopic work. Optically, the most note- 
worthy feature is the use of simple prisms in the 
train for spectrum photography instead of the 
compound prisms which have been so generally 
adopted of late. This was regarded as an experi- 
ment in designing the instrument, and after a 
number of trials there is still some doubt as to 
which method is the more advantageous. If the 
spectrum were intended to be viewed with an eye- 
piese, there is little doubt that the advantage 
would lie with the simple prisms, as indicated by 
theory ; but in photographic work the resolution 
of lines is limited in a less degree by the resolving 
power of the prisms than by the coarseness of grain 
of the photographic plate. Hence an instrument 
with moderate resolving power and considerable 
dispersion might be more efficient for photographic 
purposes than one with high resolving power and 
less dispersion. 

In this connection a statement of some of the 
data regarding the construction of the prism train 
will be of interest. Each prism has a refracting 
angle of 60 deg., which, it may be noted, is very 
nearly the polarising angle for Hy. The glass is 
dense and slightly yellow, but optical examination 
shows that the absorption of the upper end of the 
spectrum was not sensible as low as H y, and above 
this line there was no occasion to work. The 
minimum deviations for some of the principal 
Frauenhofer lines are as follows : 


Deg. Min. 
B 55 54 
C 56 8 
D 56 51 
6 57 58 
r 58 41 
Hy 60 18 
G 60 26 
H 62 4 
K 62 15 


One millimetre on the photographic plate in the 
vicinity of the Hy line = 12.5 tenth-metres, the 
scale of the photographs being therefore somewhat 
greater than that of photographs taken with the 
Potsdam spectrograph (1 millimetre = 13.0 tenth- 
metres). With the high-power eyepiece previously 
mentioned everything in Rowlands’ map can be 
seen in this part of the solar spectrum. The defini- 
tion is superb. Considerably less detail appears in 
a photograph of the same region, but the four fine 
lines between 4337.2 and 4338.4 are separately 
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shown, and the double line close to Hy at \4339.8 | collimator would be required because the ratio of 


is divided. ; 

On these plates the maximum photographic 
effect was considerably below H 7, somewhere 
near \4500, and the darkening of the film fell off 
rather rapidly above Hy to the upper limit of the 
plate. This position of the maximum might be 
due to—(1) a real maximum sensitiveness of the 
plates used for a part of the spectrum below Eley: 
(2) the rapidly increasing dispersion toward the 
violet end of the spectrum ; (3) increasing absorp- 
tion of the glass toward the violet. A photograph 
taken with the light flint single prism ruled out 
No. 1, and showed that the true cause was to be 
found in the combined effect of 2 and 3. It is 
still doubtful whether the absorption of the prisms 
has any considerable effect in reducing the bright- 
ness of the spectrum at the H 7 line. 

It might be more advantageous to use prisms of 
lighter flint, with somewhat greater refracting 
angles, and obtain the same linear scale of the 
photographs by increasing the focal length of the 
camera. 

In addition to the perspective views of the spec- 
troscope already referred to, we are enabled through 
the kindness of Mr. Brashear to give in Figs. 4 
to 29, on pages 665 and 668, a series of detail views 
of this instrument. Referring to these, it will be 
seen that the spectroscope and the three steel 
tubes A A (see Figs. 4 and 5), are built together 
rigidly with two rings (not shown) which can be 
rotated upon and clamped to the tailpiece of the 
telescope, and carry the spectroscope proper. All 
parts of the spectroscope are made hollow where 
possible. 

The collimator O (see Figs. 4, 5, and 10) is 
carried in bearings in the castings D, E, which 
are rigidly connected by the tube B. The colli- 
mator can be moved by rack and pinion at a, 
and set by a scale reading millimetres, and 
clamped by the two screws b, b. The colli- 
mator carries a slitat S (not shown), which has 
two moving jaws, actuated simultaneously by a 
right and left-hand threaded screw, and at the 
opposite end it carries either a visual or photo- 
graphic objective. 

The collimator also carries a finder P (see Fig. 5), 
by which the slit aperture and star can be ob- 
served, and a red (electric) lamp which illuminates 
the slit. 

To the plate E is fastened by four screws ss a 
plate F haying mounted on it two arms F’, F”, 
which carry the circle, the grating or prism table 
G G, and the bracket H, H’, H’, pivoted atec’, 
which carries the telescope J. 

The prism and grating table are supplied with 
light-tight covers K K, Fig. 4 (see also Figs. 6, 7, 
and 8), extending over the end of the collimator 
and telescope. The covers are held upon G by 
the screw d. The prism table can be clamped by 
the screw e, and rotated by the worm f, which 
engages in the wormwheel L, or it may be rotated 
automatically to keep the prism set for minimum 
deviation, by the links g g’ and the slotted lever h. 
A vernier M reading to .5’ is attached to the 
table G. 

The telescope J is supplied with a micrometer I, 
which has bright and coloured electric illumination. 
This can be focussed by a rack and pinion 7, and 
clamped by ascrewj. The telescope can be moved 
slowly around the axis of the table G by means of 
the screw k and the clamp screwl. The telescope 
J and the bracket H, H’, H” are balanced upon 
the axis cc’ by the weight N upon the lever O O, 
which is connected to H’ atm. By this lever 
much of the flexure in the member H’ is obviated. 

The telescope J with its visually corrected 
objective can be replaced by a photographic camera, 
and either can be used with one prism, three prisms, 
or a grating. 

The box containing three prisms (see Figs. 10 to 
14) is supplied with automatic minimum deviation 
apparatus, and can be attached to the main part of 
spectroscope by the screws s s, having first removed 
that part to the right of ss in the engraving. Other 
details of the instrument are shown by Figs. 15 to 
29, and will be readily understood without special 
description. 

In general, Professor Keeler states that this 
instrument is very nearly what he thinks a complete 
spectroscope should be for a telescope of moderate 
dimensions. To adapt it to larger telescopes, he 
suggests that no change need be made, except to 
increase the length of the collimator in order to 
keep the same effective aperture. The longer 


focal length to aperture is usually greater for large 
than for small telescopes. 

Mr. Brashear desires to acknowledge his in- 
debtedness to Professor Keeler, not only for the 
general design of this instrument, but also for the 
advice and counsel during the time of its construc- 
tion. He also gives great credit to his superin- 
tendents, Mr. Klages and Mr. McDowell, for their 
share in the instrumental and optical part of the 
work. ; 

A duplicate of the Allegheny spectroscope has 
been ordered for the new United States Nayal 
Observatory, and another will probably be made 
for the University of Chicago. 


THE INTERLOCKING OF SIGNAL 
LEVERS AND BLOCK INSTRUMENTS, 
By ‘‘ Zep.” 


Muc# interest has been recently taken in the 
question of mechanically and electrically interlock- 
ing the outdoor signals on our railways with the 
indoor block instruments, so that they may not give 
conflicting indications, and the late accident at 
Thirsk has helped nota little towards increasing this. 
The following notes, the result of some 10 years’ 
practical experience in maintaining such interlock- 
ing, are now published with the view of placing the 
whole subject on a firm and practical basis, so that 
railway engineers and others, to whom the matter 
may be new, may easily see what are the require- 
ments which any electrical interlocking system that 
is put before them should fulfil. 

1. Throughout this article it is assumed that the 
points and signals are worked mechanically by a 
signalman, and are properly interlocked with one 
another. 

In America systems of working the points and 
signals by hydraulic or electrical means are in use, 
and where such power is cheaply available, no doubt 
much manual labour is saved, but the time does 
not seem ripe for their general adoption in this 
country. Distant and shunting signals are some- 
times worked by an electric current, but unless the 
current be of a somewhat high potential, the signal 
has to be so delicate as to be easily deranged by 
the weather, &c., and further, unless the signal is 
clearly visible in all weathers, it has to be repeated in 
the cabin, as the signalman cannot tell by the ‘‘ feel” 
how it has worked ; this greatly increases the cost, 
so that it is only in special cases that they can be 
used. The writer considers that, where possible, 
it is best to work signals by mechanical means, but 
they may be controlled, and if necessary put to 
danger, electrically. The electric signals at Waterloo 
station are thus worked. As regards automatic 
electric signals—that is, signals worked entirely by 
the running trains without the intervention of any 
signalmen—they are all right as long as they work 
perfectly and the train service is quite regular, but 
should the signals fail or an accident happen to a 
train, it is then most essential that there should be 
some directing mind to rectify matters. It must 
also be borne in mind that signalmen are constantly 
on the look-out to see that there is nothing amiss 
with the trains as they pass their cabins; with 
automatic signalling this important safeguard would 
be wanting. While automatic signals might in 
some cases be a useful adjunct to the ordinary 
safety appliances, they should not, in the opinion 
of the writer, be relied on solely, to the exclu- 
sion of signalmen (the present use of automatic 
signals on the Liverpool Overhead Railway will be 
watched with interest), but with short sections, and 
the train constantly within view of the street, there 
is not so much likelihood of anything amiss with 
it remaining long unnoticed. 

2. The accidents against which a good electrical 
interlocking system should provide may be classed 
as follows : 

a. Train breaks down before clearing B’s start- 
ing signal. 

b. Train breaks down in section B—O. 3 

c. Train breaks down before clearing O’s home 
signal. 

d. Train divides or leaves ‘‘slip carriages” at 
station B, ; 

e. Train overruns and works treadle too soon, 

f. B throws his starting signal up too soon. ~ 

Before stating the requirements of an ideal elec- 
trical interlocking system, it would be well to 
inquire into the following points, on which there 1s 
much diversity of opinion : 
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8. Should the ‘‘ lock” be on the signal lever or 
on the signal itself ? 

The lock on the lever has all the advantages 
claimed for the lock on the signal except one, viz., 
that the signalman at C can throw B's starting 
signal to danger after it has been pulled off. C 
would require to do this only in case 

a, He suddenly found something wrong in sec- 
tion B—C ; 

b. He saw something in a train travelling from C 
to B which would be likely to foul the train he had 
just accepted ; or 

c. He had ‘‘freed”’ in error. 

If C did thus throw up B’s starter in time to stop 
the train, it would be possible, especially in foggy 
weather, for B not to notice it, and, having put his 
lever back, to accept another train from A unless 
the suggestion in paragraph 6 be carried out, or the 
fact of the signal being put to danger were automa- 
tically indicated in B’s cabin. If the lock were 
on the signal it would very much hamper the 
signal fitters when cleaning, &c., and the signal 
would have to be ‘‘repeated ” in the cabin, unless 
it could be seen in all weathers from there, as other- 
wise the signalman could not tell by the position 
of the lever how it actually stood. This would, of 
course, greatly increase the cost of the lock. Where 
the lock is on the lever it need not be so strongly 
made as that on the signal, and being under cover 
it is not so likely to get out of order or be tam- 
pered with by unauthorised persons, as that on 
the signal. The lock on the lever would be much 
cheaper than that on the signal, especially where 
there are several starting signals to be locked. 

4, Should the lever lock be on the lever itself, or 
on the catch rod ? 

Theoretically it should be on the latter, so that 
the signalman should at once feel if the signal is 
locked or free, but in actual practice there is little 
to be gained by this, and it would be difficult, 
unless the catch rod actuated a tappet, to prevent 
the signalman from putting his lever nearly back, 
so as to throw his signal to danger, and then pulling 
it off a second time. 

5. Should there be some means of compelling B 
to give ‘‘ Train on line” to C ? 

It is most important that C should have imme- 
diate notice of a train entering section B—C, 
especially if C is a junction where connections with 
other trains have to be made. It is also necessary 
that ‘‘Train on line” be given where there are 
intermediate level crossings worked independently 
of any signal cabin, else the gatekeepers, unless 
special warning apparatus worked by an approach- 
ing train is employed, have no means of knowing 
whether a train is expected or not. 

On the other hand, where there are no level 
crossings, or where an approaching train gives its 
own warning, the failure to give ‘‘ Train on line” 
can only lead to delay, and is not dangerous with a 
good electrical interlocking system, as C would 
simply leave his signals at danger until the train 
arrived, and he could not plunge to accept another 
until the first had cleared him. It is just possible, 
although not at all probable, that both B and C 
might forget the train, and so C might be led to 
cancel his plunging, thinking he had done so in 
error, and then accept another train ; this, how- 
ever, is a contingency against which it is practi- 
cally impossible to guard. 

As to compelling B to give ‘‘ Train on line” to O, 
this may be done by means of a treadle actuated 
by the train when entering the section, but there 
should be some sign at B’s cabin that the treadle 
had been worked, else, in the event of his receiving 
no acknowledgment of the ‘‘on line” signal from 
C, he would not know whether it was due (a) to any 
omission on ©’s part, (b) to the failure of the 
treadle, or (c) to the train not having passed over 
the treadle, but remaining still at B hidden by fog 
or other obstruction. To effect this, the treadle, 
however, might be made to work a relay in B’s 
cabin, which would not only give a visible and 
audible warning to B that the train had passed 
over it, but would also automatically transmit the 
*‘on line” signal to C. 

6. Should there be some means of preventing 
B giving ‘‘Line clear” to A until the train has 
actually passed out of section A—B ? 

_ There certainly should be, especially where the 
signalman does not command a clear view of the 
Starting signal and the portion of the line where a 
train, waiting for the signal to be pulled off, would 
stand. Otherwise B might pull his starter offand put 
it back again, and then accept another train from A, 


while all the time the first train had, through some 
cause, failed to pass the starter to C and had not 
been noticed by B. 

To eftect this, either 

a. The train must work a treadle, or 

b. Where there is a station, one of the station 
staff must depress a key or otherwise let B know 
that the train had cleared the section. 

In either case B’s starting signal or lever must in 
no way be locked in its ‘* off” position, but be quite 
free to be thrown “on” at any moment. The 
depressing of the treadle or key must simply so 
release B’s plunger to A, that he can then, but not 
before, plunge to free A, or otherwise indicate to 
B that the section is clear to accept another train 
from A. The treadle or key must not give ‘‘ Line 
clear” to A, as B might, for some reason or other, 
such as the shunting of a slip carriage for in- 
stance, want to keep the block on. 

As thesection may be cleared by the train 

a. Passing on into the next section, 

b. Shunting into a siding, or 

c. Shunting on to the wrong road, 
treadles would have to be fixed not only on the 
main line outside the starter to C, but also in the 
siding, and on the wrong road or on the cross-over 
road itself. In the last three cases it might be 
actuated by other trains or engines, and would 
thus be no safeguard ; andin all of the above cases, 
if the train became divided or slip carriages were 
detached, the front portion would actuate the 
treadle, while the second portion would, unseen 
perhaps by the signalman, still foul the running 
road. Therefore, wherever possible, a key worked 
by one of the station staff is preferable to a treadle. 

Where a train has been shunted on to the wrong 
road, any special apparatus for protecting such 
train may be so interlocked with the block in- 
struments as to prevent giving ‘‘ Line clear,” or 
accepting another train too soon. 

7. Should a signalman be able to clear and plunge 
for a second train as soon as the first one has passed 
his home signal and been protected by it ? 

There appears no objection to this, provided 

a. It is mechanically impossible for the signal- 
man to pull off his home signal a second time until 
the train, for which it has already been pulled off, 
has cleared his station or been shunted. 

b. The block regulations are such that all trains 
plunged for, while a previous train is standing 
between the home and advance starting signals, 
must be accepted under the usual ‘‘ warning” ar- 
rangements of ‘‘ Section clear, but station or junc- 
tion blocked.” 

On the other hand, if a signalman cannot free 
the cabin in the rear until a previous train is quite 
clear of him, it will be necessary that all trains 
taken on under the above ‘‘ warning” arrangement 
must pass the starter of the cabin in the rear while 
itis at danger—a practice to be avoided except 
in case of actual breakdown of the signal. 

8. We are now ina position to state what we con- 
sider to be the requirements of an ideal electrical 
interlocking system ; these may be conveniently 
grouped under three heads—viz. : 

a. General Manager’s, dealing with efficiency and 
expense. 

b. Signalman’s, dealing with method of working. 

c. Engineer’s, dealing with make, installation, 
and maintenance. 

It is not likely that any one system would com- 
pletely fulfil all the requirements here laid down, 
and it will be for each manager and engineer to 
choose such system as will fulfil those require- 
ments which fit in best with the special conditions 
of working the traffic, which obtain on the railway 
under their care. 


9. GENERAL MaNnaAGER’s REQUIREMENTS—V1Z., OF 
EFFICIENCY AND EXPENSE. 


1. That the signalman who ‘‘plunges” or sends a 
‘‘ freeing ”’ current to the cabin in the rear should be 
unable to send a second current until the train first 
plunged for has arrived and passed out of the sec- 
tion, or has been cancelled. 

2. That the signalman, whose signal has been 
freed by the cabin in advance, should, after pulling 
his signal off once, be unable to pull it off again, 
even if he puts the lever only half-way back, until 
again freed by a second plunging of the man in 
advance. ' 

3. That at cabins where there are home and 
starting signals, the space between them or between 
the home and advance starter (where there is one) 
should form a small block section of itself, so that 


667 


it should be impossible for trains to be signalled 
past the home signal, or from out of a siding, until 
the previous train had passed the starter or ad- 
vance starter, or had been shunted clear of the 
section, or an authorised form of cancelling had 
been gone through. 

4, That the signalman, if freed in error, should 
be able to easily relock himself without pulling his 
lever over. 

5. That the actual ‘‘lock” should be either 
locked up so that no unauthorised person can 
tamper with it, or so placed that it cannot be 
taken out or freed by the signalman without a great 
deal of trouble. The temptation to tamper with 
the locking would thus be considerably weakened. 

6. That the means of cancelling a train, which 
has been plunged for in error, should be as simple 
as possible, and yet at the same time should entail 
some deliberate act on the part of the signalman, 
and thus prevent his cancelling heedlessly and with- 
out due cause. 

7. That the system be cheap as regards first cost 
and maintenance, and should be applicable to several 
starting signals at a very little additional cost. 

8. That the system should be easily applicable, 
either with or without modification, to the work- 
ing of 

a. Terminal stations with many bays and much 
shunting of trains and engines, 

b. Swing bridges, 

c. Railway crossings—that is, where one railway 
crosses another on the level. 

9. That the system should admit, where con- 
sidered necessary, of the cross-over, road being 
interlocked with the plungers, so that no train can 
be plunged for when the cross-over road is in use, 
and vice versa. 

10. That it should be possible to easily, quickly, 
and cheaply convert the double-line block. into an 
efficient single-line block, and vice versd; and that 
the method of working the instruments should be 
similar, if not identical, in each case. 

11. That no more than two wires, including that 
for the single-stroke bell, should be required for 
double or single line working. 


10. S1cNatman’s REQUIREMENTS—Vviz., OF METHOD 
or WorkKING. 


1. That the signalmen at both ends of a section 
should have a visible sign that itis clear or blocked. 
The section indicators should not be in the form of 
miniature semaphore arms, as they do not corre- 
spond with the position of the outdoor signals. 

2. That the signalman should have a visible sign 
that his lever, or signal, is ‘‘free”’ or ‘‘ locked.” 

3. That the signalman should have a visible sign 
that he has plunged, or sent a freeing current, to 
the cabin in the rear. 

4. That the signalman should have a visible sign 
that his plunging has taken due effect at the 
cabin in the rear. ‘This is very essential on busy lines, 
to save unnecessary ringing and loss of time, but on 
lines with little traffic it is not of so great import- 
ance. 

5. That the signalman, after plunging once, 
should be mechanically prevented from plunging 
again until the section is clear. Merely prevent- 
ing any electrical connection if the plunger be used 
again, and not actually locking it, is apt to lead to 
delay. 

6. That the signalman should have a visible sign 
that he has given ‘‘ Train on line,” or, at any rate, 
that it has been acknowledged. 

7. That the signalman should have an audible, if 
not a visible and audible, sign that the train has 
actually left the cabin in the rear and is ‘‘ on line.” 

8. That no omission on the part of a signalman 
to acknowledge ‘‘ Train on line” to the cabin in the 
rear should have the effect of freeing the latter’s 
signal, or, if already free, of allowing it to remain so, 

9. That the movements of plungers, switches, 
&c., should be as simple as possible. 

10. That, should the signalman omit to make any 
necessary movement in his block instruments or 
levers, he should be prevented from making any 
subsequent move, and so at once find out his mis- 
take. 


11. Encrnger’s REQurrEMENTS—viz., or Maker, 
INSTALLATION, AND MAINTENANCE. 
1. That the “lock” be worked by a momentary 
current only, and not a continuous one. 
2. That in the following cases the lock should be 
prevented from being freed, but, if freed, not from 
being relocked : 
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SPECTROSCOPE FOR THE ALLEGHENY OBSER VAY O 
CONSTRUCTED BY MR. JOHN A. BRASHEAR, ALLEGHENY, PA., U.S.A. 
(For Description, see Page 663.) 


9.6 
Contd Prism & Grating es z Fig, 9: 


End Plale 


[corner of Prisms 


— === 


va 


| 
| Collimator, = oe 
! | 


Mean Pos. of Slit 
| 


Fig.8 | eee | Greolest Ano. of 7 1 apTiSe 
pos. ri eS. OF Te/ 186° t Re eae ee 
rinsed ee z| | } “ $186 D = 


4st.ses 

2 sitet Pate ect 
a a ee > : ing he 243 
hp 7ig-tse ib se ore 4 a #4 


| fide ee ‘ = te 


uf 


a. Failure of battery. g. Contact with other wires. 2. 1t must be very much stronger than any of 
b. Failure of “earth.” To meet case ‘‘g,” either these. This would entail the use of currents of 
c. Failure of treadle. 1. The current required to free the lock must be | high potential, and special precautions against 
d. Line broken. ; of opposite sign to that passing over any wires | sparking, &c., or 

e. ‘ Earth’ on the line. with which the block wire is likely to come in| 3. The lock must be freed by two simultaneous 
f, Lightning or earth currents. 


contact, or currents only, one sent by the man at the cabin in 
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PNEUMATIC INTERLOCKING AND AUTOMATIC BLOCK SIGNALLING APPARATUS. 


CONSTRUCTED BY 


+ Train Shed 
(a) 


IDA 


advance, and the other by the man on the spot. 
This would entail extra battery power and the 
addition of some visible sign in both cabins that the 
respective currents were being sent; in this case, 
the current from the cabin in advance would have 
to be of comparatively long duration, as the man 
in the rear might not at once perceive when it was 
sent. More constant batteries would thus be re- 
quired. 

By using two currents, however, the lock would 
be fully protected from being affected by lightning 
or earth currents. 

3. That there should be but few electro-magnets 
and coils. 

4, That there should be as few electrical con- 
tacts as possible, and these should be rubbing ones. 


THE UNION SWITCH 


AND 


(For Description, see Page 670.) 


SIGNALLING COMPANY, 


PITTSBURGH. 


Indicating Diss 
OANCER STOP 


5. That there should be as few springs to adjust 
as possible. 

6. That all parts of the instruments should be 
strongly made, so as to bear ordinary wear and 
tear, and none of the apparatus should be liable to 
jar out of place or to become ‘‘ free” by vibrations 
from passing trains or by throwing home the levers. 

7. That a minimum of wire connections in the 
cabin or outside should be required. 

8. The following notes on treadles may he 
fittingly appended to ‘‘ Engineer’s requirements ”’ : 

An objection to treadles is that, in the event of a 
train over-running, they would be worked too 
soon. To obviate this as far as possible, they 
should be placed a full train-length beyond the 
signal in connection with which they work. 


——— 
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Another objection is, that, in the case of a train 
becoming divided or slipping carriages, the first 
half would work the treadle, while the second half 
was still fouling the section. 

Treadles should be self-adjusting to any move- 
ment of the road. 

In the case of treadles worked by the depression 
of the rail, the lever should be keyed on to the 
rail, or otherwise so fixed that it cannot be worked 
by anyone treading on it or pressing it down with 
a bar. 

Treadles worked by the passing wheels forming a 
path for the current would be brought into action 
by a platelayer’s trolley, or even by laying a bar 
of iron across them; those which are worked by 
the passing wheels causing a current to flowin coils 
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wound round a permanent magnet would also be 
actuated by trolleys. Where the action of the 
treadle blocks the line, this would be a good feature, 
but where it clears the section it might easily lead 
to danger. 


AUTOMATIC BLOCK SIGNALLING. 


Ir is probable that the question of automatic 
signalling will receive considerable attention in 
this country in the immediate future. The inter- 
ference of Parliament in the management of our 
railways, and the demand for shorter hours and 
higher pay on the part of the workmen, will very 
probably make it necessary for the railway com- 
panies to reduce their wages bill by employing 
fewer hands, and replacing the men dispensed with 
by automatic machinery. ‘The signalling staff under 
these conditions, if they should ever be realised, 
would consist of a comparatively small number of 
highly-skilled and well-paid workmen, whose duties 
would be practically confined to keeping the various 
machines in order. A start has already been made 
in this connection by adopting an automatic system 
of signalling for the Liverpool Overhead Railway. 
It may, accordingly, be of interest to note what is 
being now sbown in this connection at the World’s 
Columbian Exposition, not as a project but as an 
example of established usage. 

In America the dearness of labour, and the 
great extent of the railway lines, have long pre- 
vented any general adoption of the block system 
of signalling, and where used the system is largely 
confined to the immediate neighbourhoods of 
great cities. In adopting, in certain cases, this 
great improvement, American engineers, it may 
be noted, have not been content with simply copy- 
ing the plant as developed by many years’ experi- 
ence in England, but have attempted, with varying 
success, to make many changes in detail, with a 
view to cheapening the working of the system. 
Amongst the most important of these new arrange- 
ments are the Westinghouse pneumatic interlocking, 
and the Westinghouse pneumatic automatic block 
systems, which are controlled by the Union Switch 
and Signal Company, of Pittsburgh, Pa.,U.8.A. The 
Pennsylvania Railroad Company, with the enter- 
prise for which they are so distinguished, were the 
pioneers in the use of these systems, and for seven 
years past the line for 74 miles out of Pittsburgh 
has thus been worked by them, the previous mecha- 
nical block systems being eliminated. The blocks 
are half a mile long each, and the signals are usually 
placed on bridges, as shown in Fig. 1 (page 669), and 
are thus directly over the tracks to which they refer. 
The system has proved perfectly successful, block- 
ing the line in every case of danger, whether due to 
train, open switch, or broken rail, and it will pro- 
bably be extended over the whole of the Pennsylvania 
Company’s system before many years are over. The 
inside of the signal tower is shown in Fig. 2 (page 
676), and it will be seen that the 24-lever machine 
occupies very little space, although it replaces a 
72-lever mechanical machine, and thus it can be 
attended to by one man. This attendant is required 
since Pittsburgh is a terminal station. A similar 
machine has been erected at Jersey City, where one 
lever-man makes 2100 lever movements in 24 
hours, and 130 in the busiest hour of the day. The 
muscular effort exerted by the attendant is so 
small that there would be no difficulty in one man 
making 3000 movements per day. Fig. 3 shows 
the tracks and a second signal tower at Pittsburgh. 
The inclined bridge crossing the line carries a cable 
railway. From these views it will be seen that 
the system has been applied to a very complex 
case, and is, of course, still more applicable to 
the much more commonly occurring simple cases 
to be dealt with at intermediate stations. The 
use of air pressure in place of muscle attracts, it is 
claimed, a much more intelligent class of operator, 
one of whom is able to replace five or six men with 
a mechanical system. 

Tn laying out such a system, the first, last, and 
most important rule to be observed is that unless 
everything connected with the system is in perfect 
working order, the signals operated by the system 
must show danger. Under certain well-known 
rules and conditions, the use of such powerful and 
reliable agents as compressed air and electricity is 
perfectly possible, and also desirable, but without 
a clear understanding of these rules and conditions 
persons may be led into serious and dangerous errors. 
The general features of the system as developed by 
the Union Switch and Signal Company are: A rail 


circuit, with its battery and relays; an air com- 
pressor, with its pipes to the signal posts ; and the 
signal-posts themselves, with their arms and air 
cylinders. The rail circuit consists of a piece of track 
about half a mile long, insulated from the section 
of track at each end of it, the two rails at one end 
being connected to the opposite poles of a battery, 
and the two rails at the other end being connected 
to the binding posts ofa relay. This relay controls a 
circuit which passes through the electro-magnet 
controlling the passage of the compressed air into 
the signal cylinder. The rails of the track circuit, 
in order to make the electrical contact more sure, 
are connected together by short pieces of wire, 
which are riveted to the flanges at the ends of the 
rails, The track circuit is normally complete, and 
energises the magnet of the track relay, which in 
its turn maintains the circuit through the signal 
cylinder magnet. By the use of a closed circuit, it 
is evident that if a train occupies any part of a 
track circuit, or if a wire breaks, ora rail breaks, or a 
magnet burns out, ora battery gives out, or any one 
of a great many other conditions occurs, the signal 
must go to danger, for as there will then be no cur- 
rent to operate the valve of the signal cylinder, the 
signal will go to danger by gravity. 

The air compressors may be of almost any type, 
but are preferably of the Norwalk pattern. They 
are usually placed in pairs, so that if anything should 
happen to one, the other can be thrown into 
service immediately. A 2-in. pipe is carried 
directly from the compressor along the right of way 
of a railroad, and wherever a signal occurs, a small 
branch pipe connection runs from the main air pipe 
to the signal cylinder. An auxiliary reservoir is 
placed at the bottom of each post for the purpose 
of collecting any moisture which may be created in 
the column of air. This is done to avoid the in- 
convenience of having the signal cylinder freeze 
up. If several signals are placed on the same post, 
the pipe is increased a little in diameter for each 
additional signal, and then still smaller branches are 
carried to the different cylinders. Theair pressure 
should be maintained at about 60 Ib. to the square 
inch. The signals are mounted on posts, usually 
assembled in groups. It is seldom that more than 
two arms are carried on the same post; the home 
signal arm on top, and the distant signal arm about 
6 ft. below it. In general practice, the home signal 
arm is about 5 ft. long, with a square end pointing 
to the right, painted red on the side towards 
approaching trains which it governs, and white on 
the other side. The home signal is a positive 
signal, and when in a horizontal position, or showing 
ared light at night, means danger, stop. When 
inclined at an angle of about 60 deg., or showing a 
white light at night, it indicates that the track is 
all clear, and that drivers may proceed until 
arriving at the next home signal. 

The distant signal is of the same length as the 
home signal, but has a fish-tail end, and is painted 
green on the side towards approaching trains which 
it governs. It is a repeating signal, however, and 
works in connection with, and is dependent on, the 
home signal of the next post in advance of it. It 
bears no relation to the home signal on the same 
post as itself. When in a horizontal position, or 
showing a green light at night, it means caution, 
and that trains must expect to find its home signal 
at danger. When inclined at an angle of about 
60 deg., or showing a white light at night, it indi- 
cates that its home signal one half-mile in advance 
is at safety also. All signal arms are operated by 
compressed air, which, as above stated, is controlled 
by an electric current. The piston of the cylinder 
is not directly connected with the semaphore arm, 
but operatesan intermediate lever called the counter- 
balance lever, the duty of which is to carry a heavy 
weight, which, when there is no pressure in the 
cylinder, shifts the signal immediately to dangers 
The air is admitted into the cylinder by a small cone 
valve, which is connected with the armature of an 
electro-magnet placed immediately on top of the 
cylinder. When the electric current which excites 
the magnet is not cut off by one of the before- 
mentioned causes, the armature is attracted, and 
thus opens the small valve, which permits the air 
to enter the cylinder. It will be seen also that 
any failure of the current of air, such as a break in 
the pipes, or a breakdown in the compressor, will 
also cause the signal to go to danger. 

Let us take the case of a train just after it has 
entered a block, then the home and distant signals 
for that block go to danger, as the current control- 
ling the valves of their air cylinders is short- 


circuited. The home signal for the next block 
being at safety, the train enters that block, setting 
then the home and distant signals for this block at 
safety, the distant signal for this, as explained 
above, being on the same post as the home signal 
of the previous block. When the train entirely 
leaves the first block, the signals for this block go 
automatically to safety. ‘ 

A special arrangement is necessary in the case of 
a switch which may be connected to the main track. 
If this switch were left wrong for the main track 
by some careless train man, it is evident that afas — 
passenger train approaching would be greatly en- 
dangered, unless there were some means of telling 
him beforehand that there was danger ahead. This 
is accomplished by connecting to the switch a small 
device called a switch-box, which is so connected 
with the electric circuit which operates the signals 
as to cut out the circuit, and thus put the signal 
at danger whenever the switch is not thrown right 
for the main track. The rails of all side tracks are 
also so connected with the electric circuit of the 
signals as to immediately put the signal to danger 
whenever a car approaches so near the main track 
as to endanger passing trains. 

The batteries for the different circuits of a block 
are usually assembled together and placed in a well 
below the frost line, so as to protect them from pos- 
sibility of freezing, and thus interfering with the- 
proper working of the system. 

If this system be properly maintained, and its 
rules enforced, it is claimed that all mistakes due 
to ordinary human agencies will be eliminated, for 
no matter what orders a driver may have, if he 
finds a signal at danger in front of him he will 
stop. In short, the endeavour has been made 
to do away as much as possible with all human 
agency in the method of operating this system. 
The traftic of a railroad would, of course, deter- 
mine the distance between signals, but the makers 
do not recommend more than one mile on one cir- 
cuit. The air-compressing stations should not be 
more than twenty miles apart, and are usually 
placed where stationary engines already exist for 
other purposes, so that no addition to the working 
force is required under this head. Owing to the 
fact that the various operations do not depend for 
power on the muscles of the signalman, a combi- 
nation of slips, movable points, and detector bars 
can all be made in one operation, virtually replac- 
ing at least four mechanical levers. 

In Fig. 4 is shown the arrangement of tracks and 
signals as applied at Chicago. Referring to the plan, 
it will be seen that each signal has its function, or the 
routes which it governs, marked opposite to it on the 
outside of the tracks. Thismeans that such signal, 
when set clear, allows movements to be made from 
that signal to a position in the yard governed by 
another signal, or through to any of the tracks 
marked opposite. Thus: Signal No. 2 for inbound 
movements on track No. 6, reads as follows: 6 to 
E, 9, 8, A, B, 5, 4, 3, 2, which means that when 
this signal shows clear, the way is clear to any one 
of the tracks or positions indicated; from signal 
No. 2, inbound on track No. 6 to H, or to tracks 
No. 9, or 8, or to A, or B, or to tracks Nos. 5, 4, 3, 
or 2. The letters A, B, C, D, EH, &c., indicate — 
positions on the tracks from which other signals 
10, 12, 7, 26, 11, &c., control further movements. 
Thus: when signal No. 2 shows clear with the 
letter EK on the indicator, the route is clear from 
signal No. 2 to E, where signal No. 11 is located. 
No. 11 governs further movements in that direction 
to either track 7 or track 8. 

The method described above has now been 
thoroughly tested, having been adopted by the 
Pennsylvania, the New York Central, the Central 
Railroad of New Jersey, the Chicago, Burlington, 
and Quincy, the Chicago and Northern Pacific, 
and the Southern Pacific Railroad Companies. 


PUMPING ENGINES OF THE STROUD 
WATER COMPANY. | 

THE engines which we illustrate on our two- 
page plate have been built by Messrs. Holborow and 
Co., of the Dudbridge Iron Works, Stroud, for the 
Stroud Water Company. As will be seen from the 
engravings, they comprise two sets of engines, those 
illustrated in Figs. 1 to 3 being for deep-well 
pumping, whilst the others work the high-pressure 
service. The former, as our illustrations show, 
are of the three-throw system. The pump barrels 
(Fig. 1) are 134 in. in diameter, with 24 in. stroke of 
bucket, and the revolutions of the crankshaft are 19 per 
minute, The barrels are of cast iron with gun-metal — 
liners. The buckets and valve seats are of cast iron 
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with indiarubber valves, the former being fitted with 
leather packing. The upper ends of the barrels fit 
into cast-iron chambers, which are tied to the valve- 
box castings below by wrought-iron tie-bars, and rest 
on girders built into the well side as shown. The 
barrels have separate standpipes, connecting them 
with cast-iron chambers fixed to girders, and about 
25 ft. from the surface. Each length of standpipes is 
provided with an expansion joint to allow for any 
subsidence in the brickwork lining the well. The 
upper cast-iron chambers are fitted with stuffing-boxes 
for the pump-rods, and each is provided with a back 
pressure valve and pipe connected with rising main. 

The gearing is carried on two strong cast-iron 
girders, having stiff cast-iron frames attached to their 
lower flanges, to carry the stays to which the pump- 
rod guides are fixed, making the whole self-contained. 
The gearing is arranged so as to avoid the three-throw 
crank in one piece, by having one double crank, and 
two single cranks shrunk on the ends of the shaft of 
middle crank, the whole of these being of forged steel. 
The spurwheel, through which the power is trans- 
mitted, is placed on one side of the middle crank, 
which is partly let into a recess in it, thus saving 
space, and enabling the working stresses to be deli- 
vered directly to the crankshaft, without the neces- 
The gearing is arranged so 
that either engine is available for either pump. 

The engines (Fig. 3) are of the tandem compound 
type, with the condensers fixed in front of the crank 
dises, and having air-pump pistons driven from the 
erossheads. The low-pressure cylinders are arranged 
so that the covers of the high-pressure cylinders, with 
rods and pistons, can be withdrawn through them ; 
this avoids the necessity of removing the low- 
pressure cylinders when it is necessary to take out the 
pistons, The engines are fitted with Holborow and 
Co.’s automatic expansion gear, and the cylinder 
sizes are 10in. and 18}in. diameter, the stroke 
being 21 in., and the number of revolutions 90 per 
minute, 

The high-service pumping engine (Figs. 4 and 5) 
is constructed to deliver 400 gallons per minute to 
a height, including friction of mains, of 420 ft. The 
pump barrels are three in number, 104 in. in diameter, 
by 20-in. stroke. They are single-acting, and run 
at 24 revolutions per minute. They are made of cast 
iron, with gun-metal liners. The valve boxes are of 
cast iron, and are fitted with necessary doors and covers 
The valves are of gun- 
metal, and are formed of concentric rings working 
upon gun-metal seats, being maintained in position 
by guards, as shown in Fig. 5. The pump body casting 
is secured to the bedplate by massive cast-iron brackets, 
and also to the crank bearings by strong tie-rods. The 
‘cranks are of steel, the centre being a double crank, 
with single cranks securely shrunk on the ends of 
the crankshaft, and having crankpins solid with 
cranks. The power is transmitted by gearing, 
a pair of spur-wheels being mounted on the 
crankshaft, with the centre crank between them, and 
PY let into recesses in the same, as shown in 

ig. 5. On the engine crankshaft a corresponding 
pair of pinions is mounted, having a disc flywheel 
between them, and so proportioned that the revolu- 
tions of engine and pump are 80 and 24 per minute 
respectively, This arrangement of gearing gives a 
very smooth motion, one pair preventing back lash on 
the other. The pumps being single-acting, and 
arranged on the three-throw system, the pressures on 
the bearings are all one way, and there is no knock on 
the journals. The engine is of Holborow and Co.’s 
coupled compound type, the cylinders being 14 in. 
in diameter high-pressure, and 24 in. in diameter 
low-pressure, with 24 in. stroke of pistons. The 
air-pump, which is single-acting, is worked by a con- 
tinuation of the low-pressure piston tail-rod. The 
speed is regulated by an automatic expansion gear. 
The boiler pressures are 80 1b. per square inch above 
atmosphere. The whole of the machinery, both deep 
well and high service, two sets of each, have been in 
continuous work for upwards of three years ; they 
work well, and appear thoroughly durable and effec- 
tive in their action, The high-service machine is 
an example of the satisfactory use of gearing for coup- 
ling an engine with a pump. The efficiency is reported 
to be very satisfactory, and the whole of the machi- 
nery is capable of considerably exceeding the stipu- 
lated quantity of work. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 4, 1893. 

Coytracts will be placed for some 30,000 tons of 
structural material and plate iron and steel this week 
andnext. The bulk of itisforthe New York Central Rail- 
road Company, 5000 tonsfor the Metropolitan Building, 
New York, and besides this there are several lots from 
100 up to 500 tons. Inquiries have been received for 
Some 15,000 tons besides, which may be placed this 
month, No activity has been developed in steel rails, 
except for electric roads. Demand for iron and steel 
products is increasing steadily, but manufacturers do 


ENGINEERING. 


O71 


not anticipate any improvement in price. Shipbuild- 
ing and carbuilding requirements are quite heavy. 
Locomotive works are crowded with orders, Rolling 
stock is being increased on all the larger systems. 
Crude iron is abundant for actual demands, but stocks 
are dwindling and production is not increasing. The 
outlook is good for a still greater demand, because 
of shop, boatyard, and carbuilding requirements. 
Throughout the west there is great activity in the 
iron trades and among builders. No labour strikes 
are threatened this year. 


THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Epiror OF ENGINEERING. 

Srr,—We shall in the course of a few days be favoured 
with the balloting list for the annual election of the 
council, and as usual, I fear, the Westminster group, by 
the aid of the voting papers, to be presented personally by 
their assistants and friends in town, will be returned to 
the select chamber. 

I think the time has arrived when the council might 
enlarge its views, and give more consideration to the 
members outside Westminster, and who contribute so 
largely to the funds of the Institution. 

I would suggest that, like the Bar Committee, the 
Royal Society of Mdinburgh, and other scientific societies, 
four members of council retire annually, as ‘*‘ past 
members of council,” to be eligible for election as vice- 
presidents. 

This would make way for provincial members of 
assured ppsition—say at least ten years’ membership—and 
engineers-in-chief of works of magnitude, already de- 
scribed in the Minutes of Proceedings. 

This progressive step would add new life and energy to 
the profession, and multiply the association of ideas in 
the council of the Institution. 

I am, Sir, yours truly, 
May 8, 1893. TELFORD, 


BATAVIA EXHIBITION. 
To THE Eprror or ENGINEERING. 

Sim,—The last inward mail has brought us an intima- 
tion from the committee of the foreign section that they 
will be glad to receive photographs of all descriptions of 
machinery and manufactures of a kind likely to be suit- 
able and interesting in the colony, and they will also be 
pleased to have catalogues from manufacturers for distri- 
bution. 

We shall be only too glad to give any further informa- 
tion to firms or persons desirous of taking advantage of 
the above ; but communications on the subject should be 
addressed to us as quickly as possible, seeing that the Ex- 
hibition opens on August 1, and that the last exhibits 
must leave here not later than a month from now. 

We have undertaken the electric lighting of the main 
portion of the Exhibition, and as we are sending out 
attendants, we will be very willing to give assistance in 
the distribution of catalogues, &c., to any who wish to 
take advantage of the above invitation. 

Weare, dear Sir, yours faithfully, 
Jno. Brrow AND Co, 

10 and 11, Queen-street-place, London, E.C., 

May 8, 1893. 


TESTS OF STEAM BOILERS AT THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

To THE Eprror or ENGINEERING. 
Sir,—One word in reply to Mr, Gresty’s letter on this 
subject, and the correspondence, so far as I am concerned, 
ceases. 
When the tests are to be made, a representative of Mr. 
Gresty’s company shall be invited to attend. 
Yours faithfully, 
Frank Kina. 
Chelsea Electricity Supply Company, Limited, 
Draycott-place, Chelsea, 8.W., May 6, 1893. 


WINBY’S EXPRESS LOCOMOTIVE. 
To THE Epriror of ENGINEERING. 

S1r.—The spirited action of Mr. Winby, whereby a 
famous British firm is provided with a notable exhibit for 
the Chicago Exposition, goes far to disarm criticism, but 
the design should not on that account be allowed to go 
forth without some discussion by those who are anxious 
for indications of progress in the direction of increased 
economy and efficiency of our railway service. 

Assuming the desirability of continuous contact be- 
tween the wheel and rail, the engine under notice is 
remarkable for a motion requiring counterweights of 
such mass as to alternately depress and lift the trailing 
wheels clear of the rail before a ‘‘record” speed is 
approached. 

In order that the broad surfaces of the bogie slides 
may remain in uniform contact, when subject to angular 
displacement on a supereleyated curve, the distribution 
of the loading must undergo an alteration to the detriment 
of easy running. 

The failure of inclined plate frames on the single bogie 
express engines of the Great Hastern Railway does not 
increase confidence in this expedient, when subjected to 
the steam stress of an additional pair of cylinders. 

The inside motion appears to be quite inaccessible from 
above ; but, as our enginemen are not unaccustomed to a 
similar arrangement, no inconvenience may result. 
Economy of lubricant is evidently not a strong point of 
the design. 

Tapering the centre of axles with inside journals seems 


to be opposed equally to accepted theory and general 
practice. 

The possible success of the novel location of the firebox 
tubeplate is opposed to the theories connecting impeded 
circulation and leaky tubes ; practical boilermakers may 
well question the utility of the extra work about the 
smokebox tubeplate. 

That higher speeds are well within the possibilities of 
steam locomotion, and that the same can probably be 
secured by modifications entailing little extra cost, and 
leading to greater efficiency and adaptibility to varying 
conditions, are considerations which intensify the regret 
that the repressive influence of railway precedent is so 
rarely disturbed; on this account Mr. Winby’s bold 
departure is worthy of commendation, and that his loco- 
motive may have the opportunity to give good account 
of itself in exhaustive trials is the wish of, 


Yours, &e., 
May 4, 1893. a4 Dye 


THE INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS IN SCOTLAND. 
To THE EpiToR OF ENGINEERING. 

Srr,—I observe on page 644 of your last week’s issue a 
paragraph quoted from a Glasgow weekly paper. But 
the latter part conveys a wrong impression as to 
the manner of electing and the composition of the 
council. There are ten councillors, five being elected 
each year. It istrue that the five just elected had been 
on the council before. However, ‘‘a year ago,” instead of 
‘*two capital specimens of new blood,” all five were ‘‘new 
blood.” Therefore at present half of the councillors are 
on their first term of office. Two years ago, three of the 
five elected were ‘‘new,” so that eight of ten councillors 
were ‘‘new ” during last session. This does not look like 
“from year to year electing office-bearers from the same 
limited circle.” 

Yours, &e., 
A MemMBER OF THE INSTITUTION. 

May 8, 1893. 


GRAVING DOCKS: THEORY AND 
PRACTICE. 
To THe Eprror or ENGINEERING. 

Str,—I have just seen your subscript to my last 
letter, and am not a little surprised to find that in order 
to keep up your protestation you have seen fit to resort to 
the ungentlemanly, unfair, and utterly inexcusable modus 
operand? of laying a charge of inconsistency, and that 
without any attempt to support it. I say unhesitatingly 
that there is no inconsistency whatever between the two 
letters, and further, no lack of logic. I challenge a proof 
of your charge against me. Sir Benjamin did make a 
mistake in the ‘‘ Master of Engineering’s” case, and I 
fairly criticised it, leaving the main issue of his criticism 
unchallenged, but referred to it later in the letter. 

I utterly deny that the case is oneof Zheory against 
Practice plus Theory in this country ; itis acase of Practice 
against Practice plus Theory. Sir Benjamin, after enormous 
trouble, manages to find one case of theory existing without 
practice, which he had to search the Antipodes for (and 
we have it from his own mouth that it is the worst case 
he has ever seen). He then publicly exposes it, to hisown 
satisfaction, which, judging from the matter in the books, 
&c., which he has written, must be very great. 

How vastly more important and responsible cases of 
enormous mistakes, from sheer want of a theoretical 
training, occur every day in this country ! 

Itis the bigoted remarks of the anti-theorist, such as 
your own in your subscripts, that are throwing British 
engineering so much behind Continental, and which at 
some future period will be most strongly condemned by 
national sentiment. 

The faction I have the honour to represent at the present 
is not unreasonable; we never attack practice, nor regard 
it in any but the most deferential aspect. It and theory 
are made to work hand in hand (and they doagree). Why 
should this great anti-theorist sentiment exist? And it is 
only in this country. 

Yours very sincerely, 
JUSTICE, 

May 6, 1893. 

[As our correspondent appears, for some reason or 
another, to be extremely angry, we publish his letter in 
the hope that his mind may be relieved thereby. We 
can, however, give space to no further communications 
of thesame kind. As for hisstatement that Sir Benjamin 
Baker, ‘‘after enormous trouble,” managed to find one 
case of theory existing without practice, it is simply the 
most utter nonsense. The heated and personal tone of 
‘* Justice’s,” remarks almost suggests that his own theo- 
retical views had at some time or another been subjected 
to unwelcome criticism.—Ep. E.] 


Tur Gettrvora MinineG Inpustry.—In order to ascer- 
tain the depth of the ore deposits, diamond borings have 
been made to a depth of some 175 ft., through the whole 
of which there was pure iron ore. The Gellivora Com- 
pany has recently bought a share in the Luossavora- 
Kirrunovora mines. During 1892 the output of iron ore 
amounted to 178,247 tons, of which quantity 175,187 
tons were forwarded to Lulea, the shipping port. The 
whole of this has been sold, with the exception of 10,000 
tons, which have been stored in Westphalia, so as to be 
further tested. The percentage of iron has been 69.55 
percent. The net profits for last year amount to rather 
more than 15,000/., of which 10,000/. were added to the 
reserve fund ; the shareholders get 5 percent. For the 
current year the company holds contracts for 496,963 
tons of iron ore, of which, however, only 300,000 tons 
are likely to be shipped during 1893, as the facilities for 
shipping at Lulea are not yet completed. 
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On the present and opposite pages, we give illus- 
trations of the hydraulic lifts, and pumping machinery 
connected with them, which have been erected in 
the Imperial Institute by Messrs. Archibald Smith 
and Stevens, of Queen’s-road, Battersea. There 
are, in all, eleven lifts for goods and passengers ; 
the boiler-room and engine-house are situated on the 
ground level. The pumping engines are of the duplex 
type (Figs. 1 and 2), and work to 700 Ib. pressure 
to the square inch. The two steam cylinders are 
104 in. in diameter by 10 in. stroke. The whole is 
mounted on a box bedplate, and is self-contained. 
The stretchers from the cylinders to the pump-barrels 
act as guides to the crossheads, and are specially 
arranged to give facility in dismounting for repairs. 
The attachment of the crosshead to the piston rod is by 
a split spring nut clamping the rod. The pumps are of 
the piston and plunger type, and three valves only are 
required to each pump, as against four when the 
double plungers are employed. There is automatic con- 
trol by the accumulator working the throttle valve of 
steam engine ; a relief valve is also provided, which is 
automatically tripped by the accumulator should the 
throttle gear fail and pumping continue. The ac- 
cumulator (Figs. 3 and 4), which stands alongside the 
pumping engines, is loaded with 15 tons of ballast ; 
the cylinder is 10 in. in diameter by 12 ft. stroke, 
There are two passenger lifts (Figs. 5 and 6) 
from the ground floor to the top gallery floor 
—a distance of 60 ft. These will carry each 9 cwt. 
They are suspended by four steel ropes, which are 
secured to the jigger cylinder through a spring con- 
nection, which is fitted in order to take up any pulsa- 
tions arising in the pumps. The working of these lifts 
is extremely smooth and regular; the cages run in 
polished steel guides, and are provided with double 
sets of ‘‘ Reliance” safety gear, an arrangement which 
has already been described and illustrated in Enat- 
NEERING ; the essential features of this gear being, it 


will be remembered, the use of the weight of the cage 
and load to actuate the mechanism while any rope is 
merely stretching, or when any single rope breaks ; 
the use of springs is therefore avoided, and if one rope 
break the stress is not transferred to the unbroken 
ropes; such transference is only possible after the 


safety grips have made sufficient movement to take up | 


all weight, and relieve the ropes entirely. The cages 
of these lifts are handsomely designed, and have been 
planned by the architect of the building, Mr. Coleutt, 
to harmonise with the surroundings. 

There are two coal lifts (Fig. 7) from the basement to 
the top gallery floor, a distance of travel of 69 ft. Each 
of these carries 5 cwt. They are of the same general 
construction as the passenger lifts, but have plain 
cages with riveted wrought-iron frames in place of the 
ornamental passenger cages. They also have only two 
lifting ropes and one set of safety gear each. There is 
also a contractor’s service lift, which goes from the 
basement to the kitchen situated in the top storey. 
This lift has 80 ft. of travel, and will carry 5 cwt. 
It is to be used for general purposes in the refresh- 
ment department. It is similar to the coal lifts last 
referred to. There are also two small hydraulic 
service lifts between the kitchen and the dining-room ; 
these are similar to the coal lifts, but carry 1 cwt. 

In the east tower of the building there is a lift to 
raise objects for exhibition from the yard level to the 
top gallery floor, a distance of 69 ft. This is a 1-ton 
lift. It has a specially designed cage, with steel 
frames, and opens on two contiguous sides; this has 
necessitated a special modification of the Reliance 
safety gear, which has been arranged to grip the two 
opposite corner guides. Owing to the exigencies of 
the situation in the tower, it has been necessary to 
place the whole length of the jigger cylinder in the 
upper portion of the tower, and above the top gear 
of the lift. Such anarrangement would be impossible, 
naturally, with low-pressure machinery, as the head 


would be lost by the high position of the jigger. For 
the purpose of preventing undue syphoning of water 
from the elevated cylinder, the starting valve is 
placed level with the top of the cylinder, and the 
exhaust water is discharged at the same level into an 
open tank, from which it flows by gravitation to the 
return water tank in the pumping room. __ . 

In the east gallery there is a platform lift with a 
direct-acting ram. This is the largest lift in the estab- 
lishment, being of 3 tons capacity, and will be used for 
carrying goods from the yard ievel to the upper floor 
of the east gallery. It has been put in position, — 
chiefly, for lifting the heavy exhibits for the museum 
section. The solid steel ram is 4% in. in diameter, 
The platform is steel-framed, and strongly braced 
below. It has wrought-iron, rolled joist guides, and 
rises through a wrought-iron lattice tower or frame, 
fixed outside the building. This tower was also supplied 
and erected by Messrs. Smith and Stevens. There are 
‘two platform lifts of similar construction, but carrying 
10 cw’. These are for dealing with coal, general 
stores, &c. The various pipes which have been laid 
‘down form a complete system for conveying water 
‘from the storage tank to the pumps and thence to 
the accumulator, passing from the lift cylinders, and 
returning through a similar system to the storage 
tank. The total length of pipe used is nearly three- 
quarters of a mile, Every lift is fitted with two stop 
valves, and provision is made that any machine may be 
isolated for repairs. All parts have been subjected to 
an hydraulic pressure of 2500 lb. to the square inch. - : 
may be added that all suspended lifts are constructe 
under Messrs. Stevens and Major’s patents, 


Betcian Coat Exrorts.—The exports of coal from 
Belgium last year amounted to 4,538,118 tons, as ber 
pared with 4,750,232 tons in 1891. In these totals t a 
exports to France figured for 3,808,808 tons, as comparec 
with 3,985,681 tons in 1891. Hotes 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Y esterday there was a fairly 
large attendance on ’Change, but the tone of the market 
was decidedly flat, and almost everybody present reported 
next to nothing doing. Telegrams from other iron-pro- 
ducing centres were of a discouraging character, and this, 
of course, had a depressing influence on the Cleveland 
market. Buyers were exceedingly shy, and what iron 
was purchased was only in small lots, and for immediate 
delivery. There were makers who spoke somewhat hope- 
fully of the future, but generally speaking the outlook 
was regarded as very discouraging, notwithstanding the 
continued heavy shipments. Producers of pig iron, how- 
ever, most of whom have still a fair number of contracts 
on hand, would not reduce their quotations below 34s, for 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron, 
and for some brands 34s. 6d. was asked. On the other 
hand, most buyers attempted to procure the ruling 
quality at 33s. 9d. A few small lots changed hands at 
33s. 104d. The lower classes of iron were quiet but 
steady. No. 4 foundry was 33s. to 33s. 3d., and grey 
forge 32s. 6d., both for prompt delivery. Middlesbroug 

Warrants were 33s, 8d. cash buyers, but the quotation was 
just about nominal. Local hematite pig iron was, if any- 
thing, a shade easier than when we last reported, although 
sellers as a rule asked and reported being able to obtain 
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tions was for Middlesbrough warrants, which advanced 
to 33s. 9d. cash buyers, with sellers at 33s. 11d. 


Manufactured Iron and Steel.—Very little new can be 
said of the manufactured iron and steel industries. In 
the former industry affairs are particularly dull, and 
there is really no prospect of any early improvement. 
Many establishments are badly employed, and in spite of 
the exceedingly low rates new work is very difficult to 
secure. For some time past quotations have been re- 
garded as about as low as it is possible to imagine them, 
but now there seems to be a likelihood of their being 
even further reduced. Orders can easily be placed at 
41. 17s, 6d, for common bars; 65. 7s. 6d. for best bars 
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4l. 12s. 6d. for iron ship plates; and 40, 11s. 9d. for iron 
ship angles; all less the usual discount. Prices for steel 
are weak. Ship plates are quoted 4J. 17s. 6d., and ship 
angles 47. 12s. 6d., both less the customary 23 per cent. 
discount for cash. The steel rail trade is particularly 
quiet, and quotations must be barely remunerative. It 
is really difficult to say how low a price would be accepted 
for a good order. For heavy sections 3/. 15s. is asked, 
but probably 32. 18s. 9d. net at works would be readily 
accepted. Itis not at all unlikely that some firms would 
book orders at even less than the foregoing quotations. 


Wages in the Shipbuilding Trade.—The representatives 
of the shipwrights, joiners, tinsmiths, drillers, smiths, 
and painters employed in the shipbuilding yards on the 
Tyne met the employers at their offices in Grey-street, 
Newcastle, yesterday, with regard to the request on the 
part of the masters for a reduction of 5 per cent. in piece 
work, and from 5 to 74 per cent. in time wages. The 
conference lasted for some considerable time, and at the 
close the representatives of the men stated that no 
arrangement had been come to. 


The Fuel Trade.—On Newcastle Exchange a good de- 
mand for best Northumbrian steam coal is still reported, 
and the general quotation is 8s. 6d. to 8s. 9d. f.o.b., and 
small steam is 3s. 6d. to 3s. 94. Bunker coal continues 
depressed, and prices vary from 6s. for unscreened quali- 
ties to 8s. 6d. for best Durham screened. Gas coal is 
quiet. Coke steady. Here 12s. is asked for good blast 
furnace qualities delivered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Proposed New Railway.—A new railway is being pro- 
moted, extending across the adjacent confines of Derby- 
shire. Those most interested have held a meeting during 
the week, at Wirksworth, and the plans of the promoters 
have been laid before the local authorities. There is 
a large blank extending between Ashbourne and the 
coal district of Alfreton, Clay Cross, and the Hrewash 
Valley, and there is room for a connecting link across the 
county. The London and North-Western Company are 
at the present time making a railway between Buxton 
and Ashbourne, and they are also developing the old 
High Peak Railway as far as Longcliffe Wharf, near 
Wirksworth. There is a large extent of country un- 
touched by railways in the county of Derby, and to 
develop this ground the present scheme is being pro- 
moted. Between the potteries on the one hand and the 
coalfields on the opposite side of Derbyshire, there is no 
direct communication; neither is there with the sea- 
coast. The result of the conference is that a new railway 
will before long be laid before Parliament, having com- 
munications with the principal lines, an outlet on the 
Fast to West Coast Railway, and leading, it is believed, 
to important developments of the mineral resources of this 
district. 


Dore and Chinley Railway.—The completion of the 
work in connection with this most important line is 
being rapidly proceeded with. The headings of the Dore 
tunnel have been completed, the arching is being pro- 
ceeded with at a rapid rate, and it is now on the pro- 
gramme that at the Dore end some 300 navvies will be 
discharged within a week or two. Competition for the 
Manchester trade between the Midland and the Man- 
chester, Sheffield, and Lincolnshire Railway Company 
will be of the severest character, and already agents of 
both companies are at work. 


Yorkshire Miners’ Association.—A two day’s meeting 
of this body has been held this week. Amongst the 
decisions arrived at was the following: that a sum of 
5002. be contributed to the assistance of the Hull dockers. 
The Council also decided to advise the miners at the 
Wharncliffe Silkstone, New Sharlston, and Featherstone 
Main pits to take a ballot and ascertain whether or not 
they would come out on strike, in order to obtain a 
remedy of the grievances which they assert are now 
existing. Five thousand underground workers are 
affected. The situation at Carlton is critical. 


Iron, Steel, and Coal.—A_ better feeling exists in con- 
nection with the pig-iron market, on account of the in- 
creased demand for foundry descriptions, which are now 
realising about 42s. per ton, with forge at 40s. Those 
turning out pipes, mains, and heavy machine castings 
are doing well, but in lighter lines little new is apparent. 
In connection with manufactured irons it may be men- 
tioned that many important bar orders placed on Austra- 
lian account in April, and countermanded, have now 
been ordered to be proceeded with. South Africa and 
India are also buying bar. The sheet trade is flat, 
colliery requirements being the principal lines visible, 
but for best boiler plates there are increasing inquiries. 
Armour-plate rollers, and those dependent on ordnance 
orders from Government, are short of work. Engineering 
firms are busier, particularly at Leeds. In the heavy 
steel trade tyre-makers are busier, but there is no altera- 
tion in rates for railway material, prices of which are: 
Engine tyres, 121. 10s. per ton and upwards; carriage and 
wagon tyres and springs, 10/.; axles, 6/. 10s. Bessemer 
billets, 5. 7s. 6d. to 51. 12s. 6d. ; Siemens, 5/. 17s. 6d. to 61. 
No fall in the price of local-produced coal need be looked 
for this quarter, but stocks are accumulating, and many 
pits are only working four days per week. 


NOTES FROM THE NORTH. 
. GLasaow, Wednesday. 
_ Glasgow Pig-Iron Market.—There was a quiet feeling 
in the pig-iron market last Thursday forenoon. About 
5000 tons of Scotch iron were dealt in, of which 3000 


were sold at 40s. 8d. per ton one month fixed, with 1s. 
forfeit in sellers’ option, and the remainder ab 40s. 8d. 
cash. Cleveland and hematite iron remained unchanged 
in price. The market was steadier in the afternoon, but 
dealing was still limited in amount. In all, about 3000 
tons of Scotch iron changed hands in the afternoon 
at various prices, the highest being 40s. 84d. cash on 
Friday. At the close the settlement prices were— 
Scotch iron, 40s. 74d. per ton ; Cleveland, 34s. ; hematite 
iron, 45s. 6d. per ton. On Friday forenoon only about 
5000 tons of Scotch iron changed hands—one lot at 
40s. 74d. per ton cash, and the rest at 40s. 103d. to 
40s. 10d. one month. The market was steady in the 
afternoon, and about other 5000 tons of Scotch were done 
at 40s. 74d. cash per ton. One lot of 500 tons of Cleveland 
was disposed of at 33s. 10d. cash per ton, being a 
fall of 24d. per ton. The settlement prices at the 
close were—Scotch iron, 40s. 7$d. per ton; Cleveland, 
33s. 10$d.; hematite iron, 45s. 6d. per ton. A fair amount 
of business was transacted in the pig-iron market on 
Monday forenoon. Some 7000 tons of Scotch and 2000 
tons of Cleveland were sold—the latter equally on cash 
and month’s terms, and all the Scotch except 1000 tons 
on cash terms. An ex-official sale of 500 tons of Scotch 
iron was done at 40s. 74d. fourteen days. In the after- 
noon the market was still more active. One operator 
sold 6000 tons of Scotch iron at 40s. 7d. and 
40s. 64d. one month fixed, with 1s. forfeit in seller’s 
option. Of cash and a month open business about 
10,000 tons of Scotch iron were dealt in at 40s. 6d. 
per ton cash, with sellers over at that price, and 40s. 83d. 
to 40s. 8d. one month. One or two lots of Cleveland 
were done at 33s. 84d. cash, and some 1500 or 2000 
tons of hematite iron at 44s. 9d. three months fixed. 
The cash price for hematite iron showed a drop of 
44d, from the forenoon quotations. The closing settle- 
ment prices were—Scotch iron, 40s. 6d. per ton; 
Cleveland, 33s. 9d.; hematite iron, 44s. 9d. per ton. 
Proceedings were very quiet on Tuesday forenoon, only 
some 1000 tons of Scotch being sold at 40s. 6d. and 40s. 63d. 
per ton cash, 500 tons at 40s. 84d. one month, and 2000 tons 
ex-officially at 40s. 74d. one month fixed, with 1s. forfeit 
in seller’s option. A lot of 500 tons of hematite iron was 
done at 44s. 103d. per ton cash. The market was still 
quiet but steady in the afternoon. About 2500 tons of 
Scotch were dealt in at 40s. 6d. and 40s. 7d. fourteen days, 
and 40s. 85d. one month. The closing settlement prices 
were—Scotch iron, 40s. 6d. per ton; Cleveland, 33s. 9d. ; 
hematite iron, 44s. 9d. per ton. There was a fair 
amount of business done this forenoon. Some 8000 or 
10,000 tons of Scotch iron changed hands, a portion of it 
on the usual forfeit terms, Cleveland fell $d. and hema- 
tite iron ld. per ton. The market in the afternoon was 
moderately active, and about other 10,000 tons of Scotch 
iron changed hands. Of that quantity 2000 tons were 
done at 40s. 7d. one month fixed, with 1s. forfeit in seller’s 
option. There were 1000 tons of Cleveland disposed of 
for cash. Prices were very steady. The following are 
some of the quotations for No. 1 special brands of 
makers’ iron: Gartsherrie, 47s. 6d. per ton ; Calder, 49s. ; 
Summerlee, 49s. 6d. ; Coltness, 53s. ; Langloan, 53s. 6d. 
—the foregoing all shipped at Glasgow; Glengarnock 
(shipped at Ardrossan), 49s. 6d.; Shotts (shipped at 
Leith), 52s ; Carron (shipped at Grangemouth), 52s. 6d. 
per ton. There arestill 71 blast furnaces in actual opera- 
tion, as compared with 77 at this time last year. Two 
have been turned from ordinary to hematite iron during 
the past week. Last week’s shipments of pig iron from 
all Scotch ports amounted to 6966 tons, against 5912 
tons in the corresponding week of last year. They 
included 125 tons for the United States, 540 tons for 
Canada, 100 tons for South America, 100 tons for 
India, 215 tons for Australia, 809 tons for Italy, 600 
tons for Germany, 530 tons for Russia, 170 tons 
for Holland, smaller quantities for other countries, 
and 3610 tons coastwise. The stock of pig iron in 
Messrs, Connal and Co.’s public warrant stores yester- 
day afternoon stood at 339,669 tons, as compared with 
340,210 tons yesterday week, thus showing a reduction 
during the past week amounting to 541 tons, 


Iron Imports into the Clyde.—The imports of Spanish 
hematite ore into the Clyde ports of Glasgow, Bowling, 
Port-Glasgow, and Greenock during the month of April 
show a considerable falling off. There arrived only 22 
steamers from Bilbao, &c., with 35,216 tons of ore. This is a 
decrease of 27,871 tons as contrasted with the imports in 
Aprillast year. For the four months the landings show 
a decline of 54,155 tons as contrasted with the landings 
for the same period in previous year. The small import 
in 1891 was consequent on the seven months’ strike of the 
Scottish iron furnacemen. The returns are: 


Month. Four Months. 
Vessels. Tons. Vessels. Tons. 
1893 22 35,216 101 163,278 
1892 38 63,087 144 217,433 
1891 14 16,300 42 49,230 
1890 40 58,664 121 176,753 
1889 32 47,717 103 150,348 


Messrs. Baird and Co.’s Spanish Ore Mines,—It has just 
been reported that Messrs. William Baird and Co., of 
Glasgow and Gartsherrie, have secured by purchase from 
the Pedresso proprietors the celebrated iron ore mines in 
the province of Seville, known as the Monte de Hierro 
(Mountain of Iron), and others. These mines are very 
extensive, and are capable of yielding for many years to 
come large quantities of the finest ore for making hema- 
tite pig iron for use in the Bessemer and Siemens steel 
processes. 


Nickel Ore Imports into the Clyde.—The import of this 
ore from New Caledonia, which was first brought to Scot- 
land direct seven years ago, has now risen to some im- 


portance. Last month two large steamers brought 8297 
tons, an increase of 3933 tons over the landings in April, 
1891, Over the four months, however, the increase is 
only 559 tons, the aggregate landings being 16,715 tons, 
For the year 1886 the total import was 700 tons; for 
1887, 3348 tons ; for 1888, 9596 tons ; for 1889, 10,639 tons ; 


for 1890, 17,856 tons; and last year, 32,110 tons. The 
imports for the month and four months were : 
Month. Four Months, 
Vessels. Tons. Vessels. Tons. 
1893 a ae 2 8297 5 —-:16 715 
1892 Ee wat 2 4364 8 16,156 
1891 es be 1 2900 3 5,116 
1890 Nes ase 2 3048 3 5,204 
1889 ie ee 1 2400 1 2,400 
Finished Iron and Steel Trades.—For bar iron the 


inquiry is slow, and work is generally from hand to 
mouth, the prices ranging from 5/. to 51. 17s. 6d. per ton 
for well-known brands. There has been more inquiry for 
unbranded iron for India. Iron sheets are in moderate 
request, and makers quote on the basis of 7/. 5s. per ton 
for singles. The steel trade is irregularly employed, 
some makers being busy and others slack, with prices un- 
changed. ? 


Peterhead Harbour Accommodation.—The Peterhead 
Harbour Trustees have agreed to lower a number of the 
rates in order to encourage trade. This was calculated to 
be a loss of 1107. a year, but id. additional was put on the 
dues on herrings, leaving them still lower than at other 
ports, in order to recoup the loss. A report by a com- 
mittee was submitted suggesting the deepening of Port 
Henry Harbour at an expense of 26,000/., and recom- 
mending an application for a loan. The plans recom- — 
mended the shutting up of the entrance and constitating 
it an inner basin of the North Harbour by an entrance 
from the outer basin. It was agreed to consult an engi- 
neer of eminence before further procedure was taken. 
At present Port Henry Harbour is tidal, and only a very 
limited area is available for fishing-boats at flood tide. It 
is now proposed to deepen it all over so as to add to 
the quayage of the harbour. 


Institution of Engineers and Shipbuilders : Graduates’ 
Section.—The closing meeting of the session of the 
Graduates’ Section of the Institution of KHngineers 
and Shipbuilders in Scotland was held last night, 
Mr. M. T. Brown, B. Sc., President, in the chair. 
The business of reconstructing the council first came 
off, and then a discussion took place on a paper 
read at the preceding meeting by Mr. John Sharp, 
Wh. Sch., the subject of which was ‘‘ Some Simple 
Arrangements of Reversing Gears Suitable for Engines 
of Cranes, Steering Engines, and other similar Ap- 
pliances.” Subsequently the President submitted a short 
communication on ‘‘ Aspinall’s Marine Governor” by 
Mr. John Taylor. The section then adjourned for the 
summer recess. 


NOTES FROM THE SOUTH-WEST. 

Institute of Marine Engineers.—A meeting of the 
Bristol Channel Centre of the Institute of Marine Engi- 
neers was held at University College, Cardiff, on Wednes- 
day. Mr. D. Gibson occupied the chair. Professor A. C. 
Elliott read a paper on ‘‘ The Sizing of Marine Engines.” 
He dealt in considerable detail with the various laws 
which should govern the sizes of cylinders, and for the 
purposes of his first calculations assumed (1) that the ex- 
pansion curve was hyperbolic; (2) that there was nowhere 
any drop; and (3) that expansion was carried so far that 
the terminal pressure was equal to the back pressure. 
Generally, he thought, we might conclude that under 
these conditions the balance conditions of mean piston 
force and of initial force gave identical results, 
Dr. Elliott then proceeded to show that by continu- 
ously diminishing the drop ib might easily happen 
that we should reach a point when further diminution 
produced a, loss instead of a gain of effective power. He 
arrived at the conclusion that, apart from wall pheno- 
mena, more than a certain minimum amount of drop pro- 
duced adead loss. A discussion of some length followed. 


The Electric Light at Dorchester.—At a meeting of the 
Dorchester Town Council on Thursday, it was decided 
that authority should be given to the General Purposes 
Committee to obtain the advice of Messrs. Newton, elec- 
trical engineers, of Taunton, as to the cost of providing 
the town with a service of electric lighting. 


The ‘* Ramillies.”—The Ramillies, line-of-battle ship, 
has just had her forced-draught trial. The most satisfac- 
tory feature of the trial was the small amount of air- 
pressure required, the average pressure employed being 
only .35in. It may, therefore, be assumed that 13,000 — 
horse-power could have been developed if the Lords of — 
the Admiralty had not modified the contract on the re- 
commendation of the Boiler Committee. The coal con- 
sumption averaged 2.17 lb. per indicated horse-power. 
During the first hour the engines developed nearly 12,000 
horse-power, but it was not considered necessary to press 
the boilers, and the engines were eased during the re- 
maining three hours. uring the four hours the star- 
board engines averaged 5831, and the port engines 5718 
horse-power. 


London and South-Western Railway.—A new line 
between Hamworthy Junction and Poole, which has been 
constructed by the London and South-Western Railway 
Company, is now practically completed ; and Mr. Scotter, 
the general manager, has fixed May 19 for opens By 
the new line the journey between Weyaoath and London 
will be shortened by more than half an hour. 

The “ olus.”—The machinery of the cruiser Aolus 
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having undergone an exhaustive series of trials, was 
accepted by the Lords of the Admiralty from the con- 
tractors on Monday, The machinery, which has cost 
69,852/,, was supplied by Messrs, Hawthorne, Leslie, 
and Co., of Newcastle-on-Tyne. 


Bristol Docks.—The revenue of these docks for the year 
ending April 30, 1893, was 91,419/., as compared with 
96,4031. in the twelve months ending April 30, 1892. The 
91,419/. representing the revenue of 1892-3 was made up 
as follows: Dock dues on tonnage, 42,622/.; dock dues on 

s foreign, 22,471/.; dock dues on goods coastwise, 
6039/.; and city dues, 20,2377. The aggregate tonnage of 
1892-3 was 655,749 tons, as compared with 700,133 tons in 
1891-2. The total for 1892-3 was made up as follows: 
Bristol, 464,147 tons; Avonmouth, 149,655 tons; and 
Portishead, 41,947 tons. 


Cardif.i—The steam coal trade has ruled firm; the 
best descriptions have made 9s, 6d. to 10s. per ton, and 
secondary qualities 9s, to 9s. 3d. per ton. The house coal 
trade has been quiet; No. 3 Rhondda large has brought 
10s. to 10s. 3d. per ton. Patent fue] has been in fairly 
good demand. Foundry coke has been making 17s. to 
17s. 6d. per ton, and furnace ditto 15s. to 16s. 6d. per 
ton. No improvement can be reported in the manufac- 
tured iron and steel trades. 


Railway Rates.—A special meeting of the members of 
the Bristol Chamber of Commerce interested in railway 
rates will be called at an early date, for the purpose of 
considering Sir J. Whitehead’s Bill, now before the 
House of Commons, which seeks to amend the law relating 
to the charges of railway companies for the conveyance 
of goods. The Bill provides that after the passing of the 
Act it shall not be lawful for any railway company, 
except with the permission hereinafter specified, to de- 
mand for the conveyance or carriage of merchandise, or 
the provision of any accommodation, or the performance 
of any service in connection with such conveyance, 
carriage, or accommodation, or for any two or more of 
such matters, any rate or charge exceeding the amount 
of theactual rate or charge made by the company in re- 
spect of such matter or matters on the 31st of December, 
1892. When any railway company proposes to charge a 
sum which would exceed the limit imposed by the first 
section of this Act, they shall, by publication in such 
manner as may be prescribed, give notice of their inten- 
tion to apply to the Board of Trade for permission to 
make such acharge. Within such period after receiving 
an application under this Act as may be prescribed, 
the Board of Trade is to appoint an officer or officers to 
adjudicate upon such application, and shall fix a time 
and place at which the applicants and all persons object- 
ing to the proposed charge may be heard before him or 
them, 


MISCELLANEA. 

As illustrating the durability of terra-cotta, Sir Henry 
Doulton points out that the figure of Britannia on the top 
of the Liverpool Exchange was made, one hundred years 
ago, ab Lambeth, and, though greatly exposed, is as per- 
fect to-day as when erected. 


The new engine No. 999 of the New York Central 
Railway, which has been christened the ‘New Colum- 
bian,” attached to the Empire State Express, is said to 
have run at the rate of 102 miles in an hour between 
Rochester and Buffalo on Tuesday, breaking the record. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
April 30 amounted, on 16,455} miles, to 1,367,300/., and 
for the corresponding period of 1892, on 16,382 miles, to 
1,350,632/., an increase of 73} miles, or 0.4 per cent., and 
an increase of 16,668/., or 1.2 per cent. 


According to a report by Mr. Loomis, the United 
States Consul at St. Etienne, there have been 1813 strikes 
in France during the 38 years from 1852 to 1889, of which 
only 163 resulted in favour of the workmen. In the two 
years 1888 and 1889, 110 strikes are recorded, which resulted 
ina loss of 478,391 working days, and involved 24,134 
workmen. Only 22 resulted in favour of the men. 


The Royal Observatory at Copenhagen will be fitted 
with a new photographic telescope, similar to the one just 
fixed at the Upsala Observatory in Sweden. It will in 
all probability be ordered from the same firm which has 
constructed the Upsala one, viz., Messrs. Repsoldt, of 
Hamburg, but it will be about two years before it can be 
ready. It will be a double telescope, optical and photo- 
Brapnic, having two parallel tubes connected with one 
another, 


The French Railway Servants’ Congress concluded its 
labours on Sunday last. It adopted resolutions in favour 
of an eight hours’ working day and the exclusive employ- 
ment of Frenchmen. It decided that admission to the 
railway service and promotion should be solely decided 
by competition and in order of merit, and the Congress 
drew up a list of railway employés’ demands for submis- 
sion to the Government. It was also agreed to take part 
in the International Congress to be held at Zurich early 
in August. next, and a resolution was adopted in favour 
of organising for next year an International Railway 
Congress in France. 


A visit last month to the mining districts of St. Etienne, 
ire, France, and to Mons, Belgium, shows that 
mechanical engineers are well employed, and have in 
and steam engines, ventilating fans, and other work for 
coal mines, &c. A good many Rateau fans are being 
made for French and Belgian mines, and those at work 
are doing good ventilation. The coal mines are in full 
work, and seem to be doing well, although the price of 
coal is decreasing, At Mons the strike is nearly over; 
Some of the men are still out, and the military are seen at 


the entrances of many mines and factories. 
large steel works at and near St. Etienne are well em- 
ployed on Government and other orders. 


will move the following resolution : 
consideration the extreme importance of the vast interests 
in connection with the British Empire, which in time of 


The various 


In the House of Lords next week Lord Hood of Avalon 
“That, taking into 


war must be protected by the Navy, also the rapidly ap- 


proaching completion of the vessels building under the 
Naval Defence Act, and the very large increase which 
has been undertaken in the strength of foreign navies 
since the passing of that Act, it has become absolutely 


necessary that a further well-considered progressive 
scheme, extending over a term of years, for making such 
an increase to the strength of the Navy as will insure 


adequate protection being given to the vast interests of 


the Empire, should be prepared and provided for.” 


The Midland Railway Company’s new line from Win- 
cobank (near Sheffield) to Chapeltown was opened for 
mineral traffic on Monday. The original contract was 
for a single line to connect the Midland with a number 
of collieries. The line has since been doubled, however, 
and stations are to be built for passenger traffic. Powers 
have been granted for carrying the line forward to 
Barnsley, and this work will shortly be proceeded with, 
thus giving the company direct access to Barnsley from 
Sheffield, and shortening the distance between the towns. 
The company also contemplate carrying the line from 
Barnsley to Bradford for the purposes of the Scottish 
traffic, by which route a saving of ten miles in the run 
from London to Scotland would be effected. This route 
would avoid the run in to Leeds, and the delay now 
occasioned there by reversing engines. 


The Norfolk and Western Railroad in the United 
States are adopting 60-ft. rails, with a view to getting rid 
of half the usual number of joints, and thus reducing the 
work of maintenance. These rails were first laid on 7 miles 
of track on the Maryland and Washington division. They 
weighed 67 lb. per yard, and were cut with mitred ends. 
Since then 18 miles of line have been laid with rails of 
the same length, but weighing 85 1b. per yard, and having 
square ends. Both sections of track have proved per- 
fectly satisfactory. These rails were laid without inter- 
rupting the traffic, which amounts to 1275 locomotives and 
33,000 cars per month on the average, and it was found 
that from 1500 ft. to 3000 ft. could be laid per day by a 
force of thirtymen. This gang was divided up into three 
sections, ten being employed in removing the old rails, 
sixteen in laying the new, and four in putting in the joints, 
A toleration of 4 in. is allowed in the length of the rails 
as received from the mills. 


The relative efficiency of the hammer and the hydraulic 
press is a question which has been hotly discussed by 
experts. About four years ago some very interesting 
experiments were made at the Arbel forges at Rive-de- 
Gier in France, which failed in their immediate object, 
which was to establish a definite ratio between the weight 
of a hammer and the power of a press required to do the 
same work, but which nevertheless shed some light on 
this subject. The general conclusion reached was that 
forgings made under the hammer showed a finer grain 
and a greater degree of uniformity in texture than those 
made with the press. It was noted that while hammer 
forgings showed a better surface, the press forgings had 
the greater density in the centre. These experiments, 
while their general indications favoured the steam 
hammer, were hardly carried far enough to be conclusive. 
It is not at all probable, however, that the steam hammer 
will be superseded, and for many classes of forgings it 
will always be indispensable. 


Messrs. Willans and Robinson, of Thames Ditton, 
Surrey, have now adopted the metric measures in their 
works. They have adopted this course owing to the 
practical convenience of the metric system, and to their 
conviction that they thus obtain commercial advantages 
in securing orders in those countries where the metric 
system is in force, and in order that parts of engines 
made by them may be interchangeable with those made 
by their licensees abroad. Weare authorised to state that 
their existing standard sizes of engines, chiefly used for 
non-condensing purposes, will remain unaltered, in order, 
among other reasons, to avoid causing inconvenience to 
present users of their engines, the gauges, templates, &c., 
only, for the sake of uniformity in the works, being re- 
stamped to the nearest hundredth of a millimetre. A 
new series of engines, however, specially designed for 
condensing work which is now in hand, and all new 
works, will be constructed to even measurements on the 
metric system. Mr, Charles Louis Hett, of the Turbine 
Foundry, Brigg, contemplates adopting this system of 
measurement in his works also. 


The session 1892-93 of the Newcastle Association of 
Students of the Institution of Civil Engineers was brought 
to a close on Wednesday, the 3rd inst. In the afternoon 
a numberof members visited the new Tyne Bridge at 
Newburn, where they were received by Mr. J. M. 
Moncrieff, C.E., the representative of the engineers, and 
conducted round the works. The party next visited the 
new rolling mills of Messrs. J. Spencer and Sons, 
Limited. In the evening the last ordinary meeting 
of the session was held at the Durham College of 
Science, when a paper was read on ‘“‘ Dock Gates” 
by Mr. John Thompson, Jun. The annual meeting 
followed, when the report of the Council and statement 
of accounts were adopted. The following officers were 
elected for the ensuing year: President, Mr. J. Watt 
Sandeman ; vice-presidents, Messrs. Charles A. Harri- 
son, the Hon. C. A. Parsons, J. B. Simpson, J. D. War- 
dale, and John H. Barker ; members of Council, Messrs. 


W, R. L. Forrest, E. W, Greenwell, John Thompson, 


Jun., P. M. Pritchard, and L. H. Savill; hon. secretary, 
Mr. G. H. Sheffield. 


At the conclusion of a number of preliminary experi- 
ments, the Northern Railway of France has decided tomake 
further experiments on a larger scale in the matter of light- 
ing railway carriages by electricity on the Paris-Lille line. 
Each car is lighted by means of incandescent lamps of 6, 
8, or 10-candle power, run from a secondary battery, but, 
asa reserve in case of breakdown, the carriages can at 
need be lighted by oil without interfering with the electric 
plant. Each battery of accumulators has sixteen elements 
inclosed in pairs in portable receptacles, which are placed 
in a wooden box suspended from the frames of the 
carriages, and are easily accessible from the footboards. 
Each cell of the accumulators consists of an ebonite vase, 
and contains four negative and five positive plates, which 
measure 8 in. by 4in. by}in. thick. The weight of the 
cell is about 28} lb., and the total weight of each battery 
is about 530 1b., to which should be added that of the 
wooden case on the carriage into which it fits. The cells 
have each a capacity of 114 ampere-hours when fully 
charged. The lamps work at a potential of 30 volts, and 
are fixed with their reflectors on the roofs of the car- 
rlages. 

In an article which recently appeared in the Revue 
Scientifique, M. L. de Djeri claims that aluminium will 
soon replace tin for many purposes. For equal volumes 
the price of the two metals is not very different, and the 
alloys of aluminium with copper, &c., are superior to 
those of tin. He gives the following figures as to the pro- 
perties of the metal and its alloys: 


erenele 

. trength. 

Metal. Density. Wank jae Remarks, 

Sq. In. 

Aluminium : Sere 6.35 to 9.52 

90 per cent. aluminium, 
10 per Sek pe . 2.60 15.87 

92 per cent. -» 8 per 
2365 Cu. ss Se TR” 22.54 Gee be 

98 per cent. Al., 2 per Al Pp 
cent. Cu. a Je 10.16 ‘ 

8 per cent. Al., 92 per Sp 
cent. Cu. ro apm te 60.96 § bronze. 


Certain other alloys containing aluminium copper and 
tin, aluminium copper and nickel have a tensile strength 
of 32 to 48 tons per square inch. The alloys of aluminium 
and iron have no special features, and those of aluminium 
and zine are harder but more brittle than pure aluminium, 


‘* RECORD ” STEAMING TO AUSTRALIA AND Honea Kone. 
—The English mails for Australia have been delivered in 
the colonies in the shortest time ever known. The 
Peninsular and Oriental Company’s new steamer Aus- 
tralia arrived at Adelaide on Thursday, the 4th inst., with 
the mails which left London on April 7. The time of 
transit was 26 days 16 hours and 30 minutes. The Penin- 
sular and Oriental steamer Oriental, which arrived at 
Hong Kong on Monday, the Ist inst., delivered her mails 
in the extraordinarily quick time of 24 days from London, 
being eight days under her contract time. 


DeatH or Srr JAMES ANDERSON.—The death is 
announced of Sir James Anderson, at his residence, 
Queen’s-gate, London, in his 69th year. Sir James, who 
was born at Dumfries in 1824, from early boyhood was 
attracted to the sea, and at the age of sixteen joined the 
mercantile marine. After commanding sailing vessels 
to India and China, he entered the service of the Cunard 
Company in 1851, and successfully commanded fourteen 
steamships belonging to that company. It was while he 
was in command of the first screw steamer of that com- 

any that he was selected for the command of the Great 
Fastorn, which was to lay the cable to America. The 
first cable, it will be remembered, was lost in mid- 
Atlantic, but ultimately a cable was successfully laid in 
1866. The vessel afterwards proceeded to attempt to 
raise the broken Atlantic cable of 1865. After a careful 
search the cable was found and brought to the surface on 
September 2. Thecable was drawn up over the bow of the 
Great Eastern, and after a splice had been effected it was 
recommitted to the deep, the paying-out process continu- 
ing till the arrival of the vessel in Trinity Bay, where a 
perfect connection was formed with the American con- 
tinent. The Great Hastern returned to Liverpool on 
September 19, 1866, and Captain Anderson and his officers 
were presented with an address in recognition of the suc- 
cessful exertions they had made to recover the lost Atlantic 
cable. For these services he also received the honour of 
knighthood, and on December 14 the same year he was 
presented with the freedom of hisnative burghof Dumfries. 
Convinced that cables could be laid and maintained with 
accuracy, resembling that of railways, he associated him- 
self with the little band of capitalists and others who have 
covered the globe with a network of cables. He was bim- 
self connected with no fewer than twelve cable companies, 
with a gross capital of 21 millions sterling and 80,000 
miles of cable. Sir James Anderson has also written 
much on his pet subject. His work on ‘‘Statistics of 
Telegraphy ” is regarded as a standard work. He has also 
written valuable papers on ‘‘Cables in Time of War” 
and ‘‘The Telegraphic Communication of the Empire, 
and a Comparison of the Routes to the Kast.” It was 
due to his efforts that the last International Telegraphic 
Conference decided to compile an official list of words to 
be used in codifying telegramis. Among the societies to 
which Sir James belonged were the Geographical, the 
Geological, and the Statistical. He has also rendered 
much help to the Imperial Institute, 
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PNEUMATIC INTERLOCKING AND AUTOMATIC BLOCK SIGNALLING APPARATUS. 


CONSTRUCTED BY THE UNION SWITCH AND SIGNALLING COMPANY, PITTSBURGH. 
(For Description, see Page 670.) 


Fie. 2. Interior or Twenty-Four LEVER Tower, PITTSBURGH. 


Fic. 3, Sranat Tower No. 2 ar Prrrssureu. 
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THE REPORT OF THE ADMIRALTY 
BOILER COMMITTEE. 


Tue ‘‘ Conclusions and Recommendations of the 
Committee appointed by the Lords Commissioners 
of the Admiralty to Consider Existing Types and 
Designs of Propelling Machinery and Boilers in 
H.M. Ships,” has just been published in the shape 
of a Blue Book. It is a comparatively brief docu- 
ment, considering the amount of evidence of which 
it is the outcome, and the importance of the sub- 
ject of inquiry. Only the report itself is pub- 
lished, the reference not being given, and there 
being no minutes of evidence. It is possible that 
there were grave objections to making public the 
evidence of some of the witnesses examined, 
although, we think, the majority—at any rate, the 
most important—would have made no objection to 
How- 
ever that may be, engineers at large have to be 
grateful that the report itself has been put at their 
Their gratitude need not prove an over- 
whelming burden on the score of any addition made 
to their store of technical knowledge. 

The report comes to us so shortly before going to 
press that we have not time to discuss the facts 


set forth—meagre as they are—with that detail which 


the importance of the subject demands. We will, 
however, take a cursory glance at some of the more 
salient features. The first matter considered is a 
proposal to reduce the working pressure in war- 
ships, with a view, presumably, to remove the de- 
fects under which the machinery of the ships in 
the Royal Navy has of late suffered, although no 
reference is made in the report to anything so 
irregular as naval breakdowns. Considerable time 
was devoted by the Committee to the examination 
of witnesses and analyses of Admiralty records. 
The question of reduction of pressure was con- 
sidered under two heads: 1. Full-power working ; 
and, 2. Low-power working. In regard to the first 
point, ‘‘all evidence obtained has been to the effect 
that a gain in economy has resulted from each suc- 
cessive increase of steam pressure.” 

Some outline particulars in this respect are 
given, but they are of so elementary a nature, 
and must be so familiar to all mechanical 
engineers, that we will not trouble our readers by 
repeating them. It is a little late in the day to 
announce—although the information may possibly 
be fresh to the Lords Commissioners of the Ad- 
miralty—that the mercantile marine have made a 
gain of 20 per cent. or so by the introduction of 
triple-expansion and steam at 150 lb. pressure, as 
compared with bi-compound engines using steam at 
90 1b. to 100 1b. What the Committee say as to the 
gain by working with low powers is of more interest, 
although the point is not one of such great import- 
ance outside the Navy: ‘‘The Committee con- 
sider it established that there is a saving of about 


20 per cent. at high powers to about 17 per cent. at 
low powers, by the use of the high-pressure triple- 
expansion engine, as compared with the 60 lb. 
bi-compound engine working at similar low powers.” 
It appears to us that the last word but one in the 
quotation just made, must owe its presence to a 
clerical error. At all events, the meaning is not 
clear. One might expect that the information 
given would be more ample; especially when we 
gather, as we do by a side reference, that their 
lordships when they appointed the Committee 
asked that they should be instructed upon the 
‘‘reasons” by means of which the Committee 
arrived at a decision on this matter. We could, 
however, speak with more confidence did we 
know what was referred to as saved. Is it coal or 
steam per indicated horse-power ? Is the efficiency 
of the whole machine taken, or only the efficiency 
of the engine? Again, what are ‘thigh powers’? 
Are they the maximum contract powers with forced 
draught, or merely a high power with boilers not 
pressed beyond the normal ? 

The next morsel of information is on a par with 
the rest : ‘‘ The triple-expansion principle reduces 
vibration and strains on bearings and engine shaft- 
ing, and thus makes a smoother running engine.” 
The statement, as quoted, stands complete, and 
one cannot but be struck by the very slip- 
shod aspect it bears. We venture to point 
out that it would render the statement more 
complete were the number of cranks specified, 
a detail which has more influence on strains and 
vibrations than ‘‘triple-expansion.” 

In the next paragraph we get the ominous ex- 
pression, ‘‘leaky tubes ;” less ominous, however, 
since the discovery of the sovereign virtue that lies 
in aferrule. ‘‘In the opinion of the Committee 
the use of the higher steam pressure has but little 
to do with the causes of leaky tubes.” It did not 
need a congress of engineering Solons to tell us 
that; although there is this about high pressure and 
leaky tubes which the Committee might have added. 
Leaks having been once caused, water will spurt 
out much more vigorously with high than with low 
pressures. Admiralty officials have had some for- 
cible object-lessons in this phenomenon within the 
last year or two. In the next paragraph we find 
some more unexceptionable sentiments, of which, 
however, marine engineers, even outside their 
Lordships’ Boiler Committee, may have had a pre- 
vious shadowy, glimmering intuition. ‘‘The use 
of fresh water is very desirable in order to prevent 
the formation of deposits on the heating surfaces. 
._. » Itsusewillalso befoundeconomicalin reducing 
thelabour of cleaning the internal parts of boilers.” 
After this expression of opinion itseemsalmostsuper- 
fluous on the part of the Committee to add another 
paragraph to the effect that, ‘‘ In the opinion of the 
Committee, it is desirable that all ships having 
surface condensers should be supplied with the 
means of avoiding the use of sea-water for replenish- 
ing the waste of feed water . . . The inconvenience 
caused by the necessity of frequent supplies from 
the shore will also be removed by the vessels being 
made self-reliant as regards the production of make- 
up feed water.” Here be truths indeed. The 
report goes on to quote the fact that ‘‘The draught 
of water of the ships carrying a reserve of fresh 
water in tanks has been increased,” and on this 
unexceptionable conclusion draws a moral lesson as 
to the value of evaporating plant. It is a great 
comfort in dealing with a report of this kind when 
one feels safe in adopting its sentiments. 

Proceeding, we find the following remarks : 
“‘The Committee are of opinion that a reduction 
of working pressure to 601b. is both undesirable 
and unnecessary, and as any smaller reductions 
would be also attended by similar though smaller 
losses of efficiency, they consider that no reduction 
should be made,” and ‘‘ the Committee consider 
that the existing types of triple-expansion engines 
fairly meet the requirements ; but for the improve- 
ment of future designs, offer the folowing sugges- 
tions”—and here we feel that we are coming to 
something really instructive. The first point dealt 
with is the margin of power, and in order to pro- 
mote the economy of engines at low powers, and 
prevent undue stress being brought on boilers and 
machinery, it is recommended that the size of 
cylinders and cut-off of steam should be so arranged 
that no more than 5 per cent. beyond the specified 
full power should be capable of being attained. The 
Committee consider that a ratio of low-pressure to 
high-pressure cylinder volume of about five, is the 
most suitable for 155 lb, steam pressure ; this ratio 
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being a fair compromise between the requirements 
of the development of high power, moderate weight 
and space, and low powers, with as much economy 
as possible. With this ratio of cylinder, the cut- 
off of the high-pressure cylinder at full power 
should be such as to make the mean equivalent 
pressure on the low-pressure cistern about 37 lb. per 
square inch, The Committee, however, wisely dis- 
countenance the disconnecting of the low-pressure 
engine for the purpose of reducing power, In 
order to increase the power given off by the 
engines, it is recommended to design the slide 
valves, eccentrics, and gear, to give the natural 
draught power with the best distribution of steam 
lead, admission, release, and cushioning, and to 
obtain the extra power beyond this by over- 
linking or its equivalent, thus increasing the travel 
of the valves and securing a later cut-off. The Com- 
mittee do not recommend higher piston speeds than 
at present inuse. As regards the compactness and 
accessibility of the machinery, the strength of the 
various parts of engines and boilers, and the amount 
of bearing surface allowed, they find no evidence of 
any non-efliciency, except as regards the gudgeon 
bearings of connecting rods. As most of our 


readers are doubtless aware, there has been 
a good deal of trouble in this detail in 
Navy engines of late. The Committee con- 


sidered that the action now taken by the Ad- 
miralty in fitting wrought-iron case-hardened 
gudgeon pins, instead of soft steel, will remedy the 
defects which have occurred in this part of the 
machinery. With regard to piston speed, Mr. 
Manuel, in a separate report, states ‘‘ that a piston 
speed of 800 ft. per minute for engines as fitted to 
the second-class eruisers, and 750 ft. per minute 
for the engines fitted in the battleships, should not 
be exceeded.” The question of piston speed is one 
which is very apt to decide itself when engines are 
running at sea, but it is right, of course, that a 
standard should be laid down for purposes of 
design. Piston speed is like many other good things: 
one cannot have too much of it as long as it does 
not disagree with the constitution. 

In the course of the inquiry, some valuable 
evidence was given as to the use of evaporators, 
and the requirements for make-up water. The 
Committee, in the report, recommend the fitting 
of the evaporating plant in at least two parts, and 
in large ships three parts. These should be so 
fitted that they can be worked ‘‘in series” to obtain 
higher efficiency, when a less amount of water is 
required than the maximum output. The evidence 
given appeared to show that if machinery is in 
proper condition, the waste of water should be well 
within 6 tons per day per 1000 indicated horse- 
power at the specified natural-draught power, but 
as these high powers would only be run for com- 
paratively short periods, it is considered that this 
amount would provide sufficient water for the 
boilers under ordinary conditions, and also allow a 
liberal quantity for ship’s purposes being supplied 
from the ship’s tanks when the full natural draught 
is being used. In cases where the number of men 
to be provided for is exceptionally large in propor- 
tion to the horse-power of the ship, additional 
evaporative power should be provided, 

The rest of the report is devoted to the boiler 
question, the first point taken up being that of feed 
pumps, in connection with which it is reeommended 
that in order to insure efficient feeding of the 
boilers the feed pumps should be of such a size 
that they wiJl work at moderate speed when 
supplying full power feed with half the pumps 
at work, and that the main feed pumps be 
fitted with automatic speed-controlling gear when 
possible. In order to reduce the strain on boilers 
when raising steam, and also to enable steam to be 
raised more quickly, it is considered that connec- 
tions should be fitted from the auxiliary feed pumps 
to enable them to circulate the water in the boilers. 

The Committee take types of boilers fitted into 
various classes of ships. Amongst the battleships, 
they select as typical the boilers of the Royal 
Sovereign, Barfleur, Hercules, and Monarch. In 
the first-class cruisers, the Edgar and Crescent are 
instanced ; in second-class cruisers, the Latona and 
Hermione ; in the single-screw gunboats, vessels of 
the Thrush class ; and in the torpedo gunboats the 
Jason and Halcyon. The boilers of all these vessels 
are considered suitable for naval service, but re- 
marks are made with a view of indicating what are 
considered to be the relative merits of the various 
types of boilers fitted. Boilers of battleships 
which are of the four-furnace, single-ended, return- 


tube type, may be divided into three classes, ac-| tion chamber. 


cording to arrangement of combustion chambers. 
Thus the Royal Sovereign and Hercules have two 
combustion chambers; the Resolution and Re- 
venge have a separate combustion chamber for 
each furnace, and the Royal Oak has three combus- 
tion chambers for four furnaces. Of these three 
types the Committee consider one combustion 
chamber to each furnace to be the best, by which 
we conclude it is meant that the balance of advan- 
tages, taking all points into consideration, lies 
with the separate combustion chamber. That, of 
course, would be the logical deduction from the 
unqualified statement made. The Committee also 
prefer the separate combustion chamber in cruiser 
boilers. The three-furnace boilers, either single or 
double-ended, having separate combustion cham- 
bers, as fitted in the second-class cruisers, are con- 
sidered suitable boilers. The Navy boilers, with 
two furnaces, as fitted in the Thrush class, would 
also be considered satisfactory, although some 
members of the Committee believe it would be 
better to have a separate combustion chamber to 
each furnace. The torpedo gunboats of the Jason 
class are fitted with wet-bottom locomotive boilers, 
having divided furnaces. This type is considered 
to be suitable for the requirements of such vessels. 

Although a general preference is expressed for 
separate combustion chambers, the double-ended 
boiler, with combustion chambers common to each 
pair of opposite furnaces, is looked on as an eflicient 
type. For greater subdivision of power, single- 
ended boilers are to be preferred where the extra 
weight can be allowed. ‘Three-furnace boilers are 
stated to be superior to those of four furnaces, 
supposing the extra space required can be given. 
Indeed, four-furnace boilers should only be placed 
in ships in which the limitation of the floor space 
occupied by the boilers is so important as to 
necessitate the employment of very large boilers, 
in which three furnaces, if fitted, would be too large 
in diameter. In dealing with the return-tube 
boiler, the Committee consider that an amount of 
total heating surface equal to about 24 square feet 
per indicated horse-power at natural draught, 
should be provided, whilst an area of grate surface 
equal to about 34; of the total heating surface, is re- 
commended. In regard to steam space, the present 
practice of the Admiralty is considered satisfactory. 

For the Navy type boilers, as fitted in sloops and 
gunboats, it is stated that the present practice as 
regards heating surface and steam space at natural 
draught power is satisfactory. In the torpedo gun- 
boat type of boiler, a total heating surface of about 
2.5 square feet per indicated horse-power at natural 
draught is recommended, and the present practice 
as regards steam space and grate area is considered 
satisfactory. As regards water spaces, other than 
those between adjacent tubes, it is considered that 
these might, with advantage, be somewhat increased 
from the sizes which in many recent cases have 
been fitted. The boilers of the Crescent, the Thrush, 
and the Jason are referred to as satisfactory. 

The question of tube arrangement next receives 
attention. Tubes 24 in. in diameter outside, with 
a thickness of 0.16 in., and a distance apart in a verti- 
cal direction of 1 in. for the return-tube and Navy 
type of boilers, are considered satisfactory. As re- 
gards the distance apart in a horizontal direction, an 
increase is considered desirable. This distance is 
recommended to be not less than 1}in. The 
diameter, thickness, and distance apart of the 
tubes in the Jascn boilers are said to be such 
as will give good results. The report states that 
‘a large combustion chamber is advantageous,” 
and in return-tube boilers the combustion chamber 
should generally be not less than 2 ft. 3 in. wide 
for separate combustion chambers, and 4 ft. for 
double-ended boilers with combustion chambers 
common to the opposite furnaces. In boilers of large 
size this width might with advantage be further 
increased. In the Navy type boilers the present 
combustion chambers of about 3 ft. 3 in. long are 
satisfactory. In the Jason boilers the distance 
between tubeplate and grate end is sufficient. 

With boilers designed as above recommended, 
the Committee consider that the specified forced 
draught power should be limited to 25 per cent. 
above the specified natural-draught power in the 
case of return-tube and Navy boilers; whilst 40 
per cent. increase may be allowed with the tor- 
pedo gunboat type. In return-tube and Navy 
boilers, the length of grate should not exceed twice 
the internal diameter of the furnace; whilst the 
end of the grate should be 6 in. from the combus- 


[May 12, 1893. 


Steel tubeplates from 2 in. to 
12 in. thick are recommended for combustion 
chambers ; the former being preferred, if the stay- 
ing can be arranged to suit this thickness. Steel 
tubes, it is stated, corrode and pit more rapidly 
than those of iron; but as the former can be re- 
moved, stretched, and replaced, the preference is 
given for mild steel. It is recommended that ex- 
periments should be made in order to ascertain the 
desirability of fitting spiral retarders in the tubes, 
or of using Serve ribbed tubes, or possibly a com- 
bination of both. It is also recommended that 
experiments should be made to settle authorita- 
tively the merits of the closed ashpit system, as 
against the closed stokehold, and the Committee 
also recommend the fitting of tubulous boilers in 
two vessels for experimental purposes. 

In connection with this matter an important 
expression of opinion is given. ‘‘It is considered,” 
the report says, ‘‘that only those tubulous boilers 
that are fitted with straight tubes of compara- 
tively large diameter, arranged so as to be readily 
cleaned and examined, should be considered as 
suitable for trials, with a view, if found satisfac- 
tory, to their being fitted to the larger class of 
warships.” Having regard to the importance of 
the subject, the Committee would recommend that 
these experiments be made without delay, so that 
data may be obtained for guidance as to the adop- 
tion or otherwise of this type of boiler. In view, 
however, of the requirements of the larger 
vessels, they further recommend that one at least 
of any new cruisers should be arranged to receive 
tubulous boilers, should the trials proposed prove 
satisfactory. The Committee also recommend that 
the Speedy, which will probably be launched from 
Messrs. Thornycroft’s yard in a few days, should 
be thoroughly tried as soon as possible, to deter- 
mine if boilers constructed with small tubes are 
suitable for continuous service at sea. 

The main report is signed by the chairman, 
Admiral Buller; Mr. John H. Heffernan, Mr. J. J. 
Corner, and Mr, James T. Milton. Mr. Heffernan 


is a well-known Navy engineer, who has long occu- ~ 


pied a prominent position in the service. Mr. 
Corner is the chief engineer of Portsmouth Dock- 
yard, and Mr. Milton, we need hardly state, is the 
chief engineer-surveyor at Lloyd’s. There are 
three minority reports; the first by Mr. W. 
Castle, who concurs with the main report, except- 
ing in regard to the recommendations which con- 
template a reduction of power obtained from a 
given weight of boilers. He considers that the 
boilers of the Latona class, as now designed, have 
given satisfactory results. The maximum power 
for the present weight of boilers would, however, 
according to the proposals of the Committee, be re- 
duced from 9000 to less than 7000 indicated horse- 
power. This, he says, appears unnecessary. He is 
of opinion that the boilers of the Royal Sovereign 
class are large enough for the maximum power 
of 13,000 horse, provided the boilers are fitted 
with ferrules. He also considers that the double- 


‘ended boiler, with opposite furnaces common, 


is a superior type to that with separate com- 
bustion chambers, and that the double-ended 
boiler with one common combustion chamber, as 
in the Vulcan, is an efficient type. Mr. Castle 
evidently pins his faith to the Admiralty ferrule. 
Mr. Peter Samson, who represents the Board 
of Trade, also fully concurs with the Committee’s 
report, but maintains that Navy boilers should be 
tested at twice the intended working pressure. 
Mr. Manuel, the well-known engineer of the 
P. and O. Company, also gives a supplementary 
report ; his dissensions from the main report being, 
in addition to that already referred to with regard 
to piston speed, ‘‘ that for the required full power 
on emergencies, bearing surfaces of journals and 
crankshafts and connecting-rods should be in- 
creased in the intermediate and low-pressure engines 
up to8 per cent., according to the relative propor- 
tion of power and weights under which those jour- 
nals work ; that the main shafts, more especially 
crankshafts, have too much material bored out of 
the centre. . .. Engine beds and framing might 
be increased with advantage 6 per cent.” Mr. 
Manuel also considers that the cylindrical shells 
and main longitudinal stays in the boilers of the 
Royal Sovereign are not sufficiently strong. The 
former should be increased 10 per cent. and the 
latter 15 per cent., whilst the hydraulic test should 
be 1} times the intended working pressures. He 
would not approve of the four-furnaced boiler under 


forced draught, but would substitute a three-furnace — 
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boiler, with furnaces of from 3 ft. to 3 ft. 8 in. 
in diameter. He also recommends ‘‘that the 
furnaces have separated combustion chambers, 
and where weight and space are limited for 
double-ended boilers that a common combustion 
chamber to two opposite furnaces is preferable 
and practicable, as in use in the fast and hard- 
driven mail steamers in the Atlantic service, both 
with natural draught and closed stokehold and 
forced heated air draught.” The locomotive type 
of boiler, with forced draught, Mr. Manuel does 
not consider suitable for torpedo gunboats in 
rough weather, the Navy type being more suit- 
able for rough weather conditions. He recom- 
mends, however, tubulous boilers, with tubes 
rising diagonally or slightly curved, for vessels of 
this class, provided the feeding arrangements are 
reliable. He considers that the present practice 
under forced draught should be the minimum 
capacity, and could be increased in some cases 
with advantage. Water spaces round 23-in. tubes 
under forced draught should not be less than 1} in. ; 
and that the specified forced-draught power should 
not exceed 10 per cent. above the natural-draught 
power in return-tube and Navy boilers, and 15 
per cent. in torpedo-boat boilers, but in tubulous 
boilers may be increased to 40 per cent., and under 
these conditions the higher powers required in 
the service can be maintained at sea. The length 
of grate should not exceed 6 ft. or less with high 
forced draught. The furnaces should not be less 
than 7 ft. 6 in. in length, increasing in proportion 
to the diameter of the furnace, and the end of 
the grate bars should not be less than 10 in. 
from the end of the furnace. Good iron tubes, 
Mr. Manuel thinks, are most suitable, and re- 
tarders are essential under forced draught for 
25-in. tubes and upwards. Finally, Mr. Manuel 
is of opinion that the closed ashpit system, 
using heated air, has further advantages than 
those mentioned—amongst them, less risk of 
leakage, ease in working, and greater economy ; 
whilst cold air pressures from closed stokeholds 
are liable to severely affect the intensely heated 
surfaces of combustion chambers and tubeplates. 
In cases where tubulous boilers are used, the feed- 
ing arrangements should be ofa thoroughly reliable 
character. 

We have summarised the latter part of the report 
somewhat briefly, giving merely the opinions ex- 
pressed ; limitations of time and space at our dis- 
posal have both prompted us to this course. We 
shall, however, return to a further consideration of 
the matter at a future date. 


THE JAMES FORREST LECTURES. 

On another page we commence the publication 
in full of the first James Forrest Lecture, which was 
delivered on Thursday of last week, in the theatre 
of the premier engineering society of the world. 
That we can apply this title to the Institution of 
Civil Engineers, not only in regard to duration of 
existence, but also in respect to position and in- 
fluence, is due chiefly to him in whose honour this 
lectureship has been founded. In all societies of a 
nature similar to that of the Institution, the secre- 
tary must be the man at the wheel, and, unless the 
helm be in strong hands, the course will not be 
prosperous, in spite of all presidents, councils, and 
committees may do. The helmof ‘‘ the Institution ”— 
by which expression all good engineers understand 
the Great George-street establishment—has during 
the past thirty-seven years been very firmly 
gripped, for it was in 1856 that James Forrest 
commenced his trick at the wheel, and his watch 
on deck has lasted ever since, or at least untila few 
weeks ago, when ill-health drove him to take a 
triply-earned rest. 

Dr. Anderson, on Thursday last, told how the 
lectureship came to be established, so we need not 
repeat the details here, but may with advantage 
give a few particulars of Mr. Forrest’s career. Such 
matter cannot fail to be of interest at the present 
time. These facts have been kindly supplied to us 
by one who has known Mr. Forrest well for many 
years, and is intimately acquainted with his career 
at the Institution. He expresses the matter so 
well that we do not hesitate to largely adopt the 
language of one so thoroughly competent to speak 
on the subject. 

The future Secretary of the Institution of Civil 
Engineers was born in London on November 30, 
1825, and received an ordinary school education, 

such as was usual in those days for boys of 


the middle class. He commenced his engineering 
career in his sixteenth year, for it was then he 
was articled to Edward and John Manby, at that 
time practising as civil engineers in Westmin- 
ster. Messrs. Manby shortly afterwards removed 
to Paris, and their pupil was transferred to 
Mr. Charles Manby, who at the time was secre- 
tary to the Institution of Civil Engineers. Here 
he remained until the summer of 1845, when, 
longing for an out-of-door life and anxious to gain 
practical knowledge of engineering work, he was 
engaged by Mr. Thomas Grainger, of Edinburgh, 
to assist in the Leeds oflfice of that engineer, 
through which were passing at the time the work- 
ing drawings for the Leeds and Dewsbury Railway, 
the Leeds and Thirsk Railway with extensions, 
the East and West Yorkshire Railway, besides 
other railways, on all of which James Forrest was 
engaged until 1848. He then returned to London, 
and remained with Mr. Manby until midsummer, 
1852, assisting in the work of the Institution, but 
without pay, except that he received an honorarium 
of 501. for making a library catalogue. In the‘same 
year (1852), Mr. Forrest was appointed assistant 
secretary of the Society of Arts. In 1856, Mr. 
Manby retired from the active secretaryship of 
the Institution, although he retained the title of 
secretary until three years later. It was, how- 
ever, in 1856 that Mr. Forrest practically be- 
came the secretary of the Institution, and it 
was at that time that he began to receive the 
full salary. In 1859, Mr. Manby ceased to be 
acting secretary, and the title as well as the re- 
sponsibility devolved upon Mr. Forrest. From 
that date to the present time, as Mr. Forrest's 
old friend justly says, he has devoted his life un- 
reservedly to the interests of the Institution. 
A comparison of its present position and character 
with what they were then, would, of itself, be an 
indication of the efticiency of his services during 
this third of a century. But these statistics would 
hardly exhibit the importance of the work done 
without some little detail of itsnature. In the first 
place, there have been carried out some most 
thorough changes in the constitution of the body. 
It had been the policy of the older managers of the 
Institution to limit its membership to those who 
followed but one branch of engineering, and to 
hedge it around with artificial restrictions which 
were certainly at variance with the comprehensive 
spirit of the charter. It had been implied, for 
example, if not openly stated, that a man occupied 
in the design and construction of machinery 
was not a ‘‘civil engineer,” and therefore not 
eligible for full membership. This exclusiveness 
had been deeply resented, and had borne fruit in 
the establishment of the Institution of Mechanical 
Engineers. Mr. Forrest set himself the task of 
inducing his Council to take a broader view of the 
functions of a civil engineer, so that the Institution 
might in time become the representative body 
of the whole engineering profession in the British 
Empire. This was not a work to be done hastily ; 
it required years of steady perseverance, and it 
was not till 1886 that it was fully completed. In 
that year advantage was taken of its being the 
fiftieth anniversary of the publication of the Pro- 
ceedings, to get inserted in the report of the Council 
a historical notice of the Institution, and a full and 
explicit official declaration of its real constitution 
and aims. 

Mr. Forrest’s position in the Institution has 
been far more onerous and important than its name 
implies. It was not long before the Council per- 
ceived at once his ability and zeal, and as a natural 
consequence they intrusted more and more re- 
sponsible work to him. His functions have been 
more akin to those of a managing director of 
a large company than to the duties of one 
simply a secretary ; for the real direction of the 
main business affairs has, with approval of the 
governing body, been often almost entirely in his 
hands. Then he has also been practically treasurer, 
for the official treasurer is merely the banker with 
whom the funds are deposited. He has been 
librarian, in personal charge of one of the most 
voluminous scientific libraries in the world ; and 
editor of probably the most complete and perfect 
publication of Proceedings of any professional body. 
To get through such an amount of work no doubt 
he has had efficient assistance ; but everybody in 
business knows that the good choice and the good 
management of assistants is one of the best and 
rarest attributes of a thoroughly good business 
man, 


The Council of the Institution have always ad- 
mitted their secretary into their most intimate con- 
fidence, and have often virtually left him a very 
free hand in the management, relying, also, much 
on his experience and discretion when difficult and 
delicate questions have arisen, and those who are 
best acquainted with the history of the Institution 
will bear testimony that this confidence has never 
been misplaced. 

When Mr. Forrest became secretary, there were 
835 members of all classes on the roll, and the 
annual income of the society was a little over 30001. 
Now there are, including the students, 6339 names 
on the list, and the annual receipts exceed 25,0001. 
Moreover, this result has been achieved in the face 
of competition from a multiplicity of other societies 
which have been established of late years to promote 
particular branches of engineering. 

The weekly meetings at Great George-street are 
well attended. But the labour of ‘‘making a 
house ’—that is, of getting together an assemblage 
of representative men who are able to contribute 
to the discussions, and of inducing them to speak 
—involves an immense amount of labour ; and it is 
only the personal direction of an indefatigable 
worker which could accomplish the task. 

Mr. Forrest, like so many busy men, can always 
find time to do a kindness, and there must be 
hundreds of engineers in all parts of the world who 
have to thank the secretary of the Institution for 
being in a position which has led to prosperity. 
We believe Mr. Forrest has always looked on this 
work of endeavouring to help to a career young 
men without interest as a duty, although, of course, 
an extra-official duty. Those who have watched 
him closely will not have failed to recognise the joy 
with which he has brought to successful conclusion 
any effort to put the right man into the right place. 
There is, however, no occasion, in speaking to 
engineers, to make any extended reference to 
James Forrest’s kindliness of nature. 

We do not propose here to comment on Dr. 
Anderson’s lecture at length. As we print it 
tn extenso, our readers can judge of its merits 
for themselves. There should, of course, be no 
difficulty in insisting upon the dependence of 
engineering upon abstract science, and neither 
would there be had the terms never been misused. 
One hears the ‘‘ practical man” and the ‘‘man of 
science” spoken of as if they were distinct crea- 
tions, just as one hears reference made to theory as 
opposed to practice. On this subject Professor 
Roberts-Austen said some very true things in 
replying recently to the discussion on his report to 
the Alloys Research Committee of the Institu- 
tion of Mechanical Engineers. The true man 
of science is one of the most practical beings 
in the world ; his proper characteristic is 
extreme exactitude. It is true that many 
engineering operations are carried out by non- 
scientific persons, but such persons cannot claim to 
be engineers—they are mere operators, whether 
with the pencil, the tool, or the surveying instru- 
ment. There is, in the present day, a large class 
called engineers who have no just claim to 
the title, although they may be members of 
distinguished institutions, and may be most 
prosperous from a monetary point of view. 
They are, however, men of force of character, 
and great natural ability. They would have made 
their mark anywhere—in Mincing-lane, on the 
Stock Exchange, in the Law Courts. They are, in 
fact, engineers of men and not of materials. Such 
men are often pointed to in order to refute the 
proposition that science is necessary to engineering ; 
but they have their success founded on science, 
though they do not possess it themselves. They have 
the tact to use the science of others ; but those with 
the gift to do this are not born every day. The 
faculty is rare, and hardly to be created. If young 
men were in the habit of mapping out their career, 
and had the self-knowledge necessary to do so, 
those who are to become engineers would do 
well to ask themselves the question what line 
they propose to take in seeking fortune. If 
the inquirer determined he had the mastery, or 
force of character and industry, necessary to become 
a user of men, he might do with little scientific 
knowledge ; if, however, he be not among the ex- 
ceptional few, he would do well to acquire, to the 
utmost of his power, a knowledge of first principles. 
There is this to be said in favour of the latter 
course, that an equipment of scientific know- 
ledge will be of the greatest value in any case ; 
most probably it will be indispensable to success, 
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The youthful engineer may look around and 
see some of the fathers of the profession but 
slenderly equipped with scientific knowledge. They 
made their way in the pleasant primitive time 
when professional knowledge came, as it were, 
in the course of nature. That day is past, and 
every year competiticn becomes keener. Were 
some of the elder lights of Great George-street now 
to make a fresh start, with no more complete 
equipment of scientific knowledge than they pos- 
sessed when they began life forty or fifty years 
ago, they would never achieve the positions they 
now hold. Nevertheless, it is but fair to state that 
those positions have been fairly won as an almost 
invariable rule, and that the professional know- 
ledge of the successful leaders of past times was 
fully equal to the highest standard of their day. 

In the field of mechanical engineering there are 
many of the older school who look on scientific 
training with something very akin to contempt. 
Established practice has for them been sufficient ; 
but their time is past. To be successful, the engi- 
neer of to-day must have power to initiate; it is 
not sufficient to copy. Putting aside the protection 
which patents afford, time is the main factor. 
In the stress of competition a successful branch 
of engineering manufacture is quickly taken up 
on all sides, unless very securely protected. 
The modern rule for manufacturing engineers 
is to find something new that is profitable, 
run it hard while it pays, and when out- 
siders crowd into the market—cutting profits 
to a vanishing point—abandon it for some- 
thing newer and more needed. Thereisnosettling 
down to a life-long industry on one stock article, 
as in the comfortable old days. To succeed, one 
must always strive ; there is no pausing in the race. 
There are a few fine old engineering firms which 
are sad illustrations of this fact, but they will not 
remain so long. It is hardly necessary to add, by 
way of pointing our moral, that initiation in engi- 
neering requires the aid of abstract science. The 
pleasant old simple paths have been worn bare; 
they have been trodden by too many feet to leave 
a blade of verdure. 


THE ROYAL SOCIETY SOIREE. 


On Wednesday evening last the annual soirée of 
the Royal Society was held in Burlington House, 
and was very numerously attended, the company 
being, as usual, entirely male. Later in the season 
the second soirée, at which ladies are welcomed, will 
follow in due course. Possibly a spirit of gallantry 
has induced the Council to withhold, for the benefit 
of the fair sex, the best things they have to show ; 
certain it is that very few novelties of interest were 
offered for the inspection of members and _ visitors 
last Wednesday. Not only were the exhibits few 
in number, but, with some notable exceptions, they 
suffered by comparison with many shown on pre- 
vious occasions. 

We will commence our report with the lantern 
displays in the meeting-room on the ground floor. 
Here Lord Armstrong repeated his wonderful and 
most surprising experiment of transferring a cotton 
string from one vessel to another by means of a 
current of water flowing within another current by 
the influence of electricity. 

Within a cistern of chemically pure water there 
was placed a small pear-shaped flask, with a long 
neck, and with a small orifice at the other end, 
like the point on a glow lamp. A cotton thread 
was loosely drawn through the small orifice. When 
the water in the cistern was connected to one 
terminal of a induction coil, and the water in 
the flask to the other, the thread travelled 
steadily in or out of the flask, according to the 
direction of the current. The existence of a 
current of water was distinctly visible, and as the 
level of the liquid in the flask did not vary, Lord 
Armstrong inferred that there were two con- 
centric currents, an inner one carrying the thread, 
and an outer one replacing the water moved 
by the other. This constancy of level only 
obtained when the flask was corked; when its 
mouth was open the level of the liquid in it 
rose above and fell below that in the tank, accord- 
ing to the direction of the current. Itis very many 
years since Lord Armstrong first performed this 
experiment, which is only possible with pure water, 
but its existence seems to have been forgotten, and 
it came upon most of the audience with all the 
freshness of novelty. 


He also showed another electrical phenomenon 
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by coating a plate uniformly with dust, and re- 
arranging the particles in marvellous and beauti- 
ful forms by means of an electric discharge. 
In the centre of the plate was a tiny disc of lead, 
connected by a wire to an induction coil. 
The whole was arranged horizontally in a lantern, 
and a picture was thrown on to the screen. The 
moment the electric connection was made, the 
electricity escaped over the surface of the plate, 
and in so doing effected the arrangement of the 
dust particles in curvilinear figures, simulating ferns. 
leaves, flowers, crystals, and many other objects. 
The form differed according to the direction of the 
current. A large number of such figures were 
represented by photographs. In the same room 
Mr. E. Wethered lectured on the structure of 
limestone rocks. By making microscopic sections 
he demonstrated that, in addition to shells, the rock 
contained theremainsofanimmense number of micro- 
organisms. When these sections were dissolved in 
acid the silicious portions remained, and were found 
to consist of foreign fragments inclosed in tubules 
which had attached themselves to them, and com- 
pletely enveloped them. In regard to worn frag- 
ments of sand, a remarkable result was discovered. 
These were built upon by the girvanella, which not 
only surrounded them, but reproduced their crystal- 
line form, restoring the original faces and angles, as 
if the sand exercised a polar force on the guests 
which attached themselves to it, and finally left 
their skeletons on its surface. This discovery 
opens quite a new field of investigation in relation 
to low forms of life. Later, in the same room, 
Professor H. Marshall Ward, F.R.S., showed the 
effect of sunlight and electric light in destroying the 
spores of bacteria and fungi, particularly in the case 
of anthrax. He took plates covered with nutritive 
medium (agar), and dusted it over with the spores. 
Parts of the plates were exposed to light for vary- 
ing times, and parts were shaded, and on cultiva- 
tion it was found that the light had hada sterilising 
effect on the spores. If long continued, say for 
two hours, they were completely destroyed, while 
shorter exposures had less effect, more or less of the 
spores surviving. It was thought that those which 
escaped had been shaded by superincumbent spores, 
and thus had not felt the full effect of the rays, 
The incandescent lamp exerted no appreciable in- 
fluence, but the arc lamp was analogous to sun- 
light. Control experiments were made by adding 
the nutrient after exposure to prove that the effect 
on the spores was direct, and was not a result of an 
alteration in their food supply. These researches 
confirm the old belief that sunlight is an im- 
portant element in warding off disease and purify- 
ing the atmosphere. The dark places of the world 
breed not only human depravity, but, at the same 
time, other growths that tend to rid the earth of 
those who shun the light. 

On the upper floor, Mr. A. A. Campbell Swinton 
had the position of honour in the council-room, in 
which to reproduce his striking experiment of 
feeding a glow lamp by a current passing through 
the human body. The arrangement was very 
simple. An induction coil gave a current of very 
formidable appearance, and a sparking distance 
of ? in. The two terminals were connected to 
the insides of two Leyden jars (Fig. 1), to the out- 
sides of which were coupled the terminals of a 
20 candle-power glow lamp. The lamp itself was 
short-circuited by a helix of thick copper wire, 
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which formed an inductance shunt. When the cir- 
cuit was complete the lamp glowed brilliantly. By 
breaking the circuit between one jar and a lamp 
terminal, and interposing a human body in it, the 
lamp again glowed with somewhat reduced _bril- 
liancy, and no inconvenience was felt by the 
experimenter, except at the moment of closure, 
when a small shock wasfelt. The immense voltage 
was easily demonstrated by interposing a gap 
between one hand and the wire, when the current 
leapt in a purple flame through half an inch of air. 
As the lamp requires a current of half an ampere 
nominally for its incandescence, the first assump- 
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tion is that this amount was travelling through 
the bodies of the numerous visitors who yolun- 

eered to test the apparatus, but probably this 
is not true. The experiments of Hertz, Ferraris, 
Tesla, and others, have shown that with high 
frequency currents the accepted ideas regarding 
electricity do not hold good, and must be modi- 
fied. It has been suggested that the current 
in the lamp filament is confined entirely to its 
skin, and that the interior portion is dark, and 
practically non-conducting. This is a hypothesis 
that seems fairly to meet the facts. On the same 
table Mr. Swinton showed a further development 
in regard to high-frequency currents. In this cage 
the current from the secondary of the induction coil 
was passed through the primary of another coil im- 
mersed in oil. To increase the frequency, however, 
the terminals of the first coil were shunted 
being connected respectively to the insides and out- 
sides of two Leyden jars (Fig. 2), and one conductor 
was broken by aspark gap. The current for the 
secondary of the second coil had a most formidable 
appearance, arcing over several inches, but really it 
was quite innocuous. It could be passed through a 
glow lamp and a human body in series, lighting the 
lamp, orthe circuitcould be entirely broken, and 
the current from one terminal sent through the 
lamp into an insulated assistant, whose body appa- 
rently formed a reservoir into and out of which the 
current flowed millions of times a second. A very 
curious effect was shown with an exhausted tube. 
This was wound spirally with a wire and connected 
to one terminal of the coil. The wire then glowed 
with a blue flame, and inside the tube there 
appeared another purple spiral intercalated between 
the coils of the first in a wonderful way. There 
was no internal electrode in the tube. 

An instrument having not only a high scientific 
interest, but a great commercial value, was the 
magnetic curve tracer of Professor Ewing, F.R.S. 
Its object is to enable the properties of a sample 
of iron to be tested, and an automatic record 
to be obtained in a few moments. The principle of 
itis very simple. A mirror, reflecting a spot of 
light on to a screen, or on to a sensitive photo- 
graphic plate, is rotated on a vertical axis by an 
amount proportional to the magnetising force or 
current, and on a horizontal axis proportionally to 
the magnetic force produced in the sample of iron 
under test. The result is, of course, a diagram 
that can be read at a glance. The instrument con- 
tains a large horizontal electro-magnet whose 
cores can be removed and replaced by others of the 
material under trial. These are cramped to polar 
extensions between which is a stretched wire carry- 
ing a current. The mutual repulsion of the current 
and the magnetic field displaces the wire, which 
is connected to and moves the mirror. The same 
current which circulates in the magnet coils also 
traverses a wire placed in a very narrow air gap 
between the poles of a second magnet. ‘This 
wire likewise displaces and turns the mirror 
horizontally, the combined effect of the two dis- 
placements being a diagram, as already stated. 

On the next stand some very beautiful effects, 
obtained by very simple means, were shown by 
Professor A. Smithells, B.Sc. He had a number 
of Bunsen burners formed by glass tubes. Hach 


burner comprised an inner tube and an outer tube, 


the inner one rising within some 4 in. of the top 
of the outer one. There was the usual jet at the 
bottom of the inner tube. Gas was first turned 
on with a limited amount of air, and burned 
with a luminous flame at the mouth of the outer 
tube. Gradually the proportion of air was in- 
creased, and the flame became more and more blue, 

until at last the distinctive cone of the Bunsen 
burner appeared. A further supply of air caused 
this cone to part from the cap and travel down the 
tube until it reached the orifice of the inner and 

smaller tube, where it seated itself and remained 
steady. The combustion was thus carried on at 
two places, and with two very distinctive characters. 

When the cone was on the point of descending, it 
could be caught by a hooked platinum wire and 

pulled down, the cone inverting in descending, 

as if it were dragged unwillingly by the wire. 

this experiment only a single tube was used, the 

platinum hook forming a resting point for the cone. 

To demonstrate the division of the gases form- 

ing the illuminant, a burner was fed with 

air that had passed through a spray of copper salt, 

and it was shown that the characteristic green 

coloration of the flame was confined to the cap, 

while the cone was of its natural hue, A very 


CO 
er, 
: 2 


May 12, 1893.] 


ENGINEERING. 


beautiful effect was obtained by burning cyanogen, 
the cone being of a charming rose-colour and the 
cap of blue. These experiments attracted a crowd 
the whole evening. The Rev. F. J. Smith, of 
Trinity College, Oxford, always brings something 
worth seeing to these soirées. This year he had 
a novel method of transferring the design of an 
engraved or etched copper plate to paper. The 
plate forms one of the coatings of an electric con- 
denser, and lies, face downwards, on a sheet of 
paper, which is separated from the other coating by 
aplate of dielectric. Both coats are connected to 
the terminals of an induction coil, and immediately 
on completing the circuit the impression is made. 
The colour of the print depends on the plate being 
first coated with a metallic sulphide, some sulphides 
giving red tones, others grey, andso on. It seems 
as if the rapid charge and discharge of the con- 
denser bombarded the paper with particles from the 
surface of the plate, and that many of them were 
caused to adhere. When the experiment is con- 
ducted in a vacuum, the definition is lost, the 
atoms apparently wandering off their direct course. 
On the other hand, an increased pressure, particu- 
larly in oxygen gas, improves the definition. If the 
paper be replaced by a photographic plate, the 
sulphides are unnecessary, and the image is obtained 
on development. In this way reproductions of 
coins and medals can be obtained with great readi- 
ness. Non-conducting objects, such as wood blocks, 
can be copied, if their surfaces are covered with 
plumbago. 

Mr. H. L. Callendar, M.A., had a collection of 
pyrometers, thermometers, and barometers. One 
of the last was noticeable as being absolutely com- 
pensated for temperature, so that the correct read- 
ing could be taken direct. It had also a scale 
magnified some six times, as compared with a mer- 
curial thermometer, and hence could be read with- 
out a vernier. A large bulb containing liquid 
(sulphuric acid) had two glass tubes connected with 
it, running up the two sides of the board to which 
the apparatus was attached. One of these tubes 
was open at its end to the atmosphere, while the 
other, bent over, returned along the centre of the 
board, and was fused to a large bulb, filled with 
air, and immersed in the” sulphuric acid in the 
first-mentioned bulb. It will thus be seen that the 
left-hand column of liquid was exposed to the 
atmospheric pressure, while the right-hand column 
was exposed to the pressure of air in the inner bulb. 
But this air was exactly at the same temperature as 
the sulphuric acid by which it was surrounded, and 
hence it balanced more or less of the atmospheric 
pressure, according as the acid grew hotter or colder. 
The height of the barometric column was only 
about 20 in,, the remaining 30 odd feet being 
represented by the air pressure in the inner bulb. 

Professor Frank Clowes, D.Sc., showed the 
latest form of his portable hydrogen oil safety lamp, 
which has been referred to more than once in these 
columns. The present lamp hasa scale attached, 
by which the height of the cap on the hydrogen 
flame can be measured, and it also gives flames of 
two standard sizes, 5 mm. and 10 mm., by which 
any percentage of firedamp between .2 and 6 per 
cent. can be measured. 

High-frequency experiments formed the object 
of an exhibit by Sir David Salomons and Mr. L. 
Pyke. Several machines were provided for the 
generation of current for the purpose. In one case 
two direct-current motors drove the armature and 
fields of an alternator in opposite directions, pro- 
ducing a current of 2 amperes with a pressure of 
200 volts, and of one million alternations per second. 
In a second machine a single motor, taking a cur- 
rent of 8 amperes and 100 volts, drove the arma- 
ture and fields of an alternator in opposite directions, 
the resulting current having a voltage of 100 and 
a frequency of 1,000,000 per minute, or of 16,666 
per second. A transformer for the purpose of 
raising the normal electromotive force of the alter- 
hating current supply from 100 to 5000 volts, 
formed part of the exhibit, and served to illuminate 
very brilliantly some fine vacuum tubes. 

_ Major Holden, R.A., showed some new record- 
ing voltmeters and ammeters for use with alternate 
current supply. These worked by the expansion of 
hot wires. In the former the wire was wound 
round several insulated pulleys, and the slack 
was drawn into one of the bights. An arm rested 
on this part of the wire, rising and falling with 
it, and so operating a pen. In the ammeters 
the wires were in parallel electrically, and the 
arm rested on them all. The exhibit included 
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a very ingenious instrument for rapidly ascertaining 
the electromotive force and internal resistance of a 
galvanic cell. By means of a small portable volt- 
meter the difference of potential at the terminals of 
the cell under two different conditions of external 
resistance is rapidly measured, and from these 
results the electromotive force and internal resist- 
ance are found by a diagram or froma table. Pro- 
fessor Roberts-Austen, C,B,, F.R.S., showed the 
recording pyrometer for taking the temperature of 
six different furnaces, which he described at a 
recent meeting of the Iron and Steel Institute.* 

Three well-designed and finely-executed instru- 
ments for the study of crystals were exhibited 
by Mr. H. A. Miers, M.A. These were (1) 
a goniometer by which crystals can be mea- 
sured under liquids, or during their growth 
from solution. The crystal is suspended from 
a wire by which it can be rotated. The 
beam from a lamp is directed on to one of its faces, 
and the reflected beam into a microscope with cross 
hairs. After the beam has been centered, the 
crystal is rotated until the next face comes into the 
same position, and the angle between the two faces 
read off on a scale. (2) A stage goniometer, by 
which crystals or fragments can be adjusted 
and rotated under the microscope. The mechanical 
arrangements for rotating the stage in three planes, 
and measuring the angles through which it is moved, 
are very complete. (3) An improved form of polari- 
scope, by which the hemispheres inclosing the 
crystal section can be accurately centred, so that 
the exact measurement of the optic axial angle is 
possible. 

Thermometers with a range from 0 deg. Fahr. 
to 1150 deg. Fahr. were shown by Mr. E. C. C. 
Baly and Mr. J. C. Chorley. These were filled 
with an alloy of sodium and potassium, which is 
liquid at ordinary temperatures, The softening 
point of the glass wasabout 1200 deg. In the next 
bay Mr. Cecil Carus-Wilson showed the ‘‘scoto- 
graphoscope,” which the irreverent would describe 
less grandiloquently as a luminous slate. It is a 
sheet of ground or eroded glass with a lamp 
flame behind it. It is designed for the use 
of lecturers who use the optical lantern, to 
enable them to add extempore illustrations in chalk 
without having the gas turned up. We have no 
doubt that the apparatus will be both handy and 
useful ; its sweet simplicity came as a surprise 
among the highly ingenious and scientific appa- 
ratus by which it was surrounded. 

We must hurry this brief notice to a close by 
simply mentioning some of the remaining exhibits. 
Captain Abney showed his beautiful experiments 
on the extinction of light and colour ; Professor 
C. V. Boys, F.R.S., who was missed in the lecture 
theatre, contented himself with a number of scales 
for ‘‘drawing curves by their curvature.” Sir 
David Salomons showed a fine pair of electric 
tuning-forks, worked electrically. Professor J. 
Norman Lockyer had on view a number of star 
spectra taken with a 6-in. telescope, and Mr. Isaac 
Roberts photographs of star clusters. The remain- 
ing exhibits scarcely fell within our province. 


NOTES. 
THe GENERAL Exectric Company, U.S.A. 

Ir will be remembered that last year there was 
formed in America the General Electric Company, 
for the purpose of amalgamating several concerns 
of the first rank, and thus saving the industry from 
much of the severe competition from which it had 
suffered. The company acquired in exchange for 
its stock practically all the capital stock of the 
Edison General Electric Company, of the Thom- 
son-Houston Electric Company, and of the Thom- 
son-Houston International Electric Company. A 
report of the working for the first eight months, 
ending January 31, 1893, has just been presented, 
and from this we learn that the company has about 
6000 customers. The total number of central 
stations using the Edison and Thomson-Houston 
apparatus is 1277, supplying about 2,500,000 in- 
candescent and 110,000 are lamps. The total 
number of electric street railways operating under 
the auspices of, or under contract with, the com- 
pany is 435, with 8336 cars running over 4926 miles 
of road. The size of the individual machines in- 
dicates very rapid growth. On February 1, 1892, 
the largest power generator manufactured by the 
company was 275 horse-power. Now seven 
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machines of 2000 horse-power have been sold, or 
are under construction. Direct coupled engines and 
dynamos are now made to feed 25,000 lamps each. 
During the year machines for power purposes, 
principally railways, were turned out to the extent 
of 40,000 horse-power, and orders for an additional 
37,000 horse-power are now in hand. Thirty loco- 
motives for haulage work in mines are under con- 
struction. Two locomotives, of 1600 horse-power 
each, are being built for one of the principal trunk 
lines. The net profits for the eight months have 
been 671,318/. The share and debenture capital 
stands at 8,932,7601. 


Gas av Paris. 

The business of the Parisian Company for Light- 
ing and Heating by Gas has enormously increased 
during the last 35 years. The history of the com- 
pany in the period named has, indeed, been some- 
thing also of the history of Paris, all the great 
events which have occurred in the French capital 
since 1855 having left their mark upon the com- 
pany’s annual gas sales. From 1855 to 1860, these 
sales exhibited an unchecked progress, having 
increased from 40,774,400 cubic metres in the 
former year to 75,518,922 cubic metres in the 
latter. In the next five years there was continuous 
progress, the gas sales having risen to 116,171,727 
cubic metres in 1865. In 1866, the sales further 
advanced to 122,334,605 cubic metres; and in 1867, 
which was an Exposition year, they were carried to 
136,569,762 cubic metres. In 1868 they crept up to 
138,569,762 cubic metres ; and in 1869 they went 
to 145,199,424 cubic metres. The Second Empire 
was, however, now approaching its close; and in 
1870, when Napoleon II. entered upon his ill-starred 
conflict with Germany, the consumption of the 
company’s gas fell to 114,476,904 cubic metres. In 
1871, Paris was literally a prey to fire and sword, 
and the sales effected sank to 87,481,346 cubic 
metres; but the recuperative genius of the 
French soon asserted its marvellous powers, and in 
1872 the company sold gas to the extent of 
147,668,331 cubic metres. In the next five years 
the consumption advanced by leaps and bounds, an 
aggregate of 191,197,228 cubic metres being 
attained in 1877. There was a great stride to 
211,949,517 cubic metres in 1878, which was an- 
other Exposition year. By 1883 an aggregate of 
283,864,400 cubic metres had been attained. In 
1884, a total of 287,443,562 cubic metres was 
reached, but 1886 and 1887 were comparatively 
stationary years. In 1888 and 1889, however, the 
figures resumed their upward course, the maximum 
consumption of any single twelve-months being 
reached in 1889 (a third Exposition year), when the 
sales reached no less than 312,258,070 cubic metres. 
Since 1889 no progress has been made, the consump- 
tion of 1890 having been 307,861,880 cubic metres ; 
that of 1891, 311,929,550 cubic metres; and that 
of 1892, 308,900,930 cubic metres. The falling off 
observable in the consumption last year was attribut- 
able to the progress of the electric light in Parisian 
favour. It will, perhaps, excite some surprise 
when we state that the canalisation—or system of 
pipes—established by the company stood at the 
close of last year at 1436} miles, viz., in Paris pro- 
perly so called, 956} miles; and in the banliewe, 
480 miles. 


Coat IN Paris.—The consumption of coal in Paris in 
1891 was 3,279,000 tons. In this total French coal 
figured for 1,707,000 tons, Belgian coal for 647,200 tons, 
English coal for 418,500 tons, and German coal for 129,900 
tons, 


SIMPLEX SENSITISED PApeR.—The almost universal 
employment of ‘‘blue prints” by engineers testifies to 
their cheapness and utility. At the same time the fact 
that they give white lines on a dark ground is a distinct 
inconvenience, which is severely felt by those who have 
not grown accustomed to it by long use. There have 
been many attempts to get a process which would give 
a positive print instead of a negative, and although this 
result has been obtained in several ways, the processes 
have always been too cumbrous for every-day office use. 
During the last few days, however, we have had placed 
before us a new material, called the ‘‘simplex sensitised 
paper,” which attains the desired ends of very deep purple 
lines (almost black) on a ground that is practically white. 
The process entails no extra trouble. The paper, which 
is lemon-coloured, is exposed under a tracing in the usual 
frame-to the strongest light available. The printing 
takes from 10 to 20 minutes in direct sunlight, and when 
completed all that remains to be done is to immerse the 
paper gently and quickly in a bath of clean water for 
about aminute. The prin€ is then rinsed and hung up 
to dry. The results, so far, in our hands have been 
satisfactory, and justify a more extended trial. The 
paper can be obtained from Messrs. Smith and Co., 45, 
Oxford-street, Manchester. 
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THE INTERDEPENDENCE OF ABSTRACT 
SCIENCE AND ENGINEERING.* 


By Witr1am Anperson, D.C.L., F.R.S., M. Inst. C.E. 


INTRODUCTION. 

Mr. PresipENT AND GENTLEMEN, —Before commencing 
the task which has been imposed upon me by our secre- 
tary, I think it will be well to explain the origin of the 
‘* James Forrest Lectureship.” ; Fe 

During the session of 1889 the Council of the Institution 
determined to have a portrait of Mr. Forrest painted 
with a view of presenting it to the Institution. An excel- 
lent likeness was produced by Mr. Wm. M. Palin, and it 
was presented at the ordinary meeting of November 11, 
1890. As soon as the members had seen the portrait a 
large number expressed a wish to have an engraving 
of it; acommittee was formed outside the Council, funds 
were rapidly collected, and an excellent engraving, by 
Mr. Thomas Faed, R.A., was produced and distributed, 
while the surplus fund, amounting to about 500/., was 
placed at the disposal of the secretary, who determined 
that it should be devoted to the establishment of a ‘‘ James 
Forrest Lectureship,” and that it should be administered 
by the governing body of the Institution for the time 
being, who would select the lecturer and determine the 
subject of his discourse. 

This is the first lecture under the trust. The high and 
uudeserved honour of delivering it was imposed on me; 
T accepted the task with much hesitation and misgiving, 
being deeply conscious that I was incompetent to do jus- 
tice to the occasion. 


The theme which has been prescribed is ‘‘ The Interde- 
pendence of Abstract Science and Engineering,” and I 
imagine that the subject has been chosen because of an un- 
easy feeling, which possesses many thoughtful men, that 
this country is not keeping pace with its neighbours in 
engineering progress, and that we shall, in the future, 
have to pay more attention to abstract science and its 
application to practice, than we have been, so far, in the 
habit of doing, if we are to come out victorious from the 
competition, ever increasing in keenness, which we meet 
with from abroad, and which our system of unrestricted 
trade tends so much to foster. It is impossible to visit 
the Continent of Europe, the United States of America, 
or even our own colonies, without feeling conscious that, 
in many respects, their engineering works and their fac- 
tories, to say nothing of their military and naval arsenals, 
exhibit the great advantages which have accrued from 
the employment of men of the highest scientific culture 
in the conduct of those enterprises—that the days are 
past when an engineer can acquit himself respectably 
by the aid of mother-wit alone, or of certain constructive 
instincts, which have been almost the only guides of 
engineers and manufacturers, even down to quite recent 
times. 

This Institution has already shown, in the regulations 
not very long established with respect to the qualifica- 
tions of the student class, that it is alive to the fact that 
some scientific training is desirable in a profession in 
which the lives of human beings, to say nothing of their 
property, are dependent on the knowledge and skill 
possessed ; that in the vast works now undertaken a good 
deal more than intuition is necessary, and that scientific 
knowledgeand training are attributes which the publichave 
aright to demand of its engineers. Sostrongly does this 
feeling exist that it has assumed practical expression in 
the form of science colleges, which have been founded, 
either by individual liberality or by subscription, in every 
considerable town in the provinces, completely eclipsing 
London, where the movement first began, but where it 
languishes for want of adequate support, except, indeed, 
in the noble endowments of the City and Guilds schools, 
and the Government establishments at South Ken- 
sington. 

The old arrangement must come to an end ; we must not 
be deceived by our past experience when, supported by 
our immense and exceptional natural advantages, it may 
be admitted that our rough system worked fairly well. 

In those days, and the practice survives even now, a 
public schoolboy was taken into an engineer’s office or 
into a factory, and there he exchanged his small store of 
dead languages for an equally slender equipment in 
science, acquired as it best could be, while following the 
routine of his master’s practice, the said master being 
himself but scantily provided with anything more tan- 
gible than experience, an endowment which, from its 
very nature, is incapable of being communicated fully, 
and which can only be acquired by the professional 
activity of a lifetime. 

It has often been my good fortune to discuss with Con- 
tinental engineers the relative advantages of the English 
and foreign systems of training. The foreign engineer 
had, as a rule, an admiration for what he called our 
practical methods, and lamented that, in his own country, 
training was almost exclusively theoretical ; but I think 
that the superior education of the operatives abroad was 
not sufficiently recognised—the managers, the foremen, 
the draughtsmen, and even to a great extent the 
mechanics and other operatives, had had the advantage 
of technical training even before they began to acquire 
mechanical dexterity, so that the want of practical know- 
ledge of the leaders has been met by a fair amount of 
theoretical knowledge engrafted on the practical experi- 
ence of the followers, and it is incontestable that this 
combination is producing results as advantageous to our 
Sgas competitors as it is disastrous to our own indus- 

ries. 

With rare exceptions, in this country, has there been 
even a sleuder amount of theoretical knowledge imparted 
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to the various grades of employment ; it is only during 
the last few years that science colleges and technical 
education in schools and People’s Palaces are beginning to 
bring our operatives up to the level of our foreign friends, 
but, unfortunately, too late to retain that pre-eminence 
which we atone time could claim, and, I fear, placed too 
much confidence in; and moreover, a new danger has 
arisen in the circumstance that popular scientific educa- 
tion has taken a one-sided direction, that of mechanical 
or technical knowledge alone, so that, though the opera- 
tive approaches his work with increased intelligence, he 
remains unfit to reason out the great economic problems 
on which his own welfare and that of the nation depend. 

It isa matter of extreme surprise to me that so little 
attention is paid to the science of political economy, 
that not only the mass of the people, in whose hands the 
voting power now lies, but even, ina great measure, the 
representatives whom they elect, have no systematic 
training in, and are grossly ignorant of, the principles 
which leat the root of national prosperity. The further 
misfortune follows that politicians of the highest position 
do not scruple to trade on this ignorance, or to pursue a 
course which, in its consequences, is as bad—being 
ignorant themselves, they strive to lead the ignorant, and 
set the operative against his employer and against 
society in general. The cheapness of newspapers, their 
wide diffusion, and their blind, not to say reckless, 
advocacy of popular fallacies, acting on the ignorance, 
prejudices, and discomfort, if not suffering, of the opera- 
tive classes, are giving enormous power to trade organisa- 
tions, whose avowed object it is to improve the earnings 
and social standing of the operative at the expense of— 
or, at any rate, without regard to—the interests of every 
other class in the community ; and this is to be accom- 
plished not by encouraging education, not by advocating 
thrift and temperance, not by urging the workman to 
improve his mechanical dexterity, the thoroughness of 
his work and the amount which he produces, but by 
holding out visions of shortened hours of labour, by com- 
pelling a minimum of pay which will enable him to live 
in comfort, of systematically restricting the amount of 
work done by each individual, even in the shortened day, 
all under the fatal illusion that by such means a greater 
number of men will find more remunerative employment. 

The employer is usually credited by the trade leaders 
with accumulating wealth without effort, risk, or anxiety, 
by the slavish labour of his operatives, while the proofs 
to the contrary, so easily to be obtained in the slender 
dividends declared by most industrial enterprises, and in 
the records of the Bankruptcy Courts, are steadily kept 
out of view. 

There would be no fault to find with the new class of 
professional agitators who live by the discontent which 
they foment, were they, and the unions which they 
manipulate, to contribute in the smallest degree to the 
obtaining of that work and of those orders, in the execu- 
tion of which the wage-earning portion of the community 
have their being. This, the most difficult part of every 
commercial enterprise, isleft to the much-abused capitalist, 
so that the absurd and impossible system is fast asserting 
itself, that professional skill, mercantile ability, and 
capital shall obtain the work, and run all the risks of 
design, execution, and financial security ; but that work 
shall be earried out according to rules which self-consti- 
tuted and perfectly irresponsible bodies choose to impose. 
The smallest acquaintance with the principles of political 
economy would demonstrate that such methods must end 
in ruin, that they are utterly incompatible with our policy 
of Free Trade—asystem which is perfectly reasonable and 
proper if thoroughly carried out, and which certainly 
never contemplated the protection of one particular class, 
and that not by edict of the State, but at the bidding of 
self-constituted tribunals whose claims amount to this: 
that there shall be free trade in all products which the 
operatlves require to buy, but the strictest protection as 
to all that they have to sell, namely their labour, and 
whose ultimate methods are violence, and the coercion 
of all who differ from views which many intelligent but 
timid workmen know to be at variance with the true 
interests of their class. 

Under all this lies the socialistic idea of equality in the 
condition of every member of the community, an idea 
which political economy demonstrates to be utterly 
utopian and impossible. Since the creation of mankind 
the differences in social position and in material comfort 
which follow naturally from the endless variations of 
mental and bodily powers in men, have existed, and, in 
spite of many abortive attempts, more or less violent, 
to establish equality, will exist for ever; for it seems to 
me that the doctrine of Carnot with respect to heat 
engines applies by analogy to the question of national 
prosperity. To obtain mechanical power from a source 
of heat there must be a fall of temperature, and the 
greater that fall is the more efficient will the engine be— 
a dead level of temperature simply means extinction of 
energy and of life. To insure active trade and pro- 
sperous manufactures there must be a fall of money or of 
its equivalent from the wealthy to the comparatively 
poor, the one class is absolutely essential to the other ; 
the prosperity of the community is bound up in the 
existence of these differences, and a dead level of wealth 
would be a dead level of poverty, which would end, as a 
state of uniform temperature must end, in absolute stag- 
bation and death. 

However much we may regret the inequality which 
exists in the distribution of wealth and comfort, it is 
just as much a law of nature as the unequal distribution 
of warmth, of sunshine, or of rain, and seems to me to 
follow naturally and inevitably from the endless varia- 
tions in the physical, moral, and mental powers of human 
beings, and, therefore, to be as unalterable at the bidding 
of man as these attributes are. It only remains for us to 
recognise the fact, to make the best of it, and to avoid 


the gross wickedness of attempting to delude the poorer 
and more ignorant members of the community by inces- 
sant representations that it is the greed and selfishness of 
the wealthy which keep them low. 

If the so-called ‘‘ working man” be the embodiment 
of all that is needed for the industrial prosperity of a 
country, and if the possession of capital and the far 
wider consequence, the existence of credit, be a crime, 
why does he not arise in his strength and exhibit the 
faculties of combination which are so well illustrated 
in the trades unions, and establish engineering works, 
and manufactories, or undertake engineering enterprises 
from which he will be able himself to reap the golden 
harvest which the capitalist and the shareholder are 
supposed to gather, and who thereby excite his envy and 
arouse his hatred? The reason is very obvious, 

Saturday night comes with unfailing regularity, and 
the week’s wages must be met; work has to be found, 
usually at prices to be calculated beforehand, and when 
obtained, contracts do not always go on smoothly; 
engines and machines will not always work ; accidents 
will happen ; long credits must be given ; and those men 
who possess the talent and education to originate and the 
skill to administer, are comparatively very few, even in 
this land of enterprise, and have their value, which it is 
too much to expect that they will not take advantage of ; 
while the buildings, machinery, stock, and floating money 
which form the capital—of the true nature of which such 
terrible ignorance exists—are absolutely valueless without 
the skill and the industry necessary to obtain remunera- 
tive employment; while the matter of credit, on which 
so large an amount of our activity depends, is almost a 
personal matter, and could never be commanded by a 
body of operatives, however respectable. 2 

In deference, I presume, to the immense numerical 
importance of the operative classes, politicians are vying 
with each other in supporting the impossible claims put 
forth—claims which, if conceded, will only precipitate 
the ruin of the class they profess to benefit, and which 
already, in the form of what may be termed benevolent 
legislation in favour of the operative, is heaping up 
elements of cost which our productive energy is unable 
to bear. The absurd cry that manual labour is the sole 
source of wealth has been well combated by that acute 
reasoner, Mr. Macfarlane Gray, who, in a recent discus- 
sion on the labour question, happily compared the body 
politic toa tree. The popular belief is that plants are 
nourished through their roots, which for that reason are 
believed to be the all-important parts, while the leaves 
are mere ornaments, enjoying the upper air and sunshine 
and profiting by the work done underground. But a 
juster knowledge, one of the fruits of abstract investiga- 
tion, tells us that the roots are mainly useful in holdin 
the tree erect, and have comparatively little to do wit 
providing the materials for building up its structure. It 
is the leaves which form the great laboratory in which 
the main components of the plant are extracted from the 
region where superficial observers would least expect to 
find them—namely, from the atmosphere. He com- 
pares the roots to the operatives’ part of the community ; 
the trunk and leaves to the monetary, the scientific and 
the commercial part which drew from far and wide that 
which is necessary to keep the growth advancing and 
maintain it in health. The roots may just as well claim to 
be the sole sources of life in the tree as the operatives may 
claim to be the only producers of wealth, and conversely 
the leaves could, with as much reason, consider themselves 
as the only essential portion of the plant as the merchant 
or the capitalist claim to be independent of the operatives. 
Each grade in the body politic is essential to the other; 
it is an axiom that there can be no degrees of comparison 
between essential parts; and those who, from ignorance 
or from interested motives, persistently preach the doe- 
trine of the superior importance of the ‘‘masses” over the 
‘‘ classes ” are inflicting a deep injury on the prosperity 
of the country, and especially on those whom they so 
grossly flatter. : 

It seems to me that a very great national danger is being 
incurred by this systematic neglect of political economy— 
an abstract science which had its origin in this country, 
but where its teachings are ignored in a manner which 
must end in disaster, the signs of the advent of which are, 
I fear, only too plainly apparent. 

Even in my lifetime a great change has come over the 
methods of executing engineering work. During my 
apprenticeship in Manchester I was associated with work- 
men—millwrights they were called—perfectly uneducated, 
but of the utmost intelligence—men whose workboxes 
contained the tools of nearly every trade, and who could 
handle those tools with dexterity and skill. Before the 
days of easy communication they were sent away to great 
distances in charge of works, both extensive and intricate, 
and executed them, as a rule, with a thoroughness and 
an intelligence which left nothing to desire. The neces- 
sities of the present age have rendered great subdivision 
of work inevitable, so that there are but few mechanics 
left who are conversant with many trades, or whose cha- 
racters and experience enable them to be as self-contained 
and trustworthy as the millwright of old; hence it seems 
to me hopeless to expect that, in the engineering trades, 
at any rate, the workmen will ever be able to dispense 
with the commercially educated and experienced capitalist 
and the highly trained scientific staff he finds it necessary 
to employ. . 

And let it not be supposed that this, and kindred in- 
stitutions, have no interest in the question, Our pro- 
sperity rests upon the well-being of our members, and 
that again depends upon the activity of trade and upon 
the existence of enterprise. But the ‘dividend grab- 
bers,” as investors in industrial enterprises are ele- 
gantly called by the foolish and ignorant men by whom 
the operatives are content to be led, will not em- 
bark their money in ventures where there is n0 Prdo- 
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spect of reasonable interest, or where the hopes of such 
interest are endangered by labour agitations, encouraged, 
to a great and fatal extent, by political parties, who do 
not scruple to purchase votes by holding out all kinds of 
Utopian prospects. | ; : 

But money must be invested ; it cannot, in these days, 
be hoarded in strong boxes, as it was in Pepys’ time ; con- 
sequently our capitalists will search for outlets abroad, 
and by promoting industrial undertakings outside our 
shores, will, through the action of free trade, beat down 
the value of produce still more, and so further arrest the 
development of that manufacturing and_ engineering 
enterprise upon which our prosperity depends. 

One method of combating this, [have pointed out, is the 
dissemination of sounder views on political economy con- 
currently with the spread of technical education. The 
other course is to pay more attention to abstract science, 
and to devote more time to the study of what is going on 
around us in the world. I am afraid that the nature of 
the education of the wealthier classes in this country is 
responsible for a good deal of the insular conceit and ex- 
clusiveness with which, in spite of our peripatetic ten- 
dencies, we are still afflicted. Classical education, no 
doubt, has its merits, and is well suited to a large section 
of the community; but in these days of the extensive 
scientific knowledge which a competent engineer is 
bound to acquire, the universal application of the method 
seems to be a mistake, while I cannot but think that the 

uisition of modern languages and scientific study are 
fully as efficient in training the minds of the young as 
they are incomparably more useful in the battle of life 
afterwards. 

Nor am I singular in this view. Successive presidents 
of this Institution, in their inaugural addresses, have 
dwelt upon the cardinal importance of the education 

uestion, and within the last two or three years the 

ouncil has exacted conditions as to liberal education 
and scientific training from the candidates for student 
membership, which cannot be regarded as otherwise than 
happy ; and without doubt, before very long, even in the 
higher grades of membership, evidence will be demanded 
of special attainments in abstract science, which is now 
so accessible to all in every part of the kingdom. Ido 
not, for a moment, lose sight of the practical training 
which I consider so essential to the qualifications of an 
accomplished engineer. I recognise the fact that there is 
a tendency in the pendulum of knowledge to swing to 
the opposite extreme, and of the rising generation of engi- 
neers to wax conceited, and to imagine that the diplomas 
obtained at universities are guarantees of fitness to com- 
mence p-ofessional work at once. And here again I am 
in accord with many pust-presidents, who, in their ad- 
dresses, have dwelt on the importance of practical train- 
ing. I hold that the engineer’s education should begin 
earlier, even at school, and should embrace those branches 
of knowledge which, in our great public schools, are still, 
in a great measure, ignored, or taught in a half-hearted 
manner, more as a concession to the utilitarian spirit of 
the age than as an essential equipment for many pro- 
fessions. 

But nothing, save bitter experience, will alter the course 
of events. It seems to be the fate of peoples to attack 
social problems from the wrong ead, to solve them by the 

ainful and dilatory process of trial and error, rather than 
ee means of investigation based on first principles. And 
this method is commonly applied to engineering problems 
also. Random trials, as a rule, are the methods by which 
great results have been achieved, while the application of 
the scientific principles involved has been left to other 
heads long after the results sought have been attained at 
much needless cost, and by much unnecessary expendi- 
ture of labour and of time. 

It is not often that a genius of the order of James Watt 
rises in the mechanical world. Up to the time when the 
University of Glasgow required its model of a Newcomen 
engine to be repaired, the ‘‘fire-engine,” as it was most 
properly called, was being slowly developed without any 
exact knowledge of the properties of the agent by means 
of which the heat generated by the combustion of fuel 
was converted into work, and this in spite of the circum- 
stance that such a master mind as that of Smeaton had 
been directed to perfecting the new method of utilising 
the potential energy of fuel, and of applying it to engines 

large power, and on an extensive industrial scale. 

The bent of Watt’s mind was characterised by a love 


for abstract science, and it was, no doubt, for that 


reason that he abandoned his father’s business and took 
up the profession of a philosophical instrument maker, in 
the pursuit of which he naturally came in contact with 
the meagre knowledge of physical science of the period, 
and with men eminent in the world of learning and of 
research. 

_The lucky chance which presented itself of having to 

ub in order a working model of a Newcomen engine, 
illustrates in an interesting manner how, in pursuance of 
his business, he quickly executed the necessary repairs 
and alterations, and afterwards, at greater leisure, 
attacked the problem which the failure of the model pre- 
sented, from the theoretical side. Hesoon found that the 
then state of knowledge did not afford the means of ex- 
Bening the failure, and was compelled to set about the 

etermination of such elementary data as the specific 
volume of steam, the latent heat of evaporation, and the 
law of tension of steam under varying temperatures. In 
the astonishingly short period of two years, and with the 
rudest and cheapest.apparatus, he had furnished himself 
With the abstract knowledge required for explaining in a 
definite manner the action of the steam engine, and he 
had no difficulty, as soon as his theoretical ground was 
sure, in determining what mechanical arrangements were 
necessary to realise the conditions imposed by science. 
From investigations, apparently of an abstract or non- 
practical character, sprang at once the separate condenser, 


- 


the closed cylinder and the equilibrium working of a 
single-acting engine, the steam jacket, the air pump, the 
theory of expansive working, the function of the mo- 
mentum of the moving parts, and the exact calculations 
based on first principles, by means of which the propor- 
tions of engines could be fixed, and the quantities of 
steam, water, and of fuel calculated. Watt, of course, was 
a born mechanic, as well as a seeker after physical know- 
ledge. The workshop in his private house near Birming- 
ham, happily preserved to this day as he left it, shows 
that his mind was ever bent on mechanical contrivances 
which his own hands were skilful enough to carry out; 
his valve gear, the stuffing-box, the parallel motion, the 
governor, are all instances of that happy blending of 
mechanical skill and of scientific research, which must ever 
mark the qualifications of a great mechanical engineer. 


(To be continued.) 


COLUMBIAN EXPOSITION NOTES. 

THE numerous restaurants and cafés in the World’s 
Fair buildings will be supplied from a common kitchen, 
situated in the south part of the grounds, and measuring 
125 ft. by 325 ft. 

The entrance to the World’s Fair will be through 150 
turnstiles, and it is estimated that 180,000 persons can 
thus be passed in per hour, so the crushing at the gates 
should seldom be serious. 


More than 16,000,000 dols. has been paid out thus far 
by the Exposition Company alone in preparation of the 
Fair. An expenditure of six or seven millions more will 
be made, 


Special féte-days will be a prominent and interesting 
feature at the World’s Fair. The different States, foreign 
countries, and many civic organisations will each have 
a day upon which to conduct special exercises or celebra- 
tions, and programmes for them are now being arranged. 


We learn that there will be many visitors to Chicago 
from the Cape colonies. The German manufacturers, who 
are making a very fine display at Chicago, may possibly 
increase their South African trade, and American manu- 
facturers of mining machinery will also benefit. 


The women of Mississippi, who are patriotically en- 
deavouring to have their State creditably represented at 
the World’s Fair, will build a fortification of cotton bales 
on the grounds, representing Vicksburg during the siege. 
One hundred bales of cotton will be used in building the 
fort, and on the inside will be exhibited all the products 
of the great staple, The women will ornament their cotton 
fort with numbers of historic cannon, flags, and other 
relics of the war. 


Visitors to the World’s Fair will have the opportunity 
of going to the roof of the Manufactures Building—the 
largest in the world—and enjoying there a half-mile 
promenade. Four elevators, with a capacity of 600 an 
hour, will take the people to a great platform, 200 ft. 
above the floor, from which a magnificent bird’s-eye view 
will be afforded of the interior of the mammoth building 
with its acres of exhibits beneath. From the platform the 
visitors will pass to the promenade on the roof, where an 
unsurpassed bird’s-eye view of the entire grounds and 
buildings will be unfolded. 


Forty-five precious historical documents relating to the 
voyages of Columbus and discovery of America are to be 
exhibited at the World’s Fair. The Duke of Veragua, the 
living descendant of Columbus, has agreed to lend them. 
The forty-five papers form almost a history of Columbus’ 
career as discoverer. In the list is the original commis- 
sion given to Columbus by Ferdinand and Isabella upon 
his departure for the first voyage. It is dated Granada, 
April 30, 1492. In it he is appointed grand admiral of 
the ocean seas, vice-king and governor-general of all the 
lands he should discover. Every document in the collec- 
tion is either written by Columbus or signed by Ferdinand 
or Isabella. 


Among other enterprises for which the World’s Fair is 
responsible, is a Chinese weekly newspaper, the initial 
number of which will be issued immediately, and which 
is expected by those interested in it, to be a permanent 
and lucrative enterprise. Wong Ching Foo, who will 
act as lecturer for the Wah Mee Company, which 
has the Midway Plaisance Chinese concession, will be 
president of the company and editor of the publication. 
The new paper, which will be published at 322, South 
Clark-street, will be known as the Illustrated Chinese 
Weekly News, and will be a seven or eight-column quarto 
sheet, subject to occasional increase in size as may be 
required. The articles, printers, and every person ac- 
tively connected with the enterprise will be from the 
best Chinese talent obtainable. 


The official directory of the World’s Fair, to be pub- 
lished by W. B. Conkey and Co., who also publish the 
official catalogue of the Fair, promises to be a most 
attractiveand useful book. It will virtually be the ‘‘ Blue 
Book ” of the Exposition, and will contain, besides many 
fine illustrations, a vast amount of reliable information 
relative to the different departments and features of the 
Fair. A complete roster of Fair officials, national, State, 
and foreign, with portraits and sketches; the organisa- 
tion of the Fair and of departments, the construction 
achievements, the rules and regulations for government, 
the provision for sewerage, lighting, heating, power, &c.; 
the advertising of the Fair, the exhibits and their pre- 
paration, the finances, the legislation, &c.—these are 
some of the subjects treated of in this book. It will be 
a handsome publication, from a bookmaker’s standpoint, 
and will contain a limited amount of advertising. 


Under the direction of Dr. E, O. Hovey, Ph. D., of St. 
Louis, the Missouri mineral exhibit is rapidly being 


placed in position. The space, 49 by 45 ft., has been in- 
closed with a handsomely decorated wall 12 ft. in height, 
composed of terra eotta and Roman brick on a foun- 
dation of Syenite granite from Graniteville, Iron County. 
Heavy limestone steps from the Hannibal quarries are 
placed at each of the entrances. Zinc and lead being the 
most important mineral products of the State, specimens 
of these ores are given the most prominence, On a table 
at the left of the main entrance is a 1650-lb. lump of zine 
ore, which Dr. Hovey says will run 66 per cent. of pure 
metal. On another table to the left is a nugget of lead 
500 lb. in weight. This specimen is a remarkably fine 
one, being a cluster of almost perfectly formed cubes of 
nearly pure lead. These specimens are from the famous 
lead and zinc mines about Joplin. On a round table in 
the centre of the room stands a pedestal of solid 
metal built up of specimens sent from the different 
smelters throughout the State. At the south-east corner 
of the room is a pyramid of ore 10 ft. high, on a base 
5 ft. square. In this are specimens weighing all the way 
from a few pounds to as many tons. One specimen of 
lead ore weighs 6500 lb. and another 4500 Jb. ; altogether 
there are 13 tons of ore in the pyramid. In upright cases 
extending entirely around the room are smaller specimens 
of ore from all parts of the State. At the south-east 
corner of the room is placed the iron ore exhibit from the 
Iron Mountains and Pilot Knob. The coal exhibit from 
the north-west section of the State is represented by a 
solid block of soft coal 18 in. thick, and about 6 ft. square. 
At the south-east corner of the room is a handsome 
masonic altar built of marble from the Greenfield quarries, 
At the north-east corner of the room is a model of the 
St. Joe Company’s Concentrating Works at Bonne 
Terre. One very interesting specimen to mineralogists is 
that of millerite or nickel sulphide from St. Louis County. 
There are also many specimens of clay products and glass 
sand from a deposit near St. Louis, 


Sir William Leng, of the Sheffield Daily Telegraph, 
has been interviewed bya Dalziel representative, to whom 
he said: ‘‘I have seen three great International Exhibi- 
tions, including the present one and those of 1851 and 
1873. I consider the Chicago Exhibition to be by far the 
most extensive, costly, and architecturally imposing of 
the three, but by reason of abnormal frosts and rain, the 
strikes of workmen, and the vile state of the roads, the 
Exhibition is strangely unready for visitors. The most 
conspicuous display amid all this confusion of prepara- 
tion is that of the British, and, strangely enough, the 
most backward is that of the Yankee himself. The 
British display is rather meagre in point of size, but its 
general excellence is bound to attract attention. Sheffield 
is really ‘notin it,’ manufacturers there having boycotted 
Chicago Fair, on account of their belief that they would get 
no benefit from it, being prevented by the M‘Kinley Tariff 
Bill from selling their goods in the United States. At 
one time I thought Sheffield men were in the right, but 
now Iam satisfied they have made a mistake in boycott- 
ing the show, as it presents great facilities to them for 
advertising their goods among the representatives of all 
the countries of the world. Manufacturers, like indi- 
viduals, should advertise. If the Fair managers had 
permitted the British to ticket their exhibits or otherwise 
advertise their goods, England would have made the best 
exhibit ever seen ; but the M‘Kinley Tariff had caused a 
morose, sulky feeling on the part of England, which 
prevented their hearty co-operation in the Fair. British 
exhibitors complain very much of being hampered in 
getting their goods to the Exhibition. As much as 75 per 
cent. over the ordinary charge for freight was paid on 
the English goldsmiths’ exhibit to insure prompt despatch 
of the goods from London to the Fair. When the agent 
of the exhibit reached Chicago from London, he found 
that goods had been lying in the city for weeks, and had 
not been sent on to the Exhibition building at all. Ger- 
many makes a striking show in machinery and manufac- 
tures. The art gallery is not ready, and it was only by 
courtesy of the managers that I was enabled to get a sight 
of this display, which is not equal as a whole to the dis- 
play of paintings shown at the Vienna Exhibition. The 
exhibits from Russia have been delayed by ice in the 
Baltic, and the weather has also interfered with the 
transit of those from Norway. In six weeks’ time the 
American exhibits will be ready.” 


Tron MANvrFAcTURE IN SwepEN.—The large Koppar- 
berg Mining and Iron Company in Sweden, which is one 
of the largest concerns of its kind in Scandinavia, and 
which also owns large sawmills, has during 1892 produced 
31,000 tons of iron and steel, against 37,000 tons the pre- 
vious year. The net profits amount to about 71,500/., 
from which the shareholders get a dividend of 6 per cent. 


Exezcrric Lighting AT Lerps.—The Mayor of Leeds 
opened on Wednesday the new electric lighting station, 
which has been established in that town by the Yorkshire 
House-to-House Electric Supply Company to the specifi- 
cations of Messrs. Hammond and Co., consulting engi- 
neers, London. The works have been designed and carried 
out by Messrs. John Fowler and Co., Limited, Leeds. 
The buildings were commenced last August, and the whole 
of the machinery was in placeon April 10 last. The en- 
gines, three in number, are horizontal compound condens- 
ing engines, and drive by means of rope belting two 100- 
kilowatt alternators, and one 50-kilowatt alternator. 
Two of the engines have cylinders 14 in. and 25 in. in 
diameter by 30 in. stroke, whilst the third and smaller 
engine has cylinders 10 in. and 18 in, in diameter by 
20 in. stroke, All the engines bave automatic expansion 

ear, and work with steam at 125 lb. pressure supplied 
rom three Lancashire boilers 30 ft. long and 8 ft. in 
diameter. These boilers are filled with Bennis’s 
mechanical stokers, 
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TREVITHICK’S BOILER AT THE WORLD'S COLUMBIAN 


ENGINEERING, 


MwA, 4 


Amoneé the objects of extreme mechanical interest 
at the Chicago Exposition is an original iron boiler of 
one of Trevithick’s high-pressure engines, of which 
several were made, and used principally for threshing 
purposes in or about the year 1812. They were rated 
at about 4 horse-power, with a moderate steam pres- 
sure. They were without safety valves, steam and 
water gauges, or feed pump, and would run about six 
hours without requiring a further supply of feed ; then 
the steam was blown off, and the boiler refilled for 
another run. The engine was on the direct single- 
acting high-pressure principle, with an open top 
cylinder resting on and mostly within the boiler. The 
steam was distributed by a three-way cock operated by 
an eccentric on the crankshaft, which had a loaded 
flywheel to assist the return stroke. These engines 
were sometimes, for the sake of economy, fitted with 
an expansion cock worked by a cam with an early 
cut-off, It is stated that when so fitted these engines 
consumed only 2} lb. of coal per horse-power hour, 
This engine required very little attention; a farm 


labourer could easily regulate it. The original cost | 
was about 80/. A wood model of the cylinder of this 
engine accompanies the boiler, Some of these engines | 
continued in use for more than fifty years, and required | 
but little repair. Two drawings accompany this | 
exhibit, one being a general arrangement of the engine | 
and boiler, and the other being a detailed drawing of | 
the cylinder and boiler in section. These are pore 
duced (Figs. 1, 2, and 3) and with the perspective view 
(Fig. 4) clearly show the construction of this interest- 
ing prime mover, 
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WatsaLt Woop Disrricr SeweRrace.—The Brownhills _ 
Local Board recently selected four engineers to submit 
schemes of sewerage and sewage disposal for the districts 
of Walsall Wood, Shelfield, High Heath, and Clay- 
hanger, comprising a population of about 6000. Four 
schemes were submitted, and all received careful atten- 

tion, but the Local Board has decided to accept that of iS 
Mr. H. Bertram Nichols, C.E., of Grosvenor Chambers, 
Corporation-street, Birmingham, who at the last meeting 

was appointed engineer to carry out the works. Itis¢ — 
intended to proceed with the work immediately. The 
cost of the scheme is estimated at 90007. 3 


SUBWAYS IN STOCKHOLM.—Plans and surveys have re- 
cently been made in connection with projected subways 
under the streets of Stockholm for sewage, gas and water 
pipes, wires for telephones and electric lighting, &c. go 
present these are distributed below the surface without 
any fixed plan, and their repairs give the usual trouble 
and inconvenience. It is, however, evident, from the : 
local conditions, Stockholm being to a great extent built 
on rock, with many steep streets and numerous water-— 
ways, that the difficulties, both technical and financial, 
will be almost insurmountable. The subways of. London : 
and Paris have been examined, also the conditions of 
Berlin, where there are no subways, and the result has_ 
been arrived at that it is always a most difficult task to_ 
construct subways in an old town—that, in fact, such 
subways should be constructed almost simultaneously 
with the laying out of new streets. As far as Stockholm 


is concerned, the subways must be confined to certain 


= streets, where, in some cases, the tunnels will have to 


pass through solid rock, and it is possible thatthescheme 
may be attempted only in a fragmentary manner. => 


iia: 


May 12, 1893.] 


ENGINEERING 


685 


PRESS FOR LEAD-COATING ELECTRIC CONDUCTORS. 
CONSTRUCTED BY MESSRS. J. AND W. WEEMS, ENGINEERS, JOHNSTONE, N.B. 


Front Elevation. 


Tue production of lead-covered electric conductors 
has become a very important industry, and there are 
Signs that it will greatly increase in the future. The 
protection afforded by the lead is so complete that it 
is possible to use beneath it dielectrics which other- 
wise would be sure to perish from atmospheric action, 
or to be rendered useless by damp. ‘The lead is 
“squirted,” or made to flow around the inner non- 
conducting coating by intense pressure, much in the 
same way that lead pipes are manufactured. The 
illustrations on the present page show a 33-in. press 
for this purpose constructed by Messrs. J. and W. 
Weenis, Perseverance Iron Works, Johnstone, N.B. 

The method of operation is exceedingly simple. 
Upon the table of a large hydraulic press fixed in the 
base of the machine there is placed a die-box, over 
which there is bolted a lead container. This latter is 
ghee teen and is situated directly below a ram 
attached to the head of the press. The conductor to 
be covered is drawn horizontally through the die-box, 
entering through a guide-hole of a diameter corre- 
sponding to it in its uncovered condition, and leaving 
by a hole of a size toallow a coat of lead of the required 
thickness to be laid over the insulated conductors. 

Molten lead is poured into the container, and 
allowed to solidify at about 400 deg. Fahr. The press 
is then pumped up till the ram comes on to the top of 
the lead, when further progress can only be effected 
by causing the lead to flow into the die-box, and out 

an annular layer firmly consolidated without joint 
around the insulating covering of the electric con- 
ductor. The pressure is continued until the lead is 
almost exhausted, when the press is lowered and a 
fresh supply brought to the container. 


Larce ELEcrrotytic INSTALLATION IN SwEDEN.—The 
electrolytic installation whichthe Stockholm Super- 
phosphate Company has decided to construct at the 


Mansbo waterfall in the Dal River, close to Avesta, is 
already in progress. The dry spring has favoured 
subaqueous construction, and the whole of the power, 
some 3500 horse-power, will be made available. The 
machinery will, however, to begin with, only be in- 
stalled for half the power. There will be eight turbines, 
of 200 horse-power each, for the dynamos, and a couple of 
smaller ones for machine tools. The height of the fall is 
about 30 ft., so the turbines will obtain sufficient speed 
for direct coupling with the dynamos, which is a con- 
siderable advantage. There will also be eight dynamos 
of 200 horse-puwer each, which is rather a large capacity 
for Sweden. The installation means virtually a new 
departure in Swedish industry; the manufacture will, 
as a commencement, comprise chlorate of potash, which 
is used extensively in the match manufacture, accord- 
ing to a method devised by the company’s managing 
irector. 


Norruwich Brrock.—The Weaver Navigation are 
applying for powers to convert the fixed bridge at 
Northwich into a movable bridge. The existing struc- 
ture can be called a ‘‘ fixed ” bridge only by courtesy, for 
it has been raised several times ; yet it affords insufficient 
headway for navigation purposes, as it does not allow the 
passage of vessels large enough to navigate open water, 
It is therefore a matter of great importance to the navi- 
gation, especia!ly with a view to the proposed canal from 
Birmingham to Liverpool passing over the Weaver, that 
this improvement should be carried out, The Committee 
of the House of Lords have passed the Bill, and the con- 
struction of the bridge will be of considerable engineering 
interest. The existing structure sinks year by year, 
owing to the abstraction of salt, and it would therefore 
be a difficult matter to operate an ordinary swing bridge 
on this site, as very frequent adjustment would & 
required. To overcome this it is proposed to build the 
bridge on a central pontoon, after a design by Mr. Web- 
ster. This plan was adopted by Mr, Price, of Dublin, 
some twenty years ago, and will be found described in 
his paper on ‘‘ Movable Bridges,” read before the Insti- 
tute of Civil Engineers. 


INDUSTRIAL NOTES. 


THE industrial atmosphere has been disturbed and 
uncertain during the past week. There has been a 
recurrence of that unrest which for three or four years 
has been a marked feature in the month of May, both 
in this country and on the Continent. The Hull dis- 
pute drags its slow length along—the chief feature 
being its uncertainty. The threat of a general 
strike hung over the dispute all last week, but both 
the leaders and the men are divided on the subject. 
Tf anything, the men favour a general strike more 
than the leaders, but some of the latter have urged 
such a step as the quickest and surest way of ending 
the deadlock at Hull. On the other hand, the leaders 
cannot see their way clear to furnish the necessary 
support, even to those already out. There have been 
some partial strikes at other ports, but for the most 
part they have been directed against Messrs. Wilson’s 
firm, or against some other firms connevted with the 
Hull shipping trade. The strikesat the London docks 
were partial and spasmodic; the men, and some of 
the local leaders, demanded a strike, but the officials 
of the Dockers’ Union deprecated it, and the execu- 
tive committee issued a manifesto against any action 
being taken except by the union officially. The 
stevedores refused to strike, while the Sailors’ and 
Firemen’s Union supported a general strike. The 
dockers at Bristol struck work against the employ- 
ment of free labourers. The officials of the union ex- 
pressed disapproval of such a course of action, while 
the men strongly supported it, But the strike 
collapsed after a couple of days, nearly all the unionists 
returning to their work. Some further disturbances 
took place at Hull during the week, and a few persons 
were injured, The police charged the riotous demon- 
strators, and had to freely use their truncheons in the 
affrays, while the strikers used stones and other missiles, 
both against the police and the free labourers. 
Altogether the town of Hull and the docks have been 
in a tumult, but the importation of free labourers has 
gone on, and work is being proceeded with, though 
slowly. All seem to agree that the men imported do 
not do their work ina satisfactory manner. 


It is gratifying to be able to report that a slightly 
better tone prevails in some of the branches of the 
engineering trades in Lancashire. Here and there 
rather more work is stirring, especially among 
machinery. Machine-tool makers are, however, but 
indifferently supplied with work, and the general 
branches are doing but little. The two branches 
which are best off for orders at present are stationary 
engine builders and boilermakers, both of which de- 
partments are tolerably busy, and a fair amount of 
new work is being secured. In the locomotive depart- 
ment, although some new orders have been recently 
secured, there is not sufficient doing to keep the firms 
fully going in all cases. There are no further signs of 
reductions in wages, and generally there is an absence 
of labour disputes of any consequence throughout the 
entire district. The iron trade is slow and sluggish, 
there being little animation, and there is a weakening 
in prices. In the manufactured iron trade there is 
not very much doing, the forge proprietors not being 
able to keep the works going, except partially. In the 
steel trade business is very slow, a few orders for 
boiler plates being the chief business done recently, 
except for present requirements, 


In the Birmingham district there are few signs of 
improvement. In the iron trade nearly all classes of 
iron have receded in price, especially for common 
forge qualities. Buyers are, however, more on the 
alert for purchases, as it is thought that prices have 
reached the lowest level for some time to come, and 
may improve shortly, 


In the Wolverhampton district the iron trade is in 
a state of semi-stagnation, many of the works being on 
short time. The demand for finished iron is pretty 
regular, but slow. Stocks are low, but business for 
forward delivery is not undertaken, except for press- 
ing needs, and then only to the end of the present 
quarter. The foreign and colonial trade generally is 
quiet. Steel makers are busier than they were, or 
have been since Christmas, both for plates and sheets. 
There are no further disputes in the labour world, and 
matters seem to run smoothly for the present. 


There have been numerous strikes in the building 
trades during the past two years, and they do not 
seem to have come to an end even yet. In point of 
fact, the building operatives just now are the only men 
who are striking for an advance in wages. In most 
trades the strikes are against a reduction. At North- 
ampton the labourers are on strike for an increase 
of a penny per hour, and building operations have 
been brought to a standstill thereby. At Brighton the 
bricklayers and labourers struck for a halfpenny per 
hour more, anda reduction of the working hours to 554 
per week. At Gravesend the labourers struck for a 
penny increase in wages, while the bricklayers and 
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carpenters are also in dispute over the working rules. 
At Merthyr the employers conceded the demands. 


The strike of millworkers at Dundee ended abruptly 
in favour of the strikers, the notices for a reduction 
in wages having been withdrawn, This step was un- 
expected, and was received with great jubilation by 
the workers and their supporters. 

The brickmakers of the extensive Cowley district 
struck work for an advance of 4d. per 1000 for stock 
bricks, the demand for which is just now very brisk. 
Two years ago the men struck for a similar increase, 
but after a four months’ struggle they were defeated. 
Their chances are now improved, for the building 
trades are pretty busy throughout the metropolitan 
district. 


The Hull dispute has come before the House of 
Commons again under more than one aspect, but there 
is always a very strong disinclination to discuss exist- 
ing labour disputes in the House. There have been 
several points raised from time to time, but two of 
them have undoubtedly a public phase, especially the 
question of the employment of the forces of the 
Crown. It is alleged that the presence of the military 
rather conduces to irritation than allays it. But the 
local authorities and the magistrates are responsible 
for law and order, and upon them the responsibility 
must rest. In this instance the matter is a little 
complicated by reason of the fact that the great 
majority of the local magistrates are shipowners, and 
this gives rise to a strong suspicion of pressure on the 
part of one of the parties to the dispute. It is 
admitted that there are difficulties in the way of a 
refusal of the forces of the Crown, when demanded 
by the proper local authority, but it is urged that the 
civil forces are usually adequate for all purposes, 

In some respects, the contention of Mr. J. H. 
Wilson, that the Shipping Federation have violated the 
provisions of the law, as set forth in the Merchant Ship- 
ping Acts, is more directly a matter for Government 
interference, and the President of the Board of Trade 
has promised to prosecute if a case is made out. But 
the Board of Trade would not act unless a strong case 
were made out. It is extremely difficult for the Govern- 
ment to interfere, and any undue pressure in this 
direction might do more harm than good. The member 
for West Ham thought that the Arbitration Bill of 
Mr. Mundella might apply, if it could be carried. But 
the honourable member has evidently not read the 
Bill, for it contains no provisions for dealing with cases 
of dispute, except the power to try to bring both 
parties together—a thing which has been done, but 
failed. 


The House of Commons, on the motion of the Prime 
Minister, took a most unusual course on Thursday last 
week, by rescinding a motion passed on the previous 
Tuesday. The Employers’ Liability Bill was reached 
earlier than it had been expected, and the Bill was 
committed to the Grand Committee on Law. Com- 
plaint was made that the Bill was committed contrary 
to expectation, and that there was no time to discuss 
the proposal. The order for the committal was there- 
upon rescinded, and a discussion took place as to 
whether the Bill should be committed to a Select Com- 
mittee, or to the whole House, or to the Grand Com- 
mittee. Ultimately the House decided that the 
measure should go to the latter Committee, and thus 
avert the possibility of debate in detail over the 
clauses of the Bill, It will still have to pass two 
stages in the House, a debate on report, and on the 
third reading, but detailed criticism of all the clauses 
seriatim will not be in order at those stages. 


The May Day demonstrations on the Continent of 
Europe were more numerous than had been expected, 
but they were neither so general nor so extensive as 
they were last year and also in 1891. In Paris the 
demonstration was to a great extent a fiasco. It had 
been arranged that the Socialist delegates should have 
interviews with each of the twenty maires of the 
communes, but in many cases the delegates failed to 
put in an appearance, so that this part of the pro- 
grame was a failure. A party of thirty set out for the 
Chamber of Deputies, but were obliged to break up 
into parties of five each. The President refused to 
see more than sixteen, so that all the delegates 
declined, and no interview took place. Another 
section of a different ‘‘wing” attempted a demon- 
stration in front of the Labour Exchange, which was 
closed for the day, but they were dispersed ; three of 
the leaders were arrested, but were subsequently set 
at liberty. On the whole, the Paris demonstrations 
were a failure. 

At Marseilles the demonstrators were more deter- 
mined, and to some extent violent. The meeting at 
the Lazaretto of some 8000 persons was charged by 
the soldiers and gendarmes, and dispersed. The 
demonstrators then proceeded towards the Trado, but 
were again dispersed. In the latter affray many were 
injured, and some arrests were made. It is said that 
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there would have been a violent riot had it not been 
for the dragoons and hussars, who assisted the police. 

In Berlin the meetings generally were peaceful and 
tolerably orderly, but there was no attempt to make 
the day a general holiday. At one of the meetings 
held by the Anarchists, the police interfered and broke 
it up, but there was little in the nature of a disturb- 
ance. There was less enthusiasm in Germany than 
last year, or the enthusiasm was repressed by the 
employers and the authorities. 

In Austro-Hungary there were larger preparations. 
In Vienna alone there were forty meetings, all of an 
orderly character, The resolutions demanded an 
eight-hours day, universal suffrage, and the freedom of 
the press. In other towns meetings were also held, but 
in all cases they were peaceful, and were not inter- 
rupted. In Italy the meetings were similarly peace- 
ful, and also in Spain, Portugal, Belgium, and the 
Netherlands. 


There is considerable uncertainty in the coal trade 
as to what may take place over the wages question, 
and possibly the situation is somewhat complicated by 
the vote of the House of Commons on the Miners’ 
Eight Hours Bill. As to the wages question, it is 
pretty clear that the initial struggle will take place 
in the coalfields of Gloucestershire and Somersetshire, 
where notices of a substantial reduction have been 
given, and where the men have determined to resist it, 
But the recent conference of the Miners’ Federation 
had to consider also the position of Cumberland, 
Staffordshire, and the Midland Federation, as well 
as the two large districts before mentioned. The 
action of the Federation Conference was prompt and 
decisive as far as official action could be. In the 
first place, it was decided not to resort to a general 
stoppage, as provided for in the constitution of the 
federation, in case of emergency, but to support the 
men in the Forest of Dean, in the Bristol district, 
and in the Somerset districts. The conference 
declared that no reduction in wages was neces- 
sary or justifiable, nor would be tolerated, It fur- 
ther declared that the federation districts should 
support the men on strike by contributions and levies, 
It then proceeded to pass a resolution condemning the 
acceptance by any district of any reduction in wages 
without the consent of the federation, and warning 
any such district that expulsion from the federation 
would follow disobedience to these orders. The effect 
of this decision upon some districts may be very dis- 
astrous in the present state of the coal trade, but the 
men feel that solid action can alone save them from 
reductions more or less substantial. On the other hand, 
it may lead to the closing of many pits at the present 
time, as the price of coal in some districts scarcely pays 
for the working. On the whole, the action of the federa- 
tion will be watched with much interest by the public, 
for it is the first time in industrial history that an 
entire trade, or nearly so, has taken up a position of 
general resistance to all reductions in wages over a 
wide area. It will be a struggle of great intensity if 
fought out, and it may last for a long time, especially 
in the present condition of trade. ; 


The most remarkable reversal of public opinion 
witnessed in our times, as expressed by the House of 
Commons, was manifest by the vote on the Mines 
Eight Hours Bill, on Wednesday in last week. The 
minority of 112 about a year ago was transformed 
into a majority of 78, or a change of front of some 200 
members. Moreover, the change was not merely a 
party change of front, for the division list shows some 
singularly significant changes on both sides of the 
House— indeed, among all sections of the House. The 
division was to a great extent the result of arduous 
work on the part of the miners. If ever success was 
merited by incessant labour and constant wire-pulling, 
it was in this case. The mineowners were nowhere 
in the race. The result was doubtful up to the last 
moment, but there were indications of a strong vote 
in favour of the Bill when it was known that Mr. 
Gladstone was converted. There can be no mis- 
take as to the significance of the vote, whether we 
look at it from the standpoint of numbers, or of the 
names in the ‘‘ Aye” list. The decision of the House 
is to all intents and purposes irrevocable, as a decision 
in favour of eight hours for coal miners, whatever may 
be done in Committee as regards the details of the 
measure. All fair-minded opponents of legislative 
action must recognise the decisive character of the 
division, representing as it does the great bulk of 
the Liberal party, and a strong contingent of Conser- 
vatives and Unionists. Henceforth the difficulty will 
be in the application of the principle to other trades 
of a dangerous character, and to those in which the 
labour, if not dangerous, is at least laborious and 
exhausting. An effort will doubtless be made to 
incorporate local or trade option in the measure, but if 
this be done it can scarcely become a permanent part 
of the Act. 

The Eight Hours Demonstration in Hyde Park con- 
sisted of two processions, organised by two distinct 
bodies—the London Trades Council and the Legal Fight 
Hours Committee. Each aggregate body arranged to 
have twelve platforms, or a total of twenty-four, 
forming two gigantic crescents facing each other, and 
extending from near to the Marble Arch to the 
Achilles Statue, by Hyde Park Corner. The whole 
of the processionists met on the Thames Em- 
bankment, between Westminster and Blackfriars 
Bridges, and proceeded thence to the park, the 
“* legalist procession” by way of New Bridge-street, 
St. Bride-street, Holborn, and Oxford-street, through 
the Marble Arch, while the Trades Council procession 
proceeded along Great George-street, Birdcage-walk, 
Buckingham Palace-road, and Grosvenor-place, enter- 
ing at Hyde Park Corner into the park. The Trades 
Council had selected thirteen different rendezvous, or 
district meeting places, while the legalists had 
arranged for twenty-one, or a total of thirty-four 
places of assembly for organising the contingents. In 
some few cases the two bodies had to assemble 
at the same spot, at the same time, but the 
marshals had instructions to avoid confusion in 
arranging the different contingents, so that each 
would reach the embankment in the order designed 
to join their respective processions. The resolution 
agreed upon by the Trades Council demanded a legal 
eight-hours day, or 48 hours per week, for all trades, 
but with a certain form of trade option by any branch 
of industry that protested by ballot against being 
included within the provisions of the Act. Of course 
this form of trade option would be futile, for no trade 
would be foolish enough to protest by ballot against 
shorter hours of labour. The unexpected decision by 
Parliament in favour of an eight-hours day for miners 
gave a significance to the gathering of Sunday last, 
such as no other event could have given, and has 
strengthened the hands of the advocates of legislative 
enactment in favour of an eight-hours limit to the 
hours of labour. The police authorities and the First 
Commissioner of Works willingly lent their aid, the 
first at all the places of rendezvous, and along the 
routes to the park, and the latter as regards the en- 
trance to the park, the arrangement of platforms, and 
other matters more or less within the range of official 
regulation. 


ALLOYS. 
Second Report to the Alloys Research Committec.* 
By Professor W. C. Rosprerts-Austen, C.B., F.R.S. 
(Concluded from page 660.) 


Effect of Pressure.—The passage of iron from one allo- 
tropic modification to another is accompanied not only by 
a change of heat capacity, but also by a change of volume, 
When a mass of iron cools down from a temperature of 
1000 deg. Cent., or 1800 deg. Fahr., it also contracts, until 
at the point of recalescence it suddenly expands ; after 
which it again contracts, as it cools to atmospheric tem- 
perature. An experiment described in the previous re- 
port (ENGINEERING, vol. lii., pages 548 and 579) indicated 
the probability that pressure lowers the critical points of 
iron and steel. Osmondt specially refers to this experiment, 
which, he says, is the first and only one as yet made that 
appears to indicate the influence of pressure on the posi- 
tion of the critical points. The effect of pressure he sug- 
gests is analogous to that established by MM. Mallard 
and H. le Chatelier,t who showed that pressure lowers 
the point of transformation of iodide of silver from 146 
deg. Cent., or 295 deg. Fahr. to the ordinary temperature 
of 15 deg. Cent., or 60 deg. Fahr. : y 

By compressing a piece of steel in a hydraulic press it — 
should be possible to obtain recalescence at a lower tem- 
perature than would be the case if the pressure were nob 
applied. Observations were made by the eye in order to 
see whether such a lowering of the recalescence point 
could be detected in a piece of compressed steel ; but it 
was found that lateral flow of the test-piece rendered the 
experiment difficult by preventing the application of a 
sufficient stress until after the metal had passed through 
its allotropic change, and had become more or less rigid. 
Moreover the orifice in which the thermo-junction was 
placed in the specimen became obliterated by the lateral 
flow of the metal. One such experiment, however, 18 
given. A cylindrical piece of steel 1 in. long and # in. in 
diameter was bored through two-thirds of its length with 
an axial hole yin. diameter. A thermo-junction was 
carefully prepared by wrapping long fibres of asbestos 
round the two wires forming it, so as to insulate them 
from each other; and the junction so prepared was 
allowed to protrude from the face of one of the two dies 
by which the pressure was applied, so as to enter the hole 
in the block of steel. It is obviously necessary to insert 
the junction in a hole whose axis is parallel to the direc- 
tion in which the pressure is applied ; otherwise the de- 
formation which takes place would compress the thermo- 
junction. The mass was heated to 1000 deg. Cent., or 1800 
deg. Fahr.; and it was found that without the application 
of pressure the recalescence occurred at 650 deg. Cent. or 
1200 deg. Fahr.; and that when a total load was applied 
of 4 tons, equivalent to 9 tons per square inch, reca- 
lescence occurred at 620 deg. Cent., or 1150 deg. Fahr., 


and was comparatively feeble. 
This experiment proved to be difficult to repeat, and 
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a closed or recessed die was therefore made of steel, in 
which pressure could be applied all round the test-piece 
in a way that was not possible in the previous experi- 
ment. The die consisted of a heavy steel collar of 2 in. 
external and 3 in. internal diameter. One end was closed 
by a short hardened plug of steel, and the opposite end 
was provided with another and longer plug, through 
which an axial hole had been made for the insertion of 
the thermo-junction. The specimen was heated in con- 
nection with a separate thermo-pile, until the required 
temperature of 1000 deg. Cent. or 1800 deg. Fahr. was 
attained; it was then transferred to the die, and pres- 
sure was quickly applied. A marked lowering of the 
recalescence point was observed ; but the experiment was 


Effect of pressure on recalescence of stecl 
containing O-9 per cent carbon. 
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Open to objection that, on account of the more intimate 
Contact between the die and the steel specimen when the 
satter was put under pressure, the rate of cooling was 
“Breatly increased. A much larger die was therefore pre- 
pared, of which a dimensioned sketch is given (Fig. 10) ; 
and each block of steel S was carefully wrapped in an 
asbestos covering before it was heated, thus insuring a 
hot, sound, non-conducting coating to the specimen at 
the commencement of the experiment. At the same time 
an autographic record was taken of the temperature. 

© thermo-junction was not calibrated, but pairs of 
autographs were taken, one without any pressure being 
applied to the specimen and with the normal rate of 
cooling, and then one with the die under pressure. A 
Single block of steel was also employed in order to obtain 
® set of four curves, by which to show theeffect of water- 
hardening and of oil-hardening. Three sets of experi- 
ments in all were made (Fig. 11), and four typical 
curves are given. Froma study of these it will be evident 
that the recalescence point is lowered by pressure ; but 
it was found that this lowering is not effected unless the 
load is applied at a temperature well above that at which 

escence takes place. 
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Bismuth, Lead Tin.—It has long been known* that 
when a triple alloy of bismuth, lead, and tin, which 
bears Newton’s name, is cooled down from the molten 
state, there occurs, long after the metallic mass has 
solidified, a remarkable rise in its temperature. Experi- 
ments made in view of the present report show that this 
evolution of heat occurs generally at 46 deg. Cent. or 
115 deg. Fahr. An evolution of heat also takes place if 
the solid mass is cooled rapidly by quenching in water. 
This effect, however, disappears after the third or fourth 
heating, but may be restored by remelting the mass or by 
raising it to a temperature just below its melting point. 
A suitable alloy for the experiment is the one containing 
50 per cent. bismuth, 314 per cent. lead, and 18? per 


Fig.12. 
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which changes is attended with the evolution of heat 
That molecular modification does take place in these 
alloys during cooling has been shown by KE. Wiedemann* 
and by Spring:+ In steel, carbon is present, and com- 
plicates the problem under examination, which is not the 
case with the triple alloy ; but in the latter it is possible 
that one of its constituent metals may play a part analo- 
gous to that of carbon. 

A careful study was therefore made of the behaviour of 
the alloy, and it may be well to publish the results in full 
at some future time ; at present it is only necessary to 
summarise the conclusions to which the investigation 
appears to lead. The question arises, Is the quenched 
Newton’s metal the analogue of hardened steel ? First, 
as regards change of volume, Ermann and afterwards 
Kopp found that the expansion of similar alloys is 
abnormal. The present experiments show that the change 
from the vitreous variety of the alloy to the finely crystal- 
line is accompanied by an expansion of about 0.8 per cent. 
Steel also expands during the operation of hardening. 
The tenacity of the alloy in the vitreous state is very low, 
only about 1 ton per square inch ; but after the molecular 
change a maximum of 2} tons per square inch is attained, 
the effect being the same whether the change has taken 
place spontaneously, or has been induced by rapidly cool- 
ing the alloy. Annealing the bars at a temperature of 
80 deg. Cent. to 90 deg. Cent., or 176 deg. Fahr. to 194 deg. 
Fahr., after the molecular change has taken place, appears 
slightly to increase their strength. The alloy solidifies at 
or about the temperature of 96 deg. Cent. or 205 deg. 
Fahr., with a range of pastiness extending over several 
degrees, which prevents any mechanical measurements 
from being made until the mass has cooled to about 
92 deg. Cent. or 198 deg. Fahr. Throughout the range of 
temperature between 92 deg. Cent. and 80 deg. Cent. or 
198 deg. Fahr. and 176 deg. Fahr., it contracts at an 
average rate of 0.000144 of its length per degree Centigrade 
or 0.000080 per degree Fahrenheit ; and the contraction 
continues, but in gradually decreasing amount, until at 
49 deg. Cent. or 120 deg. F'ahr. it ceases, and the metal 
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cent. tin. The appearance of the fractured surface of 
the mass, if broken before the evolution of heat, is plate- 
like, crystalline, and almost vitreous; but after the 
thermal change the fracture is grey, dull, and finely 
grained. It will be evident that the changes this alloy 
undergoes present certain analogies to those which take 
place in steel during the hardening by rapid cooling from 
a high temperature, and when the metal cools slowly 
from bright redness. In the latter case, if low-carbon 
steel be the subject of the experiment, there are, as has 
already been pointed out in the previous report, at least 
two distinct evolutions of heat: one at 855 deg. Cent. or 
1571 deg. Fahr., due, it is believed, toa molecular change 
in the iron; and the other at 655 deg. Cent. or 1211 deg. 
Fahr., arising from a change in the relation between the 
carbon and the iron. The alloy now under consideration 
contains three constituents ; and the change which is 
made evident by evolution of heat must clearly be due 
either to a change in the mutual relations of the con- 
stituent metals, or else to polymerisation or redistribution 
of the atoms in the molecules of the solid mass, either of 


* Ditte, Lecons sur les Métaux, 1891, Part I., page 21. 


commences to expand. The amount of the expansion is 
considerable, over 1 per cent. of its linear dimensions ; 
and appears to be due to some process resembling that of 
combination, for it requires an appreciable amount of 
time for its complete development, and is accompanied by 
a considerable evolution of heat. If, on the other hand, 
the alloy be cooled too slowly, the evolution of heat is not 
well marked. The converse phenomenon of contraction 
with absorption of heat, noticed upon reheating the alloy, 
does notoccur at the expected temperature, butat a higher ; 
and the fact that the change is thus not truly reversible 
supports the view that the molecular change in the alloy 
is due, as is doubtless the case in steel, to combination 
and dissociation occurring in the solid mass. 

Under these circumstances it became interesting to 
see whether the application of pressure would cause the 
change to take place at a lower temperature than that at 
which it would occur without pressure. A steel die was 
formed with a surrounding water-jacket (Fig.12). The 


* Wiedemann’s Annalen, vol. iii., 1878, p. 237. 
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plug of the die had a steel socket, in which the thermo 
junction was inserted, so that the pressure did not come 
upon it in any way. This was found to be necessary, as 
otherwise the insulation failed, and the metal was 
‘* squirted ” along the wires, causing a short circuit. The 
alloy N was poured into the cavity of the die, which 
had previously been lined with several folds of paper ; 
the die was closed and placed in the press, and then 
heated until the metal again became fluid. A steady 
stream of cold water was then run through the water- 
jacket, and by the aid of a thermo-junction, inserted in 
the socket before mentioned, an autographic record of 
the temperature was taken, whilst pressure was steadily 
applied to the die. It had previously been found that 
the abnormal rise in temperature in the absence of pres- 
sure was coincident with the expansion of mass. The 
result of the experiment showed that under a pressure of 
1 ton per square inch the temperature at which the 
thermal change took place was lowered as much as 4 deg. 
Cent. or 7 deg. Fahr., and that a pressure of about 4 tons 
per square inch was sufiicient to obliterate the thermal dis- 
turbance altogether. It is interesting thus to see that, 
where the pressure is sufficient to cause the particles of 
the mass to assume the quasi-fluid state, the changes are 
so greatly modified (Fig. 13). 

The effect of pressure in lowering the critical point in 
this alloy is evident; and ib was interesting to ascertain 
whether the compression of the mass had really prevented 
the alloy from undergoing the molecular change from the 
vitreous to the grey variety ; or whether the recalescence 
had been so gradual that there was no sudden augmenta- 
tion of temperature in the cooling mass, such as would be 
indicated by a marked discontinuity in the autographic 
curve. The die was accordingly made in halves, so that 
it could be rapidly opened when the pressure was re- 
leased. The solid cylinder of compressed alloy was re- 
moved and fractured with as little delay as possible ; but 
it was found that the change, though not complete, was 
far advanced. It is impossible to say whether the change 
occurs directly the pressure is removed, or during the time 
it has been applied. 

Chromiwm Steel.—The question of the shifting of the 
temperature at which the molecular changes in iron and 
steel take place is one of much importance. Osmond has 
already shown that, if the initial temperature to which a 
mass of carbon steel is raised be a high one, the critical 
points may occur at temperatures which are many degrees 
lower than those at which they occur when the steel is 
heated to the usual initial temperature of about 900 deg. 
Cent. or 1650 deg. Fahr. adopted in these experiments, Very 
interesting results were obtained with some specimens of 
chromium steel supplied by Mr. Hadfield. The sample 
most used was one containing the following percentages : 
chromium 15.12, carbon 1.79, silicon 0.61, sulphur 0.08, 
phosphorus 0.04, manganese 0.28 per cent. ; and the first 
autographic curve obtained from it failed to show any but 
the slightest indication of molecular change, which 
occurred abt the elevated temperature of 840 deg. Cent. or 
1534 deg. Fahr., the piece of metal having been heated to 
1270 deg. Cent. or 2318 deg. Fahr., and slowly cooled. 
The experiment was repeated, the heating being con- 
tinued to the still higher temperature of 1295 deg. Cent. 
or 2363 deg. Fahr., with the result that no molecular 
change at all could be detected. It was ultimately found 
that the recalescence occurred only when the metal had 
been moderately heated, or else when it was cooling down 
from the fused state ; and that heating the cold metal up 
to an intermediate temperature of 1300 deg. Cent. or 2370 
deg. Fahr., caused the evidence of molecular change to 
disappear when the mass cooled. When the temperature 
of initial heating was 850 deg. Cent. or 1560 deg. Fahr., 
instead of being 1280 deg. Cent. or 2336 deg. Fahr., it 
was found that the temperature of true recalescence 
shifted from the normal point 655 deg. Cent. or 1211 deg. 
Fahr., down to 620 deg. Cent. or 1148 deg. Fahr., and in 
the latter case it was difficult to detect. These results 
are}shown in Fig. 14. The behaviour of the chromium 
steel is therefore similar to that of carbon steel; but the 
shifting of the points of recalescence is much exaggerated 
in degree, the remarkable fact being that fusion restores 
the power possessed by the steel of undergoing molecular 
change. These facts were observed quite independently 
by Osmond and by the author. The explanation of them 
would appear to be closely connected with the solution in 
the mass of metal of a hard compound of chromium, 
carbon, and iron, the solubility of the compound varying 
with the temperature to which the mass has been raised. 
Osmond is perfectly justified in considering that in the 
absence of carbon the presence of chromium does not 
maintain the iron in the 6 or hard condition. We know 
toolittle as yet about the chromium steels to enable wide 
generalisations to be made. It is important, however, to 
note that the atomic volume of chromium is nearly the 
same as thatof iron, and its influence ought not to be 
great. Itis to be hoped that the use of the electrical 
furnace which has now been provided for the purpose of 
this investigation will enable a quantity of pure chro- 
mium to be prepared.* The relations of, this interesting 
metal to carbon and to iron may then be studied with 
advantage. 

Autographic Recording Pyrometer.—This instrument 
was described in the first Report to the Committee ; but as 
the investigations progressed it soon became evident that 
the construction of many of the details could be greatly 
improved ; and, in order that a more perfect instrument 
might not be wanting, the appliance of which the follow- 
ing is a description was made at the Royal Mint by arti- 
ficers from the Royal Arsenal, Woolwich, who were per- 
mitted by Dr. Anderson, Director-General of Ordnance 


Factories, to undertake its construction for use in his 
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department. As shown in Figs. 15 to 22, it con- 
sists of a camera about 5 ft. long, in which the galva- 
nometer may be placed in either of two positions ac- 
cording to the range of temperature to be observed. 
This camera has three doors, and is made separate from 
the portion of the apparatus which contains the moving 
photographic plate. The two parts are connected by a 
flexible leather ‘‘ bellows” junction J, the object being to 
enable the plane of the sensitised plate to be adjusted at 
right angles to the ray of light from the galvanometer 
mirror M. Inside the camera is a focussing tube T, 
containing alens L, which receives the light from the 
mirror H, and transmits it to the galvanometer mirrors 
F and M. Of these mirrors M is movable, and is carried 
by the coil of the galvanometer ; while ¥ is carried upon 
an adjustable arm fixed to the supports of that instru- 
ment, its function being to send a ray of light from the 
mirror H to the slit AB, and thus to trace a datum line 
as the photographic plate travels upwards. The tem- 
perature is recorded, as described in the last Report, by 
the variations in the position of the spot of light derived 
from the mirror M, There isa screen 8 to cut off light 
reflected from the brasswork of the galvanometer. The 
end of the tube Tis provided with an adjustable brass 
slit, by means of which the width of the photographic 
traces on the plate can be varied. The mirror H is 
mounted on a block, which can be adjusted so that 
external light may be brought from either side. The 
focussing of the lens L may be effected from outside the 
camera. Plug connections are provided at the top of the 
instrument, and the wires a b connect the galvanometer 
with the thermo-junction at the source of heat. The 
photographic plate is secured to its carrying slide © by 
means of little cams, and the carrier C is inclosed in a 
case K, provided with a light-tight door N. The case K 
is held in position by a pin P. The connection of the 
photographic plate with the driving clock is shown at D. 
The sensitised plate moves in front of the slit A B, and 
is lifted by a weight actuating a fine clock, constructed 
for the Institution by the well-known horologist, Mr. 
David Glasgow. It may be mentioned that the galva- 
nometer stands on three plates, which provide the well- 
known combination of the hole, slot, and plane for 
steadiness. With the aid of this instrument several 
hundred plates of curves have been prepared; and these, it 
is hoped, will be useful in the course of the investigation. 

In drawing this report to a conclusion, I would thank 
Mr. Jenkins and Mr. Stansfield, whose assistance the 
Institution has given me in conducting these investiga- 
tions. The experiments have demanded great care, and 
both have worked admirably, sparing no efforts to make 
the results trustworthy. In Mr. Jenkins I have had the 
advantage, seldom to be.secured in physical work, of the 
mechanical skill and knowledge of a trained engineer 
whose aid has been of much value. 

General Conclusions.—It may_be asked, What evidence 
has been gathered as to the mode of action of added 
elements? and does it appear that the atomic volume of 
the added element has a dominating influence on the 
mechanical properties of the mass in which it is hidden? 
In attempting to answer these questions, it must be 
remembered that in the earlier experiments pure gold was 
the basis of examination; and that the evidence in favour 
of the above view was shaken only by the somewhat 
abnormal behaviour of aluminium and lithium, which 
made gold rather stronger than the volume of their atoms 
warranted if the theory held good. Some recent ex- 
periments* of my own, however, have shown that the 
relations of aluminium and gold are very peculiar if not 
unique. Aluminium in solution does not behave as if its 
atoms were single; so that it is doubtful what the atomic 
volume of aluminium really is. I would also point out 
that, quite apart from the evidence furnished by the ex- 
periments on gold, independent testimony as to the in- 
fluence of the atomic volume of an added element is 
afforded by Osmond’s work, which shows that the pre- 
sence of elements with a large atomic volume accelerates 
the change of 8 or hard iron to the a or soft variety, 
while elements with a small atomic volume delay the 
change. In the case of copper, grave complications arise 
from two causes. First, itis doubtful whether the copper 
does or does not exist in more than one state; and the 
passage of the metal from one state to another may be 
determined by the presence of an added element. Second, 
it is difficult to insure that a small quantity of an added 
element should remain unoxidised in a mass of copper—a 
difficulty which is of far less magnitude in the case of the 
experiments with gold. The true action of an added 
element may thus readily be masked by its action as a 
deoxidiser. Notwithstanding these difficulties, it is un- 
doubtedly proved that bismuth, potassium, and tellurium 
—all of which have large atomic volumes—greatly 
lower the tenacity of copper. Arsenic, which has a 
larger atomic volume (13.2) than copper (7.1), confers 
strength on copper; but it is very certain that the limit 
of elasticity and the ductility of a metal are greatly in- 
fluenced by the presence of such of the elements with 
large atomic volumes as have thus far been studied ; and 
this fact may be of more molecular significance than the 
diminution of tenacity, to which, for the sake of sim- 
plicity, attention was mainly directed when the early ex- 
periments on gold were made. 

The very important question now arises, May the 
effect of an added element mainly depend on its power of 
forming either a fusible or an infusible compound with 
the mass in which it is hidden? M. André le Chateliert 
suggests that this is the case, and that the deleterious 
action of an element is due to its forming a fusible com- 
pound with the mass, whilst, on the other hand, the 


* Proceedings of the Royal Society, 1891, vol. xlix., 
page 347, and 1892, vol. l., page 367. 
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presence of an element which forms an infusible com- 
pound with the mass promotes the formation of a fine 
grain and gives strength. I would point out, however 
that if this should prove to be the case, it would not 
remove the action of the added element from the opera- 
tion of the periodic law; for there is much evidence 
in favour of the view that ‘“‘the properties of com- 
pounds of the elements are a periodic function of their 
atomic weights.” It must be remembered, as against the 
view of this skilful worker, M. André le Chatelier, that 
the whole tendency of recent work, especially that of 
Heycock and Neville, and my own, is to show that, when 
small quantities of elements are added to a metallic mass, 
they behave as a gas would, and remain free; and the 
results given in this report in the case of bismuth fully 
confirm this view. It remains to be seen at what point, 
in the cooling of a highly heated fused mass of a metal 
forming a solvent, an impurity would enter into com- 
bination with a portion of the mass, and what amount of 
impurity of a given kind has to be present in order that 
it may lose its individuality. Ifthe fusibility of a free 
added element were the determining cause of its action, 
it should be possible to classify the impurities in gold 
in the order of their fusibility ; but any such attempt 
breaks down hopelessly. To turn once more to the action 
of aluminium on gold, if a small quantity of aluminium 
did enter into combination with a large excess of gold, 
it may fairly be urged that it would tend to form the 
very fusible gold-aluminium alloy which contains 10 per 
cent. of aluminium, and not the singularly infusible one 
which has 22 per cent. On the other hand, the most re- 
markable case known of the production of a very fine- 
grained structure, in a mass which under ordinary con- 
ditions naturally solidifies in large crystalline planes, is 
presented by the action of a small quantity, 4 to 1 per 
cent., of tellurium on bismuth; but, as 1 per cent. is a 
large addition, the telluride of bismuth BiTe; is probably 
formed, and it is not readily fusible, for its melting point 
is at 360 deg. Cent. or 680 deg. Fahr. 

With regard to the important molecular change which 
may take place in a solid metal or alloy, and of which the 
recalescence of steel is the most striking example, it is no 
small gain to have ascertained that the temperatures at 
which such changes occur are altered by pressure; and 
this seems to be a conclusion which it is safe to deduce 
from the experiments given in the present report. 

The profound change which is produced in the pro- 
perties of metals by alloying them is well shown by some 
recent experiments by Professors Dewar and Fleming,* 
whey have examined the effect of very low temperatures 
on the electrical resistance of pure metals and alloys; and 
the results tend to prove that, if pure metals could be re- 
duced to the absolute zero of temperature, they would 
offer no resistance to the passage of an electric current, 
This is true of soft pliable metals like gold, and rigid 
ones such as nickel. Impure metals and alloys behave 
very differently ; the diminution of resistance by exposure 
to cold is very marked, but the direction of the curves 
representing resistance and temperature appears to indi- 
cate that the resistance at the absolute zero of temperature 
would still be considerable. 

I would remind the members of the Institution of the 
nature of the work the Alloys Committee has undertaken. 
It is nothing less than the investigation of the fact which 
has been recognised for centuries, that ‘‘ traces” of ele- 
ments profoundly affect the properties of masses of 
metals. ‘‘ Traces’ may either confer on metals qualities 
which are most precious for industrial purposes, or may 
reduce them, through various stages of comparative un- 
suitability, to absolute worthlessness. It will thus be 
seen that the Alloys Committee is examining one of the 
most subtle actions in nature. 


APPENDIX. 

Determination of Bismuth in Copper.—tn order to deter- 
mine the amount of bismuth present in copper, a weighed 
portion of the alloy is dissolved in nitric acid, the solu- 
tion is diluted with water, and heated to nearly the boil- 
ing point. An excess of ammonium carbonate is then 
added, until the copper, at first precipitated as carbonate, 
is all re-dissolved, and the solution assumes a clear blue 
colour. It should now smell slightly of ammonia, and be 
kept nearly at the boiling point for from eight to twelve 
hours, at the end of which time the bismuth will be com- 
pletely precipitated. 

The precipitate is then collected on a filter, and washed 
by a hot dilute solution of ammonium carbonate, until it 
is quite free from copper salts. After careful ae and 
ignition, the pienceh is weighed as oxide, Bi,O3. The 
copper present in the filtrate may be determined by titra- 
tion with a standard solution of hyposulphite of soda. 

Copper Firebox Plate.—Analysis of a sample of copper 
plate taken from the side of the firebox, near the expan» 
sion bracket, on No. 49 locomotive on the Metropolitan 
Railway. This engine had been running for twenty years 
from 1870, and had covered 500,000 miles. 


er Cents 

Copper a3 ue ‘ 98.7000 
Silver Px oe “ ma 0.0346 
Gold i Ate i a 0.0001 
Lead a ae aa ae .. 0.4085 
Arsenic ... Lt ase a ee 0.3726 
Antimony... ice 0.0346 
Bismuth ... 0.0360 
Tron 0.0069 
Nickel 0.3039 
Cobalt nil 
Oxygen ... 0.0181 
Phosphorus 5 ve ate = nil 
Sulphur ... ee aie sine a4 0.0064 

99,9217 
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‘© ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
CompiteD By W. LLOYD WISE. 


ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
oe UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 

in each case ; where none are mentioned, the Specification is 
t illustrated. 

Where Inventions are communicated from abroad, the Names 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Fate Branch, 38, por etree, Chancery-lane, E.C., at the 
uniform price of 8d. 

The ~ of the ee eettenmsonit of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, 


5881. J. Arkill and J. Price, London. Steam 
Boilers. [10 Figs.] March 25, 1892.—This invention relates to 
firebars. Underneath the working firebars of the grate are placed 
an additional set of bars so arranged that they can be adjusted 
vertically to any required position within certain limits, the effect 


Fig. 1, = 


being that when the lower bars are cast, and are ra‘sed or lowered, 
the spaces between the ordinary firebars are filled up in a greater 
or less degree ; thus the bars are raised so as to project above the 
surface of the ordinary firebars, the object being to loosen the 
clinker and make it readily removable. (Accepted March 29, 1893). 


9326. W.P.Thompson, Liverpool. (JV. C. J. Laurent 
and E. Scherding, Paris). Steam Boilers. (2 Figs.) May 17, 
1892.—This invention has for its object to provide a tubular boiler 
arranged so as to cause the hot gases coming from the firebox to 
traverse the boilertwice. The boiler is composed of a cylindrical 
body, the tubular portion of which is divided into two groups of 
tubes, placed one above the other and separated by an interval 
of space ; these tubes end at their back extremities in a smoke- 
box, and at/their front in a chamber divided into two compart- 
ments by a boiler tube, communicating with the boiler by means 
of pipes. The lower compartment constitutes the firebox and is 
provided with a grate, and the upper compartment carries a 
chimney provided with a regulating valve, a movable valve, 
placed either in front of or behind the heating tube hinged on a 
slide, completing the separation between the two compartments, 


and allowing them to be placed in communication one with the 
other. The gases coming from the firebox traverse the boiler 
twice, which insures complete utilisation of the heat which they 
contain before their exit from the chimney. To facilitate the 
lighting of the fire, the lower compartment is placed in direct 
communication with the chimney, and this result is attained by 
Opening the movable valve, but as soon as the fire is well started 
this valve is shutdown. Toavoid any loss of heat in the passage 
of the gases into the smokebox, this box is provided with an 
internal casing, the vertical face of which is formed by a heat 
tube perforated with holes intended to allow the tubes to be 
cleaned, and which are covered by an unperforated plate hinged 
at its lower part. The bottom plate of this box is hinged in order 
to allow of the ashes dropping out during the cleaning of the 
a the other parts being also hinged. (Accepted March 29, 


9534, E. Pielock, Berlin,Germany. Steam Gene- 
rators. [2 Figs.] May 19, 1892.—This invention consists of two 
fireboxes situated one behind the other, and a water-tube 
chamber, filled with water tubes, between which the fire gases 
are allowed to pass, The two fireboxes a and 3, firebox jackets 
cand d, are each closed at top by a dome-shaped cover «1 and b1 


cland dl respectively. Both fireboxes are formed of corrugated 
tubes, and are connected at their lower ends, by means of a base 
ring, with their respective jackets, The steam spaces of the two 
vertical boilers formed by the fireboxes and firebox jackets, are 
brought into connection by means of the short tubes 7, whilst the 


fire spaces are connected by means of “ flame tubes” firmly fixed 
therein. The long cylindrical vessel g is connected with the 
second of the two vertical boilers b, d, and contains the water- 
tube chamber h. The latter consists of a tube bevelled off at the 
top and bottom, and containing a number of water tubes which 
are securely fitted in the upper and under sides of the chamber. 
The water-tube chamber hk is connected, on the one side with the 
second firebox }, and on the other with the smoke chamber of 
the boiler g. The water-tube chamber, and with it the water 
tubes, are slightly inclined from the horizontal, to correspond 
with the direction of the course of the fire gases. The inclination 
isso arranged that the steam blasts occurring in the tubes can 
pass upwards in the tubes without being compelled to traverse 
along the opposite side of the tube. (Accepted March 29, 1893). 


9085. H. Schomburg, Berlin, Germany. Furnaces, 
(2 Figs.] May 13, 1892,—This invention relates to apparatus for 
controlling the air supply through a furnace grate into the layer 
of burning fuel thereon. After the fire is started on the grates R 
and H, water is admittedinto the basin B, communicating through 
a sieve S with the large basin D underneath the grate bars and 


—— $085 
combustion places until the water level has reached a certain 


height. By raising the water level, the grate surface, and with it 
the air supply, is decreased, and vice versd when the water level is 
lowered. After the proper water level has been determined upon, 
the floating ball gauge cock A is so arranged that it keeps the 
level constant, and constantly replaces the water evaporated. 
(Accepted March 29, 1893), 


17,914. W. Smith, Toledo, Lucas, Ohio, U.S.A. 
Boiler, &c., Furnaces. [8 Figs.) October 7, 1892.—This 
invention has for its object to promote the combustion of fuel in 
fireboxes, and consists of an air compressor anda conduit arranged 
to conduct compressed air to the firebox, and to subject this air 
to heat. Another conduit is arranged to conduct external air at 


ordinary atmospheric pressure to the firebox, this conduit sub- 
jecting the air passing through it to heat, and conducting the 
compressed air to the point where it is delivered by the compressed 
air conduit, this jet of air acting like a jet of steam in an injector 
to induce a flow of air under ordinary pressure. (Accepted March 
29, 18938). 


ELECTRICAL APPARATUS. 


9132. H. Howard, Halesowen, Birmingham. Heat- 
ing and Welding by Electricity. [1 fig.) May 13, 
1892.—This invention relates to heating and welding with the 
electric arc where the work forms one pole and a pencil the 


other. All of the pencils C are connected by wires D to the main 
A, the wires having in them resistances E. F is a tube to which 
the flange Gis to be welded. This tube is connected to the main 
B, and is mounted in a lathe and caused to revolve with the arcs 
playing on the joint. (Accepted March 29, 1893). 


GAS, &c., ENGINES. 


6240. E. T. Owen, London. Gas, &c., Engines, 
(5 Figs.] March 381, 1892.—This invention relates to a motive- 
power engine actuated by the explosion of a mixture of petroleum 
and air, &c. The motor cylinder is constructed all in one part, but 
with two diameters internally, the smaller one being at the front 
end to serve as the piston bearing-surface, which is always occu- 


is swept by the piston. A cored passage is formed integrally with 
the cylinder to act as the liquid hydro-carbon vaporiser chamber 
The igniting apparatus consists of anigniting passage leading to 
the motor explosion chamber, a valve to close the passage, a chamber 
upon the other side of the valve, a mass of metal kept heated in a 
flame and capable of being intermittently thrust into the chamber 


a valve tightly closing the chamber behind the mass, the latter 
being carried on the front of the valve. Means are provided for 
opening the valve so as to make direct connection between the 
explosive mixture and the heated mass, andalso to Close it after the 
charge has been fired, and to withdraw the second valve and 
heated mass and place the latter in the flame again. (Accepted 
March 29, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


10,331. C. M. Davies, Glasgow. Drilling, &c., 
Machinery. [10 Figs.] May 31, 1892.—The object of this 
invention is to provide for simultaneously drilling or otherwise 
operating on a number of holes ina boiler. Two parallel benches 
corresponding in length to the boiler are arranged sufficiently far 
apart for the boiler to be placed between them. On each bench 
V-guides are provided for saddles which carry hollow curved 
pillars, the inner sides of which are of the shape of a circular 
quadrant in a vertical plane, the upper end overhanging. The 
pillars are fitted so that they can be turned about vertical axes 
passing through the centres of their saddles, worm and worm- 
wheel gearing being provided for thus turning them. Each 
pillar has formed on it \V/-guides for a small saddle which carries 
a drill head, this saddle being adjustable along the pillar by 
means of a worm and a pinion gearing with a rack on the pillar, 
Each drill head can be adjusted in any required angular position 


in a vertical plane on its saddle, any angular position in a hori 

zontal plane being obtained by turning the pillar on its saddle. 
The driving power is derived from overhead shafts parallel to the 
benches, and is communicated therefrom by bevel wheels movable 
along the shafts with grooves and feathers, and gearing with 
bevel wheels having vertical axes and carried by the pillars. From 
the bevel wheels of each pillar, gearing, with engaging clutches, 
drives a grooved pulley, a rope from which passes round guide 
pulleys and round a driven pulleyon the drill head, The rope 
also passes round guide pulleys to a weight which is arranged in 
a vertical casing, this weight giving the necessary tension, and 
also allowing the rope to accommodate itself to the various posi- 
tions which the drill head may assume. Each pillar also carries 
gearing with engaging clutches for turning in either direction a 
vertica] shaft having at its lower end a pinion gearing with a fixed 
rack in the bench, and which serves for moving the pillar along 
the bench when reyuired. (Accepted March 29, 1893). 


RAILWAY APPLIANCES, 


2625. R. W. Barker, London, (The La Burt Electric 
Block Signal System and Car Coupler Company, New York, 


pied and covered by the piston, which is made very long for this U.S.A.) Car Couplings. [6 Figs.] February 6, 1893.—This 


purpose. The larger end is equal in length to the full travel of 


invention relates to car couplers having a bifurcated head and a 


the piston, so that a clearance is left all round as the larger part ' swinging locking jaw. A locking pawl is piyoted transversely 
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atone end within the head, the other end of the pawl being 
adapted to engage the locking arm of the jaw to retain it in the 
locked position. The pawl has an extending lip adapted to rest ina 
recess formed in the locking arm of the jaw, together with a 
lifting rod placed within the head, passing through an opening in 
the bottom of the head, the lifting rod bearing against the under- 
side of the extending lip on the pawl to raise it out of engage- 
ment with the jaw. An incline is formed upon the upper pivotal 
bearing of the coupler head, together with a corresponding incline 
formed on the underside of the pivotal pin head, the face of the 
latter incline lying in a plane parallel with the facz of the first 
one. (Accepted March 22, 1893). 


3273. O. Imray, London (J. Kames, New York, U.S.A.). 
Locomotive Worked by Compressed Air. [7 /igs.] 
February 14, 1893.—This invention relates to compressed air 
locomotives. A compressed air reservoir is provided with an ad- 
justable partition, and means for operating it to vary the space 
and maintain a uniform pressure, a heating chamber, and a 
pipe leading from the reservoir to the latter. A hand valve and 
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an automatic pressure regulating valve are provided, together 
with an air engine supplied from the heating chamber by a pipe 
provided with a throttle valve. The two compressed air reser- 
voirs have adjustable partitions, and screw shafts for moving 
them, these shafts being driven by gearing and clutch mechanism. 
A fuel magazine surrounds the heating chamber, these two being 
incleged by a casing. (Accepted March 22, 1893). 


MISCELLANEOUS. 


3306. H. H. Lake, London. (H. Fairbanks, St. Johnsburg, 
Caledonia, Vermont, U.S.A.). Paper-Making Machines, 
{7 Ligs.] February 14,1893,—This invention relates to paper- 
making machinery, especially to the wet machine used for re- 
moving the water of suspension from the pulp, in which the thin 
pulp as it comes fromthe grinder is made to deposit its fibres upon 
the surface of a mould roll from which the soft layer is taken upon 
a felt apron, dried on the way, and finally rolled upon a press roll. 
The hollow couch-roll is arranged in fixed bearings, its cylin- 
drica]l surface being perforated and the interior thereof connected 
with a large volume exhaust. The mould-roll is arranged to 
move towards the couch, driven by power, and exhausted ; the 
felt apron passes over a large suction box, of which a travelling 


porous belt forms the top, a box being also connected with the 
exhaust, and a hollow under pressed roller, over which the felt 
passes, is perforated and connected with the exhaust. This large 
volume exhaust consists of an exhausting fan connected by tubes 
with the interiors of the parts, and adapted to induce through 
their permeable surfaces air currents of moderate tension, but of 
great volume, By leaving certain parts of the rolls, boxes, &c., 
uncovered, the admission of air to their interior is provided for 
without passing through the pulp layer, and the exhaust has 
sufficient power and volume to maintain a strong suction current 
inwardly, not only through the pulp-carrying surfaces, but also 
through such inlets, thus not only drawing in the water rapidly 
from the pulp layer, but blowing it off in the form of spray from 
the inside of the straining surfaces. (Accepted March 22, 1893). 


3105. C. F. Osborne, Cape Town. Flo Vi 
[6 Fias.] February 11, 1803,— This invention eines omen 
for a floating vessel consisting of a pair of blades projecting on 
each side of the dead wood from a boss, which, by its connection 
to a pair of arms and rods reciprocating as from cranks at right 


angles to one another, receives up and down motion, and also 
during its strokes such variations of inclination that the blades 


having the same motion and varying inclination are reacted on by 
the water which they displace and operate to propel, (Accepted 
March 22, 1893). 


4846. A. Joyce, Canterbury, New Zealand. Sub- 
marine Explorations. (2 Figs.] March 6, 1893.—This in- 
vention relates to apparatus for the purpose of submarine explo- 
rations, and consists of a closed vessel constructed of metal, 
sufficiently large to accommodate one or more persons. The 
vessel is fitted with electric light and with apertures fitted with 
strong glass for looking out, and is provided with a heavy weight 
at the bottom to enable it to be lowered to any required depth. 


as 


The closed vessel is supplied with air by means of tubes, and com- 
munication between the occupants and those in the vessel on the 
surface of the water is maintained by telegraph, telephone, or 
tube. The electric light illuminates the surrounding water, and 
consists of lights either fixed externally to the top or sides of the 
closed vessel or suspended near to it, the necessary current being 
supplied from a dynamo or battery in the vessel on the surface, 
and conveyed to the apparatus by insulated wires. (Accepted 
March 22, 1893). 


9885. J. Jones and J. W. Morrison, Dukinfield, 
Chester. Mules for Spinning Yarn. (3 Figs.] May 24, 
1892.—This invention rlates to the faller actuating mechanism 
of self-acting mules, and constitutes relieving motion whereby 
the weight put upon the yarns by the under faller can be 
gradually altered as the position of the carriage and the 
Operation of the faller render the yarn more or less capable 
of bearing a given strain, The movable weight E rests upon a 
secondary lever F fixed to the carriage front, the end of 


which engages with the end of the lever D. The lever F is 
pivoted to the adjustable bracket G by the stud g, and is set 
on an incline so that the weight E can travel down by its 
own gravity. The end of the lever F is provided with a forked 
bracket which engages with the end of the faller lever D. To the 
sliding weight Eis attached a chain H, which passes over a guide 
affixed tothe front of the carriage, and thence toa stationary 
bracket J affixed to the floor at the back of the mule to which it 
is secured. (Accepted March 29, 1893). 


8533. R. de Soldenhoft, Cardiff, Delivering Coke 
into Trucks. [2 Figs.) May 5, 1892.— This invention relates 
to an apparatus for delivering coke from coke ovens into trucks, 
and consists of a carriage d having wheels a3 running on rails 
e parallel with the oven fronts. A revolving annular table is 


UW. 


ms 
mounted on the carriage, and a motor and gearing give forward 
motion to the latter and rotary motion to the former. A casting 
m is fixed to the engine turret / on the delivery side of the car- 
riage, ard sweeps off the coke from the annular table as the latter 
brings it into contact with it. (Accepted March 29, 1893). 


8805. J. J. Kermode, Liverpool. Steering Gear 
for Ships, &¢. |9 Figs.) May 11, 1892,—This invention relates 


to steering gear for ships, and consists in operating the rudder 
by a crosshead secured to it and a wheel concentric with it, which 
is adapted to be coupled either directly to the crosshead, or in 
directly through a pair of cams mounted on the wheel, andsliding 


sleeves linked to the crosshead, so thab either of two purchases 
may be used. In order to mitigate shocks, the inner sliding sleeves 
14, outer sliding sleeves 13, and interposed springs 15 are provided, 
(Accepted March 29, 1893). 


6248, C. S. Snell, Saltash, Cornwall, and Wood- 
house and Rawson United, Limited, London. Drop- 
Feed Lubricators. (2 Figs.) March 31, 1892.—The object 
of this invention is to produce a lubricator of the sight feed type, 
in which an adjusted or drop feed may be obtained, and at the 
same time a full stream run through or the supply completely cut 
ofl without affecting the adjustment. The cock is capabie when 
turned to acertain position against a stop of cutting off all the - 
supply, and when turned more or less at right angles to this posi- 
tion admitting of a full stream being turned on; but this motion 
being continued, a projection on the rotating plug comes in con 
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tact with an adjustable screw whereby the plug movement is con 
trolled. To allow a large bore for the oil to be used, and to pre 
vent choking, whilst at the same time to produce a “‘ drop by drop” 
feed, a tube is used beyond the cock, this being bevelled so that 
a slow flow culminates in a drop forming at the extreme point 
thereon. When a transparent cup is not used a float may be pro- 
vided, having its upward movement stopped, when an indicating — 
stem is half an inch outside the cover, the float inside being at 
such a distance down that it allows the outside stem to begin to 
descend when the supply of oil has been reduced to one hour’s 
consumption. (Accepted March 29, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINBERING, 35 and 36, Bedford- 
street, Strand. : 


AMERICAN ORDNANCE.—The Woodbridge wire-wound 
gun, now building at the Watertown Arsenal, will be 
completed shortly. It weighs 30 tons, is 27 ft. in length, 
bets) round: and is expected to throw a 600 lb. projectile 

miles. 


SEGREGATION.—In a paper on ‘‘ Segregation ” by Mr. 
T. W. Hogg, in the “‘ Journal of the Society of Chemica 
Industry,” the author, from various observations, con- 
cludes that generally the segregation in large steel ingots 
is of an elongated character, but that it may occasionally 
be abrupt; in this latter case only are the consequences 
likely to be serious. It isshown that the core of impure 
metal of itself can have little influence upon the strength 
of a steel shaft, and the author suggests that during the 
long soaking heat which large ingots have to undergo 
upon reheating, there is a partial reabsorption of the 
impurities, with the result that the shaft may become 
quite rotten at that part where the sulphide and phos- 
phide of iron had principally collected. The variable 
nature of the conditions which may exist in the solidifi- 
cation of large ingots is illustrated by two examples, in — 
the first of which a large irregular stalactitic mass, 6 in. 
long, and weighing 1$1b., was found hanging from the top 
of a large contraction cavity, and in the second acake 2 in. 
in diameter, consisting largely of sulphide and phosphide 
of iron, was found lying on the bottom of a-similar cavity. 
Some interesting analyses are given of globules found on 
the outside of a large steel casting. An example is also 
given of aredistribution of the carbon in pig iron, without 
any alteration in the proportion of the other elements. 
A case of a high carbon in the centre of a git from a st 
casting is ascribed to the contraction of the solidifymg, 
mass drawing down more highly carbonised steel. The 
author also draws attention to the fact that in rich silver- 
lead alloys there is less silver present in the upper and 
central portions of the pig, and also describes a case 
where, in an alloy of antimonial lead containing copper, 
this latter element was found principally in the upper 
portion of the pig. The paper contains a large number 
of analyses, 2 ae 
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THE COLUMBIAN EXPOSITION. 
Cuicaco, April 24, 1893. 


To the traveller who enjoys the privilege of con- 

veyance in a private car between New York and 
Chicago—particularly if that car be the special 
vehicle of the President or the Vice-President of 
the Pennsylvania Railroad—no sense of fatigue 
will arise at any part of the 1000-mile journey 
which he has to make from the Atlantic coast in 
order to reach the great metropolis on the shore 
of Lake Michigan. The fastest daily train between 
these two points on the Pennsylvania Railroad is 
known as the Chicago Limited, and in it every 
device that will add to the comfort and luxury of 
travel, isconcentrated. This train, however, does 
not belong to the railway company, but is made up 
of cars owned by an independent organisation, and 
for the use of which those passengers who are able 
to book their seats pay an extra fee in addition to 
their fare ; a part of this fee belongs to the owners 
of the train, the remainder goes to the railway com- 
pany to defray hauling charges. In a short time 
the New York Central Railroad and its supple- 
mentary line will reduce the distance between 
New York and Chicago by about five hours, so 
that the distance will be traversed in nineteen hours, 
equivalent to an average speed for the whole dis- 
tance of about fifty miles an hour, including the few 
stops which these rapid transit trains are compelled 
to make in order to change engines. As a matter 
of fact, the time occupied is, however, one hour 
more than appears on the time-table, because it is 
at Chicago that the first change in the continental 
time is made, an hour being there dropped out in 
accordance with the decision arrived at some years 
ago by the Standard Time Commission. 
_ Such a railway car as we referred to above can- 
not, however, be attached to the Chicago express, 
for the reason already given, that the train does not 
belong to the railway company. The traveller, 
therefore, who enjoys the privilege of using a pri- 
vate or presidential car must be content to travel 
at a somewhat slower speed, by the so-called 
Columbian Express for choice, a train almost as 
well equipped, and nearly as fast as the famous 
Limited.” 

This train, which has been started only recently 
for the special requirements of the Exhibition, 
leaves New York at 9 a.m., and arrives at Chicago 
the following morning at ten o'clock, central 
time. The train is in great request, and it is 
difficult even now to obtain a berth upon it with- 
out previous booking. After May 1 the pressure 
will, of course, increase, and will probably have to 
be met by extra trains of the same character. A 
private car is usually attached to the end of the 
train to which it belongs. One reason for this 
arrangement is that these cars are provided with 
Specially large platforms at the end, and in fine 
weather these platforms afford a pleasant resting- 
place from which to see the country or inspect the 
line. The compartment adjoining this observation 
platform is the smoking-room of the car; it is 


fitted not only with fixed seats, but with easy 
chairs, and will afford accommodation for seven or 
eight persons. Running from this compartment 
isa small passage-way on the left, leading some 
15 ft. beyond to the main saloon of the car; on 
the right of the passage between the smoking-room 
and the saloon is the chief state-room of the car ; 
adjoining this room is a smaller one fitted with 
bath, lavatory, &c., the whole being supplied with 
hot and cold water. The top of the bath is 
arranged as a sleeping berth, and the large state- 
room accommodates two persons in comfort. Be- 
yond the saloon are four fixed seats; this part of 
the car can be converted at night into sleeping 
accommodation for four persons; one bed is also 
made up in the saloon, and the fixed seat of the 
smoking department furnishes another ; in this way 
a party of nine passengers can be accommodated in 
the utmost luxury. Beyond the saloon are three 
or four berths for the servants of the car and the 
kitchen. This latter is, of course, diminutive in 
size, and nothing but actual experience can demon- 
strate the capabilities of that small kitchen when 
in the hands of an experienced railway chef. The 
typical American breakfast is served with its 
usual lavish variety; the lunch is elaborate ; 
the dinner worthy of Delmonico. The dining- 
table in the saloon is large enough to accommo- 
date a party of eight or nine, and it but rarely 
happens that the even tenour of the meal is 
disturbed by the oscillations of the train, although 
it does sometimes occur that, when running at 
extreme speed, the car, being at the end of the 
train, occasionally receives impulses of quite an 
astonishing nature in sweeping round sharp curves. 

We can speak from a very recent experience of a 
journey made between New York and Chicago in 
such a car as that referred to, and which, thanks 
to the great courtesy of Mr. Frank Thompson, the 
Vice-President of the Pennsylvania Railroad, had 
been placed at our disposal. The train to the end 
of which the special car was attached, consisted of 
ten vehicles—parlour and sleeping cars, smoking 
and dining car—all of them of the usual charac- 
teristic type. We have so recently described 
the Pennsylvania route between New York and 
Pittsburg, that no repetition need be attempted 
here. Several points, however, strike the traveller 
who has not gone over the line for some time. 
The number of stops has been considerably re- 
duced, there being only three in the 480 miles be- 
tween New York and Pittsburg— Philadelphia, 
Harrisburg, and Altoona. The admirable and im- 
proved character of the track isvery noticeable from 
the observation platform, and itis also to be noticed 
that American stations, on the Pennsylvania Rail- 
road at least, must now commana admiration for 
their completeness and fine appearance, instead of 
being, as they were not many years ago, entirely 
ill adapted for the service of the public. The vast 
number of tracks, crowded by miles of freight cars, 
afford proof of the enormous carrying business 
which the company has to deal with ; this feature 
is particularly striking on entering the Broad-street 


station at Philadelphia. At this station, too, an 
engineering work of considerable interest is now 
being carried out by Mr. Percival Roberts, of the 
Pencoyd Iron Works. At present the station 
platforms are covered by two arched roofs of mode- 
rate spans, but a short time ago the company de- 
cided that the width of the station should be in- 
creased and placed under one roof, the width 
of which will be 307 ft. clear, a dimension ex- 
ceeded only by two other famous structures— 
the Machinery Hall in Paris and the Manufac- 
tures Building at Chicago. Of course it was a 
matter of necessity that this alteration should 
be carried out without interfering with the con- 
stant traffic of the station, and accordingly the 
great span is being erected over, and clear of, the 
existing roofs, which will be removed after the com- 
pletion of the new structure. In design the new 
roof will resemble very closely that of the Jersey 
City terminal station of the same railroad com- 
pany, which we have already described in this 
journal, but we may in passing refer to a small, 
though very important novelty, which has been 
introduced in the skylights which nearly cover the 
roof. Large areas of glass in exposed situations, 
and at a great height above the ground, are a con- 
stant source of expense for maintenance, and what 
is much more serious, a standing danger to the 
people on the platform beneath. These dangers 
have been practically obviated by the use of glass 
moulded upon round steel wire netting. The pro- 
cess of manufacture is such that the netting is 
embedded in the glass, so that fracture becomes 
practically impossible, and in any case must be 
limited to a very small areas, and no broken glass 
can fall to the ground. It is, moreover, a curious 
property in this new glazing material that it can 
be bent without much difficulty, and in this way 
curved skylights can readily be made. 

It is not only the endless processions of freight 
cars that speak of prosperity and growing business; 
on both sides of the line, almost throughout the 
entire State of Pennsylvania, other evidences are 
visible ; near cities, in the numerous residences 
that speak emphatically of wealth and comfort ; 
in the more remote districts, by the higher culti- 
vation of the land, the general appearance of a 
better finish, so to speak, and the rich pasture 
lands covered with cattle. Altoona—the Crewe of 
the Pennsylvania Railroad, and closely rivalling 
that famous centre of railway industry—seems to 
be ever growing, and is to-day a handsome town, 
created, of course, by the railway, which founded 
its small repairing shops there many years ago. 
Altoona is at the foot of the mountain section 
of the line where it crosses the Alleghenies, 
and then descends to the lower levels of 
the western side. The actual summit of this 
crossing is a tunnel of considerable length, but 
before this is reached the famous Horseshoe Curve 
is traversed ; this was a bold piece of engineering 
when it was constructed, and never fails to excite 
admiration as the train climbs up on one side of 
the mountain, and then sweeps round more than 
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half a circle to the opposite side, always ascending 
to the summit. Three engines are necessary to 
take such a train as we have described up the 
incline; two of them are detached at the highest 
point, and then the train descends down equally 
steep grades and around sharp curves, often 
at a speed which, to say the least, causes some 
astonishment. As an example of this daring, on 
the occasion to which we have just referred, the 
train arrived at the summit 70 minutes late, and 
made up 30 minutes of this loss in the run of 110 
miles between the summit and Pittsburg. 

The main line of the Pennsylvania Railroad Com- 
pany terminates at Pittsburg, the remaining 500 
miles on this route of communication belonging to 
the Pittsburg, Fort Wayne, and Chicago Railway 
Company. This railroad, however, has been for 
many years leased by the Pennyslvania Railroad, 
and has been raised by them to astandard of excel- 
lence which leaves little to be desired. It is only 
a single-track line, but before long it will be doubled 
throughout its length, for this additional accommo- 
dation is being carried out gradually, and at the 
present time about 200 miles of double track are in 
operation. This widening is not continuous, 
but exists at intervals along the route as sidings. 
Had it not been for this increased accommodation, 
the railroad company would have found it almost 
impossible to handle the vast amount of extra 
business thrown upon it by the urgent require- 
ments of the Exhibition ; asit was, the combination 
of regular heavy freight business, rapid passenger 
transit, and the exceptionally bad weather of the 
past winter, have caused very serious delays, amount- 
ing on one occasion to a block of the Exposition 
consignments that lasted for several weeks. For 
some time past, however, all this has been 
avoided, and the Pennsylvania and other railroads 
converging upon Chicago have been delivering 
exhibits at the rate of 300 car-loads a day, a rate 
of delivery which fully taxed the energies of the 
Exhibition authorities to distribute over the 
grounds. 

The country between Pittsburg and Chicago 
is nearly all flat, and, to a large extent, consists 
of prairie land. The prairie, unlike the popular 
idea, does not, in this part of the States, consist of 
great treeless plains reaching to the horizon ; that 
is the characteristic of the wide undulating ex- 
panses to the west. The prairies here, on the other 
hand, are generally more or less circular in form, 
and were at one time the beds of lakes long since 
dried up, but still existing in Wisconsin and other 
far sections of the country. These lands consist of 
rich black soil, the fertility of which appeared at 
one time inexhaustible, but they now to a large 
extent require fertilising to maintain the old 
standard of productiveness. They are in all cases 
surrounded by belts of trees, mostly of oak, and 
many of respectable dimensions. Through these 
open spaces and forest belts, passing fertile farms 
and many flourishing if unpretentious townships, 
the railway takes its level way, with but few curver, 
so that standing on the observation platform the 
track tapers to a’point in the long perspective. Of 
course railway construction is cheap under such 
conditions, the work of grading and forming side 
ditches being simple and inexpensive. Traces of 
the great storm that ravaged half the width of the 
continent a few days ago are evident everywhere, 
in the broken and torn-down trees, the submerged 
country, and the damaged wooden buildings, but 
the railway itself had suffered no harm. This 
storm was quite a famous one even in America, and 
for three days the wind gauges at Jackson Park 
recorded a velocity of seventy-two miles an hour, 
sometimes rising to eighty. Unless there be a 
veritable catastrophe, it is not probable that the 
Exhibition buildings will be exposed again to such 
a strain, and it is a fact of which the engineers may 
well be proud that the damage sustained was quite 
insignificant. 

It occupies quite an hour toarrive at the terminal 
station in Chicago after we reach the city itself ; 
the city limits are wide, but the great delay is 
caused by the almost innumerable level crossings of 
other railways and of streets, at each of which the 
incoming train is required to stop. The almost 
universal custom in this part of the country of 
building railways on the level is now beginning to 
present a very serious problem, and one of great 
difficulty. When railroad construction was first 
commenced to the west of Pittsburg, it was an 
imperative necessity that the cheapest possible 
methods should be adopted, not only through the 


long stretches of prairie lands, but also in the 
towns, which were then of insignificant proportions, 
and gave no indications of their mighty future. 
But to-day, when Chicago has risen to her position 
of wealth and importance, when about thirty rail- 
ways have stations within her limits, the incessant 
traffic of the streets is interfered with to a serious 
and highly dangerous extent by the frequent cross- 
ings of the railway tracks ; it is felt now that 
something must be done, but to convert all these 
lines into high-level railroads is a task before 
which even the enterprise of the city and the 
railway companies hesitates, to say nothing of the 
complicated engineering probleins to be overcome 
in executing such a work. To a small extent the 
problem is in course of solution near Jackson 
Park, where the Illinois Central Railroad has been 
compelled to provide safe accommodation for the 
streams of foot and carriage traffic that will pour 
down the various streets leading to the entrances 
of the Exposition. Accordingly several miles of 
viaduct have been constructed to carry the ten 
lines which the railway company own on this part 
of their system. 

Before leaving the subject of railway service to 
Chicago, we may refer to a peculiarly American 
arrangement that has been elaborated for the Ex- 
position service by Messrs. Whitcomb and Co., the 
famous tourist agents of New York. This enter- 
prising firm has constructed near the Exposition 
grounds a large hotel to accommodate about 500 
persons. No visitors will be received in this hotel 
for a longer period than a week, and it is specially 
designed for the accommodation of residents in 
New York. In connection with this hotel, Messrs. 
Whitcomb and Co, will run after May 1 a luxuri- 
ously equipped train between New York and 
Chicago, the capacity of the train being equal to 
one-seventh of that of the hotel. By this arrange- 
ment both hotel and trains will be kept constantly 
filled, the latter carrying back their proportion of 
guests to New York at the termination of their 
week’s visit. The charge made for this excursion, 
inclusive of all expenses, is 70 dols., and the ar- 
rangement has found so much favour that both 
hotel and trains are filled nearly up to the end of 
the Exhibition. 

Before reaching the large and somewhat gloomy 
railroad dépét in Chicago, glimpses of the great 
white city of Jackson Park are visible, and the 
golden dome of the Administration Building gleams 
inthe sun—that is to say, if the sun be shining, 
which at present it forgets to do; the long dark 
roof of the Manufactures Building stretches along 
the distance, and even from the train the beautiful 
proportions of many of the buildings cannot fail to 
be noticed. Itis along way from the city to the 
Exhibition, and we cannot help thinking that if the 
anticipated number of visitors flock daily to the 
Fair grounds, the great resources of the carrying 
companies will be taxed beyond the utmost limit. 
Certainly any idea of comfort in going or returning 
during the crowded periods of the day will have to 
be abandoned, on account of the national custom of 
loading every vehicle beyond its carrying capacity. 
Horse cars, cable cars, electric cars, and trains, are 
always prepared to receive passengers so long as 
one can hang to any spot affording foothold. So 
recognised is this custom that from the roof of every 
vehicle hang loose straps in great quantities, to 
which the crowded passengers cling for safety. 
The effect of this systematic crowding, especially in 
wet or sultry weather, can be imagined. Probably 
the lines of lake steamers will afford the pleasantest 
means of travelling between the city and the Exhi- 
bition, although it is considered that the cable cars 
will convey more passengers than any other system 
of transport. Direct lines of these latter connect 
the city with Jackson Park, and ample driving 
power has been provided at the different stations. 1t 
is expected, indeed, that these cars will form 
practically a travelling platform over the whole 
seven miles of distance that have to be tra- 
versed, and the present demand upon this 
excellent though crowded means of travel affords 
some indication of what may be expected here- 
after. But no matter in what way the visitor 
may reach Jackson Park, by road, by railway, by 
lake, or on foot, he will be repaid for any amount 
of fatigue and inconvenience by the first glimpse 
of this magnificent Exhibition. We have so often 
and so fully described the buildings and the general 
plan in these columns, that we have no intention of 
attempting any repetition now, but we say this 


advisedly, that our most enthusiastic descriptions 


fall far short of the reality. Had such an Exhibi- 
tion been created on the banks of the Seine, instead 
of on the shores of Lake Michigan, the whole 
world would have cried out that such a triumph 
could have only been achieved by France. America 
has shown conclusively that in beauty of architec- 
tural detail, as well as in the boldness of engineering 
design, she can fearlessly challenge the whole world. 
It is, however, only fair to bear in mind that the 
artistic and constructive skill of England, France, 
and Germany has been enlisted in the work, for an 
almost unlimited command of skilled artists and 
workmen from Europe is one of the few advantages 
which America may set against the too numerous 
drawbacks of her generous emigration system. As 
for the almost magical rapidity with which these 
creations of beauty have sprung out of a dreary 
marsh, we say nothing ; rapidity of execution and 
energy in overcoming difficulties are qualities gene- 
rally recognised to be essentially American, 
Having with difficulty arrived at Jackson Park, 
we may take a rapid walk through a part of the 
Exhibition grounds ; not an easy task, by the way, 
in the face of pouring rain and high winds, through 
or over unmade roads, where heavy wagons every 
now and then get hopelessly bogged, and where all 
the hurry and bustle of an Exhibition are going 
forward ceaselessly. Mr. Burnham assures us 
that all these miles of roads and walks will be in 
perfect order by May 1, and from the extraordinary 
changes which appear from hour to hour, we accept 
his assurance, although the terrible weather that 
has prevailed renders work out of doors almost 
impossible. As for the main buildings, they are 
all complete, and we are glad to say that the 
difficulty, which threatened to be very serious, 
of leaking roofs, is rapidly disappearing. Mr. 
Burnham having found it hopeless to obtain this 
result from the contractors, has taken the matter 
in hand himself, with every prospect of success. If 
we enter the Exhibition grounds from the so-called 
South Park entrance—that is to say, near the 
group of State and foreign buildings—we find that 
nearly all these structures are complete so far as 
the exterior is concerned, and very beautiful many 
ofthemare. We published illustrations in a recent 
number of several of these buildings. It must be 
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admitted that a few are unsatisfactory, and even — 


grotesque, but they form a very small minority, 
and the superb white buildings of New York, 
Pennsylvania, and Massachusetts would, of them- 
selves, atone for any errors in design of the less 
important structures. 

There are two streets of main buildings. On 
the front, or wider one, are the pavilions of 
Nebraska, Dakota, Minnesota, Louisiana, Mis- 
souri, Pennsylvania, New York, Massachusetts, 
and Maine; in the back street are a number of 
others, not, perhaps, so imposing in appearance. 
Of the foreign pavilions those of Germany and 
Sweden are the most conspicuous, though the 
French Building, which will be a reproduction of 
the Petit Trianon, will be very beautiful. The 
Swedish Building is, we believe, the reproduction 
of some historic structure, and is sufficiently capa- 
cious to receive the whole of the Swedish contribu- 
tions to the Fair. The German Pavilion is not 
only by far the most important and beautiful of all 
the separate buildings, but we think it is the one 
which will attract the greatest amount of interest 
on the part of visitors, whether they are drawn 
merely by curiosity or by intelligent appreciation. 
The building is a vast one ; its exterior is an adap- 
tation of some of the old house architecture for 
which Nuremberg is famous, and the gaily-coloured 
tiles of the high-pitched roofs, together with the 
slender and decorative spires and turrets, from 
which the scaffolding is not yet removed, make the 
German Pavilion a conspicuous object in the land- 
scape. We shall take an early opportunity of 
describing this building in considerable detail ; it 
is sufficient for the present to say that within the 
principal features are a great hall in which will be 
displayed the overflow of Germany’s Liberal Arts 
collection, and the reproduction of a chapel for the 
reception of ecclesiastical exhibits. We have con- 
densed this reference to the State and foreign 
buildings into a few lines, but a mere casual 
examination of the score of structures erected (n 
what will be a most attractive part of the 
Exhibition, would be a work of some hours. 
Later on, when all is ccmpletcd, days can 
be profitably devoted to a study of the contents 
of the various buildings. ; 

Beyond the buildings just mentioned, and standing 


May 19, 1893.] 


quite alone, facing the lake, is the suburban villa, 
designed by Mr. Edis to do duty as the head- 

uarters of the British Commission. Public opinion 
in Chicago has already expressed itself decidedly as 
to the appearance of this building, and no doubt 
will continue to do so so Jong as it remains a con- 
spicuous feature in the landscape. For some 
mysterious reason the house has been built as if it 
were meant to stay, of brick and terra-cotta in a 
truly solid British manner. There has been some 
talk of presenting this example of British archi- 
tecture to the city of Chicago after the close of the 
Exhibition, but we much doubt if the gift would be 
a welcome or even useful one. A very just and 
kind criticism upon the British building was made 
to us the other day by one of the eminent architects 
of the Fair. He said : ‘‘ In its proper place—that is 
to say, in a beautiful London suburb like that of 
Chislehurst, where its crude colouring would be 
softened and partly concealed bya setting of green 
grass and plentiful foliage ; where, too, it would be 
associated with plenty of companions of its own 
class, the British building would be in its proper 
place, and might even excite a casual compliment 
from the passer-by. But standing where it does, 
with the broad lake on one side and the beautiful 
and brilliant buildings of the Exhibition on the 
other, it appears out of place.” Within all is still 
confusion in Victoria House ; some of the rooms 
on the ground floor, which are of good proportions, 
will be lined with carved oak panellings and sup- 
plied with appropriate furniture by Messrs. John- 
son and Norman, of London. 

Close by the British Building, in the waters of 
the lake, is the model United States ironclad 
Illinois, so perfect a reproduction that it is diffi- 
cult to believe that one of the famous White 
Squadron has not found its way through the canals 
and lakes to Jackson Park. On board, too, but for 
the immobility of the decks, it is difficult to believe 
one is not on board a man-of-war, although it is true 
that many things are shown here that have never 
before been displayed afloat. Of these we shall have 
more to say hereafter. From the small jetty that 
protects the ironclad upon one side, the foreshore 
of the lake stretches away with a long and even 
curve. The destructive waters of Lake Michigan 
are prevented from injuring this frontage by a 
wide pitched slope, surmounted by a broad and 
level paved sidewalk and carriage-way. This pro- 
menade is of much earlier date than the Exhibition 
scheme, of which it has worked in to be a very 
useful feature. To the right stretches the long 
arched colonnade of the Manufactures Building, 
and in the hazy distance are the beautiful outlines 
of the Casino and the Agricultural Building, which 
stands on the other side of the great basin in the 
central court. In the foreground, but further re- 
moved from the lake, is the United States Govern- 
ment Building, cf warmer hues as to its walls and 
reddened dome and roofs. This latter building is 
the nearest to the model ship, and passing through 
its great arched central entrance we find every 
promise of practical readiness, or rather an appear- 
ance of readimess, for the 1st of May. Most of the 
exhibits of the War Department—a section in the 
charge of Major Comly—are on the ground ; the 
greater number of them are in place. Conspicuous 
are the exhibits of ordnance, the largest object 
being the 60-ton gun recently completed at the 
Watervliet Arsenal. Some of this part of the ex- 
hibit is out of doors in front of the building— 
chiefly a range of large-calibre mortars. Army 
equipments and accoutrements are exhibited in 
great numbers, shown to the best advantage on 
dummy horses and men, and a thousand objects 
connected with every branch of the service are 
here, but we have not time to examine them. We 
are forced, however, to throw a passing glance of 
admiration upon the very beautiful diorama of the 
Greely Arctic Expedition, a model picture beauti- 
fully rendered, which will always command a large 
crowd of exhibitors. From this department we 
pass into the great central rotunda, fully complete 
except for some finishing touches of decoration, 
and leaving on one side the various depart- 
ments of the State which are represented in 
different parts of the building, we enter that of 
the Smithsonian Institute, which is a combination 
of the South Kensington and the Natural History 
Museum. We have only time to remark the cases 
of stuffed animals and model figures now being 
skillfully arranged by Dr. Goode, whose name will 
be so pleasantly remembered by all those who had 
to do with the Fisheries Exhibition in London, 
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Dr. Goode has now quitted the Fisheries Depart- 
ment to fill other important functions at the Smith- 
sonian Institute, and he has just now to find time 
from his arduous Exhibition work, to consider the 
important question of exhibitors’ awards, which, as 
we shall see later cn, are to be decided by a novel 
and entirely untried method worked out by Mr. 
J. B. Thacher, Chairman of Awards. 

A stretch of what will be, later on, green turf, and 
a broad roadway separate the Government Building 
from the Manufactures Hall, the largest covered 
building in existence. The great central roof of this 
building, 386 ft. in width and 200 ft. high, is a 
marvel of lightness and bold engineering design. 
It is, with most of the other ironwork on the Ex- 
hibition grounds, the work of Mr. Shankland, who 
has built up the professional reputation of a life- 
time during the last two years. In may be interest- 
ing to mention that when the contract was offered 
to the Edgemoor Bridge Works, whose president 
is Mr. William Sellers, of Philadelphia, it was 
determined to decline the responsibility because it 
was considered that the proportions adopted were 
dangerously light. A careful discussion with Mr. 
Shankland, however, modified this opinion, and 
the terrible storms that have swept over the build- 
ing during the last winter have fully justified the 
work. So far as one can judge at present, the 
vast height of this building will not dwarf the ex- 
hibits in the manner which we anticipated would 
have been the case. The peculiar methods of in- 
stallation adopted by most countries may partly 
account for this. This method consists in the con- 
struction of great courts or pavilions for the exhibits 
of each country, these structures being of monu- 
mental proportions to suit the dimensions of the 
building. In the centre, at the point of inter- 
section of the longitudinal and transverse avenues, 
there rises far away towards the roof a lofty and 
ornate clock-tower; this object is conspicuous 
throughout the building, and will doubtless be a 
place of rendezvous for millions during the next six 
months. This clock-tower is in the centre of a 
great rond point, upon the four quadrants of which 
face the courts of the United States, of England, 
Germany, and France. With the exception of 
England, all these countries occupying this position 
of honour, announce their location by bold and 
beautiful decorative treatment, the enclosing 
screens rising high in the air, although dominated 
by the central clock-tower. Down the central 
avenues run the longer sides of these various courts, 
each treated in its own peculiar fashion. Varying 
entirely in design, the facades of these courts have 
one feature in common, that of great height and 
elaborate and rich detail. England is here again 
the exception, no effort having been made to con- 
struct anything like an enclosing pavilion, and, 
indeed, without a much larger money grant, this 
would have been impossible. Consequently the 
architectural facades of the French and Belgian 
courts, behind which are arranged the cases of 
their exhibitors, look down upon the British 
frontage, dwarfing the handsome show-cases in 
which the best of the British goods are displayed. 
They are handsome show-cases for the most part, 
and contain, it is satisfactory to notice, ceramic 
and other exhibits of which the country may be 
proud; but as there has not been the slightest 
attempt at uniformity, either in design or colour, 
the greatest possible contrast with the symmetrical 
pavilions on the other side of the avenue is pre- 
sented. Weare glad to notice the state of forward- 
ness in the British court, although there is every 
indication that the exhibits of both France and 
Germany will be in equally good order on the 
opening day, and it would appear as if the American 
exhibitors will be much less advanced than those 
of foreign countries. 

On either side of the great hall are the three 
smaller spans that surround the main central 
building. The effect of this part of the hall is 
somewhat disappointing and dark, on account of 
the upper ‘galleries, placed 25 ft. above the 
ground-line ; but, of course, this additional floor- 
space was absolutely necessary to provide for the 
many exhibitors who had to be accommodated ; 
indeed, in the German court the pressure has been 
so great that they have been compelled to erect a 
second gallery above the first over a large part of the 
space. In the upper galleries, which of themselves 
are extensive enough to afford shelter to the in- 
dustrial exhibits of an average Exhibition, the 
work of progress is advancing very rapidly. Special 
attention cannot fail to be attracted by the 
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extremely artistic and original show-cases and small 
pavilions in the American section, both on the ground 
floor and on the gallery ; they compare favourably 
with the very best efforts of France and Germany, 
England does not enter into comparison ; indeed, we 
should believe it will be found that the pavilions 
of Tiffany and a few other leading American ex- 
hibitors will be more beautiful than anything that 
France or Germany can offer. Returning to the 
gallery, it will be seen that in ‘the British section 
quite an effective display of colour has been ob- 
tained by flag draperies and banners hung over- 
head ; these latter have been lent by a number of 
corporations of cities and boroughs, and by at 
least twenty of the City companies. The French 
section adjoining in the same gallery is being 
arranged with consummate taste and skill, and will, 
we think, when completed, be one of the most 
effective portions in the building. The space is 
divided out into large rooms by light timber par- 
titions, over which dark red cotton fabric is strained, 
and overhead the structure of the building is con- 
cealed by a ceiling of thin white muslin. The 
cases placed in these rooms are uniform in design 
and colour (black and gold), and the whole scheme 
of arrangement has been carried out according to 
one plan, the individual exhibitor having had to 
conform to the rules laid down. It is only by 
walking to and fro in this vast building that one 
can judge of its size by the feeling of fatigue ; at 
present it is almost a waste of time to attempt 
more than the merest glance at the contents; a 
few days hence it will be possible to gain some 
idea of the great potentiality of this part of the 
Exhibition. Just now it will be more useful to 
pass out through the southern portion of the 
hall, and, turning to the right, enter the Electricity 
Building. But as one emerges into the open air— 
very cold, alas!—the visitor is arrested by the sight of 
what lies before him. He standson the broad road 
that forms a part of the great central court on 
each side of the grand basin, which has its exit 
from the lake at one end, and on the other leads 
into the great system of canal and lagoons. At 
present this road and the corresponding one on 
the other side of the basin are little better than a 
sea of mud, through which struggle a constant 
stream of wagons that are now and then hope- 
lessly bogged in some hole deeper than the rest. 
Railway tracks run down this part of the park 
just now, and are covered with long trains of 
wagons from which the cases of exhibits are being 
discharged with amazing rapidity ; here it may be 
noted that in the Manufactures Building certainly, 
and we believe it applies to the rules of all the 
other buildings on the grounds, excepting that of 
Transportation, all the cases have been brought 
into the buildings upon wagons, and not upon the 
lines of rails, which, however, are provided for the 
purpose. It would certainly seem asif this method 
were less convenient than that of using steam 
power, but it may be fairly accepted that experience 
shows the plan adopted proves to be more con- 
venient. On the opposite side of the grand basin 
are the extremely beautiful facades of the Agricul- 
tural and Machinery Buildings. Our readers are 
familiar with the outlines of these as well as of all 
the other buildings upon the ground, but engravings 
fail to give any idea of their size, beauty, and 
grandeur, and it is worth the journey from London 
to Chicago only to stand upon this vast terrace and 
see what America has been able to accomplish in 
the way of Exhibition buildings within the space of 
twenty months. At the head of the grand basin 
stands the monumental MacMonnies’ fountain, 
surrounded by a shallow circular basin, and flanked 
by smaller basins on each side; it is here will be 
concentrated the great display of illuminated foun- 
tains. The visitor will notice that the floor, as 
well as the sides of the basin in which the foun- 
tain stands, are of wood, the sides being concealed 
by ornamental staffwork, and the floor covered with 
painted canvas. 

The Electricity Building lies to the right hand 
of the Manufactures Hall, and as we enter through 
the great central portal—with difficulty, owing to 
the press of wagons and the prevailing mud—we 
are struck by the fine proportions of the very light 
arched roof, which, with the corresponding transept, 
forms the main features of the building. The 
square courts on each side of these two principal 
galleries are somewhat low, and are covered with 
flat roofs, and we were prepared for a somewhat 
unsatisfactory effect in this part of the building. 
These preconceived impressions, however, were 
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apparatus will be displayed, and telephonic demon- 
strations given. On all sides are indications of 
machinery yet to be set in place, and pavilions still 
to be erected, but it is altogether too early to form 
acorrect idea of this building as it will appear two 
or three weeks hence. England is conspicuous by 
her absence, and Germany, as usual, is erecting a 
monumental pavilion surrounding the large space 
into which she is crowding her numerous exhibits. 
Among these the most conspicuous will probably be 
that of MM. Schukert and Co., of Nuremberg. 
This enterprising firm, amongst other things, will 
exhibit seven search-lights and projectors com- 
pletely equipped ; the largest of these projectors 
will be 6 ft. in diameter, and will be fitted with an 
are lamp of 60,000 candles. As befitting its pur- 
pose, the electric light will reign supreme within 
this building. Besides the display made by private 
exhibitors, which will, of course, be considerable, 
the building will be illuminated by 486 arc lights, 
each of 2000 candle-power, and in addition about 
20,000 incandescent lights; the effect of this 
brilliant flood of illumination will be somewhat 
difficult to realise. 

Passing out through one of the exits in the 
rounded bays that give a peculiarly characteristic 
appearance to the north end of the Electricity 
Building, we turn towards the adjacent Mines and 
Mining Hall, but before doing so we pause to 
notice the grouping of the buildings around it in 
the distance. On the right-hand side is the 
omnipresent Manufactures Building ; immediately 
in front stretches the Jagoon and Wooded Island, 
connected with the mainland by numerous bridges ; 
to the left the Transportation Exhibit Building, now 
somewhat gaily coloured, but which is to be trans- 
formed into ivory-white and cream within the next 
few days, ata cost of some 50001. The present colour 
certainly clashes with the delicate tones of the sur- 
rounding buildings, and the Golden Gate, which 
forms the principal feature of this building, will be 
thrown into far better relief when the change has 
been made. Beyond lies, also on the left, the 
great Horticultural Building, with its vast central 
dome ; and in front, still further in the distance, 
the Illinois State Building, which, as it should do, 
takes precedence both in position and in size of all 
the other State buildings on the ground. A broad 
road separates the Electricity and Mining Build- 
ings ; three days ago progress down this road was 
only possible by the aid of friendly planks Jaid in 
the mud, but to-day Mr. Burnham’s promise has 
been fulfilled, and it has been converted into a hard 
ani durable carriage road. Wondering at the 
rapidity with which this conversion, and miles of 
similar ones on the Exhibition grounds, have been 
made in such a brief time, we enter the Mines and 
Mining Building. This is the structure covered 
by the bold cantilever roof of Mr. Beman, with the 
arrangement of which our readers are familiar. 
The etfect of this roof is very satisfactory, and it 
would be difficult to conceive a structure better 
adapted to Exhibition purposes. Under Mr. 
Skiff's energetic management matters have ad- 
vanced rapidly, and if the President of the 
United States walks through this building after 
the opening ceremony, he will probably be sur- 
prised at the degree of readiness that has been 
achieved, A wide aisle runs down the centre of 
this building, flanked on either side by the pavilions 
of many countries, all of them elegantly designed, 
and some magnificent. The clear passage-way of 
the central aisle is broken at two points by 
obelisks reaching to a height of 60 ft. from the 
ground, One of these is intended to give an idea 
of the famous mammoth seam in the anthracite coal 
deposits of Pennsylvania; it consists of blocks of 
coal reared against a timber core, the coal being 
cut from the seam of the height of the obelisk, 
representing its full thickness. The other monu- 
ment, which is only just commenced, is the embodi- 
ment of the ingenious idea of Mr. Skiff; it repre- 
sents the mineral products of the United States 
for each second of time, according to the last 
published statistics. The base of this very original 
column consists of a large block of coal; other blocks 
of iron, copper, lead, gold, silver, and other ores 
will be reared upon it; samples of building-stones 
will be added, and so will the finished metallurgical 
products of the United States, the whole finishing 
with a capping of the precious metals. Starting 
from the southern entrance of the building, we see 
on the left-hand side the great inclosure devoted 
to Mexico. There is nothing striking about the pre- 
parations for this exhibit, which will be contained 


principally in cabinets, and will represent nearly 
all the mineral wealth already known in the country. 
Opposite is the court of Montana, inclosed by ranges 
of columns standing on a continuous base, and sup- 
porting a sculptured frieze ; the materials of which 
this court is composed are like those of all the 
others from the State to which they refer. Very 
large and ornate are the corresponding courts of 
Idaho, California, Wisconsin, Missouri, and Michi- 
gan; there is evidently a great deal of rivalry be- 
tween these States, each seeking to produce the 
most attractive and elaborate pavilion in stone 
and marble, and in one case even of coal. It is 
too early to speak as yet of the exhibits in 
these various courts, because, although many 
of them are in place, entrance to the courts is pro- 
hibited by written notices and barricades of packing- 
cases. On the left-hand side of the aisle, adjoining 
the space assigned to Mexico, comes the pavilion of 
Brazil, large in dimensions, and costly and elaborate 
in design. Adjoining it is the great metallurgical 
tropby of Germany, on which the exhibitors have 
spent some thousands of pounds and several months 
of labour. Such a trophy has probably never been 
seen in the United States; the Paris Exhibition of 
1889, it will be remembered, had many of these 
wonderful combinations of metallurgical products. 
The trophy is flanked on each side by two tall and 
slender pyramids of rolled beams, cut into short 
lengths, and built up with the heaviest sections at 
the base and thelightest at the top. Between them 
in the centre is a sort of architectural device, some 
50 ft. in height, constructed out of pipes, straight, 
curved, and bent, complete or cut through the 
centre, as the exigencies of the design command. 
Immediately behind this is an elaborate group of 
figures, representing metallurgical industry, cast in 
bronze, and supported on each side by two elegant 
and lofty trophies of rails, bars, and wire. ‘The 
back of this structure is composed of other examples 
of manufactured iron and steel. Immediately in 
the centre of the court, facing this great trophy, as 
well as two of the American pavilions on the other 
side, stands the shed which has been constructed 
by Messrs. Johnson, Matthey, and Co. for the 
display of their platinum manufactures. This dis- 
play will doubtless be worthy of the eminent manu- 
facturers, although it is on a very small scale, but 
the so-called pavilion is not only wholly unworthy 
of the exhibitors, but is a disgrace to the British 
section. It is much to be regretted that Mr. Skiff, 
the chief of the department, did not exercise his 
authority and order the structure to be at once 
removed from the building upon which it is a blot. 
We cannot imagine that the eminent exhibitors 
had any idea of the way in which they are repre- 
sented in this building, or of the indignation that 
has been excited with regard to it. England has 
but eleven exhibitors in this important building, 
and we are glad to notice that the Lowmoor Com- 
pany has an effective though very small exhibit. 
Two of our possessions, Ontario and New South 
Wales, make amends for the almost absolute in- 
difference of the mother country ; their courts are 
large, and will be crowded with examples of their 
mineral resources, and the display of New South 
Wales will especially be attractive and of interest. 
Beyond, near the north end, Switzerland and Ger- 
many occupy the remaining space. The side aisles 
of the building will be lined with exhibits of mining 
machinery, and in every respect Mr. Skiff may be 
congratulated upon the work which he has achieved. 

Probably the building which will occupy here- 
after the most of our attention, is that devoted to 
transportation exhibits, interpreted in the most 
general and wide sense, and therefore including a 
great number of objects whose connection with 
transportation requires no little imagination to 
realise. It is to this building that is affiliated the 
famous Krupp pavilion, which has cost the Essen 
firm some 300,000/., including the contents, trans- 
portation, and insurance. It will be remembered 
that the Transportation Building comprises three 
long straight galleries, each about 100 ft., and each 
covered by a separate roof; and an upper gallery 
runs round the building, affording a large well- 
lighted space for lighter objects. Besides the main 
structure there is a vast annexe of shedding ; it is 
here that space is found for the famous exhibit 
of the Baltimore and Ohio Railroad Company, 
and here on numerous railway tracks will be 
placed long ranges of locomotives, cars, and other 
rolling stock, chiefly, of course, by American 
exhibitors. Annexed to this building is the build- 
ing of the Pennsylvania Railroad Company, con- 
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sisting of the reproduction of one of their small 
passenger stations completely equipped, while by 
the platform are laid lengths of the standard track, 
each rail being 100 ft. long. Here will be fitted a 
complete example of the signalling apparatus of the 
railway. As in all the other buildings, England 
has been assigned a post of honour, and we are 
glad to say that here at all events our space is 
fairly filled with good exhibits, to say nothing 
of the magnificent locomotive from the London 
and North-Western Railway, the historic ‘‘ Lord 
of the Isles” of the Great Western, the monu- 
mental Winby engine, and other railway plant. 
The most valuable part of the British section 
in this building is to be found, however, in the 
fine collection of ship and marine engine models 
sent by nearly all the principal shipbuilders and 
transport lines. To a large extent the success of 
this collection is due to the efforts of Dr. Elgar and 
Captain Hoff. Inthe upper gallery is a fair show 
of bicycles and other objects illustrating transporta- 
tion. But if we have done fairly well in this 
building, Germany again takes the lead, for she 
occupies no less than 104,000 square feet, as com- 
pared with our 54,000; in fact, her space in this 
building is more than we occupy in the Manufac- 
tures Hall. A great part of the German space in 
the upper gallery is devoted to the display of relief 
models of waterways and harbours, and it may be 
mentioned here in passing that America, France, 
and Holland all contribute splendid examples of 
this kind. Much surprise will also be felt at the 
splendid display of German ship models, which are 
quite numerous and of very beautiful execution. 
The ground floor is closely occupied with a great 
number of collective and other exhibits, to which 
we shall refer in detail in due time. We have only 
time now to glance at two conspicuous objects in 
the building. The first of these is a full-sized re- 
production, for a length of 80 ft., and running 
from keel to funnel, of one of the great new pas- 


senger steamers being built by Messrs. Cramp and ~ 


Co., of Philadelphia, for the American Line, and 
which are intended to surpass in speed and luxury 
the latest additions to the Cunard fleet. As the 
interior of this reproduction is accessible to the 
public, and as the section is fully equipped in every 
detail, some idea of the size and magnificence of 
the modern Atlantic steamer will be given to the 
population of the middle States who have never 
seen the sea. The second object towers up nearly 
to the roof of the second gallery of the Transporta- 
tion Building ; it is a reproduction of the large and 
greatest power hammer erected by the Bethlehem 
Iron Company, for forging the armour-plates for 
the new war-vessels of the United States. 
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A Shorter Working Day. By R. A. HADFIELD and H. DB 
B. Gisprns, M.A. London: Methuen and Co. 

Tus book is one of the ‘‘ Social Questions of To- 
day”’ series, and deals with the most important 
political subject of our era in a reasonable, though 
decidedly ‘‘advanced,” spirit. One may not agree 
with all the opinions set forth, but it is difficult 
at times not to be carried away by the single- 
minded enthusiasm which so evidently animates 
the authors in their pressing onward towards that 
millennial goal which they have in their mind’s eye. 
Their panacea for industrial ills is to be legislation— 
a statutory shorter working day. How the difficulties 
which would beset the enforcement of the law, if 
made, would be overcome, isa matter of detail upon 
which we do not get much instruction; and, 


perhaps, the authors feel they have quite a sufli- 


cient task in making good the necessity for the law. 
The object of legislation, we take it, should be not 
only to benefit the workmen but also to benefit the 
people at large—not ‘‘ class legislation,” but ‘the 
greatest good for the greatest number.” Those 
who advocate Parliamentary interference must 
prove its advisability from a broad standpoint. It 
is not only that an evil exists, but that the enact- 
ment will substantially ameliorate it without, calling 
up other evils of equal, or even approximately 
equal, magnitude. It is in this respect the book 
fails, The object of the authors is excellent, but 
they fall short of making out their case. 4 
Yet though the book fail from a controversial 


point of view, in other respects it is admirable} _ 


whilst the position of either of the authors is alone 
sufficient to command attention. Mr. Hadfield is 
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well known to the majority of our readers. He 
has won distinction in other branches of science, 
and we have guarantee by his past work that that 
which he undertakes will be patiently and intelli- 
_ gently worked out. He, moreover, represents the 
employment of labour, and is directly interested 
in getting the maximum output from the large 
number of workmen engaged by his frm. He is 
evidently a man we want to hear on such ques- 
tions as these. Mr. Gibbins is an Oxford Univer- 
sity prizgman in political economy, and, therefore, 
brings a trained mind to the consideration of the 
subject. Minds trained in the academy do not, 
however, always take the clearer view of matters 
at once so practical and so polemical as the eight 
hours question. Still, Mr. Gibbins, as the author 
of a very able treatise, ‘‘The Industrial History of 
England,” is entitled to respectful attention. 

In the opening chapter it is said: ‘‘It would 
seem at first sight as if any limitation in the hours of 
labour would mean a limitation of the production 
of wealth in the country.” It is the chief aim of 
the authors to controvert this proposition. Stated 
briefly, the ground they take is that the physical 
endurance of the workman does not enable him 
to exert his best endeavours for more than eight 
hours a day ; that men become overtired if pressed 
beyond that limit, so that the quality of the work 
suffers. Such is our impression of the authors’ 
views after a careful perusal of the work. Here a 
distinct issue is raised. It is one that can be pro- 
fitably discussed upon sure data, if they exist, and if 
life last long enough ; for the time difficulty is the 
chief in this discussion—time and space also in the 
case of printed matter. The conditions of the 
workman in various trades are so different that 
what is sauce for the goose is by no means always 
sauce for the gander. Thus, in the variety of in- 
stances, occupations involving very hard work— 
such as coal- whipping or reviewing books—the 
operative cannot keep going for so long a period as 
when less call is made on muscles or nerves. In 
the case of the business with which we are best ac- 
quainted—that of the contracting engineer—we have 
no hesitation in saying there would be very small 
loss, if not gain, supposing work were notto begin 
until after breakfast. On the other hand, it is not 
possible to get the highest duty from, say, an 
omnibus conductor, in eight hours, however just 
might be the man’s demand for a larger share of 
leisure time. That of course is a separate question. 

In the first pages the authors ask: ‘‘If the 
workman has decided to have shorter hours, and 
will take the risk thereof, on what ground is such 
a concession to be denied him?’ On no ground at 
all ; but there is a wide difference between denying 
aman a thing and forcing it on him by Act of Par- 
liament. At the present day any one is at liberty 
to work only eight hours, or even one hour, a day, 
if he ‘‘ will take the risk thereof.”’ Still, it would 
be foolish to deny that though the workman may 
be legally free, there are circumstances more bind- 
ing than laws ; and, indeed, it is only this which 
makes discussion on the subject possible. The 
writers put the case very fairly in the following 
words; ‘‘ The only real objection to such a con- 
cession (eight hours day) can be that the workman 
may injure other people by thus benefiting him- 
self.”” That is fair enough ; but when the writers 
go on to assume, as they do by inference, that 
because an eight hours day has worked well in 
Some cases—where it has grown out of mutual 
understanding between master and man—it should 
be thrust on all and sundry by Act of Parliament, 
then it is time to join issue with them. 

But, even if the need of the law could be proved 
up to the hilt, there is the difficulty in carrying it 
out. In the case of miners it would be possible, 
and large factories ; but the machinery has yet to 
be devised—or rather never will be devised—which 
would prevent the majority of scattered workers 
labouring so long as pleased them, just as they do 
at present. It is mischievous to make laws which 
cannot be enforced. One stands aghast at the 
thought of the number of State servants that 
would be required to enforce an eight hours law in 
all manufacturing industries. We think the 
authors (possibly only one of them) take too rosy 
a view of the culture of the working population of 
the present day. Speaking of the mill-hand, they 
Bay he ‘‘to-day frequents free libraries, attends 
university extension lectures, goes up to Oxford for 
& ‘summer meeting,’ and not unfrequently sends 
his son to one of the older universities to take his 
degree,” No doubt the free library of many of the 


' manufacturing cities is largely frequented by mill- 
hands, although whether the majority go there so 


is quoted in the book. The hours here are 50 per 
week, and in Sydney 44 to 48. The following are 


that they may ‘‘ know the best things that have|the wages paid in both countries respectively : 
been said and thought in the world ” is a little open | Joiners, 27s.—60s. ; smiths, 28s. 6d.—Jds. ; 50s. 


to doubt. 
crying down free libraries, but facts should not be 
strained to make a case, and in the above quota- 
tion they are very much strained. 

The authors go on to take special cases—railway 
men, miners, &c. Now railway men are a very 
long way yet from eight hours, and the report of 
the Select Committee, which is quoted in support of 
the authors’ case, was doubtless in favour of a 
shorter working day for railway men ; but it must 
be remembered that the Committee had in view the 
effect of over-long hours —considerably more than 
eight per day——on the safety of the travelling 
public. Miners have a good case, but they have 
shown themselves able to take care of their own 
interests. Shop assistants have much stronger 
claims on legislative protection than most others. 
In many cases, however, they have but themselves 
to thank for crowding into an over-stocked calling 
because of its supposed greater gentility. This 
applies more especially to women. 

The historical section, in which the history of the 
movement is given, is well arranged, and the authors 
are scrupulously fair in giving both sides of the 
case, even though telling against their convictions. 
The account of the legislative action taken in 
Australia is also instructive. The Australian 
workmen, we are told, ‘‘ are generally prosperous ; 
many of them have property and good houses, and 
their wives often keep a servant, and therefore have 
leisure for their own culture.” These agreeable 
conditions are credited to the eight hours day, but 
the same things might with equal truth be said 
of the American workmen --except, perhaps, with 
regard to the servant—especially the mechanics of 
the New England States, and they certainly have 
no eight hours custom, or even Saint Monday to 
compensate for their very long days. We are not 
sure that the authors have not been confounding 
cause and effect, which is a thing we are all liable 
to do in pushing our arguments home. Thus we 
read elsewhere of the Australian workman: ‘‘There 
was no great social gulf fixed between the workman 
and his master, and it is curious to notice that the list 
of the present large employers of labour in Queens- 
land shows that the great majority of them were 
formerly earning their bread as manual workmen. 
. . . At the same time most workmen in Australia 
belong to some religious body, which is by no 
means the case in England, and it is a remarkable 
fact that in spite of high wages and short hours the 
consumption of spirits has greatly decreased in the 
colonies. Again, the Australian workmen yisit 
museums, theatres, and libraries, &c.” So an Act 
of Parliament is not only to make the working man 
richer, more intellectual, sober, and ‘‘to keep a 
servant,” but he is also to grow religious through the 
same agency. The latter is, perhaps, somewhat of 
a reversal of some of the older notions ; but again 
we say, may there not here be a confusion of 
cause and effect? It might be thought from the 
authors’ note of triumph, taken in conjunction with 
she views they hold as to Parliamentary interfer- 
ence, that a statutory eight hours day was in force all 
through Australia. Such, however, is not the case, 
as we are very fairly told in the following words : 
“Victoria is the most advanced of the Australian 
colonies upon the eight hours question. In the 
others the eight hours day is enforced by the trades 
unions themselves in trades which are strong 
enough to do so, such as carpentering and building, 
and attempts at Parliamentary legislation have 
been made in the Lower Houses of the Queensland 
and New Zealand Legislatures. On the whole, the 
eight hours day is by no means universal in Aus- 
tralia, but it is sufficiently extended among the 
most important trades to enable us to form an ade- 
quate judgment of its economic and other conse- 
quences.”’ The latter sentence is quite true so long 
as its application is confined to Australia, but it 
will be seen that that country affords no wide 
object-lesson of the advantages of a legally re- 
stricted period of labour, for the eight hours move- 
ment is almost entirely a matter of private arrange- 
ment between masters and men, where both sides 
doubtless make the best bargain for themselves 
that they can. How misleading it is to judge of 
the necessities of one country by results obtained 
in another may be gathered from a glance at the 
Table giving a comparison of the rates of wages 
paid in England and Australia respectively, which 


We do not say this with a view of | —55ds. ; 


braziers, 380s.—60s.; ships’ carpenters, 
30s.—60s. ; labourers, 16s. 6d.—45s. The higher 
figures naturally refer to the colony, but the matter 
can be best summed up in the general statement 
that ‘fin Australia employers pay 100 per cent. 
higher wages for 20 per cent. shorter hours of 
labour than in England.” We are not sure why 
the authors make this comparison between English 
and colonial wage rates, butit is certain that 
what certain advanced economists style ‘‘the 
bugbear, foreign competition’—a very substantial 
ghost in some trades—would have made a pretty 
clean sweep of our engineering industry by the 
time the Australian standard was reached. In this 
section of the work a good deal is said in order to 
show that the rate of production is not affected 
whether the men work eight hours or ten. If this 
can be proved, there is an erd to discussion (so far 
as Australia is concerned, the figures not being 
English), for the employer would be a senseless 
churl who begrudged his men two hours’ ieisure if 
it cost him nothing. The facts put forward, though 
suggestive of the conclusion the authors desire to 
show, are by no means final ; indeed, they are but 
isolated examples which might be many times 
counterbalanced by opposite conditions existing on 
the other side. ‘‘ How the workman is affected,” 
in the authors’ opinion, is best summed up in the 
following quotation from another authority: ‘‘Al- 
together, the more we examine the subject the more 
irresistibly is the impression borne in from all sides 
that there is growing up in Australia, and very 
largely in consequence of the cight hours day, a 
working class which, for general morale, intelli- 
gence, and industrial efticiency, is probably already 
superior to that of any other branch of the Anglo- 
Saxon race.” 

In the section devoted to ‘‘Hconomic Considera- 
tions,” the opinion is expressed that the eight hours 
movement will not find work for the unemployed. 
It is pointed out, very truly, that wealth is the 
product of labour, and if labour be reduced there 
will be less wealth to share, although the labouring 
classes would have additional leisure. The authors 
are also doubtful whether equalisation of wealth 
will be effected by a reduction of hours. We have 
therefore to depend on increased diligence of the 
working classes to make’up for the extra two hours’ 
rest. No doubt in many cases the return would 
warrant the expenditure. There is a tone pervad- 
ing this part of the work which is characteristic 
of writings of the class. The author—for this 
section bears the initials of Mr. Gibbins—appears 
to speak of ‘‘labour” as representing only the work 
of operatives, as if manual labour or routine work, 
in distinction to management and mental work, were 
alone to be considered—‘‘ Dives with 20,000]. a 
year, and Lazarus with 10s. a week’’—‘‘ wages are 
that portion of the total produce of labour which 
the labourer can, by competition, custom, or other- 
wise, obtain for himself after the landlord, the capi- 
talist, the employer, and the Government have got as 
much as they can for themselves,” and so on. Now 
the capitalist and employer are often one, and that 
one generally works harder and longer than any 
other man in the place. His work is of a higher 
order, and he, therefore, gets amuch larger reward. 
In the case of the capitalist simple his share is 
generally small enough, often nothing, and very 
seldom large; company promoters— who are 
amongst the very hardest of workers whatever may 
be their failings in other respects—take care of 
that. Indeed, every year it is getting more and 
more diflicult for provision to be made for old age 
or disablement in the way of savings that will 
produce an income ever so moderate. As a matter 
of fact, ‘‘labour” has the first claim. If its unit 
be small, it is certain. Wages are paid weekly for 
the most part, and it is, in truth, the capitalist 
who has to be content with the residue, if any, 
after the workman has been paid. 

Perhaps the part of the book that will be read 
with most interest is that in which Mr. Hadfield 
gives an account of the practical results of those 
firms who have adopted the eight hours system. 
First we may take his own case, for he is not one 
of those who fear to practice what they advocate, 
It may be said briefly that in all instances given 
the experiment has proved a success. That an 
eight hours day is, on the whole, a cesirable thing, 
probably mot will acknowledge—whetl er we can 
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afford it or not is another matter. If it will not 
result in diminished output, we certainly can afford 
it—both men and masters—for the division of profit 
will always be ruled by the inexorable, much-abused 
law of supply and demand. But, however desir- 
able the rule, it by no means follows that legislative 
action to establish it may be wisely encouraged. In 
America, as the Appendix reminds us, ‘‘ there are 
now eight-hour laws in 13 States, and not one of 
them is enforced or attempted to be enforced.” 


The Voltaic Cell: Its Construction and Its Capacity. By 
Park Benvamin, LL.B., Ph.D. New York: John 
Wiley and Sons, 

Tuis is a handy volume of nearly 600 pages. It 

opens with a summary of the work of Galvani and 

of Volta, treats briefly but practically the subject of 
units and electrical measurements, and then pro- 
ceeds to give some account of historical and full 
details of typical cells that are largely in use. 

These are cells with one and with two liquids, heat 

cells, light cells, and gas cells. 

These notes are followed by a chapter containing 
general practical data, in which the reader will find 
abundant information on the methods of amalga- 
mating, causes affecting the electromotive force of 
cells, influence of temperature, polarisation, &c. 

The construction, maintenance, and theory of 
‘* storage” cells are next considered ; and the work 
concludes with an interesting and comprehensive 
chapter on the various sources of electricity. 

Dr. Benjamin’s work is full of the information 
required not only in physical laboratories, but also 
in the offices of electrical engineers. 
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EFFEOT OF EARTHQUAKES ON 
NORTH-WESTERN RAILWAY, INDIA. 

THE district of Chaman and Shalabagh, near the 
Khojak Range in Beluchistan, was visited by a 
shock of earthquake on the morning of December 
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20, 1892, and Mr. R. W. Kgerton, executive engi- 
neer, Shalabagh Division, North-Western Railway, 
has been good enough to send the particulars given 
below, and the drawings and photographs from 
which our illustrations kave been prepared. The 


shock was rather a severe one, being sufficiently 
powerful to shake down some buildings in Shala- 
bagh and its vicinity, and to crack the upper 
crenellations of the Khojak Tunnel block-house 
towers, which are carried on corbels. The region 
in which the shock occurred is shown in Fig. 1. 
The principal interest of the phenomenon lies in 
the fact that after the earthquake a long fissure ap- 
peared in the earth’s surface(Fig. 2). This fissure lies 
nearly north and south, and coincides almost exactly 
with a line of springs which rise to the surface along 


earthquake, indicating that either the western side 
has sunk, or that the eastern side has risen, but 
the amount observed is too small to render this 
quite certain. 

It has not been possible to trace the line of 
fissure to its end in either direction. In the 
northerly it runs out of British territory, and in the 
southerly it is lost in the snow of the Khowaja 
Amran Peak. It may be possible, however, during 
the spring season, to trace this. 


The fissure keeps close to the east of the low 


Nore. Angle in dotted line before Earth-quake 
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after 
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the western slope of the Khojak. These springs 
undoubtedly indicate an old line of fault, and it 
would seem that the entire area west of this line 
has now been forced slightly southward (or else that 
to the east of it forced slightly northward), probably 
by the same force which originally caused the old 
fault. An inspection of the fissure distinctly shows 
that a horizontal movement of this kind has taken 
place, and that it amounts to about 1 ft. to 3 ft. 
at various points of the earth’s surface. 

The fissure crosses the railway at about 2% 
miles north of Sanzal station, making with it 
a somewhat acute angle. It had the effect of 
crumpling up the rails (Figs. 3 and 4) into a 
loop in both up and down tracks. Fortunately a 
photograph of the down line (Fig. 4) was made 
by Mr. L. Gordon, the officiating district traffic 
superintendent of the section, before any attempts 
at repairs were undertaken, and the engraving 
shows the loops very clearly. The up line, 
which, it will be seen, is in course of repair, was 
similarly contorted. That the contortion is un- 


fish joints in the neighbourhood were jammed up 
tight, and that when the bent rails were removed it 
was found that the new rails had to be cut to a 
length 2 ft. 3 in. less than that of the old ones. A 
plan of both lines of track has been carefully made. 
This shows that the line of fissure crosses the rail- 
way where the latter is curved, and that the point 
of intersection of the tangent has shifted 1 ft. 6 in. 
towards the south. The two nearest bench marks 
on either side of the fissure have been checked, and 


give a difference of 14 ft. more than before the 


FIsSURE CROSSING THE RAILWAY. 


hills shown in Fig. 8, the formation of which is 
geologically different from that of the main range 
east of the fissure, and it passes through the low 
saddle beyond ; and it is believed that it could be 
traced as far as the Khowaja Amran Peak. In 
Fig. 5 part of the fissure can be seen near the 
camel. The buildings on the right are part of the 
town of Chaman. 


Gas at Parts.—The revenue of the Parisian Company 
for Lighting and Heating by Gas has shown a gradual 
decline this year, the company being affected by the com- 
petition of the electric light. The aggregate revenue 
collected to March 31 amounted to 942,100/., as compared 
with 964,6321. in the corresponding period of 1892, show- 
ing a decrease of 22,5327. March figured in this decrease 
for 83357. 

Tue Exxcrric Licut 1x Municu.—The municipality 
of Munich has decided to adopt the electric light for the 
illumination of the principal thoroughfares, squares, and 
public buildings, and to begin with a plant of 300 are 
lamps for the streets, and 1800 incandescent lamps for the 
Town Hall. A considerable extension of the installation 


doubtedly due to the shortening of this portion of is to follow. The whole of the work has been intrusted to 


the track, is proved by the curious fact that all the | 


the firm of Schuckert and Co., of Niirnberg, who under- 
take to complete this very extensive installation by 
October, when Munich will be en féte. There are very few 
electric street lighting plants on so large a scale—hardly 
any in Germany. Two water-power stations of 300 horse- 


| power each will be utilised, situated in the Westennieder- 


strasse and the Muffatbrunnenhaus. The dynamos are 
for 250 volts, to be coupled two in series on the three-wire 
system, each branch feeding groups of five lamps; one 0 
the dynamos will suffice when only half the lamps are 
burning. The mains are lead cables to be placed under- 
ground. The main switches will be in the Town Hall, 
which, as stated, will be illuminated by 1800 incandescence 
lamps of 16 candles, in connection with an accumulator 
battery of 75 kilowatts, 
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BOILERS IN THE NAVY. 


In our issue of last week we gave an abstract of the 
Boiler Committee’s report, which we had then recently 
received, and, in doing so, made reference to various 
boilers which were illustrated in that report. These 
illustrations we now reproduce in Figs. 1 to 7, on 
pages 694, 695, and 700. As will be seen, various 
types are illustrated, including return-tube boilers, 
single and double-ended ; the so-called ‘‘ locomotive ” 
type, such as is fitted in the Jason class of torpedo 
gunboats (Fig. 4); and the gunboat boilers of the Thrush 
type (Fig. 2). There are three examples of the 
single-ended return-tube boiler—those of the Monarch 
(Fig. 1), the Crescent (Fig. 5), and the Royal Sove- 
reign (Fig. 6). The double-ended boiler is repre- 
sented by two examples, such as is fitted in the Sybille 
(Fig. 3) and Edgar (Fig. 7). No illustration is given 
of the common combustion chamber double-ended 


boiler, the black sheep (or scapegoat?) of the leaky- 
tube era. 

We trust the Lords of the Admiralty, to whom the 
report is made, will be able to glean more instruction 
from it than we have done. The information is put 
forward in amanner somewhat confusing. As an ex- 
ample, against a side heading, ‘‘ Type of Boiler,” we 
find the battleships enumerated to be Royal Sovereign, 
Barfleur, Hercules, and Monarch. Two paragraphs 
further onitis stated, ‘‘ The battleships are fitted with 
four-furnace single-ended return-tube boilers of three 
types—viz., those in the Royal Sovereign, Hercules, 
and others having two combustion chambers.” One 
would naturally conclude from this that the Monarch 
boilers would have two combustion chambers, but by 
reference to the illustration we find she has in her 
boilers a combustion chamber to each furnace. In 
speaking of this latter type of boiler we do not find 


venge are spoken of as examples of the separate 
combustion chamber type. Whether the drawing 
given is or is not applicable to the boilers of the Resolu- 
tion and Revenge we do not know. The Monarch, 
our readers will remember, is the old turret-ship 
which was built at Chatham in 1869, and which 
it was decided to re-engine last year, the contract 
being given to Humphrys ; whilst the Resolution and 
Revenge have been built and engined by Palmers’ 
Company at Jarrow. The Committee, however, give 
their preference to the separate-combustion-chamber- 
for-each-furnace type of boiler, and we suppose we 
may regard the Monarch boilers as representative of 
the type, they being illustrated. The Royal Sovereign 
has single-ended boilers, as will be seen, two furnaces 
leading into one combustion chamber. There are 
other differences, however, between the arrangement 
of combustion chamber in these two types of boiler; 
for instance, in the Monarch design there is a space 
of 6,4; in. between the side of the combustion chamber 
and the boiler shell, whilst in the Royal Sovereign the 
space is 44 in. In the Monarch boiler the space 
between the central nests of tubes is 15 in. from 
centre to centre of the nearest rows of tubes, whilst 
in the Royal Sovereign the corresponding space is 
apparently 13 in. Between the nests of tubes on each 
side there is, in the Monarch, a space of 13in., centres 
to centres ; whilst in the Royal Sovereign design the 
corresponding distance is about 84 in, Again, the 
tubes of the Monarch are 2% in, in diameter, whilst 
those of the Royal Sovereign are 24 in., but the spaces 
between the tubes are alike in each case, viz., 1 in. 
both vertically and horizontally. 

Turning to other elements of design, we find that 
the length of grate in the Monarch is 5 ft. 94 in.; 
whilst in the Royal Sovereign it is 7 ft. The furnaces 
of the Monarch are 3 ft. 5in. mean diameter, and of 
the Royal Sovereign 3 ft. 24 in. mean diameter, but the 
Monarch’s are spaced wider. The two boilers are 
apparently about the same diameter, but the Monarch’s 
is 62 in. longer, The Royal Sovereign has, however, 
1544 square feet more total heating surface; an ad- 
vantage which has to be paid for. The depth of com- 
bustion chamber between tubepla and back plate is 
2 ft. 8 in. inthe Monarch, and 2ft. 3 f;in. inthe Royal 
Sovereign; there is also }in. to lin. more space 
between the combustion chamber and the back plates 
of the boiler in the Monarch compared to the Royal 
Sovereign. It will be seen that in designing the 
Monarch’s boilers it has been sought to improve on 
those of the Royal Sovereign by increasing the heating 
surface other than tube surface and increasing the 
water spaces, the latter element resulting in a loss of 
tube surface. No doubt the Monarch type is easier 
and safer to design; the question is whether the ad- 
vantages of both could not be combined? The Ad- 
miralty answer evidently is ‘‘ No.” 

The other single-ended boiler illustrated is that of 
the Crescent, a first-class cruiser, built at Portsmouth, 
and engined by Penn. Here we find the double com- 
bustion chamber and a nest of tubes very close together, 
there only being 34 in. between each of tke nests at 
the two sides, or 6 in. between the centres of adjacent 
rows; whilst the distance between the two middle 
nests is but 10} in., or 12% in. measuring from tube 
centres. The tubes here are 2} in., with inch spaces, 
as in the Royal Sovereign ; the diameter of the tubes 
being, therefore, tin. less than in the Monarch boilers. 
The depth of combustion chamber is also less than in 
the Monarch, and even lin. less than in the Royal 
Sovereign, but there is a little more water space at the 
back end. The distance between the combustion 
chamber and shell plating at the side is from 4} in. to 
6in. In the report it is said that the water spaces 
for return-tube boilers, other than between adjacent 
tubes, should not be less than in the boilers of the 
Crescent, and it may, therefore, be concluded, we sup- 
pose, that these boilers are approved. A few para- 
graphs further down, it is said that in the torpedo 
gunboat boilers of the Jason class, which are illustrated 
in Fig. 4, on page 695, the water spaces are 
considered satisfactory, and it is also stated that 
the distance apart of the tubes now being fitted in the 
Jason class, are suchas will give good results. Later 
on, again, the distance between tubeplate and end of 
grate is considered satisfactory. It is unfortunate for 
the credit of these opinions that the Niger should have 
broken down, only the other day, in her forced- 
draught trial, through the leaking of her tubes, al- 
though, of course, the mishap may be explained by 
other reasons than want of water space. 

Of the double-ended boilers we find two examples, 
in the Sybille (Fig. 3) and the Edgar (Fig. 7). The 
former is a second-class cruiser, engined by Hawthorn, 
and the latter a first-class cruiser, built at Devonport 
and engined by Elder. The Sybille has three six-fur- 
nace boilers—that is, double-ended, three furnaces at 
each end; she has also two single-ended boilers, 
There is a combustion chamber to each furnace of the 
double-ended boilers. The diameter of the tubes is 
23 in., and they have, as usual, inch water spaces 
between. The depth of the combustion chambers is 


the Monarch alluded to, but the Resolution and Re-! just upon 2 ft, 5 in., the length of boiler being 
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18 ft. 43 in. The space between the combustion 
chamber and the shell plates at the sides is 44 in., and 
the distance between the combustion chambers is 44 in., 
and from centre to centre of the adjacent rows of tubes 
in different nests, the distance is 104 in. The Sybille, 
it will be remembered, had trouble with her boiler, but 
that was through cracking of the furnaces. In the 
Edgar the double-ended boilers have eight furnaces— 
four in each end, and four combustion chambers ; that 


is, a combustion chamber to each adjacent pair of | 


furnaces, and there is one nest of tubes to each com- 
bustion chamber—i.¢., one nest common to two fur- 
naces. The spaces between the sides of the combustion 
chambers and the boiler shell are 7 in., and there is a 
13 in. space between each two nests of tubes, or 54 in. 
between combustion chambers. The Committee do 


not seem inclined to approach mercantile practice in | 


the matter of tubes, a step which has been so frequently 
advocated of late, though with doubtful policy. They 
do, however, consider that the distance apart in a 
horizontal direction should be increased, and here, 
doubtless, they will have the majority of engineers 
with them. They state that 14 in. should be the 
minimum horizontal distance between the tubes, 
so that the increase in this respect advocated would 
be 124 per cent. The larger combustion chamber 
is also advised, and here the Monarch’s design com- 
pares very favourably with others, as our readers 
will judge from the appearance of the illustra- 
tions. In our last issue we gave particulars as to the 
recommendations of the Committee with regard to 
the proportion of heating surface, &c., in terms of 
the power developed, so we need not repeat this 
matter. Our readers will be able to compare these 
sketched designs with practice with regard to the 
merzantile boilers, so many examples of which have 
from time to time been published in our pages. There is 
one pleasant passage in the report with which every one 
will agree. Mr. H. J. Oram, of the Controller’s De- 
partment at Whitehall, acted as the secretary to the 
Committee, who desired to place on record their high 
appreciation of his arduous and valuable services. 
“* His practical and scientific knowledge,” the report 
states, ‘‘and unremitting energy in obtaining from all 
sources the necessary information bearing upon the 
subjects under diseussion, have materially assisted the 
Committee in conducting the inquiry and framing 
their report.” It is only to be regretted that the 
report does not bear evidence of Mr. Oram having had 
a freer hand in performing the latter duty. 

In conclusion, we append the details of various 
boilers illustrated, as given in the report, 
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H.M.S. “‘ Monarch”—Particulars of Eight Boilers. 


Heating surface in tubes 14,770 sq. ft. 


4 HA furnaces. &. <.. 3,720 ,, 
Total heating surface... 18,490 ,, 
Area of firegrate 632,90. 

», through tubes 94.4 ap 
Diameter of tubes ; 23 in. 
HA.M.S. *‘ Thrush.” 
Number of boilers... et we 2 

i tubes es 422 
Tube surface ... roe 1824 sq. ft. 
Total heating surface... 2106 -,, 
Grate surface BV Eee cry 
Diameter of tubes ates Nee 23 in. 

H.M.S. “ Sybille.” 
Number of boilers, three double, two 
single ended 
Heating surface 6057 sq. ft. 
Grate surface 2347s, 
Diameter of tubes sus vee 23 in 
H.M.S. “‘ Jason.” 
Number of boilers 4 
as tubes 1448 
Diameter of tubes 2 in. 
Tube surface 5297 sq. ft. 
Total surface 6388 __,, 
Grate ,, oF ae oe 472 ,, 
H.M.S. ‘‘ Crescent.” 
Number of boilers... Se0 ate 8 
Tube surface 21,448 sq. ft. 
Total 24,784 ,, 


Grate surface ... oe se ae 855 
Diameter of tubes i 


H.M.S. ‘‘ Royal Sovereign.” 


Number of boilers 


8 
Heating surface in tubes 17,016 sq. ft. 


i a furnaces, &e. SOLS ae 
Total heating surface... 20,034, 
Grate surface ... {SO = A 
Area through tubes 9756, hos; 
Diameter of tubes 2% in 


H.M.S “ Edgar’—Particulars for Four Boilers. 
Heating surface in tubes 20,108 sq. ft. 


AD é furnaces, &c. SL GO Fe. 
Total ... 2 seo; 208a09,8 

One Auxiliary Boiler. 
Heating surface in tubes 1,408 ,, 
as ra furnaces, &c, 203. _,, 
Total ... a ios Soon HBL 55 
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I AUXILIARY BOJLER 
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Total heating surface for all boilers 24,879 sq. ft. 


» grate An as a 868 ,, 
Diameter of tubes ¥ ane Ae 23 in. 
Mean diameter of auxiliary boiler ... 12 ft. 11 in. 

Lone hae 9 ft, 1y> in. 


CYLINDER BORING MACHINE, 

THE cylinder boring machine which we illustrate on 
page 691 has been built by Messrs. George Booth and 
Co., of the Central Iron Works, Halifax, and is adapted 
for boring steam engine cylinders from 2 ft. to 5 ft. 
in diameter. The boring bar is 11 ft. long by 13 in. in 
diameter, and is fitted with a self-acting sliding block 
for receiving the various cutter blocks. The ‘‘self- 
act” has three changes of feed. As will be seen from 
the illustration, there is a double tool box surfacing 
head for facing each end of the cylinder, and this is 
also rendered self-acting in its feed motion by means 
of a star wheel; the bedplate of the machine is 16 ft. 
long by 5 ft. 6 in. broad, and is planed on each side, 
so that it can be jointed if required. The cylinders 
are secured for machining in adjustable \/-blocks, as 
indicated in our engraving. The driving gear of the 
machine is fitted with powerful double and single 
gearing, and with a five-speed cone of large dimen- 
sions. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 12, 1893. 

Tar disturbances in the financial world have not 
produced any results in manufacturing circles, 
despite the difficulty of borrowing money on available 
securities. In two weeks eleven industrial stocks 
declined to the extent of 70,000,000 dols. in nominal 
value. The decrease in the demand for cotton in 
northern and foreign markets reaches nearly 2,000,000 
bales. The volume of business done this year is 3 per 
cent. less than for the same time last year, as indicated 
by Clearing House statistics. Shipments east from 
Chicago are 1] per cent. less. The iron trade 1s 
active. The large requirements of the New York 
Central, amounting to 30,000 tons of plates andshapes, 
are placed this week. Crude iron output is kept up 
to full average. Merchant iron mills are doing well. 
Steel rail makers are doing well in light rails, and ex- 
pect to do a large business in heavy rails in June and 
July, when a good deal of mileage will be almost ready — 
for rails. The present selling prices of furnace and 
mill products is the lowest ever known. Steel billets 


are delivered in eastern Pennsylvania at 24 dols., 


4A 


muck bars 22.50 dols., Bessemer pig 14 dols, 
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reaction is expected before midsummer, at least in de- 
mand, because of the large amount of work to be done, 
for which material has not been provided. 


NAVY BOILER COMMITTEE. 
To THE Eprror oF ENGINEERING. 

Srr,—I have just read your leading article of the 12th 
inst. on the ‘‘ Conclusions and Recommendations of the 
Committee appointed by the Lord’s Commissioners of 
the Admiralty to consider existing Types and Designs 
of Propelling Machinery and Boilers in Her Majesty’s 
Ships,” and on comparing it with the Blue-Book itself, 
many engineers, I am sure, will agree with your stric- 
tures, and be surprised that such a valuable amount of 
time and talent has apparently been wasted, without 
advancing any real arguments or opinions for the good of 
marine engineering in general, or suggesting anything 
new for the better construction of the machinery of Her 
Majesty fleet in particular. 

The first thing that strikes one after reading over 
the very old news —called ‘‘ Conclusions and Recommenda- 
tions”—is that no minutes of evidence of the various wit- 


nesses are given—a very great contrast indeed from the- 


last Boiler Commission some seventeen years ago, which 
was nearly all evidence together, and was then considered 
by many a great waste of time to peruse. 

Engineers will be pleased that you are to return toa 
further consideration of this matter. In the meantime, 
allow me to remark on the very peculiar and short 
minority report of Mr. Peter Samson, first assistant to 
the Engineer Surveyor-in-Chief of the Board of Trade, who 
concurs with the main report, but is strongly of opinion 
that all boilers for use in Her Majesty’s Navy should be 
tested by water to twice their working pressure, and that 
their scantlings, staying, &c., should be such that no part 
thereof would be unduly strained when subjected to the 
test. The Board of Trade have lately reduced their 
*‘nominal factor of safety” from 5 to 4.5, which, to say 
the least, is getting nearer to the Admiralty ‘‘ margin of 
safety ;” but does Mr. Sainson mean that otherwise he 
agrees with all the various details of Admiralty boiler 
design and construction? If so, then what about the 
Board of Trade regulations regarding ‘‘steel stays which 
have been welded or worked in the fire, have been found 
to be unreliable, therefore should not be passed.” This 
is certainly not Admiralty practice, for they won’t have 
anything else than steel worked stays, and even screwed 
steel stay-tubes as well. 

“My Lords” may not have asked any opinions in 
reference to the various materials used in the construc- 
tion of the propelling machinery and boilers in H.M. 
ships, but the special paragraph regarding the material of 
boiler tubes, in the absence of the terms of reference, 
would almost infer that they had done so; and had the 
evidence of the various witnesses been published, some 
information might have been obtained regarding the use 
of steel castings and steel forgings in the construction of 
valve gear and other parts of the machinery ; and what 
would doubtless interest many just now would have been 
their experience of the various forms of brazed and solid 
drawn copper steam and feed pipes, also how far they 
may have found wrought-iron and steel pipes reliable for 
such purposes. This would have been of greater im- 
portance to engineers than the repetition of the “‘old 
story” regarding the economy to be obtained in triple- 
expansion, as compared with ordinary compound engines. 

The whole report seems to be ‘‘got up” to reveal as 
little as possible, and only laid on the table of the House 
of Commons, after repeated refusals, to stop further in- 
qniries on the subject. Certainly the miserable amount 
of information it contains is a poor return for the time 
and money spent upon its production. 

Iam, Sir, yours truly, 
May 16, 1893. DELTA. 


THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EpiIToR OF ENGINEERING. 

Sir,—The suggestion of ‘‘Telford” is, I think, an 
excellent one. Why is it that the voting paper should 
be presented personally ? A certain number of the mem- 
bers of the Council should retire annually, to give new 
life and energy to the Institution and the profession. 

Yours, &e., 
Stream. 


SMOKE ABATEMENT. 
To THe Epiror oF ENGINEERING. 

S1r,—Your correspondent ‘‘ X. J. V. K. Q. ” seems to 
think that smoke cannot be prevented except by adopting 
a liquid fuel or gas, but I can inform him that the Lon- 
don County Council have adopted a system by which they 
€m use small bituminous fuel direct without polluting 
the atmosphere in any way whatever. 

The system has now been in use at the Abbey Mills 
pumping station for a considerable time, working con- 
tinuously, and I have no doubt but that both your corre- 
spondents could make an inspection if they are so 
disposed. 

_ The only true way to put a stop to the smoke nuisance 
is by Act of Parliament. 
I am, Sir, yours, &c., 
May 9, 1893. OBSERVER. 


To THE Epitor or ENGINEERING. 

Srr,—In reply to ‘‘X.J.V. K. Q.,” 1 beg to point out 
that the people using gas for working their boilers would 
not thank me for publishing their names, and so flooding 
their works with people whose only motive is curiosity ; 
but I shall be pleased to give the name to any one wish. 
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ing to see in good faith with a view to adopting the 
process, and who will send me a stamped and addressed 
envelope for reply. 

Another stipulation, however, I must make: Whoever 
goes over must take an anemometer and measure the 
supply of air, otherwise he will learn nothing as to the 
quantity of gas being used. The apparatus is imperfect, 
and a very large proportion of the gas now made is un- 
consumed. An engineer who measured the air told me 
he only made 140 ft. per minute. I should like this 
verified or altered by the tests uf others. If correct, it 
means that the boilers are working on gas from less than 
1 lb. of coal per indicated horse-power per hour ! 

Yours faithfully, 
T. NICHOLSON, 

Tudno Villa, Colwyn Bay, May 6, 1893. 


NORTHWICH BRIDGE. 
To THE Epiror or ENGINEERING. 

Sitr,—As the paragraph referring to the above bridge 
published on page 685 of your last week’s issue is calcu- 
lated to seriously mislead your readers, I shall be glad if 
you will kindly publish the following corrections in your 
next, 

In the first place, I was desirous that my name should 
not in any way have been made public in connection with 
the above, for I simply rendered professional assistance to 
Mr. J. A. Sauer, Assoc. M. Inst. C.E., the engineer to the 
Weaver Navigation, and the engineer for the bridge 
scheme now before Parliament. 

In the next place, the proposed bridge cannot in any 
way be compared with the bridge mentioned by Mr. 
Price as having been designed by him; they are certainly 
both water-borne, but it would be just as reasonable to 
compare the proposed Northwich bridges with Noah’s 
Ark, which was also water-borne, and has certainly the 
merit of greater antiquity than the Dublin bridge. 

The construction of the proposed Northwich bridge is 
unique, and has been designed to meet the abnormal con- 
dition of the site, the subsidences being most irregular in 
every way. Mr. Price’s bridge would not in any way 
meet this difficulty ; in fact, if the bridge were made 
similar to the Dublin bridge, in a very short time it would 
be either on its beam ends or at the bottom of the river. 

I am, dear Sir, yours faithfully, 
JOHN J. WEBSTER. 

39, Victoria-street, Westminster, S.W., 

May 16, 1893, 


COLUMBIAN EXPOSITION NOTES. 


THE first edition of the official catalogue was issued 
from the press in time for the opening ceremony. In 
getting out the catalogue in time for this, W. B. Conkey 
and Co., publishers, and Major Moses P. Handy, editor, 
are entitled to much credit. The first edition consists of 
200,000 volumes of 800 pages each. The first copy for the 
book was received March 23, and the last sheet of copy 
went to the printer Friday morning, April 28. To get 
out the book on time required the services of 150 com- 
positors and 800 bookbinders, all of whom have worked 
almost incessantly for two months. The catalogue will 
be on sale in each building, and will be sold for from 10 to 
30 cents per copy. The book in its entirety will be sold 
for 2.50 dols. per copy. In the first edition 50,000 reams 
of body paper and 9000 reams of cover paper were con- 
sumed. More than 16,000 tons of type have been used, 
and in the printing 40 cylinder presses have been kept 
busy. As the books are issued they will be stored in the 
Conkey warehouse at Jackson Park. An édition de luxe 
has also been issued for distribution among the distin- 
tinguished visitors at the Fair. One was given President 
Cleveland, and one to the Duke of Veragua. The others 
will be presented to the members of the Cabinet, members 
of Congress, and World’s Fair officials. 


The World’s Fair Steamship Company promises to 
afford transportation for 30,000 people daily. The fleet, 
when completed, will consist of 18 steamers, each with a 
capacity of 1000 passengers. The docks are situated at 
the foot of Van Buren-street, and are aecessible over the 
viaduct which has been built recently across the Illinois 
Central tracks. There will be no schedule time for the 
arrival and departure of steamers from this landing, it 
being the intention of the management to start the boats 
whenever there are enough people aboard to make a load. 
The fare for the round trip will be 25 cents. Passengers 
will be landed at the pier north-east of the Manufac- 
tures Building, and near the naval exhibit. A line of 
steamers will be run also from Evanston to the grounds, 
the boats leaving that suburb every 90 minutes from 
seven o'clock in the morning till late in the evening. The 
fare will be 75 cents for the round trip. There will also 
be steamers at the foot of Chicago-avenue and at the foot 
of Diversey-street, where sightseers may take passage 
direct to the grounds. Another line will be operated 
between the grounds and the mouth of the Chicago 
River. Small steamers will make regular trips to the 
Union dépét at the Adams-street bridge and to the 
Wells-street bridge. where the North-Western station is 
situated. At the Union dépét passengers who arrive on 
trains of the Milwaukee and Bt. Paul, Chicago and Alton, 
Pennsylvania and Fort Wayne Roads can take passage 
on the small steamers to the mouth of the river, where 
they will be transferred to the larger steamers at the 
Globe Docks. 


People who have lived in Chicago any length of time 
will experience no difficulty in finding means of transpor- 
tation to and from the Exposition. It is safe to say that 
a majority of the inhabitants have already visited the 
grounds at one time or another during the past two years 
Those who have made the trip need no adyice on the 
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subject of a choice of routes. But there are thousands of 
strangers in the city who know little about the railroad 
and street-car lines which lead to the grounds. For their 
benefit an outline of the best and shortest routes to the 
Fair from various parts of the city may not come amiss. 
At the outset it should be remembered that all street- 
car lines—the so-called cross-town lines excepted—lead to 
the down-town district. As Jackson Park is situated in 
the southern part of the city, on the lake shore, strangers 
who are living for the time being on the south side will 
have less difficulty to contend with than those of other 
divisions of the city. It has been suggested that every 
person should inform himself, first, as to the entrance at 
the grounds he wishes to reach. That will largely deter- 
mine what line of street cars or other route should be 
selected. The transportation companies are prepared 
to handle the millions who are expected to visit the Ex- 
position during the coming six months. The street-car 
companies have provided extra equipment, and two of 
the railroad companies are prepared to run special trains 
to and from the grounds. These are the Iilinois Central 
and the Northern Pacific, the latter road operating jointly 
with the Baltimore and Ohio. Then the South Side “L” 
will transport large numbers of people daily, and the 
World’s Fair Steamship Company will run a line of 
eighteen steamers to and from the grounds. 


Michigan has more space in the Mines and Mining 
Building than any other State in the Union. Even 
Pennsylvania falls short, though by onJy 38 ft. Over the 
entrance to the show is a vast archway, bvilt of Michigan 
sandstone from four different quarries, and set in it are 
shields of different Michigan ores and mineral products, 
There are some beautiful specimens of verde antique, 
white marble, conglomerate copper ore, &c. The space is 
in the exact centre of the building. Ths nearest neigh- 
bours are Missouri, Great Britain, and Germany. Inside 
the arch, or rather, under it, is a fountain from which 
will flow mineral waters from the State, and above itis a 
frieze, made of copper, showing brownies at work in 
the mines. It is a beautiful conception, and does 
credit to the architect, Mr. Charlton, of Marquette and 
Superior. The exhibit of minerals is one of the finest 
ever put together, and is taken in part from private 
collections. ‘There are specimens of copper of all sorts— 
rag copper, nail copper, block copper, and every other 
kind found. Then there is iron ore, some of the richest 
ever dug, gold found near Ishpeming, and the specimens 
chown would assay at least 10,000 dols to the ton. Then 
there is silver, marble of different kinds and colours, 
verde antique, serpentine, which is a finer grade of verde 
antique, whetstones from native nayaculite, graphite, fire- 
clay and common clay, fire sands, coal, amethyst, agate, 
and chlorastrolites. This is an exceedingly beautiful 
mineral. It is found only in Spain and on Isle Royal in 
Michigan. Ifit were not for the fact that it is not very 
durable it would be very valuable. Carnelian of all sorts 
of colours is shown, as well as red analcims, abophylites, 
preahnite, datholite, stilbite, dolomite, calcite, micaceous 
hematites, grape ores, kidney ores, epidotes, needle iron 
ore, amygdaloid, pipe ore, calcite crystals containing 
native copper, &c. 


The State of Michigan makes a fine display in the 
Forestry Department. The extensive pine lumber mills 
of Saginaw and Bay City, Muskegon, Alpena, Oscoda, 
Tawas, Cheboygan, Big Rapids, and all the other lumber 
cities will be represented by exhibits in the Forestry 
Building. Of late the pessimists have been saying that 
the pine woods of Michigan have been giving out, and 
there are no more ‘‘monarchs of the forest” there, as 
there used to be. A few glances in the Michigan divi- 
sion may do a great deal to refute this error. There 
are some big white pine logs from trees which would 
surely have furnished 10,000 ft. of lumber. All along the 
shores of Lake Michigan and of Lake Huron are sawmills 
that will turn out from 50,000 ft. to 250,000 ft. of pine 
lumber a day. But it is not only pine lumber that the 
State produces, though of course that wood is chief. In 
the southern part of the State the maple and beech grow 
in forests. A little farther north the forests are full of 
all the varieties of oak, elm, and other hard woods. In 
the southern part of the State the walnut and butternut 
grow, with the shag-bark hickories. The furniture fac- 
tories of Grand Rapids are the largest in the world, and 
a great part of the material used by them comes from the 
Michigan forests. In addition to the woods themselves, 
there will be exhibited the methods of making lumber, 
which the lumbermen of Michigan have perfected. Gang 
saws will be shown that eat up six logs at a time, making 
them into boards in lessthan a minute. The cant-hooks, 
pike poles, skids, and other tools will be there, and photo- 
graphs showing how lumber used to be hauled by teams 
on the snow paths of winter. One of these photographs 
shows a load of pine logs containing more than 30,000 ft. 
of lumber. The modern methods of lumbering by steam 
will also be shown. The lumber camp, a characteristic 
American institution, will also be a part of Michigan’s 
exhibit. The exhibit is in charge of Commissioner IL. M, 
Weston, of Grand Rapids. 


AIRE AND CALDER PotiuTIoN; ELLAND DRaAInaGE.— 
The Local Board of Elland have engaged Mr. Malcolm 
Paterson, M. Inst. C.E., of Bradford, to prepare a pre- 
liminary scheme for the drainage and sewage treatment 
of their town. Elland being a woollen manufacturing 
town on the River Calder, the scheme is to make pro- 
vision for both trade and domestic refuse, a thorough 
policy now becoming general in the West Riding, as 
the only practical means of remedying the evils of the 
universal pollution of the industrial rivers of that dis- 
trict, 
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WE illustrate above and on page 706 Campbell and 
Foster’s triple-effet evaporator for sugar manufacture, 
recently constructed by Messrs. Campbell and Calder- 
wood, of the Soho Engine Works, Paisley. The appa- 
ratus has a capacity of raising 55,000 gallons from 


10 deg. Beaumé to 27 deg. Beaumé in 24 hours. The 
special feature of the plant is illustrated by the accom- 
panying engravings, which give all the dimensions, 
&c., so that it is not necessary to enter into details. 
Tn the working of the apparatus the exhaust steam is 
_ led from the steam cylinder of the vacuum pumping 

engine into a steam recipient suspended under the 
Staging (Fig. 1). Attached to this receiver are two 
large steam valves with two branch pipes leading 
into the calandria of No. 1 vessel. The liquor in 
this vessel gives off vapour at a sufficiently high 
temperature to boil the liquor in the second vessel, 
and this vapour, passing from No. 1 vessel to 
No. 2 vessel, is conducted through a large-sized 
vertical vapour pipe having four branches in suitable 
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positions at the bottom, and having branch pipes | zontal pumping engine of the ordinary type, having 
leading into No. 2 vessel’s calandria. The splitting cylinders 18 in. and 24 in. in diameter respectively 
up of the vapour in the main pipe into four sections by 30 in. stroke. It is not, however, shown in our 
before entering No, 2 calandria, and the distribu-| engraving. 
tion of the heat in the manner shown on Figs. 3, 4, | 
and 5, is an important feature of this arrangement, | 
and has enabled the firm to obtain results from| STEAM CAPSTANS AND WINDLASSES. 

10 to 20 per cent. greater than by the previous) ALTHOUGH we are accustomed to look upon the 
arrangements. The whole heating surface in the United States as only engaging to a very limited extent 
/calandria is made very effective, and the circula-|in oversea carrying, it must be remembered that the 
tion of the liquor during concentration is very mate- coastwise trade is conducted entirely in native bottoms, 
rially improved. The vapour given off by the second | Hence the construction of vessels and their appliances 
vessel is conveyed into the calandria of the third is a large industry, both for salt and fresh water navi- 
vessel in the same manner as previously described for gation. We find evidence of this in the World's 
|No. 2 vessel, and the vapour given off by the third Columbian Exposition, where very numerous exhibits 
_vessel is conducted to the vacuum pump by a vertical show how many iudustries depend on shipbuilding. 
stand-pipe, as shown on Fig. 3. In this apparatus, | Among these there appears the very fine collection of 
which, as we have already indicated, has a capacity of |capstans and windlasses, which we illustrate on 
raising 55,000 gallons from 10 to 27 deg. Beaumé in 24 | page 702. These were constructed by the Bath Iron 
| hours, a sufficient vacuum is maintained by a hori- Works, Limited, Bath, Maine, and include several 
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types. Tigs. 1 to 4 show the Hyde steam brake wind- 
lass, available both for hand and power, the engines 
being placed below the deck. Figs. 5 to 7 illustrate a 
steam capstan windlass, the windlass being on the 
main deck, and the capstan on the upper deck. This 
also can be worked both by power and byhand. Figs. 
8 to 10 represent a steam dock capstan, the engine and 
capstan being on the same bedplate. Figs, 11 and 12 
show a steam capstan for shipboard, the engine being 
fixed to the underside of the deck. 

The general construction of all these machines will 
be understood if we describe one in detail. Figs. 5 to 
7 furnish a good example for the purpose. The wind- 
lass and engines are complete on one _ bedplate, 
making the entire machine self-contained. The 
windlass is driven by a pair of engines, comprising 
double cylinders of the piston-valve type, set at right 
angles to each other, and making angles of 45 deg. 
with the bedplate. Both act on a single crankshaft, 
on which are fitted the worms which drive, by means 
of worm gears, the horizuntal windlass and upright 
capstan shafts. The worm driving the wheel on the 
windlass shaft has a left-hand thread, and the one 
driving the capstan shaft a right-hand thread, so that 
the thrust from both worms comes on opposite sides 
of a thrust bearing, which forms at the same time a 
journal for the forward end of the engine shaft, and is 
part of the same casting that forms the centre bearing 
of the windlass shaft. Between the ends of the worms 
and the thrust bearing are placed alternately cast- 
iron and composition thrust rings which, with the 
ends of the worms, run in a bath of oil, the oil-boxes 
being part of the same casting as the thrust bearing. 
The worm gears are each composed of two pieces: a 
centre, which is keyed solidly to the shaft on which it 
is located, and a loose toothed rim engaging the worm, 
this rim being also fitted on its inner surface with 
ratchets which drive the centres by means of pawls 
held in position by springs. These pawls may be 
thrown out of contact with the ratchets on the rim 
when it is desired to reverse the windlass or use the 
double purchase. 

The windlass may be driven by hand from the deck 
above by a capstan, which is connected with the wind- 
lass by means of a coarse pitched quadruple-threaded 
worm on the upright capstan shaft, engaging with a 
worm gear on the windlass shaft. This worm gear is 
of the same kind as the main driving gears of the 
wiaodlass and capstan, the centre being keyed firmly to 
the windlass shaft, and driven from the loose rim by 
means of ratchets and pawls, asin other the cases. This 
arrangement does away with the necessity of disen- 
gaging gear for either steam or hand power, so that 
the windlass is always ready for use, either by hand or 
steam power, without changing any of the parts. 

In addition to the regular purchase (which is sufti- 
cient to raise both anchors at the same time under 
ordinary circumstances), the additional wormwheel on 
the windlass shaft (through which power is applied by 


hand) affords means for obtaining a double purchase 


for use in an emergency. This is done by throwing 
out the pawls in the main driving gear, and applying 
the power from the engine first to the upright or 
capstan shaft, and then to the windlass shaft through 
the coarse pitch worm and wheel through which the 
hand power is applied. 

The wild-cats, over which the cables run, are locked 
and unlocked by a positive screw locking device, 
which is so designed that the wild-cats may be easily 
unlocked, even with a heavy strain on the cables. 
The wild-cats are controlled when paying out chain 
by friction bands arranged with powerful brakes, the 
whole being of sufficient strength to ‘‘ride” by, so 
that when riding at anchor more cable may be paid 
out at a moment’s notice by simply slacking the brake. 

The capstan connected with the windlass is driven 
direct from the engine shaft by worm gearing in the 
manner commonly applied to independent steam 
capstans. It may also be used as a hand capstan, 
the capstan-head, when turned by the bars in one 
direction, giving quick speed, and in the opposite, a 
slowed speed inthe ratio of 1 to 3. The gears for the 
slower speed with hand power are placed in the base and 
lower part of the barrel, where there is room to make 
them of ample strength. 

The engine is located aft of the windlass shaft. 
Very little space is required, as the cylinders, being 
placed at right angles to each other and at an angle of 
45 deg. to the bedplate, are brought close together. 
Each cylinder, with its steam chest, slides, and main 
shaft bearing, is cast in one piece and is fastened to an 
A-frame which connects it to the bedplate. The 
cylinders and steam chests are lagged with cast iron, 
and the spaces between the casting and the lagging are 
filled with asbestos or mineral wool. The valve gear 
of both cylinders is driven from a single eccentric on 
the main shaft, placed aft of the aftermost bearing of 
the engine proper. Just forward of the engine on the 
main shaft is keyed a heavy balance wheel, which 
insures the smooth running of the engine. A 
reversing valve is placed on the bedplate between 
the feet of the A-frame, within reach of both levers 
which control the friction bands of the wild-cats. 


This reverse is connected separately with the steam 
and exhaust openings of each cylinder, the main 
steam and exhaust pipes coming up through the deck 
and bedplate into openings in the bottom of the 
reverse valve. The valve, which is of the balanced 
piston type, is easily moved by the lever when re- 
versing the engine. The parts areso arranged that by 
placing the lever in the central position, the engine 
may be stopped instantly. All bearings in engine, 
windlass, or capstan are either of ‘‘ phosphor bronze ” 
or ‘‘magnolia metal,” and are provided with ample 
oiling facilities. 

It is unnecessary to describe the other machines in 
much detail. In the steam brake windlass (Figs. 1 to 
4) the diagonal engines are laid on their sides, and the 
crankshaft is vertical. There is no capstan. The re- 
maining figures relate to capstans only, one being for 
dock purposes, and the other (Figs. 11 and 12) for 
erection on deck with the engine bolted to the under- 
side of the deck. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday there was only a 
thin attendance on ’Change, and little business was trans- 
acted, but the tone of the market was more satisfactory 
than was generally anticipated, the continued heavy ship- 
ments having had as much as anything to do with the 
maintaining of quotations. No. 3 Cleveland pig iron 
was reported rather scarce, and it was difficult to procure 
it under 34s. for prompt f.o.b. delivery, and some makers 
asked a rather higher figure for the ruling quality. A 
few small lots, however, were said to have been dis- 
posed of at 38s. 103d.. and some buyers endeavoured 
to do business at 33s. 9d. No. 4 foundry was quoted 
33s., grey forge 32s. 6d., and white 32s., all for prompt 
f.o.b. delivery. Prices for local hematite pig iron were a 
shade easier. Some firms held out for 42s. 9d. for mixed 
numbers, but business was done at 42s. 6d., and buyers 
would not give more than the latter figure. Middles- 
brough warrants opened at 33s. 8d., and closed a trifle 
easier at 333. 7d. cash buyers. To-day’s market was very 
quiet, but several people on ’Change took a more hopeful 
view of the trade than they have recently done. Hardly 
anybody, however, cared about doing business. uota- 
tions were practically the same as those of the previous 
day. Middlesbrough warrants altered a little, and after 
touching 33s. 84d., closed 33s. 8d. cash buyers, with sellers 
at 33s. 9d. 


Manufactured Iron and Steel.—Those interested in the 
manufactured iron and steel trades still complain of the 
difficulty they experience in obtaining orders, in spite of 
the low quotations. Most of the steelmaking establish- 
ments manage to keep going pretty well, but several of 
the finished iron works are very slack. Common iron 
bars are quoted 41. 17s. 6d.; best bars, 5/. 7s. 6d.; iron 
ship-plates, 4/. 12s. 61, ; iron ship-angles, 47. 11s. 9d. ; 
steel ship-plates, 47. 17s. 6d.; and steel ship-angles, 
41. 12s. 6d.—all less the customary 24 per cent. discount 
for cash. For heavy sections of steel rails 37. 15s. net at 
works is still asked, and makers are firm at that price. 


Wages in the Wear Shipyards.—Yesterday a meeting 
of the master shipbuilders on the Wear was held at 
Sunderland for the purpose of considering the notices 
recently issued to certain sections of the men en- 
gaged in the various yards on the river for a reduction 
in wages of 1s. 6d. per week. The representatives of the 
men were in attendance. The shipwrights offered to 
accept 1s. per week reduction, to come into operation on 
June 1. After some discnssion, the men’s terms were 
accepted by theshipbuilders. The notices to the painters 
and engine fitters employed in the shipyards were 
extended for a fortnight, to enable the parties concerned 
to come to an agreement. To the labourers (including 
helpers) the following terms were offered: No reduction 
in wages below 20s. 6d. ; reduction in wages from 21s. to 
253., dating from June 1. These terms will be considered 
by the Labourers’ Society, and for this purpose the notices 
were further extended. With regard to the blacksmiths, 
the following terms were agreed to: A reduction of 1s. in 
time, and 5 per cent. in piece wages, dating from June 1. 


The Fuel Trade.—So far as best Northumbrian steam 
coal is concerned the demand continues good, and at 
Newcastle the quotation is 8s. 6d, to 8s. 9d. f.o.b. Second 
qualities are from 6d. to 9d. per ton lower, and small 
steam varies from 3s. 6d. to 3s. 9d. Bunker coal is 
depressed at about 6s. per ton. Gas coal is unaltered ; 
coke is fairly steady. Here about 12s. is the general 
figurementioned for good blast furnace qualities delivered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Great Strike at Wharneliffe Silkstone.—A very unfortu- 
nate dispute has arisen at these collieries. One thousand 
miners are on strike, and they will probably be joined by 
six hundred more. About three weeks ago the proprietors 
asked for a reduction of 1d. per yard in the price paid for 
coal-cutting by machinery, making it 3d. instead of 4d. 
The company also offered the option of 14s. per day per 
set of twomen. The colliers have decided to remain on 
strike unless an ‘‘ amicable settlement” is arrived at, and 
unless this is done six hundred more men in the employ- 
ment of the company will be “‘out” in fourteen days’ 
time. 


_ Meeting of Colliery Managers.—At a meeting of col- 
liery managers, held in the Stephenson Memorial Hall, 


Chesterfield, on Saturday, a paper entitled ‘‘ Tests with 
various Types of Fans,” was read. It had been pre- 
pared by Mr. J. Humble, of Markham Colliery, and Mr, 
J. P. Houfton, of Bolsover Colliery. They desired to 
show what various types of fans were capable of doing 
when in actual work, and the tests had been taken with 
the greatest care, so as to render them reliable. After 
their investigations they were unable to say that any 
one fan was the best type. The general result 
went to show that in the building of a fan it was 
absolutely necessary to take into consideration the kind 
of mine and the size of airways to which it might 
have to be built, and that every fan should be specially 
designed for the work it had to perform. ‘he 
greatest care should be exercised in the choice of the fan 
and engine, and also in the selection of site in relation to 
its connection with the upcast shaft. Angles, corners, 
and bends should be avoided as much as possible ; the 
drift from the upcast pit top to the fan should rise towards 
the fan; and the floor, sides, and roofs of the fan drift 
should be made smooth. The shaft friction was practi- 
cally reduced to nzd when ample shaft room was provided. 
A discussion on safety lamps was introduced, and the 
following resolution was adopted: ‘‘ This meeting, being 
conscious of the danger arising from the improper use of 
petroleum in mines, suggests that the notice of lamp- 
makers be called to the scarcity of a lamp suitable to burn 
colza or other safe illuminant for giving an equal light to 
a duplex burner, and that they (the lampmakers) be in- 
vited to submit lamps for inspection.” 


Mr. E. Cowey on the Depression.—The President of the 
Yorkshire Miners’ Association, in the course of an address 
at Flockton on Saturday, referred to the depressed state 
of trade, which he said was seriously affecting all mining 
districts. They were told by many that the present rate 
of wages was the cause of the depression, but was it so? 
In Wales, even with the reduction to which they had had 
to submit, there were 16,000 men unemployed; their 
friends in Durham had 14,000 men out of employment, 
and were only working four or five days a fortnight, 
though they only retained 15 out of the 40 per cent. 
advance ; in Scotland the men had suffered a 40 per cent, 
reduction, and yet were only working 23 days a week, so 
that it did not look as if higher rates of wages made trade 
slack and lower wages made trade brisk. He was pleased 
to hear from a colliery owner that the Yorkshire colliery 
proprietors had declined, at a meeting, to go in for re- 
duced wages. 


The Heavy Trades.—The iron market remains very 
dull, and there is no speculation, forge pig fetching from 
40s. per ton, and foundry 42s. There is a plentiful supply 
of hematite, suitable for the local steel industries. In 
manufactured irons bar is principally asked for, but the 
sheet trade is very stagnant. The countermanding of 
heavy Australian orders is a serious blow to the trade, 
For railway material the call is upheld on home, Indian, 
and South African requirements. Crucible cast-steel 
converters are doing good business in tool sections on an 
all-round demand from the principal mining countries of 
the world. At the armour-plate and ordnance manufac- 
tories orders are still scarce. The coal trade is depressed, 
but no further reductions in prices are anticipated at 
present. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. | 
Glasgow Pig-Iron Market.—There was very little busi- 
ness done in the warrant market last Thursday. Scotch 
and hematite iron were firm, but Cleveland lost the pre- 
vious day’s gain of ld. per ton. The settlement prices at 
the close were—Scotch iron, 40s. 6d. per ton; Cleveland, 
30s. 74d. ; hematite iron, 42s. 6d. per ton. A moderate 
amount of business was done in the pig-iron warrant 
market on Friday. Scotch iron was very weak, and 
declined in price 14d. perton. Cleveland was firm in the 
forenoon, but gave way in the afternoon, buyers being 3d. 
per tonlower. In Cumberland hematite iron no business 
was reported, but buyers raised their price 4d., while 
sellers asked 1d. per ton of advance. The closing settle- 
ment prices were—Scotch iron, 40s. 44d. per ton; Cleve- 
land, 33s. 74d. ; Cumberland and Middlesbrough hema- 
tite iron, respectively, 44s. 9d, and 42s. 6d. per ton. 
Monday’s forenoon market only called forth a quiet 
business. In Scotch iron about 5000 tons changed 
hands, some at 40s. 4d. and 40s. 44d. per ton cash, 
and the rest on option terms. One lot of 500 tons of 
Cleveland was dealt in at 33s. 8d. cash, and 1000 tons of 
Cumberland hematite iron at 44s. 74d. cash. _ Prices were 
the turn easier, Scotch and Cleveland each showing a drop 
of 3d. per ton from Friday’s quotations, and Cumberland 
hematite iron 3d. per ton. Middlesbrough hematite was 
not dealt in. In the afternoon the market was flat. About 
4000 tons of Scotch iron were sold at 40s. 43d. to 40s. 33d. 
cash per ton. On forward account 1000 tons of Scotch 
were sold at 40s, 11d. three months fixed, and one lob 
of Cleveland was done at 33s. 8d. cash. It was reported 
that Scotch warrant iron had been dealt in that day in 
London at 40s. 3d. cash per ton. A slightly firmer feel- 
ing was evident at the opening of the market on Tuesday, 
and prices recovered slightly, but the announcement of 
the stoppage of still another Australian bank—the City 
of Melbourne, holding a large amount of Scotch money— 
caused a reaction, and more than the early recovery was 
lost. Scotch pig iron, after recovering $d. of Monday’s 
decline, closed with a further loss of 3d. per ton. Clevelan 
iron, after making a small recovery, weakened, and closed 
3d. downontheday. Hematite iron was held firm, but no 
business was done. The closing settlement prices were— 
Scotch iron, 40s. 3d. per ton; Cleveland, 338. 74d.5 
Cumberland and Middlesbrough hematite iron, 44s. 9d. 
and 42s. 44d. per ton respectively. The market was 
quiet this morning, but steady in tone, Only a few 
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thousand tons changed hands. Scotch iron rose in price 
1d. and Cleveland 1id. per ton. About 5000 tons were 
dealt in. The market was more active in the afternoon, 
when about 10,000 tons changed hands. The price relapsed 
14d. per ton, leaving off sellers at 40s. 23d. cash, or 4d. 
down on the day. At the close the settlement prices 
were—Scotch iron, 40s. 14d. per ton; Cleveland, 33s. 9d. ; 
Cumberland and Middlesbrough hematite iron, 44s. 9d. 
and 42s. 44d. per ton respectively. The following are the 
notations for some special brands of makers’ No. 1 iron : 
Ee icherric and Calder, 47s. 6d. per ton; Summerlee, 
49s. 6d. ; Coltness, 53s. ; Langloan, 53s. 6d.—the foregoing 
all shipped at Glasgow; Glengarnock (shipped at 
Ardrossan), 49s. 6d.; Shotts (shipped at Leith), 
Carron (shipped at Grangemouth), 52s. 6d. per ton. 
There are still 71 blast furnaces in active operation, as 
compared with 77 at this time last year. Only two of 
them are making basic iron, 20 are working on hematite 
ore, and the remainder are making ordinary iron. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 5975 tons, against 6888 tons in the corre- 
sponding week of last year. They included 430 tons for 
the United States, 290 tons for Canada, 220 tons for 
India, 450 tons for Australia, 430 tons for Germany, 
442 tons for Russia, 140 tons for Holland, 250 tons 
for China and Japan, smaller quantities for other 
countries, and 3143 tons coastwise. The stock of 
pig iron in Messrs. Connal and OCo.’s public warrant 
stores stood at 339,012 tons yesterday afternoon, against 
339.669 tons yesterday week, thus showing for the past 
week a reduction amounting to 657 tons. 


Finished Iron and Steel Trades.--Makers of bar iron 
report a somewhat improved inquiry in the export depart- 
ment, and the prices are steady for marked bars at from 
5l. up to 5/. 17s. 64, per ton. India is buying considerable 
quantities of unbranded iron at prices ranging from about 
4]. 7s. 6d. to 41. 10s. per ton net. The inquiry for steel 
has also been more encouraging within the past week or so. 
Steel sheets are reported to be in good request at about 
former prices, and there is a larger call for ship-plates, 
which are quoted at about 47. 17s. 6d. per ton net. It is 
reported that there are now good orders on hand for 
Mossend Steel Works, which are now open after standing 
idle for the past four or five months. Provost Colville, of 
Dalzell Steel Works, Motherwell, has returned home from 
America, with, it is said, some very large orders in his 
pocket. 


Scotch Coal Trade.—For several months past there has 
been a sad falling off in the coal trade of Scotland, the 
demand for shipment having suffered in an extraordinary 
degree; indeed, up till last Saturday the shipments for the 
year were upwards of 220,000 tons less than those for the 
corresponding period of last year. The decline in demand 
for coal is so marked that at a meeting of the coal and 
iron masters of the West of Scotland, held in Glasgow 
to-day, it was unanimously resolved to reduce miners’ 
wages to the extent of 6d. per day, beginning next 
Monday. This reduction is to affect Ayrshire as well as 
Lanarkshire. A meeting of delegates representing the 
mining districts of the last-named is to be convened 
forthwith in order to consider the situation and resolve 
accordingly, 


Contract for Leith West Dock.—The Leith Dock Com- 
missioners, out of nine tenders sent in, have accepted that 
of Messrs. Kinnear, Moodie, and Co., Edinburgh and 
Dundee, for the extensive dock works which have been 
resolved upon. These include the reclamation embank- 
ment for the foreshore, a wet dock 1100 ft. long. by 
450 ft. wide, and an entrance lock 350 ft. long by 65 ft. 
wide. It may be mentioned that the estimate of the 
engineer for the execution of the whole of the extension 
works now to be carried out was about half a million 
pounds sterling. Messrs. Kinnear, Moodie, and Co. are 
allowed five years for the execution of the works. Within 
the past few years the firm named have carried through 
some very important contracts in Scotland, three of them 
being railway stations. 


Edinburgh Association of Science and Arts.—By the 
kind permission of the Lothian Coal Company, Limited, 
the members of this Association on Saturday visited the 
Newbattle collieries. Over 160 members and their 
friends, including a number of ladies, were present, and 
all descended the pits. The new pit at present being 

sunk called for special attention, and it certainly de- 
served the interest which the large company of visitors 
took in it. There is to be seen here the largest winding 
engine in Scotland, the winding speed of which is 
50 ft. per second, and 30 turns of the enormous drum 
; bring twelve boxes—6 tons—of coal to the surface every 
minute from a depth of 300 fathoms. The pit frame of 
| steel is 80 ft. high, and there are eight doubled-flued 
Lancashire boilers 30 ft. long by 8 ft. in diameter. They 
areall mechanically stoked, and the draught arrangenent 
_ 18 so perfect that they consume nothing but the ‘‘coom,” 
__ or finest dross, of the pit as fuel, while a steam pressure of 
' 80 1b. to 1001b. is easily maintained. The new shaft is now 
sunk 180 fathoms, and it has yet to go down 120 fathoms. 
It is circular in shape, and 20 ft. in diameter. There is a 
steel walling scaffold used in its construction, on which 
| the bricklayers work, and about 30 fathoms below them are 
thesinkers. This scaffold is so perfectly fitted and arranged 
that there is not the slighest chance of anything from the 
bricklayers falling on the sinkers. The operations of 
sinking and walling thus go on simultaneously, great 
speed being the result. The Lingerwood and Hast Bryan 
pits were also visited, and most of the members, along 
with their lady friends, went down the ‘‘dook” and pro- 
ceeded forward to the working face at a depth of 300 
fathoms. Here were shown the compound air compress- 
ing machinery, the triple-expansion pumping engine, 
which pumps 800 gallons per minute, and the electric 
pumping plant, pumping 50 gallons per minute. 
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MISCELLANEA. 


Tur President of the Board of Trade has appointed Sir 
Conrtenay E. Boyle, K.C.B., to be permanent secretary 
to the Board of Trade, in place of Sir Henry G. Calcraft, 
K.C.B., resigned. 


About 52,000 magazine rifles have now been issued to 
the troopsin India, another 20,000 being kept in reserve. 
It is noted, by the way, that the cost of ammunition for 
the new arm is close upon double that of the old. 


The London and North-Western and Caledonian Rail- 
way Companies announce that, commencing in July next, 
new corridor trains, with dining cars attached, both for 
first and third class passengers, will be run by the west 
coast route between Kngland and Scotland. 


At the ordinary monthly meeting of the London Asgso- 
ciation of Foremen Kngineers and Draughtsmen, held in 
the Cannon-street Hotel, on Saturday, May 6, Mr. John 
E. Reid, Past-President, read a paper on ‘‘Commerctal 
Colour Printing,” which was followed by a discussion. 


In an article dealing with the leaky tube question in 
the Engineering and Railroad Journal, it is stated that 
American locomotive superintendents find difficulty in 
keeping iron tubes tight in the tubeplates unless copper 
ferrules are interposed between the tube and the hole. 


At the meeting of the Birmingham Association of 
Mechanical Engineers, held on Saturday, May 6, a paper 
on ‘*‘ The Construction of Weighing Machines ” was read 
by Mr. G. W. Davies, of the firm of Messrs. W. and T. 
Avery and Co., Birmingham. The reading of the paper 
was followed by a discussion. 


A Note has been received by the Department of Science 
and Art, through the Foreign Office, from the Austro- 
Hungarian Ambassador at the Court of St. James’s, 
announcing that a National Exhibition will be held at 
Budapest in 1896, commemorating the thousandth anni- 
versary of the foundation of Hungary. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week. ending 
May 7 amounted, on 16,456 miles, to 1,356,678/., and 
for the corresponding period of 1892, on 16,383} miles, to 
1,355,049/., an increase of 72? miles, or 0.4 per cent., and 
an increase of 1629/., or 0.1 per cent. 


At the last ordinary meeting of the Leeds Association 
of Engineers, held in the Lecture Room, 5, Park-lane, 
Mr. J. H. Wells, A.M. Inst. C.Ii., read a paper on ‘* The 
Mechanical Efficiency of Prime Movers,” in which were 
collected together the results of many experiments on 
this bead. A discussion followed the reading of the 
paper. 

A local committee has been appointed to bring about 
the erection of a public bridge across the River Wans- 
beck at Stakeford, near Morpeth. The committee have 
instructed Mr. D. Balfour, M. Inst. C.E., Newcastle- 
on-Tyne, to prepare a suitable design to submit to the 
County Council of Northumberland, to ascertain what 
aid they will give to this great public improvement. 


Electric traction is to be adopted on the underground 
railway at Baltimore. The trains to be hauled are very 
heavy, as it was originally intended to work theline with 
steam locomotives, but to secure more efficient ventilation 
it has been decided to adopt electricity as stated. The 
electric locomotives weigh 90 tons each, and are carried 
on twelve wheels. The current is taken from overhead 
conductors by trolleys of the usual type. 


The Grusonwerk of Magdeburg-Buckau notify that, in 
accordance with a contract made in December last be- 
tween themselves and the firm of Fried. Krupp, of 
Essen, the Grusonwerk has been bought up by the firm 
of Krupp, with all its assets and liabilities, and the 
works will be carried on in future under the firm of Fried. 
Krupp Grusonwerk, of Magdeburg-Buckau. The agent 
for the works in England remains Mr. W. Stamm, of 
39, Victoria-street, London, S.W. 


The annual general meeting of the Hull and District 
Institute of Engineers and Naval Architects was held at 
the Institute Rooms, Bond-street, on Monday, the 8th 
inst., when Mr. John Spear was re-elected president, 
and Mr. George H. Strong secretary for the ensuing 
session, We understand that an invitation has been 
received from the Leeds Forge Company, Limited, for 
the members of this institution to visit their works 
during the summer, in conjunction with the members of 
the North-East Coast Institution of Engineers, who have 
also been invited. 


In reply to a letter from the London County Council 
on the subject of technical education, the Clerk to the 
Ironmongers’ Company writes: ‘‘I am directed by my 
Court to request you to express to the Council their regret 
that, however willing they may be to further the object 
the Council have in view, as shown by the fact that from 
the outset the company have annually subscribed to the 
City and Guilds of London Institute for the Advancement 
of Technical Education such sums as their available in- 
come permitted, they are not in a position to contribute 
towards the expenses of the Technical Education Board 
which the Council has decided to appoint.”’ 


From a report recently issued, it appears that during 
the past year for the whole of the United Kingdom the 
number of mines of all kinds at work was 4257, the 
number of persons employed was 721,808, and the total 
amount of mineral of every description raised was 
195,880,580 tons. The total number of fatal accidents 
during the year was 862, and the number of deaths result- 
ing therefrom 1034, being a decrease of 99 in the number 
of fatal accidents, but an increase of four in the number 
of lives lost, compared with the preceding year. There 


was one death for every 679 persons employed, as com- 
pared with one in 668 for the year 1891. The deaths in 
coal mines were 982, being 97 fewer than in the preceding 
year. 


In smelting tin, the Chinese, according to a United 
States Consular report, use a very ingenious kind of 
bellows. The trunk of a tree, 18 in. in diameter, about 
10 ft. long, is carefully hollowed out and closed at either 
end. A long pole, with a circular piece of wood fitting the 
bore of the tube thus formed, acts as a piston, and to 
make it airtight it is packed with feathers. Valves are 
placed at each end to allow the air to enter, and in the 
centre the nozzle of the bellows communicates with the 
furnace by means of a small air passage. On the piston 
being drawn out, the air in the higher portion of the tube 
is forced down the nozzle, and being drawn back, the air 
in the other part of the tube is similarly driven into the 
furnace. 


Sir P. Cunliffe Owen, K.C.B., who has been for some 
time in bad health, retires shortly (under the age clause 
of the Order in Council of August, 1890) from the 
directorship of the South Kensington Museum, which he 
has held since 1873. We understand that it has been 
decided to separate the direction of the science branch of 
the museum from that of the art branch. Major- 
General Festing, who has been for a number of years one 
of the assistant directors of the South Kensington 
Museum, will, on Sir P. Cunliffe Owen’s retirement, 
become the director of the science collections. The post 
of director of the Art Museum has been offered to Mr. 
J. H. Middleton, Slade Professor of Fine Art and 
director of the Fitzwilliam Museum at Cambridge, and 
has been accepted by him. 


In the House of Commons, on Tuesday, Mr. Mundella 
moved, ‘* That a Select Committee be appointed to inquire 
into the manner in which the railway companies have 
exercised the powers conferred upon them by the Railway 
Rates and Charges Order Confirmation Acts, 1891 and 1892, 
and to consider whether it is desirable to adopt any other 
than the existing means of settling differences arising 
between the companies and the public with respect to the 
rates and conditions of charge for the conveyance of 
goods, and to report what means they recommend ; that 
the Committee do consist of nineteen members; that 
Sir Michael Hicks-Beach, Mr. Burnie, Mr. John Ellis, 
Mr. Field, Sir Julian Goldsmid, Mr. Hanbury, Mr. 
Hickman, Mr. Hunter, Mr. Jacks, Mr. Jackson, Mr. 
Patrick M‘Hughb, Mr. Mitford, Mr. Mount, Sir Joseph 
Pease, Mr. David Plunkett, Sir Albert Rollit, Sir Bern- 
hard Samuelson, Mr. Shaw Lefevre, and Sir James 
Whitehead be members of the Committee ; that the Com- 
mittee have power to send for persons, papers, and re- 
cords ; that five be the quorum, 


The arrangements for the protection of the Imperial 
Institute from fire are of an elaborate character, and 
have been carried out entirely by Messrs. Shand, Mason, 
and Co., of Blackfriars, London. A special steam fire 
engine of a very powerful character, and capable of rais- 
ing steam to full working pressure from cold water in 
four minutes, has been constructed by the firm and 
stationed in the building. This engine will not only 
pump direct upon a fire if required, but it will also be 
used to fill fire tanks, erected at a height of 130 ft. from 
the ground, and containing 25,000 gallons of water. The 
fire mains, with 80 hydrants, erected throughout the 
building by Shand, Mason, and Co., are fed either by 
these tanks or by the water company’s street mains, an 
automatic street valve being provided, by means of 
which the greater of the two pressures comes into service, 
The steam fire engine is also coupled to the fire mains, 
and forms a third source of supply. Most of the hydrants 
are contained in neat recesses in the marble walls, and 
are each provided with a new and expeditious method of 
running out the hose. 


Discovery OF Drrp-SrateD WATER UNDER THE Lon- 
pon Basin.—The lower greensand formation has just 
been found at the depth of 1234 ft. from the surface in an 
artesian boring at New Lodge, Windsor Forest, being 
made by Messrs. Le Grand and Sutcliff, hydraulic engi- 
neers, of Bunhill-row, London. The chalk was struck at 
214 ft., and found to be 725 ft. thick, beneath which there 
was 31 ft. of upper greensand, followed by 264 ft. of gault. 
Hitherto all attempts to find the water-bearing lower 
greensand under the London Basin, which in Kent and 
Surrey varies from 200 ft. to 300 ft. thick, have met with 
no success, but in the present case a problem of great 
interest has been solved, for after penetrating only 9 ft. 
into it—viz.,, at a total depth of 1243 ft., a strong spring 
has been tapped, and has risen to over 7 ft. above the 
surface, though the site of the boring is 203 ft. above the 
sea-level. 


CaTaLocuEs.—The Electric Construction Corporation, 
Limited, Wolverhampton, have just issued a finely 
illustrated description of the Liverpool Overhead Rail- 
way, for which they were contractors for the electrical 
work.—Messrs. F. W. Reynolds and Co, of the Acorn 
Works, /idward-street, London, 8. E., have sent us a copy 
of their very complete catalogue of wood-working machi- 
nery. In this catalogue a very large variety of wood- 
working tools is illustrated and fully priced.—Messrs, 
Richard Moreland and Sons, of 3, Old-street, London, 
E.C., have issued a new catalogue of constructural iron- 
work, in which are illustrated and described many dif- 
ferent forms of roof erected in various localities, and 
tables are also given of a large number of I-beams and 
built girders supplied by this firm.—Mr. A. P. Lunder- 
berg, of Bradbury-street, Kingsland, London, N., has 
sent us an illustrated pamphlet describing his *‘ Unique” 
electric switch, 
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TRIPLE EFFET EVAPORATOR FOR SUGAR MANUFAC 
CONSTRUCTED BY MESSRS. CAMPBELL AND CALDERWOOD, ENGINEERS, PAISLEY, N.B. 
(For Description, see Page 703.) 
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LABOUR QUESTIONS IN CANADA 
AND NEWFOUNDLAND. 


Tur Royal Commission on Labour having col- 
lected a large amount of information relating to 
industry, and the general conditions of the labour- 
ing population in foreign countries, and in the 
British Colonies and possessions, the Secretary to 
the Commission has arranged such information for 
the use of the Commissioners, and the reports 
thereon have been issued to the public. The 
present article relates to the Dominion of Canada 
and Newfoundland, as no adequate idea could be 
formed of the several subjects dealt with, if an 
attempt were made to include all the reports, 
covering a volume of 256 pages, in one article. 
The existence of such unfriendly relations between 
employers and employed as are manifest in the 
Dominion, is attributed to the rapid growth of the 
factory system under the protective tariff of 1879. 
It is said that no obligations appear to exist between 
the two except the mere payment of wages for work 
done. The men complain that employers tyrannise 
over them, and black-list them if they even give evi- 
dence before a Royal Commission. The employers 
generally deny this, and even assert that the rela- 
tions usually are most harmonious. Butthe report 
states that the employed are more favourable to 
arbitration than employers, although there is an 
increasing willingness on both sides to resort to 
conciliation in the event of disputes. 

Employers’ associations in Canada are of a two- 
fold character : those whose object is to protect 
the members from the aggressions of labour organi- 
sations, and those whose object is to keep up prices 
and restrict competition. The latter are called 
“trusts” or ‘‘rings.” The laws of Canada provide 
for the punishment of undue exactions in prices, 
or undue compulsion by trusts, rings, or associa- 
tions, but the term ‘‘ undue” is liberally construed 
by the courts of law. However, it is said that by 
the operation of these rings prices have not been 
exorbitantly raised. 

There are numerous labour organisations in the 
Dominion of Canada, and the majority of employers 
do not seem to be hostile to them, although in 
some instances workmen are obliged to sign ‘‘ docu- 
ments” pledging them not to belong to a trade 
union. Trade unions are, however, legalised in the 


Dominion, and the Royal Commission on Labour 
in 1889 declared that any attempt, by contract, to 
interfere with this lawful right ought to be declared 
void and of no effect by law. In addition to the 
trade unions, properly so called, the Order of the 
Knights of Labour, of the United States, has many 
adherents in Canada, and several district assemblies. 
The ‘‘Grangers,” or Patrons of Husbandry, also of 
the United States, have a foothold in the Dominion, 
and there are several branches of English trade 
unions in full force there, and also of the American 
Brotherhood of Carpenters. The Ironmoulders’ 
Society is a large and well-organised union, and the 
building trades and shipping trades are powerful 
organisations, while the Typographical Society is 
most influential. There are also some women’s 
societies, mostly in connection with the Knights of 
Labour. 

The employers appear to be more hostile to the 
Knights of Labour than to the ordinary trade union. 
The reasons for this hostility are obvious. The ordi- 
nary trade union is open in its organisation and 
methods, whereas the Knights of Labour form more 
or lessa secret society. In the former case the action 
taken is public, by the vote of the men; in the 
latter case the action is dictated by the officials, 
and often the command to strike is sudden and 
often unexpected, and the men dare not refuse 
to obey. But the evidence seems to show that all 
classes of workmen seek to substitute the more 
peaceful methods of conciliation and arbitration for 
the strikes of former years, and that employers are 
more favourable to those methods than they were. 
The Royal Commission comments favourably on 
this disposition of both parties to approach each 
other, and to settle their differences without strikes 
or lock-outs. 

Most of the labour unions in Canada provide 
provident benefits for their members, but, unlike 
the English unions, they seem to be very unwilling 
to make public the conditions under which the pro- 
vident benefits are paid. It is the glory of English 
unions to make known in detail the objects of and 
the payments from the provident funds, and it is 
curious to find an element of secrecy in the Cana- 
dian unions on this point. The sick pay of some 
of the unions ranges from 3 dols. to 4 dols. per week ; 
the funeral allowance from 25 dols. on death of the 
wife of a member to 50 dols. on death of the member. 
One union, the Ironmoulders, gives 300 dols. on 
death of member, as a kind of death insurance for 
the family. As regards provident benefits the 
Canadian unions appear to be behind the English 
unions, and the secret policy would seem to imply 
that the main objects of the unions are not of a 
provident character, but rather of a trade character 
—that is, that strikes, and alterations in wages 
and hours, are the primary objects. The 
unions promote temperance and thrift, and the 
Royal Commission, of 1889 commended them for 
the good already accomplished, and expressed the 
opinion that they ought to be encouraged by all 
legitimate means. The Commission also reported 
that the existence of the unions raised the rates of 
wages, and maintained those higher rates through- 
out the year. 

It appears that strikes have been infrequent in 
Canada, and those that have occurred have been 
wages disputes. Of the seven strikes in 1888, five 
were for an advance of wages ; and out of thirteen 
in 1889, eight were of the same character. Out of 
the twenty-six strikes referred to in the report of 
the Royal Commission, fifteen had reference to 
wages directly, and some others indirectly. It 
appears that weekly payment of wages is not so 
general in the Dominion as the men desire ; the 
pay-days are less frequent than in England, and 
the men resent the keeping of back wages as a 
means of securing working capital at the expense 
of the workers. The back pay ranges from two days 
to a fortnight, and even longer. 

There is no legislation against truck in the 
Dominion of Canada, but it appears that the 
general system is to pay wages in cash. But the 
truck or store system is not infrequent, and it 
operates where the payments are deferred. In a 
case quoted it seems that the wages are paid by 
cheques, or scrip, but the paper is only conver- 
tible at the company’s stores, and the prices 
charged are above the market rates, so that on 
settling days the balance is often against the men, 
instead of being in their favour. Fines, though 
not general in Canada, are imposed in the factories, 
and mainly where women and children are em- 
ployed, so that the weakest and the poorest are 
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distressed by deductions. But in some branches of 
industry fines are common amongst the men, as, for 
example, on the railways, incigar factories, in mines, 
and some others. In some other matters affecting 
wages, the Canadians are behind the English in the 
matter of legislation. 

The normal working day for mechanics and 
artisans consists of ten hours, as a general rule, 
though in some places only nine hours are worked. 
As regards the shorter day for Saturdays, the 
workmen of Canada are behind the English work- 
mien, and even where the shorter day is recognised, 
it isnot on the principle of a Saturday half-holiday, 
but a reduction of one or a couple of hours or so. 
In some factories the women and children work 
long hours, from 6.30 a.m. till 7.30 p.m., with a 
short interval at noon. In some cases the work 
continues later than 7.30, but with no interval for 
food or rest. The clerks seem to be worse off than 
the mechanics, for they work from 5.30 a.m. till 
10 or ll p.m. Dressmakers also work long hours, 
from 8 a.m, till nearly midnight at the busy seasons 
of the year. Overtime is often resorted to, and 
not unfrequently the factories work all night, the 
doors being locked, so that none of the workers 
can leave the building. Some cases of very long 
hours are quoted. Strikes for a reduction of 
working hours have taken place, but they have 
not been very successful. Work is often very 
irregular, but in the busy seasons there are no 
regular or gencral holidays, such as we have in 
England. 

There have been some rather serious strikes in 
Canada on the question of union versus non-union 
labour. The initiative in several instances was 
taken by the employers, the demand being that the 
men should leave the unions at a specified date, or 
their places would be supplied with ‘‘ free labour.” 
In one case the employers failed ; in another case, 
on the Toronto Street Railways, the Street Railway 
Company supplied the places of 275 conductors and 
drivers. This was against the Knights of Labour. 
In five cases the men struck against non-union 
men; in one instance there was a riot between 
union and non-union sailors. In another case, 
that of the carpenters, the men withdrew their 
demand that only union labour should be em- 
ployed. One very curious strike occurred. The 
Quebec Ship Labourers’ Society passed a bye-law 
prohibiting the employment of foreign crews in 
the loading of Canadian vessels, whereupon the 
Norwegian Consul instituted legal proceedings 
against the Ship Labourers’ Society. They then 
refused to work on all his vessels, and destroyed 
his business. Strikes have also taken place against 
unskilled men in various trades, and also against 
foremen, but these are more rare, and not often 
successful. The Cigar Makers’ Union also struck 
against the system of searching the houses of 
employés for stolen tobacco. 

The Canadian Government congratulate them- 
selves upon the fact that strikes are neither so 
numerous nor disastrous as in some other coun- 
tries, among those working under similar condi- 
tions, But the average duration of the strikes that 
occur—namely, five weeks, is longer than in Eng- 
land. The Ironmoulders’ strike lasted six months. 
There are complaints of intimidation by unionists 
in Canada, as here, especially in the shipping 
trades and among the dockers, &c. In 1887 a law 
was passed against intimidation, &c. The system of 
black-listing appears to be general amongst the 
employers, seldom to any extent among the men. 
As to the general results of the strikes recorded, 
the majority were completely successful, while of 
the others one-half were partially successful, and 
one-half failed. In a few cases the final result 
was not reported on either side. 

Efforts have been made for the prevention of dis- 
putes, and the settlement of strikes by arbitration. 
An Act passed for that purpose in 1873 proved to 
be a complete failure. This Act was on the lines 
of our earlier Acts on thesame subject. The Royal 
Commission recommended that the Act should be 
repealed or amended. In 1890 the Act was 
amended, mainly on the lines of our Act of 1872. 
But as to the operation of this measure. Clauses 
were inserted in the Mines Act of 1888 ; these were 
superseded by other clauses in the Act of 1890, 
but there is no evidence as to the working of those 
clauses. Apart from arbitration, some mode of 
conciliation has been tried, and in some cases 
successfully. It is stated that there is a greater 
willingness on the part of employers and employed 
than formerly to resort to some conciliatory mode 


of settling disputes. The Labour Commission 
recommend the establishment of a permanent 
board in connection with the Labour Bureau, to 
co-operate with the local voluntary boards all over 
the Dominion. This is similar to the proposals of 
the Board of 'I'rade in the Bill before the House. 

The condition of labour in certain special indus- 
tries is dealt with in some detail. The wages of 
gold miners are, on the average, about 1 dol. 30 cents 
per day of ten hours, but the best men will get 
1} dols. Inthe copper and silver mines the men 
work eight-hour shifts, at the rate of 1 dol. 65 cents. 
Ironstone miners get from 1 dol. 20 cents to 
1 dol. 50 cents per day, but the piece workers get 
more. Insome districts, however, the averages are 
not so high. Blastfurnacemen work in alternating 
shifts of ten hours one week and fourteen hours 
the other, including Sundays, for which they get no 
extra pay beyond the usual day’s pay. The wages 
vary according to class, but the rates are from 
1 dol. 25 cents to 1 dol. 65 cents; the furnace 
keepers get as much as 2 dols. 30 cents a day of 
twelve hours. Coal miners get from 1 dol. 40 cents 
to 1 dol. 60 cents, but in parts of British Columbia 
the rates run as high as 3 dols. per day. Puddlers 
get as much as 24 dols. a day, helpers about a 
dollar less. Engineers get from 1 dol. 25 cents to 
2 dols. 10 cents for ten hours, with time and a half 
for overtime. Shipbuilders get a trifle less than 
engineers and similar classes of workmen, but ship 
caulkers get as much as 2 dols. 50 cents to 
2 dols. 70 cents per day. 

The railway workers complain of the infrequency 
of their pay. Onall thelines themenare paid monthly, 
a fortnight’s pay being always keptin hand. Yet, if 
a man’s wages are attached for debt, he is dismissed 
on the second occasion. The pay of conductors and 
drivers is fairly good, averaging 60 dols. to 70 dols. 
a month. The hours range from eight to twelve per 
day, but some workers only from six to seven or 
eight per day. Street railway men get about 10 dols. 
a week, stablemen and others less. Dockers 
and riverside men get 10 cents. an hour, or 5d., 
being less than London dockers. But some workers 
get as much as 3 dols. per day—the ship labourers. 
Seamen get from 1% dols. to 2 dols. a day for six- 
teen hours’ duty. 

In the textile, clothing, and some other trades, 
children work long hours for a very small wage. 
In mines they must not work longer than sixty hours 
per week, if under twelve years of age. The Factory 
Acts are imperfect, and are evaded. There is no 
general law for the Dominion. In general, the 
hours are long and the wages low in most of the 
factories. In point of fact, the factory operatives 
are not so well off as in Lancashire. 

On the whole, it would appear that the condition 
of the ordinary workers in Canada is scarcely as 
good asin England. The cost of living is greater, 
rents are high, and the average wages are not pro- 
portionate. But there has been an improvement 
in the general condition during the last twenty 
years. Co-operation is practically unknown; the 
profit-sharing system has not been tried, and con- 
vict labour is used to undersell free labour in many 
cases. In legal protection England is ahead of the 
Dominion, and in industrial self-help the English 
trade union is far superior to the labour associations 
in Canada. The hours of labour generally are 
longer than in England also, so that those who 
leave our shores to better their condition should 
inquire carefully before they emigrate. 


THE REGISTRY OF SHIPS. 


Since the absorption of the Liverpool organisa- 
tion for the registry of shipping by Lloyd’s, the 
latter has had an unchecked advance towards a 
position which, however satisfactory to the man- 
agement, is not quite agreeable to the client. The 
spirit of the age is entirely opposed to monopoly, 
which, in great measure, retards progress. The 
all-powerful position of Lloyd’s has fostered a con- 
servatism which is adverse to the adoption of new 
ideas, even when suggested by ripe experience. 
Innovations are not always to be commended, and 
Lloyd’s have very properly observed caution in 
some respects ; but in other instances, where the 
change has been forced on the marine constructor 
by the satisfactory character of preliminary tests, the 
contravention of the letter of Lloyd’s Rules should 
scarcely have been suflicient to bar progress. Thus 
it is that many have at various times been annoyed, 
and the spirit of opposition has been fostered. The 
culminating point was reached when the Load Line 


Act of 1890 was passed, because shipowners foresaw 
that without action Lloyd’s would have, under the 
enactment, a sole right in the determination of 
what was to constitute the load line. The load line 
depends upon scantlings, and this meant that 
Lloyd’s would have a monopoly of classification 
also. This would, under the circumstances, haye 
been most unfortunate, as it would have tended to 
check enterprise in shipbuilding, and reduce marine 
constructors to the level of manufacturers. The 
British Corporation for the Survey and Registry of 
Shipping was therefore formed, not so much in 
antagonism to Lloyd’s, but because of the profound 
conviction that monopoly is not desirable. Its great 
strength is largely due to the fact that it comprises 
shipbuilders, marine engineers, &c., as well as ship- 
owners and representatives of all classes of shippers, 
Not only is it representative in this respect, but it 
comprises within its organisation nearly all the 
Clyde men of influence, and many of those in the 
North of England, Ireland, and Liverpool. We 
have at various times indicated the successive 
steps in the organisation, and now that its position 
is assured, it is interesting to consider the regula- 
tions on which the survey and registry are based, 
and which were issued in book form at the annual 
meeting on Friday last. 

These rules are primarily the work of the late 
Professor Jenkins and Mr. Archibald Denny, of 
the well-known Dumbarton firm, and their explicit — 
and concise definitions are most commendable. 
The idea with which they set out, indeed, was that 
the rules of existing registries are more or less 
difficult of application and uncertain in their 
results, that a small increase or decrease in any of 
the three principal dimensions of a steamer may 
mean a large increase or decrease to the weightof the 
hull, quite out of proportion to the change in size, 
and that this is caused by gradings which necessi- 
tate sudden jumps from one set of scantlings to 
another. These objectionable features have been 
guarded against. In the first place, there is but 
one class—the B.S., signifying compliance with the 
British Standard, a happy designation ; and the 
only distinguishing mark for strength will be the 
load line assigned to the vessels. This is but the 
logical sequence to the Freeboard Tables. 

In the important matter of scantlings the thick- 
ness of all material is specified in 40ths for steel, 
and these are to be read as 32nds foriron. This 
will be an advantage in the gradual increase of 
scantlings with dimensions. The present 20th was 
regarded by the framers of the rules as too great a 
jump. The actual moulded dimensions are taken, 
and not hypothetical measures varying with the 
style of vessel. One special feature of the rules, of 
interest in this age of specially large and excep- 
tionally powerful steamers, is that these are not to 
be subjected to any closely-drawn limitations. The 
rules are to apply to vessels the moulded length 
of which does not exceed fourteen times the depth, 
which, again, is not to be less than 55 per cent. of the 
beam. Vessels beyond these proportions are to be 
specially considered, and these latter will pro- 
bably include only the special types we have re- 
ferred to. 

The details of scantlings are arranged in tabular 
form. For keels, stems, &c., the dimensions 
used are length and depth. The practice of other 
registries is to determine that the larger the ship 
the heavier should be the keel; but Mr. 
Denny and the members of his technical com- 
mittee seem to have gone on the idea, now generally 
accepted, that while this is right so far as stem and 
sternpost are concerned, it is enough that the 
keel, which is now regarded as of secondary im- 
portance in the matter of strength, is sufticiently 
deep and thick for the riveting of the garboard 
strake. The speed of a steamer is also accepted as 
a factor in determining the strength of the propeller 
frame and the diameter of the rudder stock ; this pro- 
vision, while made in the case of the Bureau Veritas, 
is not in Lloyd’s regulations. As in other registries, 
the frames and flooring are according to the breadth 
and depth; while as to the disposition, &c., of 
frames, a series of sketches indicate clearly the ex- 
pectations of the ‘‘ British Standard.” In deter- 
mining the sizes of shell-plating, keelsons, &e., only 
the length of the vessel is considered ; this is a 
departure from the methods of other rules, but 
the regulation sizes seem to agree with ordinary 
practice. The British Standard frame spacing rises 
pretty uniformly with the length of the steamer, 
whereas with Lloyd’s the 24-in. spacing is applic- 
able to most of the ships built, The scantlings of 
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deck stringers, plates, tie-plates, and deck-plating 
are most carefully specified, while in the plating of 
erections on deck the thicknesses are far in excess 
of Lloyd’s—a 500 ft. long vessel requiring 75-in. 
plates—but this is very essential in a part of the 
structure most liable to ‘* working.” The bulkheads 
are arranged pretty much on the same principle as in 
the Board of Trade Bulkhead Committee’s Report,* 
but sailing ships having after-pumps will require to 
have after-peak bulkheads, in addition to those spe- 
cified in the Bulkhead Committee’s Report. As to 
the riveting of the whole structure, it is noteworthy 
that steel rivets have a premium put upon them. 

There is an interesting practice of the designer, 
known as ‘‘the skinning of scantlings’—quite a 
profitable one, too. The jumps in the series of 
scantlings, to which reference has been made, have 
in many cases induced the shipbuilder and ship- 
owner to reduce one dimension, sometimes by an 
inappreciable size, and thus avoid an increase in 
scantlings. The British Corporation rule gets over 
the difficulty by intermediate scantlings for inter- 
mediate sizes, so that there is no incentive to 
depart from the dimensions which will secure the 
best results in respect of stability and speed. For 
intermediate sizes the scantlings, it is indicated, 
may be obtained by interpolation. 

The formule given in the machinery rules are a 
close approximation to the latest Board of Trade 
rules, although, as in the case of most other regula- 
tions in the book, they are more explicitly specified. 
The only distinct departure which is worth men- 
tioning is that the Fox, Purvis, Morrison, and 
Adamson ring flues are all classed under one 
common factor. 

There can b2 no question of the great care with 
which the rules have been prepared. They indi- 
cate clearly that the Technical Committee has a full 
grasp of modern practice, and, it almost goes with- 
out saying, a sympathetic interest with those 
having grievances against the conservative, if not 
occasionally autocratic, tendencies of Lloyd’s. All 
the elements of success are present. Those asso- 
ciated with the undertaking are men of influence ; 
the staff of surveyors has for chief Mr. W. T. 
Courtier Dutton, formerly of Lloyd’s surveying 
staff; andalready a good start has been made, for 
the Registry, as was reported at the annual meet- 
ing, have assigned load lines to upwards of 600 
ships, aggregating nearly a million tons, while 
several vessels have been built, and ten are under 
construction, in addition to a dozen sets of engines, 
in accordance with the rules which we have sum- 
marised. The registry book contains the classifica- 
tion of upwards of 500 vessels, and the comprehen- 
sive information regarding the vessels should be 
most serviceable. 


H.M.S. “SPEEDY.” 

YeEsterpAy there was launched at Chiswick a 
vessel remarkable in more than one respect. 
H.M. torpedo gunboat Speedy is, in the first place, 
the largest vessel built above bridge—on the River 
Thames, at any rate—within modern record. There 
is a tradition that forty years ago, or so, an iron 
“ship” was built on this very spot, but the tradi- 
tion is shadowy, and probably the ‘‘ ship,” if ever 
built, was at most a barge, for the site of Thorny- 
croft’s works was originally a barge-building yard. 
There is no fear of contradiction, however, in say- 
ing that the Speedy is the biggest steam vessel ever 
built above London Bridge. A few years ago it 
would have been impossible to have taken a 
vessel her size, over 800 tons, through the bridges, 
even if she had been built. Both Putney and 
Battersea Bridges—those picturesque old wooden 
structures which the artist regrets, even if the 
bargee rejoices in their removal—would alone have 
proved an effectual barrier. As it is, there is little 
enough room to spare between the intrados on 
some of the bridges and the bottom of the river, 
and the passage of the Speedy from Chiswick to 
open water will be an interesting performance— 
more interesting, perhaps, to an outsider than to 
those intimately concerned in the success of the 
proceeding. Hammersmith Bridge will be the 
most difficult passage, and that, of course, is a sus- 
pension bridge, so there is plenty of room later- 
ally ; it is the vertical distance that has to be con- 
sidered, From the bottom of the river to the 
bottom of Hammersmith Bridge there is a distance 
of 31 ft. 6in. This is less than the height of the 


top of the Speedy’s conning tower (as erected 
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finally) from her keel plate. With the conning tower 
on its side, however, there would be a distance of 
2 in. between the bottom of the vessel and the 
bottom of the river, supposing the tide were 
such that the conning tower were 6 in. from 
the bottom of the bridge ; that leaves a clearance 
of 8 in. all told, and Messrs. Thornycroft very 
wisely considered that would be hardly sufticient 
margin of safety. It has, therefore, been deter- 
mined to send the conning tower down asa separate 
parcel. The highest part of the main structure of 
the Speedy will then remain her forecastle deck, 
which is raised 7 ft. above the upper deck. The 
greatest height required will be 25 ft., which is the 
vertical distance from the lowest part of the ship, 
that is the bottom of her rudder, to the highest 
fixed structure. This givesa clearance of 6 ft. 6in., 
which may be pronounced suflicient. 

Once through Hammersmith Bridge, the vessel 
will have passed her chief difficulty, but there are 
other considerations. In order to get the depth of 
water in the river, and the clearance under some of 
the bridges right, relatively to each other, one parti- 
cular height of water has to be selected, and this 
naturally necessitates passing at a certain state of 
the tide. Supposing this were half ebb, at any 
given bridge, there might be too little depth of 
water, say at reaching Putney Bridge, and the 
vessel would have to wait there until the tide 
flowed again ; if, on the other hand, the passage of 
Hammersmith Bridge were made at half flood, the 
water would have risen possibly so high by the time 
Putney Bridge was reached, that the height of the 
vessel out of water would be too great to pass under 
the bridge, although the draught of water would be 
ample. Ifthis were not the case at Putney, it is 
certain it would be elsewhere, probably at West- 
minster, which is, we believe, the next lowest 
bridge after Hammersmith. 

We have said enough, however, about the pas- 
sage of the vessel down the river, which is not to 
take place yet, and we will proceed to describe the 
craft herself. Before doing so, however, it may 
be interesting to briefly glance at the evolution of 
this vessel from the early torpedo-boat; undoubtedly 
her ancestor. The first torpedo-boat of the modern 
type was built at Chiswick, by Messrs. Thornycroft, 
for the Norwegian Government. She was 58 ft. 
long by 7 ft. 6 in. beam ; was constructed of steel, 
and had compound surface-condensing engines. 
[This vessel was built in 1876. It was not for 
some time after that the British Navy possessed a 
torpedo-boat ; this was the historic ‘‘ Lightning.” 
She was 81 ft. long by 10 ft. 10 in. beam, and was 
324 tons displacement. The next notable step 
made by the Chiswick firm, in the development of 
the torpedo-boat, was in a vessel they built for the 
Italian Government ; she was 100 ft. long and 11 ft. 
8 in. wide; her displacement was 344 tons, and 
she was constructed about the year 1880. In 1885 
the British Government ordered twenty-five first- 
class torpedo-boats from Messrs. Thornycroft under 
pressure of a war scare. These were 125 ft. long 
by 12 ft. 6 in. beam, and were of 63} tons displace- 
ment. The Ariete, built for the Spanish Govern- 
ment, was the next notable craft; she was 
147 ft. Gin. long, by 14 ft. 6in. beam, and dis- 
placed 983 tons. Last year some boats were built 
for the Brazilian Government at Chiswick, 
which were 150 ft. long by 14 ft. 6 in. beam, 
and were of 103} tons displacement. At the 
present time there are building alongside the slip 
from which the Speedy has just been launched, 
three new torpedo-boats for the British 
Government. These vessels are 140 ft. long by 
15 ft. 6 in. beam ; greater breadth and less length, 
it will be seen, than the Brazilian boats, but their 
displacement is considerably more than that of the 
latter, being 125 tons. This increased ratio of 
beam to length in the English boats will certainly 
cause a falling off in speed, but the dimensions are 
rendered necessary by the increased weight carried 
on the prescribed length, according to the regula- 
tions of the English naval authorities. The Bra- 
zilian boats were 25-knot craft ; the English boats 
are guaranteed for 235 knots. As a final develop- 
ment of what may be described as the boat con- 
tingent of the torpedo fleet—the Speedy being an 
undoubted ship—we have the 27-knot ‘‘destroyers,” 
two of which are now being constructed at Chis- 
wick. These craft are to have a speed of 27 knots 
as a minimum—how much more remains to be seen. 
They are 185 ft. long by 19 ft. beam, and their dis- 
placement is 220 tons. We will now proceed to 
our description of the Speedy. 


H.M.S. Speedy is 230 ft. long by 27 ft. beam, 
and has a depth amidships of about 15 ft. Her dis- 
placeinent complete will be 810 tons, but as launched 
she is 615 tons displacement. The load draught 
will be about 8 ft. 10 in. The twin-screw torpedo 
gunboat type, to which the Speedy belongs, was 
initiated by the Rattlesnake, built at Laird’s. This 
vezsel was, however, but 550 tons displacement. 
The class was advanced by the Sharpshooter 
design being introduced; the latter vessel was 
constructed at Devonport, and engined by Bellis ; 
her displacement was 735 tons. The Jason gives 
her name to the next advance in the class ; she and 
her sister ships, the Jaseur and Niger, were con- 
structed at Barrow, and her displacement is 810 


tons. The Onyx and Renard have been built at 
Birkenhead. ‘The remaining vessel of this class is 
the Speedy. In general appearance afloat she 


is somewhat peculiar. She has three funnels, 
two pole masts, and there extends aft from the 
stem, for about one-third the length of the ship, 
a raised forecastle deck, which is about 7 ft. above 
the upper deck ; the latter being, in fact, the main 
deck, as itis the only one running right fore and 
aft. For the rest of the distance aft, until about 
one-fourth the length of the ship from the stern 
is reached, there is a flying bridge, and from the 
termination of this to the stern there is no erec- 
tion above the upper deck; the freeboard to the 
upper deck is about 6 ft., and, therefore, there 
is about 13 ft. above water forward, as far as 
the forecastle deck extends. The chief object of 
the flying bridge is to give access to the different 
compartments of the ship in bad weather, when the 
main deck would often have a good deal of water 
upon it, and the hatches would have to be battened 
down. In the centre part of the vessel is the ma- 
chinery space, and here there is but a single deck, 
namely, the upper deck, which extends in an 
unbroken line from the stem to the stern. The 
forward machinery space bulkhead is at the place 
where the forecastle deck terminates, and it also 
forms a termination to a lower deck. There are, 
therefore, for the first third of the vessel—that is, 
up to the forward machinery space bulkhead—three 
decks : the forecastle deck, the upper deck or main 
deck, and the lowerdeck. In the part aft of the 
machinery space, there are two decks—the main 
deck and the lower deck—the latter forming the floor 
of the cabins. The crew are berthed forward, upon 
the lower deck, and beneath this the structure is 
minutely subdivided into watertight compartments, 
which form magazines, stores, torpedo-rooms, and 
machinery rooms for auxiliary machinery. This 
lower deck is watertight, having coamings round all 
openings, and watertight hatches. There is, there- 
fore, practically a deep double bottom forward when 
the hatches are closed, and the same remark applies 
to the after portion of the vessel. Of course, in 
action, the hatches would have to be open in order 
to get upammunition, &c. In the midships fart 
there is nothing but the single skin of the vessel. 
The height of the lower decks is 8 ft. 6in. from the 
bottom, which brings them just a little above the 
water-line. The machinery space is inclosed by 
bulkheads, with watertight doors, and these bulk- 
heads go from deck to bottom. In regard to the 
other parts of the ship, there is very considerable 
subdivision, but as the bulkheads are not carried 
through in the same plane, it is difficult to form an 
idea, from an inspection of the vessel, how all 
the compartments are arranged. It may be said 
generally that the provision against sinking by 
damage to the hull structure is very complete. 
There are two boiler-rooms and two engine-rooms, 
and these can be separated from each other by 
means of watertight doors and bulkheads. The 
bow is especially well subdivided. 

The Speedy has been built to the design of Mr 
W. H. White, and displays the beautiful form of 
hull which characterises the under-water shape of 
all the creations of the Director of Naval Con- 
strv.ction. Our readers will doubtless remember 
the bow and stern models of the Blenheim and 
Blake, which were exhibited in the Naval Exhibi- 
tion. The Speedy very much resembles these. 
There is not much to be said in regard to the con- 
structive details of the ship. The design is essen- 
tially modern and very light; the plating is lap 
streak and lap butts, and is certainly not overdone 
in the matter of thickness. The riveting has been 
done hot ; the size of rivets—mostly 4 in.—being 
above that which is practicable in cold riveting. 
There is, of course, as in all Navy vessels, a flat 
plate keel, and an intercostal kelson, The framing 
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is of the usual type of angle-bar, and there are bulb 
beams, with welded knees. The stem is steel 
forged, and the stern frame is a steel casting. The 
rudder has a cast-steel frame, and is steel-plated 
and filled with wood, as usual. In shape the 
rudder is the now fashionable partially balanced 
and partly under the bottom type ; that is to say, 
the part abaft the sternpost is carried deeper than 
the bottom end of the sternpost, and then is pro- 
longed forward of the axis upon which it turns. 

There are two sets of triple-expansion engines, 
having cylinders 22 in., 34 in., and 51 in. in 
diameter, by 21 in. stroke, They are designed to 
run at 250 revolutions a minute, with a safety valve 
loaded to 210 lb. to the square inch. ‘The air 
pumps are worked in the usual way, by side levers 
from the low-pressure engines; they are single- 
acting, 18 in. in diameter by 8? in. stroke. The 
high-pressure cylinders have piston valves; the 
intermediate and low-pressure cylinders have flat 
valves, balanced, the exhaust steam passing out 
through the centre of the valve. The cylinders are 
not jacketed. The steam reversing gear is what 
is known as the “all-round” type, and is arranged 
so that the engines are kept automatically going 
alternately ahead and astern for a few turns, when 
the ship itself has stopped. This is to keep the 
cylinders warm and maintain the vacuum. In order 
toavoid the effects of the expansion of a long cylinder 
casting, a circumstance which tends to throw the 
guides out of line, the cylinders are cast separate, 
and connected by a system of cross-bracing, the 
details of which have been very carefully worked 
out, in order to adequately provide against the 
stresses induced. The slipper guides are of forged 
steel with water-tubes. The screw shaft is hollow 
and of fluid-compressed steel. The condensers 
are of the cylindrical type, entirely of brass. 
There are two fans for forced draught driven by 
engines of the usual type direct ; oe is placed in 
each stokehold. In general design, the engines 
are very open and accessible. Steel has been used 
in all parts of the construction where it is ad- 
missible. The length of journals and bearing sur- 
faces of all rubbing parts are large in these engines, 
the influence of torpedo-boat practice being clearly 
discernible here. A novel point about this vessel 
is that all the handles required for manceuvring 
the ship are grouped together, so that really she 
could be managed by one man if required. 

The lubricating arrangements are worthy of 
attention, being ingeniously devised. There isa 
receptacle which is fed from an oil tank above; 
from this receptacle oil is allowed to drip intoa 
cup, from whence it is carried to the bearings by 
means of a suitable pipe, the drip of oil being con- 
trolled by a screw valve with a solid taper plug. In 
cases where the opening of the valve cannot be 
adjusted finely enough to give no more than the 
required supply, as in running at easy speeds, 
there is an arrangement by which oil is forced into 
another receptacle above, the head obtained by 
the tank being sufficient for this purpose. Syphon 
wicks are provided in this second receptacle, and 
in this way a slower feed is obtained than can be 
got from the drip from the screw plug. To alter 
from slow to fast feed of lubricant it is only neces- 
sary for the attendant to open a valve. The 
arrangement is especially suitable for war vessels 
where the ranges of speed are considerable. 

We now come to what is really the most impor- 
tant feature in this vessel, namely, the boilers. 
These are of the now well-known Thornycroft 
water-tube type, of the same description as fitted 
in the torpedo-boat Ariete.* The Ariete, it will be 
remembered, had two boilers; the Speedy is to 
have eight—four in each stokehold. They are alike 
in all respects. Hach one has 1840 square feet 
of heating surface, and 253 square feet of grate 
surface. The tubes are of steel, and are from 
1$ in. to 1} in. in diameter, the largest being 
nearest the fire. The working pressure is to be 
about 200 1b. to the square inch. In the other 
ships of the Jason type the indicated horse-power 
is said to be 3500, which is estimated to give a 
speed of 19.25 knots. With the same dimensions 
and displacement, the Speedy is to have a contract 
power of 1000 additional units, namely, 4500 
indicated, and this is to give her a speed of 
20.25 knots—that is, one knot extra. The space 
allotted for machinery is, we believe, the same in the 
Speedy as in the other vessels. These figures give 
a measure of the advantages that are expected to 
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be obtained by the use of the Thornycroft boiler, 
and it remains to be seen how they work out in 
practice. Taking the performance of the Ariete as 
a type, and in the light of what is already known 
of the torpedo gunboat type of boiler—which is of 
the wet-bottom firebox locomotive type, with a 
divided furnace—we think there is little doubt that 
Messrs. Thornycroft will fulfil their contract with 
greater ease than the contractors of the other vessels. 
In the Jason there are four boilers ; the total heat- 
ing surface is 6388 square feet, and the total grate 
surface 472 square feet. In the Speedy’s eight 
boilers there are 14,720 square feet of heating sur- 
face. The engine cylinders are of the same diameter 
in the Speedy as in the other vessels, and the 
piston speed is estimated to be the same. There is, 
therefore, the additional 50 lb. pressure as a source 
of power. What will be the actual number of revo- 
lutions on trial, of course, remains to be seen, and 
it depends on the size of ports and points of cut-off. 
The trials of the Speedy will certainly be watched 
with the greatest interest. The stokeholds of the 
vessel are by far the most comfortable and com- 
modious we can remember for ships of this descrip- 
tion—we might almost say of any description. It is 
possible to walk round each boiler, and any part of 
the casing can be removed for examination of the 
tubes. The boilers, it should be stated, were built 
in the stokehold, the deck having been completed 
before the operation was carried out; this is a 
great advantage not only in the case of renewing 
boilers, but in the original building of the vessel, 
as the constructors do not have to wait for the 
engineers. With regard to the renewal of tubes of 
this boiler, we are informed that an inner tube has 
been taken out and the holes plugged without dis- 
turbing the outer rows. A difficulty often raised 
in working pipe boilers in groups is the trouble in 
distributing the feed. There are two Weir’s feed 
pumps for ordinary feed purposes, and the feed 
pipes are kept under an excess of pressure. Hach 
boiler has a valve for regulating the feed, and 
Messrs. Thornycroft anticipate there will be no 
difficulty in this direction. The arrangement for 
making either pump serve either or both groups of 
boilers is well planned, the whole arrangement 
being controlled by means of two subsidiary valves. 

The armament will consist of two 4.7-in. quick- 
firing guns, one mounted on the forecastle deck 
forward, and the other aft. They will both be 
protected by shields. There will also be four 3- 
pounder quick-firing guns. A bow torpedo dis- 
charger is fitted, and there will also be two launching 
carriages. The usual search-light will, of course, 
be fitted. 

The Speedy was launched yesterday afternoon, 
the ceremony being performed by Lady George 
Hamilton. As there is no dock into which the ship 
could be taken when launched, special arrange- 
ments had to be made, and for some time past 
Messrs. Thornycroft have been engaged in dredging 
a hole off their works in order to prevent the vessel 
grounding at low tide. The Speedy was unusually 
complete as launched, having her funnels up and 
her masts stepped, whilst the machinery was all in 
position. 


RICHMOND LOCK AND WEIR. 

On Wednesday of last week, the 10th inst., a 
paper was read by Mr. J. H. Hilditch before the 
Society of Arts, on the Richmond Lock and Tidal 
Weir. Ina recent issue (see ENGINEERING, pages 
402 and 408 ante) we gave an illustration and de- 
scription of this work in its then state. We de- 
scribed the general scheme of the weir and the 
manner in which it would be raised during the last 
half of the flood and the first half of the ebb; 
being lowered so as to retain the water in the reaches 
above, only when the ebb had run out to about 
half its extent, and remaining lowered until the 
tide flowed up again to a level equal to that above 
the weir. Mr. Hilditch, as we before explained, 
has taken a very prominent part in carrying the 
scheme to a successful issue. He is an old 
resident of Richmond, and has naturally looked 
with keen regret on what was once the chief beauty 
and ornament of the district—the River Thames— 
becoming for a great period of the day no more 
than an eyesore and a nuisance. A large part of 
his paper is taken up with the description of the 
general problem of the river, a subject on which he 
is well qualified to speak. He carries us back to 
the time of the removal of old London Bridge, 
which, as he says, could not be looked on otherwise 


than as an improvement to the general navigation, — 
although no doubt it was a great factor in causing 
the loss of water and subsequent deterioration of the 
upper tidal reaches. ‘‘A river,” Mr. Hilditch 
says, ‘‘is one of God’s best gifts to men, and in 
the Thames a vast dowry was bestowed which, if it 
had been realised in its completeness when London 
was yet in its infancy, might have been better 
turned to account.” Mr. Hilditch is an enthusiast 
about the Thames, as those who know the river 
best always are. London, of course, is due to the 
Thames, and thecommercial prosperity of the country 
is due to London ; at least Mr. Hilditch goes as far as 
to say that England as a country would occupy a far 
less important position in the world if the Thames 
had never existed. The Thames, as a river, he says, 
possesses many virtues and no vice ; it has neither 
bar nor bore. Its water, ina natural and unpolluted 
condition, would be as clear as crystal, and its 
gentle flowing stream and tides are in every respect 
well adapted for commerce. ‘‘ Such a river deserved 
better treatment than to be robbed of its upland 
water for the use and cleansing of a big city like 
London, and to have its tidal basin made a receptacle 
for sewage.” The great advantage that the Thames 
possesses in regard to the tide is owing to the 
mouth of its estuary being opposed to, instead of, 
like the Severn, in the direction of the advancing 
tidal wave from the Atlantic. In consequence of 
its position it enjoys the advantage of a double 
tide ; one entering direct up the English Channel, 
whilst another comes from the North Sea ; these 
two tidal waves do not synchronise, the first being 
naturally the higher of the two ; the latter of larger 
volume, and of longer duration. The elevation due 
to the English Channel wave takes place some two 
hours or more after the North Sea wave has spent 
itself, and prolongs the period of high water. It 
sometimes happens, however, that the English 
Channel wave is accelerated and increased by a 
south-west gale, whilst the North Sea wave is re- 
tarded, and the two arrive with combined force 
about the same time. The effect of the barometer 
falling is to reduce the atmospheric pressure on the 
surface of the river. Occasionally all these happen 
at once, when, perhaps, there may be a good deal 
of land water in the river, and we then have the 
excessively high tides which sometimes occur. 

The construction of the Richmond Lock and 
Weir, and the consequent reduction of the full 
tidal length of the Thames, and of the ebb and 
flow, is opposed to the general principles of river 
engineering ; but, as Mr. Hilditch points out, in 
the case of the Thames we have to deal with a 
river that has been artificially treated for hundreds 
of years. Old London Bridge was really a weir of 
formidable dimensions, and if the theories of some 
were entirely correct, its objectionable nature 
would have ruined the river centuries ago. All 
the old impediments delayed the ebb until it was 
again overtaken by the flood ; and, on the other 
hand, in consequence of the tide being partially 
obstructed, it never rose to its full height, whilst 
the period of high water was prolonged. The 
removal of bridges, and substitution for them of 
others, the foundations of which offer less impedi- 
ment to the flow of water, and the lowering of the 
bed of the river by dredging operations, have not 
only increased the force of the tides, but facili- 
tated the flow of the returning ebb, leaving larger 
foreshores exposed for a longer period. In this 
way the water comes in with a rush, and leaves 
with as great velocity. The tides are higher and 
lower, but the bed of the river is covered for avery 
much shorter period. This was foreseen by Tel- 
ford, who, in reporting to the Corporation of Lon- 
don in 1823, pointed out exactly what experience 
has proved to be the truth. 

On the next page we publish a diagram which 
Mr. Hilditch had prepared for the purposes of his 
lecture, and for the use of which we are indebted to 
the Council of the Society of Arts. This deals with 
the River Thames from Shadwell to Teddington. 
The undulating lines represent the bed of the 
river, the shaded hillocks the shoals removed 
between 1823 and 1843, and the darkest shaded 
parts the lowering of the bed of the river, and the 
shoals removed between 1843 and 1863. The dia- 
gram first records a complete set of tidal observa- 
tions taken in 1823 by Mr. Montague, who 
was then City Surveyor. The observations 
were made for the purpose of showing the effect 
produced by the removal of London Bridge, 
and the lowest of the top lines represents the 
average high water of that time. The sudden break 
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in the curve shows a difference of level of 8 in. 
at London Bridge, owing to the obstruction caused 
by the old structure. At Westminster Bridge 
the water was also heaped up slightly. After that 
the height of the water rose, until at Teddington it 
was above Trinity high-water mark ; which, it will 
be seen, is represented by the top line. In the 
middle of the diagram will be seen the low-water 
line of 1823. It will be observed that at London 
Bridge there is a sudden rise of level over 
that which exists below the bridge. This 
amounted to 5 ft. 4in.—the extent of the fall 
through the arch. The ebb was also restricted 
higher up by old Blackfriars and Westminster 
Bridges, so in the distance from Westminster 
Bridge to Billingsgate the drop was very con- 
siderable. This, of course, had the effect of keep- 
ing the low-water level much higher than it was 
after the bridge was removed. The next series of 
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most remarkable. Before the removal of old 
London Bridge, the difference of level between the 
average high and low water at Richmond was com- 
paratively small, only about 3 ft. Gin. This after- 
wards became greatly increased, so that the differ- 
ence now between the average height of spring 
tides and low water is over 10 ft. This fact is 
indicated by the upper and lower dotted lines. It 
will be seen that the extreme low water of the 
summer of 1887 was 10 ft. 4 in. below Trinity high- 
water mark. There are often high tides which rise 
2 ft. Sin. above Trinity high-water mark, and on 
July 5, 1892, the lowest tide ever recorded marked 
11 ft. below Trinity high-water mark, making an 
extreme range of 13 ft. 8 in. 

This wide range of tide naturally detracted from 
the beauty of the upper tidal reaches of the river ; 
in fact, it may be broadly said that all the improve- 


ments made for navigational purposes to the lower 
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to keep the river bed clear of obstructions—unless 
very extensive dredging be had recourse to—that is 
an axiom which no one, we suppose, is likely to 
question; but it does not follow that it is neces- 
sary to maintain the velocity of the current for the 
whole period which nature has assigned; and, 
indeed, an acceleration of speed for a short time 
might have more effect than the slower tidal move- 
ment over a longer period. In this way, if it were 
necessary, the stretch of the water between the 
new lock of Richmond and Teddington Lock might 
be used, as it were, in the manner of a sluice dock, 
and a good deal of dredging might actually be 
obviated. 

There is no doubt, however, as to the evil 
effect on the upper reaches which the opening 
out of the river channel has produced, and which 
Mr. Hilditch well describes. ‘‘ The lowering of the 
low-water level and the increase in the height of the 
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The whole line shows the Bed of the 
River in 1823; the broken line thus:- ------- 
the Bed in 1843 & the dotted line thusi-......0.0- 
#4 1862 the lighter shaded portion shows the 
Shoals which were removed between 1823 
& 1843 and the darker shaded parts the shoals 


Operations of which we have record were taken 
by Mr. Law in 1845, and it is interesting to notice 
that this engineer was engaged in the promotion of 
the present Richmond Footbridge and Lock Bill. 
The results of his observations are shown on the 
diagram, and indicate how greatly the range of 
tides had been increased in the twenty-two years 
between 1823 and 1845, It was, however, not 
until a long time after the removal of old London 
Bridge that the want of water in the upper tidal 
reaches was felt. The numerous shoals between 
London Bridge and Westminster, together with 
the extensive under-water works which supported 
all bridges at that period, kept back the water. 
The increased scour undermined these works, 
and consequently Westminster, and more recently 
Blackfriars Bridges had to be rebuilt, as most of us 
remember ; whilst large sums have been laid out in 
maintaining Waterloo Bridge. The Thames Em- 
bankment, and the extensive dredging operations in 
the estuary, must also have considerably added to 
the velocity of the ebb and flow in the river, and, 
therefore, to the wide ranges of level of water 
which we now observe. Mr. Hilditch tells us the 
range of spring tides at London Bridge in 1799 
was about 15 ft., or 18 in. less than at Sheerness. 
Now the average maximum tides at London Bridge 
reach 21 ft., being nearly 5 ft. more than at the 
mouth of the river; whilst the water at London 
_ Bridge frequently recedes about a foot below the 
lowest sea level. These phenomena are due to the 
momentum of the moving water caused by rapid 
ebb and flow, the action being the same as that 
which governs the working of the hydraulic ram. 
Turning again to the diagram, Mr. Hilditch points 
out that the effect of the increased range of tide 
upon the neighbourhood of Richmond has been 


Bed of River 1859 
1888 


LONGITUDINAL SECTION OF THE RIVER THAMES 
FROM TEDDINGTON TO SHADWELL 
showing the successive levels of the HIGH and LOW WATER LINES and 


the lowering of the BED. 


VERTICAL SCALE 
° 4 


10,000 FEET 8 FEET 


Note. 

removed between 1843 & 1862;since this 
last dale very extensive dredging operations 
have been carried on between Chelsea and 
London Bridge, as well as below London 
Bridge, by the Conservators of the Thames. 


part of the river have been at the expense of the 
upper tidal portion. The grievance is old-standing. 
In 1860 the Thames Conservators were memorialised 
by the inhabitants of the neighbourhood between 
Teddington and Brentford, but without effect. 


Again, in the year 1871, a deputation waited upon | 
the Board, urging the construction of a lock and) 


weir in the neighbourhood of Brentford, but after | 
several months’ consideration the Conservators re-| 
turned an answer that ‘‘ they regarded as a most) 
weighty objection to the scheme that it would ex- 

clude a very large quantity of tidal water, which | 
at present exercises a most beneficial effect on the 

river below by the scouring which it produces.” | 
That, of course, is the pith of the whole matter ; 

for were it not for the fear of injuring that part of 

the river which is navigable by larger vessels, and, 

in fact, constitutes London as a port, there could | 
be no serious objection to the locking in of water | 
in the upper reaches. The Richmond lock and 

weir is, therefore, a somewhat bold experiment, | 
and it has been a matter of surprise to many 

that the Act should have survived the obstruc- | 
tions, Parliamentary and otherwise, which beset 
the path of such measures in our conservative 
country. Especially was this notable in the face 
of the strong opposition offered by the Thames Con- 
servancy, and the terrible threat that a lock at 
Richmond would destroy the navigable facilities of | 
the river below, so that the Pool would possibly be- | 
come like Twickenham Reach, and, in fact, London | 
would follow the examples of Rye and Winchelsea, 
or the dead cities of the Zuyder Zee. We are not 
aware that the matter was quite so strongly put 
forward as this, but such was the style of argument 
followed by extreme alarmists. It is, of course, 
desirable to maintain the fullebb and flow, in order 
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tides, has gradually produced a changed effect upon 
‘the banks of the river, which have lost much of their 
| beauty. The extreme and continual alteration of 
| the water level destroyed the luxuriant growth of 
| wild flowers, and the roots of the water plants no 
longer served to hold up the banks without camp 
sheathing or embankment. Instead of the gentle, 
placid flow of the stream which the fisherman and 
the lover of nature used to delight in, a rapid 
torrent began to take its place, and at some points 
in the river defied the utmost exertions of the 
expert oarsman. Water-lilies and weeds, which 
afforded cover for fish, disappeared, and the 
scour of the tides brought up all the filth from the 
sewage outfalls below London and deposited it on 
the foreshore, producing huge banks of mud, where 
formerly it was almost as clean as the sea beach.” 
Those who have known the river during the last 
thirty years will fully bear out the above state- 
ment; the leaden-hued banks of mud area sad con- 
trast to the brighter tints of pebble, sand, or gravel of 
former days. When the Thames was little used as 
a pleasure resort, it was far more fitted for that pur- 
pose than it isnow, and it is no small matter that its 
beauty should be destroyed. Our metropolitan river 


is far away the most important of the country’s 


pleasure grounds, if one may be permitted the 
misnomer. Perhaps we could better spare Hyde 
Park, Regent’s and St. James’s Parks than we could 
the Thames, even only that part between Ted- 
dington and Putney. As an industrial feature its 
importance is not to be compared to its use as 
a pleasure and health giving resort in the daily life 
of our overgrown capital; and this is borne out 
also from a financial point of view, the income 
obtained by the Conservancy from pleasure-boats 


‘being far in excess of that due to barges and 
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merchandise traffic on the upper reaches. It has 
always appeared to us that Sion Reach would be, 
in some respects, an ideal place for a lock. At 
Brentford, the canal which runs into the Midlands, 
communicating with Birmingham, joins the Thames, 
and here also is the dock of the Great Western 
Railway, the importance of which is increasing 
yearly. These are both at the bottom of Sion Reach, 
and it would be desirable that the lock should be 
just above them. However, the Richmond and 
Twickenham people carried on the war, and they 
deserve the spoils of victory. 

Half-tidal works, such as those now being 
constructed at Richmond, would not, however, 
prove much obstruction to barge traflic. Towing 
by horses is now all but unknown on the tidal 
reaches, so that we have only to take tug traction 
into account. The tugs come up from below with 
their strings of barges, and arrive, almost invari- 
ably, at Brentford on the top of the tide ; and they 
also start on their downward journey as soon as the 
ebb commences. There are a few exceptions in 
craft bound ‘‘up country,” to Reading, Guildford 
on the Wey, Sonning, Windsor, and other river 
towns, even to Oxford. This traflic, however, 
need hardly be taken into consideration, as it 
does not pass Brentford, as arule, until the first 
half of the flood is made, or before the last half of 
the ebb has run out. It may, therefore, be said 
that the new works will offer little or no impedi- 
ment to barge traffic, and it seems a pity that so 
fine a lock should have been made at Richmond, 
perhaps hardly ever to be used. Doubtless if 
the terrible catastrophe to the Port of London, 
which has been so freely prophesied in consequence 
of the Richmond Lock, does not occur, we shall 
see other locks lower down ; and Chiswick Eyot, 
the first island in ascending the river, suggests 
itself as an appropriate spot. Whether the grand 
proposal of a French engineer to construct a lock 
at Gravesend will ever be carried out we need not 
now discuss; the scheme seems altogether too 
heroic ; but then we Englishmen are but timid river 
engineers compared to Frenchmen and Dutchmen. 

We will not follow Mr. Hilditch in his interest- 
ing discussion of the varying fortunes of the move- 
ment which has resulted in the construction of the 
lock. The Act having been obtained, the Conser- 
vancy, though they had opposed the Bill, ac- 
cepted the position, and themselves determined to 
carry out the work. This they had the option of 
doing under the provisions of the Act. Mr.C. J. 
More, the engineer of the Conservancy Board, took 
up the matter with vigour, and resolved to make 
the work an example of good engineering. We 
have already explained that Stoney’s principle was 
adopted for the weir, and a double footbridge was 
included in the design. The concrete foundation 
of the first pier was put in on March 25, 1892, and 
the works have proceeded steadily ever since, 
under the able superintendence of Mr. Le Neve 
Foster, the engineer in charge. 

As we shall shortly give a fuller description of 
the work carried on in the construction of this 
lock and weir, we will not repeat the particulars 
Mr. Hilditch givesin his paper. Mr. More, in the 
discussion, stated that he hoped the works would 
be finished by next November, and that the level 
at which it was proposed to impound the water 
was at a height of 5 ft. below ordinary spring 
tides. The sluices would be adjusted so as to 
allow any surplus water to pass. A speaker in the 
discussion raised a question as to the deposit of 
mud, and Mr. Stoney very effectively dealt with 
this matter, which was used so often as an argu- 
ment against the adoption of the scheme when it 
was in progress. The question of deposit of mud, 
he said, could only arise in the case of an old- 
fashioned fixed weir; it was simply because 
the weir was not fixed that they obtained their 
Bill. There could be no stagnation. The tidal 
water was retarded, but the land water would be 
allowed to flow naturally and automatically, pre- 
cisely as required. The sluice was supposed to 
shut within 8 in. of the bottom, but if that was 
not enough for the flood water coming down, then 
the sluice would gradually rise a little. 

It will be seen, from what has been said, that 
the work is one of great interest, and will solve 
some problems in river engineering. It will serve 
as an example for foreign countries, too. Mr. 
Stoney states that he has been asked to design 
about 200 sluices for the Nile, and these will be on 
a far grander scale than our little work at Rich- 
mond, There the differential depth is very small, 
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and the sluice would only have a possible load of 
70 tons, whereas on the Nile each door would have 
a load of 440 tons and a head of water of 73 ft. 


THE LATE MR. E. A. COWPER. 

WE regret to record the death of Mr. E. A. 
Cowper, who for many years has occupied a very 
prominent and important position in the engi- 
neering world. His decease occurred on the 26th 
ult. at his house at Weybridge, and was unexpec- 
tedly sudden ; a cold developed into pneumonia, 
and cardiac failure supervening, the end came with 
great rapidity. It is only a few weeks ago that 
Mr. Cowper made formal arrangements for reliev- 
ing himself from much of the strain of his business 
by taking his son, Mr. Charles E. Cowper, into 
partnership, and it was hoped by his friends that he 
was about to enter into a period of well-earned rest. 
For some months the weight of his seventy-three 
years had pressed heavily upon his frame, and he 
had practically adopted the course which so 
recently has been publicly announced. His mental 
activity was, however, unimpaired, and had it not 
been for the unfortunate accident of his taking 
cold, his accumulated experience and ripened judg- 
ment might have been at the service of the world 
for some time to come. Still, it may be written of 
him, ‘‘he died full of years and honours.” He 
had filled the office of Member of Council of 
the Institution of Civil Engineers, and of President 
of the Institution of Mechanical Engineers, besides 
being a member of most of the other technical 
societies. He had been a member of the jury at 
the Inventions and the Mining and Metallurgical 
Exhibitions, a judge of the Royal Agricultural 
Society in 1868 and 1870, and one of the Committee 
of Advice at South Kensington in relation to the 
models. In these and many other ways had the 
respect and esteem of the profession, and of 
the ofticial classes, been shown to him. 

The points that stand out most clearly in Mr. 
Cowper’s career are the founding of the Institution 
of Mechanical Engineers in 1847, the designing of 
the great Exhibition buildings of 1851, the inven- 
tion of the regenerative firebrick hot-blast stove in 
1857, the invention of the steam-jacketed receiver 
for the compound engine, and the writing tele- 
graph (1879). Mr. Cowper was one of the few 
original members of the Institution of Mechanical 
Engineers at its inception in Birmingham in 1847 ; 
he became Member of Council in 1848, Vice- 
President in 1863, and President in 1880-81. He 
was a constant attendant of the meetings, and there 
are few volumes of the Proceedings which do not 
contain reports of his speeches. This is particu- 
larly true of the earlier issues, when the Institution 
was less important than it has since grown, and 
needed the loyal support of allits members. He did 
not, however, read many papers, the more noticeable 
being “On an Inverted Arch Suspension Bridge” 
(1847) ; ‘On a New Method of Moulding Railway 
Chairs” (1851); ‘‘On Cugnot’s Locomotive for 
Use on Common Roads” (1853) ; ‘* Description of 
the Wrought-Iron Roof over the Central Railway 
Station at Birmingham ” (1854); ‘‘ A Description 
of a Set of Six Blast Engines made for the Hast 
Indian Tron Company” (1855) ; ‘‘ Description of 
Two Pairs of Horizontal Pumping Engines” 
(1858); ‘* Some Regenerative Hot-Blast Stoves 
Working at a Temperature of 1300 deg. Fahr.” 
(1860) ; ‘‘ On the Inventions of James Watt and 
his Models” (1883). Mr. Cowper’s early work as a 
constructive engineer is reflected in his papers. At 
the date of the first he was chief draughtsman and 
manager to Messrs. Fox and Henderson (afterwards 
Sir Charles Fox), and was engaged in designing 
roofs and machinery. It is a fact, we believe, that 
the braced suspension bridge which he advocated has 
never been constructed, although often proposed, 
until recently in the Tower Bridge. At a time 
when the strains in girders were little understood, 
as pointed out by Dr. Anderson in his recent 
“« James Forrest Lecture,” the suspension bridge 
had many attractions for engineers, which, how- 
ever, were more than balanced by its want of 
rigidity. To obviate this defect, Mr. Cowper pro- 
posed to construct the ‘‘inverted arches ” of boiler 
plates of considerable depth, 3 ft. or 4 ft. or more, 
riveted ‘together without joints or links, and 
strengthened by bars riveted along the top and 
bottom edges. The progress of science, however, 
soon brought the girder to a more perfect state, and 
this project was forgotten. 

Two monumental pieces of work stand to testify 
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to Mr. Cowper’s early skill—the Crystal Palace 
(formerly the 1851 Exhibition building), and the 
Birmingham Station. This latter was originally 
intended to have two spans, or more, supported by 
columns, and it was only at Mr. Cowper’s earnest 
remonstrance that this method of construction was 
givenup. The site was extremely awkward, as it 
was formed of a parallel portion, and two taper 
portions, on which were ten lines of rails and four 
platforms. Fortunately the ground was so sur- 
rounded by buildings that the skyline was not 
generally visible, and it became possible to adopt a 
sloping ridge over the taper, portions, thus greatly 
simplifying the task of designing the principals, 
The method followed was to make all the prin- 
cipals similar, reducing the dimensions of each part 
according to a fixed scale as the span narrowed. 
One of the principals was tested at the manufac- 
turers’ by setting it up and loading the struts 
with weights. A load of 45 tons, equal to 20 lb. 
per square foot, gave a deflection of 14 in. ; 67 tons 
gave 2,5, in. ; and 90 tons 3,3; in., with no perma- 
nent set. The Crystal Palace is even better known, 
and is marked by Mr. Cowper’s resolution to put 
the metal where it was wanted, and not to adopt 
forms that were artistically pleasant, while scienti- 
fically incorrect. ; 

Mr. Cowper early made his mark in engine design. 
He was an ardent advocate of the compound engine 
at a time when it had few friends, and an earnest be- 
liever in steam jacketing. In the course ofa discus- 
sion on superheating, in 1859, he mentioned that he 
had applied a gauge glass to a steam engine cylinder, 
and had watched in it, first, the initial condensa- 
tion, and afterwards the re-evaporation. ‘‘I saw,” 
said he, ‘‘ that at first the cylinder acted as a con- 
denser, and afterwards as a boiler.” It was this 
phenomenon that led him to adopt the jacketed 
intermediate receiver, by which he raised the steam 
from 231 deg. to 282 deg. In its earliest form 
this was a vessel into which the steam entered at 
one end, leaving it at the other, but later it was 
modified by the addition of an inner lining, oblig- 
ing every particle of steam to pass close to the 
heated walls in its progress to the outlet. As an 
example of what could be obtained by careful 
design, he instanced H.M.S. Briton, which, when 
steaming at a cruising speed of 10 knots, burned 
only 1.3 1b. of coal per horse-power hour. This 
engine worked with 55 1b. pressure of steam, the 
cylinders and receiver being thoroughly jacketed. 
It was in 1850 that he first tried the compound 
engine, and his patent for the receiver was dated 
1857. 

Mr. Cowper was early associated with Sir Wil- 
liam (then Mr.) Siemens. On the invention of the 
regenerative furnace, he saw its applicability to the 
purpose of heating the blast for blast furnaces. 
Accordingly in 1857 he took out a patent in rela- 
tion to this subject, and followed it by others, the 
date of the last being 1887. At the present time — 
there are more than 500 of these stoves in opera- 
tion. In their latest form they consist of a 
vertical combustion chamber and a number of 
honeycomb passages or flues. Gas from the top 
of the blast furnace is admitted to the combus- 
tion chamber together with air, and burns in it. 
The products of combustion are drawn down 
through the honeycomb flues. The upper ends 
rapidly become red-hot, and gradually the heat 
travels downwards, until a considerable length of 
the flues becomes incandescent. The gas is then 
shut off, and air passed through the flue from 
bottom to top, gradually cooling it, the process 
taking some hours before the gas must be again 
admitted. When the regenerative stove was In- 
troduced it was good practice to obtain from the 
pipe stoves a temperature of 800 deg. Fahr. This 


was immediately raised to 1150 deg., and subse- 


quently to from 1400 deg. to 1600 deg. A rise 
from 1000 deg. to 1420 deg. represents a saving, 
according to Mr. Cowper, of 4 cwt. of coke per 
ton of iron, or of 3232l. per furnace per year, and 
the quality of the iron is better. 

Among Mr, Cowper’s minor inventions may be 
counted the modern bicycle wheel and the writing 
telegraph. When the old ‘‘ boneshaker” was the 
fashion, he designed a wire spoke suspension wheel 
with a rubber tyre, and made preparations for 
patenting it. He was, however, prevented by 
other matters from prosecuting the affair, and the 
idea became common property. The writing tele- — 
graph was a beautiful instrument, but was before 
its time, and nothing came of it. Quite recently, 
however, we haye heard that Mr. Elisha Gray has 
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made a success of it in America, and that it is to 
be one of the electrical novelties at Chicago. 


Mr. Cowper’s engineering ability was partly 
inherited. His father was Mr. Edward Cowper, 
Professor in the Engineering Department of 


King’s College, and a fertile inventor in rela- 
tion to printing machinery. He apprenticed his 
son at the age of fourteen (1834) to Mr. John 
Braithwaite, from whose establishment there 
came many good engineers. While there the youth 
invented the detonating fog signal for railways, in 
substantially the same form as it is now. The 
period of apprenticeship ended in 1841, and in 
1846 Mr. Cowper transferred his services to Messrs. 
Fox and Henderson, asalready mentioned. In 1851 
he commenced in practice as a consulting engineer, 
and soon attained a leading position. He was 
elected a member of the Institution of Civil Engi- 
neers in 1860, anda member of Council in 1879. 
In 1887 he was invited to lecture before the In- 
stitution on the steam engine, a position of honour 
which he was well fitted to fill, for the subject had 
been with him the study of a lifetime, both from a 
practical and theoretical point of view. 


AWARDS AT THE COLUMBIAN 
EXPOSITION. 
Curcaco, April 30, 1893. 

In the design, arrangement, and organisation of 
the Columbian Exposition, the executive, and other 
authorities, have not shown any disregard for pre- 
cedents ; they have simply, after the most careful 
examination of the history and working of previous 
Exhibitions, selected that which appeared good ; 
but at the same time they have never for a moment 
hesitated to reject, or at all events to modify, 
‘methods and details which up till now have been 
accepted almost as articles of faith, but which they 
considered could with advantage be modified or 
abandoned. As a consequence of this fearless 
policy, we shall see many experiments put into 

ractice at Jackson Park this summer, which will 
be watched with much attention by those inter- 
ested in Exhibition matters. It will be too much 
to expect that all the new departures inaugurated 
will be wholly successful, but many of them un- 
doubtedly will be so, while the remainder will be 
at least suggestive. There appears one exception 
to the rule we have just referred to, and in this 
case it is to be most sincerely regretted that pre- 
cedent has not been rejected without hesitation. 
This is the date decided upon for the opening of 
the Exhibition ; the uncertain weather that always 
‘prevails in Chicago at this time of the year has deve- 
loped during this present month of April with a 
fiendish persistency into a constant succession of 
icy gales and driving rain-storms, that not only 
render out-of-dvor work almost impossible, but 
must certainly be accountable for a large increase 
in the death-rate among those whose business or 
imaginary pleasure takes them to the storm-swept 
expanse of Jackson Park. There is little or no 
promise of a change for the better on the opening 
day, when Chicago will assemble in scores of 
thousands to gaze on their wondrous Exposition. 
Had the date of opening been fixed for the 15th of 
May instead of the Ist, two more weeks would 
have been available for exhibitors and the executive 
to prepare; the weather would—unless phenomenal 
bad luck continued—have become pleasant and 
‘spring-like, and the inauguration would have been 
of better omen. As a rule,.too, the weather in 
November is agreeable, and the date of closing 
could have been deferred until the 15th of that 
month to the great advantage of the public. How- 
ever, it is now too late for regrets, and all that 
remains is to hope for more consideration on the 
part of the weather, which, after over six months’ 
abnormal severity, might well be more reasonably 
disposed. 

In no instance is the absence of fear to abandon 
precedent to which we have alluded more plainly 
shown than in the arrangements that have been 
made for judging the exhibits and giving awards. 
It must not be assumed for a moment that the plan 
which has been elaborated and finally adopted, was 
worked out without due consideration for past 
experience and a careful examination of the jury 
systems of previous Exhibitions. On the contrary, 
no decisions on this subject have been arrived at 
without long and careful deliberation. Starting 
from the point that the hitherto accepted methods 
of conducting jury work have been unsatisfactory, 
and that the very function of juries calls for funda- 
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mental alteration, the Committee on Awards have 
determined to abandon them altogether; equally 
they have determined to give up the old method of 
comparative examinations and verdicts made and 
arrived at with the intention of giving to exhibitors 
diplomas, certifying that their goods are better or 
worse than those of their competitors—a process 
that breeds general dissatisfaction to all except a 
fortunate few. Moreover, as we have often pointed 
out in these columns, the venerable jury system that 
dates from the time of the great World’s Fair of 
1851, is wholly ill adapted to the present conditions 
of trade competition at International Exhibitions. 
Old exhibitors have received medals and awards ad 
nauseam, and younger rivals, as a rule, understand 
how small the real value of such distinctions is. 
Nevertheless they continue to struggle as if fora 
real prize of great worth for these comparatively 
empty honours, and as a matter of patriotism the 
members of international juries always feel called 
upon to gain for their respective fellow-countrymen 
as many and as high distinctions as they can, even 
if they have to strain their expert consciences a 
little in the process. All these evils and many 
others are too well known to enlarge upon, and 
they have been fully recognised by the Awards 
Committee, who have sought, and, as they hope, have 
found, other and better means of arriving at higher 
results. Had they not done so, it was the intention 
to have abandoned awards altogether rather than 
repeat well-recognised and old-established errors. 
The scheme that has been elaborated and will be 
put in execution at Jackson Park is as follows. 

Juries are to be entirely abandoned, but in their 
place a number of experts in various branches of 
science and industry are to be assembled for the 
work of examination and the preparation of reports. 
These judges will, of course, be of different nation- 
alities, corresponding with the countries assembled 
at Jackson Park, but their numbers will not be 
proportioned to the respective numbers of exhibi- 
tors. In this there lies a great novelty. It is 
intended that every exhibitor, whether meritorious 
or not (with perhaps a few exceptions), shall be- 
come the recipient of a bronze souvenir medal, as 
an evidence of his participation in the Fair; we 
believe that, if the exhibitor wishes, this medal may 
be in silver or gold (the exhibitor of course paying 
for the privilege), but its value as indicating the 
merit of the exhibit is absolutely nil. This method, 
it will be remembered, was adopted at the Paris 
Exhibition of 1889, It is determined that there 
shall be no awards of comparative merit—that is to 
say, that diplomas representing honourable men- 
tion, gold, silver, or bronze medals, shall be entirely 
withheld. With this decision we are in entire 
accord, for it strikes at once at the root of the evil 
of the jury system, and will render impossible all 
the very undesirable struggles for high awards with 
which we are only too familiar. In place of these 
diplomas of comparative merit, exhibitors are to 
receive an official document—a diploma of partici- 
pation, in fact—on which will be recorded, in addi- 
tion to the exhibitor’s name, exhibit, &c., a brief 
report prepared by the expert who has made a 
careful examination, and in which are set forth the 
merits of the article examined, not comparing it 
with any similar object shown—for to do so would 
be to establish comparisons unfavourable to one or 
other of the exhibitors—but stating wherein the 
advantages lie, or the novelty or improvements 
consist. In short, the judge’s report is to be the 
careful testimony of a recognised expert (each 
judge working independently on exhibits allotted 
to him) on the value of the invention or object 
shown. And this report is to be signed by the 
judge making the examination, although it is con- 
sidered that cases may arise in which one judge 
may call on one or two of his confréres to aid him 
in arriving at a conclusion. Of course it is con- 
templated that there will be a certain number of 
exhibits that possess neither use nor novelty ; in 
these instances the examiner will refuse to make a 
report, and the exhibitor’s diploma will be a blank, 
except for his name, address, &c. 

It has been fully recognised that some court of 
appeal will be necessary, some method of judging 
the judges. Accordingly, the reports of the judges 
will, from time to time—possibly it is intended 
from day to day—be submitted to the criticism of 
all the judges of a group assembled in committee ; 
at these meetings the reports submitted will be 
approved, rejected, or returned for reconsideration, 
as the case may be. 

It is probable that these examinations will 


be almost wholly formal, if only for the simple 
reason that no expert of good standing could permit .« 
any modification in a report he had _ himself 
conscientiously prepared, and to which he had to 
append his name. Provision will be made for those 
exhibitors who have been refused a report to appeal 
to the Awards Committee, and to obtain a second 
examination. It is confidently hoped that the vast 
amount of information prepared by the judges about 
the many thousands of objects they will be called 
upon to examine and report on, will constitute a 
compte rendu of the whole contents of the Exhibi- 
tion by eminent specialists of various nations, of 
the highest and most lasting value. Moreover, it 
is expected that the judges’ reports, as set forth on 
the diplomas of exhibitors, of necessity but little 
more than the briefest, though most authoritative, 
summaries, will be, later on, expanded into a series 
of many volumes, and will constitute the most 
valuable contribution to the literature of the Fair. 

As is well known, there are thirteen great de- 
partments of the Exhibition, under one or other 
of which all the objects shown are classified. 
Similarly, there will be thirteen groups of judges, 
corresponding to the departments, international, of 
course, and varying in strength according to the 
size of the department. 

This brings us naturally to the composition of 
the judges’ committees. If precedent had been 
followed, the judicial representatives of each 
country would be proportioned in strength to the 
respective numbers of exhibitors. It is intended 
that there shall be from 500 to 700 judges in all, 
250 of them being foreigners. Forty judges will 
be given to Germany, and if the recognised rule of 
proportions were observed, Great Britain would be 
entitled to some four judges —our ludicrously 
small display being about 550 as compared with 
6000 from Germany. Fortunately we are to be spared 
this indignity at least, by virtue of what we regard 
as a very brilliant idea of Mr. J. B. Thacher, the 
energetic chairman of the Awards Committee, an 
idea with which Germany and France cordially 
concur, in a sincere wish to recognise the commer- 
cial and manufacturing grandeur of England, and 
in the comfortable certainty that their interests 
cannot suffer, because their superiority at Jackson 
Park is quite beyond dispute. It has been deter- 
mined, then, that the number of judges allotted to 
each country shall be fixed by the importance of the 
country, and not by its representation at Chicago, 
and England, France, and Germany accordingly 
will each contribute the same number of judges, or 
rather, they will be invited to do so, which is not 
quite the same thing. For each of these three 
countries the official number of judges is settled at 
40, and this number will be paid a certain sum for 
their expenses by the Awards Committee, 750 dols. 
having been voted for the purpose to every 
judge. It is not supposed that this amount will 
cover the outlay involved, still less that it should 
be considered as a remunerative fee, because it is 
supposed that the privilege of reporting on the 
exhibits at the World’s Fair will of itself be a 
sufticient compensation ; and in this view we en- 
tirely agree, assuming that the experts can spare 
the time for their arduous tasks. But neither Ger- 
many nor France consider that 40 judges will be 
a sufficiently strong force to represent them pro- 
perly, and they demand 65, according to England, 
of course, the same privilege. This point has not 
yet been officially conceded, but it doubtless will be, 
on the understanding that the several countries pro- 
vide this supplementary number at their own ex- 
pense. It isto be hoped that here at least we may not 
fall far into the background behind Germany and 
France, but that a sufficient number of really 
representative and well-known experts may be 
found with enough patriotism to uphold the honour 
of England at this great International Court of 
Arbitration. For this is what it is intended the 
assemblage of judges shall be, and it is satisfactory 
to know that America looks trustfully to England 
to furnish her with opinions on her Exhibition, 
which will carry more weight than the verdicts of 
her own judges or those of any other foreign 
nation. Should we fail to respond, our neglect 
will be one more mistake made by this country in 
connection with the greatest Exhibition, and pro- 
bably the most important in its consequences to 
our future trade with the United States, that has 
ever been held. 

We most cordially sympathise with the motives 
that have dictated the system of award-giving that 
will be tried at Jackson Park, and we admire the 
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elevated tone that Mr. Thacher seeks to impart to 
the very responsible and almost boundless task. 
The important question is, Willit work? And does 
not its successful development involve the co- 
vperation of experts who will require to possess an 
unusual combination of qualities? If such men 
can assemble in sufficient force at Chicago, we have 
no hesitation in stating our conviction that a great 
triumph awaits Mr. Thacher ; if not, we fear cer- 
tain modifications will be necessary, after the work 
has commenced, to make ita practical success. We 
fear the process of preparing single reports, signed 
by one expert, will be full of difficulty. Few ex- 
perts are many-sided enough to be able to decide 
rapidly on the exact merits of a new thing, and 
rapidity will be necessary, or how can the work 
assigned to each judge be completed’? Many of 
the ablest experts are the most diflfident, and are 
slow in affixing their names to a report for which 
they must be always responsible ; for it is quite 
certain that these reports will be used hereafter for 
trade purposes by the exhibitors ; no one could take 
reasonable exception to that being done. Again, 
the value of the report to the exhibitor depends 
almost wholly on the eminence of the judge, and 
it appears quite beyond question that a report 
signed by Lord Kelvin, or Mr. Preece, for 
example, would possess a wholly different value 
to the exhibitor in the Electricity Building to a 
report drawn up Mr. A. or Mr. Z., of whom nothing 
was widely known. In fact, the difference would be 
far greater than that between a diploma of honour 
and a bronze medal of the old style. 

Some judges, moreover, may quite conceivably ob- 
ject to attaching their signatures to reports prepared 
in the hurry of the Exhibition, and exhibitors may 
very likely raise objections in some instances to 
the judge allotted tothem. The preparation of the 
reports themselves would, we fear, be attended 
with considerable trouble ; we all know that 
easy reading means difficult writing, and it is not 
given to every one to be able with facility to 
summarise all the special features and advantages 
of a complicated exhibit in the space of 400 or 500 
words. These are some of the drawbacks that 
naturally suggest themselves in considering the 
award scheme for the Columbian Exhibition ; we 
have no doubt that when the committees of judges 
get together they will devise some means for the 
efficient despatch of business, and it is probable 
that the regulations will not be so strictly drawn 
as to interfere with the adoption of such modifica- 
tions as may be found necessary. But, whether it 
succeeds or fatls, it is satisfactory to know thatthe 
old jury system is to be replaced by something new, 
and that the object chiefly in view is not the com- 
mercial advantage of the individual, but a general 
benefit to industry and science throughout the 
world, 


INGORE Ss 
Puituirs’ Fryrinc MaAcuIne. 

SIncE our last account of this machine we have 
witnessed a further trial, made in consequence of 
certain alterations in the design, which have turned 
out to be improvements. A few evenings ago the 
machine was run, and completed a flight of over 
1} turns round the track, or a little above 1000 ft., 
without touching. The speed on this occasion was 
timed almost exactly at 40 miles an hour. There 
was a dead weight of 55 lb., and the machine 
weighing itself 3301b., the total weight lifted was 
385 lb. A new set of sustainer surfaces had been 
substituted for those originally used, and the pitch 
of the propeller was somewhat reduced in order to 
get a higher speed, for which the sustainer surfaces 
were suited. The slats in this case are not quite 
horizontal when the machine is at rest, but when 
in the flying position the surfaces are nearly hori- 
zontal. We understand that on another occasion 
three complete rounds of the track were made, the 
machine being in the air the whole time ; that was 
on a perfectly calm evening. The difficulty of 
working what is practically a model machine will be 
appreciated by all those who have made experi- 
ments with very small steam engines and boilers. 
In the present case there is no more than two or 
three double handfuls of coal on the grate at one 
time. Another difficulty arises from the centri- 
fugal action due to the machine being confined to 
the circular track. This is more especially apparent 
at the higher speeds, when the fire is apt to get all 
thrown to the outer side of the grate bars, thus 
letting cold air through and reducing the pressure 
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The present sustainer surfaces are only supporting 
about 24 lb. per square foot, but the next step Mr. 
Phillips proposes is to carry double this weight, 7.¢., 
5 1b. to the square foot. This, naturally, will 
require a greater speed of travel. The object of 
carrying heavier weights with a given area of sus- 
tainer surface is, of course, to keep the machine 
within manageable limits with the larger apparatus 
that is to be constructed for the purpose of carry- 
ing a human being. 
Tue First VoyaGE or THE ‘‘ CAMPANIA.” 

The Cunard steamer Campania has on her first 
Transatlantic voyage exceeded expectations, having 
in the homeward run excelled all previous steam- 
ship performances. Mr. Laing, of the Fairfield 
Company, who was on board, deemed it proper on 
the outward run to steam at an easy pace, so that 
the staff of engineers might the more readily 
become accustomed to the immense machinery; and 
on the home run they were drilled under something 
likethe ordinary conditions of running of the engines. 
The result was a steadily increasing speed from the 
time of passing Sandy Hook until the arrival of the 
vessel on this side, the daily runs at noon on each 
having been 29 knots (for 115 minutes), 481, 490, 
474, 517, 493, and for the remainder of the run 
384. The complete distance of 2899 nautical miles 
to Roche’s Point was traversed in 5 days 17 hours 
27 minutes, which is 24 hours better than the 
previous record journey made by the New York in 
Augustlast. But on that occasion thelatter steamer 
went the summer route, whereas the Campania 
adopted the southern course, to clear the Banks of 
Newfoundland at this season, and thus travelled a 
much greater distance in the less time. The 
result is therefore a speed of 21.15 knots by the 
Campania, against 20.10 knots by the New York. 
The sister ship, Paris, however, has, in the outward 
run, maintained 20.7 knots. The quickest home- 
ward run by the pair of White Star vessels was 
made by the Teutonic, with a mean of rather under 
20 knots. Nor was the Campania pressed. Only 
on the fourth day could the engines be said. to 
approach the full contract power, 30,000 indicated 
horse-power, and on that day the speed averaged 
the unprecedentedly high rate of 22.24 knots. This 
run, coupled with the fact that on another day there 
was a two-hours’ delay owing to aslight hitch in the 
steering gear, indicates that when the vessel goes 
on the shorter summer route of 2800 nautical miles 
a month or two hence, she will easily accomplish the 
voyage in less than 5$days. As itwas, the passengers 
who embarked at New York on Saturday, May 16, 
were landed in Liverpool, for the first time on 
record, on Friday night, the 12th inst., some of 
them travelling to London at once. The distance 
between (ueenstown and Liverpool, indeed, was 
covered at the rate of 22.48 knots, and but for the 
detention at Queenstown landing the mails, ‘the 
passengers might have got to London on Friday 
night also. The letters were delivered on Satur- 
day morning in London, no time advantage being 
gained by disembarking them at Queenstown. The 
coal used on the homeward run, it may be added, 
was Pocahontas semi-bituminous coal, which con- 
tains, by analysis, 864 per cent. of carbon. 


NOTES FROM THE SOUTH-WEST. 

Cardifi—Advanced prices have been demanded for 
steam coal for prompt shipment. The best qualities have 
ranged from 9s. 9d. to 10s. 3d., while secondary descrip- 
tions have made 9s. 3d. to 9s. 6d. per ton. Household 
coal has been dull; No. 3 Rhondda large has made 10s. 3d. 
to 10s. 6d. per ton; foundry coke has brought 17s. to 
17s. 6d. ; and furnace ditto, 15s. to 16s. 6d. per ton. The 
iron and steel trades have shown little change. Hew new 
orders for rails have come to hand, 


Taff Vale Railway.—Myr. T. Hurry Riches, locomotive 
superintendent, has issued small books to drivers— 
especially the drivers of mineral trains—on the railway, 
in which are entered the number of miles run by each 
engine, and the quantity of coal, oil, waste, &c., taken from 
the stores during each week. Ithas been found that con- 
siderable difference exists in the quantity of coal, &c., 
used by different drivers on the same engine, performing 
the same journeys, and with a similar number of loaded 
wagons. Although drivers who exercise the greatest 
care may not receive higher wages, economy and efficiency 
lead to promotion. 


South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in April were as 
follows: Cardiff—foreign, 915,886 tons ; coastwise, 112,554 
tons. Newport—foreign, 151,623 tons ; coastwise, 88,641 
tons. Swansea—foreign, 53,024 tons; coastwise, 56,037 
tons. Llanelly—foreign, 9105 tons; coastwise, 4904 
tons. The aggregate shipments for the month accord- 
ingly came out at—foreign, 1,129,638 tons ; coastwise, 
262,136 tons. The shipments of iron and steel from the 
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four ports in April were: Cardiff, 4784 tons; Newport, 
469 tons; Swansea, 10 tons; Llanelly, nil; total, 5236 
tons. The shipments of coke were: Cardiff, 9819 tons ; 
Newport, 50 tons ; Swansea, 725 tons ; Llanelly, nil ; total, 
10,594 tons. The shipments of patent fuel were: Cardiff, 
29,679 tons; Newport, 3600 tons; Swansea, 23,085 tons ; 
Llanelly, nil; total, 56,364 tons. The aggregate ship- 
ments of coal from the four ports during the first four 
months of this year were as follows: Cardiff, 4,038,243 
tons ; Newport, 904,173 tons; Swansea, 487,280 tons; 
Llanelly, 52,924 tons; total, 5,482,620 tons. The ag- 
gregate shipments of iron and steel during the first 
four months of this year were: Cardiff, 11,932 tons; 
Newport, 4498 tons; Swansea, 574 tons; Lianelly, 
nil; total, 17,004 tons. The aggregate shipments of 
coke were: Cardiff, 31,127 tons; Newport, 929 tons; 
Swansea, 881 tons; Llanelly, 22 ; total, 32,937 tons. The 
aggregate shipments of patent fuel were: Cardiff, 95,481 
tons; Newport, 20,128 tons; Swansea, 101,752 tons; 
Lianelly, nit; total, 217,361 tons. 


More Welsh Coal.—A fine seam of coal has been won at 
Tirpentwys Colliery, The seam won is known as the Big 
Vein, and has been found at a depth of 395 yards from 
the surface. The Elled seam was struck a few weeks 
since, and it is understood that it is the intention of the — 
company owning the Tirpentwys Colliery to open out the 
two seams immediately. The Elled coal is 3 ft. 6 in, — 
thick. The Big Vein proves to be 5 ft. thick, and is also — 
of excellent quality. 


Barry Harbour Drainage.—At the monthly meeting of — 
the Barry Local Board tenders were received for the 
Barry Harbour sewerage contract. The estimate of the 
engineer, Mr. C. R. Walker, C.E., was 11,9447. 18s. 3d. 
for the original scheme, and for an alternative scheme 
800/. or 9002. extra. It was decided to accept Mr. 
Rutter, of Barry, as contractor. The amount of Mr, 
Rutter’s tender was 12,515/. 15s. 7d. for the original — 
scheme, and 12,8967. 12s. 7d. for the alternative scheme ; 
but it was decided that the actual terms should be again 
determined. 


Keyham.—The work of extending the recess of the 
Queen’s Dock at Keyham, which has been in hand for 
six mouths, was completed on Saturday. The work has 
been carried out by Messrs. Hill and Co., of Gosport, and — 
the estimated cost of the improvement was 2480/., of 
which 10007. was not voted until the present financial — 
year. The dock is now 5 ft. wider than formerly. pao 


Powell-Duffryn Coal.—The Powell-Duffryn Company 
has recently had 30,000 tons of coal on stem at Newport, — 
which the Alexandra Dock Company has instructions to 
load shortly in the following steamers, as well as in a ~ 
number of other vessels: Mendelssohn, 4000 tons; — 
Charlton, 3000 tons; and G. R. Booth, 4000 tons. = 


Swansea and the Great Western Railway.—The award — 
has been received at Swansea in a great arbitration — 
between the Great Western Railway Company and the ~ 
Swansea Harbour Trust. The railway company claimed — 
in respect of certain lands at the East Dock, compulsorily — 
acquired by the Trust, 31,000/., and the Trust counter- 
claimed 11,0007. for rents. The counterclaim was 
admitted. The arbitrator awards the company 15,000/., — 
from which is to be deducted the counterclaim. There is 
an allowance made the company for interest. ‘This 
allowance the Trust does not admit, and consequently the — 
matter will probably come before the courts. 


Quick-Firing Guns.—Two 6-in. quick-firing guns for the 
Spartan, cruiser, arrived at Devonport last week from 
Portsmouth. These guns will be at once put on board, to — 
take the place of 6-in. breechloading guns. As soon as 
the armament is ready, the Pique, the Retribution, the 
Rainbow, and the Sybille will be dealt with in a similar 
manner. 


Sewage at Exetcr.—The question of the disposal of the 
sewage of Exeter was discussed at a meeting of the town 
council on Wednesday. Mr. Brutton J. Ford presented a 
petition against the establishment of a sewage farmat 
Countess Weir, and Mr. Munro lodged a petition against 
a scheme for the purchase of that property. Notwith- 
standing this, on the motion of Mr. Townsend, it was 
decided to affix the corporate seal to an agreement for the 
purchase of Countess Weir. 


Glamorganshire Canal.—The first steam tow-boat which 
is to be placed upon the Glamorganshire Canal is being 
constructed by Messrs. Alsop and Sons, of Preston. Her 
length is 61 ft., 8 ft. 9 in. beam, with a draught of 3 ft. 
The carrying capacity of the steamer will be 18 to 20 tons, 
and the engines are to be of sufficient power to enable her 
to tow three barges of 30 tons carrying capacity. 


Water Supply of Newport.—The Newport Town Council 
proposes to proceed with the construction of new reser- 
voirs at Wentwood. The cost of the scheme will be from 
120,0002. to 150,0002., and it is expected that the works 
will extend over about four years. The borough surveyor 
(Mr. Conyer Kirby) will act as engineer. 


PETROLEUM FOR ToRPEDO Boats.—A special Commis- 
sion appointed by the French Minister of Marine to test 
the value of petroleum as fuel for torpedo boats has ren- 
dered an adverse decision. 


Dortmund Mrinine Disrrict.—In 1857 there were ia 
the Dortmund district a total of 299 collieries, which, with 
30,600 men, turned out 4,004,000 tons of coal. The number 
of men per colliery averaged 103, and the output of coal 
131 tons per man. In 1890 there were 175 collieries, with 
117,800 men, who managed to produce 35,409,200 tons. 
There were then 750 men per colliery, who had an average 
output of 277 tons per man. 


.' 
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WATER WORKS AT DAVENPORT, 


Fie. 1. 


Low Levet Pumpine Sration AnD Fivrer Howse. 


Fig. 3. Intrertor or Fitter Hovse, 


Tux city of Davenport, Iowa, draws its water from 
the Mississippi, which, as is well known, carries a full 
load of silt. The consequence is that, in spite of 
settling reservoirs, the water supplied to the citizens 
has often been muddy. To remedy this, a very large 
mechanical filtering plant has lately been erected, 

hotographs and models of which are to be seen at the 
hicago Exhibition, and some of which we reproduce 
on this page. 

The plant consists of ten American filters of the 
horizontal two-compartment type, each 74 ft, in dia- 
meter and 35 ft. in length. They are built to stand a 
ner of 200 1b. to the square inch. The metal 

orming the shell of each filter is of mild homogeneous 
steel £in. thick, while the outer heads are # in. 
thick. These shells are filled with sea sand, or quartz 
from Horne Island in the Gulf of Mexico, the 
peculiar nature of this sand being that each grain is a 
solid particle, and not porous, as is ordinary sand, thus 
enabing it to be washed perfectly clean from all 
impurities, both organic and mineral. The filter beds, 
when clean, offer a resistance such that the water loses 
1 lb. of pressure in passing through; this resistance 
gradually increases as the filter beds become clogged 
with filth and mud, until the resistance reaches about 


15 1b.; then the filters are washed. With the ordinary 
condition of the river the filters are not washed oftener 
than once in every 24 hours, but when the river is in 
its most turbid condition, the washing has to be done 
every three hours. As the ten filter shells are divided 
into two compartments each, practically forming 20 
filters, and these are so arranged that each half 
is washed separately, only one-twentieth of the entire 
plant is out of commission at one time, and during the 
whole process of washing, the rest of the filters are 
filtering. The process of washing consists of sending 
a current of water through the sandbeds in the filters, 
and washing the collected filth back into the river. 
This is done by means of fine spray pipes mounted on 
a central head, fixed on the end of a hollow piston- 
rod. On the rod is a piston working in a cylinder 
erected on the upper surface of the filter. By ad- 
mitting pressure water above the piston, the cluster of 
spray pipes is pushed right through the bed of sand to 
the bottom, the jets being thus sent through the entire 
mass, putting it into violent agitation and washing 
every particle thoroughly. By reversing the valves 
the pipes are withdrawn, and the sand settles down 
again. Whenever required, these filters are so arranged 
that powerful jets of superheated steam can be 
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turned into the sandbeds, so as to thoroughly sterilise 
the material. The plant is a complete success, and 
the inhabitants of the city are justly proud of its 
working. The filter-house (Fig. 1); is in keeping 
with the filter plant. It is built of handsome pressed 
brick, finished with stone trimmings, and the interior 
finish is of hard Georgia pine. The roof is of green 
slate, and is supported with an iron truss frame. The 
cost of the filter plant and building, with connections, 
has been about 120,000 dols. The cost of the entire 
water works plant exceeds 1,200,000 dols. It is owned 
and operated by the Davenport Water Company, who 
has been granted recently a new twenty-five-year 
franchise to supply the city with water. The original 
works were built in 1872. The present secretary, to 
whom the alterations are principally due, is Mr. James 
P. Donahue, while Mr. EK. H. Riddell is the superin- 
tendent of the American Filter Company of Chicago, 
The present plant consists of two pumping stations, 
the filter plant, a five-million gallon reservoir, and 
about 34 miles of pipe from 6 in. to 16 in. in diameter ; 
there are 380 public and private fire hydrants, for which 
the city pays an annual rental of 40dols, each. The com- 
pany has about 1800 water consumers, and this number 
is increasing with great rapidity since the filtered 
water has been supplied. Pumping station No. 1, 
the main works, has a pumping capacity of 11,000,000 
gallons per day. The pumps in this station are of 
the Worthington high-duty pattern. At this pump- 
ing station there is pumped from the river and forced 
through the filters all the water that is required for 
the city, supplying first the business portion of the 
city by direct pressure during the daytime, and the 
surplus, or the water not used in that part of the city, 
fills the reservoir on the bluffs, and at night, or when 
the pumps at station No. | are not inuse, the reservoir 
supplies the business portion by gravity. At the re- 
servoir is pumping station No. 2, with a double set of 
pumps of 7,500,000 gallons daily capacity. This 
station repumps the water from the reservoir and 
supplies the residence portion of the city, which is at 
a higher elevation. The elevation of the reservoir is 
180 ft. above the business portion of the city, and in 
time of fire the gravity gate at the reservoir is closed 
and the pumps are turned so as to pump directly 
downhill, giving an unequalled fire pressure, 
Davenport is a prosperous city, with a population 
between 30,000 and 35,000 people. It contains about 
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8000 dwellings, and is a prominent banking centre. 
The banking capital is over 2,000,000 dols., and the 
deposits exceed 9,000,000 dols. The city is a large 
manufacturing centre, and is located on the central 
eastern border of the State ; it has excellent railway 
and river shipping facilities. 


THE POWER TRIALS OF H.M. BATTLESHIP 
: ‘“RAMILLIES.” 

Tue new British line-of-battle ship Ramillies has 
completed her contract trials with most satisfactory 
results, and is now: to be prepared for commission, 
when she will take her place with the Channel 
Squadron. This is the first of the battleships, built 
by contract under the Naval Defence Act, to be com- 
pleted. Messrs, J. and G. Thomson, Limited, Clyde- 
bank, the builders and engineers, have not only ex- 
celled all previous performances of private firms, but 
have constructed the vessel within a period which com- 
pares most creditably with that taken by the Dockyards, 
even in the case of the Royal Sovereign. The credit 
is the greater when it is remembered that the armour- 
plates were not delivered until several months after 
the stipulated time, and the construction of the vessel 
delayed, a consequence of the imperative demands 
of the Dockyards for plates from the same makers. 
The favourable mention of Messrs. Thomson for 
rapidity of production by their Lordships of the Admi- 
ralty in the Memorandum recently issued was there- 
fore well merited. The Ramillies has been handed 
over two or three months before the expiry of the 
contract time; indeed, she will be flying her 
pennant as ready for action before delivery could have 
been insisted upon. Messrs. Thomson have also the 
credit associated with thorough compliance with the 
conditions of contract. It was originally intended 
that all the vessels should have machinery capable 
of developing 13,000 indicated horse-power under 
forced draught conditions, but when the Royal 
Sovereign was tried it was found that during the third 
of the four hours’ run the boilers, subjected to an air 
pressure of 1.6 in. according to water gauge, began to 
leak, and the trials were stopped, the results on the 
three hours’ run being accepted as fulfilling conditions. 
The power indicated during the three hours was 
13,312. It was then intimated to the various engi- 
neering firms responsible for the machinery of the 
otuer battleships of the class that the power to be 
developed in subsequent ships would be 11,000. The 
Ramillies succeeded in maintaining this, even under 
natural draught conditions. 

Before entering into details as to the trial, it may be 
convenient to mention one or two of the leading features 
of the design of the machinery. The engines and boilers 
have already been illustrated and described in Enat- 
NEERING,* but it may be repeated that the cylinders 
of each of the twin engines are 40in., 59in., and 88 in. 
in diameter respectively, by 51 in. stroke, and that 
they are entirely independent castings, connected 
together by steel stay-rods securely attached, while 
the column heads have strong cast-steel struts 
fitted in between them to increase their stability 
in case of ramming. The back columns are of cast 
steel with separate hard cast-iron facesfor the guides, 
and the front columns are of forged steel, thus giving 
a clear view from the starting platforms, which are in 
the wings of the ship. Each high-pressure cylinder 
has a piston valve, the intermediate one triple-ported 
slide valve, and the low-pressure cylinder two triple- 
ported slide valves, one forward and the other aft. A 
special type of relief ring is fitted at the back of these 
flat valves, and balanced pistons are supplied to all 
the cylinders to reduce the strain on the valve gear as 
far as possible. The main condensers have a collective 
cooling surface of 14,700 square feet. Consistent with 
the general principle of economising weight, adopted 
in the design of all warship engines, the casings and 
ends are entirely of naval brass plates riveted together. 
The steam is condensed outside the tubes, the water 
being circulated through them by 16}-in. Gwynne 
centrifugal pumps driven by an independent engine. 

The drawings of the boilers reproduced on page 194 
of vol. liv. showed that they were single-ended, 15 ft. 
2 in. mean diameter by 9 ft. 4in. long, and that each 
of the eight fitted into the ship had four furnaces of 
3 ft. 4in. diameter. For the purpose of shutting off 
each combustion chamber from the others, and also 
for regulating the draught in each, separate dampers 
are fitted in the passage from each through the smoke- 
boxes, the gear being arranged to work the same con- 
veniently from the stokehold floor. The total grate 
surface is 700 square feet, and the total heating surface 
19,900 square feet. The total weight of the engines, 
boilers, &c., is about 1150 tons. 

The vessel was in good trim when she left Ports- 
mouth on April 25 on an eight hours’ natural draught 
run. The draught forward was 24 ft. 3 in. and aft 
26 ft. lin., which is rather less than the designed 
draught at the displacement of 14,150 tons. Our 
two-pige plate this week, prepared from a _beauti 


* See ENGINEERING, vol, liv., page 197. 


ful photograph by Mr. Stuart, of Messrs. Thomson’s 
staff of artists, shows the vessel lying at the Tail 
of the Bank ready for her departure to Portsmouth, 
and those experienced in the appearance of warships 
will recognise a feature of the design—the high free- 
board. ‘he four 67-ton guns, which form the prin- 
cipal armament, are not in position, but the turrets 
forward and aft indicate that these guns are at a 
higher level from the water than is usually the case. 
The vessel is 380 ft. long, 75 ft. beam, and has a heavy 
belt of 18-in. armour, while the upper part of the hull 
is armed with 4-in. plates protecting the gunnery deck, 
where the ten 6-in. quick-firing and smaller machine 
guns are mounted. Into the details of design and con- 
struction it is not necessary here to enter, as the 
method of building the vessel was illustrated and de- 
scribed in detail in a previous volume.* ‘The power 
was easily attained at the natural draught trials. With 
the very low air pressure of .22 in. the mean power 
was 9415 indicated horse-power, with the engines 
making 96.6 revolutions. The detailed results are 
appended : 


Results of Hight Hours’ Natural Draught Trials of 
H.M.S. ‘‘ Ramillies.” 


Steam in boilers ... es pee Laub: 
Starboard. Port. 
Vacuum Sis ss 27.8 in 27.6 in. 
Revolutions per minute 96.7 96.6 
High ve , 04.63:1b, 56.38 Ib; 
Mean presi. Intermedits 20.93 ,, 21.47 ,, 
Low 10.36 ,, 9.82 ,, 
. High ea 1710 1762 
Indicated horse Intermediate 1426 1461 
ROMER (GS Mow . 1569 1487 
Total indicated horse-power 4705 4710 
Collective indicated horse-power ar 9415 
Mean air pressure ... .22 in. 


Speed of vessel 16.75 knots by patent log. 
Coal consumption per indicated one: vOEs per hour = 
Bgl 


On Thursday, April 27, the vessel went out on her 
forced-draught trials, when with an air pressure 
(.85 in.) which is often exceeded under natural 
draught conditions, the required power was far sur- 
passed. The vessel had only left Portsmouth about 
half-an-hour when the trials commenced, and the 
eight 5ft. Gin. fans were driven to give .63 in. of 
air pressure in the stokehold, according to the water 
gauge. The steam pressure was 148 lb., and witha 
28-in. vacuum the engines together developed 12,080 
indicated horse-power. For an hour the ship ran under 
these conditions, developing with the full air pressure 
allowed under natural draught conditions a horse-power 
3000 in excess of natural-draught requirements, and, 
peculiarly enough, 1000 in excess of forced-draught 
demands, The fans were then slowed down, and for the 
next hour and a half the 11,000 indicated horse-power 
was exceeded with but } in. pressure, while to the 
close of the trial the power was easily maintained with 
a pressure which never exceeded .4in. The mean of 
the four hours was but .35, and the indicated horse- 
power was 11,549, the engines making 102% revolu- 
tions. The detailed results follow : 


Results of Four Hours’ Forced Draught Trials of 
AM.S. ‘ Ramillies.” 


Steam in boilers ... F ¥E pee LoOrolb: 
Starboard. Port. 
Vacuum ... os iva 28.5 in. 27.7 in. 
Revolutions per minute 102.7 102.4 
f High Ese 61.15 lb 61.56 lb. 
Mean pressure < Intermediat 25.4 ,, 26.01 ,, 
(ow... Sic 12.17-,; IBIGSS 
. ig ae 2033 2042 
Trees | Intermedia 1838 1805 
peal gts Low... 1960 1871 
Total indicated horse-power ... 5831 5718 
Collective indicated  horse- 
power ve 11,549 
Mean air pressur .35 in. 


Speed of vessel ... 17.25 knots by patent log. 
Coal consumption per indicated horse-power per hour = 


We have stated that the engines of the Royal 
Sovereign during the three hours she was under forced 
draught developed 13,312 indicated horse-power, with 
an air pressure of 1.6in. The Ramillies, it will be 
seen, maintained 12,000 indicated horse-power for an 
hour with a mean of .6 in. ‘That the power increases 
at a slower ratio than the draught applied is well 
known ; but it is worth noting some of the results got 
with the Ramillies, not necessarily consecutive results. 
The first line of figures represents the steam pressure, 
which of course affects the power result, the second is 
the air pressure, and the third the power. 

150 150 155 150 150 148 Ib. 
21 23 27 39 57 -63 in. 
11,129 11,436 11,609 11,764 11,930 12,080I.H.-P. 

The plotting of these figures on a diagram seems to 

indicate the probable need of a similar air pressure to 


* Vide ENGINEERING, vol. liv., page 412. See also Ibid., 
vol. xl., page 438 ; vol. li., pages 251 and 283 ; and vol. liii., 
page 530. 


that required in the case of the Royal Sovereign, when 
developing over 13,000 indicated horse-power (1.6 in.) ; 
but the boilers of the Ramillies were not subjected to 
this pressure. Certainly they passed through their 
trials easily and successfully, and on subsequent ex- 
amination no ill effects were visible. 

The speed, it will be seen, was 17.25 knots with 
11,549 indicated horse-power, while the designed speed 
was 174 knots with 13,000 indicated horse-power ; but 
with 12,000 indicated horse-power, which has been 
established by the Ramillies as a safe power, the 
former speed could be maintained, without any undue 
pressure. The trials were attended by Mr. Oram and 
Mr. Corner, chief engineer at Portsmouth Dockyard, 
on behalf of the Admiralty, while the contractors were 
represented by Messrs. James R. Thomson, George P, 
Thomson, and J. G. Dunlop, who are to be congratu- 
lated on the result. 


INDUSTRIAL NOTES. 

Iv cannot be said that there is any real improvement 
in the general situation as regards labour disputes. 
The same unrest which has been manifest for some 
time continues in many branches of industry. The 
same signs are manifest on the Continent, in America, 
in Australia, and elsewhere. There is also unrest in 
the commercial and trading world, and both react 
upon each other. The dispute at Hull yielded to 
pressure towards the close of last week, when a 
modified kind of agreement was provisionally arranged 
between some outside negotiators and representatives 
of the men. The terms really differ very little from 
those formulated at the commencement of the strike, 
for the shipowners have only agreed to such terms as 
will permit of union men and non-union men working 
side by side. The action of the dockers, and to some 
extent of the seamen, rather led to the complication 
than otherwise. In the earlier stages of the dockers’ 
movement the leaders clamoured for labour exchanges 
or labour bureaus ; they now find that these institu- 
tions lead to a kind of antagonism between the unions 
and non-unionists. This was foretold at the time. It 
is inevitable that a labour exchange, supported by 
employers as well as employed, should be free to engage 
labour either belonging to or not belonging to the — 
union. It could not be otherwise. Butthe Shipping — 
Federation was and is distinctly non-union ; it was 
instituted to resist the demands of the unions, so that 
it was a union of employers against a union of the 
employed. 
strike at Hull can bring about an understanding by 
means of which the contest for absolute supremacy 
can be averted, it will have done some good. ‘Lhis um- 
fortunate dispute was really between workmen—those 
in union against those out of union, with bitter experi- 
ences for both. 


In the Amalgamated Society of Engineers the total 
number on donation has decreased from 5527 last month 
to 5271, the decrease being 256. ‘The improvement, 
though slight, is encouraging, so far as it goes. Itis 
admitted, however, that the improvement cannot be 
regarded as asign of returning prosperity in the various 
branches of industry represented by the society. The — 
increase in the number of members is significant, the 
total now reaching 72,154 members, after allowing 
for exclusions for arrears. The total number on the 
sick list was 1733, and on superannuation allowance 
2267, the total on the funds being 9271, the total cost 
being 3868/. 15s., or 1s. 3d. per member per week. 
The cost of superannuation now stands at 3d. per 
member per week, sick pay 23d., and donations 84d. 
per week. Here, again, the absence of strikes is satis- 
factory, only 89/. 15s. being expended from the con- 
tingent fund. Reference is made to the threatened 
disputes as regards wages in the Tyne and Wear dis- 
tricts, and alsoat Hull. In so far as the union is con- 
cerned, the strikes were averted by a compromise. 
The engineers have carried a levy of 3d. per member 
for the Hull strike of dockers and others by a majority 
of nearly 7000. But some of the branches declined to 
vote, and others objected on various grounds. Three 
branches thought the levy too small. The chief 
objection was the large number out of work, the high 
rate of contributions, and the fact that the dockers 
paid insufficient to defend their position. The American — 
report speaks more favourably of the state of trade, 
both in the United States and Canada, only 48 mem- 
bers being on donation in thosecountries. In Australia, 
however, trade was still bad when the report was 
transmitted, and since that date it has not improved, 
but rather the contrary. Quite 20 per cent. of the 
members were out of work. Under the new constitu- 
tional changes in the union, with a paid executive and 
six organising district delegates, the work of the 
society goes on better and more smoothly, for the 
work of the council had so enormously increased that 
they were quite unable to keep the work under on the 
old methods. 


The report of the Ironfounders’ Society does not 
indicate any real improvement in trade, though the 
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total number on the several funds has decreased by 
403. Of these the decrease in the number on donation 
benefit was 353, otherwise out of work by 12, and on 
strike by nine. There was also a decrease on the 
sick-list of 37, but an increase of eight on super- 
annuation allowance. The total number on the funds 
for the several benefits was 2384, as against 2787 last 
month, out of a total of 15,129 members. There was a 
decrease of 38 members, but that was owing to the 
non-payment of arrears at the end of the quarter. 
The total weekly cost of the several benefits enume- 
rated was 719/. 10s., or about 114d. per member 
per week, but this does not include strike pay nor 
relief to travelling members. The average weekly 
cost of superannuation is now a trifle under 3d. per 
week, of sick pay 2d. per week, and out-of-work 64d. 
per week. The total balance in hand at the date of 
the report was 40,446/., showing a decrease since 
March, 1892, of over 10,000/. An examination of the 
returns of the state of trade shows that there is some 
slight improvement as compared with last month, owing 
probably to the continuance of fine weather, and the 
season trades. ‘The total number of places in which 
trade was from good to dull was 60, employing 7066 
members, as against 49 places employing 5518 mem- 
bers last month, and the number of places where 
trade was very slack to very bad was 62, employing 
8063, as against 72 places employing 9312 members 
last month. The improvement is wholly as regards 
home industries, but the foreign trade is everywhere 
slack in so far as this branch of trade is concerned. 
The one feature which is encouraging is that there is 
an almost entire absence of disputes throughout the 
whole of the trade, as only ten members were in 
receipt of dispute pay in the entire society. Scarcely 
any society can show sucha clean sheet in this respect 
as the Ironfounders’ Society. 


The condition of the engineering industries in Lan- 
cashire has manifested very little change, but the 
changes that have taken place are, for the most part, 
for the better. Stationary engine builders, and some 
of the principal machinists, have a fair amount of 
work in hand, which is keeping the establishments 
fairly going and the men pretty fully employed. But 
the machine tool makers experience no improvement 
in their department, and boilermakers report some 
falling off in the weight of orders coming forward. 
The general branches of engineering work are very 
quiet, but the members of the various unions con- 
nected with engineering and cognate industries are 
able to report a decrease in the number out of work, 
which is a favourable sign. An examination in detail 
of the reports of 85 branches of the engineering trades 
in Lancashire shows that the members regard the 
state of trade as being moderately good in 58 places, 
and as bad in only 27. In the Manchester district 
trade is moderately good ; in the Liverpool district it 
is bad; in the Oldham district six report trade to be 
moderate, and four bad. In the Barrow district trade 
is bad, whereas at Bolton it remains moderately good. 
In one or two places the men report trade to be good, 
in a very few that it is declining ; but, on the whole, 
trade, if not much better, is certainly not worse than 
it has been for some time past. Happily there are 
no serious disputes in any of the districts in connec- 
tion with these important branches of industry. 
Generally, business is but slow, at the best, in all the 
iron and steel branches. 


In the Sheffield and Rotherham district there has 
been a partial recovery in some of the local branches 
of trade. The cutlery and file trades have improved, 
and it would seem that the depression of the last 
twelve months is giving way to a better tone, and that 
at least a spurt of activity hassetin. The cast steel 
industry is improving also. The inquiries from foreign 
markets for files, tools, and steel have tended to 
strengthen the market. South America has of late 
taken a large quantity of files and other Shef- 
field goods. Cycle sections are also in better de- 
mand. The engineering industries are, however, 
very quiet, not to say very slack. Out of six branches 
of the engineers only one reports the state of trade as 
moderate, all the other five report it to be bad. The 
ironfounders report trade to be bad both at Rother- 
ham and Sheffield. There are, however, no serious 
labour disputes to complicate matters, and no serious 
steps have been taken to reduce wages, either in the 
general or local branches of trade. The building 
trades are busier than most other branches, and wages 
in these branches have a tendency to rise rather than 
fall at the present time. 


In the Lincolnshire districts trade is not so bad. 
The agricultural implement makers and the manu- 
facturers of all kinds of agricultural machinery are 
moderately busy. There is scarcely a centre in Lincoln- 
Shire in which the engineering, iron and steel, and 
cognate industries are reported as being in a bad con- 
dition. The worst reports generally content them- 
selves with stating that trade is moderate, At Ipswich, 
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however, which is engaged in the same branches of] putes is given, first of those which began in April, 


trade, it is said to be declining. 


In the Cleveland district there has been some im- 
provement of late, especially in the steel trade. There 
is still some friction amongst ironstone minersas regards 
the use of the recently-introduced ratchet drilling 
machine, but the matter is referred to the joint com- 
mittee for consideration, and probably arbitration. In 
the engineering branches of trade there are large num- 
bers out of work, fully 10 per cent. being unemployed. 
Shipbuilding is slack, but not so depressed as was ex- 
pected, for one large shipyard at Middlesbrough is 
busy, and other yards are fairly well employed. 

In the Scottish districts there are some signs of 
improvement in certain branches. Blacksmiths and 
tinplate workers are busier ; cabinetmakers, tailors, 
and the building trades are tolerably busy. But the 
general run of the engineering trades, shipping trades, 
and the ironmoulders are dull and quiet. In some 
few branches of trade there have been reductions in 
wages, but in the building trades there have been ad- 
vances, and in Dundee the jute workers successfully 
resisted a reduction. Locomotive builders are busier 
than they have been, and there are more inquiries for 
steel than for some time past. Trade has slightly 
improved, though not sufficiently to indicate that de- 
pression is passing away and prosperity is setting in. 


In the Birmingham district there has been some 
improvement in trade, but it is only partial, The 
bcot and shoe, tailoring, and other general trades are 
tolerably busy, and also some of the iron and steel 
and hardware trades, such as sporting guns, wire- 
working, metallic bedsteads, saddlery and harness 
fittings, enamelled iron goods, and the tinplate indus- 
tries, the latter having granted an increase of wages 
in certain branches recently. Metal-rolling works are 
busy, but the nailand screw branches are rather more 
depressed. In the engineering branches there has 
been a slight increase of work, consequent upon large 
orders from South Africa, A fair amount of business 
has also been done in iron galvanised sheets, and some 
other material. On the whole few men are out of 
work, though in some cases the men are still only 
partially employed. 


In the Wolverhampton district there are some signs 
of improvement. A fair amount of business has been 
done recently both in crude and finished iron, and 
manufacturers have been able to resist the pressure of 
consumers for lower prices. ‘here is more activity 
both on home account and for foreign orders. There 
would seem to be signs of greater activity in engineer- 
ing, bridge-building, and roof work, as the demand for 
material for those purposes has improved. The cycle 
trade is busy, and in the rivet-making districts, both 
of Staffordshire and Worcestershire, the workers are 
demanding an increase in the rates of wages to the 
extent of 25 per cent. 

In the South Wales districts trade generally is in a 
bad state. It is worse in the engineering and ship- 
building branches than in others. The attempt to 
enforce the federation ticket upon some of the engineers 
was resisted by the Amalgamated Society, some of the 
members being withdrawn. The boilermakers’ dispute 
has not been settled, the boycott being still in opera- 
tion. The attempt to increase the hours of surface- 
men at some of the collieries from 54 to 60 hours per 
week hasbeenabandoned. The tinplate tradeisnot very 
brisk, but all sections of the building trades are busy ; 
although the masons’ strike had not been settled, after 
a year’s struggle, there are signs of its being arranged 
mutually at an early date. 


The first number of the Labour Gazette was issued on 
Monday last, the 15th inst. The objects of the publi- 
cation are stated at some length in the opening pages ; 
generally the intention is that the Labour Gazette shall 
stand in relation to labour in the same position as the 
Board of Trade Journal does to matters of commerce 
and trade. Its main purpose is to obtain and give 
early, prompt, and accurate information bearing upon 
labour, available both for the public and for the work- 
ing classes particularly. If the Gazette continues on 
the same lines as the first number, it will become a 
valuable guide on current questions, and a storehouse 
of information for reference as time goes on. After 
fully stating the objects of the Department in issuing 
the Labour Gazette, a generalsummary of the state of 
employment in April is furnished, followed by specific 
reports from the local labour correspondents in Eng- 
landand Wales, Scotland, andIreland. The tabulated 
changes in the rates of wages and hours of labour are 
excellently done, and will be of value for future refer- 
ence, as well asfor present use. It isa singular fact 
that there has been an increase in wages in more in- 
dustries and places than there has been a decrease, 
notwithstanding the depression in the state of trade. 
The hours of labour also have been shortened in nine 
industries, increased in none. A list of labour dis- 


next of those which began earlier but had not been 
settled, and those settled during the month. The 
causes of the labour dispute at Hull are stated with 
clearness, and generally with impartiality. A variety 
of other useful information is given, including labour 
cases in the courts, labour abroad and in the colonies. 
The Department may be congratulated on this first 
issue of an official guide to industrial questions and 
cognate subjects. 


Nothing further has occurred in mining districts 
connected with the National Federation to indi- 
cate any general attempt to reduce wages. The 
‘‘no-surrender policy” has so far confined the 
threatened reduction to the Gloucester, Somerset, and 
Bristol districts, while the county of Durham is in 
this position, that it has accepted the reductions 
hitherto, whilst its delegates voted for the exclusion 
of any district that accepted a reduction unless with 
the consent of the federation. But of course that 
resolution was not retrospective, or Durham would 
have to be eut off from the federation. 

In the Lancashire districts the disputes which had 
threatened to end in a series of strikes have been 
arranged, and the expected strikes averted; the notices 
which were to have been handed in were withheld. 
In one case the agreement made between miners’ agents 
and managers extends over six months, in other cases 
for a less period, but only in case the terms are not 
found to be satisfactory. Instead of having to deal 
with a great strike locally, the Lancashire council was 
able to vote 100/, to help the men on strike at Hull. 

The Derbyshire men complain that trade in the 
mining districts is as bad as was ever known. Col- 
lieries are only working from one to three days per 
week, and several pits are at a complete standstill. 

The miners of Northumberland resolved to take a 
vote as to whether they will join the federation. The 
first vote will be by lodges, but it is possible that a 
vote by ballot will take place of the whole of the 
miners on the question. The matter has long been 
under discussion, and agents of the federation have 
helda series of meetings in the colliery villages to stir 
up the men in fayour of federation. It is possible that 
the vote may carry, but the chances are that it will 
not, because of the difficulty of the legal eight hours. 

The Granville strike in South Derbyshire has 
dragged along for some time, but suggestions were 
made last week for arbitration on some lines which 
were deemed likely to lead to a settlement. The 
manager received the proposal kindly, and consented 
to an interview if the men thought that a meeting 
would be of service in promoting a settlement. 

In Yorkshire there have been some local disputes, 
and in one or two cases they have resulted in a strike, 
but only on a small scale. In one other case it was 
resolved to hand in their notices, but the council took 
the precaution to determine that all efforts at con- 
ciliation should be made before a strike was resorted 
to. It was thought that men were suspended or 
discharged in order to pave the way for a general 
reduction, and this the men seemed resolved to check- 
mate as far as they could. 

In the Forest of Dean there appears to be no im- 
provement in trade, The total number of miners out 
of work is stated to be about 1100. The discharged 
men are being supported at the rate of 10s. per man 
and ls. for each child under twelve years of age. One 
large colliery-owner has suggested as a compromise 10 
per cent. reduction, instead of 20 per cent., until trade 
revives. It is said that there is not complete unani- 
mity among the employers. But the outlook is not 
encouraging in any case, for while the men remain 
determined not to accede to the 20 per cent., the 
mineowners declare their intention of closing the pits. 
There is not complete unanimity among the men 
either as to the ‘‘no surrender policy.” 


Beistan Biast FurNAcES.—The number of furnaces in 
blast in Belgium at the commencement of May was 25 ; 
the number of furnaces out of blast at the same date was 22. 
The total of 25 representing the number of Belgian blast 
furnaces in operation at the commencement of May was 
made up as follows: Charleroi district, 8; Liége district, 
12; Luxembourg, 5—total, 25. The production of pig in 
Belgium in April amounted to 62,250 tons, as compared 
with 58,050 tons in April, 1892. The aggregate produc- 
tion of pig in Belgium in the first four months of this 
year amounted to 252,540 tons, as compared with 244,145 
tons in the corresponding period of 1892. 


AMERICAN FERRYBOATS.—Two steel twin-screw ferry- 
boats, built by the Harlan and Hollingsworth Company 
for the Central Railroad of New Jersey, and named the 
Mauch-Chunk and the Eastern, will commence running 
ina few days. The boats are 158 ft. long, 32 ft. moulded 
beam, and 54 ft. beam over guards ; depth of hold, 14} ft., 
with 9 ft. draught. The motive power consists of two 
7-ft. propeller wheels driven by two compound engines, 
arranged one forward of the other and.working on a con- 
tinuous shaft, the cranks being placed at right angles, 
There are two steel boilers, each 19 ft. long and 8 ft. in 
diameter, 
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ON SOME EXPERIMENTS WITH THE 
ENGINES OF SS. ‘‘ IVEAGH.’* 
By Mr. Joun Incuis, Member of Council. 


On the occasion of the trial trip of the steamer Iveagh, 
it occurred to us to make the experiments I am about to 
describe, and at the suggestion of Mr. W. H. White I 
have brought the results to lay them before the members 
of this Institution. 

The Iveagh is of 600 tons gross, built for the cross- 
Channel trade between Newry and Liverpool. She is 
fitted with three-cylinder engines, 1000 indicated horse- 
power, of the usual inverted type—a section of the cy- 
linders and valves is given in Fig. 1, and the dimen- 
sions are stated in the Appendix. 

On the first day’s trial the intermediate slide valve was 
removed, the connecting-rod detached from the crankpin, 
the piston supported at the top of the cylinder, and the 
engines run with two cylinders only, as a compound 
engine, 

A water meter was placed on the suction side of the feed 
pump, and the whole of the feed-water passed through it, 

The engines were run at a speed as nearly uniform as 
possible for four consecutive hours, and during this time 
the consumption of coal, the feed-water, the pressure, 
revolutions, &c., were carefully observed. On the follow- 
ing day the intermediate engine was reconnected and, 
after a progressive trial at the measured mile, another 
four hours’ run was made at as nearly as possible the 
same boiler pressure as was maintained on the first day, 
the observations being continued as before. 

The results are shown on Figs, 2 ef seg., and in 
the Table which forms the Appendix. It will be seen 
that, with only 2lb. more boiler pressure, three addi- 
tional revolutions, 80 indicated horse-power, and 0.24 
knot more speed were obtained, while the consumption 
of coal fell from 134 lb. per nautical mile to 94 lb., a dif- 
ference of nearly 30 per cent. 

The feed-water, as shown by meter, was 10.36 1b. per 
pound of coal on the first day’s trial, and 10.38 Ib. on the 
second ; the efficiency of the boiler apparently remained 
constant. The saving is therefore entirely within the 
engines. 

The arrangement of cylinders, cut-off, &c,, is not 
favourable to the compound engine. If the cut-off in the 
low-pressure cylinder could have been altered to about 
154 in., instead of 222 in. (the actual cut-off), and the 
diameter of the high-pressure cylinder increased from 
18 in. to 214 in., the consumption with the two-cylinder 
engine would probably not have exceeded 1# lb. per indi- 
cated horse-power per hour in similar circumstances. 

The coal used was from the Slamannan district. Its 
evaporative power, as shown by Wright’s calorimeter, 
was 11.78 lb. water per pound of coal. I am disposed to 
think that this apparatus, though useful enough for com- 
paring fuels, cannot be depended upon for absolutely cor- 
rect statement of the evaporative power. No allowance 
is made for the heating of the metal and glass. 

The feed-water as used weighed 93 lb. per gallon; no 
doubt it held air in suspension. 


APPENDIX. 
Trials of S.S. ‘* Iveagh.” 


Date of Trial. 
September 7, September 8, 
1892. 1892, 


Duration of trial 4 hours 4 hours. 
Type of engine ‘ : ... Compound Triple. 
Diameter of high-pressure 

cylinder vulei =e 18 in. 18 in. 
Diameter of intermediate 

pressure cylinder... ‘ 29 
BTM of low-pressure 9 

cylinder... F 48 in. 48 
Length of stroke 36 ,, 36 ie 


i 4 Paper read before the Institution of Naval Archi- 
ects, 


Heating surface in boiler ... 

Grate surface 

Mean boiler pressure above 
atmosphere ss 


2300 sq. fo. 
70. 


0.5 
125 lb. 


” 


Peg. 


| 

i 
s4 

i 

| 

i 

t 
iZ 
' 


2300 sq. ft. 
7 


” 


127 Ib. 


[May 10, 1893. 


Tomp of Feed. Water $30" 


- 
- 


Mean effective 
high-pressure cylinder ... 


pressure, 


Mean effective pressure, 
intermediate pressure cy- 
linder aS se whe 

Mean effective pressure, 
low-pressure cylinder 

Mean effective pressure re- 
duced to low-pressure 
cylinder... ae os 

Revolutions per minute 

I.H.P.—High-pressure cy- 


linder ... : 
Intermediate pres- 

sure cylinder ... 
Low-pressure cy- 

linder .., anh 
Total 


eee 


99.92 Ib. 


12.30 ,, 


26.35 ,, 
84.31 


378.4 


351.1 
729.5 


43 F° 

S501 76 57 69 bre 
$368, 5622 1 
54,128,229 (ud bY 
SO5,LP 7-4 Qab PP 


61.56 lb, 


28.05 ,, 
9.68 ,, 
28.18 ,, 
87.34 
241,7 
290.1 
278.5 


Coal consumed per hour 1632 Ib, 1190 lb. 
: er 
foot of grate” .. .... 23.18 ,, 16.87 ,, 
Coal consumed per hour per 
JY 
y i 
= 
= | 
eich hyrton ! 
| 
li 
i} 
| 
7 Hees rogrgm sure MeBPS aaa 1 
| | | 
i i : 
ee Tal, GF Wit IO noe 
\ ; ' 
| 
2 ON 
i ytd = | 
5 : pa? f | 
pe Pa ' 
at —~ 
eae Pete Pe Bee Sines ] 
\ Se on i Sot 1 
teo= { { 
74 i i 
\ ‘ { 
| 
{ 
: | 
! 
! : 
1 } 
Sela Four 
Triple shewn in Dottect Lines 
rt carries ES 
indicated horse-power ... _ 2,238 Ib. 1.47 Ib. 
Feed-water per hour 16,915 ,, 12,355 ,, 
nO » pound ofcoal 10.36 ,, 10.38 ,, 
a >» hour per indi- % 
dicated horse-power ... 23.18 ,, 15.25 ,, 
Space occupied by boilers 
per indicated horse-power 3.08 cub. ft. 2.76 cub. fo. 
Weight of engine, boiler, and : 
water per indicated horse- 
power ne Aes wee 2 10,229.15 0.206 lb. 
Clearance volume, high- 
pressure cylinder... ... Il percent. 11 percent. 
Clearance volume, interme- 
diate pressure cylinder ... 9.34 45 
Clearance volume, low-pres- 
sure cylinder & . 5,95 percent. 5.95 4, 
Mean speed throughout 
trial... 4. ae = ave «12,18 knobs =: 1242 knots. 


810,3 
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THE CYCLOGRAM. 


The Cyclogram or Clock-Face Diagram of the Sequence of 
Pressures in Multi-Cylinder Steam Engines.* 


By Mr. F. Epwarps, Member. 


In multi-cylinder engines it is desirable to know what is 
the fall of pressure between an exhausting cylinder and the 


Fig.1 


ig 


q 


Transactions, I have had the cyclogram now exhibited 
constructed. 

In the cyologram the simultaneous pressures in all the 
cylinders are represented on the same radial line, to the 
same scale, and the differences and the sequence of pres- 
sures are therefore directly readable. To make such a 
diagram correct, including the obliquity of the connecting 
rods, seems at first sight to be a somewhat complicated 
and troublesome problem, but it is really extremely 
simple, and its construction occupies very little time. 
For example : Let the engine be a triple with the cranks 
at 120 deg. Describe a circle, say 6 in. in diameter, draw 
a vertical centre line, and, starting from it, divide the 
circle into 18 equal parts by radial lines. Number these 
from the centre line 0 to 18. The number of divisions 
must be an even number, and one of them must coincide 
with the position of each crank. 

With the proportionate length of connecting rod set off 
the corresponding crosshead positions on the centre line, 
and number these, down one side and up the other, 0 to 
18. Draw a horizontal line through number 4, and from 
a point in it draw straight lines to the other crosshead 

ositions. Draw a few vertical lines across these at, say, 
p in. apart. Take now the indicator diagrams, whic 
ought to be without ordinates, and mark the extreme 
lengths on the atmospheric lines. Fold each card along 
its atmospheric line with the diagram outwards. Lay the 
folded high-pressure card parallel to the vertical lines 
and with its ends on the extreme converging lines. The 
parallels are a guide to the eye in placing the card. Mark 
the divisions on the card with a fine pencil. Open the 
card and draw ordinates through these divisions and 
number them as on the centre line. Do the same with 
the other cards, but observe to number the divisions on 
the intermediate from 6, and on the low from 12. Let 
the 6-in. circle denote the line of atmospheric pressure. 
Set off from this atmospheric circle on the radial lines 
the pressures found on the cards at the respective ordi- 
nates. The pressures are converted to the same scale by 
the usual method of inclined lines. Join the points thus 
cbtained, and, where there is a change of curvature be- 
tween two of the positions, be guided by the form of the 
card, Having ascertained the points at which the exhaust 
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cylinder receiving the exhaust. It is also desirable to get 
ata glance an idea of the course of the steam, the time it is 
waiting in the receiver, and whether the steam from the 
bottom goes to the upper side or to the under side of the 
next piston. Whether the object of this inquiry be the 

tter understanding of the action of the steam or the 
determination of the validity of diagrams received as a 
set, the requisite comparison of simultaneous pressures 
cannot be read directly from indicator diagrams. 

At the Board of Trade Office I have been shown the 
cyclogram or clock-face diagram, a very simple and very 
effective way of exhibiting this information. Not having 
seen this before, I think it will probably be new to most 
of our members, and, that it may have a place in our 


hd read before the Institution of Naval Archi- 


begins and ends, indicate, by short radial lines inwards, 
the duration of exhaust, and by short radial lines out- 
wards the duration of steam admission into the succeed- 
ing cylinder. Shade the effective pressure areas. Show 
the compression area by dark shading. When a diagram 
has been obtained from the receiver, its ordinates must 
be numbered according to the crank whose motion 
actuated the indicator barrel when the diagram was 
taken. 

A little consideration will show that the cranks must 
be placed on the diagram in the reverse order of the action 
of the steam. For example, this cyclogram is for the 
high lea:ling, but the low crank is placed as if it were 
leading. This is, however, correct, and a little reflection 
will show you that it must be so, and any verbal explana- 
tions would only be likely to make this more difficult to 
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FIXING BOILER TUBES. 

Mr. Ernest Prerersen, 54, Nelson-square, Black- 
friars-road, London, has been experimenting for years 
with the view of devising ameansof connecting the tubes 
of a boiler with the tubeplate so as to overcome the 
probability of leakage under forced draught, and the 
accompanying engravings not only show the distinctive 
features of his arrangement, but illustrate a special 
tool for working the tubes andtubeplate. The circum- 
ference of the hole in the tubeplate has a hollow in the 
centre with the outer and inner edges bulged out and 
rounded, and the tube is expanded to fit tightly into 
this corrugated surface, the idea being that when there 
is expansion under working pressure the bulge in the 
tube will press against the shoulder of the bulge on 
the hole of the tubeplate, and vice vevsd. The prepara- 
tion of the hole in the tubeplate is by a special cutting 
tool so devised that even existing boilers may, if de- 
sired, be altered to suit Mr. Petersen’s arrangement. 
A more interesting part of the work is the expanding 


h | of the tube to fit into the corrugated edge of the hole 


in the tubeplate. This is accomplished by means of 
the tool illustrated, the essential feature of which con- 
sists in acting upon the coned ends of a set of expand- 
ing rollers by means of two opposite cones simul- 
taneously advanced so as to force the two ends of 
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the rollers out in a parallel direction, and thus 
expand the end of the tube uniformly at all parts. 
Fig. 1 shows a side view of the tube expander, Fig. 2 
an end view, and Fig. 3a longitudinal section on the 
line x x of Fig. 2. The frame is formed of circular 
ends connected by three rods or bolts, as shown on 
Figs. 1 and 2, while into notches in the circular ends 
are mounted the trunnions of the three expanding 
rollers, two of which are shown on Fig. 3. These 
three rollers are coned at either end and corrugated in 
the centre to suit the bulges and hollows to be made 
in the tubeplate. They are held up to their work 
by cones working inside the circular ends of the frames 
and mounted on a circular rod, the outer end of which 
is screw-threaded and fitted with a nut, the tightening 
of which results in both the cones being forced inwards, 
pressing the three rollers outwards. The outer cone 
has a square head for the reception of a spanner or 
wrench for rotating the tool, so that the corrugation 
of the tube end to fit into the grooves and ridges on 
the hole of the tubeplate is accomplished. Fig. 4 
shows the arrangement which Mr. Petersen has found 
best adapted for the ordinary thickness of tube-plate, 
the double corrugations being more suitable for 
thinner tnbeplates, The bending over of the out- 
side edge of the tube is done by a slightly dif- 
ferent arrangement of roller, mounted in the same 
way as the three already described; but in this 
case the central part of the rollers, in addition to 
being formed to fit into the corrugations, has a bead 
on the outer edge which forces back the edge of the 
tube when the central cones force outwards the 
rollers. 


New Z#ALAnD Coau.—The directors of the Westport 
Coal Company, in their eleventh annual report, state : 
‘The profit for the year, after providing for depreciation, 
bad and doubtful debts, and all charges, amounts to 
22,044/., to which must be added 6358/. brought forward 
from last year. making a total of 28,402/. An interim 
dividend of 3? per cent. was paid for the half-year ending 
June 30, amounting to 7794/., leaving a balance to be 
dealt with of 20,608/., out of which the directors now 
por to pay 3? per cent. for the half-year ending 

ecember 31 (making a dividend of 74 per cent. for the 
year), 77941. ; to give abonusof 1s. per share, which will 
absorb 34641. ; to appropriate for expenditure on Granity 
Creek Works, 3000/. ; and to carry forward to next year’s 
account 63497. Considerable progress has been made 
during the past year in the works at Granity Creek. The 
first tunnel on the incline is finished. The lease has been 
carefully prospected, and positions for future working on 
the coal have been determined. New loading staithes at 
Westport have been completed, and the facilities for 
gate coal are now equal to shipping 200 tons per 

our, 
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THE INTERDEPENDENCE OF ABSTRACT 
SCIENCE AND ENGINEERING.* 


By Witi1am Anperson, D.C.L., F.R.S., M. Inst. C.E. 
(Concluded from page 683.) 


A conTRAst to Watt’s achievements is the singular his- 
tory of the development of iron and steel bridge building, 
which necessarily followed the introduction of railways. 
Watt felt the want of first principles by which to shape 
his actions, and set about discovering them; but the 
principles which underlie the determination of stresses 
in braced structures, such as roofs and frameworks of 
various kinds, as well as those in solid bars subjected to 
the action of transverse forces, have long been known ; 
and early in this century Navier made them the subjects 
of lectures at the Ecole des Ponts et Chaussées, yet engi- 
neers in this country seem to have been but dimly aware 
of them, or, at any rate, to have made little use of the 
knowledge which was at their disposal. It is ditficult, 
from the published histories of such enterprises as the 
Conway and Britannia Bridges, to arrive at any conclu- 
sion as to the extent of knowledge, or rather ignorance, 
which existed among engineers before these works were 
commenced. It is probable that some of a specially 
scientific turn of mind, but who were not in conspicuous 
practice, had a deeper insight into principles than the 
men whose great natural genius and knowledge of affairs 
placed them in prominent positions in the great railway 
enterprises of the day. It is sufficiently evident, how- 
ever, from the long series of purely tentative experiments 
by which the proportions of the Conway and Britannia 
Bridges were determined, as well as from the singular 
vagaries to be noticed in the smaller bridges of that day, 
that only the haziest ideas of the disposition of stresses, 
and of the functions of the component members of girders 
existed. This naturally led to timidity as to the capacity of 
girders to carry, unaided, the loads it was sought to impose, 
and induced a preference for masonry or for suspension 
bridges, with respect to which much wider experience was 
at command. 

In the experimental investigations of the time, the 
function of the web or vertical member of a girder was 
completely ignored, for it was looked upon merely as the 
mean of keeping the top and bottom flanges in their rela- 
tive positions, while the essential difference in effect of a 
uniformly distributed load, or of a rolling load, as com- 
pared with a load concentrated at the centre, on the 
vertical member of a girder, and even on the flanges, 
appears to have been overlooked till made evident by the 
results of experiment ; and the grave doubts which arose 
as to whether the girders of the two great tubular bridges 
could be made self-supporting are apparent to this day in 
the preparations made in the piers and abutments for the 
introduction of auxiliary chains, Yet the principle that 
a force cannot change its direction unless combined with 
another force acting in a direction inclined to it, was per- 
fectly well known, and should have led to the discovery 
thatit is only by diagonal stresses in the vertical members 
that the load resting on a beam can be transmitted to the 
abutments ; that the stresses due to loads concentrated 
at the centre were very different to those arising, both in 
the vertical web and in the flanges, from the action due 
to a load distributed in a given manner along the top or 
the bottom flanges, and that a rolling load would produce 
effects peculiar to itself. 

The girder with diagonally braced webs, or the lattice 
girder, as it is commonly called, appears to have had its 
origin in Ireland ; at any rate it was in that country that 
it received its earliest and chief development; but at 
first, as illustrated by the bridge which used to carry the 
Dublin and Drogheda Railway over the Grand Canal in 
Dublin, it was a mere attempt to substitute for plate 
webs an arrangement of flat bars sloping in opposite 
directions, placed very close together, and having the 
oppositely inclined bars connected at their intersections 
by countersunk rivets. 

This was naturally a very wasteful arrangement; but 
soon, in the hands of H. C. Wild, Barton, Bow, and 
Stoney, the true principles began to assert themselves, 
and Mr, Barton’s Cusher River bridge, of 70 ft. span, on 
the Great Northern of Ireland Railway, was probably the 
first example of a lattice girder in which the cross-sections 
of the members of the webs, as well as those of the flanges, 
were correctly proportioned to the stresses imposed by a 
rolling load. This comparatively small bridge was fol- 
lowed by the Boyne viaduct at Drogheda, which must 
ever rank asa signal illustration of the successful applica- 
tion of abstract principles to a great work by men who 
were capable, not only of appreciating them, but of 
following their guidance in a practical manner. The 
only experiments made during the preparation of the 
designs were those instituted to ascertain the power of 
resistance of the proposed braced diagonals to a com- 
pressive stress. 

The wrought-iron portion of the viaduct consists of 
three spans, the main girders of which are continuous ; 
the points of contrary flexure in the middle, and 
larger span, were determined by direct calculation, the 
correctness of which was demonstrated in the actual 
structure by setting free the plates of the flanges at the 
points indicated—in one girder at the top only, but in 
the other both at the top and bottom, and by observing 
the opening and closing of the plates so disunited when 
the land ends of the girders forming the side spans were 
raised or lowered: 

Mr. H. C. Wild appears to have b-en the first to de- 
monstrate correctly the distribution of stresses under any 
disposition of load in the Warren girder, a form of beam 
in which the web is composed of a single system of 


_* The first “James Forrest” Lecture, delivered befo 
the Institution of Civil Engineers, j Bigeh 
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diagonal bracing inclined at an angle of about 60 deg. 
In the museum of Trinity College, Dublin, there has 
existed since, I believe, 1854, a model of a Warren girder, 
12 ft. 6 in. long and 12 in. deep, in which the tension 
members both of the flanges and diagonal bracing are so 
arranged and articulated that any one section can be 
taken out and a spring balance inserted, by means of 
which it can be demonstrated that the stresses calculated 
for any disposition of load do actually arise. 

Since 1848 the supremacy of theory over rule of thumb 
has gradually but surely asserted itself, though, at times, 
the want of common sense and experience in the applica- 
tion of abstract principles, as well, perhaps, as ill-judged 
efforts to produce cheap structures, has led to disasters 
quite as serious as those which arose from want of theo- 
retical knowledge ; and in this respect the competent and 
successful engineer will still show himself as the man who 
in his work is careful to make theory and practice walk 
side by side, the one ever aiding and guiding the other, 
neither asserting undue supremacy. ‘This course, in its 
highest development, we may, I think, assert is that 
adopted by our leading engineers, with the result that 
this country may claim the honour of such a structure 
as the Forth Bridge, for the design and construction of 
which no tentative experiments were needed, though the 
form and mode of construction were very special, if not 
absolutely new; and the dimensions, both in span and 
height, so gigantic that the authors of the design could 
have derived but little aid from previous experience. 

The history of scientific research teems with instances 
of discoveries which at first seemed to have had no prac- 
tical value, but which nevertheless have ultimately proved 
to be of the utmost importance to the engineer. Not- 
withstanding such experience, even in _ these days, 
there are so-called practical men who are utterly in- 
tolerant of either time or money being devoted to inves- 
tigations which seem incapable of bearing immediate 
fruit. Many examples might be cited, for instance: the 
changes of temperature which occur in many chemical 
reactions were merely noted, at first, as interesting 
accompaniments to such reactions; but, by degrees, it 
was perceived that the amount of heat evolved or ab- 
sorbed in each chemical change was a constant and 
definite quantity, which was capable of exact measure- 
ment, and in process of time the thermal values which 
characterised a vast number of chemical changes were 
determined, and are now considered of cardinal import- 
ance in many industrial operations, and constitute the 
svience of thermo-chemistry. 

At the same time the total heat of evaporation of water, 
and of other substances, was ascertained with great pre- 
cision, so that it became possible to judge of the efficiency 
of a boiler, for instance, when the rate of fuel combustion 
and that at which the water was heated or evaporated 
were known, by calculating the proportion which the heat 
imparted to the water bore to that produced by the com- 
bustion of any fuel of which the chemical composition 
had been ascertained, and from which the heat capable 
of being developed could be calculated by general rules. 
Thus researches in the chemical and physical labora- 
tories have had the ultimate effect of placing the theory 
of the steam-engine on a firm basis. 

One practical effect of the exact knowledge which every 
competent engineer now possesses on this subject, or can 
easily obtain, is that inventors bave ceased to squander 
their time and their means in seeking for impossible high 
boiler duty, and the public is no more entreated to try 
contrivances which are to save at least 50 per cent. of the 
fuel they use, because inventors know that the testing of 
boilers is now usually carried out by experienced and 
educated men, who, by very simple and inexpensive trials, 
obtain the data by means of which they can calculate 
with certainty how much scope for improvement actually 
exists, 

Still more remarkable perhaps is the application of 
thermo-chemistry to the complicated reactions in the 
blast furnace, and the valuable conclusions arrived at in 
con «quence by such thorough and patient investigators 
as Sir Lsaac Lowthian Bell, Charles Cochrane, and others 
who have succeeded in equating the heat-units resulting 
from the oxidation of fuel to the ultimate thermal results 
of the decomposition of the ore and fluxes, showing 
thereby the limits of economy which the ironmaster may 
hope to reach, and the proportions of the furnaces in 
which his expectations may be realised. 

No less valu ible have been the fruits yielded by the 
discovery of the great law of the Conservation of Energy, 
and by the recognition of the fact that, though energy 
cannot be destroyed, it may be made to assume various 
forms, and may be rendered either dormant or active. 
The sun’s rays, wons of ages ago, during the dense vege- 
tation which characterised the period of the coal measures, 
expended their energy in tearing asunder the carbon and 
oxygen of the carbonic acid so sparsely distributed through 
the atmosphere, and in storing the carbon, thus endowed 
with potential energy, in the deposits whence we now 
derive our coal supplies. By suitable arrangements this 
dormant energy is quickened into that quality of motion 
which we recognise as heat, and which, setting into 
sympathetic vibrations the material of the furnace-plates 
and smoke-flues of boilers, operates on the surrounding 
water, the molecules of which, under this influence, assume 
the more extended movements of the highly elastic sub- 
stance which we know as steam. The products of com- 
bustion, on the one hand, are restored to the atmosphere, 
their remaining store of heat is slowly dissipated, while 
the carbonic-acid gas produced in combustion is again 
ready to present itself, in the green Jeaves of plants, to 
the decomposing action of the sun, and by that means 
the carbon and the oxygen become once more sources of 
heat. The steam produced, on the other hand, communi- 
cates its molecular motion to external bodies in various 
heating operations, in the visible motion and force of the 


steam-engine or into the slower dissipation through space 
or over the earth, whereby it is again condensed to 
water and returned to its normal condition, while the 
energy, for the exhibition of which, Carnot has taught us, 
steam was the mere agent, becomes transformed into 
masses of water lifted, into air compressed, into electrical 
currents generated, into mechanical work done, or into 
the heat developed by friction ; but the general tendency 
is towards dissipation under the form of heat into space, 
the waste being made good by the stores of heat poured 
on to our planetary system by the huge and mysterious 
body which is its centre. Whence this enormous and 
apparently unfailing supply of heat is derived has been, 
and still is, the subject of most interesting controversy, 
the upshot of which seems to be that the heat developed 
by the shrinkage of our luminary and by the fall on to its 
surface of meteoric matter is sufficient to keep up the 
supply at any rate for many thousand years. 

But modern investigators, and, most of all, engineers, 
are not content with vague statements such as I have just 
made; they hold with the motto of the ancient Society of 
Civil Engineers, Omnia in numero, pondere, et _mensura, 
and they are therefore greatly indebted to Rumford, 
Carnot, Davy, Mayer, and Joule, who not only showed 
that heat was a ‘‘mode of motion,” but determined — 
by. tedious and delicate experiments its mechanical 
equivalent. 

And what is now the result ? : 

When examining heat-engines or other applications of 
heat in the arts, the engineer collects the apparently aim- 
less work of half a century, and of many minds, and finds 
himself able to construct a balance-sheet by which he can 
show on the Dr. side, to a fraction, the quantity of heat 
he has received, and on the Cr. page, with astonishing 
precision, the manner in which that heat has been ex- 
pended. This method of treatment is not only lucid, but 
it is self-checking, and it points out exactly how much 
heat bas been uselessly dissipated, and consequently in 
what direction improvements may be made, and it indi- 
cates, further, the limits within which it is alone possible 
to make advances in economy. 

These general principles apply even to the conversion of 
heat into the work done in the bore of a gun. The 
enormous pressures which require to be developed in 
order to impress high velocity on the projectile in the 
necessarily limited length of the barrel, the shortness of 
the time of action, and its violence, render it extremely 
difficult to obtain accurate and trustworthy records of 
pressures along the chase of a gun by direct methods ; but 
by invoking the aid of the chemist and of the physicis 
in first ascertaining the properties of the explosive, that 
is to say, the specific volume cf the gases, the quantity of 
heat evolved during combustion, and the specific heat of 
its products at high temperatures, it becomes possible to 
calculate curves of mean pressure which will account for 
the energy imparted to the projectile and to the expelled 
gases, although the question of abnormal local pressures, 
due apparently to the mode of ignition of the charge and 
the rate at which explosion is propagated through it, 
will not be revealed. This process is made the easier, in 
the case of smokeless explosives, because the products of 
combustion are wholly gaseous and retain that condition 
till expelled from the bore. 

One of the loftiest of abstract conceptions relating to 
the structure of the universe, the product of many acute 
minds of this century, is the imagining of a substance of 
infinite tenuity but of immense elasticity, which per- 
meates all space and every substance. It cannot be seen, 
or felt, or weighed, its composition is unknown, it cannot 
be pumped out of a closed vessel, it does not appear to 
offer any resistance to the motion of planetary bodies, 
and its existence is only made manifest by its property of 
transmitting chemical rays, light, radiant heat, electricity, 
and probably some more recondite forms of energy, at 
enormous velocity from the remotest regions of the uni- 
verse, and by means of vibrations the nature of which, the 
astounding frequency and minute pitch, have been deter- 
mined by mathematicians. It is pardonable in human 
beings to disbelieve in the existence of the luminiferous 
ether, even though the profoundest thinkers and most 
successful workers of the present day may have all the - 
conviction of Lord Kelvin, who has declared that ‘‘it is 
the only substance that we are confident of in dynamics, 
the one thing we are sure of is the reality and substan- 
tiality of the luminiferous ether ! ” 

But what has the engineer to do with such specula- 
tions, and what does it matter to him how light and heat 


‘are transmitted from the sun or from the stars, or by 


what mechanism heat, magnetism, and electricity are - 
diffused over the earth? This question is being answered — 
already in our daily practice, and is destined, no doubt, 
to receive fuller and more convincing response as time 
rolls on. I will give one or two instances. The study of — 
the spectrum produced by the passage of light through 
triangular prisms has revealed the fact that the ordinary 
rays of white light are of a complex nature, that only a 
portion of them are discernible directly by the sense of 
sight or by that of feeling, while the ultra-violet rays can 
only be seen by their action on uranium glass, or in the 
chemical decomposition they produce in certain sub- 
stances. This knowledge has been of immense use to the 
photographer, and has, in such hands as those of Captain 
Abdy, assumed a highly practical value. But, further, 
the spectrum viewed by modern instruments is found not 
to be continuous; it is crossed by dark, by light, and by 
coloured bands, which the patient ‘researches of Fraun- 
hofer, Kirchhoff, Huggins, Norman Lockyer, and others, 
have shown by their position, thickness, or colour to 
characterise certain glowing substances, and by com- 
parison with the spectra produced by heated terrestrial 
solids and gases, it has been proved that many of the 
elements in the sun and in the stars are identical with | 
those with which we are familiar on this earth, and this” 
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knowledge has served in a striking manner to confirm the 
correctness of the nebular theory as to the origin of our 
planetary system, advocated by La Place in his immortal 
work on the mechanics of the heavens. 

Not only have a large number of terrestrial elements 
been discovered in the sun, but the spectroscope has 
revealed, to a large extent, the order in which they are 
arranged on the sun’s surface, and tbis leads to the con- 
clusion that at one time a similar order prevailed on the 
earth, and therefore throws some light on the deep 
geology of our planet. : f 

One of the practical outcomes of these discoveries has 
been the theory of Mendeleeff on the origin of petroleum, 
a theory of the utmost importance to the human race, 
and to our country in particular, in view of the inevitable 
exhaustion of our coal supplies, for it asserts that petro- 
leum is the product of the action of water on the carbides 
of metals at high temperatures at no very great relative 
depths in the crust of the earth, that this production is 
continually in progress, and that deposits thus actually 
forming may be reached in many places by sufliciently 
deep borings. It is somewhat humiliating, when thus 
drawing attention to the recent rapid advance of science, 
and to the manner in which the engineer has adapted the 
discoveries of the abstract investigator to the use and 
convenience of man, to be obliged to confess how utterly 
insignificant are human operations with reference to the 
size of our planet. The deepest mine is a mere scratch 
on its surface, so that though the theory of Mendeleeff 
may be true, the question arises whether there be any 
hope that the wealth inferred to exist may ever be 
realised, whether the powers of the engineer will ever be 
so exalted as to enable him to reach those stores of com- 
bustibles which that theory supposes must exist in many 
localities, especially in those where the surface has been 
much shaken by primeval convulsions, and where the 
deposits may, therefore, be expected to lie at relatively 
short distances below the surface. In view of recent 
progress in mechanical skill, it certainly would be rash to 
say that borings of immensly greater depth than any that 
we are as yet acquainted with will never be made, for if 
accumulated evidence as to the correctness of Mendeleefi’s 
views, together with the ever-increasing cost of fuel, shall 
hold out hopes of success, enterprising men will be found 
ready to embark their means in undertakings, the risks of 
which would not seem to be more formidable than those 
which surrounded the laying of the first Atlantic tele- 

raph cable, and the rewards of success in which would be 
incomparably greater. 

But the spectroscope is doing yeoman’s service nearer 
home, and producing practical results of the greatest 
importance. It is one of the most delicate instruments 
for chemical analysis. Dy its indications in 1860 Bunsen 
discovered the metals rubidium and ccesium in the 
waters of the Diirkheim mineral spring, though the 

uantities were so small that only from 3 to 4 grains of 
the chlorides of the metals existed in a ton of water. 
With the composition of metals used in the arts the 
engineer is especially concerned, and it is now well 
known that extremely small additions of foreign sub- 
stances produce momentous effects. The influence of 
small quantities of arsenic, of lead, or of bismuth on 
copper; of carbon, of phosphorus, of sulphur, of manga- 
nese, and of silicon and other substances on iron, are 
extremely practical questions; and every engineer who 
has examined the properties of materials seriously, ac- 
knowledges that the influence of a foreign substance on 
the mechanical properties of a metal bears no relation to 
the minuteness of its quantity. 

The researches of Roberts-Austen, of Osmond, Le 
Chatelier, and others, are slowly, but it is hoped surely, 
establishing laws by which the relative atomic volumes of 
ingredients will become a guide to the nature of their 
mutual interaction, and it seems probable that spectrum 
observations, which are of such value in gauging the purity 
of the materials dealt with, will come in aid and in sup- 
port of the indications given by automatically traced 
curves of rates of cooling, which have given such a deep 
meaning to the phenomenon of recalescence, a property 
of iron and steel which for many years remained a mere 
laboratory curiosity. 

But the undulatory theory of the transmission of radiant 
energy has an important bearing on the molecular consti- 
tution of matter. All substances, according to modern 
views, are built up of atoms or of molecules endowed with 
more or less motion of various kinds, and this implies 
that there isroom for such motion, and explains what 
used formerly to be classed as one of the properties of 
matter, namely, porosity. Clerk Maxwell, Clausius, 

rd Kelvin, and many others, have endeavoured to 
penetrate into the structure and properties of the mole- 
cules and of the ultimate atoms, and the subject is of so 
recondite a nature as to be worthy of such minds; but 
Without attempting to discuss the theories which have 
been advanced, it is clear that heat plays an important 
partin the relations between the atoms and molecules, 
and that that heat is communicated unceasingly, though, 
perhaps, often indirectly in the form of radiant energy 
emanating primarily from thesun. As long as tempera- 
ture remains constant, all other things being the same, 
no change occurs, but with changes of temperature, 
changes in the energy of molecular motion take place, 
and when these pass certain limits, critical states are 
reached in which additions of heat cease to cause a change 
in te or even a change of volume, but are ex- 
pended in very large relative quantities in either changing 
the nature of molecular motion or in greatly extending 
it. So we havethe commonly accepted three states of 
matter, solid, liquid, and aeriform ; but it seems to me 
that there are other states also, such as the critical con- 
dition depending upon temperature and pressure, in 
which the substance is neither liquid nor gaseous, solid 
nor liquid, and which has been investigated for many 
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substances, and is exceedingly pronounced in carbonic] of the delicacy of instruments, Mr. Preece has suc- 


acid. But many bodies, including metals and their 
alloys, may exist in more than one form; sulphur, for 
example, assumes two allotropic states, but at ordinary 
temperatures and in a comparatively short time the one 
condition passes into the other. Mr. Addenbrook has 
recently prepared an alloy of aluminium and nickel, 
which, when freshly made, possesses considerable tena- 
city, but which, after a few hours, crumbles into powder. 
The researches of Osmond seem to show that pure iron 
also can exist in two states, one very hard, the other 
soft ; and it is more than probable that these states merge 
into each other under certain conditions of heating or 
cooling, or under the influence of foreign substances, 
There can be no doubt that steel also, in course of time, 
undergoes molecular change at ordinary temperatures, and 
possibly under the influence of strains produced by internal 
stresses due to unequal rates of cooling. It is a common 
opinion, based on experience, that tool steel should not be 
used as freshly made, but should be kept some months; and 
the same precaution applies to dies used in coining and 
similar operations, and to armour-piercing shot, both of 
which, having been hardened by necessarily unequal and 
rapid cooling, either accommodate themselves to the 
stresses engendered by slow changes in the motion of the 
molecules, or fail spontaneously even after months of 
repose. Glass undergoes similar changes, and generally 
materials which have been severely strained, either by the 
external application of force, or by heating, will only 
gradually recover their normal condition. This has been 
beautifully domonstrated by Professor Hughes, with the 
aid of his induction balance, on specimens of the narrow 
steel ribbon used in the manufacture of Longridge wire 
guns. A number of specimens recently submitted to him 
showed a remarkable uniformity of structure, but when 
heated to only 100 deg. and examined immediately on 
cooling to the normal temperature, a distinct change was 
observable, yet after a few hours’ rest the material re- 
turned to its normal state. If such changes are measur- 
able in ribbon } in. by 5 in. in cross-section, what may 
not be the molecular conflict in large masses? These 
may be produced by alternations of stresses as well 
as by changes of temperature, and point to the neces- 
sity of assisting the molecules and atoms to adjust 
themselves or to return to a normal condition by raising 
the temperature of the substance to about the point indi- 
cated by b on Chernoff’s scale, below which no change in 
the nature of crystallisation takes place, no matter how 
slowly the mass is allowed to cool. This principle is re- 
cognised in many ways inthearts. In drawing wire or 
in solid-drawn metalwork, such as tubes and cartridge- 
cases, periodical annealing must be resorted to ; moreover 
experience has shown that crane-chains, for example, 
should be annealed from time to time if they are to be 
used with safety ; and Mr. Webb has adopted, with the 
best results, the plan of treating in a similar manner the 
moving parts of his locomotives after they have run a 
certain number of miles. 

I feel convinced that the frequent disasters with screw- 
propeller shafts, especially after they have been some 
time in use, arise from the failure to recognise the prac- 
tical bearing of the tendency to molecular change under 
the influence of strain and temperature. A propeller 
shaft is subject to constant variations of stress due to 
the action of the cranks of the engine, to similar varia- 
tions caused by the inertia of the screw, and again to a 
totally different set of stresses which may often be alter- 
nately tensile and compressive, due to the wear of the 
journals and to the working of the hull. The remedy, I 
feel convinced, lies in the periodical annealing of the 
material which must, of necessity, be so hardly used. 

I think it is now generally acknowledged that the 
luminiferous ether is also the medium by which electrical 
energy is transmitted by soms kind of vibratory motion ; 
hence the ease with which heat or mechanical work is 
transformed directly into electric currents in the thermo- 
pile, or in the frictional electrical machine, and the 
reasonableness of the great generalisation that we are 
living on a huge magnet—the poles of which are not far 
from coinciding with the poles of the earth. To what 
purpose are the endless observations on the deviation and 
dip of the magnetic needle which are so assiduously car- 
ried on by every civilised nation, and what interest have 
engineers in the painful labours of those daring explorers 
who set up their observatories amidst the endless ice and 
the darkness of the Polar regions? 

Let such a questioner, if there be one, study the con- 
struction of the mariner’s compass, and especially in the 
improved form introduced by Lord Kelvin; let him com- 
pare the blind groping after correction for the local attrac- 
tion of the ship with the beautiful and simple theory which 
has rendered that correction not only easy but readily 
adapted to changes in the ship’s position in the world ; 
he will find that there is not a more striking instance of 
the profoundest abstract knowledge blended with the 
power to turn it to practical use, than in this and in so 
many other labours of the distinguished man whom I 
have named more than once, and whom this Institution 
is proud to number among its honorary members. 

I will not dwell upon the wonderful results of which 
we are to-day reaping the benefit, and which have arisen 
from the application of the most profound scientific 
knowledge to the problems which arise in the generation, 
storage, and application of electricity, to the transmis- 
sion of power, to telegraphy, and to lighting, but I would 
draw your attention to a startling consequence of the 
undulatory theory in the power which exists of exercising 
influence, by what is termed induction, at great dis- 
tances. Animated by the conviction that electric energy 
was transmitted in the same manner and by means of the 
same all-pervading medium as radiant energy, and that 
the distance to which its effects would reach should be 
unlimited, though the appreciation might be a question 


ceeded in sending messages by Morse signals across 
the Bristol Channel between Lavernock and Flatholme, 
a distance of over three miles. The electro-magnetic 
disturbances were excited by primary alternating cur- 
rents, haying a frequency sufficient to generate a low 
musical note in a telephone, in a copper wire 1237 yards 
long, erected on poles along the top of the cliff on the 
mainland. The radiant electro-magnetic energy was 
transformed into currents again in a secondary circuit 
610 yards long, laid along the island parallel to the first, 
and at a distance of 3.1 miles; the messages were read 
off on the island through the instrumentality of the 
induced currents, and the experimenter was gratified to 
find that the results obtained on the secondary wire were 
in complete accordance with the expectation which theory 
led him to entertain. 

Any one who has meditated deeply on the nature of the 
luminiferous ether and on its universal presence has pro- 
bably felt, that it must also be concerned in the action of 
the human brain. The mechanisms of the ‘‘ five gateways 
of sense” have been worked out by anatomists and 
physicists, but their researches are incompetent to declare 
how the impressions sent along the nerves at last reveal 
themselves as images or perceptions in the mind. Lord 
Kelvin has discoursed on this matter; he has suggested 
the existence of a magnetic sense, and has shown that the 
mind may be influenced independently of the recog- 
nised organs of perception. There are undoubtely occult 
phenomena which van only be accounted for by the suppo- 
sition that one mind can interact upon another, even as 
Mr. Preece’s parallel wires acted on each other. 

Setting aside the immense amount of calculated de- 
lusion and imperfect observations which has characterised 
animal magnetism, clairvoyance, &c., though probably 
not more than astrology, necromancy, transmutation of 
metals, and other delusions, hampered the early advance 
of physical and chemical science, there still remains a 
substantial amount of authentic fact on which argument 
may be founded. Professor Oliver Lodge drew attention 
to the matter in his presidential address to Section A at 
the meeting of the British Association in Cardiff in 1891, 
and in the opinion of that acute investigator the subject 
seems to deserve the attention of scientific societies, 
The influence of mind upon mind is undoubted, whether 
between great leaders of men and their followers or 
between individuals. How comes it that such men as 
Law, Napoleon, Wellington, Father Mathew, Parnell, 
Gladstone, Booth, Lesseps, and many others, for good or 
ill, have been able to exert such marvellous influence over 
immense masses of men? and how have individuals 
acquired the power of influencing the conduct of others 
or of discerning their hidden intentions or actions, as 
shown in well-authenticated cases of what is known as 
mesmerism and thought-reading? Numerous, too, are 
the cases of presentiment, or knowledge of events which 
have taken place at a distance, and about which the 
person informed has not even. been thinking ; and there 
is, again, the whole region of dreams, with reference to 
which we are in complete ignorance. 

Ido not think that it is at alla wild idea to imagine 
that the process of thought or of will going on in one 
mind may be communicated, like light or heat, to another 
either by contact or conduction, as in thought-reading, 
or by awakening induced thought, as when one person is 
able to establish a powerful influence over another, 

The poet frequently penetrates at random deeper and 
earlier into the mysteries of nature than does the sober 
man of science. Lord Byron, in two remarkable stanzas 
in ‘‘ Childe Harold,” alludes to the “electric chain with 
which we are darkly bound,” and, with all the grace and 
simplicity which characterise his verse, points out how 
trifling and accidental circumstances appear to have the 
power of awakening thoughts and images which we had 
long supposed buried in oblivion ! 

It cannot be said that engineers are not interested in 
this question. 

Is it not the occult influence which great engineers 
exert upon their clients that renders the carrying out of 
important and hazardous works possible? Where would be 
the enterprises which have immortalised the names of 
Brunel, of the Stephensons, of Hawkshaw, of Fowler, of 
Baker, of Lesseps, or of the daring promoters of the 
transatlantic telegraph cables, had not these men had 
the power of communicating unbounded confidence to 
thoee who. supplied means in such abundance and at such 
risk ! 

It surely is desirable to ascertain by what mechanism 
this singular influence is exerted, and if the key to the 
mystery be found to lie in the luminiferous ether, it 
seems to me that large prospects of advantage to the 
human race present themselves, and we shall have 
fathomed another mystery of nature, which, on the face 
of it, does not seem to present greater difficulties than 
many which have been triumphantly overcome, 

It is less than fifty years, for example, since the nature 
of epidemics and the mode of their propagation seemed 
to be beyond the reach of human comprehension, and 
when Pasteur commenced his classic investigations into 
the causes of fermentation and of contagious disease, no 
one, I presume, thought that such an abstruse study as 
bacteriology could ever be of the least interest to engi- 
neers, nor would they have thought that the controversy 
relating to spontaneous generation, which raged so fiercely 
only a few years ago, could have influenced the science to 
which they were devoted. 

But the triumphant demonstrations of Pasteur, of 
Lister, of Burdon Saunderson, of Tyndall, and of many 
other workers at home and abroad have shown that there 
is no such thing as spontaneous generation ; that zymotic 
diseases, those scourges of animal and vegetable life, are 
caused by living organisms whose modes of propagation 
and of travel are being eagerly studied, and are day by 
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day being better understood ; they have shown that we 
are no longer fighting at random against an unknown 
and covert enemy, but are face to face with a subtle foe 
whose tactics we are rapidly learning to understand. We 
have discovered that his best allies are to be found in the 
carelessness of his victims as to cleanliness, to drainage, 
and water supply, and that his most formidable enemy is 
the engineer, who, being guided by the abstract investi- 
gations of the biologist and the chemist, can select with 
certainty the most fitting source of potable water, and 
can get rid of the sewage of centres of population, not 
only without inflicting injury on the surrounding com- 
munity, but very often actually benefiting them by 
removing existing sources of pollution and by increasing 
the productiveness of the soil. 

The gradual but steady decrease in the death-rate and 
the increase in the duration of human life, the greatly 
reduced virulence of many epidemics, the total extinction 
of some, and the means of protecting from their assaults, 
may be cited as instances of the successful practical appli- 
cation of abstract principles which has not only conferred 
great benefits on man, but in the end opened up fresh 
fields of activity for the engineer. 

But not alone in sanitary matters has bacteriology pro- 
duced profitable results; it may truly be said that the 
great industries of brewing, of wine and vinegar making, 
and many other manufactures, have been placed on a 
sound footing by the knowledge we now possess of the 
occult action of ferments and of bacteria ; and even in 
agriculture the true nature of the operations which take 
place in soil, by which the nitrogenous food of plants is 
rendered capable of assimilation, is one of the triumphs 
of the research of these our days. Schloesing, Miintz, 
Pasteur, Munro, Percy Frankland, and others, have 
shown that one of the most important of plant foods in 
the soil is nitric acid, and that this substance is elaborated 
from ammonia by the action of minute living organisms. 
The singular fact has been demonstrated that the work is 
performed by a system of division of labour, one kind of 
bacterium converting the ammonia into nitrous acid and 
declining to do any more, when another species takes up 
the work and produces nitric acid, which presents the 
nitrogen in a form which can be assimilated by the plant. 
‘* Not only,” to use the words of Dr. P. Frankland, ‘‘is 
this process of nitrification going on in the fertile soils, 
but enormous accumulations of the products of the 
activity of these minute organisms in the shape of nitrate 
of soda are found in the rainless districts of Chili and 
Peru, from whence the Chili saltpetre, as it is called, is 
exported in vast quantities, more especially to fertilise 
the overtaxed soils of Europe!” But more than that, 
long and patient research has established the fact that, 
in certain of the leguminous plants, the same microscopic 
agency acting in the roots endows them with the power 
of assimilating the nitrogen of the atmosphere, and by 
that means makes them the instruments for actually en- 
riching the soil instead of exhausting it. 

I have already alluded to the circumstance that the 
engineer cannot be satisfied with vague statements or 
with mere abstract opinions. The very nature of his 
calling implies action ; he has to construct, his works 
must be stable, his machinery must act, his estimates of 
cost and of the consequences of his operations must 
come true, and hence he has to make a close alliance 
with that most fascinating and fruitful of the sciences— 
mathematics. It is not given to many to possess the 
peculiar aptitude which leads up to the highest investiga- 
tion, but neither has the engineer often need of anything 
deeper than almost elementary knowledge, especially if 
he gets into the habit of working out the problems that 
come before him by the graphic methods which are now 
so assiduously cultivated, and if he will realise that 
slovenliness in the matter of calculations commonly leads 
to disastrous results. Though his attainments may not 
be high, and though disuse may have made it difficult to 
wield the power which knowledge, early acquired, once 
gave him, yet he can always appreciate and put his faith 
in the great minds which delight in subjecting the theories 
of physicists to the rigid test of mathematical analysis, 
ee thereby stamping them with the seal of irrefragable 

act. 

One great quality he must possess, especially in these 
days when numerous science colleges have rendered high 
mathematical training of easy access—and that is common 
sense. There isa tendency among the young and inex- 
perienced to put blind faith in formule, forgetting that 
most of them are based upon premises which are not 
accurately reproduced in practice, and which, in any case, 
are frequently unable to take into account collateral dis- 
turbances, which only observation and experience can 
foresee, and common sense provide against. 

I have endeavoured to show how the history of abstract 
science, by which I intend to designate the history of re- 
searches entered into for the sole purpose of acquiring 
knowledge of the operations of nature and of her laws, 
without any thought of reward, or expectation of 
pecuniary advantage, has had its reflex in the records of 
the engineering profession, and how the most recondite 
investigations, apparently unlikely to have any direct 
influence on our practice, have, in course of time, become 
of cardinal importance. I have also ventured to point 
out how, in these days, the engineer must banish from his 
mind the idea that anything can be too small or too 
trifling to deserve his attention. ‘‘ Nothing is too small 
for the great man,” is, Iam told, written over the cottage 
once occupied by Peter the Great at Saardam. The truth 
embodied in that legend should ever dwell in our minds; 
for success, I am persuaded, lies largely in close attention 
to details. 

‘You may perhaps think that I have endowed abstract 
science with undue importance, and that I have claimed 
too wide a domain for the engineer. If this be so, I 
would turn to the old and faithful servant of this Institu- 


tion, in whose honour it has been a labour of love to pre- 
pare this discourse, and ask him for his verdict. 

You can anticipate his answer! Who does not know 
how jealous he is of the honour and prestige of our In- 
stitution? Who is not aware that he will not concede 
that any branch of physical science is beyond its pro- 
vince? Nor will he yield to any of the younger societies 
more than the position of tributary powers. He is glad, 
as we well know, to recognise as our children institutions 
dealing with special branches of the profession ; heis glad 
to foster them in every way, and rejoices to see them 
meeting under the eyes of the fathers of the profession, 
whose portraits adorn these walls; but I am confident 
that he will declare that you cannot touch anything in 
natural science which will not, sooner or later, prove of 
advantage to the members of this Institution, and which 
the engineer will not, in time, turn to the moral as well 
as to the material advantage of the human race. 


LAUNCHES AND TRIAL TRIPS. 

Tue largest racing cutter ever built in the kingdom was 
launched on Wednesday, the 3rd inst., at Southampton. 
She has been built by Messrs. Fay and Co. from a design 
by Mr. J. M. Soper, and is a very good specimen of naval 
architecture. The dimensions which follow are only 
approximate: Length over all, 130 ft. ; beam, 24 ft. 6 in. ; 
draught of water, 15 ft. Her sail area will be about 
10,000 square feet. The mast is 90 ft. long and the boom 
92 ft. According to Yacht Racing Association Rules the 
new cutter will come out at about 160 rating. She has 
been built to the order of Mr. Arthur D, Clarke, who has, 
in succession, owned such famous boats as the Dis, 
Castanet, and Reverie. She was christened Santanita. 


The new steel twin-screw yacht Valiant, built by 
Messrs. Laird Brothers, for Mr. W. K. Vanderbilt, of 
New York, was launched on Wednesday, the 3rd inst. 
at Birkenhead. The principal dimensions of the vessel 
are: Length between perpendiculars, 310 ft.; extreme 
beam, 39ft. 3in.; depth, 25ft. 6in.; and tonnage, 
about 2400 tons. The hull is of steel, subdivided by 
watertight bulkheads, and fitted with a cellular bottom, 
arranged to carry water ballast. She will have two sets 
of triple-expansion engines, driving manganese bronze 
screws. They are intended to indicate about 4500 horse- 
power, which will insure on trial with moderate forced 
draught a speed of fully 17 knots, whilst under natural 
draught the vessel will steam 15 knots. The bunker 
capacity is about 650 tons, which will enable long ocean 
voyages to be made. 


Her Majesty’s ship Empress of India, one of the four 
new first-class battleships ordered to be built in the Royal 
dockyards under the Naval Defence Act of 1889, was 
designed by Mr. W. H. White, C.B., Director of Naval 
Construction, built at Pembroke, and engined by Messrs. 
Humphrys, Tennant, and Co., of Deptford ; she completed 
her official machinery trials on Saturday, the 6th inst. 
The representative officials attending the trials included 
Mr. Oram, of the Admiralty ; Mr. Castle, chief inspector 
of machinery ; Mr. Littlejohns, chief engineer ; and Mr. 
Whiting, of the Constructive Department, Chatham 
Dockyard ; the contracting engineers being represented 
by Mr. Soper, and Captain Andoe, R.N., of the Chatham 
Dockyard Reserve, being in command. The ship on 
Thursday, the 4th inst., underwent a continuous seven 
hours’ full power natural draught trial, with the follow- 
ing results: With a steam pressure in boilers of 148.5 lb. 
per square inch, maintained with 4 in. of air pressure in 
stokeholds, and a mean vacuum of 29 in., the mean speed 
attained by the engines was 96 revolutions per minute, 
and the indicated horse-power developed by them, 9507. 
The ship left the Nore at 9 a.m. on Saturday for a four 
hours’ full-power trial with forced draught, the results of 
which were that an abundant supply of steam at a pres- 
sure of 150.8 lb. per square inch was easily maintained 
with 1 inch of air pressure in the stokeholds, the engines 
attained a mean speed of 102 revolutions per minute, and 
developed 11,625 indicated horse-power, the speed of the 
ship throughout the whole four hours’ trial being 18 knots 
by the log, her mean draught being 25 ft. 6in. The ex- 
cess of indicated power developed over that contracted 
for on these trials is in the case of the natural draught 
507, and the forced draught 625. The ship’s gun trials 
are to be carried out immediately. 

On Friday, the 5th inst., Messrs. William Simons and 
Co., of Renfrew, launched a steel dredging steamer that 
has been built to the order of the British Government 
for special work at Portsmouth. The sides of the hopper 
are vertical, instead of sloping, to admit of the easier dis- 
charge of adhesive clay. The hull is divided into six 
watertight compartments. It is propelled by compound 
surface-condensing engines, and is to have a speed of 
8 knots an hour. The dredging apparatus is adapted to 
dredge to a depth of 40 ft. under water level. 


The steam yacht Lantana, designed and built by 
Messrs. Day, Summers, and Co., Southampton, for 
Mr. Matthew Cope, of Cardiff, was launched on the 
3rd inst. The principal dimensions are as follows: 
Length over all, about 148 ft.; length between per- 
pendiculars, 125 ft. ; length on load water-line, 121 ft. 
6 in. ; breadth moulded, 19 ft. ; depth at centre, 12 ft. 
6in.; tonnage, builders’ measurement, 218 tons; yacht 
measurement, 203 tons; gross register, 164 tons; net 
register, 111 tons. The engines are of the compound 
surface-condensing type, with cylinders 154 in. and 30 in. 
in diameter, with a stroke of 23 in. The boiler is of steel, 
9ft.10 in. in diameter and 8 ft. 9 in. long, the working 
pressure being 100 lb. The bunkers hold nearly 50 tons 
of coal, an exceptional capacity for the size of the vessel. 


The Minerva, which was launched at Clydebank on 
Saturday, the 6th inst., is the first of two sister ships build- 
ing by Messrs. James and George Thomson, Limited, for 
the Glasgow and South-Western Railway Company. 
Each vessel has a length of 200 ft. and a gross tonnage of 
350 tons. They are constructed of exceptional strength 
for this class of vessel, as they are intended, if necessary, 
to run on Channel stations even in the winter months. 
The boats will, however, usually ply on the Rothesay or 
Millport routes. 

The first-class protected cruiser Endymion, 7350 tons, 
which was recently received at Portsmouth from Harle’s 
Shipbuilding Company, Hull, has made the official eight 
hours’ trial of her machinery. She belongs to the fleet of 
nine vessels of the class laid down under the Naval De- 
fence Act, only one of which, the Grafton, it is intended 
to press with forced draught. The engines and propellers — 
of the others have been arranged to develop a maximum 
of 10,000 horse-power, instead of 12,000 as originally pro- 
posed. At the trial the mean draught of the vessel was 
20 ft. 7in., or 3 ft. 2 in. less than her load immersion ; 
and, with 152 lb. of steam pressure and 993 revolutions, 
the starboard engine indicated 5261 and the port engine 
5385, giving a collective power of 10,646 horses, witha 
mean air pressure of 17 in. The average vacuum was 
27 in., and the speed of the ship by log 20.9 knots. 


The Barham, third-class cruiser, and the Galatea, 
belted cruiser of the first class, made commisioned trials 
of their machinery at Portsmouth on Friday, the 12th inst, 
The former, with 136 lb. of steam, 174 revolutions, and a 
mean air-pressure of 1.15 in., developed 3311 horse-power, 
and attained a log speed of 16.2 knots; while the latter, 
with 129.7 lb. of steam, 98.5 revolutions, and an average 
air pressure of 0.2 in., indicated 6305 horse-power, and 
realised a speed on the measured mile of 16.925 knots, 
Both trials were satisfactory, though in the case of the 
Galatea the trial was arrested by a rush of water through 
the hawseholes. The Barham left Spithead in the 
evening for service with the Mediterranean Squadron, 
The Galatea, after receiving the crew of the Iron Duke, 
will take up her station at Queensferry as coastguard 
ship. 


GERMAN EMIGRATION.—There were 112,208 emigrants 
from Germany last year. The corresponding number of 
emigrants in 1891 was 115,392 ; in 1890, 91,925; in 1889, 
90,259; and in 1888, 98,515. 


FreNcH Rartway Work1nG.—The working expenses of 
the Paris, Lyons, and Mediterranean Railway last year 
amounted to 6,935,462/., as compared with 6,674,231/. in 
1891, showing an increase of 261,031/. in 1892. This in- 
crease appears to have been shared by every department 
of the company’s management, administration, direc- 
tion, &c., having cost 44,4467. more; working, properly 
so-called, 75,2327. more; plant and traction, 102,556/, 
more; and permanent way, 35,792/. more. At the close 
of 1892 the company owned 2443 locomotives, 5339 pas- 
senger carriages, and 87,402 trucks. In the course of 
last year the company brought into service three high- 
speed locomotives of a type combining great power with 
unusual lightness, 


FERRULES IN THE Navy.—A trial has been made, 
at the suggestion of the Engineer-in-Chief of the 
Navy, on board the gunboat Seagull, at Portsmouth, 
of a new device for preventing leakage in boiler 
tubes. Ferruling has enabled the engines of ships in 
the Navy to develop their maximum power, but the 
ferrules require renewing, and they have the further dis- 
advantage of rendering the process of sweeping tubes a 
matter of difficulty. The new invention consists in fitting 
the tubes at the furnace end with copper sleeves of the 
same diameter as the tubes themselves. One-half of the 
Seagull’s boilers have been so fitted, and they were 
steamed for three hours, the other boilers not being 
lighted. The newly-treated boilers were tested to the 
extreme degree of 4.1 in. of air pressure, The trial was 
considered satisfactory. 


Srren Rats 1n New Sourn Wates.—A return has been 
laid upon the table of the Legislative Assembly of New 
South Wales, giving a copy of a tender of Mr, A. Arm- 
strong for the manufacture and supply of 175,000 tons 
of steel rails in the colony. Mr. Armstrong undertook 
to supply the Colonial Government with rails at a price 
to be computed at 33 per cent. in advance of the price at 
which English or foreign steel rails of similar quality 
could be delivered on railway trucks at Darling Harbour. 
The minimum to be paid for the rails was fixed at 8/. per 
ton. Special conditions were attached : (1) Allowing the 
contractor to have the right to use such ores of iron and 
fluxes as he might consider suitable, whether such ores or 
fluxes were mined in New South Wales or elsewhere. (2) 
Giving the contractor the right to use, for the purpose of 
smelting and mixing, any old rails previously in use 1m 
New South Wales. (3) Ores and fluxes used by the con- 
tractor to be free of import duty or of royalty to the 
Crown. (4) The first delivery of rails not to be made 
earlier than January, 1895, unless the contractor should 
otherwise elect. An alternative tender was submitted 

roviding that if the Government would guarantee an 
issue of debentures, the rails should be supplied at a price 
to be computed at 25 per cent. in advance of the price ab 
which steel rails of similar quality could be delivered ee 
Sydney ; the minimum price then to be paid for the rai i 
was to be fixed at 7. 5s. per ton. Mr. Lyne, the colonia 
Minister of Public Works, declined to accept either pra- 
posal, 
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‘ENGINEERING’ ILLUSTRATED PATENT 
RECORD. 
CompiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names 
ée., of the Communicators are given in italics. 

Copies of Specijications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of oprosition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


1089. M. R. Ruble, Newark, Essex, New Jersey, 
U.S.A. Consuming Smoke. [2 Figs.) January 18, 1893. 
—This invention relates to means for consuming smoke, and 
consists in the construction and arrangement of the parts of the 
blower and their combination with the inlets and outlets, and 
in the connection with the reservoir, smoke-stack, and furnace. 
To the inner end of the shaft is secured a spider g, supporting 
the plates h of the inner wheel, which are provided with centrally 
located openings p. Between these plates are arranged uniform 
wide metal strips i adapted to form partition plates k, and their 
circular curved portions m the sectional periphery of the wheel. 
The disc plates h and the metal strips ¢ are firmly held together by 
bolts. The wheel is thus divided into a series of compartments, 
the radial and circular sides of which form, when the wheel is 


revolved, suction cups, whereby air, gases, &c., are sucked 
through openings b, p into the wheel, and are discharged into 
the circular channel 7 formed between the wheel and the inner 
periphery of the casing a. The spider g is provided each side 
with a circular ring operating with its outer edge against the 
circular ring ¢ secured to the casing a, thus making an airtight 
joint for the casing. On the opposite side of the casing, and 
surrounding its centrally located opening b, is arranged a tube wu 
adapted to convey the smoke from the smoke-stack into the suc- 
tion wheel. The outlet of the blower is connected by a pipe 
with a reservoir which is provided with a series of partially over- 
lapping plates A, and at its top with a pipe B adapted to be 
ite below the firing-place of the boiler. (Accepted April 5, 


7039. R.G. Brooke, Blackpool. Injectors. [4 Figs.] 
April 12, 1892.—This invention has reference to injectors in 
which several boiler fittings, usually separate from it, are com- 
bined in the one apparatus. The injector is constructed with a 
check valve arranged to control the flow of water through the 
delivery passage, and having its case so formed and arranged in 
relation to the delivery passage and injector casing that the seat 
of the valve, as well as the valve itself, can be removed without 
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breaking any of the injector joints. A delivery passage extends 
transversely around the delivery nozzle, so that the water in 
issuing from the latter passes at one part of its passage to the 
delivery outlet of the injector, around that side of the chamber 
that is furthest from the delivery outlet, and through the non- 
return valve chamber forming a part of this passage at that side 
ofthe injector. A stop valve is adapted to close the delivery pas- 
sage at a point between the non-return valve and the delivery 
outlet. (Accepted March 29, 1893). 


GAS, &c., ENGINES. 


4327. W. E. Heys, Manchester. (ff. Langensiepen, 
Buckau-Magdeburg, Germany.) Gas, &c., Engines, [4 Figs.) 
February 28, 1293.—This invention relates to the admission 
valves of gas, &c., engines, and its object is to provide means 
for introducing air and petroleum simultaneously into the 
gas-formimg chamber without the use of pumps. The ad- 
mission valve is fixed to the stem of the air valve a by means 
of a screw, and consists of the case ) and valve c, which is 
pressed upwards by a spring, and the upward lift of wh'ch 
is limited by a collar. The moment of the opening of the 
valve at, cis altered according to the position in which the valve 
casing bis fixed on the air-valve rod. The air valve proper « 


(Fig. 3), together with the case b, has travelled a distance mn, 
the valve ¢ being just about to leave the seat d and admit the oil 
or gas. The lift of the valve c, and consequently the time of its 
Opening, may be varied by altering the position of its collar, as 
wellas by altering the position of the valve case b on the valve 
stem a. To insure the even and constant introduction of petro- 
leum into the engine, the valve seat d is made interchangeable, 
and is provided with an opening of an area and length the 
dimensions of which have been empirically fixed, and through 
which, in a determined time, and under otherwise equal pres- 
sures, a certain quantity only of petroleum or gas can pass. The 


air enters at L and the petroleum ate. The opening of the com- 
bined inlet valve, which is kept closed by a spring, is effected 


B 


by the suction of the working piston, the gas-forming chamber Y 
below the air valve being in direct communication with the work- 
ing cylinder. (Accepted April 5, 1893). 


ELECTRICAL APPARATUS. 


holders are’ mounted upon a shaft C, on which they may be 
moved to and fro in contact with the commutator, by means of a 
bellcrank lever carried on a rocking shaft deriving its motion 
from levers connected to a main shaft driven by belt and pulley 
from the driving shaft of a gas, &c., engine. (Accepted April 5, 


1893). 
GUNS, &ce. 
23,496. R. and F. Sauer, Suhl-in-Thuringen, Ger- 
many. Small Arms. [5 Migs.) December 20, 1892.—This in- 


vention relates to the securing of the barrels of double-barrelled, 
&c., fire arms to the breech-piece thereof. Each barrelhasan under- 
cut segment 7, 71 which extends nearly half-way round it. The 
breech-piece v, which is bored taper to correspond to that of the 


barrel, hastwo dovetail grooves s, s! which correspond in width and 
depth exactly with the projections 7,7}. The connection of the 
barrels with the breech-piece is effected by placing the rear end of 
the barrelin the recess, when by a partial turn of the barrel the 
projections 7, 71 are caused to enter and be firmly fixed in the 
recesses s,s’. (Accepted April 5, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


2117. A. W. Kirsch-King and C. E. Funk, 
Chicago, U.S.A. Joints for Uniting Metal Parts of 
Machines, &c. [7 Figs.) January 31, 1893.—This invention 
has for its object to provide a joint uniting the metal parts of 
machines, &c. The tube A is split lengthwise for the purpose of 
permitting its more free expansion within the memberB. Cis a 
conical wedge within the tube A, by which the inclosed end of 
the tube is expanded in the member B, D being a screw bolt, 


having a nut for forcibly operating the wedge for this purpose. 
When the inserted end of the tube to be expanded is cylindrical, 
a cylindro-conical bushing E, havinga longitudinal slit e dividing 
it on one side from end to end, is employed, to embrace the 
wedge, and to bear outwardly against the inner surface of the 
tube, so that by forcing the wedge C lengthwise in the direction 
of its smaller end, the split bushing isexpanded and causes the 


tube to be correspondingly expanded within the member B. But 
if the socket in B and the inserted portion of the tube A be 
tapered, the wedge C acts directly against the tube without the 
intervention of the split cylindro-conical bushing, and the latter 
may, therefore, be omitted. (Accepted April 5, 1893). 


RAILWAY APPLIANCES. 


3926. C. Stanley and H. Robinson, Accrington, 
Lancaster. Controlling Railway Switches, &c. 
(2 Figs.] February 22, 1893.—The object of this invention is to 
prevent any possibility of the signals becoming contradictory 
through mistake, &c. The rocking shaft A is depressed by the 
spring B, and is limited in its movement by a tongue-piece C 
working in the slot D. When the switch lever E, carrying the 
A-Shaped catch F, is moved in position, the projecting arm G, 
carrying bowl G1, mounts the inclined surface of the catch, and 
gives a partial turn to the rocking shaft A. With this motion the 
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projection H causes the horizontal arm of the [_-shaped lever I, 
pivoted at J on the signal lever K, to rise, and its snecked end to 
engage with the catch piece J'. The vertical arm of the lever is 
thereby caused to radiate, moving the hand catch La tooth or 
more on the inclined rack M. Here the hand catch is firmly held 
in position by means of a spring N fixed respectively to the catch 
and a projection on the signal lever K. The hooked end of the 
horizontal arm of the lever I is thereby also securely locked in 
the catch piece J'. (Accepted April 5, 1893). 


MISCELLANEOUS. 


375. R. Uren, Ripley, Houghton, Michigan, U.S.A. 
Elevators. [6 Figs.) January 7, 1893.—This invention relates 
to safety appliances employed with travelling elevators to arrest 
the descent of the car in the event of the main hoisting cable 
breaking. Instead of clutches attached to the car a and which 
are released automatically to act directly against a rack extend- 
ing along the way, asupplemental safety cable h is provided, with 
which the car clamp can immediately engage when the main 


cable ceases to control the car. The safety cable is arranged along 
the path of the grip, and by overhead suspension carries a counter- 
poise which comes cumulatively into play and serves eventually 
to balance the maximum load of the runaway car. The descending 
car is thus brought ultimately to a standstill, but gradually, so 
that sudden shocks are avoided, and also the danger of breakage 
at the rack or brake-rail, which are apt to occur when the full 
load and the impetus of the car are suddenly brought to bear 
against them. (Accepted April 5, 1898), 


3171. H. D. Hibbard, Hunterdon, New Jersey, 
U.S.A. Casting Pig Iron. [13 Figs.] February 13, 1893.— 
This invention relates to means for casting pig iron. The table 
having been turned to bring one of the series of moulds into posi- 
tion to receive a cast of metal which is conveyed thereto in a ladle, 
and being poured into the series flows into the several connected 


mould cavities, and forms a series of pigs with a connecting sow. 
The table is then turned to bring another of the radial series of 
moulds under the ladle, and as each series reaches a position over 
the cars 12 for receiving the pigs, and when the metal therein has 
solidified, it is upturned on its pivot in either direction, thereby 
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discharging the metal upon the car, clearing the mould from any 
contained impurities, and bringing the opposite and cooler series 
of moulds into an upright position for the next cast. The weight 
of the pigs inthe upper moulds makes the series top-heavy and 
easy to tip, whereas when the moulds are empty their frame is 
balanced by equilibrium of weight above and below. (Accepted 
April 5, 1893). 

3610. F. X. Holzle, Heidelburg,Germany. Rotary 
Letterpress Printing Machinery. (6 Figs.] February 
18, 1893.—The printing table c is mounted upon the shaft b driven 
by the belt wheel d through a pinion fand spurwheel gy. The im- 
pression cylinder m is carried by the axle k, whose bearings have 
vertical play in guides formed in the frame a. The ends of the 
axle are provided with rollers which work in channels formed 
in the revolving radial arms of thetablec. This table is provided 


with a surface plate cl capable of vertical adjustment by = 
‘0 


screws, upon which the chase of the printing type ¢ is laid. 


the ends of this table is attached an arched plate c? whose surface 
comes in contact with and receives froma roller w of the ink- 
feeding device Z, and in turn transfers the ink to spring re- 
tained inking rollers v, , y. The ink-distributing surface is pre- 
vented from coming into contact with the paper upon the surface 
of the impression cylinder by rims q raised upon both parts. 
Upon one end of the table ¢ is formed the segmental spurwheel s, 
which gears with the spurwheel 7 of the impression cylinder. 
Tapes carried by rollers conduct the paper to be printed from the 
source of supply to the cylinder, and return it to the delivery 
table. (Accepted April 5, 1893). 


4362. H. Schubert, Berlin, Germany. Axle-Box. 
(4 Figs.] February 28, 1893.—The object of this invention is to 
prevent rapid wearing away at the commencement of the axle- 
shaft. The axle-box consists of two parts, one of which h in- 
closes the front portion of the axle, and is screwed to the other 
part / so that in the play of the screw thread the pressure of the 
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spokes is first and mainly conveyed to the thinner portion of the 
axle, whilstthe stouter part only receives the full pressure after 
the pitch of the thread becomes altered so that the one part 7 is 
less worn than the other, a nutg preventing it slipping off the 
axle, this nut being loosened only after the part has been 
screwed off. (Accepted April 5, 1893). 


2691. E. W. Naylor, New York, U.S.A. Cranes. 
(2 Figs.| February 7, 1893.—The object of this invention is to 
provide a jib crane adapted to range a large floor space without 
the employment of atrolley. The post Al of the main jib Ais 
hinged to the wall brackets b, b1, and a supplemental jib is hinged 
to the outer end of the main one. On ithe outer end of the sup- 
plemental jib, a sheave c is mounted, another sheave cl being 
carried by the crane. - In order that the sheave e! may always 
maintain the proper relation with c, whatever the relative position 
of the two jibs, the former must havea swivelling movement, on 
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a vertical axis, with reference to the main jib. In order to effect 
this, the post C of the supplemental jib is hollow, whereby the 
hoisting cable may pass axially through it. The sheave e' is 
mounted on the supplemental jib ata point where its face on one 
side of its axis isin the axial line of the post Cl. A sheave a is 
mounted onthe main jib, with its face on one side of its axis in 
the same axial line. The hoisting cable passes up and over the 
sheave c over and down from the sheave e!, in the axial line of 
the post Cl around and under the sheave a, around a sheave al, 
also mounted on the main jib, to the take-up mechanism which 
is carried on the main jib. (Accepted April 5, 1893). 


554. E.J. Wood, New York, U.S.A. Pressure Re- 
ducing Valves and Pump Governors. (4 Figs.) 
January 10, 1893.—This invention relates to reducing pressure 
valves. The coupling pipe section to which the valve is attached 
is Separated into chambers a, aby a fixed diaphragm a2. The 
diaphragm is provided with a valve seat for the reception of a 
hollow-faced piston valve B adapted to reciprocate in a housing 
C screwed into the top of the section A. There is space left 
between the top of the valve B and the top of the housing in 
which a spring 0 is inserted for pressing the valve B towards its 


seat, this space being connected with the high-pressure chamber @ 
through a small opening blinthe head of the valve B. Anad- 
justing-rod D has a screw-threaded connection with a support ¢ 
above the housing and extends down through a stuffing-box in the 
top of the housing C into position to positively limit the upward 
moyement of the valve B or to hold it to its seat. A piston valve 
E has a reciprocating movement within the housing C! screwed 
into the top of the pipe section A, and has a communication with 
the low-pressure chamber a!. Communication is established 
between the low-pressure chamber @1 and the space between the 
valve B and the top of the housing C, by means of a port e through 


the valve E and a pipe connection leading from the housing C! to 
the housing C. The valve E is connected by a rod extending 
through the top of its housing with a piston valve located in a 
housing above C! and in alignment therewith, so that the valves 
E act in unison. A spring inserted between the valve E! and 
the top of the housing C2? tends to hold the valves E, El pressed 
towards their seats. An adjusting rod having a screw-threaded 
connection with the top of the housing C? serves to increase or 
diminish the tension of the spring upon the valves. There is an 
opening cl in the side of the housing C2 ata point below the piston 
valve E! for the admission of the fluid from the discharge side of 
the pump. (Accepted April 5, 1893). 


18,418. G.E. Allen, Maryport, Cumberland. Coal- 
Washing Apparatus. [21 Figs.] October 14, 1892.—This 
invention relates to means for washing coal and for separatlng 
therefrom dirt, by which the coals are conveyed into troughs 
lying at a slight inclination, and terminating at the lower end in 
a receiving hopper. A stream of water flowing through the 
troughs separates the dirt from the coals, leaving the former in 
the bottom, and washing and carrying the latter into the hopper, 
whence they are lifted by elevator buckets into wagons, The 
water, after bringing the coals into the receiving hopper, passes 
direct through and out at the opposite end, and by its force 
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carries with it a large quantity of fine coals. In order to 
thoroughly separate the dirt and allow the coal to move forward 
quickly and freely in the troughs, and also prevent the fine coals 
from passing beyond the receiving hopper, the latter is relieved 
of the inflowing water as speedily and steadily as possible. For 
this purpose a diaphragm H, made of wood, is inserted and fixed 
in the hopper by nails, and underneath it the water and coals 
pass, the latter sinking towards the elevator buckets, and instead 
of the water rushing direct through the hopper, on rising to its 
level the whole flows over the diaphragm and through outlets in 
any required dlrection. (Accepted April 5, 1893). 


23,112. Societe Anonyme des Acieries de Longwy, 
Mont St. Martin (Meurthe et Moselle), France. 
Rolling Metal. [7 Figs.) December 15, 1892.—This inven- 
tion relates to the arrangement and construction of machinery for 
rolling metal sheets and plates. The upper cylinders A, instead 
of being balanced by counterweighted levers, are suspended 
by their bearings F on pressure screws B, the latter being 
also capable of a rotary movement which determines the 
distances between the several cylinders. With this object 
a transverse support D is carried upon a shoulder at the 
upper part of the pressure screw. At each extremity of 
this support is a strong suspending bolt a acting as a slide, and 
being fixed by keys to the bearing F of the upper cylinder so as to 
allow the latter to be moved towards the axis of the cylinder in 
order to compensate for the wear of the bearings. A spring b is 
placed between the nuts of the suspending bolts and the trans- 
verse support D for the purpose of obviating excessive pressure 
and excess of friction on the shoulder of the pressure screw, and 
at the same time preventing any play between the bearing and the 
screw, which would otherwise produce a jerk at each pass. The 
middle cylinder, having to traverse the distance between the 
upper and lower cylinders at each pass, is balanced by two hy- 
draulic pistons G placed each under one of the side frames. In 
order that the extremity of the sheet being rolled may not strike 
against the front of the elevating apron on emerging from between 
the upper and middle cylinders, brackets c are attached to the 


bearings of the latter cylinder, and follow exactly its vertical 
movement. Elevating aprons are provided with rollers driven 
by a motor and capable of being actuated at any point in the 
movement of the aprons. The three-high universal train for 


rolling armour-plates, &c., is arranged with three horizonta 
cylinders and four vertical ones coupled together, which enables 
the metal to be rolled on edge in the forward and in the return 
pass. (Accepted April 5, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINRERING, 35 and 36, Bedford- 
street, Strand. 


Evuropran Raritways.—It is calculated that 2584 miles 
of additional European railway were brought into opera- 
tion in the course of 1892. This mileage was made up 
as follows: Germany, 316 miles; France, 655 miles; 
Great Britain and Ireland, 50 mWes; Russia and Fin- 
land, 85 miles; Austria and Hungary, 655 miles ; Italy, 
125 miles; Spain, 175 miles; Sweden and Norway, 
160 miles; Belgium, 62 miles; Switzerland, 50 miles; 
Holland and the Luxembourg, 11 miles; Portugal, 1 
miles; Denmark, 18 miles; and Greece, 87 miles. At 
the close of 1892 Germany had 27,130 miles of railway 
in operation ; France, 23,715 miles; Great Britain and 
Ireland, 20,435 miles ; Russia and Finland, 19,420 miles ; 
and Austria and Hungary, 17,540 miles. No other 
European country could boast 10,000 miles of completed 
railway. 


THE STUDENTS OF THE InstTITUTION OF CIviL ENGI- 
NEERS.—The eighteenth annual dinner of the students of 
the Institution of Civil Engineers, held in the Holborn 
Restaurant on the 12th inst., proved as successful as any 
of its predecessors. The President of the Institution, 
Mr. Harrison Hayter, occupied the chair, and among the 
guests were Professor Kennedy, F.R.S., Mr. William 
Shelford, Mr. Charles Hawkesley, Mr. <A. ©. Pain, 
Mr. J. H.T. Turner, and Dr. Angell. The President 
gave the loyal and patriotic toasts, and replied to the 
toast of ‘‘ The Institution,” proposed by Mr. J. N. Reeson. — 
Mr. Sealby Allen gave the toast of ‘‘ The Guests,” which 
was acknowledged by Professor Kennedy. ‘‘ The Secre- 
taries” was intrusted to Mr. Frederick Shelford, and 
was replied to by Mr. J. H. T. Turner, who emphasised 
the importance of students BhOwae interest in their 
meetings and visits to works. ‘‘The Students,” proposed 
by Mr. William Shelford, was acknowledged by Mr. T. 
Frame Thomson, who suggested methods of promoting 
greater intimacy amongst the students, and of encourag- 
ing greater competition between the various branches of 
the students. Messrs. B. Chatterton and J. W. Brown 
proposed ‘‘ The Local Associations” and ‘‘ Old Students ” 
respectively, which were acknowledged by Messrs. W. 
R. Copland, of Glasgow, and Mr. Kentish Moore. 


British MANUFACTURES IN THE ARGENTINE.—The 
British Vice-Consul at Rosario in his last report gives 
some advice to British manufacturers. He says they 
would do well to encourage trade with that country, 
which offers a large and rapidly-growing market, espe- 
cially for agricultural machinery and hardware of every 
description. They must bear in mind that they have to 
compete with North American and Continental firms, 
which are doing all they can to make their manufactures 
known in that market, and also offer liberal conditions. 
English firms, he observes, are content to send out a few 
circulars in the English language for distribution, hoping 
thereby to do business. Nothing is more futile, as the 
circulars are, in most cases, not only not understood, but — 
the conditions demanded are not in accordance with the 
custom of the market. Purchasers there not only wish 
to inspect the goods, but it is the custom to purchase on 
the time system—that is to say, purchasing the article by 
a cash payment of, say, one-half, and for the rest signing 
a bill at six months with current bank interest and with 
guarantee to sellers’ satisfaction. It is, therefore, clear 
that to do business British firms should be well repre- 
sented by agents in the country. He mentions a case 
which came under his notice, in which a respectable local 
firm ordered some goods from a British manufacturer, the 
bill of lading and invoice to be remitted to an English 
bank in Rosario, with instructions to deliver to the pur- 
chaser of the goods on payment of amount of invoice. An 
order on these conditions given to a North American or 
Continental manufacturer would have been executed at 
once, whilst in this case it was rejected. A new En lish 
bank, the ‘‘Banco Britanico de la America del ud 
(British Bank of South America), has been added to the 
two already in existence, and will no doubt assist com- 
merce and do a profitable business. 
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THE OPENING OF THE COLUMBIAN 
EXPOSITION. 
Cuicaco, May 2, 1893. 

Aut of the newspapers in Europe will this morn- 
ing contain descriptions, more or less condensed, 
of the formal opening of the Columbian Exposition 
by the President of the United States, and by the 
time these lines can appear in print, the event will 
have become as ancient history. But we have in 
these pages so closely followed the progress of the 
great work through all its various stages, that we 
cannot omit placing on record some account of this, 
the final phase, without which the Exposition could 
not be complete. 

Tt was most fortunate that there was a marked 
improvement in the weather ; indeed, as the Presi- 
dent appeared on the platform reserved for him 
and the highest officers of the Exposition, a ray of 
sunshine lighted up the grounds, and for a moment 
revealed the true beauty of the Central Court and 
the surrounding buildings. It is true that this did 
not last long, but still the rain was merciful, and 
May 1 will be remembered as the only day without 
rain for quite a long time ; the wind, too, was tem- 

ered for the crowd—of itself no small blessing. 

r. Burnham had kept his promise as regards the 
roads ; they were nearly all in good order, but 
there had been a heavy downpour during at least 
twelve hours on the previous day, and the tramp 
of hundreds of thousands of feet did not fail 
quickly to churn the softened surfaces into mud, to 
the irretrievable damage of smart apparel, and the 
dismay and discomfort of the wearers. Apparently 
the only other drawback to the enjoyment of the 
vast crowd was the incomplete, or perhaps we 
should say, the insufficient arrangements at the 
restaurants ; and it was really pitiable to see the 
interminable file of hungry people waiting their 
turn outside the few places where food was to be 
had in limited quantities, and from which the great 
majority had to turn away. But, after all, these 
were slight drawbacks, very willingly endured by 
those who will hereafter remember with pride that 
they assisted at an event that will be always 
famous in the history of the United States. 

The opening ceremony was thoroughly charac- 
teristic—that 1s to say, it was simple and impres- 
sive, brief and effective. About 1500 invitations 
to home and foreign officials and their friends had 
been issued, and for their accommodation a plat- 
form had been built projecting from the east front 
of the Administration Building, filling up the deep 
and wide entrance, and projecting for some distance 
upon the road in front. Here abundance of room 
was found for all the guests, and every one could 
see, though very few could hear, the short and 
impressive ceremony. An excellent band was 
stationed at the highest point of the platform, 
under the great archway of the entrance. Imme- 
diately in front of, and connected with the main 
platform, a smaller one was provided for the Pre- 
sident and his party, which consisted, in addition 
to the members of the Cabinet and their wives, of 
the heads of the Exhibition, the Duke of Veragua, 
and a few other special guests. The whole ap- 
pointments were stern in their simplicity, but not 
the less effective on that account; the rough 
boarded platform of the President was partly con- 
cealed, it is true, by some carpeting, and the small 
table on which stood the electric key that was pre- 
sently to set in motion the contents of the Machi- 
nery Hall, was covered by a cloth, but that was all ; 
the chair set for the Chief Magistrate of this mighty 
nation was in no way distinguishable from the 
others ; and when, a short time before the arrival 
of the party, a Columbian Guard appeared on the 
platform with a large ice-water jug of the common 
American hotel pattern, and set it on the Presi- 
dent’s table, there seemed to be nothing incon- 
gruous in the proceeding, which was, however, 
hailed with acclamation by the surging crowd 
below, making the bearer of the _ ice - pitcher 
famous for a moment. We wish it quite clearly 
understood that we do not refer to this sim- 
plicity in any spirit of criticism ; to do so would 
be silly and offensive. It is difficult to imagine 
anything more suggestive of vast power than this 
entire absence of pomp and ceremony, combined as 
it was with a dignity that no amount of familiarity 
can affect. As the Presidential party appeared on 
the platform, a shout rose up from below which 
showed that those present regarded the sovereign 
chosen by the people with confidence and affection ; 
and, indeed, the same wild applause attended 
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him at every step on this eventful day. One 
thing that tended to increase the severe sim- 
plicity of the impressive scene, was the absence 
of flags; there was a good reason for this, as 
will be presently explained. As soon as the 
President and his party appeared, and the cheering 
had somewhat subsided, the band played a some- 
what long but very effective march that had been 
composed for the occasion. This was followed by 
a prayer offered by Rev. W. H. Milburn, who, by 
the way, is blind, and then came the reading of an 
ode ; somewhat tedious it seemed to the crowd, to 
whom, of course, it was inaudible. Two speeches 
only were delivered, both brief and admirable. The 
first was by Colonel Davis, the Director-General ; 
the second by Mr. Cleveland. We confess to a 
slight feeling of disappointment that Mr. Higin- 
botham, the able and untiring President of the 
Exhibition, was not also included in the programme, 
but the ceremony being wholly a Government one, 
it was not considered necessary. This is not the 
place to eulogise Mr. Higinbotham, and for us to 
do so would be entirely superfluous ; still we cannot 
refrain from repeating here that the city of Chicago, 
the United States at large, and the foreign countries 
participating in the Exhibition, owe an eternal debt 
of gratitude to the President of the Fair, as well as 
to his friend and predecessor the Hon. W.T. Baker, 
whose health broke down last year under the great 
strain. 

Mr. Cleveland’s speech was, as we said, a very 
brief one ; we reproduce it here because it was an 
historic utterance on afamous occasion, and because 
in a few words it comprised the worthily proud 
sentiments of the American people concerning their 
great nation, and explained the true mission and 
purpose of the World’s Columbian Exposition. 
Mr. Cleveland said : 


**T am here to join my fellow-citizens in the congratu- 
lations which betit this occasion. Surrounded by the 
stupendous results of American enterprise and activity, 
and in view of magnificent evidences of American skill 
and intelligence, we need not fear that these congratula- 
tions will be exaggerated. We stand to-day in the pre- 
sence of the oldest nations of the world and point to the 
great achievements we here exhibit, asking no allowance 
on the score of youth. 

“*The enthusiasm with which we contemplate our work 
intensifies the warmth of the greeting we extend to those 
who have come from foreign lands to illustrate with us 
the growth and progress of human endeavour in the direc- 
tion of a higher civilisation. 

““We, who believe that popular education and the 
stimulation of the best impulses of our citizens lead the 
way to realisation of the proud national destiny which 
our faith promises, gladly welcome the opportunity 
here afforded us to see the results accomplished by efforts 
which have been exerted longer than ours in the field of 
man’s improvement; while in appreciative return we 
exhibit the unparalleled advancement and wonderful 
accomplishments of a young nation, and present the 
triumphs of a vigorous, self-reliant, and independent 
people. We have built these splendid edifices, but we 
have also built the magnificent fabric of a popular govern- 
ment, whose grand proportions are seen throughout the 
world. We have made and have gathered together objects 
of use and beauty, the products of American skill and 
invention ; we have also made men who rule themselves, 

“*Tt isan exalted mission in which we and our guests 
from other lands are engaged, as we co-operate in the 
inauguration of an enterprise devoted to human enlighten- 
ment ; and in the undertaking we here enter upon we 
exemplify in the noblest sense the brotherhood of nations. 

** Let us hold fast to the meaning that underlies this 
ceremony, and let us notlose the impressiveness of this 
moment. As by a touch the machinery that gives life 
to the vast Exposition is now set in motion, so at the 
same instant let our hopes and aspirations awaken forces 
which in all time to come shall influence the welfare, the 
dignity, and the freedom of mankind.” 


At the conclusion of this speech the President 
touched the key that set in motion the great Allis 
engine in the Machinery Hall; at the same time 
the veil that shrouded Mr. France’s beautiful and 
gigantic statue of Columbia was withdrawn, and 
the golden figure shone brilliant in the light, 
although, alas ! there was no sun at the moment to 
heighten the effect. And now became apparent 
the motive for which no flags had been permitted 
to enliven the scene. From the high masts that 
stand—three in number—in front of the Adminis- 
tration Building, each surmounted by a model 
counterfeit of the caravels of Columbus, a great 
banner was flung out to float triumphantly in the 
light air that fortunately prevailed ; from all the 
thousand flagstaffs upon the buildings, at the same 
moment, streamed flags, giving a colour and bright- 
ness to everything within sight, like that of a sudden 
and brilliant ilumination. Then went up a sound 
indescribable—a combination of cheers and shrieks, 
to which the whole force of Colone] Cody’s Indians 
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(in remarkably good voice) contributed nota little ; 
every steamboat allowed in the great basin, every 
vessel lying in the bay outside, every locomotive 
that was in steam and within hearing—everything, 
in short, that could make a noise, did so to its 
utmost capacity, and the popular voice, echoing 
that of President Grover Cleveland, declared the 
Exhibition open to all the world. Simultaneously 
the great fountains in front of the Administration 
Building were started, to the dismay of those in the 
vicinity—for they were speedily drenched—but to 
the great delectation of allatasafe distance. And 
so the World’s Columbian Exposition of 1893 was 
declared open. 

Atleast 100,000 units of densely packed humanity 
were withinsight of the opening ceremony ; probably 
100 of them heard the addresses, yet all appeared 
satisfied to undergo the inconvenience in the plea- 
sure of being present. An American crowd is like 
no other crowd ; yesterday there was no police pre- 
sent to keep order, only a handful of Columbian 
Guards, yet there was but little confusion. At one 
place, it is true, the pressure from behind was so 
great that those in front were forced into the lower 
part of the platform on one side—the side, as it 
happened, where some dignified representatives of 
the English Press had been assigned their places, 
and it was amusing to watch the alacrity with which 
they clambered over barriers to a place of more 
security. With the exception of this little incident, 
due to pressure, as we have said, and so absolutely 
unavoidable, there was nothing like irregularity in 
the vast and self-ordered crowd. We remember 
that we were astonished by the same spectacleof avast 
and orderly assemblage without police at the opening 
ceremony of the Centennial Exhibition at Philadel- 
phia in 1876, when as dense a crowd, though not so 
numerous, had assembled at Fairmount Park to 
attend the inauguration of that great Exhibition. 
It is, in fact, the special characteristic of an Ameri- 
can crowd to be self-restraining, the majority of its 
units assisting to keep order, and promptly repress- 
ing unruly members. 

The recorded number of admissions to the 
grounds yesterday was 357,000, besides passes of 
various descriptions, of which at least 50,000 
were issued, so that the record of attendances was 
large enough to satisfy even the most exacting and 
sanguine supporter of the Fair. As far as pos- 
sible, this vast assemblage was crowded into the 
wide spaces of the Central Court, while the high 
cornices of the surrounding buildings were out- 
lined by the adventurous and privileged visitors, 
who thought the satisfaction of looking down on 
the spectacle was worth the risk. When the 
simple and impressive ceremonies were over, the 
people rapidly dispersed in the vain search for re- 
freshments, or to take up new points of vantage 
within the buildings, for it was understood that 
the President, and his special entowrage, would, 
after a short delay, make a complete round of the 
Exhibition, and a nominal examination of the 
courts. Before two o’clock this long circuit was 
commenced, and we were privileged with an in- 
vitation to accompany the distinguished party. 
The route lay through the Manufactures Building, 
where, during forty-eight hours, marvels had been 
accomplished in clearing away rubbish and stag- 
ing, and in making quite a creditable display of 
exhibits. The magnificent facade of the German 
court especially elicited admiration, as also did 
the very striking pavilion of Japan, whose exhibits 
are in good order. The small irregular facade of 
the British court, made up of cases each hand- 
some enough, but arranged without the slightest 
regard to harmony of form or colour, was filled 
with the very beautiful specimens of ceramics 
and other exhibits ; it looked very insignificant 
under the shadow of the great French pavilion, 
which is very backward, though enough was visible 
to give a good idea of its size and design. From 
the Manufactures Building the President passed 
to the edge of the nearest landing-stage, where 
electric launches were in readiness, and the 
party made the complete circuit of the canals, and 
finally passed out into the lake through the arch- 
way beneath the peristyle opposite the Adminis- 
tration Building; then, returning, carriages con- 
ducted the party along the lake front of the Exhi- 
bition, leaving the Manufactures and Government 
Buildings on the left, and on the right the war- 
ship Illinois, which was—like all the vessels within 
sight—fully dressed with flags; then, turning to 
the left, the cortége entered the main street of 
foreign and State buildings; among the former, 
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those of Germany and Sweden excited universal 
admiration. The Swedish pavilion runs that of 
Germany very close in popularity. It is large, 
covering 11,000 square feet, and is of a composite 
design taken from a number of historic Scandi- 
navian structures of the fifteenth and sixteenth 
centuries. Extensive and elaborate as is this 
building, it cost only 8000/., and contains the 
whole of the Swedish exhibit, which has been care- 
fully arranged by the Swedish Commissioner, Mr. 
Leftler. 

After passing through the Fine Arts Gallery, 
the President again took to the water, and pro- 
ceeded to the landing-stage opposite the Agri- 
cultural and Machinery Buildings, which were 
rapidly visited, the Fisheries and Women’s 
Buildings having been omitted from the programme 
for want of time. With reference to these, and in 
continuation of the general review we made in our 
last issue, we may say that they are not in such a 
state of progress as could be desired. The Agri- 
cultural Hall is too backward to enable any useful 
idea of its finished appearance to be formed. 
Almost the same remark applies to the Machinery 
Hall, and here the delay is more serious, because a 
longer time is needed to erect heavy machinery 
than to instal implements or arrange trophies of 
cereals. Of course there is a great deal complete, 
and even running. The 2000 horse-power engine 
of Allis, of Milwaukee ; the Westinghouse exhibit, 
and a number of other engines and dynamos that 
will be used for the lighting of the grounds, are well 
advanced. Some of the smaller stands are also 
practically complete, such as that of Fay and Co., 
of Cincinnati, which does not look so imposing, by 
the way, as it did in Paris in 1889; by it are other 
displays of wood-working machinery, and in the 
centre of the building pumping machinery is being 
installed round a vast tank for experimental pur- 
poses. A good deal of textile and printing machinery 
is erected, and already some of it isin motion. It 
is, however, quite unfair to judge, from the pre- 
sent appearance, of what the Machinery Hall will 
be like a month from now. Germany, as usual, is 
well to the front, and her display is almost com- 
plete ; it adjoins the space of Great Britain, and 
forms a very striking contrast to it. There are 
between eighty and ninety exhibitors, and the 
space allotted to each is unduly crowded with 
exhibits. Nearly all the best names of German 
manufacturers are seen on the signs overhead, and 
especially noticeable is a magnificent 1000 horse- 
power vertical triple-expansion engine driving a 
dynamo direct ; this installation is by the Schichau 
firm. Chocolate mills, printing, textile, wood- 
working machinery, and machine tools are included 
in the German section. That of England is prin- 
cipally floor space, redeemed by a fine collection of 
textile machinery from Messrs. Platt, of Oldham ; 
there is also a small show of steam hammers, actual 
machines and models, by Messrs. Massey and Co., 
and a few other things are scattered around. 
Perhaps, later on, the space may be better filled ; 
we trust, for the credit of England, it may be so, 
yet the British catalogue forbids the hope, though 
if they materialise there are yet some good exhibits 
to come. When we turn to an earlier page of this 
same catalogue and read the list of eminent names 
composing the Engineering Committee, to whom 
presumably the work of arousing the interest of 
manufacturing engineers in England was intrusted, 
we can arrive only at one of two conclusions: 
either British manufacturers are far more indif- 
ferent to their proper interests than we should have 
supposed, or the committee has neglected the 
serious responsibility reposed in it. Every member 
of the committee is concerned in this grave charge, 
and we trust that investigation will prove that 
they have not neglected their duty, although, 
unless this is the case, we fail to understand why 
the mechanical industries of England are so miser- 
ably represented at the World’s Fair. No doubt 
we shall hear a great deal more of this matter. 

As said above, it is stated that the number of 
visitors who paid for admission on the opening day 
was about 360,000, more or less. In addition some 
50,000 passed the gates on various tickets— 
officials, exhibitors, workmen, &c. ; so that the 
the total is estimated at about 420,000. This is, 
we believe, the greatest number ever recorded as 
present on any Exhibition grounds; greater than 
the most crowded day at Paris in 1889, when the 
price of admission was almost nominal. Nothing 
could give a better idea of the vast area of the 
Exhibition than the rapid manner in which the 


great crowd in front of the Administration Build- 
ing melted away. Later in the day there was con- 
siderable inconvenience at many of the doorways of 
the buildings ; owing to the incomplete state of 
the exhibits, only some of these could be opened, 
and though, as we have seen, an American crowd 
is orderly, it has very decided ideas about its own 
rights. But these were small inconveniences, and 
as their cause was a desire to see the President, no 
one could complain. The enthusiasm that was 
everywhere shown for ‘‘Grover” was universal 
and exuberant, and, to a stranger at all events, 
appeared to indicate approval of the free trade 
programme that has brought him into power. The 
Duke de Veragua shared with the President the 
popular applause ; this lineal descendant of 
Columbus must have been indeed astonished with 
all he saw and heard on that, and on every other 
day of his visit to this city ; whether he will sur- 
vive the endless hospitality showered on him is an 
open question, but such an eventuality has been 
provided for by the presence of his brother the 
Duke de Barboles, a copy, though a smaller one, 
of the illustrious head of the family; irreverent news- 
paper men here declare that he is an understudy 
in the event of accident. But the representative 
of Columbus conceals his surprise under an im- 
passive demeanour, and not even the shouts of 
‘¢ Stand up, Duke !” addressed to him when sitting 
by the President in the electric launch, produced 
any sign of surprise. 

It is scarcely to be expected that the carrying 
companies will have any greater strain thrown upon 
them than on the opening day, and it is very satis- 
factory to know that the arrangements for convey- 
ing the crowd between the Exhibition and the city 
were highly successful; indeed, the inconvenience 
was even less than it had been during the previous 
week, before the special facilities had been pro- 
vided. Before eight o'clock the last passengers 
from the Fair grounds were despatched, and 
no accident of any importance occurred. Of 
course all means of transit available were occupied 
to the fullest extent. These consist of a fleet of 
lake steamers specially constructed, the Illinois 
Central Railroad, the cable street cars, and the 
elevated electric railroad running from the city to 
the grounds. As we have already stated, the 
Illinois Central Railroad Company hasa large num- 
ber of tracks laid upon the lake front, and of 
these two are reserved especially for the express 
train service which was put into operation on 
May 1; trains are run at intervals of four or five 
minutes, and as there are no stoppages at inter- 
mediate stations, only about a quarter of an hour is 
required for the journey. This service is quite 
independent of the ordinary suburban trains, which 
run at intervals of about twenty minutes, and make 
frequent stoppages. The extensive freight traffic 
is carried entirely on separate tracks, and there 
are two other lines of rails for the main train ser- 
vice, which is independent of the Exhibition. The 
company has expended very large sums of money 
in making preparations for its anticipated heavy 
trafic during the next six months. The most 
important improvements effected are the construc- 
tion of the large passenger station in the city, and 
the raising of the tracks in the neighbourhood of 
Jackson Park. This last work was absolutely 
necessary, because the line runs parallel to the 
western boundary of the Exhibition, and is crossed 
at frequent intervals by important streets, all of 
them leading to the entrance gates of the Fair. 
In the early part of the enterprise the railway 
crossed these streets on the level, and as it was 
realised that this condition of things would be 
impossible during 1893, much serious attention was 
given to the solution of the problem. Ultimately 
it was left in the hands of the Hon. W. T. Baker, 
at that time President of the Columbian Exposi- 
tion, and he decided that the only practical way 
out of the difficulty was to raise the railway and 
lower each road at the point of crossing. This has 
accordingly been done, and the level crossings at 
these points have been done away with. The 
arrangement still leaves something to be desired, 
but no doubt it will be improved later on, 
although the levels appear to be such as to 
make it doubtful if proper drainage can be 
secured, so that inconvenience may be expected 
during wet weather. A large quantity of pas- 
senger cars have been constructed by the Illinois 
Central Railroad Company for the Exhibition 
express trafic ; it was only in the face of con- 
siderable opposition that these cars were con- 


structed with a number of side entrances, instead 
of with end doors, and it might reasonably have 
been expected that on the first day when this 
novelty was introduced, some difficulty might have 
been experienced; so far, however, from this 
having been the case, it was found that a full train 
could be emptied, or an empty train loaded up, in 
30 seconds, as compared with 24 minutes for a 
crowded train of the ordinary American type. 
The experiment made by the managers of the 
Illinois Central Railroad was thus completely 
justified on the first trial, and it may be fairly 
assumed that in future, whenever any large bodies 
of people have to be handled, the side-door system 
will be adopted. These new Exhibition cars are 
unprovided with doors or windows, so that, except 
for the roofs, which are covered by stanchions, 
they are entirely open. Later on, no doubt, this 
arrangement will be a very pleasant one; but so 
long as the bitterly inclement weather continues, 
this method of reaching the Fair grounds, though 
very expeditious, is uncomfortably chilling. 

The question of the probable number of visitors 
to the Exhibition is now being actively discussed, 
and it is indeed one of the utmost moment, 
both from a financial point of view, and because a 
large attendance will be the sure and only proof 
of popularity. The total expenses of the Exposi- 
tion up to the time of opening are between four 
and five millions sterling ; the daily expenses are 
something enormous, as may be gathered from the 
fact that in one department alone, that of police, 
the Columbian Guards number from 2000 to 2500, 
and they are paid 2dols. a day, a rate which — 
they deciare to be insufficient, and are now 
threatening to strike for higher wages. Rent 
from concessions will also bring in a greater or 
less revenue to the Exhibition, but the amount 
from this source depends upon the attendance. It 
is hoped, and indeed confidently expected, that the 
30 millions of Paris in 1889 will be very largely 
exceeded in Chicago. We hope that this may be 
the case, but we confess that we can hardly share 
the same opinion. In Paris the huge total was 
reached because the charge for entrance was prac- 
tically nominal, falling as low sometimes as three- 
pence, and many people passed in and out several 
times during the same day, thereby helping to swell 
the enormous total. At Jackson Park, with an 
entrance of 2s., the condition of things is likely 
to be very different, and it is probable that visitors 
will, as a rule, visit the Exhibition less often and 
work harder while they are there. The average 
patron of Exhibitions is generally of limited means, 
and, not unfrequently, has a family who must also be 
taken to see the show. This large class, whether 
in Chicago or residing at a distance, will naturally 
make the most of their opportunities on each 
occasion of their visits. It would appear too much 
to hope that the inhabitants of Chicago will be able 
to help very largely towards the desired total ; they 
are too busy to devote many days to the Fair, and 
the idler population of Paris is far more numerous 
than the ever-busy inhabitants of Chicago. More- — 
over, if, as appears more than possible, the Hxhibi- 
tion is not to be open to the public on Sundays, a 
deduction of more than one-seventh, probably a 
fifth, must be made, for Sunday is the only leisure 
day for a large proportion of the community. On 
the other hand, the creation of a long series of — 
special days will undoubtedly bring large crowds 
upon those days to the Exhibition. In addition to 
the ‘‘State days,” which will certainly secure im- 
mense attendances (each State being anxious of 
outdoing the others), there will be a large number 
of other special days set apart for different societies 
and trades. The immense concourse which at- 
tended the opening on May 1, is an indication of 
what may be expected later on. But on ordinary 
occasions, when no inducement is presented, 
we think that the crowd will be comparatively 
small, This was shown on the day after the opening, 
when the attendance fell to less than 16,000, a 
number hardly noticeable on the grounds, The 
entry returns, however, for the next two or three 
weeks will afford but a very unreliable indication of 
what may be expected hereafter. The unseason- 
able weather, and the state of incompleteness which 
exists, are very good reasons for a scanty attend- 
ance just now. Indeed, we believe that the idea 
was seriously entertained by the Directory of advis- 
ing the public to wait for two weeks before coming : 
this precaution was, however, quite unnecessary, 
for at the date of writing there is plenty to keep the 
visitor occupied for many days within the buildings, 
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pemhont exposure to the bleak winds from the 
ake, 

We said just now that concessions will probably 
form a very considerable source of revenue to the Ex- 
hibition. This is common to all similar undertakings, 
and we are not aware that the terms now demanded 
are higher than is usual. But at present both the 
public and concessionaires appear dissatisfied, if one 
is to believe the Chicago papers, which are unani- 
mous in their condemnation of the restaurants, both 
as regards quality and price. So far as our expe- 
rience goes, these complaints are not justifiable ; it 
may be at once admitted that the food is not very 
good, nor is it very cheap; but the prices charged 
have to include the tax to the Exhibition authorities, 
the wages of extortionate waiters, and the numerous 
extra expenses inseparable from the restaurant 
service of an Exhibition. One remembers Paris in 
this connection with sad regrets, but there is no 
cause for complaint that we know of. There do 
not appear, however, to be any refreshment places 
for the more primitive requirements of the non- 
fastidious masses, which, perhaps, explains the loud 
complaints. Other grievances are vigorously dis- 
cussed in these enterprising Chicago newspapers. 
Strikes and rumours of strikes are in the air, from the 
Columbian Guards to the exhibitors in the Machi- 
nery Hall. Of course, most of these things arrange 
themselves, generally at the indirect cost of the 
visitor, who cannot strike unless by staying away, 
which he is not likely todo. The Machinery Hall 
grievance appears to be somewhat serious. It is stated 

tn the general bye-laws that a reasonable amount 
of power would be provided for driving exhibitors’ 
machinery free of charge ; this is the usual regula- 
tion at Exhibitions, and is generally interpreted in 
& very liberal spirit. Accordingly, exhibitors 
assumed—if they took the trouble to think much 
on the subject—that, except in special cases, there 
would be no charge for power supplied to show 
their machinery in operation. They were, there- 
fore, much amazed when an order was issued to the 
effect that the gratuitous supply of power would be 


i 


limited to that required for turning the machines 
without doing work during a short time each day. If 
anything more than this is desired, a tax of 60 dols. 
or 121. per horse-power during the term of the 
Exhibition will be made. Asa very large number 
of machines are of no interest to the public unless 
they are actually in operation, and as this condi- 
tion is essential for the business requirements of 
the exhibitor ; as, moreover, many exhibitors have 
a large number of machines, such as wood-working 
machines, looms, and so forth, it follows that the 
proposed charge will be a heavy one, and exhibitors 
are indignant accordingly. Remonstrances have 
been addressed to the authorities, with notices that 
exhibitors will cover up their machinery, or even 
remove it, unless power is supplied free. At the 
present moment matters are at a deadlock, the 
authorities refusing to make any concession, or to 
allow the exhibitors to cover or remove their ex- 
hibits. Of course, the difficulty will be settled in 
a day or two, probably by compromise. In any 
case it does not affect the British section much, 
for the very unfortunate reason that we have so 
little machinery of any kind, but the incident is 
worth putting on record as being the first of its 
kind at an International Exhibition. 

More amusing, and far less serious, are the humours 
of the Board of Lady Managers, presided over by 
Mrs. Potter-Palmer, popularly known just now as 
the Queenof the White City. Much jealousy appears 
to have existed for some time past among the ladies 
of the board, and this has culminated in an outburst 
of jealousy because Mrs. Potter-Palmer “‘ sacrificed” 
herself by attending on the Duchess of Veragua. 
In an earnest appeal made by Mrs. Palmer to the 
somewhat unruly and hysteric members of the 
board, she said : ‘‘ If Iam mistaken in my estimate, 
if itis only a struggle for a few little passing honours 
(if I may call them such), and we are all torn up 
and pulling hair over an introduction to a duchess, 
or some other attention to somebody else, my time 
is too valuable, your time is too valuable, the 
Government money is too valuable, to be wasted 


in this way.’ Ultimately these last difficulties 
were smoothed over, and, according to the news- 
paper reports, ‘‘ There is no lack of harmony now.” 
But there is distinctly at the present time a very 
great lack of exhibits in the Women’s Building, 
about which we have heard so much. Indeed, 
except for a few pictures, the only object of 
interest at present in place in the main hall is a 
board bearing the suggestive inscription, ‘‘ Please 
do not spit on the floor.” 
J. D. 


THE EXTENSION OF UNIVERSITY 
COLLEGE. 

University Cottecr, London, was founded in 
the year 1826, and opened on October 1, 1828, 
under the title of ‘‘The University of London.” 
The institution was incorporated as ‘‘ University 
College, London,” by Royal charter, dated No- 
vember 28, 1836; the present University of 
London being at the same time founded and en- 
dowed by the State as an examining and not a 
teaching University, with the power of conferring 
degrees. The charter was superseded in 1869 by 
an Act of Parliament, whereby the College was 
re-incorporated, withadditional powers, and divested 
of its proprietary character. The purpose of the 
College as expressed in the Act is ‘‘ to afford, ata 
moderate expense, the means of education in 
literature, science, and the fine arts, and in the 
knowledge required for admission to the medical 
and legal professions ; and in particular for so 
affording means of obtaining the education re- 
quircd for the purpose of taking the degrees now 
or hereafter granted by the University of London.” 

Since its opening University College has been 
the chief centre of the higher education in London 
in arts and sciences, while the reputation of its 
medical school is second to none; and it differs 
from a university—to which title the distinction 
of its professors, the variety of its teaching, and 
the number of its students might fairly entitle it 
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—only inthe circumstance that the power of con- 
ferring degrees has not yet been granted. The 
original faculties were two in number—those of arts 
and laws, including science, and of medicine. In the 
year 1870 the scientific classes were constituted a 
separate faculty of science. 

It has long been recognised by the Council that 
provision must be made for the teaching of applied 
science, as well of pure science, in the College, 
and in 1878 a professorship of chemical technology 
was established. The teaching of the science of 
engineering seems to have formed part of the 
original scheme of the founders of the College. 

There are manifest advantages in having applied 
science taught in the same institution where the 
study of pure science is associated with high 
generalculture. The students are thereby enabled 
to lay a broad foundation of general scientific 
education first, and are not tempted to specialise too 
early, or to ignore the fact that the study of the 
general sciences of mathematics, physics, chemis- 
try, &c., lies at the root of all successful applica- 
tions of science. , 

As far back as 1840 the late Mr. Charles Vignoles 


was appointed Professor of Civil Engineering, a | 


post which he held for some years. Until 1879, 
however, it had not been attempted to do more 
than provide lectures on different branches of 
engineering, with instruction in mechanical draw- 
ing and surveying. 

The building of the north wing, however, in 1878 
enabled Emeritus Professor Kennedy, F.R.S., 
who then occupied the chair of Hngineering, to 
obtain space for a large engineering laboratory ; 


the same laboratory which is now being vacated | 


by the department on their transfer to the new 
block, which is to be opened by the Duke of Con- 
naught on Monday next, and of which we publish 
engravings this week. 

It deserves notice that the laboratory above 
mentioned was the first of the kind in the United 
Kingdom, and to Professor Kennedy belongs the 
credit of bringing about this valuable reform in the 
education of engineers. The value of the change 
is amply testified by the fact that most univer- 
sities, and colleges of university rank, in the 
kingdom have large and flourishing schools of 
engineering, all working on similar lines, and 
further by the fact that the University College 
Engineering School has so outgrown its original 
accommodation that the Council decided to erect, 
for its sole use, the handsome block of buildings 
which are now to be opened. 


A DeEscriPpTION OF THE BUILDINGS. 

By T. Rocur Surru, F.R.1.B.A., Professor of Architec- 

ture and Construction in University College, London. 

The main building of University College, London, 
was erected from the designs of Wilkins, and, 
with its dome and fine portico, is an excellent 
example of his skill as a designer. This building 
has been already enlarged by the erection of a 
south wing, occupied by University College School, 
in 1869, 1873, and 1876, and in 1871 and 1881, 
of a north wing, occupied partly by the Slade 
School of Fine Art and partly by some of the 
science departments, both from the designs of 
Professor Hayter Lewis. So extended, the buildings 


occupied three sides of a square, open to Gower- | 


street on the fourth side. Considerable enlarge- 
ment having again become necessary, the council, 
not without reluctance, came to the conclusion that 
it was unavoidable that the fourth side of the quad- 


rangle should be occupied by the new buildings | 


required ; and of these a first instalment is about 
to be opened. There is room towards Gower-street 
for a southern block measuring 210 ft. by 55 ft., 
and a northern block of greater length by the same 
depth, still leaving open between them a central 
space of ample width to connect the quadrangle 
with Gower-street. 

Of these two possible blocks the southern is the 
one which has been begun; at its south end it is 
carried to the full intended height, and a base- 
ment is constructed, affording in all, four storeys 
(see Figs. 1 and 2, page 727). The northern 
part of the block (which is not carried yet quits 
to its full extent northwards) has no basement, 
so as to afford solid foundations for the machi- 
nery which is to be placed there. This part 
has only been carried up one storey, and is provi- 
sionally roofed in at that level. This portion of the 
building is to be used as the new engineering 
laboratory, to which a space measuring 50 ft. by 
98 ft. Sin. clear of the walls, is appropriated. It 


contains an engine-room and an office, a calorimeter 
room, cement testing room, and a private room for 
the professor, besides the general laboratory, and 
is spacious, airy, and extremely well lighted. 

The southern part of the ground storey (see 
Fig. 4, page 730) is appropriated to the electrical 
department, and contains a dynamo-room, a lecture 
theatre, with an apparatus-room adjoining, an elec- 
trical laboratory, and a private room for the pro- 
fessor, all compactly and conveniently disposed. 

The basement storey (see Fig. 5, page 730) 
under this part of the building contains the accu- 
mulator room, the heating apparatus, lavatories, 
and a large pattern shop and carpenter’s shop, and 
communicates with the boiler house, which is not 
under any part of the buildings. 

The first floor (see Fig. 3, page 730) is occupied 
by a theatre, with its apparatus-room and photo- 
graphic dark room, for use by the classes of engi- 
neering and of graphics, a class-room, a professor’s 
room, and a museum for engineering specimens. 

The whole of the second or topmost floor, of 
which a plan is given in Vig. 6, page 731, is a room 
for engineering and geometrical drawing. 

The entrance to these departments will be from 
the quadrangle, and a staircase, in Walker’s artificial 
stone, with an open well-hole left clear for purposes 
of experiment, communicates with all floors. 

The building is constructed of brickwork, of 
Fletton bricks laid in cement, faced with Portland 
stone on the face next the quadrangle and next 
Gower-street, and partly so on the returnor south 
face, and rests on a cement concrete foundation. 
The internal walls of the engineering laboratory, 
the lecture theatre, and several other portions of 
the buildings are lined with white glazed facing- 
bricks. The roofs are constructed with steel trusses 
and slated, and have ample skylights. 

The architectural treatment of the original build- 
ing has been followed on the front next the quad- 
rangle without any variation. On the Gower-street 
front, in dealing with which the architect was not 
so rigorously compelled to conform to the original, 
all the main lines of cornices, strings, &., are 
equally carried through, and the architectural de- 
tails are adhered to, but such minor variations as 
convenience called for have been introduced ; as, for 
example, the windows of the ground storey are 
slightly larger than in the old building, and for part 
of the front an upper range of windows, to give 
light to the top storey, has been introduced. 

The elevation towards Gower-street, which forms 
one of our illustrations (see Fig. 1, page 727), 
shows the entire block. Of this, only six bays are 
at present completed to the full height, and eleven 
more are carried up to the string-course above the 
ground-floor windows. Sections of the building 
are given in Fig. 2, on page 727, and Figs. 7, 8, 9, 
and 10, on page 731. 

The whole of these new buildings are to be lit 
electrically by incandescent lamps; but provision 
has also been made for gas-lighting throughout. 
The advantages of the electric lighting in the 
lecture-rooms and drawing-rooms will be manifest. 

The present engineering laboratory of the College 
will be rearranged for the use of the department of 
physics. A new physical laboratory has already been 
built in the rear of the College, and is now in use. 

This building forms a compact block measuring 
34 ft. 3 in. deep by 88 ft. 6 in. long, the centre part 
being two storeys high, and the sides one storey 


|only. On the ground floor three laboratories are 


provided : two are large ones measuring each 33 ft. 
by 32 ft. and with an open roof; the centre room 
measures 25 ft. by 18 ft., and a fourth room of the 
same dimensions is provided above it. Ample 
light and good ventilation have been provided, and 
in the three principal laboratories a firm floor of 
solid deal blocks on concrete resting on the earth, 
furnishes a stable base on which any kind of 


delicate apparatus can rest free from vibration. 
Solid stone slabs resting on stone corbels carried by 


the walls themselves are supplied throughout, and 
gas and water are carried to every part. The 
building is so arranged that an uninterrupted 
length of 86 ft. is available for experiments on light. 
In connection with the upper room a complete 
dark room with all the fittings required for photo- 
graphic work has been introduced. A second floor 
can be added over either or both the large labora- 
tories, if found desirable. The whole has been 
solidly but simply constructed in brickwork, and 
provides part of the accommodation required by 
the professor of physics. 

The classes which cannot be taught here will be 
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provided for in the two lower floors of the library 
wing, most of which has hitherto served as an 
engineering laboratory and lecture theatre. Here, 
a general and an electrical laboratory, a lecture, 
theatre, apparatus-room, class-rooms, professor’s 
room, balance-room, and other accommodation 
will be furnished ; and this very important depart- 
ment will be far better housed than it has hitherto 
been, while the removal of Professor Carey Foster’s 
classes and laboratories will render it possible to 
provide enlarged and improved accommodation for 
the professor of hygiene and his laboratory, and for 
bacteriology in connection with hygiene. A lecture 
theatre and rooms in the same division of the build- 
ing will also be appropriated to the classes of pure 
mathematics. In each case fittings and other 
appliances are to be re-arranged, a course which 
no doubt adds to the expense of the present under- 
taking, but with the result that the important 
department of physics will reap almost as much 
benefit from the changes being made as the two 
departments for which the new buildings are 
being specially provided, and that the conduct of 
other branches of the college work will be 
facilitated. 

The general contractors for the new wing are 
Messrs. A. Bush and Son, and the constructional 
steel and iron work has been furnished by Messrs. 
Richard Moreland and Son. The contractors for 
the physical laboratory were Messrs. Brown, Son, 
and Blomfield. The architect is Mr. T. Roger 
Smith, F.R.I.B.A., the Professor of Architecture 
in the College. 


Ture MEcHANICAL ENGINEERING LABORATORIES, 

Lecture THEATRES, AND DRawine OFrricgs. 
By T. Hupson Brarr, B.Sc., F.R.S.E., M. Inst. C.K, 

Professor of Engineering and Mechanical Technology 

in University College, London. 

One-half of the ground floor of the block is de- 
voted to the mechanical engineering laboratory ; a 
detailed plan of this room and its fittings is shown 
in Fig. 4, page 730. 

It is one large room, 98 ft. long and 50 ft. wide, 
lit from both sides, and also by skylights from the 
roof ; for the present, no upper floors are to be 
built over this, so it has been covered in with a 
single-span steel truss roof, with slates and glass 
covering, and as all the walls are lined with glazed 
white bricks, it is most admirably lighted. 

At the north end, separated by glass and wood 
partitions, are four rooms, used respectively for 
professor’s private room, office, cement-testing 
room, and calorimeter room. The cement-testing 
roomis fitted with stone benches for gauging work,and 
with cement tanks beneath for placing the briquettes 
in to set ; another bench carries the testing plant 
and other accessories. The calorimeter room is 
fitted with lead-covered tables and sinks, and the 
necessary benches for chemical work ; in this room | 
will be carried on such work as the testing of fuels 
for their calorific power, analysis of furnace gases, 
&e. 

At the south end another portion is screened off 
by similar glass and wooden partitions for an engine- 
room. This engine-room will contain the experi- 
mental engine. It is intended to replace the existing 
tandem compound horizontal experimental engine 
by a rather larger vertical compound, indicating at 
ordinary speeds up to about 25 horse-power. This _ 
engine will be, as far as possible, of some good com- 
mercial type, with a few additional accessories for 
testing purposes. It will be thoroughly jacketed 
throughout, and provision will be made for running 
it at various speeds. A surface condenser will be 
used, and the air pump will be driyen by rope belt- 
ing at some reduced speed. Power will be taken 
up, as at present, by rope brakes, which are exceed- _ 
ingly satisfactory, working very smoothly, and 
giving no trouble whatever. Indicating tackle, 
measuring tanks, counters, &c., now in use In the 
old laboratory, will be fitted up again here. In 
addition to this engine it is intended to have 
another, a small high-speed engine of the type 80 
much used at the present day at electric light 
central stations ; this will be fitted for testing put- 
poses, but will also be used for power purposes. 
Steam will be supplied by the existing locomotive 
boiler, which will be set up in the boiler-house 
shown in plan, outside the walls of the mam 
laboratory ; in the area alongside this will be placed 
the large cooling tank for the condensing water. | 

The laboratory proper will contain machine 
tools, vice benches, and the various testing ma- 
chines. The machine tools will consist of lathes 
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planing machine, shaping machine, milling machine, 
radial drill, grindstones, &c. They will be driven 
from a main line of shafting carried on brackets on 
the Gower-street wall, and from it countershafting 
supported on A-frames, power being supplied by 
an 8 horse-power gas engine. These tools will 
be used for purposes of instruction and demon- 
stration, and for the preparation of apparatus and 
specimens for testing, &c. It is not in any way 
intended to replace the practical training in the 
engineering workshop, which can only be acquired 
in the regular pupilage or apprenticeship before or 
after the college course. 

Vice benches are fitted to the walls, and a set 
of drawing tables are placed in the laboratory for 
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carried out, mainly in making apparatus and for 
preparation of specimens for testing efliciency of 
various classes of welded joints. 

The first floor, shown on Fig. 3, page 730, con- 
tains a large lecture theatre, small class-room, 
museum, photographic dark-room, diagram-room, 
and a professor’s private room. The lecture theatre 
is fitted with separate tables for each student, and 
will accommodate some seventy men at once. Each 
table is large enough to allow asmall drawing-board 
being used on it, which, when not in use, will be 
stowed away, along with its tee-square, underneath. 
This will enable a demonstration to be given, and 
the students to follow the lecturer’s diagram on the 
blackboard, taking the construction down on their 
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use in plotting out results of experiments, &c. ; it 
is found very handy and a great saving of time to 
_ be able to do this on the spot immediately an 
experiment is complete. 

The strength-of-material testing plant will, for 
the present, consist of those now in use—viz., 
the 100,000 lb. Greenwood and Batley machine 
for tension, compression, and bending, and the 
smaller machines for torsion, bending, compres- 
sion, oil testing, &c.; the positions they will occupy 
are shown on the plan. 

As soon as funds can be raised, it isintended to 
lay down a larger machine of 150 tons capacity for 
dealing with full-sized members, such as columns, 
built-up girders, joists, and for testing timber and 
stone in large pieces, &c. For this a special fund 
will be raised, and as the work dealt with by such a 
machine will be of the greatest value and import- 
ancetothe engineering and architectural professions, 
it is to be hoped that sufticient money will soon be 
forthcoming to justify the Council giving out the 
orders. 

The laboratory will also contain at the south- 
east end a series of tanks for hydraulic experiments 
of various kinds, such as flow of water over weirs, 
through orifices, pipes, &c.; and, lastly, a long 
mercury column for testing of gauges. In the 
well of the main staircase provision has been made 
for the testing of long wires. 

In the basement, besides the carpenter’s shop, 
there will be a forge-room next to the boiler-house, 
in which smith’s work on a small scale can be 
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own boards to scale, step by step, a great advan- 
tage very often in explaining intricate mecha- 
nisms, geometrical constructions, &c. There will 
be the usual blackboards and screens, and a table 
fitted with water, gas, andelectric connections for 
experimental demonstrations. Immediately be- 
hind is the preparation or diagram room, with 
presses for diagrams, models, apparatus for 
experiments, &c. The museum will contain wall 
and other cases ; in these will be set out specimens 
of ores of iron, of manufactured iron, steel, 
building stones, cements, &c., models of me- 
chanisms, and models of structures ; this museum 
will form a forecourt to the lecture theatre and other 
rooms. The other rooms require no special descrip- 
tion. The top floor, shown in Fig. 6, page 731, is 
the drawing oflice; this will give seating accommo- 
dation to some eighty students at once. Hach 
student has a separate table and stool, the former 
about 5ft. long and 3ft. wide, with a drawer 
beneath, in which instruments and paper can be 
kept locked up. 


Tue ExLectricat LABORATORIES. 

y J. A. Fremine, M.A., D.Sc., F.R.S., Professor of 
Electrical Engineering in University College, London. 
One-half of the lower part of the new buildings 
is to be devoted to electrical engineering, and 
has been very carefully designed with a view to 
this special work. The rooms set apart for this 
purpose are seven in number, and will be seen 
marked on the ground-floor plan (see Fig. 4, page 


730, and the larger scale plan, Fig. 11, on this 
page. 

Adjacent to the engine-room of the large engi- 
neering laboratory is the dynamo-room. This 
room is 31 ft. long and 22 ft. wide. The walls are 
of white glazed bricks, which give the room a 
bright appearance, and are easy to keep clean. A 
large door opens directly on to Gower-street from 
the dynamo-room, enabling machinery to be 
brought in without difficulty. The floor of the 
dynamo-room, which rests on the solid ground, is 
formed of concrete 24 in. thick, in which all the 
brick pipe chases are formed. On the level sur- 
face of this concrete is laid a series of teak beams 
6 in. deep by 4 in. wide in section. These beams 
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are held down on the concrete by long wrought-iron 
holding-down bolts and anchor plates, and through 
these beams also come the holding-cown bolts of 
the sliding rails on which the dynainos are carried. 
The surface between the beams is filled in with 
granolithic cement, in which also the drains are 
formed. 

On one side of the room (see plan, Fig. 11) is 
fixed a 9 horse-power nominal Otto gas engine G 
by Messrs. Crossley Brothers. This gas engine will 
indicate up to 19 horse-power. The usual ex- 
haust box and silencing chamber, as also a new 
starting gear, are placed in brick pits in one 
corner of the room, and there are over these the 
usual water tanks W and arrangements for giving a 
continuous supply of water to the engine cylinder 
jacket ; there is also an arrangement for giving the 
water supply through a water meter. On one end 
of the engine crankshaft is placed a Mather and 
Platt pulley, which can be gripped or loosened while 
the engine is running. From this pulley is driven a 
Crompton shunt-wound dynamo © of 10 horse- 
power, which supplies the current at 135 volts for 
charging the secondary batteries. From the other 
pulley of the engine is driven a countershaft, which 
is carried on brackets placed 10 ft. above the floor 
on the wall opposite the engine. This countershaft 
is carried through the wall into the engine-room of 
the engineering laboratory, and arrangements will 
be made by which this countershaft can be driven 
by a steam engine in the engine-room if required. 

Arrangements will be made on the engine for 
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continuously indicating the engine, and thus ob-| this part of the countershaft. From the counter- 


taining a full knowledge of the efticiency of all 
the plant. 

The countershaft is so arranged that the engine, 
which drives on to a fast-and-loose pulley fixed on 
it, can be made, when required, to drive part of 
the countershaft through a Kummer dynamometer, 
and thus record continuously the power given to 


shaft can be driven any dynamos to be tested. 
This countershaft is a steel shaft 25 in. in dia- 
meter, running 290 revolutions per minute. 

One important feature of the dynamo plant is a 
machine which has been designed especially for 
testing and experimental purposes, which will be 
placed in this room. This machine consists of four 
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separate dynamos bolted on to the same bedplate. | 
The four machines constitute two similar pairs. 
Each pair consists of a continuous current Kapp 
motor of 5 horse-power, which is coupled on the 
same shaft with a Kapp alternator of 5 horse-power. — 
The combined motor-alternator is carried on two 
bearings, and has an outside pulley with a flange. 
The two exactly similar motor-alternator plants are . 
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bolted on to the bedplate with their pulleys adja- 
cent, and their shafts in one line. The pulleys are 
capable of being coupled together by a bolt through 
the flange, in such a way as to set the alternator 
armature bobbins in any relative positions. 

It will then be seen that the above-described com- 
bined plant is capable of a great number of uses for 
experimental purposes. 

_ 1, Hither plant may be run separately by a belt 

from the countershaft, and will produce from the 
alternator an alternating current at 100 volts and 
37 amperes, and from the continuous generator a 
continuous current of 100 volts and 387 amperes. 
The two alternators or two generators may be 
coupled in parallel, and give double the current of 
either at 100 volts. 

2. By coupling the shafts rigidly together, they 
may be run as one plant, and either the currents 
or the potentials added together, so as to give one 
alternating current of 200 volts and 37 ampéres, and 
one continuous current of 200 volts and 37 ampéres. 

3. Hither of the continuous current machines can 
be driven as a motor by the current supplied from 
the secondary batteries, whichare charged by the 
Crompton dynamo, and in this way alternating 
currents of various frequencies may be obtained 
from either plant, or from the two plants running 
as one. 

4, The two separate plants can be so coupled 
together that the alternating currents furnished 
by each alternator separately are in any relative 
difference of phase. Thus they may be coupled 
80 as to give two currents differing 90 deg. in phase, 
and the effect of a two-phase alternator is produced 
by the combined plant, 


. 


i 


Sas 


KW 


WMAP 


SS fT SS 


PP NG, i = 


1695 C 


VSS 


5. By running one continuous current machine 
as a motor and the other as a generator, the com- 
bined efficiency of the two continuous current ma- 
chines may be obtained, or in the same way 
the combined efficiency of the two alternating cur- 
rent machines, 

Various other machines can be bolted down on 
sliding rails provided in the centre of the room for 
either testing or experimental purposes. 

On the walls of this room are fixed a series of 
vertical wooden battens at intervals of 3 ft., carried 
round the room, on to which measuring instru- 
ments, cables, rheostats, switchboards, &c., can be 
fixed. In addition to this, there is a chase running 
round the floor of the room in the angle of the wa! 
in which cables can be carried. The room is well 
lit by a skylight overhead, as well as by windows, 
and also by gas and incandescent lamps. 

The above-described compound motor-alternator 
plant is being built by Messrs. Johnson and 
Phillips, of Charlton, Woolwich, the charging dy- 
namo by Messrs. Crompton and Co., of Chelmsford, 
and the whole of the engine work, countershaft, 
pulleys, &c., as well as the gas engine, supplied by 
Messrs. Crossley Brothers, of Manchester and 
London. The whole, when complete, will form 
an exceedingly perfect plant for carrying out, for 
teaching purposes, every required investigation 
on the efficiency and working of dynamo-electric 
machines. 

Adjacent to this dynamo-room is a large lecture- 
room, 35 ft. long and 32 ft. wide, containing a sloping 
tier of benches capable of accommodating about 
eighty students. Opposite these benches are a plat- 
form and lecture-table. Behind the lecture-table 
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on the wall are placed the battery, switchboard, 
and switches for controlling the supply of current 
to the whole of the rooms and to the lecture-table. 
These main switches, as well as all the other in- 
ternal electrical fittings, are being supplied by the 
Edison-Swan Electric Light Company. 

Beneath the lecture-room is a large accumulator- 
room, 35 ft. long and 12 ft. wide. This room is 
built of white glazed brick, and on teak benches 
placed on the brick and concrete floor will be 
arranged a set of fifty-two eleven-plate Crompton- 
Howell secondary batteries, which will discharge up 
to 100 ampéres. These cells will be charged by the 
charging dynamo in the dynamo-room, and from 
the cells cables are brought up to the switchboard 
behind the lecture-room, so as to enable any 
required pressure or current to be distributed to 
the different rooms. 

The lecture-table is supplied with alternatirg 
and continuous current for electrical experiments, 
also with gas and water. On the lecture-table 
will be the electrical lantern, so arranged as to 
project diagrams on to ascreen, and also to be 
worked as a vertical lantern, projecting apparatus, 
galvanometers, &c., on the screen. The lecture- 
room is capable of being darkened by black blinds 
drawn up over the windows, which operation can 
be performed from the lecture-table. Behind the 
lecture-room, and opening out of it, is a large appa- 
ratus-room, which will be fitted with glass cases to 
contain lecture apparatus, instruments, &c. This 
room is also supplied with current for testing pur- 
poses, and with gas and water. 

Beyond the lecture-room and on the same level 
is a large electrical laboratory. This room is nearly 
50 ft. long and 32 ft. wide. In order to secure 
quietness and to keep out the dust, the room has 
been built with double windows; the outer ones 
being ordinary sashes, and the inner ones French 
windows. In between the two windows are black 
blinds made to draw upwards, so as to darken the 
room when required. All round the room a series 
of stout stone slabs are let into the wall at a height 
of 4ft. above the floor, between the windows. 
These stone slabs are intended as steady tables to 
carry various measuring instruments. It is found 
by experience that it is better to arrange the steady 
tables in this way than to build them up as brick 
pedestals through the floor of the room, because 
advantage is then taken of the greater steadiness 
of the footings of the main walls, and the central 
portion of the room is kept clear. 

Across and around the floor of the laboratory 
chases are left, covered in by floor boards, in which 
electrical mains will be carried, and these terminate 
in lock-up switch and fuze boxes in various parts of 
the room. 

At one end of the laboratory is a long photo- 
metric gallery 30 ft. long, 10 ft. high, and 6 ft. 
wide. In this gallery will be placed the photometer 
and various apparatus required in testing arc and 
incandescent lamps. One end of this gallery is 
formed into a small dark room for photographic 
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purposes. Strong working benches will be placed 
round the room between the windows, and the 
centre of the room will also be occupied by moy- 
able tables of uniform size, so as to be put together 
in any way required. Currents will be brought 
to all these tables for experimental purposes. 

This laboratory will afford accommodation for a 
considerable number of students working at the 
same time. In addition to the above-mentioned 
rooms, there is a private room for the professor, 
and above that, a diagram and model room for 
stores and lecture apparatus. 

3eneath the electrical laboratory is a carpenter’s 
shop, where woodwork and model work can be 
carried out. This carpenter’s shop is 48 ft. long 
and 20 ft. wide. 

Every arrangement has been made in this 
laboratory with a view to economising labour and 
time. In laboratories which are built on several 
different storeys, a great waste of time often ensues 
in going up and down stairs, and in carrying appa- 
ratus from one room to another. 


In the design of this laboratory, one point which 


has especially received attention is, as far as possible, 
tohave fixed places for particular instruments. Much 


waste of time ensues when standard instruments 
have repeatedly to be moved from one position to 
another, set up, and re-calibrated ; but by having 
fixed positions for the important instruments, it is 


possible to avoid this frequent labour. 

The whole of this set of rooms will be lit both by 
gas and by electric incandescent lamps, and ventila- 
tion has been carefully provided for by fitting the 
rooms with Tobin’s tubes. The accumulator-room 
is ventilated into an upcast shaft, so as to draw a 
thorough draught of air through the room from 
outside and perfectly ventilate this room. Access 
is obtained to this acumulator-room by a door on 
the basement level, and also by a cellar flap 
from the lecture-room, through which cells can 
be hoisted up and let down. 

In the electrical laboratory one part will be fitted 
up as a standardising laboratory, in which electrical 
instruments of all kinds can be quickly calibrated 
and compared. 


Scopr AND MrrHops OF TEACHING TO BE CARRIED 
OuvT AT THE ABOVE-DESCRIBED LABORATORIES AND 
Leorurs-Rooms. 

By Professors J. A, Fuemine and T. Hupson Brae. 


The special teaching to be carried out in these 
engineering laboratories will have for its object 
the training of students who intend ultimately to 
devote themselves to mechanical, civil, or electrical 
engineering. 

In the opinion of those most qualitied to speak on 
this subject, the training of engineering students 
can only be effectively conducted by a combination 
of scientific and technical teaching in a laboratory 
with the practical experience to be gained in the 
workshop and drawing office of an engineering 
works, 

It iy an entirely erroneous notion to suppose 
that a course of college lectures, even if accom- 
panied by laboratory teaching, will be sufficient in 
itself to complete the education of an engineering 
student. On the other hand, it is no less true that 
as an articled pupil in the workshop the student 
will fail to find the means of learning much which 
he will have to know if he is to rise above the 
level of a skilled workman. 

It should be clearly understood, therefore, that 
the education given in this department of the 
College is not intended to supersede that prac- 
tical training which can only properly be acquired 
in the workshop or factory. A pupilage is the only 
available means by which a student can obtain a 
sufficiently thorough knowledge of the practical 
details of his future work. But the training given 
in these laboratories will be found to be of the 
highest value by enabling those who have gone 
through it to take fuller advantage of the oppor- 
tunities afforded during a professional pupilage. 
The practical training in the various engineering 
laboratories is specially arranged to give students 
as intimate an acquaintance as possible with 
the nature of the materials they have after- 
wards to use in construction, the processes of 
practical testing of machinery and materials, and 
generally with.the manner in which experiments in 
matters relating to engineering science, now so 
frequently required, are carried out. 


To obtain the proper combination of knowledge 
of principles and facts, the student has to acquire a 


real knowledge of the principles on which that parti- 


cular branch of the engineering business to which he 
intends to devote himself depends, as well as their 
various technical applications. He has, further- 
more, to acquire the art of experiment, and a prac- 
tical knowledge of methods by which to investigate 
and deal with the new facts, special to his business, 
which will be brought to his notice at every stage 
of his progress as an engineer. A pupilage, which 
consists of sending a young man through the work- 
shop and through the drawing office of an engineer- 
ing works, without such previous training, may 
leave him at the end of his time skilled in much 
of the practical work and in the use of tools, but 
not at all trained in the knowledge of scientific 
principles or of the method of applying those prin- 
ciples to the investigation of new problems or the 
elucidation of old ones. 

In order to mentally equip the engineering 
student in the best possible manner, he must gain 
experience in both these departments, and he can 
only do this satisfactorily by combining the 
scientific teaching to be obtained in the laboratory 
with the experience to be gathered in the workshop 
and drawing oftice. Whether the laboratory training 
should altogether precede or partly succeed the 
workshop experience is a matter on which opinions 
may perhaps differ, but it is perfectly certain that 
the engineering student who has acquired ex- 
perience in a properly arranged engineering labora- 
tory will be able to take much greater advantage 
of his subsequent practical experience in the work- 
shop than a young man who comes into the work- 
shop without any previous acquaintance with the 
subject-matter with which he has to be concerned. 

The articled pupil in an engineering works will 
not in general find it easy to obtain information as 
to the things he sees and handles. The foremen 
and heads of departments are much too busy about 
their own work to have time to act as instructors, 
even if they were willing. The pupil is set to chip 
and to file, to fit or to erect, or in the drawing 
office to trace and draw. He has to pick up what 
hecan. Moreover, he sees often but certain special 
kinds of work. He builds engines, machines, or 
dynamos of one particular type, but he does not 
obtain much information outside that line. Unless 
he has had the opportunity of laying a broad 
foundation of knowledge of principles and of scien- 
tific methods, he is in much danger of growing up 
on narrow lines of thought, and with limited powers 
of investigation, and as a consequence will be sub- 
sequently found in the ranks of the imitators rather 
than the originators in his own particular branch of 
work, because deficient in scientific knowledge. A 
carefully arranged course of scientific instruction 
will, however, lead him up along very different lines. 
He will be taught in the lecture-room and laboratory 
the principles and generalisations of his own 
applied science, given a broad knowledge of the 
facts covered by the whole area, and not by one 
small corner of his art, and trained in various 
methods of practical investigation. 

The object to be aimed at in the education of the 
engineering student is not. to make of him merely a 
skilful workman, but to make of him a highly in- 
telligent master, and if possible a successful origi- 
nator, and with this object in view his workshop 
experience, whilst it should be extensive enough to 
enable him to ascertain how work ought to be done, 
if it is well done, and to invent, if need be, new 
methods of doing it, must not be limited to the ac- 
quirement merely of handicraft skill in the use of 
tools. The engineer is called upon at every stage 
of his professional career, not only to deal with 
questions of cost, but to solve and to investigate 
new practical problems. To do this, he must be 
trained in the art of investigation and of experi- 
ment, because experiment is the fountain of all new 
knowledge. 

In the system of engineering teaching adopted at 
University College, London, both in the mechanical 
and electrical laboratories, these aims are held in 
view. The courses are of three or two years’ dura- 
tion, according to the student’s knowledge in mathe- 
matics and pure science when he enters. In a three 
years’ course his first year is entirely given up 
to mathematics and the pure sciences; during 
the other years he has laboratory and lecture 
instruction in engineering and applied sciences, at 
the same time continuing his pure science and 
mathematical work ; he has also regular instruction 
all through the course in geometrical and machine 
drawing ; graphical methods form a most important 
part of the college work. In a two years’ course a 
very similar plan is followed, but necessarily it is a 


[May 26, 1893. 


less complete course, and fewer classes can be taken, 
A student is, on an average, at work for about six 
hours a day all through the session, and has in 
addition evening preparation work. At the end of 
each session class examinations are held by each 
professor, and at the conclusion of his course a 
diploma is granted to each student who has been 
diligent in work and has satisfactorily passed the 
various examinations. The study of modern 
languages can be continued by attending the classes 
on these subjects in the college. 

Separate courses are arranged for civil and 
mechanical as well as for electrical engineering, 
Several valuable scholarships are annually given 
on the result either of special examination or of 
the session’s work. 

Assuming that a student comes straight from 
school, he will occupy his first year in completing 
This general scientific education. The curriculum 
of the first year’s course comprises attendance 
at lectures in mathematics, physics, chemistry, 
geology, mechanics and graphics, and graphical and 
geometrical drawing. By passing what is called 
the engineering matriculation examination a student — 
becomes eligible for student-membership of the 
Institution of Civil] Engineers, with all its valuable 
advantages. 

In the second year his course will be more 
specialised, depending on whether he intends to 
turn his attention ultimately to mechanical, civil, 
or electrical engineering. 

The student having now acquired a fair know- 
ledge of elementary mathematics, mechanics, 
physics, and mechanical drawing, he can, besides 
carrying on to a higher stage his pure science work, 
enter the electrical and engineering classes and 
laboratories, and begin his practical training in ex- 
perimentalwork. The courses of elementarylectures — 
will prepare him by furnishing a general knowledge 
of the subject with which he will have to deal. At 
the same time, he will begin, in the laboratory, to 
put the information so gained into practice, by 
being instructed in such matters as mechanical 
and electrical measurement, the scientific testing 
of materials, and the processes of testing and 
investigation which are employed in the several 
branches of mechanical and electrical engineering. 

In his third year he may adopt one of two 
alternative courses. He may enter as a pupil in 
the works of some mechanical engineer, where he 
will come in contact with commercial work—the 
practical handling of large tools, setting out work, 
acquiring generally the knowledge of cost and 
labour that is to be gained only in the engi- 
neering workshop. Granted that he is of a mecha- 
nical turn of mind, and that he has taken full 
advantage of his previous two years’ college work, 
he will probably learn more in one year in this 
manner than he would have done in three, had he 
gone straight from school as an ordinary premiumed 
pupil in the engineer’s shop. 

Instead of going in this way in his third year toan 
engineering works, he may elect to remain a third 
year at the college and subsequently proceed to 
the workshops, in which case he will follow out 
advanced courses in the special branches which he 
is professionally studying. In the laboratories, both 
mechanical and electrical, he will be encouraged to 
undertake, with the assistance of the professor or 
demonstrator, some original experimental work, 
completing his acquaintance with more advanced 
methods of research and experiment, and, generally 
speaking, to make the fullest possible acquaintance 
with the apparatus with which he will ultimately 
have to work. 

Under these conditions, the student will have 
acquired not only positive information, but the 
art of increasing his own information and of 
independent work. It is sometimes asserted — 
that nothing further is necessary in the edu- 
cation of the young engineer than that he 
should go straight from school into the workshop 
of some engineering establishment, and there be 
left to pick up what he can. Such a process may 
be sufficient in the case of some young men with 
great natural gifts and powers of acquiring infor- 
mation, but for those not so gifted, the chances 
are that such an experience will leave them at 
the end of the time very inadequately educated 
for the work which they will subsequently have to 
do. In proportion as practical science advances 
and the easier problems become solved, the engl- 
neer is presented at every stage with more and 
more complex difficulties to be overcome, and with 
questions to the solutions of which he must bring 4 
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highly-trained scientific faculty, if he is to master 
them at all. 

It was with the aim of supplying this higher 
practical scientific education that these new labora- 
tories at University College, London, have been 
- erected. The immensely valuable results that have 
ensued from such a course of education in engineer- 
ing (which was first put into practice at University 
College, London) have led to the extensive adoption 
of methods there first elaborated, in other colleges. 

These new engineering and electrical laboratories 
at University College will, when completely 
equipped and finished, afford the very best possible 
means for giving young men intending to adopt the 
profession of an engineer, of whatever branch, that 
thorough systematic and scientific teaching which 
they must obtain if they are subsequently to suc- 
ceed in the profession that they adopt. 


A NEW TYPE OF CARGO STEAMER. 

In our two-page plate and on pages 734, 735, 
and 742, we this week illustrate a vessel of an 
entirely novel type of construction, which has 
recently been designed, patented, and built by 
Messrs. William Doxford and Sons, Limited, of 
Pallion Yard, Sunderland. From the general 
views on our two-page engraving and page 742, 
may be gained a good idea of the general appear- 
ance of the vessel ; these illustrations being pre- 
pared from photographs of the ship taken soon 
after launching. Figs. 1 and 2, on page 734, 
are respectively a longitudinal section and a deck 
plan, whilst Fig. 5, on the same page, is a midship 
section, showing the method of construction. The 
vessel in question is named the Turret, and has 
recently completed her first voyage, which was 
made from Cardiff to Tampico, with a cargo of 
3200 tons of patent fuel and railway iron. The new 
design is essentially adapted for cargo steamers, 
and it is therefore with vessels of that kind that 
she may most profitably be compared. The design 
has many features which will recommend themselves 
to the owners of cargo vessels, but its chief virtue, 
from a commercial point of view, will be the large 
deadweight and measurement capacity it gives in 
terms of the registered tonnage. If the same dead- 
weight capacity, draught of water, and coeflicient of 
displacement that are embodied in the design of 
the Turret were adopted in a partial awning deck 
steamer of the usual type, the net register tonnage 
would be about 20 per cent. greater. It is need- 
less to point out what this would mean, as the 
working expenses of a cargo steamer may be said 
to vary with the register tonnage, and the one-fifth 
additional cargo carried would therefore be clear 
gain to this extent, a fact which would mean a 
handsome profit to a vessel of the Turret design, 
whilst an ordinary well-decker would be working 
possibly at a loss. It should be stated, however, 
that the internal capacity for measurement of 
cargoes is 7 per cent. less in the Turret design than 
in the partial awning deck vessel. 

Perhaps a closer comparison can be made between 
this new type of vessel and spar-deck vessels. In 
this case also the Turret design shows an advantage 
in the matter of register tonnage over that of 
spar-deck vessels, the tonnage in the latter case 
being 13.3 per cent. greater than in the former, 
whilst the cubical measurement would be 7.5 
per cent. less than with the Turret type. It 
is claimed by the inventors that there are no 
special disadvantages in their new arrangement to 
set off against the advantages gained in this 
manner. 

In the matter of strength it is doubtless un- 
necessary that we should say much, for the supe- 
riority in this respect is apparent at a glance ; for 
the want of continuity in well-deck steamers is 
naturally a great source of weakness in regard to 
provision for hogging and sagging strains, and this 
1s well illustrated by the insistance of the Classifica- 
tion Associations upon local strengthening in the 
parts most affected. In Messrs. Doxford’s design, 
what are known as the weather decks—i.e., the 
side decks—are continuous from stem to stern of 
the vessel, as shown by the various illustrations. 
These decks are made of plating, of the same 
thickness as the shell of the vessel, and are in 
a straight line throughout, there being no sheer. 
The sides of the Turret also afford a continuous line 
of plating, lying practically in the same vertical 
plane. We have, therefore, what may be described 
asa pair of continuous ‘‘ angles” on each side of 
the ship, running for her whole length, and adding 
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enormously to the strength of the structure. The 
turret deck extends at one level from the bow to 
a point considerably abaft amidships, where it is 
raised, and so continues to the after end, in order 
to provide suflicient storage capacity for cargo, so 
that the vessel may trim by the stern. 

The dimensions of the vessel are: Length be- 
tween perpendiculars, 280 ft.; breadth, 38 ft. ; 
moulded depth, 22 ft. 9 in. The gross register 
tonnage is 1969} tons, and the net register ton- 
nage 1266 tons, with a load draught of 18 ft. 
The deadweight capacity is 3200 tons, including 
coal, and the capacity of the holds for grain 
cargoes is 157,563 cubic feet, or a proportion of 
124.4 on the net register. It may be here men- 
tioned that in the larger vessel which Messrs. 
Doxford are now building, the proportion of hold 
capacity to net register has been further improved, 
and has reached the ratio of 132. The freeboard 
to the lower weather or side decks, is 5 ft., whilst 
the height to the turret deck is 9ft. 6in. amid- 
ships, and 12 ft. aft. The engines have also been 
constructed by Messrs. William Doxford and Sons, 
and are of the triple-expansion type. ‘The cylin- 
ders are 21 in., 35 in., and 57 in. in diameter, by 
39 in. stroke. The design is that usually adopted 
by the firm for their cargo steamers. There are 
two single-ended steel boilers, 12 ft. 9 in. in 
diameter, and 10 ft. 6 in. in length. They have 
each three furnaces; the working pressure is 
160 lb. to the square inch. The machinery, as 
will be seen on the longitudinal section (Fig. 1), 
is placed right aft. This, however, is a point to 
which reference will be made later. The Turret 
has been built under special survey, and has 
received the highest class in both the Bureau 
Veritas and the British Corporation for the 
Registry of Shipping. 

The question of trim is an important point in 
the new design. The tendency of the partial awn- 
ing deck steamers, which, it may be remarked, 
are the popular cargo-carrying vessels of the day, 
is to trim by the bow when loaded with a 
homogeneous cargo. In order to meet this, they 
are invariably loaded leaving an empty space 
in the fore ’tween-decks. With the Turret design 
the vessel can be filled up from the collision bulk- 
head to the machinery space, and she will yet be 
several inches by stern. This trimming by the stern 
is gained by the additional trunk space, due to the 
raising of the turret deck, as explained, and as 
shown in the illustration. The space thus gained 
is not large, but it is sufficient for the pur- 
pose. It will be understood that the raising of the 
turret deck involves a very different pro- 
blem to the broken fore-and-aft line of the upper 
flange of the girder, which is entailed by the ordi- 
nary quarterdeck in a cargo steamer of the usual 
type. As already stated, the weather decks of 
each side are continuous from bow to stern, and 
therefore the raising of the turret deck only neces- 
sitates provision for strengthening being made over 
one-third of the breadth of the vessel. The pro- 
blem is, therefore, much simpler, and the danger 
of local weakness far removed. The main sheer 
strake, and main stringer, both of which are 
marked on the section, Fig. 3, on page 734, 
though not continuous in level, are continuous 
in regard to strength, the web of the girder being 
carried throughout at the turret deck level. A 
spar-deck vessel, of the same general design as that 
illustrated, would have from 15 to 20 per cent. less 
depth of girder than a vessel of the Turret type ; 
the exact percentage depending on the trade for 
which the turret vessel was designed. This leads 
to the consideration of another point of the 
design—namely, the facility with which vessels 
of the Turret type can be built, either for dead- 
weight or measurement trades, without affecting 
the general design of the ship. As is well known, 
in the ordinary cargo vessels the naval architect 
has to choose his type according to the require- 
ments of the trade; thus, a heavy deadweight 
vessel would be built on the two or three deck 
principle ; a large measurement vessel is generally 
built with partial awning decks; and medium 
vessels by the spar-deck rule. But we here have 
one type of vessel in the turret design, fulfilling 
all the conditions required by existing types, under 
ordinary rules. Itis hardly necessary to point out 
that with the increased depth of girder, given by 
this design, the scantling will be lighter with 
a given strain in the material. The additional 
strength gained by the turret system is well illus- 
trated in the diagram, Fig. 13, on page 735, 


which shows the curves of reserve buoyancy. 
The ordinates are not only measures of buoy- 
ancy, but partly of the strength of the vessel, 
so far as our present purpose is concerned. Of 
course, in these buoyancy curves the under- 
water portion of the vessel is not considered, but 
that does not affect our present purpose, as the 
part of the ship below water is alike in each case. 
Taking these curves, therefore, it will be seen 
how much greater is the strength of the turret 
vessel amidships, where of course strength is re- 
quired ; the curves in the spar-deck vessel having 
a very broken-backed appearance. 

It may be stated that in preparing the drawings 
of this vessel of an entirely new type, the de- 
signers have gone very thoroughly into the matter, 
and made some elaborate calculations in re- 
gard to the stresses upon various members of the 
hull structure, in steamers of all general types, 
and have compared them with the strains that 
would be induced in a vessel of the Turret design, 
under almost all possible conditions that a ship 
would be placed in afloat. Through the courtesy 
of Messrs. Doxford, we have seen the results of 
many of these calculations. It would be out of place 
to go into these details in a general notice like the 
present, but we hope to return to the matter ata 
future date. It may besaid generally, however, the 
investigations show the material will be so disposed 
in the Turret vessels that the strain set up under 
any conditions cf working will not exceed per unit 
of area those which are allowed by the registration 
societies for the various sizes of vessels. In other 
words, the Turret ship will be as strong as (as a 
matter of fact, somewhat stronger than) any other 
class of vessel, although the hull structure, asa 
whole, will be lighter. This, of course, is owing 
to the more advantageous disposition of material ; 
and the question brings us to a point in the con- 
struction, which is one of great interest to naval 
architects. In the Turret design either hogging or 
sagging strains will tend to produce a bulging out of 
the sides of the vessel toa more marked degree than 
in vessels of ordinary shape. This will be apparent 
on consideration of the problem by the arrangement 
of the turret deck. This point led Messrs. Doxford 
to a consideration of the most suitable section of 
framing, and the result has been that they have 
decided upon a bulb angle frame throughout. This 
has been found greatly superior to the angle and 
reverse angle, or Z-frame. In considering the values 
of the frame sections we find that in the section 
adopted and in the ordinary ‘‘rule” section of 
framing the neutral axis is equally distant from 
the outer edge or vessel’s side. 

Although the bulb angle is 6 in. deep, as com- 
pared to 5 in. of the ordinary frame, and the 
moment of inertia of the bulb has been calculated 
at 19.005, as compared to 17.852 for the ordinary 
frame, it has been found by Messrs. Doxford, who 
have gone very fully into the subject, that the bulb 
angle has greater rigidity to withstand pressure 
from within than the ordinary frame in the ratio 
of 8.43 to 11.97, whilst the resistance to pressure 
from without is about the same in both cases. As 
it is bending outward which has to be considered, 
it will be seen that the side of the Turret is con- 
siderably stronger than that of an ordinary ship. 
In making calculations, however, it must not be 
forgotten that the flat side of the ship, in a vertical 
direction, is less than that of an ordinary ship. 
This is shown in the section (Fig. 3) on page 
734. The ordinary vessel would carry her side 
vertically up to her gunwale, whilst in the Turret 
design the flat of the side is reduced by the height 
of the freeboard. ~ 

Another novel feature, to which we would call 
attention in the design of the Turret, is the ar- 
rangement of the pillars or stanchions. In the first 
place, the deck of the turret vessel is naturally of a 
much stronger form than the flat deck of an ordinary 
steamer. This is apparent from a glance at the 
section ; therefore fewer deck supports are required. 
They can be placed 18 ft. to 20 ft. apart, as 
compared to 4ft. with ordinary flat-deck steamers. 
The gain in this respect in stowing bulky cargoes 
is obvious, whilst the gain in lightness of structure 
is considerable. Messrs. Doxford have adopted 
also a new section for these standards. Instead of 
the ordinary round pillar stanchions, there are two 
channel sections riveted back to back; this allows 
the connecting brackets at junctions being placed 
between, thus affording a very secure fastening, 
with a large surface for rivet attachments. The in- 
efficient manner in which pillar standards are usually 
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attached to the main structure is a great source of 
weakness in this detail. In addition to the bulb angle 
frames before referred to, deep web frames are intro- 
duced, and are, of course, a very important element 
of strength. The positions of these are shown in 
our illustration, Fig. 1. They are at regular in- 
tervals corresponding with the tie beams and 
stanchion supports. In the vessel we illustrate, the 
ordinary arrangement of intercostal keelsons is 
fitted, but it may be stated that Messrs. Doxford 
have devised a new system of longitudinals, which 
obviates the necessity for a break at the web 
frames, and will further facilitate the construction. 
These details, however, we do not propose treating 
of at present, but shall refer to them lateron. The 
cellular bottom of the ship is of the ordinary type, 
having a floor at every frame. While maintaining 
the same characteristics of design, vessels of the 
Turret description can be built with deadweight 
capacity of about 5000 tons, without necessitating 
the introduction of a second deck. In considering 
strength, the advantage of this would be more 
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especially felt with large deadweight cargoes carried 
in bulk, such as coal, grain, &c. At the same 
time, to prevent crushing, a second deck can be 
worked into the general structure, for any vessel 
designed for trades requiring subdivision of cargo. 

Reference has been made to the position of the 
machinery, and this must be considered in relation 
to the strength of the vessel in regard to its effect 
on the localisation of weights of heavy cargoes. In 
an ordinary steamer, with the machinery space 
amidships, we have a considerable length of the 
vessel in which the displacement is far greater 
than the weight of the cargo, and this is very 
markedly the case at the end of a voyage, when the 
coal bunkers are getting empty. ‘The heavy ends 
and the light middle of the ship therefore cause 
severe hogging strains, though the sagging strains 
are reduced. It is, however, as is well known, the 
hogging strains which are the more serious and 
more difficult to provide against; the sagging 
strains being a comparatively easy problem, 
in cellular bottom vessels especially, where the 
continuous double bottom provides a lower member 
of the girder of which the strength is necessarily 
greatly in excess of the upper member provided by 
the deck. In the turret design, on the other hand, 
the cargo weights are localised amidships, and the 
variation of the curve of displacement and that of the 
weights, is brought to a minimum ; in other words, 
the lightness when loaded is at the end where it 
alwaysshould beinaship. In addition to this, there 
is the advantage that when the ship is light, she will 
be by the stern, so that good immersion will be ob- 
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tained forthe propeller. It might be objected, how- 
ever, that when loaded, as coal is burnt on the 
voyage, the stern will rise, and so the vessel 
will be running by the head andinbadtrim. This, 
however, is obviated by an arrangement of water- 
ballast tanks, the after tanks being filled up as 
coal is burnt. 

The position of the machinery aft also much 
simplifies the stowage of cargo ; and this brings us 
to another feature in the design. We have already 
referred to the additional facilities gained in this 
respect by the arrangement of stanchions. In 
ordinary ‘‘ package” cargo, a considerable advantage 
is gained by reserving the whole straight midship 
portion of the vessel for stowage, the tapering ends 
being very inconvenient for many descriptions 
of goods, and, in addition to this, the shaft 
tunnel is dispensed with. Again, in measurement 
for tonnage full advantage is gained for machinery 
measured space in regard to all these parts, which 
could not be utilised for cargo owing to their in- 
convenient form, but would, notwithstanding, be 
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included in the tonnage calculations of the vessel. 
By reference to the deck plan the great length 
of hatch accommodation will be seen; in fact, 
the hatchways extend the whole length of 
cargo space, with the exception of such of the 
deck part as must necessarily be reserved for 
winches and cabin accommodation. The long 
hatchway amidships, commanding the largest hold, 
will be a feature that stevedores will at once 
appreciate, especially in cases where long girders, 
timber, and goods of this description have to be 
carried, Fig. 5, page 734, shows the vessel in 
ballast, with the permanent and reserve bunkers 
full, and she is thus in the condition she would be 
in on leaving port without cargo, the draught being 
12 ft. 3 in. aft and 6 ft. forward, and the propeller 
almost immersed. In Fig. 6 the reserve coal has 
been all consumed, the permanent bunkers and 
the water-ballast tanks are full; the draught is 
10 ft. 4 in. aft and 6 ft. 9in. forward. In Fig. 7 
the vessel is shown fully loaded, with a homo- 
geneous cargo, the draught being 18 ft. 3in. aft and 
17 ft. 8 in. forward. The diagrams well illustrate 
the large range of loading that can be obtained, 
the ship remaining in a thoroughly seaworthy and 
navigable condition. 

It is, however, in the case of grain cargoes 
that this design of ship shows its greatest advan- 
tages. Figs. 11 and 12 show sections of an ordinary 
*tween-deck vessel, and of a turret vessel. In the 
ordinary vessel the cargo in the lower holds is in 
bulk, and is fed, in the ordinary manner, by trunks 
in the ’tween-decks, The ’tween-deck cargo is in 


bags, according to the regulations of the Board of 
Trade. It should be mentioned that the ship 
would have the option of carrying the whole cargo 
in bulk (that is to say, the bags would not be 
required) if the ’tween-deck spaces were subdivided 
into small bins, according to the Act; the object of 
this is naturally to prevent the whole cargo shift- 
ing together. In loading a ship with grain in 
bulk, the numerous obstructions due to the con- 
struction of the ship, such as stringers, &c., cause 
vacant spaces to be left; when the vessel gets to 
sea the movement causes these spaces to be filled 
up, and the grain carried in the feeders is for 
the purpose of making up the quantity that goes 
to fill the vacant spaces, and thus keeping the hold 
quite full. It may be said, however, that this pur- 
pose is not fully effected as a matter of practical 
fact, owing to the great extent of the flat deck, 
and there is always a deficiency such as is illus- 
trated in the section, Fig. 11. The effect is 
that the grain shifts across with each roll of the 
vessel, and provided shifting boards are not fitted, 
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the quantity of cargo equivalent to these spaces 
would shift a distance of 29 ft. 9 in. Any water 
on deck acts in a similar manner and enforces the 
evil effect thus caused ; the whole is a considerable 
element of danger. 

An endeavour has been made to meet this diftfi- 
culty of shifting of grain by the fixing of central 
shifting boards, which are now compulsory. They 
are, although not perfect in effect, a great source 
of obstruction and annoyance to the shipper. The 
result of the shifting is to list the ship, thus 
exposing the decks and hatches to the force of 
the sea, and is, as we have said, a considerable 
element of danger. In our diagram the heel is 
20 deg. Wewill now compare this action with 
that which takes place in the case of a turret- 
designed vessel, heeling to an equal angle—namely, 
20 deg. 

We have already pointed out that the vessel 
could be filled full at starting, and be in proper 
trim. It will also be noticed that in pouring the 
grain into the ship there is a more direct flow to 
all parts of the hold, so that the vacant spaces will 
be much less. The designers, in order to further 
facilitate the entire filling of the spaces, have pro- 
vided feeding holes in all projecting plates, so 
that the grain can more readily fill any of the 
spaces while the vessel is being loaded. In 
the section, Fig. 12, is shown the space that 
would be left if the shrinkage of the grain cargo 
were 2 per cent., which is the amount acknow- 
ledged by the Act of Parliament. In the case 
of the turret vessel, for reasons already stated, 
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the shrinkage will be considerably less ; but allowing 
this percentage, we find that the distance through 
which the grain can shift is considerably reduced, 
namely, 10 ft. 4 in., as compared with 29 ft. 9 in. 
in the ordinary form of vessel. This, we need 
hardly say, meansa very large difference in the heel- 
ing moment. In the matter of water on deck, the 
advantage with the turret vessel is still greater ; in 
fact, deck water forms a righting moment, counter- 
balancing the effect of the movement of grain, 
as is well shown in our illustration. This, how- 
ever, is a hypothetical case, as really no water 
would be retained on the deck, excepting in the 
case of permanent list. 

It is apparent from what has been already said, 
that a necessity for shifting boards does not 
arise in vessels of the Turret type. In Figs. 8, 9, 
and 10 we give three sections of the vessel at various 
angles of heel, in order to illustrate more fully the 
effect of deck water on the Turret as compared 
with an ordinary deck steamer. The dotted lines 
on the figure show the outlines of a spar-deck 
vessel. In Fig. 8 the angle of heel is 10 deg., and 
the effect of water on deck is shown to be equal to a 
heeling lever of 13 ft. 9in. The result would be 
that the vessel would be retained in the position 
of heel for a longer period than if the deck were 
free. Onthe other hand, water on the deck of 
the Turret would be, as already explained, on the 
higher side, and would result in a righting lever 
of 9ft.4in. The same principle is illustrated in 
Fig. 9, the angle of heel in this case, however, 
being 20 deg. The heeling lever for ordinary 
vessels is 17 ft. 7 in., and the righting lever for the 
turret vessel is 6 ft. 9in. In the third diagram we 
have the excessive angle of heel of 40 deg. Under 
this condition the hatchways of an ordinary ship 
would be below the normal water line, and it is 
needless to say that the vessel would be in a very 
dangerous position. With the Turret design, how- 
ever, the working platform is still above water, 
although at a remarkably uncomfortable angle, and 
only that part of the ship, which may be compared 
to the outer plating in an ordinary vessel, is below 
the water line. A heel of 40 deg., although an 
extreme angle, is not one to which it can be said 
that a vessel is never liable to be exposed, and it is 
right, therefore, to take it into consideration. It 
may be said that during the first voyage of the 
Turret, in the course of which she met exceptionally 
bad weather, the greatest angle of heel recorded by 
the clinometer was one of 30 deg. The point to be 
remembered in connection with these wide angles 
of heel is the fact that water is not retained on the 
deck. The side rises freely, having no heavy burden 
of water inclosed by the bulwarks to lift, although 
it is possible that some water may be on the upper 
side of the weather deck. A glance at the diagrams 
will at once make this plain. Asis well known, it 
is water rushing in this manner across the deck 
which is so great an element of danger. It may 
be added that, as a matter of experience, it has 
been found that the motion of the Turret amongst 
waves is exceptionally easy and regular. 

Before proceeding to deal with the question of 
the vessel’s statical stability it is necessary we 
should say a few words about the buoyancy of the 
vessel. In Fig. 13 we give a diagram showing curves 
of reserve buoyancy for the Turret and an ordi- 
nary spar-deck vessel. The diagram speaks for 
itself. It will be seen that the area of the curve 
referring to the Turret is very greatly in excess of 
that of an ordinary spar-deck vessel ; in fact, the 
former has 32 per cent. of the displacement as re- 
serve, whilst 26 or 27 per cent. is the usual figure 
for ordinary spar-deck vessels. 

In Fig. 14, on page 735, will be found a 
diagram giving curves of righting moment for 
ordinary steamers, and for the Turret, at various 
angles of inclination, This diagram, again, 
speaks for itself. It will be seen that up to 
15 deg. the curves are practically identical. Here, 
however, the curve for the ordinary steamer con- 
tinues to rise until an angle of 30 deg. is reached, 
when the righting moment is 3750 foot-tons. The 
curve then falls until an angle of 423 deg. is 
reached, and here the curve for the Turret is 
crossed. On the other hand, the Turret’s curve 
continues practically uniform, from 20 deg. to 
42) deg., the righting moment being about 3000 
foot-tons. This is where the curves cross. The 
curve for the drdinary steamer now rapidly falls, 
until at 62 deg. stability vanishes. On the other 
hand, at 62 deg. inclination the righting moment of 
the Turret is at its maximum, and stability has rot 
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disappeared entirely, until an angle of 88 deg. is 
reached—a range of heel giving absolute safety. 
The righting moment of the Turret being con- 
siderably less at angles of 20 deg. to 40 deg., which 
may be called the important period in regard to 
ease of movement, shows that that vessel is con- 
siderably easier in her motions ina sea-way than 
the ordinary ship. With regard to safety in the 
matter of stability, it may be said that 3000 foot- 
tons righting moment is more than is required for 
such a vessel, and the additional stability of the 
ordinary ship is not only unnecessary, but in fact a 
defect. 

Having dealt with the chief elements of design 
in the vessel, we may now proceed to refer to some 
details involved in the system. In the matter of 
taking in and discharging cargo, the Turret has the 
usual facilities. Our illustrations, both the per- 
spective view and the mechanical drawings, show 
the arrangement of deck winches, which, it may be 
said, are of the usual type. In the matter of steer- 
ing gear some modifications have been introduced. 
A quadrant is keyed to the rudder stock, and this 
quadrant is actuated by a worm, it being geared 
for the purpose. In order to meet the shocks of 
the sea on the rudder, the worm is fitted on a 
feathered shaft, so that it has motion in line with 
the axis of the shaft, but this motion is restrained 
by powerful springs on each side. The shaft is 
actuated by an ordinary steering engine, fitted in 
the engine-room, and thus near the steam supply. 
The turret design affords exceptional facilities for 
the carrying of boats, the arrangement being well 
shown in our illustrations. It will be seen that the 
boats are at any time available for launching in a 
very simple manner. Access to the vessel is easily 
obtained by the usual ladder, operated in a manner 
similar to that adopted for the boats. The arrange- 
ments for cabins, &c., adopted in the Turret are 
shown in ourillustrations. The plans may be modi- 
fied to suit the needs of the trade for which the 
vessel is required. An interesting detail in the 
design of this vessel is the arrangement for dis- 
charging ashes overboard. This device is the in- 
vention of Mr. Horace See, and is illustrated in 
Fig. 4. The usual ash-hoisting arrangements have 
been abandoned. The apparatus consists of a 
flap discharge valve, upon the ship’s side, above 
the water line. Leading from this to the hopper B 
is a strong cast-iron pipe. Theashes are placed into 
the hopper, which is connected with the cast-iron 
pipe referred to, in the manner shown. There is 
also a branch connection from the ballast pump. 
When the apparatus is operated, the water is 
directed into the pipe, and the velocity with which 
it enters carries it up the pipe and overboard, the 
ashes being drawn in from the hopper by the in- 
duced current caused by the passage of the water. 
The lid of the hopper need not be closed when the 
apparatus is in use, as the velocity with which the 
water is discharged carries it directly up the iron 
pipe. The comfort to all hands obtained by this 
apparatus is very great, and the saving in labour is 
considerable, 


THE PULLMAN EXHIBIT AT 
CHICAGO. 
Cuicaco, May 5, 1893. 

THE names of George Pullman and George 
Westinghouse are probably more widely known 
than that of the third famous railway George, our 
own Stephenson. Both Westinghouse and Pullman 
have striking exhibits in the Transportation Ex- 
hibits Building, and we hope to devote enough 
space to each to do these exhibits justice. We take 
that of Mr. Pullman first because his name became 
a household word at an earlier date; in fact, there 
was little need for Mr. Westinghouse when Mr. 
Pullman commenced his revolution in railway work- 
ing. Speeds then were slow, and comfort in travel- 
ling, rather than appliances for safety, was more 
urgently required. It was not till considerably 
later, when traflic had so vastly increased and speeds 
had accelerated, that the wonderful mechanical 
genius and energy of George Westinghouse were 
called for and answered to the call. The story of 
Pullman and his work is so large a one that it 
cannot be dealt with in a single article—in fact, it 
is naturally divided into two paris; the first dating 
from about 1855, when he commenced his early ex- 
periments in sleeping cars, and lasting to the pre- 
sent time ; the second, the result of his work as 
illustrated by the magnificent display he has made 
in the Transportation Exhibits Building. 


In 1855 the railway system in America was but 
little developed, though at that date it largely ex. 
ceeded that of Great Britain, being about 18,000 
miles, mostly of somewhat primitive construction, 
and the speeds in all cases being very low. But the 
era of rapid railway construction had then com. 
menced, and before 1860 no less than 30,000 miles 
had been built, and the principal inland cities were 
connected with those on the Atlantic. Speeds were, 
of course, very moderate, and travelling some. 
what rough ; a journey of 500 miles, say from New 
York to Pittsburgh, was a more arduous and longer 
task than it now is from New York to Chicago, 
and this being so, the fatigue of such a journey 
could not be lightly undertaken. It is true that 
even then there were so-called sleeping cars, but 
they were crude and comfortless contrivances, not 
worth the special fee charged for their use. It is 
not too much to say that any great increase in speed 
would have been impossible, nay, more, that long- 
distance railways would have remained undeveloped 
for passenger travel, had not the change been com- 
menced of which we see the result to-day at Jackson 
Park. No doubt if Mr. Pullman had not effected 
these marvellous changes, some one else would 
have done so, because the necessity was pressing ; 
but we think it very unlikely that any one else 
would have brought the same energy and skill to 
bear upon the question, or have solved the impor- 
tant problem in the admirable manner that he has 
done. It was much the same story as was evolved 
at a later date of another phase of railway working, 
when George Westinghouse came to the front, and 
demonstrated the possibility of running trains at 
high speeds with security. In fact, as we have 
suggested above, the present condition of railway — 
travel in the United States is chiefly due to these 
two men: the one rendered it possible to traverse 
vast distances at high speeds; the other perfected a 
means by which the traveller can remain a week 
upon the railroad with little or no fatigue. Of 
course neither of these results was brought about 
without great opposition from the interests that 
were to chiefly benefit ; that is always the case with 
every radical improvement, and it is probable that — 
the quality of indomitable energy is as necessary 
for the successful introduction of reform, as tech- 
nical skill or inventive genius. 

It was not until about the year 1863 that Mr. 
Pullman completed a long series of experiments, 
mainly upon the Chicago and Alton Railroad, which 
satisfied him that he had arrived at a point when 
he could appeal for a verdict to the travelling - 
public. He had spent large sums of money, and 
had protected himself by many patents, before he 
started works on a small scale and commenced to 
build his first sleeping car—the first, indeed, worthy — 
of the name that had ever been produced. The 
comfortless vehicles previously in service for the 
night accommodation of passengers had cost about 
8001. each; this new venture was built at an ex- 
pense of between 30001. and 4000/., and was in all 
respects a very luxurious vehicle for the period. 
This car was the now historic ‘‘ Pioneer,” and the 
success it met with justified Mr. Pullman in im- 
mediately constructing a second ona more elaborate 
scale, at a cost of nearly 50001. The ‘‘Pioneer” and 
the cars built immediately after, were placed on the 
Michigan Central Railroad, the President of which 
appears to have been a more far-seeing man than 
the other railway managers of the time ; but even 
he had very grave misgivings, for he argued, with 
much apparent reason, that the public would object 
to paying the somewhat high tariff for the use of 
the new cars—2 dols., as compared with a dollar 
and a half under the old system. Mr. Pullman’s 
very practical proposal that the matter should be 
left to the decision of the public, was tried, with 
the somewhat unexpected result that the old cars 
were wholly abandoned, and much dissatisfaction 
was expressed because the new accommodation 
was so limited. Within a few weeks the old cars 
were withdrawn from service, and, in spite of the 
increased charges, the Michigan Central at once 
became the favourite line of travel, thus forcing 
rival companies to follow in their steps and provide 
superior accommodation at an increased rate. The 
demand for comfort, or rather luxury, in travel 
dates from this experiment of the Michigan 
Central, and the Pullman Company has never 
yet been able to supply anything too elaborate or 
complete for the tastes of the American public, 
although it must be admitted that the charges 
made for so much comfort are astonishingly 
moderate. With each succeeding year the cars 
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put upon the railways were more elaborate and 
commodious ; there seemed to ba no limit to the 
demand for decoration and elegance of finish, and 
Mr. Pullman may claim, with much justice, we 
think, that he has done much to raise the standard 
of taste among his countrymen by accustoming them 
to travel in vehicles in which so much refinement 
and decoration are concentrated. Mr. Pullman 
says: ‘‘ The stride in artistic development made 
since 1860 by the people of the whole country is 
truly remarkable ; and it is quite within bounds to 
say that one at least of the influences which have 
brought about this result, is the sincere efforts 
in this line which have marked every stage of 
progress in the Pullman work.” 

Once demonstrated that this means of railway 
accommodation was indorsed by the public, the 
demand for Pullman parlour and sleeping cars ran 
quickly ahead of the supply, for railway construc- 
tion was proceeding at a prodigious rate, and the 
transcontinental lines that were pushed forward 
into unsettled regions especially required every 
appliance possible, to soften the hardships of long 
travel. And so it has happened that from the day 
on which the public recorded its verdict on the 
Michigan Central, the story of the Pullman industry 
is one unbroken record of persistent effort to keep 
pace with the demand for accommodation and com- 
fort. Since the ‘‘ Pioneer” was built, the industry 
has grown into an association with a stock of twelve 
millions sterling, and of such a high character that 
it is accepted for trust investments ; indeed, of its 
3246 shareholders, no less than 1800 are of this 
class. 

A few figures may here be given to show the 
development that has been attained from these 
small beginnings. There are now running over the 
United States railroads 2512 sleeping and parlour 
cars ; of these 650 are buffet cars, and 58 are dining 
cars; in the two last-named classes four million 
and a half meals were served last year. During 
the year ending July, 1892, there were carried 
5,279,320 passengers, the total mileage having been 
191,255,656, The company has running contracts 
with 125,111 miles of railroads, and the longest 
unbroken distance run by the cars in the Pullman 
service, isfrom Boston to Los Angeles, 4322 miles. 
By the year 1879 Mr. Pullman had established 
large shops in St. Louis, Detroit, Elmira, and Wil- 
mington ; but they were wholly insufficient in their 
capacity, and some new departure became necessary. 
It was at that time that Mr. Pullman decided to 
concentrate his factory in one spot, and no location 
seemed to possess so many advantages, or to occupy 
so central a position, as the city of Chicago. 
Accordingly he purchased 3500 acres of land on the 
shore of Lake Calumet, at that time fourteen miles 
away from the centre of the city, but now forming 
a part of Chicago itself, the city limits having been, 
some three years since, drawn outside its boundary. 
Upon this land has been constructed an industrial 
town, the largest of its kind in the United States, 
and having a population of 12,000 inhabitants, all 
of whom depend directly, or indirectly, upon the 
great railway car works. Ina week or so from the 
date of writing the visitor to the Transportation 
Building will be able to see an admirable model 
of this industrial town, and he will find it difficult 
to realise that in the course of a few years the flat 
and dreary marsh by Lake Calumet has been trans- 
formed into a comfortable, flourishing, and in- 
dustrial town, which has already attracted some 
large subsidiary industries, as, for example, an ex- 
tensive brick factory owned by the company, where 
thirty millions of bricks are made annually, out of 
clay dredged from the bottom of Lake Calumet. 
From its inception the chief object in view was to 
provide superior comfort and attractions for the 
workmen, Mr. Pullman rightly judging that the 
best means of repaying the highest class of labour 
1s to provide inducements which form superior 
attractions to the liberal scale of wages. We have 
already in these columns described in detail the 
town of Pullman—its broad streets and tree-lined 
avenues ; its wide stretches of turf in front of the 
comfortable workmen’s houses, the large proportion 
of which are owned by the operatives; its handsome 
Covered market, its schools, churches, library, and 
Savings bank ; its ample and pure water supply ; 
U's sewage farm, three miles away, over which is 
distributed the drainage of the city. We have also 
described the car shops upon which the existence 
of the city depends, and in which everything ex- 
cepting wheels and axles, and the iron and steel 
employed, is produced. We may, however, add a 


few figures here to show the present capacity of the 
works, a capacity which has been strained to the 
utmost during the last year, to meet the anticipated 
demands for travel created by the World’s Fair. 
The total number of employés at the works is 15,341; 
they earn daily 29,346 dols., a high average, as it 
includes the women and boys employed. The total 
amount of lumber used annually is 51,234,000 ft., 
and there are 85,000 tons of iron also used. 
All this material is worked up into 12,520 freight 
cars, 313 sleeping cars, 626 passenger, and 939 
street cars. Coupled together, these cars would 
make a train over one hundred miles long. There 
can be no doubt as to the success of the town of 
Pullman from a moral, as well as from a financial 
point of view. The superior class of workmen 
that it has developed is noticeable at a glance, 
while an inspection of the comfortable and superior 
dwellings confirms the first impression; more- 
over, the fact that the savings bank has 2000 de- 
positors, with an average of 316 dols. standing to the 
credit of each, is sufficient proof of the economic 
solidity of the undertaking. Mr. Pullman may 
well be proud of his vast enterprise, and especially 
proud of the benefits he has conferred upon 
thousands of his working fellow-countrymen, to say 
nothing of the great revolution it has worked 
during the last thirty years in the luxury of rail- 
way travel. Writing recently on the subject, some 
one has said, and the remarks are justified by 
results: ‘‘ The story of the town of Pullman is but 
a repetition on a large scale of the building of the 
first Pullman car. The same fundamental solidity 
of the structure, the same faith in the intrinsic 
commercial value of the beautiful, which entered 
into the one, entered into the other. Indeed, this 
same logical unity of purpose and allegiance to 
fundamental conviction, which is manifest to all, 
the great fabric reared through many years of 
labour, is the dominant, the most impressive 
feature of the achievement. At every step, more- 
over, the convictions upon which Mr. Pullman has 
acted, and the faiths to which he has held, have 
been vindicated, and more than that, they have 
either actually wrought, or have had in them the 
germs of radical benefit. The Pullman car solved 
a revolution, the problem of long continuous rail- 
way journeys, and the town of Pullman along the 
new lines gives a hope of bettering the relations 
of capital and labour. The issue cf this last is a 
question of the future, but it is at least a legitimate 
subject for speculation, whether what the car 
wrought in one direction, with all its attendant 
and lasting benefits to humanity, may not on some 
sort of broader scale, and with benefits to humanity 
even more far-reaching and enduring, be repeated 
in the great field where the town of Pullman now 
stands, as the advanced guard of a new departure 
and a new idea.” Of the great financial benefits 
attending the Pullman enterprise, both as a factory 
and as a passenger-carrying business, the value of 
the stock and the dividends paid, speak conclu- 
sively. Of course as regards the freight, passenger, 
and street cars, the Pullman works stand on the 
same basis as any other manufacturing concern. 
But this is not the case with the sleeping, parlour, 
and dining cars; they belong to the Pullman 
Association, and are hauled by the railway com- 
panies at certain fixed rates, the profits to the 
Pullman Association being obtained from the 
charges made for the special accommodation given. 
Having thus briefly told the story of this vast 
enterprise, we shall hope on an early occasion to 
describe in detail the magnificent display of cars 
exhibited by Mr. Pullman in the Transportation 
Building, and which consists of a complete vesti- 
bule train of baggage, smoking, dining, sleeping, 
and observation cars ; of another train consisting 
of a postal car, a passenger car, and a parlour car ; 
and of various street cars. All of these have been 
finished with the greatest care and completeness, 
and form a strong contrast to the old ‘‘ Pioneer”’ 
of thirty years ago, which laid the foundations of 
Mr. Pullman’s fortunes, and marked the com- 
mencement of a new era in American passenger 
travel. 


Tur NortH GERMAN LiLoyp.—The business of the North 
German Lloyd last year was attended with a profit of 
30,1597. In 1891, a loss of 153,029/. was sustained. In 
1890, a profit of 184,626/. was realised. The subventioned 
lines of steamers worked by the company to Australia 
and the East were carried on at a loss last year, but this 
loss was very materially minimised as compared with 1891 
and 1890. 


ACCIDENT TO THE PADDLE STEAMER 
“MARIE HENRIETTE.” 

THE Société J. Cockerill, of Hoboken, near Antwerp, 
has produced a paddle steamer which has given some 
indication of a speed that will eclipse all other paddle 
steamers afloat, but her trial performance was stopped 
soon after its commencement in consequenee of an 
accident which must be characterised as extraordinary. 
The steamer, which is named the Marie Henriette, 
and which we hope soon to illustrate and fully describe, 
was built for the Belgian Government for service be- 
tween Ostend and Dover. She issimilar, in dimensions 
at least, to the Leopold II., which was built for the 
same service by Messrs. Denny, of Dumbarton, and 
which a few weeks ago underwent a long speed trial 
under carefully stipulated conditions, attaining a mean 
speed of 22.16 knots,* thus exceeding the guarantee, 
and earning a large premium awarded for half a knot 
or more in excess of the contract speed. Both Messrs. 
Denny’s and the Société Cockerill’s steamers were 
built to prescribed general dimensions, these being de- 
termined, not so much to suit speed conditions, but for 
convenience of entry into Ostend. The length in each 
case is 340 ft. ; beam, 38 ft. ; depth moulded, 14 ft. 6 in. 
These vessels, it is scarcely necessary to state, are 
both sumptuously fitted. There is a general similarity 
between the engines, although it was pretty evident 
from the running of the Marie Henriette’s machinery 
that she had more power than the Leopold II., and 
therefore ought to be the speedier steamer. The 
engines are of the compound type, steel having been 
largely used ; and here it may be remarked that all 
the material for ship and engines, excepting the crank- 
shaft, was made at the works of the Société Cockerill, 
a clear evidence of the great capacity of their works. 
And the crankshaft, too, might also have been forged 
there, but time requirements suggested application 
to Messrs. Brown, of Sheffield. As we hope to describe 
the engines more in detail at a later date, it need only 
be added that there are on board eight large single- 
ended boilers of the ordinary Scotch marine type. 

Last week the Marie Henriette arrived in the Clyde 
from Belgium. The Belgian Government having on 
past trials been impressed with the suitability of the 
Firth for accurate tests of speed, it was stipulated 
that the guaranteed speed should be equalled by the 
“‘mean ” of four runs between the Cloch and Cumbrae 
Lights—two in each direction. By those aware of the 
peculiarities of the tide currents on the Clyde, and 
the assistance or hindrance they give without any 
reliability, such an arrangement is regarded as fair. It 
is suitable, too, in respect of distance, for the maxi- 
mum speed has to be maintained for about 55 nautical 
miles, irrespective of the distance necessary for turn- 
ing. The Cockerill Company, willingly agreed 
to the terms, confident, by reason of their long 
experience in paddle steamer construction, of their 
chances of equalling one of the great Clyde firms in 
their own waters. The Marie Henriette proceeded on 
a trial with the Technical Commission of the Belgian 
Government on board, and after the engines had been 
worked up to their maximum speed, the vessel started 
on the first run down the Firth from the Cloch to the 
Cumbrae Light. 

The engines were working at 54 revolutions, and 
developing S900indicated horse-power. The boilersgave 
abundance of steam at about 1151b. pressure, while 
subjected to an air-pressure of 12 in. according to 
water gauge, the stokehold being closed for the appli- 
cation of forced draught. The mean draught of the 
vessel was 9 ft. 1}in. There was a perfect calm and 
the vessel was going forward steadily at a high 
speed, the power developed exceeding that attained 
by the Leopold II. But when the vessel had got abouta 
mile beyond the Gas Buoy, situated about five miles 
from the Cloch, a remarkable accident happened, the 
cause of which cannot quite be determined. The whole 
starboard wheel was nipped off at the inner ring ; the 
arms, floats, outer ring, star centre, radius rods—in 
fact, every thing outside of the inner ring disappeared 
at once, leaving the arms sheared off close to the inner 
ring, the arm inside standing and held with the inner 
ring. The engines raced up to over 60 revolutions, 
but were quickly stopped, and the vessel returned to 
the Tail of the Bank. It is not possible under the circum- 
stances to give accurately the speed attained ; it is 
assumed to be over 23 knots. It issaid that the Belgian 
Government Technical Commission, owing to the vessel 
requiring to go on her station very soon, propose to ad- 
vise the acceptance of the steamer and the awarding 
of the premium of 4000/7. promised for exceeding 
by half a mile the guaranteed speed of 214 knots. 
However satisfactory in one way this decision may be 
to the Cockerill Company, they are, nevertheless, 
anxious that after the paddle-wheel has been replaced 
the vessel should be subjected to tests identical with 
those of the Leopold II., with the view of placing be- 
yond even the possibility of doubt the comparative 
speeds of the two vessels. All interested in marine 
practice will hope with the Cockerill Company that 
their desire may be acceded to. 


* See page 444 ante. 
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COMPOUND ENGINE WITH MORLEY’S POSITIVE VALVE GEAR. 


CONSTRUCTED BY 
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COLE, MARCHENT, AND MORLEY, 


| a 
TTT 


tit 
| 


Hh Hi 
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THE mill engine which we illustrate on this page has 
been built by Messrs. Cole, Marchent, and Morley, 
ot the Prospect Foundry, Bradford, and is fitted 
with Morley’s modified Corliss gear, which gives a 
positive motion to the valves, and which was described 


in our columns on June 24, 1892. This gear is capable 
of admitting the steam for three-quarter stroke when 
the governor is in its lowest position, or of cutting it 
off altogether when in its highest position. To this 
end the engine is fitted with expansion valves of the 
Corliss type, in addition to main steam valves. The 
main valves are worked by an eccentric, but the ex- 
pansion valves by a cam, the angular advance of which 
is varied by a nut sliding in a helical groove. 

In the engineillustrated the high-pressure cylinder 
is 15 in. in diameter, the low-pressure cylinder 254 in. 
in diameter, and the stroke is36in. The engine is 
designed for a boiler pressure of 120 lb. per square 
inch, and to run at 80 revolutions per minute, at which 
speed it will develop 240 indicated horse-power if re- 
quired. The low-pressure cylinder is fitted with a 
slide valve on the Trick principle. Both cylinders 
have hard cast-iron liners forced in and firmly secured. 
The piston-rod is 3} in. in diameter ; the crankpin is 
44 in. in diameter. The shaft pedestals are cast with 
the bed, with the brasses in four pieces, and adjustable 
by means of side wedgesand screws. The rope drum is 
12 ft. in diameter, and is grooved for seven ropes 14 in. 
in diameter ; it is made in halves, with the joints care- 
fully machined and secured together with bolts and 
hoops. The high-pressure cylinder is secured to the 
front of the Corliss frame, and both cylinders are 
bolted down on to a carrier bedframe, the low- 
pressure cylinder being further stayed on the top 
directly to the Corliss frame. Both cylinders are 
steam-jacketed, the jackets being drained by steam 
traps. The condenser is placed behind the low-pressure 
cylinder, and bolted down to the ashlar. The air 
pump bucket is 84 in. in diameter, and is secured to a 
brass-covered steel rod. This pump is double-acting, 
and works quite noiselessly. All the handles for 
starting the engine were in this particular case placed 
on the front of the engine, and are very accessible. 
Siemens-Martin steel was used for the construction 
of all the motion parts and of the piston rods. 


Coat IN OKLAHOMA.—Coal is being mined at Berwyn, 
Oklahoma. It is stated that excellent coal has been found 
at other points in the territory, 


COLUMBIAN EXPOSITION NOTES. 

THE average daily attendance of paying visitors is now 
33,000, but it is still far short of the figure necessary to 
meet the daily expenses. The financial statement of the 
World’s Fair issued on May 1, the opening day, shows 
total receipts of 19,076,186 dols., including 346,648 dols. 
gate money, and an expenditure of 17,869,422 dols., of 
which 15,325,701 dols. are for construction expenses. Of 
the balance of 1,206,764 dols., 174,091 dols. is in cash and 
the remainder in good assets. 


The Exhibition grounds are still a busy place. Thou- 
sands of industrious workmen are putting finishing 
touches everywhere—turfing the grassplots, preparing 
flower-beds, road-making, and so forth. The vast area of 
the plaza and the spaces around and between the greater 
buildings have had to be subdued into an orderly surface. 
The dust and the turmoil have been indescribable, but all 
this will very soon be overcome by the landscape gar- 
dener, the road-maker, and the sprinkling-cart; and 
Chicago is confident that the lovely days of June will see 
resplendent in all its completed glories the greatest 
World’s Fair that ever was devised. 


Installation is complete in the British Transportation 
Section, but there is still something to do in other trans- 
portation sections. Plenty of railway locomotivesand trains 
are in place, including the London and North-Western 
Company’s trains, the old ‘‘Rocket” engine, the Great 
Western broad gauge locomotive, ‘‘ Lord of the Isles ;” 
also quite a display of warship and steamship models 
from Thomson’s, the Thames Iron Company, the Fair- 
field Shipbuilding Company, and Armstrong, Mitchell, 
and Co. Here, as everywhere else, the British Section is 
in ample forwardness and in advance of most others. 
The British machinery exhibit is all ready, and the steam 
engines were erected and in motion two weeks ago. 


At a meeting of the Commissioners of Foreign Nations 
represented at the World’s Fair, held at Chicago on 
Tuesday, it was resolved, ‘‘ That, in consequence of the 
impossibility of judging exhibits on the plan adopted by 
the Committee on Awards, it will be useless to compete.” 
A letter of protest to this effect, signed by nearly all the 
foreign commissioners, including those of sixteen Euro- 
pean States, has been forwarded to the Chairman of the 
Committee on Awards, who is informed that the exhibits 
of the nations represented by the signers of the letter are 
placed in the hands of the authorities of the Exhibition 
with the distinct understanding that they are not put 
there for the purpose of taking part in any prize compe- 
tition. 

The Belgian Section in the Manufactures Building 
was not opened till May 11, but the exhibit includes 
many interesting objects. Chief among these is a case 
full of rare laces, which stands immediately inside the 


portitres of the entrance to the section. Boeh Brothers, 
of Lauviene, have contributed a collection of ceramics, 
art tile, and decorated china ware, and an exhibit of art 
furniture occupies the front of the section, Another ex- 
hibit which attracts much attention is the new army rifle 
which is being supplied to the Belgian army. Pieper, of 
Liege, has a large exhibit of guns of all sorts, and a col- 
lection of unfinished weldings to illustrate the manner of 
manufacturing Damascus and twist gun barrels. Bel- 
gium’s silversmiths and textile manufacturers are full 
represented, and the zinc industry is exhibited in a boot 
built of that metal. 


In the east gallery of the Transportation Building the 
Nicaragua Canal Construction Company has installed an 
exhibit which attracts much attention. 'The exhibit con- 
sists of a relief map, illustrating the topography of the pro- 
posed route of the ship canal, and showing in a striking 
picture what has been and what remains to be done to 
furnish a passage-way for the deepest draught vessels 
between the Atlantic and Pacific Oceans. ‘The exhibit 
has been made all the more striking by the use of water, 
to show the lakes and rivers along the route. This water, 
which is supplied by lead pipes moulded in the ground- 
work of the map, creeps out through very small apertures 
along the imitation mountain sides, and, after gathering 
in the lakes, finally finds its way to the Atlantic through 
miniature rivers. By means of red paint is shown the 
places where excavation is necessary along the route. 


The Manufactures Building suffered severely from the 
bad weather in April, but is in excellent condition, the 
leaky places in the roof having been repaired. All the 
space in the building is taken. All of the exhibits are 
not in place, partly on account of the incompleteness of 
the inside work, and partly from the fact that exhibitors 
of fine goods do not wish to put them in a position 
exposed to the dust and dirt caused while the work 1s 
carried on. The general condition of the exhibits is not 
yet such as visitors have a right to expect, and can but be 
a disappointment to them on account of the present in- 
completeness. In the magnitude of its buildings, 
elegance and general good taste of its fittings, its costly 
and rare exhibits, the department constitutes an exhibi- 
tion that has probably never been excelled, if equalled, 
and can but give great satisfaction to its visitors when 
once fully completed. 


EUROPEAN AND AMERICAN STEAMERS.—There are now 
more than thirty direct and competing lines from Europe 
to the east coast of South and Central America, and five 
to the west coast. There are but six American lines to 
the east coast, five of which are owned and operated by 
English companies, while on the west coast America 18 UD- 
represented. 
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bolted firmly to the frame of the machine before the 
boring is commenced. The spindle is 3 in. in diameter, 
and has a vertical feed of 12 in. It is back-geared to 
give a wide range of cutting speeds, and is strong 
enough to bore a hole 9 in. in diameter. Itis counter- 
balanced, and can be readily raised and lowered (see 
Figs. 1 and 2), whilst it is steadied above its work by a 
stay asshown. A leather washer is placed on the boring 
bars just above the table, to prevent chips and cuttings 
falling into the bush on the table, or working down 
into the machine. All the gears are machine cut, thus 
insuring the smooth working of the tool. Pulleys up 
to 16 ft. in diameter have been bored in these 
machines. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Owing to the occurrence of 
the Queen’s Birthday, there was no pig-iron market last 
Thursday, and Friday was also made a blank day by the 
gentlemen composing the ‘“‘ring.” On Monday of this 
week, however, even though Whit Monday, and a Bank 
Holiday in England, the business of buying and selling 
‘‘pigs” was resumed. There was a fair attendance 
of the members on the market in the forenoon, and 
some 10,000 tons of Scotch iron were dealt in, 
but the transactions were largely of a ‘‘forfeit” 
character. Scotch iron was $d. and Cleveland iron was 
13d. per ton dearer than last week. The market was 
firmer in the afternoon, but there was hardly any busi- 
ness done worth reporting—only about 1500 tons of 
Scotch changing hands. The settlement prices at the 
close were—NScotch iron, 40s. 3d. per ton; Cleveland, 
33s. 9d.; Cumberland and Middlesbrough hematite, re- 
pectively, 44s, 9d. and 42s. 44d. per ton. The proceed- 
ings in the market on Tuesday forenoon were quiet. 
About 5000 tons of Scotch iron were dealt in—2000 tons 
at cash prices (40s. 4d. and 40s. 34d.), 1000 tons one month 
open (40s. 6d. and 40s. 63d.), and 1000 tons one month 
fixed, at 40s. 4d., with 1s. forfeit in seller’s option. An 
advance of 4d. per ton was made on Scotch, and an 
advance of 2d. per ton on Cleveland iron. The market 
was very firm in the afternoon, there being an absence of 
sellers. Scotch was done at 40s, 5d. to 40s. 6d. per ton 
cash, and at those prices between 2000 and 3600 tons 
changed hands. On month account about the same quan- 
tity was dealt in at 40s. 83d. and 40s. 9d. per ton. At the 
close the settlement prices were—Scotch iron, 40s. 6d. per 
ton; Cleveland, 33s. 103d.; Cumberland and Middles- 
brough hematite iron, 44s, 104d. and 42s. 44d. per ton re- 
pectively. The firmness which set in yesterday was not 
continued on the pig-iron market this forenoon. About 
10,000 tons were sold, mostly Scotch, but there were one 
or two lots of Cleveland included. One lot of Scotch was 
sold with a ‘‘plant” at 40s. 6d. per ton, and another 
with a ‘‘ plant” at 40s.5d. Scotch iron declined in price 
14d. per ton, and Cleveland the same amount. The 
market was still easier in the afternoon, Scotch iron 
being done at 40s. 5d. and 40s. 44d. per ton cash, with 
sellers over at 40s. 44d. at the close. About other 
10,000 tons of Scotch iron were dealt in, some of it 
being on “‘ plant” terms. The settlement prices 
at the close were: Scotch iron, 40s. 44d. per ton; Cleve- 
land, 33s, 104d. ; Cumberland and Middlesbrough hematite 
iron respectively, 44s. 103d. and 42s. 44d. per ton. The 
following are the prices of some special brands of makers’ 
iron, No. 1 quality : Gartsherrie, 47s. per ton; Calder, 
47s. 6d.; Summerlee, 49s.; Coltness, 533. ; Langloan, 
53s. 6d.—the foregoing all shipped at Glasgow; Glen- 
garnock (shipped at Ardrossan), 49s. 6d. ; Shotts (shipped 
at Leith), 52s.; Carrou (shipped at Grangemouth), 
52s. 6d. per ton. Last week’s shipments of pig iron from 
all Scotch ports amounted to 6719 tons, as compared 
with 9041 tons in the corresponding week of last year. 
They included 175 tons for Canada, 100 tons for 
South America, 285 tons for Australia, 290 tons for 
Italy, 365 tons for Germany, 410 tons for Holland, 150 
tons for Belgium, 220 tons for Spain and Portugal, 
smaller quantities for other countries, and 4304 tons 
coastwise. There are still 71 blast furnaces in actual 
operation, against 77 at this timelast year. The stock of 
pig iron in Messrs. Connal and Co.’s public warrant 
stores yesterday afternoon stood at 338,492 tons, as com- 
pared with 339,012 tons yesterday week, thus showing for 
the week a reduction amounting to 520 tons. 


Finished Iron and Steel Trades,—The amount of busi- 
ness doing in finished iron is on a moderate scale, and the 
works in that branch of manufacture do not obtain any- 
thing like full time. Common bars are quoted at 5/. to 
51. 10s. per ton, and best bars up to 5l. 17s. 6d. Sheets 
are in fair request on the basis of 77. 5s. per ton for iron 
“‘singles.” It is stated that orders from India for un- 
branded iron have lately been on offer to the extent of 9000 
tons, of which only some 3000 tons have yet been accepted. 
Possibly the remainder will be booked at 2s. 6d. to 5s. per 
ton extra. The bulk of this business will be scattered 
over the works in the Coatbridge and Motherwell districts. 
A few good orders for railroads and lower-grade qualities 
have been booked for Oporto. Makers are inclined to ask 
a small advance in prices. Steelmakers are irregularly 
employed, some firms being busy while others are slack, 
and two or three are practically idle. Prices for most 
kinds of steel—plates, ship and boiler bars, angles, and 
other structural sections—are unchanged; indeed, the 
orn is expressed that the lowest level has been 
reached. 


The Coal Trade.—Not the slightest improvement can 
be reported in respect of the Scotch coal trade. Busi- 
ness cannot be said to have been affected by the fact 
that large numbers of the miners took a holiday on Mon- 


day, but there can be no doubt that if the holiday policy 
of the men is persisted in and production reduced, the 
immediate local effect would be to harden prices. As 
regards outside markets, however, there can be little 
doubt that the consequence would be injurious, as con- 
tracts would be diverted elsewhere. At the present time 
tbe general demand is so moderate and competition 
from the English districts so keen, that any action 
which would have the effect of raising prices here 
would at once shut off this market from participating 
in what is really going. It is stated that a number 
of railway companies have been, and are still, in 
the market for coal for next season. In some of 
the contracts concluded the prices agreed upon 
are the lowest that have been known for years 
back. Of the trade done during the past week 
most of it has been in ell coal, the better classes of which 
continue to be shipped in fair quantities at late prices. 
Main, splint, and steam, however, are all more or less a 
drug in the market, notwithstanding the irregularity of 
work at the pits. Nuts have remained in fair demand 
for the Continent—principally for Germany and Denmark 
—and the better qualities of dross have been in good 
request both on home and foreign account, but inferior 
sorts are very little inquired for, and are not going off at 
all well. Prices at Glasgow, f.o.b., may be quoted to-day 
as follow: Main coal, 5s. 6d. to 5s. 9d.; ell, 6s. 9d. to 
7s. ; splint, 6s. to 6s, 3d. ; and steam, 7s. 9d. 


Quick Loading at Methil Dock.—The managers of the 
dock at Methil, in Fifeshire, have reason to be pleased 
with the great efficiency of the coal-loading appliances 
which they have under their charge. They report thus 
regarding the steamer Ardle: She is a vessel of 793 tons 
register, and arrived in the dock with the morning tide 
last Saturday, and she was ready to sail with the evening 
tide after having been loaded with 1474 tons of cargo and 
210 tons of bunker coal. The full time that the steamer 
was under the hoists was only thirteen hours, which was 
certainly very prompt work. 


Proposed New Sugar Machinery Works.—It is stated 
that very shortly steps will be taken for the erection of 
a new engineering works at Motherwell. The special 
character of the business may be judged of when it is 
mentioned that the works are to be carried on by the 
West of Scotland Sugar Plant and Engineering Company. 
Some of the partners are said to be connected with similar 
works in Glasgow. 


West Highland Railway: Inspection by ‘ Institution” 
Students.—The works of this important engineering 
undertaking were visited last Saturday by a party of the 
members of the Glasgow Association of Students of the 
Institution of Civil Engineers. They reached the line 
vid Loch Lomond, arriving at Ardlin at the head of the 
Loch. From that point they were run over the line 
about three miles in the northerly direction to view 
Glenfalloch Viaduct, the concrete piers of which are 
nearly ready to receive the steel girders, the total length 
(seven in all) of which will be 400 ft. Subsequently the 
party ran over the line down the side of Loch Lomond to 
Tarbet, then over to Arrochar and down the side of Loch 
Long and over to Garelochhead, and on to Helensburgh 
or Craigendoran. At one point the line is about 600 ft. 
above sea level on the course traversed on Saturday. 
The line is practically finished from Craigendoran up 
to Garelochhead, and it is far forward in many other 
places. 


Technical College Metallurgical Department.—At the 
close of its first session a few weeks ago, the Glasgow Iron 
and Steel Institute voted a sum of 5/. to be expended in 
prizes to be awarded to the students of the Metallurgical 
Department of the Glasgow and West of Scotland Tech- 
nical College for knowledge of the *‘ metallurgy of iron 
and steel.” It was decided to offer two prizes each, con- 
sisting of'a silver medal and books, one for students of 
the day classes, the other for students of the evening 
classes. These prizes have now been awarded after a very 
keen competition as under: Day classes, Mr. H. G. 
Thorpe; evening classes, Mr. John R. Robertson. It 
may be of interest to note that Mr. Robertson and the 
two students next in order of merit are employed at iron 
or steel works near Glasgow, and that the candidate tak- 
ing second place in the day-class competition is foreman 
ata steel works engaged on night work. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday there was practi- 
cally no market here, owing to the holidays and to the 
fact that many of the regular attenders had last week 
posted a notice on the telegraph board that they would 
not be present on Whit Tuesday. The Exchange, how- 
ever, was open, but the place was almost deserted, and 
business was quite at a standstill. No. 3 g.m.b. Cleve- 
land pig iron was put at 34s. for prompt f.o.b. delivery. 
Middlesbrough warrants were 33s. 103d. cash buyers. 
To-day there were more people about, but affairs were 
quiet, and what business was transacted was only in 
small lots for immediate delivery. The general quota- 
tion for No. 3 g.m.b. Cleveland pig was 34s., but 
some makers asked a rather higher figure. As a matter 
of fact, however, a few small parcels were sold at 
33s. 103d. No. 4 foundry was 33s., and grey forge 32s. 6d. 
Middlesbrough warrants closed 38s. 9d. cash buyers. 


Manufactured Iron and Steel.—Absolutely nothing new 
can be said of the finished iron and steel industries. 
Nearly all the works in the North closed for the holidays. 
Quotations continue very low, but, notwithstanding this 


fact, producers complain that orders are very difficult to 
secure. Common iron bars are 4l. 17s. 6d. ; best bars, 


51. 7s. 6d. ; iron ship-plates, 4/7. 12s. 6d. ; iron ship-angles, — 


41. 11s. 9d. ; steel ship-plates, 4/. 17s. 6d. ; and steel ship- 
angles, 4/. 12s. 6d. ; all less the usual discount. Heayy 
steel rails are 3/. 15s. net at works. 


Shipburlding.—At some of the yards about here great 
activity is the order of the day, but there are firms who 
have little work on hand. It is said that the repairing of 
the steamer Zanzibar has brought into prominence the 
superiority of the system of flanging and sectional work 
in shipbuilding over the combination of riveted bar and 
plate. The steamer Zanzibar got on the Pearl Rocks 
near Gibraltar, and was much damaged ; then salved, and 
taken to West Hartlepool for repairs. Where there is a 
riveted bar in the parts that bore the strain, the rivets 
appeared to have sheared ; but with flanged plates not in 
any case has the flange given way. 


The Fuel Trade.—¥uel on the whole is fairly steady, 
On Newcastle Exchange best Northumbrian steam eoal 
is 8s. 6d. to 8s. 9d. f.o.b., second qualities 8s., and small 
steam 3s. 6d. to 3s. 9d. Bunker coal keeps quiet at about 
6s. for unscreened qualities. There is only a small de- 
mand for gascoal. Cokekeeps steady. Here good blast- 
furnace qualities are about 11s. 9d. delivered. 


NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Armour-Plate Orders.—The home Government appears 
indisposed to issue any new orders for armour-plates, and 
has pursued this course for some time past, with the result 
that one of the most important of the east end trades of 
Sheffield has for months past been ‘‘under a cloud,” and 
hundreds of artisans have been deprived of work. It is 
now announced, however, that Messrs. John Brown and 
Co., Limited, have secured a contract for the whole of 
the armour of a Spanish line-of-battle ship building at 
Cadiz. Messrs. Vickers, Sons, and Co., of the River Don 
Works, at Brightside, have been entrusted with an order 
for a portion of the armour for the Three Saints battle- 
ship, in course of construction by the Russian Govern- 
ment. The remainder of the armour for the latter vessel 
will be supplied by the Creuzot and St. Chamond Com- 
panies. It will be remembered that at some recent 
experiments by the British Government, the Harveyised 
plates of Messrs. Vickers and Co. were reported as 
exceedingly successful in regard to their shot resistance. 


Parkgate Iron Company, Limited.—At the annual 
meeting of shareholders of this company, Mr, Francis 
Rummins, of London, presided. The accounts and 
balance-sheet were approved, and a dividend of 1/. 10s, 
per share declared, ach is equal to 2 per cent, on the 
paid-up capital—225,000/. Messrs. C. Kidley and C, 
Markham were reappointed directors. 


Compromise at Wharncliffe Silkstone.—It was reported 
in last week’s issue that 1000 miners were on strike at 
Wharncliffe Silkstone Collieries, resisting terms on which 
those engaged at the coal-cutting machines were asked to 


work, and that there was every probability of 600 other 


hands, in the employment of the same company, strik- 
ing in support of the resisting hands. The employers 
sought to reduce the price per yard for coal-cutting by 
machinery from 4d. to 3d. per yard, and offered the 
option of datal wages at the rate of 14s. per day per set of 
twomen. The following provisional agreement has been 
come to between the contending parties: ‘‘That the 
coal-cutters go on day-work at 15s. per day per set of two, 
and that all other men now on strike resume work at 
their regular rate of wages, pending the arbitration of the 
whole question.” This dispute is regarded as settling 
what shall in the future be paid in South and West 
Yorkshire for coal-getting by machinery. 


Iron and Steel.—Resumption of business after the 
vacation shows that, if anything, the pig-iron market is 
weaker than at the commencement of the month, forge of 
local make being offered from 39s. 6d. per ton, and 
foundry from 42s. For the latter descriptions there is a 
falling-off in the demand, the only good contracts on 
hand at the foundries being for heavy mains, pipes, ant 
work of that description. In manufactured irons loss is 
now felt by the suspension of orders for bar, usually 
shipped heavily at this season for Australia. Some fair 
orders for medium qualities are on hand for India. The 
home trade is down, however. The same may be said with 
regard to sheets, the call for which is slow. Colliery 
buyers are holding back, and export orders are severely 
competed for by Staffordshire and Continental producers. 
Best boiler-plates of guaranteed quality are selling freely, 
and in this department business is improving. The 
heavy steel trades maintain their position, but show no 
improvement on the month, manufacturers of, railway 
material being the most busy, with prices, as given last 
week, unchanged. For marine material of every de- 
scription the market is very slow, and reports from 
travellers calling on the northern shipyards are dis- 
couraging. Some of the leading firms are, however, 
showing a medium output of crank axles and specially 
forged shafting for liners. Agents for Bessemer billets 
and slabs report the market as a shade weaker on 
the month, though during the past few days good lines 
have come in from the Continent. Quotations are: Bes- 
semer billets, 5d. 5s. to 5l. 12s, 6d.; Siemens, 5l. 17s. 6d. 
to 61. 10s. Converters of best qualities of crucible cast 
steel are doing a steady trade in tool varieties at 3bl. 


60/. per ton, mostly on orders from the United States, 


Almost all the engineer- 


India, Brazil, and the colonies, Leeds 


ing branches are depressed, though one or two 
firms are busy on locomotive and traction engines, 
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NOTES FROM THE SOUTH-WEST. 


The Electric Light at Cardifi—A meeting of the 
lighting and electrical committee of the Cardiff Town 
Council was held on Tuesday. A letter was read from 
the Local Government Board sanctioning the borrowing 
of 32,500/. for electrical lighting, the loan to be repaid in 
twenty-five years. The Mayor (Mr. W. E. Vaughan) has 
been invited to perform the ceremony of laying the 
foundation stone of the new eleetrical lighting station, 


The ‘*Spanker..—The Spanker gunboat returned to 
harbour at Devonport on Thursday, after having been 
in the Channel for a trial of her machinery. It was 
intended that the vessel should be subjected to a 24-hours’ 
trial at three-fifths of her full power, to enable the engi 
neer Officers to obtain records of her coal consumption, 
and before removing her present boilers for a set of more 
modern type; but after she had been running for 224 
hours, the trial had to be abandoned, owing toa break- 
down of the controlling gear of the steering engine. 
Until the breakdown occurred the trial proved satisfac- 
tory, the results being: Mean steam in boilers, 115 lb. ; 
yacuum, starboard, 26.8 in. ; port, 26.6 in. ; revolutions, 
starboard, 163.3 ; port, 163.7 ; indicated horse-power, star- 
board, 546; port, 612; total, 1158; air pressure, .66 in. ; 
speed by log, 11.3 knots per hour. As the Spanker has 
not been docked for twelve months, her bottom is in a 
foul condition; otherwise her speed- would have been 
higher. 


Institute of Marine Engineers.—A meeting of the Bristol 
Channel centre of the Institute of Marine Engineers was 
held at the University College, Cardiff, on Wednesday 
evening. Mr. D. Gibson occupied the chair. The discus- 
sion on Dr. A. C. Elliott’s paper on ‘‘The Sizing of 
Marine Engines,” was resumed. In replying to the 
various speakers, Dr. Elliott said there was such a thing 
as a right or a wrong way of designing a marine engine, 
and, as he had endeavoured to show, the right way was 
now so clearly defined that the designer had only a small 
margin allowed him in varying his proportions if he would 
have an efficient and economical engine. Dr. Elliott 
illustrated, by numerous examples, the method of using 
the deductions in his paper, and showed their applica- 
bility to marine engines of any horse-power or of any 
number and arrangement of cylinders, 


The Great Western Railway at Cardiff.—The Great 
Western Riilway Company is now pushing on with 
certain improvements at Cardiff. A contract for con- 
structing the platforms and laying the rails for a new 
station on the southern side of the present building, to 
accommodate the Barry and also the dock traffic on the 
riverside branch, has been let to Messrs. Pauling and 
Elliott. The new station is to be ready by August, 
when the Barry Company will be entitled to run pas- 
senger trains direct into Cardiff. It is also proposed 
to construct a loop line across Hope-street and Crichton- 
street to the high-level line of the Taff Vale Railway 
Company. The alterations to the station itself will 
probably cost about 20,0007., and the new loop will absorb 
about 45,0007. A considerable amount of property will 
have to be purchased, and the railway will be carried upon 
stone arches extending from the station to a point near 
the top of the West Dock, where a connection will be 
effected with the Taff Vale line to the docks. 


Maxim Guns.—It has been decided that the Maxim 
machine gun shall take the place of the five-barrel 
Nordenfeldt and Gardner machine guns in the armament 
of modern vessels. The cruiser Bonaventure, now being 
completed at Devonport, will be the first to carry the new 
guns, four of which wil be included in her armament. 
The Astreea, the Cambrian, the Hermione, and the Flora, 
vessels of the same type, will be similarly equipped when 
they are ready for service. 


Cardif.—Only a comparatively limited business has 
been passing in steam coal, by reason of the holidays ; the 
best descriptions have made 10s. 3d. to 10s. 6d., while 
secondary qualities have brought 9s. 3d. to 9s. 6d. per 
ton. Household coal has shown little change; No. 3 
Rhondda large has been making 10s. 3d. to 10s. 6d. per 
ton. Patent fuel bas remained at about former rates. 
Foundry coke has been quoted at 17s. 3d. to17s, 6d., and 
furnace ditto at 15s. to 16s. 6d. per ton. 


Poole and Hamworthy Railway.—The Poole and Ham- 
worthy Railway, which has been constructed with the 
object of abridging the journey between Dorset and 
London, was opened on Friday. The Dorchester and 
Weymouth Town Councils were conveyed to Bourne- 
mouth by special trains, where they were joined by Mr. 
Portal (chairman), Mr. Scotter (general manager), and 
most of the directors of the London and South-Western 

ailway. At Poole the Mayor and Town Council joined 
the party, which then proceeded over the new line across 
the Poole Backwater. There was no demonstration of 
any kind, except a luncheon at Weymouth. 


The ‘* Bonaventure” and the ‘‘ Cambrian.” —The Lords 
of the Admiralty have decided that the boilers of the 
Bonaventure, cruiser, now building at Devonport, and 
the Cambrian, at Pembroke, are to be fitted with cap 
ferrules, prior to undergoing their machinery trials. The 

onaventure, engined by Messrs. Hawthorne and Leslie, 
ee prey for a basin trial of her machinery early in 

ugust. 


Wages in Wales.—On Monday a meeting of the wages 

ard in connection with the iron and steel trades of 
South Wales and Monmouthshire was held at Aber- 
gavenny, when a new sliding scale for governing wages 
Was finally settled. 
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MISCELLANEA. 

Tue gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
May 14 amounted, on 16,456 miles, to 1,341,389/., and 
for the corresponding period of 1892, on 16,3834 miles, to 
1,350,497/., an increase of 72? miles, or 0.4 per cent., and 
a decrease of 9108/., or 0.6 per cent. 


The new promenade pier, which was opened last Wed- 
nesday at Dover, is 900ft. long from end toend. For 
670ft. of this distance it is 30ft. wide, and for the remainder 
100 ft. wide. It has been built to the designs of Mr. 
J. J. Webster, M.I.C.E., of Liverpool, the contractor for 
the work being Mr. Alfred Thorne, of 143, Cannon-street, 
London, E.C. 


It is intended to hold an exhibition at Nottingham of 
the leading industries and products of the town, in cele- 
bration of the visit this year to that town of the British 
Association. The Victoria Hall has been secured for the 
purposes of the exhibition. Mr. S. Lee Bapty is the 
general manager, Further particulars can be obtained 
on application to the Exhibition Offices, Victoria Hall, 
Nottingham. 


An important case was decided at the Greenwich Police 
Court on Tuesday, when Messrs. Pearson and Son, con- 
tractors for the Blackwall Tunnel, were summoned for 
rates alleged to be due in respect to land and premises in 
Greenwich Marshes. On this land Messrs. Pearson have 
erected sheds and other temporary buildings in connection 
with their work on the tunnel, and it was sought to make 
them liable on the ground that they had beneficial occu- 
pation. On the part of the defendants it was urged that 
they were not liable, and that if any one were it would 
be the London County Council, to whom Messrs. Pearson 
were merely contractors for the tunnel. Mr. Kennedy, 
the magistrate, decided in favour of the defendants, but 
refused to grant costs. 


Recent experiments made by MM. G. Neumann and F. 
Steinitz, and described in the ‘‘ Zeitschrift fiir Analitsche 
Chemie,” on the occlusion of hydrogen by various 
metals, give results at variance with those obtained by 
former experimenters, and some are entirely new. Thus 
it was found that lead absorbed from 0.11 to 0.15 of its 
yolume. Palladium black absorbed 502.35 volumes, and 
platinum sponge 49.3 volumes. With gold two experi- 
ments gave 37.31 and 46.32 volumes, whilst silver ab- 
sorbed none at all. The ratio for gold is greater than 
that obtained by Graham, who, moreover, asserted that 
silver absorbed .211 volumes. Iron ina finely divided 
state was found to occlude 19.17 times its volume, and 
copper 4.5 times, nickel being midway between the two 
with 17.57 volumes. It appears that a repetition of the 
experiment causes a decrease in the occlusive power of 
some of the metals, 


The New South Wales Railway Commissioners have 
achieved the feat of making an increased profit in the 
face of a falling revenue, and by the simplest means, 
The railway earnings for the quarter ending March 31, 
1893, showed a decrease as compared with the corre- 
sponding quarter in 1892, of about 32,000/., occasioned 
partly by the interruption of traffic caused by floods in 
the northern districts of the colony, and the necessary 
repairs of the damages effected. But against this decrease 
of revenue there has been a decrease of expenditure of 
from 55,0002. to 60,000/., thus giving a net result of from 
23,0002. to 28,0002. better than during the corresponding 
quarter of last year. This result has been achieved not 
by reductions of salaries or wages, but by rigid economy 
in working details, there being a saving of about 4C00/. 
per annum in paper and stationery alone. The work of 
retrenchment thus unostentatiously effected represents a 
saving of nearly 250,0007. per annum, and shows the 
businesslike system on which the railways of New South 
Wales are being managed, thereby increasing their value 
as sources of revenue. 


In a report on the sizes of water mains adopted in large 
American cities, with a view to their efticiency for fire 
protection, Mr. Dexter Brackett, M. Am. Soc, C E., 
states that this efficiency depends not only upon the sizes 
of the mains, but also on the number and capacity of the 
fire-hydrants connected with the mains. If, as in some 
cities, the hydrants used are of small capacity, with a 
single outlet allowing of but one steamer connection, and 
spaced 300 ft. to 500 ft. apart, the efficiency of the system 
is much diminished by inability to concentrate a large 
number of steamers near a given point. To perform 
effective service a steamer should not be obliged to use 
more than 500 ft. of 24-in. hose to reach a fire. With a 
line of hose 600 ft. long, a water pressure of 120 lb, at the 
steamer will give an effective fire stream about 60 ft. 
above ground, and will discharge 240 gallons per minute ; 
whilst with 100 ft. of hose the same pressure would give 
an effective stream 94 ft. in height, and discharge 340 
gallons per minute. It is, therefore, a great advantage 
to have hydrants of large capacity so located that a large 
number of steamers may be placed within a short distance 
of the fire. 


In the last report from the British Legation at Bogota 
on the trade of Colombia, it is stated that amongst the 
great necessities of the Republic are good travelling roads 
from the coast, where there are no navigable rivers, to 
the interior. Asarule, the roads are in a most deplorable 
state at all times, and during the rainy season (about 
eight months in the year) nearly utterly impassable. The 
road from Honda, the disembarkation place on the 
Magdalena River, to Bogota, the capital, the only means 
of communication with the outer world, is a striking 
instance of the sad want of foresight and enterprise. 
The distance from Honda to the plain of Bogota is about 
42 miles, and yet it takes the mail three days on mule- 
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back to make this short journey. Thus it is easy to pre- 
ceive what annoyance and loss are caused to local mer- 
chants by the delay of goods on the road to the capital, 
combined with the wear and tear caused by bad weather 
and rough usage. Goods may sometimes take three weeks 
travelling from Honda to Bogotd—i.e., 21 days to do 
42 miles of a journey. The country is most amply 
endowed by nature in the character and richness of its 
soil, its mineral wealth, and the vast proportions of its 
territory, and a great many more of its resources could 
be developed by opening up railroads and the construc- 
tion of good travelling highways. 


During the past eight years considerable improvements 
have been effected in the Trent and Mersey navigation. 
eleven miles having been widened and deepened, and the 
canal, when the works are finally completed, will be 
adapted for steam navigation. The principal works now 
in progress are on the section between Anderton and 
Middlewich, where there are now at work a steam 
dredger of the Priestman type, capable of raising about 
800 tons per week, and twelve spoon boats, worked by 
manual labour, and capable of getting 80 tons per week 
each. Up to the present time—for the work 1s not yet 
actually completed—from 80,000 to 100,000 tons have 
been excavated. During Waster and Stoke Wakes weeks 
long lengths of canal were run dry, and about 400 men 
were employed in pushing forward the work. To them 
was allotted the work of preparing the sides, whilst 
the dredgers afterwards did the rest. On the length 
near Marbury a light railway was laid on the 
dry bed of the canal, and the refuse was taken 
away by small tip wagons. During these stoppages the 
water abutments of the bridges were underpinned and 
repaired as required. The lock at Middlewich, known 
as the ‘‘ Big Lock,” was reconstructed to a width of 16 ft. 
The extra men working were accommodated in ‘‘gang- 
boats,” specially fitted for their use, this being much better 
than a night under a hedge, which is often the fate of a 
navvy when there are no lodgings to be had inthe neigh- 
bourhood. A great improvement has been effected at the 
Middlewich Pond, which was formerly only 16 ft.. wide, 
and totally inadequately for the barge trade done there. 
A concrete wall was built close up to the stream which is 
dignified by the name of the River Croco, and this enabled 
the canal to be widened to 50ft. Steam cranes and other 
appliances will be erected on the wharves here, to serve the 
wants of the Cheshire Alkali Company, the Salt Union, 
and other works. The old brick canal bridges have been 
replaced by girders affording more space for the passage 
of the barges. The whole of the work has been carried 
out from the designs and under the superintendence of 
Mr. E. B. Smith. 


TrIALs OF Oi, Enotnes.—At the 1894 meeting of the 
Royal Agricultural Society, to be held at Cambridge, 
prizes will be given for fixed oil engines and portable oil 
engines. The former are to be of from 4 to 8 brake 
horse-power, and the latter of from 9 to 16 brake 
horse-power. Two prizes—50l. and 25l/.—are offered in 
each class. Each engine will be run for three days of 
ten hours each, and then will be tried at full load and 
half load for such time as the judges may determine. 
The last day for entering engines will be Saturday, 
March 31, 1894, 

THe TAXation or MacuHinery.-—Some two or three 
years since a considerable agitation arose as to the assess- 
ment of property of various kinds in the Chesterfield 
Union, and much recrimination having been indulged in, 
a firm of valuers well known as supporters of the new 
system of rating machinery, were employed to revalue the 
manufacturing properties in the union. The result of 
the first batch of new valuations, which referred to the 
works in the Dronfield district, was a distinct failure, as 
on appeal to the sessions reductions averaging about 40 
per cent. were made, and heavy costs incurred. The re- 
mainder of the new valuations came before the Assess- 
ment Committee on Thursday last week, when Mr. 
Humphreys-Davies, surveyor to the Machinery Users’ 
Association, represented the appellants, with the follow- 


ing results ; 
New Reduced by 
Valuation. Committee to 
£ 


Sheepbridge Ooal and Iron 


Company... ae .. 8960 2000 
Staveley Coal and Iron Com- 

pany ... we ae ... 4830 3100 
Clay Cross Coal aud Iron Com- 

pany ... me = ... 1928 1255 
Wingerworth IronCompany 1150 633 
S. Manlove and Sons... .. 9840 282 
Markham and Co., Limited... 1415 1000 
Plowright Brothers ... vs. | 200 200 
Robinson and Sons 1050 718 


Some of the appellants still consider themselves exces- 
sively rated, and several cases will be taken to the ses- 
sions. The result, however, of this prolonged contest up 
to the present is that the union valuer’s figures have 
been reduced by nearly one-half; in one case the old 
assessment has been reduced, in three others reinstated, 
and of the remainder a considerable portion of the 
amount represents recent extensions as to which there 
need not have been any question. This result, coupled 
with a prospect of more expensive litigation at sessions, 
can hardly be looked upon as a success. We understand 
also that notice has been given to the Committee that at 
the quarter sessions the firms singled out for attack by 
this valuation will appeal against the assessment of the 
house and shop property and land, on the ground that it 
is much under-assessed, and apply to have it revalued 
throughout the union, 
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NAVAL ENGINE-ROOM EFFICIENCY. 


Ir is a self-evident fact that the engineering 
staff of any vessel, whether warship or otherwise, 
must be acquainted with their duties in order that 
they may be able to fulfil them properly. That is 
a truism, but it would appear to be one that wants 
impressing on those who have the ordering of naval 
matters. It is notorious that the engineering staff 
is appointed to different ships in the Navy, and 
ships are sent to sea, without any consideration as 
to whether the engine-room complement is ac- 
quainted with the mechanism of the ship. In 
designs so various as those of our warships, a man 
must learn where things are before he can handle 
the machinery under his charge. No matter how 
competentas an engineer or artificer he may be, he 
has no natural instinct which tells him where a 
handle, lever, cock, or valve may be placed, when 
the choice of position is entirely arbitrary. We 
well remember, on visiting the fleet gathered 
together at Spithead in 1889, when the Em- 
peror of Germany visited this country, the 
consternation of some of the engineeriny ofticers 
at the prospect of accident, through the unacquaint- 
ance of the men under them with the machinery 
they had to operate. Speaking of that occasion, we 
said: ‘‘ We do not expect from them (naval officers) 
impossibilities, and when first placed on a strange 
ship it is impossible they should know her ways by 
intuition. We all remember the fatal accident 
during the torpedo-boat race last year, when men 
who had but a fortnight’s experience of these most 
ticklish craft, were told off to drive them to the 
utmost. The same thing is still more noticeable in 
the case of vessels now engaged in the manceuvres. 
In one of our most important ships the chief was 
most pathetic in his lamentations. ‘I no longer 
call myself a fleet engineer,’ he said, ‘for I have 
become a schoolmaster, a teacher of engineering. 
My engineers, artificers, and stokers have all to 
be coached in their duties, and I am positively 
the only man who knows his way about the 
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ship. I get young fellows sent to me fresh 
from the schools, or from other ships which are 
as different from this as they well can be. How 
can you expect them to know their duties? God 
knows what will happen when we try to get out of 
here.’” ‘‘ Here” was Spithead, and what did happen 
was sufficiently serious, although nothing compared 
to what might have been expected. Commenting 
on those accidents at the time, we said, ‘‘ If we 
look through the list of casualties, and itis a pretty 
long one, there are few which cannot be attri- 
buted to want of experience on the part of officers 
or men.” (See ENGINEERING, vol. xlviii., page 203.) 
In support of the remarks we then made, a state- 
ment from an Admiralty publication may be 
quoted, in which it was said ‘‘that the engine- 
room staff, in most cases, were absolute strangers 
to the vessels into which they were drafted for the 
purpose of the manceuyres.” Naval engineers, if 
one can get their opinion—not an easy thing to do, 
as the authorities do not countenance engineers 
having opinions of their own—are constant in their 
complaints of this matter. In a letter written by 
the chief engineer of one of our most important 
battleships, the writer says, after narrating the many 
troubles he had gone through: ‘‘I cannot settle 
down to think of anything other than this forth- 
coming trial. It has been hanging over us long, 
and we have to do it under such adverse condi- 
tions. All my staff are new and strange to the 
ship ; hardly one of them knows his way down 
into the engine-room. It will be a very trying 
time, both for me and the machinery. I wonder 
what a mercantile chief would say, or, in fact, any 
man with an ounce of common sense, having to 
work everything up to its very maximum power 
under such conditions.” 

It is easy enough to point out an existing evil ; 
the difficulty, of course, is to suggest a remedy ; 
and this task Mr. Harry Williams, Chief Inspector 
of Machinery, R.N., has undertaken, ina lecture 
recently delivered at a meeting of the Royal United 
Service Institution. As a naval engineer of long 
experience, Mr. Williams cannot, of course, fail to 
be acquainted with the great danger existing in the 
present arrangement of affairs. According to 
present practice in the Navy, at the end of 
a commission every ship is paid off, and there 
is a more or less complete dispersal of the 
mechanical staff. On ships paying off on re- 
commission on foreign stations, there may be some 
attempt to retain a few men who have previously 
served in the ship, but, if so, we are told it is on 
a very small scale. On ships paying off on home 
stations, there appears to be an entire dispersal of 
the mechanical staff, except in the case of engineer 
officers in charge, who, however, are frequently 
transferred to other ships. The result of this 
system, as Mr. Williams points out, is that in 
every ship commissioning on a home station, there 
is probably not a single member of the mecha- 
nical staff who has served in the vessel during 
any previous commission. Under these circum- 
stances the anxiety of the chief engineer from whose 
letter to a friend we have ventured to quote, will 
not be considered exaggerated. But although the 
difficulty is patent, the way out of it is by no 
means clear. The regimental system to which Mr. 
Williams makes reference, has been proposed by 
a distinguished naval officer, and it would get 
over the difticulty alluded to, if it could be made 


to work. Mr. Williams, however, points out 
the fatal objections to this proposal. In 
the case of a ship paying off and recom- 
missioning three times on a foreign station, 


this vessel would serve continuously for twelve 
years, and in that case, as the author perti- 
nently asks, ‘‘ How are the spells of home service 
—so necessary to the health and recreation of 
officers and men—to be provided for?” There are 
also the difficulties connected with promotion, 
which necessitates transference to other ships ; but 
even if the regimental system could be made to 
work, it would not be a good thing for the service, 
especially in war time. ach ship being different 
in its arrangement of machinery, men who had been 
trained only in one ship would be useless in other 
vessels ; as Mr. Williams puts it, they would be- 
come specialists. The undesirability of such a 
state of affairs is too plain to require insistance. 
Mr. Williams sets forth his new remedies for the 
present evil state of affairs at some length. The 
matter is well worth pursuing in the original 
memoir by those interested in these matters. 
Generally speaking, he would make certain changes 


744 


ENGINEERING, 


[Mav 26, 1893. 


in the mechanical staff of a ship at the end of every 
year of the commission ; for instance, in the case of 
a first-class battleship, the mechanical staff would 
consist of three junior engineers, six chief engine- 
room artificers, twelve engine-room artificers, and 
six leading and stoker mechanics—in all, twenty- 
seven. Besides these, there would be a fleet engi- 
neer and a senior engineer, but these officers Mr. 
Williams deals with separately. In order never to 
leave the ship without a fair proportion of the 
mechanical staff who are acquainted with the 
arrangements of the machinery, and yet at the 
same time to overcome the other difficulties alluded 
to, certain changes would be made every year, so 
that at the end of every successive commission of 
the ship, all the members of the mechanical staff, 
who were in her at the beginning of the commis- 
sion, would have been removed into other ships; 
but at the commencement of every successive com- 
mission of the ship there would be available for 
service two-thirds of the full mechanical comple- 
ment who would have had from one to two years’ 
service in the ship. ‘The arrangement also provides 
that after the second year of the first commission 
every one of the mechanical staff would serve three 
complete years in a ship before removal into other 
ships. Except in the first year of the commission, 
therewould at no time during the twelve years during 
which the ship would remain on the station, be 
fewer than two-thirds of the mechanical staff with 
less than from one to two years’ service in the vessel. 

The proposed plan is so simple, and appears to 
meet the wants so effectually, that it is difficult to 
see what serious objection can be brought against 
its introduction. No doubt naval officers will find 
difficulties in the way of adopting such a reform ; 
indeed, there are few changes which are not likely 
to be resisted by this most conservative of all 
classes ; but it is difficult to imagine what defects 
can be introduced by the plan, anything approach- 
ing those which it would overcome. So far we 
have noted the case of ships paying off on a foreign 
station, but Mr. Williams proposes to make the 
plan applicable in the case of a ship paying 
off, and, after an interval for refitment, com- 
missioning again on a home station. Here 
the difficulties are greater, for the ship will possibly 
remain out of commission while refitting, or in the 
Reserve, for weeks, months, or even years. In 
order to overcome the difficulty, Mr. Williams has 
the audacity to propose that some alterations shall 
be made in the composition of the Steam Reserve, 
and he has the further boldness to suggest an addi- 
tion to naval expenditure for which, from the 
Parliamentarian point of view, no adequate return 
willbe made. The three home Steam Reserves, he 
says, should be utilised more than at present in 
the construction and improvement of all the 
mechanic ratings of the Navy ; he would have them 
take a greater part in the repair and refitment of 
the machinery of all ships brought forward for 
commission. This work would be very improving, 
and the result would be that in the course of time 
the mechanic ratings of the fleet would be more 
competent than at present to carry out the work 
of keeping in the highest state of efficiency the 
machinery of ships while in commission. According 
to this plan, there would be entered annually a num- 
ber of engine-room artificers such as would enable 
each of the three home Steam Reserves to have sixty 
of this rating assigned to it. Thus men would be 
employed exclusively in making good machinery 
defects of vessels being refitted and brought for- 
ward for commission, and they would be exempt 
from the performance of ordinary Steam Reserve 
duties. Taking a first-class battleship again, and, 
as an example, one rating only, namely, the engine- 
room artificers, the full complement while in com- 
mission is eighteen. Of these half may be detailed 
for assisting with the machinery repairs while re- 
fitting. Thus there would be nine engine-room 
artificers on board this battleship from the day 
she was paid off, these men having had previous 
service in the vessel. Of the nine, one-third might 
be changed every year, and the result would be 
that at all times, and more especially when the 
ship was in commission, there would be from 
one-half to two-thirds of the complement who 
would have had from one to two years’ service 
in the ship. Mr. Williams claims that if the 
plan were adopted and found to succeed, such an 
extension of it could be made as to include the 
full complement; and, in support of this, it 
may be stated that the eighteen artificers would be 
always doing useful and, indeed, valuable work ; 


and, secondly, they would have a great personal 
interest in the work being well done, for many of 
them, after repairing the machinery, would serve 
in the ship on future commissions. In dealing 
with the chief and senior engineers, Mr. Williams 
says it is essential that these two officers should not 
be appointed to a ship at the same time, as neither 
would have the knowledge gained by previous ser- 
vice with her. He would not, in the case of these 
officers, propose that the changes should be made 
annually ; all that he would provide against is that 
both should not be appointed at the same time, so 
that either one might have previous knowledge 
of the ship when the other was appointed. 
Objection to this plan may be brought forward 
that on foreign stations it would be difficult to 
effect the necessary and continuous changes in- 
volved in the scheme, but this, as Mr. Williams 
points out, isa difficulty which disappears to a great 
extent on closer examination. Inthe Channel and 
Mediterranean Squadrons—our principal fleets— 
the vessels are either home once a year or there are 
troopships continually going to and fro, and much 
the same remark applies to the China station. 
The objection of captains to losing men acquainted 
with the ship need not be considered, in the face of 
the advantages that they, in common with the rest 
of the Navy, would gain by the change. Such 
appears to be Mr. Williams’ contention, which to 
us seems perfectly sound. Engineer officers might 
object on the same grounds to losing their staff, 
after, perhaps, having carefully trained them to 
the work ; but here, again, the same answer may 
be made, and, indeed, engineer officers would 
benefit chiefly ; for what could be more deplorable 
than the position of a chief engineer under the 
circumstances set forth in the two cases we have 
mentioned in the earlier part of this article? Were 
Mr. Williams’ plan carried out, as he states, the 
engineer in charge, whenever he might be ap- 
pointed to a ship, would always find on board a 
senior engineer, and 66 per cent. of the mechanic 
rating with actual knowledge of the hull and 
machinery fittings and connections. ‘‘ Contrast 
this,” Mr. Williams says, ‘‘ with the present sys- 
tem, whereby in most cases, on commission, not 
one member of the mechanical staff has that know- 
ledge of the ship and machinery which can be 
obtained by services under a former commission.” 


TECHNICAL EDUCATION 
DISCUSSION. 

Ir anything is more distinctive of this our gene- 
ration—from the engineer’s point of view—than 
the manner in which labour is having everything 
its own way, perhaps that thing is the manner in 
which every budding technician is striving to 
acquire such ‘‘technical education” as will help 
him in his coming struggle for the front. As it is 
a clear feature of an educated man to have a very 
distinct meaning of every word or expression he 
uses, it may not be inappropriate here to define 
our use of the above phrase. 

The meaning of a word is not necessarily either 
that its derivation points to or that to be found in 
a dictionary, but is simply the idea conveyed to 
the average mind when that word is used. ‘hus it 
is that in succeeding generations a word or phrase 
often has a succession of very much modified, if 
not distinct meanings, though its derivation of 
course remains the same. From our experience 
of the use of the expression ‘‘technical education,” 
we assume it to mean education in such sciences 
and arts as directly or indirectly assist one in the 
actual practice of one’s technical calling. Thus an 
apprentice in an engineering establishment is 
generally found studying some of these sciences: 
mathematics, heat, dynamics, chemistry, and the 
art of freehand drawing. Mechanical drawing—the 
first essential subject of his study—may be con- 
sidered as an application of the mathematical sub- 
ject, geometry. 

Now such sciences and arts can be very well 
learnt, and are learnt, from books, classes, and 
lectures, but from what we saw in our workshop 
and evening class experience, we gather that there 
is very often an inclination to consider each science 
so acquired as a separate and distinct acquisition, 
to be received, put snugly away, and occasionally 
brought forth before admiring friends, like the 
books, medals, and certificates which Her Majesty’s 
Government award to those who can satisfy their 
examiners, The satisfaction thus derived may be 
worth, but is certainly not all we should expect as 
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a good bargain for, the labour expended in the 
acquisition. 

Of all methods of learning to apply one’s know- 
ledge to a subject, promptly and pertinently, the — 
most agreeable and best is discussion. From the — 
discussions on papers read before learned societies 
we get a mine of useful knowledge from a classy 
of practical men who in no other way are to be got 
to disgorge their information. 

In reading a paper on an engineering subject it 
is impossible to avoid saying things with which 
someone’s experience is, or is considered to be, at 
variance, and such person then naturally gives his 
experience or his explanation. Moreover, each 
speaker, being separated from his books, notes, or 
instructor, must from his own mind then and there 
summon all he knows bearing on the subject. In 
this way he finds clearly what he knows, or does 
not know, and, more important still, learns to apply 
all the knowledge he has to the elucidation of the 
subject in hand. 

Such practice is afforded to engineers of maturity 
and experience by numerous societies and institu- 
tions, but for the rising members of the profession 
there is a comparative dearth of such. The present 
writer had the privilege, when still in the shops, of 
being one of the original members of the Newcastle- 
on-Tyne Engineering Students’ Club, and cannot 
speak too highly of the advantage of that little — 
nucleus of enthusiasm to its members. Papers 
were there read by students to students, and were 
thoroughly discussed. There are also in the pro- 
vinces at least four branches of the Students of the 
Institution of Civil Engineers, besides the Gra- 
duates’ Section of the Institution of Engineers and 
Shipbuilders in Scotland, the Sheflield Junior 
Engineering Society, the Owens College Engineer- 
ing Society, and others. In London there is the 
Junior Engineering Society, in addition to the 
Students of the Institution of Civil Engineers, — 
and the societies attached to the various tech- 
nical schools. Such clubs should, however, be much 
more common—in fact, should be universal wherever 
an engineering works exists, as well as wherever 
there is a school or college of engineering, or a 
series of classes on technical subjects. Nothing is 
easier to get up. Aroom anda lamp for two hours 
or so one day a week, and half-a-dozen members, 
are all the properties required. Students’ clubs, 
however, founded as such, should so remain, and 
should not be merged into older clubs of older 
members. Let those who are no longer students join 
a representative society if need be, and remain “old 
boys” of their original club. The Newcastle Engi- 
neering Students’ Club is to be congratulated on its 
late refusal to merge itself in a greater institution. 


WATER SUPPLY FROM DEEP WELLS. 

On the occasion of the visit on Saturday last of 
the Incorporated Association of Municipal and 
County Engineers to the Long Eaton Water Works, 
recently completed, Mr. George Hodson, the engi- 
neer of the works, directed the attention of the 
members to a consideration of some of the condi- 
tions requisite for obtaining underground water 
supplies. The advantages of deep wells for 
supply, which are regarded as second only to 
spring wells, he had little difficulty in estab- 
lishing, since they obviate the necessity for 
impounding reservoirs and the lands therefor, 
compensation reservoirs, or filter beds; while 
pumping isa cheap process. Again, the area for 
supply is wide, for in nine cases out of ten the addi- 
tional cost of conveying the supply is confined to 
the additional length of main pipe, and the cost of 
overcoming the friction of the water through ib. 
Although impossible to lay down empirical rules in 
the choice of areas, Mr. Hodson, from his great 
experience, was able to offer some general sug- 
gestions of value. He does not pin his faith 
to the Ordnance or Geological Survey maps, 
but adopts a system of close observation, accom- 
panied by borings at suitable points. The engl- 
neer, he said, must satisfy himself as to the 
quality and extent of absorbing area and the per- 
centage of percolation, in which latter investigation 
there must be considered the characteristics of the 
different geological formations, nature of soil, sur- 
face slopes, and the facilities for carrying the rain- 
fall back again to the sea. The levels of the springs 
suggest whether the underground sheet of water 18 
continuous, and the direction in which the waters 
travel. The annual available percolation must be 
ascertained, to insure a sufficient perennial yield of 


May 26, 1893.] 


the quantity required, while the banks of streams 
will givean indication as to whether the rainfall passes 
off rapidly. When the area of underground water has 
been satisfactorily determined, Mr. Hodson urges 
the necessity of securing the lowest position in refer- 
ence to the gravitation, since there is no law con- 
ferring a right of property. His remarks were 
exemplified by his search for water to suit the 
population in Long Eaton and Melbourne, in Derby- 
shire, and Castle Donington, in Leicestershire. 

Mixed up intimately with the matter is the 
question of main barriers and minor faults, anti- 
clinal and synclinal folds, and other irregularities 
of the strata which break up the underground 
water planes, and bring disaster if their effect is 
not duly appreciated. Indeed, it was geological 
considerations which finally determined the Long 
Eaton area of supply. Anacre of ground having 
beenacquired from Earl Cowper for 2501., with per- 
mission to drive headings at 10s. per lineal yard, 
contracts were let for works to supply a possible 
population thirty years hence. The well is 11 ft. in 
diameter, and was sunk 70 ft., being carried through 
the upper rock with a sump 9 ft. in shale beneath, 
which latter was lined with 18 in. blue brick, with 
side walls underpinned to the rock. Headings ona 
1 in 500 gradient were driven from the level of the 
base of the rock in several directions, the charge 
varying from 70s. to 109s. per yard. The pumps 
used temporarily were slung froma squarepit frame, 
so as to be moved easily. Root’s blowers were used, 
and worked effectively until about 100 yards were 
driven in each direction, when it was found advis- 
able to put down 6-in. boreholes from the surface to 
assist in clearing off the fumes. The original borehole 
was widened out to 10in., and lined with steel tubes, 

erforated where they passed through water-bearing 
Baas. This was subsequently connected with the 
headings to the main well, and evidence was afforded 
of the abundance of the supply. A reservoir was 
constructed on the highest ground available. It is 
circular, 75 ft. in diameter, the depth of water 
being 15 ft.6in. The walls are 22 in. thick, and 
rest upon concrete foundations laid upon 12 in. of 
clay-puddle which covers the whole area, and is 
carried 18 in. around the walls. It is covered over 
with parallel arches, and flying buttresses are 
carried down to the solid ground to receive the 
thrust of the covering arches, the haunches being 
filled in with concrete and the surface levelled up. 
The pumping-main to the reservoir is 12 in. in dia- 
meter, and about54 miles long; while the gravitation 
main from the reservoir is 10 in. indiameter, with 
the exception of a short length where two pipes 
are fitted across a river for alternative bye-passes. 
This main is 5? miles. The total lift from well 
to reservoir is 228 ft., and the height of the reser- 
voir water level is 212 ft. above Long Baton. 
There are four deep-well pumps and four surface 
pumps, driven by spur gearing from two compound 
Tangye engines. The machinery is in duplicate, 
and can be worked independently. Its contract 
duty is 56,000 gals. per hour, but it easily pumps 
60,000 gals. 

These particulars may assist the reader to 
appreciate the economy of this means of water 
supply, when taken in conjunction with the costs 
as given by Mr. Hodson. The total is 44,7681. 
for a supply sufficient for a population of 25,000. 
The preliminary borings involved an outlay of close 
upon 3001. ; the sinking of wells and driving of 
heads, with the necessary valves, &c., 52611. ; while 
the mains from the well to the reservoir and thence 
to the districts of supply, with the town mains, cost 
20,0001. ; the reservoir cost 2629/., Tangye’s pump- 
ing plant 46682 , and the remainder is made up of 
ands, and easement, and legal charges and fees, 
while 50001. goes for mains and hydrants for the 
supply of Melbourne and Castle Donington. 


EXPLOSIVES. 

Ir is always difficult to measure accurately the 
progress made within a short period in chemistry, 
for effective compounds are often reached acci- 
dentally, and this is pronouncedly the case with 
explosives. We repeatedly hear of new explosives 
Invented, about which much is promised, but the 
annual report of Her Majesty’s Inspector of Explo- 
sives, Colonel Majendie, indicates that none of 
these exhibit any strikingly new departure, being 
mostly modifications or slight variations of pre- 
viously existing compounds. There is a vast 
variety of smokeless or quasi-smokeless powders on 
the market, but these consist essentially of nitro- 
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cellulose, or of the same material in conjunction 
with nitro-glycerine. There is the possibility of 
endless variety in the treatment of these, or in the 
ingredient usually added, and it would be a mistake 
to assume that these compounds may not lead, acci- 
dentally or otherwise, to further important dis- 
coveries. Thus it is that the measure of the year’s 
progress is difficult. 

An analysis of explosives chiefly employed con- 
tinues to show a growing preference for the newer 
and more powerful compounds, Dynamite, which 
a few years ago held first place, has gradually re- 
ceded, and only formed one-ninth of the num- 
ber of explosives examined by Dr. Dupré, the 
chemical adviser of the Home Office. But more 
striking is the preference of the gelatine dynamite, 
formerly known as gelignite, and the decline of 
blasting gelatine, of which only five samples were 
submitted, While in 1891 out of 104 gelatinised 
explosives examined, 25 were gelatine dynamite, 
formerly known as gelignite, 63 out of 107 samples 
submitted in 1892 were of this compound. This 
is regarded as due to the fact that the gelatine 
dynamite is more easily manufactured, so as to be 
free from the dangers of liquefaction and exudation, 
than blasting gelatine. A large proportion of the 
samples submitted were rejected owing to the pre- 
sence of carbonate of sodium, which, although 
admissible in dynamite, is prohibited in all cases 
of gelatinised preparations. The carbonate of 
ammonium always raises the heat tests, and it 
follows that unless the alkali can be got rid of before 
the test is applied, the test itself is of no value. 
With dynamite the nitro-glycerine can be separated 
and tested by itself; not so with gelatinised pre- 
parations, hence the difference, which is not always 
remembered by importers. The fact, however, 
that only 18 out of the 320 samples of all explo- 
sives submitted failed to meet the tests, indicates 
the care with which the compounds are made. 

It is gratifying also to note a desire on all sides 
to meet the views of the Home Department for 
safety in manufacture, the number of accidents 
being at a low ratio. The high standard of excel- 
lence which has been gradually reached since the 
passing of the Explosives Act, has been fully main- 
tained, and Colonel Majendie thinks that the 
factories in the United Kingdom will compare very 
favourably with any other factories at home or 
abroad. There are now 129 factories, four more 
than in the previous year, while since the Act was 
passed, in 1875, the number licensed has been 101, 
an average of about six per annum. Eight new 
factories were licensed during the year, and four 
discontinued. Hitherto there has been difficulty 
on the part of home manufacturers exporting their 
explosives, but there seems a disposition to give 
the makers greater latitude, provided they observe 
very necessary conditions for the safety of the 
public. Quick-firing ammunition, which was pre- 
viously licensed for manufacture only for direct 
issue to Her Majesty’s forces, was allowed, in 1891, 
to be made for export by water transport only in 
the case of one factory situated on the banks of 
the Thames, as such direct water transmission ob- 
viated the possible dangers of the conveyance of 
this ammunition under ordinary conditions of 
transport by land which had hitherto barred its 
general manufacture. The manufacture of this 
ammunition has been further extended during the 
past year, permission having been granted to one 
factory to make it for private sale, subject to 
the condition that it is packed in an approved 


manner. It is to be hoped that this encourage- 
ment may result in a development of the 
industry. That there are opportunities for such 


development will be appreciated when we state 
that 856,668 lb. of explosives were imported last 
year, as compared with rather less than 700,000 1b. 
in 1891. The total last year is a falling off from 
some previous years, due to increased production 
at home; but also to the fact that foreign makers 
fail to produce the gelatinous preparations, now 
favoured, to meet the high standard of quality 
insisted on. in this country. There is, indeed, a 
falling off in the quantity of gelatinous forms of 
nitro compounds imported, dynamite and gelatine 
dynamite forming three-fourths of the total im- 
ports. Of course a large quantity of the explosives 
imported are for re-shipment, but are treated by 
the Department as imports, A point worth noting 
incidentally is the great increase in imported toy 
fireworks, and the tendency to discontinue fac- 
tories for making these separately. Many of the 
toy fireworks are made in general factories, 
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THE annual meeting of the Iron and Steel Insti- 
tute was held on Wednesday and Thursday of this 
week, the 24th and 25th inst., at the Institution of 
Civil Engineers. On the proceedings opening on 
Wednesday morning, there was a rather large 
number of members present. The programme 
of papers to be read was somewhat shorter 
than usual ; there being only five contributions on 
the list. The first business, after the ordinary 
formal proceedings, was the reading of the 


Report OF THE COUNCIL. 

The report commenced by stating that the Insti- 
tute had made, on the whole, satisfactory progress 
during 1892, but the advance in respect to member- 
ship had been less prominent than in some previous 
years, a fact attributed to the depression of trade. 
Reference was made to the salutary new departure, 
at the last meeting, in regard to the abolition 
of what may be described as the ‘‘ standing treat ” 
system. Hitherto it has been customary for the 
members of the Institute to be ‘‘ entertained ” by 
residents in the districts visited, who provide funds 
for the purpose. This is a custom against which 
we have protested in ENGINEERING on more occa- 
sions than one, both in connection with this and 
other societies. It is satisfactory to find that the 
more wholesome plan of letting each man pay for 
his own ‘‘ entertainment” has been found to work 
so well as it did at Liverpool. It may be remem- 
bered that the Institution of Mechanical Engi- 
neers successfully inaugurated the same system 
at Portsmouth last year. Reference was next 
made to the Chicago Exhibition. The Institute had 
been invited to take part in the various engineer- 
ing and allied congresses proposed to be held. 
The American meeting being so recently past, it was 
not deemed advisable to make any effort to organise 
another special visit of members ; and, indeed, so 
few had, in response to an invitation, expressed an 
intention of visiting Chicago, that it would seem 
that no other course was open. The resignation 
of the secretary, Mr. J. S. Jeans, was next 
announced. The new secretary is to be Mr. 
Bennett H. Brough, who is an Associate of the 
Royal School of Mines, and who has for some time 
past been an assistant professor at the Royal 
College of Science. All the retiring members of 
Council were re-elected, there being no other candi- 
date. 

The report haying been read and duly adopted, 
the honorary treasurer, Mr. David Dale, next read 
a statement of the accounts for the past year ; and 
this business also having been disposed of, and a 
vote of thanks to the Council having been proposed 
and carried, the President, Sir Frederick Abel, 
who occupied the chair, then introduced to the 
meeting the new President, Mr. E. Windsor 
Richards, who at once proceeded to read his 
inaugural address. 


PRESIDENTIAL ADDRESS. 

The present meeting, Mr. Richards stated, was 
held under circumstances of great depression for 
the iron and steel trades. The year 1892 was in 
many respects one of the very worst those indus- 
tries had ever known ; the production of pig iron 
fell off to the extent of over 600,000 tons. The 
production of wrought iron and steel was also 
much under that of some previous years; the 
export of rails in 1892 was not much more 
than one-half that of 1890, while the exports 
of 1890 were much under those of some pre- 
vious years. The total diminution in our 
exports of metals and machinery in 1892, as 
compared with 1891, amounted to over? millions 
sterling, One great characteristic, the President 
stated, of the iron industry of the past year, had 
been the great falling off in the quantity of pig 
iron made from English ores. The imports from 
Spain during 1892 amounted to 3? millions of tons: 
equal to a production of 1,800,000 tons of pig iron. 
The total quantity of pig iron made in this country 
in that year was 6,616,890 tons, so that 26 per 
cent. of the whole production was made from 
imported ores. 

The address next went on to point out how the 
make of well-known brands of Scotch foundry iron 
had largely been reduced from year to year, until 
now more than 24 percent. of the production is 
obtained from foreign ores. South Wales has prac- 
tically ceased raising ironstone, and depends almost 
entirely on foreign supplies. Cleveland has immense 
quantities of phosphoric ironstone at its door, 
cheaply won, but 20 per cent. of its total make of 
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pig iron comes from ores carried more than 1000 
miles, The question arose whether it was possible 
for the north of Spain, which in 1892 supplied us 
with 3} millions of tons of ore, to maintain that 
output for a much further length of time, and on 
this important and interesting subject the Presi- 
dent gave some very suggestive information. He 
had just visited Bilbao, and had made careful in- 
quiries from competent authorities on the spot, and 
learned that, with the exception of the large mines 
owned by the Orconera and Franco-Belge Com- 
panies, there are no very extensive mines left to be 
worked. Indeed, were it not for the recent success- 
ful calcination of the spathic ore which underlies the 
rubio ore, the duration of the district, at the present 
rate of output of 4,000,000 tons per annum, would 
have been within measurable distance, but there 
are very large deposits of spathic ore, the depth and 
extent being as yet unproved. Calcining operations 
in the near future will be largely carried on, making 
this spathic ore, which in the raw state contains 43 
per cent. of iron and 25 per cent. of carbonic acid, 
give in the calcined condition 58 per cent. of iron, 
thus making a very valuable mineral, having only 
2 per cent. of moisture as received. Calcining 
kilns, the President stated, are already erected ; one 
large kiln economically and effectively calcining 
150,000 tons of raw ore weekly. It is generally 
thought that the most valuable and extensive de- 
posits in North Spain are being rapidly exhausted, 
and that some of the most productive mines are not 
likely to last more than a few years longer, but it 
is probable that the successful dealing with the 
spathic deposit will extend the life of the district 
fully ten years. It was to be understood, however, 
the President added, that this length of life did 
not apply to the Orconera and Franco-Belge pro- 
perties. There are also large deposits of ores free 
from phosphorus in the neighbourhood of Seville 
and in the south of Spain; these might be made 
available, but considerable sums of English money 
would have to be expended in opening out the 
mines and conveying the mineral to the ship. Mr. 
Guill, of the Orconera Company, has examined all 
the recently discovered large deposits, and his ver- 
dict is, ‘‘ There is yet only one Bilbao.” 

he consideration of these circumstances natu- 
rally leads up to the question of what will happen 
it the Spanish supplies are suddenly cut off. 
Could we depend wholly on our own mines? The 
west coast, the President tells us, has raised 2? mil- 
lioms of tons a year of ore free from phosphorus, and 
cuuld most probably increase that quantity to pro- 
duce 14 millions of tons of pig iron, should the de- 
mand arise. During 1892 the quantity of basic 
steel made in England was 406,839 tons, of which 
108,056 tons were open-hearth steel. In Germany 
and Luxembourg no less than 2,013,484 tons were 
made from phosphoric ores, of which quantity 
186,252 tons were open-hearth, the remainder 
being basic Bessemer steel. There need be, the 
President argued from these facts, no apprehension 
of our being able to supply all the iron and steel we 
may be called upon to produce ; indeed, the great 
trouble seems to be that of not being able to procure 
sufficient work to keep our large establishments 
employed. We could quickly make ourselves inde- 
pendent of foreign supplies of ores, except in the 
manufacture of high percentages of manganese in 
spiegeleisen and ferro-manganese. 

The President next proceeded to speak upon 
questions of blast furnace practice, referring to the 
large output obtained in the United States, of 
which members had seen practical examples during 
the recent American meeting. In England we have 
been obliged to be content with such outputs per 
furnace as the usual complement of men can fairly 
deal with, the blast furnace power of the country 
being far in advance of the demand for pig 
iron, so that our attention has been more 
directed to economical working than to large 
yields, At Eston in 1877, in a furnace making 
1000 tons of hot-blast pig per week, the total 
cost of labour per ton of pig iron was below 2s. 6d., 
including everything connected with the handling 
of all materials for the making and removal of the 
pig iron. The whole of the ore, coke, and lime- 
stone, amounting to about 3500 tons per week, is 
handled by two men charging the blast furnace. 
At the Dowlais:‘Company’s new works at Cardiff, 
Mr. Martin had attained a production of upwards 
of 1400 tons per week. There had been no attempt 
made to drive the furnace up to a production re- 
quiring any increase in the number of men usually 
employed, so that the results were very satisfactory, 


and the labour costs as low as that before men- 
tioned. A difficulty was the clearing away of the 
metal from the pig bed, and the President de- 
scribed an apparatus which had been devised for 
doing this in a very expeditious manner. It con- 
sisted of a quick-running, overhead steam travelling 
crane, made to sweep the whole surface of the pig 
beds, and the breaker is fixed at the end of the 
line of furnaces ; a second breaker is to be erected. 
The overhead crane picks up a group of 30 pigs, 
and carries it to the breaker, which consists of two 
hydraulic rams. The broken pig slides down a 
shoot into a railway wagon. One machine can 
readily deal with 4000 tons of pig iron weekly, 
working eight to ten hours daily, and the opera- 
tions are conducted by ordinary men. The whole 
cost of carrying away the iron, breaking the pigs, 
&c., is covered by a charge of 14d. per ton. 

The President next proceeded to give some par- 
ticulars of cold-blast furnace practice. No. 1 blast 
furnace at Lowmoor was constructed and put into 
operation over a century ago, the first cast of iron 
being made in August, 1791; this furnace will 
remain in operation only a short time longer. 
It has a height of 42 ft.; bosh, 12 ft.; hearth, 
3 ft. 6 in. ; throat, 8 ft.; and an open top. The 
capacity of the furnace is 2600 cubic feet, and 
the weekly production 75 to 80 tons. Old age 
and infirmity having crept over this furnace, and 
the minerals in its vicinity being worked out, it 
has become necessary to erect a new furnace in a 
more convenient situation. Last year one was put 
into operation, and it is probably the largest cold- 
blast furnace yet constructed. It is 70 ft. high, bosh 
18 ft. in diameter, the hearth is 9 ft., the throat 
15 ft., the bell 11 ft., and the capacity 10,700 cubic 
feet. With 4lb. pressure of blast, 350 tons per 
week of iron was turned out, the coke, per ton 
of pig, being 38 cwt. There is no doubt, the Pre- 
sident said, that a blast furnace, to work well and 
give a regular quantity of pig iron, should be 
worked at a fairly fast rate of driving, and it is also 
very certain that the amount of iron produced 
depends on the quantity and pressure of the blast. 
The speed of working can only be determined by 
experiment. The furnace just described worked 
far better when making 350 tons per week than it 
did when making 200 tons. A second blast engine 
has been erected in case of accident, and this 
will afford an excellent opportunity of ascertain- 
ing the best rate of driving. It is satisfactory to 
know that Mr. Windsor Richards is going to take 
advantage of this opportunity, and, doubtless, he 
will in some way publish the information obtained. 
The President of the Iron and Steel Institute is of 
course now an iron manufacturer, and it is natural 
to find him stating, with apparent satisfaction, that 
‘the puddler is not yet dead.” We find in last 
year’s statistics of the British Iron Trade Associa- 
tion, that in spite of very bad trade, the country 
produced 1,500,000 tons of puddled bars. The 
address gave an interesting description of the pro- 
cess of manufacture of Yorkshire iron at Lowmoor. 
Cold -blast pig iron — ‘‘really cold-blast ” — has 
always exclusively been made at Lowmoor. It 
contains from 1 to 14 per cent. of silicon and 
.3 per cent. phosphorus. The whole of the pig 
iron is passed through the refining process ; there 
is no pig iron puddled. The refinery eliminates the 
whole of the silicon, and reduces the phosphorus to 
.l per cent. By constant practice with materials 
of very slight variation, the refiner knows how to 
leave the carbon untouched; the puddlers, therefore, 
have only to perform the duty of eliminating 
carbon, and the small quantity remaining of phos- 
phorus, in order to obtain a practically pure lump 
ofiron. It is of vital importance that the puddling 
should be as nearly perfect as possible, and that 
the shingling under the steam hammer be equally 
well performed. Rewards and fines are established 
in order to procure even quality of workmanship. 
The method of inspection is as follows: The fore- 
man every day chooses from each man’s work any 
heat he desires to test, and has one or more pieces 
broken through. The fractures of these lumps 
are carefully examined, and numbered according 
to the degree of perfection attained. These num- 
bers are added up at the week-end; the workmen 
having such numbers as represent the worst 
samples in evenness of quality, have to stand 
out, or, in other words, are not allowed to work on 
the following week, whilst the men who have 
numbers which represent the best samples of work 
during the week, are rewarded by money prizes. 
This system necessitates the keeping of surplus 


men, who are waiting to be taken on when others 
are turned out. The decision of the foreman in 
judging the samples is never disputed ; the samples 
are exhibited, therefore the men have every oppor- 
tunity of examining for themselves the work they 
produce. The figures showing each man’s work are 
posted up daily, so that the men are satisfied that 
no partiality is shown, no errors of judgment 
made. This system has been strictly carried out 
day by day, and every day over many years, and 
creates a very desirable competition, keeping the 
men’s attention concentrated on their work, 

The workmen, having inherited their fathers’ 
positions, have done no other werk all their lives, 
but manipulate the same class of materials to pro- 
duce the same results ; only one quality of iron 
being made, the same methods of working have 
been pursued over very many years. Hach work- 
man is especially skilful at his respective task. The 
result of all this care and skill and good materials 
isa soft, ductile, and reliable iron. 

‘‘Best Yorkshire” iron has attained its high repu- 
tation by reason of its power to withstand many 
sudden shocks without fracture, its reliability, and 
its welding qualities. The tensile strain that such 
iron naturally gives should be accepted, when all the 
processes of manufacture are conscientiously per- 
formed by those who value their reputations, and, 
indeed, whose very existence as manufacturers is 
at stake. Some engineers insist on higher tensile 
strainsin iron, when, at the same time, they require 
fibre to give safety, and softness to give weldability. 
To increase the tensile strain the carbon must be 
increased, and the greater the amount of carbon 
the greater the difficulty in welding. Itis easy to 
increase the carbon in a molten metal by increasing 
the quantity of ferro-manganese, but fibre cannot — 
be obtained in this manner, so it follows that by 
increasing the carbon in iron to obtain higher 
tensile strains, its welding properties and the 
fibrous nature of its texture are destroyed, giving — 
a harder and more brittle metal, unsuitable for 
the work that soft iron is called on to fulfil, and 
even dangerous under certain conditions in pro- 
portion as the tensile strains, or, in other words, as 
the carbon is increased. 

The address next gave particulars of Siemens- 
Martin and plate-rolling pruduction. In 1880 there 
were 126 furnaces, producing 250,000 tons of ingots — 
ayear. In 1890 the number had increased to 320 
furnaces, producing 1,564,200 tons. In 1892 the 
number had increased to 359 furnaces, and is still 
increasing, new installations of magnitude being 
rapidly pushed forward, in spite of the fact that 
there is not half enough work for those already 
constructed. The capacities of furnaces have also 
increased, until some have given as much as 40 tons 
of steel at a cast. The construction of the furnace 
itself is generally much as it was left by Sir 
William Siemens. Reference was made to the 
separate regenerators introduced by Messrs. Riley 
and Dick, the facility for cleaning being insisted 
upon, a fact to which the President could bear 
testimony by experience at Eston. The most 
successful improvement in handling and dealing 
with molten metal without re-heating the ingot, was, 
however, devised and carried out by Mr. Riley, and 
was represented by the range of 18-ton open-hearth 
furnaces at Blochairn. This was the arrangement 
whereby the molten metal is received in a travelling 
ladle, and conveyed by a locomotive to a central 
position, so that the operation of teeming is con- 
ducted in comparative comfort. The ladle of 
molten metal is lifted off its trunnions by an 
hydraulic apparatus, and the metal is re-poured 
into a second ladle, mounted on an_ hydraulic 
centre casting crane of 20-ft. radius, the object of 
the re-pouring being to obtain a uniform steel. 
The ingots are placed in the Gjers soaking pit. 
The largest production of ingots in the country 
was obtained in 1889, when it amounted to- 
2,140,000 tons. The largest output of rails was m 
1882, and reached 1,235,785 tons. Although there 
are 108 Bessemer converters in the country, only 
1,510,810 tons of ingot and 535,836 tons of 
rails were made last year. The steel trade being 
even in a more stagnant position this year than it 
was last year, there is no scope for the energy of our 
steelmakers, and they are unable to show any satis- 
factory results of output, or any great improve- 
ment in construction or arrangement of plant. In 
fact, with the exception of greatly increased pro- 
duction by the elimination of causes of delay, by 
improvements in making and rapidly changing the 
converter bottoms, and the adoption of a shallower 
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casting pit, the whole apparatus for ingot-making 
is much as it was left by Sir Henry Bessemer. 

Reference was made to the mixer which has been 
introduced by Captain Jones. Two of these 
vessels, to hold about 150 tons each, have been 
constructed at Eston, and have given greatly 
improved results in the matter of uniformity. The 
value is especially apparent in basic manufacture. 
A short description was given of the steel plant 
erected at the works of Mr. Scranton, at Scranton, 
Pennsylvania, and a fuller description of the 
whole works was promised by the President, in the 
shape of an appendix. The results attained at these 
works were extremely good, and of which any 
engineer might be proud. The American stéel 
works have so largely increased in production 
that even that country is not big enough to supply 
sufficient occupation for existing works. Another 
important point upon which the report touched, 
was the substitution of mechanical devices for 
the so-called cheap labour. One might fail to 
observe, the President said, how few men are 
employed in a mill turning out 5000 tons of 
finished rails weekly; and so successful have 
the efforts been in the direction of economically 
increasing production, that we have inundated 
the markets for the time being. At present 
there is not enough work, as for some time past 
there has not been, for half the steel-producing 
power of the country. ‘‘ Thus we go on,” the 
address continued, ‘‘and we look about in vain 
for new markets. We compare America, with 
60,000,000 of people, having 175,000 miles of 
railway, with India, having 250,000,000 of people 
and only 17,000 miles of railway, and wonder why, 
under our sway, the latter country develops at 
such a wretchedly slow rate. Where is the trade 
to come from to keep our workmen employed and 
our establishments in operation? No one seems 
able to answer this question, but we know that we 
have had many serious depressions before, though 
none so deep, so prolonged as this. The iron and 
steel trades may be likened to Pandora’s box, from 
which, once filled with all good things and all bad, 
everything escaped—the good things back to 
Heaven, and the evils to infest and plague the 
earth ; but there is still left to us that which never 
deserts us, the inestimable blessing—hope.”’ 

The usual vote of thanks for the address was 

proposed by Sir James Kitson and seconded by 
Mr. H. J. Kennard. Tbe proposer referred to the 
special volume of the Transactions which contained 
an account of the American visit, and which, he 
thought, did credit to the Institution. The address 
to which the meeting had been listening spoke some- 
what despairingly of the prospects of the British iron 
and steel industry, but it did leavehope at the bottom 
of the box. The speaker thought that there were still 
good prospects for the manufactured iron trade. At 
Paris in 1878 he had ventured to predict that iron as 
a constructive material was not quite dead, and 
that ironmakers would have still some years’ grace 
during which they might prepare for their extinc- 
tion, as ironmakers. Mr. Edward Williams and 
Mr. Daniel Adamson had both taken opposite views, 
and had given the ironmakers but a year’s further 
existence. It was a double satisfaction to him, 
therefore, to congratulate Mr. Windsor Richards in 
his present position as President of the Institute, 
for he occupied the chair as a representative of the 
manufactured iron industry. Inspeaking of the out- 
look of the iron and steel industry, Sir James said 
there was something more than hope already ; there 
wasimprovement. The only recovery of trade they 
could look to was that based on low prices, and 
with rails at 75s., and ship-plates at 5/., there was 
a basis for hope in this respect ; indeed, the result 
was already apparent. During the last three 
months or so more orders had been booked than 
during the whole of the rest of the year. With the 
low prices of material, builders of cargo steamers 
were, he was informed, now able to construct 
vessels at a cost of 6/1. 10s. per ton measurement, a 
figure which would have been looked upon as impos- 
sible not many years ago. The consequence was that 
more ships were being built, and, as a further con- 
sequence, the trade of the world was increasing. If 
we in Great Britain could keep a low first cost of 
material, we might depend on keeping our share of 
this trade. 

Mr. H. J. Kennard, in seconding the report, 
concurred in trusting that hope might still be left. 
He alluded to the shameful way in which the 
Government had neglected to construct railways in 
India. As one who had large interests in the iron 


and steel industry, he felt it his duty to protest 
against the course pursued by the authorities. The 
present railways paid very well, and therefore more 
ought to be constructed. The country languished 
for want of means of communication. He would 
be glad to see ten times the quantity of railways in 
India ;—a pious wish which would find many an 
echo in Great George-street. In regard to the 
great disparity of figures dealing with population 
and railway mileage in India and the United States, 
we can only suggest one remedy. If ‘‘ the Govern- 
ment”—the Hercules to which Mr. Kennard ap- 
peals—should serve the aboriginal population of 
India in the same manner as the earlier inhabitants 
of North America were served—i.e., kill them off by 
““rum or rifles’—and substitute in their place a 
race Anglo-Saxon in its blood foundation ; then we 
should have railways to the full extent of the 
country’s needs. Unfortunately, however, from 
the point of view of those interested in the British 
iron industry, India might then develop a Great 
George-street, and even a kind of Middlesbrough 
or South Wales of her own. 


Tur BrsseEMER MEDAL, 


The next business was the presentation of the 
Bessemer medal, which this year has been awarded 
to Mr. John Fritz, of the Bethlehem Steel Works, 
Bethlehem, Pa. Unfortunately Mr. Fritz’s pro- 
fessional engagements prevented him coming to 
Hngland to receive the medal in person, a course 
he stated by letter he should otherwise have 
taken, and the presentation was accordingly made 
to Sir Lowthian Bell. The connection of Mr. 
Fritz with the iron and steel industry is one of 
long standing ; he commenced his career in engi- 
neering nearly fifty years ago, and in 1868 his con- 
nection with the Bethlehem Iron Works com- 
menced. The important position this establishment 
has taken in the iron and steel industry of America 
does not require to be commented upon here, as it 
must be well known to nearly all our readers. 

It was stated by the President that this was the 
first occasion upon which Sir Henry Bessemer had 
not been present at the presentation of the medal 
which bears his name. The reason of his absence 
every one will regret, but it is good news to hear 
that he is recovering from the bronchial attack 
which has prevented him for some time past from 
leaving the house, and every one was rejoiced to 
see him in his familiar position on the left of the 
chair on the following day. 

Two papers were read at the Wednesday’s sitting, 
those of Mr. Stead and Mr. Saniter, the discussion 
of them being adjourned until the following day— 
yesterday—when the whole of the business of the 
meeting was concluded by a few minutes past one 
o'clock. We reserve our report of the subsequent 
proceedings until next week. 


CHARGES FOR POWER AT JACKSON 
PARK. 
Cuicaco, May 6, 1893. 

WE have referred elsewhere to the very general 
spirit of discontent, approaching to revolt, among 
those exhibitors in the Machinery Hall of the 
Columbian Exposition who require power through- 
out the day to show their machinery in useful 
operation. The trouble lies largely in a misunder- 
standing of the general regulations, and the ex- 
perience of exhibitors at previous Exhibitions. 
These general regulations stated that: ‘‘A limited 
quantity of steam and water power will be supplied 
gratuitously. The quantity of each will be decided 
definitely at the time of the allotment of space. 
Any power required by the exhibitor in excess of 
that allowed will be furnished by the World’s 
Columbian Exposition at a fixed price. Demands 
for such excess of power must also be settled at the 
time of the allotment of space.” As the allotments 
for space were made many weeks back, and as the 
trouble has only become acute during the last few 
days, it may be fairly assumed that the regulation 
was not fully acted upon. It nowappears that the 
reading of the regulation by the Exposition authori- 
ties limits the amount of power supplied gratui- 
tously to what will be sufficient to turn the various 
machines around empty during a short time each 
day. Between this and the requirements of most 
of the exhibitors, there is a wide difference, be- 
cause, in order to display the exhibits usefully, a 
large proportion of them must be kept in opera- 
tion continuously doing the actual work for which 
they are intended, and it may be remarked in 


passing that the chief interest in the Machinery 
Hall to the public, as well as the chief benefit to 
the exhibitors, depends upon this being done. 
But, as we have mentioned elsewhere, the ex- 
hibitors object to pay 12/. per horse-power for 
doing that which they maintain is the only means 
of attracting a large public into the hall, and 
although this amount is a small one, extended 
over the six months, for the consumers of an in- 
significant amount of power, it becomes a serious 
matter for many exhibitors who make a large 
and varied display. Hence the threats to cover 
up, and even to remove, many of the exhibits. 

Of course, neither of these extreme measures 
will be carried out ; indeed, according to the con- 
tract between the exhibitors and the authorities, 
they would be impossible ; equally, however, as a 
matter of course, the exhibitors cannot be com- 
pelled to show their machinery in useful operation, 
and unless some compromise be arrived at, there is 
a danger that the Machinery Hall will be deprived 
of half its charm. However, as we have already 
said, some solution will be found which will be 
more or less satisfactory for both sides. 

It is not only in the Machinery Hall where power 
is required, and in other departments of the Ex- 
position the regulations are either more precise, or 
the exhibitors are more tractable. Except in the 
Machinery Hall, electricity and compressed air, 
and to a limited extent hydraulic power, are the 
forces employed. It will be interesting at this time 
to place on record asummary of the regulations 
adopted for the supply of these forms of energy, to 
serve as a guide for future Exhibitions in the event 
of the method proving satisfactory, or as a basis of 
criticism hereafter. 

Electricity is required for three purposes : for 
incandescent lighting, for are lighting, and for 
actuating motors. As the greater part of the 
current wiJl be probably required for the last- 
named purpose, we will take that first. The forms 
of contract between the authorities and the ex- 
hibitors have been very carefully prepared, and the 
former body guard themselves carefully against 
the various contingencies which may possibly arise 
during the period of the Exhibition. Here, at least, 
there can be no doubt as to the liability of the 
exhibitor, for it is stated that ‘‘a limited amount 
of power will be supplied gratuitously to turn 
over, periodically, any otherwise inoperative ex- 
hibits; the length of time such exhibits shall 
be operated to be determined by the chief of 
department.” This concession is recognised in 
the case of those exhibitors who require con- 
tinuous current, a reduction being made in the 
amount of their power bills equal to the allowance 
that would have been given them for turning 
their machines round gratuitously. Continuous 
electrical power is supplied subject to the following 
conditions ; it will be noticed that all service con- 
nections are made and maintained by the Exposi- 
tion authorities, who also control the measuring 
instruments : 

1. The generators and main conductors will be 
supplied, operated. and maintained by the World’s 
Columbian Exposition. The service conductors 
will be furnished at the consumer’s expense, and at 
the rates hereinafter mentioned. The motors and 
appurtenances must be supplied, operated, and 
maintained by and at the expense of the consumer. 
The service connections to the motors shall be 
installed, maintained, and owned by the World’s 
Columbian Exposition. 

2. The motor shall be suitable to operate on a 
500-volt constant potential circuit. The rheostat 
shall be constructed wholly of non-combustible 
material. The main line switch shall be of the 
‘‘ knife-blade” type, and suitable for working on a 
500-volt constant potential circuit. 

3. No service will be rendered for less than 
20 dols. Fractions of horse-power will not be 
considered, except for motors of less than one 
horse-power. Charges will be made for service 
connections with the main line at the following 
rates : 


dols, 
For 4 horse-power and less ... 5 a 
,, 1 to 5 horse-power a4 .. 15 per h,-p, 
more than 5 horse-power, not 
exceeding 10 horse-power ... ~ As : 
For more than 10 __,, oO ; 


4. Charges for service will be based on the 
maximum electrical horse-power delivered to the 
motor, irrespective of the class of work to be 
operated by the motor, at the following rates ; 
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dols. 
For } horse-power and less ... Ree PaO) 
,, more than 4 horse-power, no 

exceeding 4 horse-power ... cee. TES 
For more than 4 horse-power, not 

exceeding 1 horse-power ... nao (AS 
For more than 1 horse-power, not 

exceeding 2 horse-power ... ... 70 per h.-p. 
For more than 2 horse-power ate (G0 aes 


5. Special service for motors, not exceeding two 
horse-power, can be furnished from the regular 
alternating incandescent circuit. 

6. The above rates contemplate continuous ser- 
vice, or service on demand, at any time during the 
hours of the Exposition, from May 1 to October 30, 
1893, inclusive. Consumers requiring power ser- 
vice for a specified number of hours only, will be 
charged at the rate of five cents per electrical horse- 
power hour; the specified time of day in which 
this servicecan be rendered to be determined each 
day by the chief of the department. 

The conditions attached to the use of current for 
incandescent lamps are of a very similar character, 
although the clause referring to the idle turning of 
machines for a limited time each day, might with 
advantage have been substituted for one having a 
special reference to the lamp service ; however, as 
will be seen from the subjoined detailed conditions, 
there is no room for dispute between the authorities 
and the consumer who avails himself of the 
facilities offered. Whether they will be made large 
use of remains to be seen; it appears tolerably 
clear that, during the month of May at all events, 
there will not be a sufficiently large attendance to 
justify the Exposition being often kept open late 
at night ; during the months of June and July the 
length of time the lamps will be required cannot 
exceed two or three hours, while in September and 
October it may rise to an average of four hours per 
night; on this assumption the cost per lamp hour 
would be somewhat more than a penny, no very 
extravagant amount under the circumstances, 
although to it has to be added the charge made for 
wiring and installation, which will bring up the 
price per 16-candle lamp to about 46s. for the six 
months, or, on the above assuinption of time, to 
more than 1}d. per lamp hour.. 

1. The generators, primary system of wiring, and 
converters will be installed, operated, and main- 
tained by the World’s Columbian Exposition. 

2. Service will be furnished from 100-volt alter- 
nating current system, as manufactured by the West- 
inghouse Electric and Manufacturing Company. 

3. All lamps, sockets, switches, cut-outs, and 
other appliances, must be adapted to the above- 
named system. 

4, All power service for generating light will be 
furnished during the Exposition hours by the 
World’s Columbian Exposition, from May 1 to 
October 30, 1898, inclusive, at the rate of 8 dols. 
per 16 candle-power, lamp capacity, or the equiva- 
lent in lamps of other candle-power. 

6. Exhibitors occupying space in buildings owned 
by the World’s Columbian Exposition must have 
their wiring installed by the World’s Columbian 
Exposition, through its authorised contractors. All 
wiring and appliances installed by the World’s 
Columbian Exposition will be, and remain, the 
property of the World’s Columbian Exposition. 
The class of wiring installed will be that known as 
plain moulding or interior conduit work, and will 
include the first installatien of lamps, plain key or 
keyless sockets, switches, cut-outs, and the hanging 
of the lamps on plain cords or pendants, and shall 
be charged for at the rate of 3.50 dols. per lamp. 
Special or faney wiring will be furnished at an addi- 
tional charge covering the actual cost to the World’s 
Columbian Exposition. All fixtures and shades 
shall be furnished by the consumer. Changes in 
location of lamps and appliances, when once in- 
stalled, shall be subject to an additional charge. 

7. The lamps referred to herein, unless other- 
wise stipulated, are 16 candle-power plain lamps. 
Lamps of other capacities and fancy lamps will be 
subject to special agreement. Lamps of standard 
cipacities for renewal purposes will be furnished to 
replace burned-out lamps free of cost to consumer. 
Lamps accidentally broken or lost will be replaced 
at the expense of the consumer at the regular 
market rates. Special and fancy lamps must be 
renewed by the consumer. 

Tt is also considered that a limited number of 
exhibitors will desire to have current for arc 
lighting, and provision is accordingly made for them 
under the following conditions : 

1, The main aisles of the Exposition buildings 


will be illuminated by arc lights free of expense to | Siberian railway will have to be further advanced 


the exhibitor. A limited number of arc lights will be 
supplied for private lighting on the following basis : 

a. The consumer shall pay the cost of wiring. 

b. The consumer shall pay for service, from May 
1 to October 30, 1893, inclusive, at the rate of 
60 dols. per lamp of 2000 (nominal) candle-power. 

c. Lamps will be suspended from the ceiling and 
furnished with opal globes. If any special fixture 
is required, it shall be furnished by the consumer. 

2. All care and maintenance of the lamps and 
circuits will be furnished by the World’s Columbian 
Exposition without extra charge. 

The above price of 127. includes the furnishing 
of astandard pattern lamp as well as the mainten- 
ance of the lamp, provision of supplies, &c., 
during the six months. To those exhibitors who 
require such a special display, the charge made will 
no doubt seem reasonable enough, although it must 
be borne in mind that all cost of wiring is to be 
paid by the exhibitor. 

Finally we come to the furnishing of compressed 
air as a source of power or for other purposes. 
It will be noticed that the same price is charged 
for this as for steam, the Exhibition authorities 
accepting the losses involved in the conversion of 
power in the compressor ; it is expected that there 
will be a large demand for this means of driving, 
and certainly the extensive exhibits of air brakes 
will absorb a considerable amount. Probably this 
method of distributing energy will prove to be the 
commencement of very considerable permanent 
installations in Chicago, where the use of com- 
pressed air for motive power and for the produc- 
tion of cold has already attracted much attention. 
It was first brought into notice in this city by Mr. 
H. T. Ellicott on behalf of the great Paris com- 
pany in the autumn of 1890. The following are 
the conditions above referred to : 

1. Piping and all connections from the main 
lines shall be supplied and erected by the consumer, 

2. Plans for the arrangement of piping shall be 
submitted by the consumer for approval before 
work is begun. 

3. Charges will be based on the equivalent in 
mechanical horse-power for the maximum rate of 
supply delivered to the consumer’s pipe, at the rate 
of 60 dols. per horse-power, during the hours of the 
Exposition, from May 1 to October 30, 1893, 
inclusive. 

4. The above rates contemplate continuous 
service, or service on demand at any time during 
the hours of the Exposition. Consumers requiring 
this class of power service for a specified number 
of hours only, will be charged at the rate of five 
cents per horse-power hour; the specified time of 
day in which this service can be rendered to be 
determined each day by the chief of the department. 

As in so many other features of this great Exhibi- 
tion, there is much novelty in these regulations, 
and the manner in which they work in practice 
will be watched with much interest, and may serve 
as a guide for future occasions. 


NOTES. 
RaILway FROM Sr. PETERSBURG TO THE MuRMAN 
Coast. 

THE projected railway from the Russian capital 
to a port on the coast of the Arctic Sea is at present 
attracting much attention in Russia. As the most 
likely spot on the coast for a naval port, Port 
Vladimir is generally pointed out. The natural 
conditions are favourable, both for a port with 
piers, &c., and for fortifications, and it is asserted 
that Port Vladimir might very well become the 
Gibraltar of the North. The distance from St. 
Petersburg, as the crow flies, is about 700 miles. A 
railway to the Arctic Ocean would probably pro- 
ceed from Joensum, a place about one degree to the 
north-west of the north end of the Ladoga Lake, 
and touch Kem, on the White Sea, a little north of 
Archangel. A railway of this description will un- 
doubtedly prove a tremendous hoon for the agri- 
cultural districts through which it passes, as well 
as for the fishing industry on the coasts cf the 
Arctic Ocean. And, as the port in question is 
always free from ice, the railway would also be of 
the greatest importance to the imports and exports 
of Northern Russia in winters like the last. The 
cost of such a railway will, however, be very heavy, 
some 6,000,000/. probably, and the prospects of its 
paying its way are, in any case, doubtful. Strate- 
gical considerations have, of course, some weight in 
this connection, but in all probability the large 


before the above plan will be realised. 


UNDERGROUND Execrric Licuting Mains ry 
New York. 

Some interesting particulars of the electrical 
underground mains in New York are given in a 
paper recently read before the American Institu- 
tion of Electrical Engineers by Mr. William Mayer, 
Jun., and by Mr. W. H. Brown in a paper read 
before the National Electric Light Association. 
New York City has now, it appears, about 287 
miles of electrical underground mains, of which 172 
miles belong to the Edison Electric Hluminating 
Company, who work on the low-tension system, 
whilst of the remainder 45 miles of subway carry 
telegraph and telephone wires, leaving 72 miles 
for high-tension lighting currents. The Hdi- 
son low-tension wires are of copper wound with 
rope, and placed in an iron pipe, which is then 
filled with an insulating compound of Trinidad 
asphalte, resin, paraffin, and linseed oil. The pipes 
each contain three conductors, and are in 20-ft, 
lengths, and are simply buried in trenches, the 
different lengths being connected by coupling 
boxes. Of the other systems the most satisfactory 
form of conduit for the wires has been a simple 
iron pipe imbedded in concrete. In the high-ten- 
sion systems, where lead-covered cables are used, 
the workmen handle the cables without accident, 
though the mains may be in full activity at the 
time. The lead coating is said to form an excellent 
‘‘earth,” and thus all danger to the workman is 
avoided. ‘The principal accidents have arisen from 
the leakage of gas from the gas mains into the 
subways, owing to which many explosions have 
occurred, and to avoid this, artificial ventilation 
has been adopted, a slight pressure being main- 


tained in the conduits by means of twelve Root’s” 


blowers. This method has been successful in pre- 
venting infiltration of the gas, but the proper 
remedy is doubtless to insist on the gas companies 
maintaining their mains in proper order. The 
principal difference found in working with over- 
head and with underground conductors is that the 
latter work better during wet and stormy weather. 


REPRODUCING THE CoLouRS OF NATURE IN 

PHOTOGRAPHS. ; 

Mr. F. E. Ives, of Philadelphia, who has laboured 
for years on his heliochromoscope and its triple 
photograph or chromogram, which are calculated to 
reproduce the colours of nature as readily as the 
stereoscope and stereogram reproduce binocular 
perspective, lectured on Wednesday, the 17th inst., 
at the Society of Arts on the progress made in his 
researches since he first explained his instiuments 
ayear ago. His process of composite heliochromy 
consists in the production of a triple photographic 
negative to represent the effect of light from the 
object upon the three separate fundamental colour 
sensations—red, green, and blue violet—and in the 
subsequent blending of the three images into one 
by their superposition, the light from each being 
passed through a coloured screen. An important 
point is that, although the subsequent blending is by 
the three colours, red, green, and violet respec- 


tively, the production of the triple photograph is — 


not by red, green, and violet rays alone, but by the 
joint action cf all rays that have power to excite the 
respective fundamental colour sensation, For in- 
stance, not only do red rays, but orange, yellow, 
and yellow-green rays excite the red sensation— 
orange affecting it more powerfully than the pure 
red. Mr. Ives has made great progress in the de- 


termining of the powers of the respective colours © 


in the exciting of the respective sensations, and 
in adjusting his apparatus to suit the conditions. 
The camera exhibited by Mr. Ives is of ordinary 
size, and might be suspected for a hand camera 
mounted on a tripod, but for the long projection for 
the lens. The object, instead of being projected 
by the lens direct on to the sensitive plate, is pro- 
jected into three complete reproductions by a 
marvellously ingenious arrangement of silver and 
transparent mirrors in the box part of the camera. 
Each of these triple reproductions is projected by 
the mirrors through distinct screens so coloured as 
to give, on the sensitive plate behind, a negative 
representing the effect of light from the object 
photographed upon the respective fundamental 
colour sensations. The adjustment of the mirrors 
is such a nice matter that a twentieth of a turn of 
a single screw having fifty-six threads to the inch 
would make the instrument useless until it had 
been readjusted. The chromogram negatives thus 
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obtained will reproduce the colours of nature ina 
heliochromoscope, into which the camera may be 
transformed, the eyepiece occupying the same 
position as the lens, while in the chromoscope pure 
colour screens take the place of the selective colour 
sereens which excite the colour sensations. A 
similar arrangement is suitable as an_ optical 
lantern, having an electric arc lamp with the usual 
condenser. Mr. Ives has also made progress in 
what might be called important minor details, 
such as developing, &c. Certainly he has attained 
marvellous results, and the views of bouquets 
of flowers, fruits, and particularly of the scenery 
in the Yellowstone, thrown on the screen, in- 
dicated a large measure of success. He hopes in 
another year to have reached the final stages in his 
interesting work. 


A CorNER IN CoaL IN GERMANY. 


A powerful coal syndicate in the extensive coal 
regionof the Rhenish Westphalia district of Germany 
has just been organised with the view of maintain- 
ing prices ; and according to present intentions it 
is to remain in force for five years. The owners 
have banded themselves together, and in arriving 
at decisions each owner has a vote for every 10,000 
tons produced per annum, but three-fourths of 
the votes must be represented before a decision 
is come to. There is a council, each member re- 
presenting 1,000,000 tons output per annum, while 
a commission of four—two technical specialists, 
a merchant, and a member of the syndicate—deter- 
mines the amounts of output by the respective shafts 
and other such points. The syndicate thus elabo- 
rately constituted has very far-reaching functions. 
All the coal, coke, and briquettes produced by 
the members are to be sold to it, excepting such 
as is needed for the owner’s own use, for charitable 
purposes, or for sale in the district ; but even the 
amounts thus disposed of are to be regulated by 
the syndicate, and a correct return made monthly. 
The prices for sales on the spot, too, are to be 
determined by the cowncil of the syndicate. Of 
course the syndicate will call upon the owners 
to assist in concluding contracts ; but all coal for 
sale must be handed over to the syndicate, excepting 
such as is required for contracts arranged prior to 
March, of which contracts the syndicate must have 
full details. It will thus be seen that the syndicate 
has complete control of all Rhenish-Westphalian 
coal. The commission of four determine the basis 
of participation in the total output, which shall be 
regulated by the output in 1891 or 1892, accord- 
ing to the choice of the colliery-owner. New 
shafts are to be allowed to produce 400 tons 
per working day per shaft, double shafts being 
deemed two separate shafts. In all decisions 
the commission are to be guided not so much by 
possibilities as by the general condition of the 
collieries, and the state of the coal market. The 
production may be lessened proportionately all round 
should the market necessitate it. Hxcess of output is 
punishable by fine, while when the mineowners fail 
to come up to their agreement, there is also an 
indemnity of 2s. per ton short. The sale of coal or 
coke direct, instead of through the syndicate, in- 
volves a fine of 50s. per ton, and other breaches a 
fine of 501. The syndicate determines the price 
of sale, but the owner bears the loss from delivery 
of bad or inferior qualities; while the cost of 
transacting business will be deducted from the 
total, The price to be paid the mineowner for the 
coal bought will be that received by the syndi- 
cate, minus this latter deduction ; but in cases 
where foreign or extraneous competition becomes a 
factor in the fixing of the price, the syndicate may 
make up the difference to the owner between the 
actual price and the average for the same or the 
equivalent quality of coal. It is not difficult to see 
that the operations of this syndicate will tend to 
obyiate competition, while giving the Rhenish 
Westphalian owner an advantage in foreign 
markets over others. Its duration largely depends 
on a temperate policy as regards selling prices 
within the home area. 


Magazine Riries: Erratum.—In a ‘‘ Note” on page 
601 ante, it was reported that the Roumanian Minister of 
War had made a contract with the Steyer Arms Manu- 
facturing Company for the supply of 110,000 Mannlicher 
rifles. By a misapprehension, it was stated that these 
arms were to have rim-fire cartridges, whereas central-fire 
cartridges are being supplied. Further, the use of Mauser 
rifles was incorrectly attributed to the Chilian Congres- 
Be) Party, in place of Mannlicher rifles of the Austrian 
mode 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 18, 1893. 

FINANCIAL uneasiness is felt on all sides, and the 
effect on industrial conditions is marked. A large 
volume of capital is invested every year in new enter- 
prises, but just now thereis a delay. Orders from 
some of these enterprises were to have been placed 
last week. Railroad companies are economising, and 
other large buyers are waiting to see the outcome of 
the present depression. Prices in staple products 
have suffered some further depression. Pig iron and 
steel billets are being distributed freely on old orders, 
and orders are solicited to-day ata drop of 50c. over 
quotations a week ago. Bar iron also declined 1 dol. 
per ton. Sheets, pipes, skelp, and plate iron hold 
their own. Steel rails are dull at 29 dols. Structural 
material is active in 500 to 1000 ton lots for summer 
delivery. Inall probability there will be work enough 
to absorb all of the weekly furnace production of 
180,000 tons of pig iron. The dulness and low prices 
are largely due to the withholding of orders. The mone- 
tary disturbance may do good in checking too rapid 
expansion of new enterprises. Prices to-day are—No. 1 
foundry, 15 dols.; No. 2, 14 dols.; forge, 18 dols. ; 
steel billets, 22.50 dols. ; steel rails, 29 dols. ; plate, 
38 dols. per ton ; beams, tees, and channels, 40 dols. 
Bankers are declining to make liberal accommodations. 


ELECTRIC COOKING AND HEATING. 
To THE Eprtork or ENGINEERING. 

Srr,—The controversy on this matter, which is at pre- 
sent going the round of the press, has developed into a 
form which is neither useful nor instructive, and has no 
bearing on the actual question involved. Mr. Dowsing, 
in Lighting, May 18, tries to compare the cost of elec- 
trical heating with that of coal, a comparison which is 
impossible, as the conditions required are totally different. 

Mr. Dowsing gives no exact figures to calculate from, as 
to the total available heat per ampére-hour, and it is pos- 
sible that the heating apparatus at present used may be 
greatly improved; the first apparatus designed can 
hardly be considered as final, although Messrs. Crompton 
may be fairly credited with the first practically successful 
attempt to utilise electricity for domestic heating pur- 
poses. Taking Mr. Dowsing’s own figures, with electri- 
city at 5d. per unit, it requires about 34 amperes for ten 
minutes to boil one quart of water, the cost being one- 
third of a penny. With the water at an initial tem- 
perature of 62 deg. I’ahr., this gives an expenditure of 
375 units of heat in useful work, a cost rate of 1125 units 
for one penny. The only fuel which can compare with 
electricity is ordinary coal gas, which can be used under 
the same conditions and with the same regard to economy 
in small and irregular work. One cubic foot of coal gas, 
as supplied in London, has a total heating power of 660 
units, and of this over 600 units are obtained in actual 
work in many commercial forms of bath heaters ; in boil- 
ing a small kettle over an atmospheric burner, the average 
duty in practice will not exceed about 400 units—i.e., 
less than two-thirds the total theoretical work. If we 
allow a further margin, and reduce this to 375, one cubic 
foot of London gas will give at least the work of 
34 amperes for ten minutes, and 3 cubic feet, costing ;4d., 
will do the work specified by Mr. Dowsing as costing 1d. 
for the electricity used. No doubt each will have its own 
place, and will fill certain special requirements, but it is 
certainly a mistake to attempt to prove that electricity is 
at present a cheap source of feat. 

No doubt the duty actually obtained from coal gas is 
very much higher than it was at first, and electricity has 
the very great advantage that its practical application 
is in the hands of trained experts, and has been so from 
the first. 

The application of coal gas as a fuel, on the contrary, 
has been under a cloud for years, discouraged by the old 
proprietary companies, and hampered as it has been, and 
still is, by want of knowledge of the simplest natural 
laws, on the part of most of the men who have to make 
and fix the apparatus. It is only now beginning to 
emerge from a state of chaos, but when it has been 
thoroughly established on a proper scientific basis, the 
manufacturers of coal gas will have no more to fear for 
its future than they have now from the beautiful old 
moderator lamps which are so charming and so expen- 
sive in our drawing-rooms and picture galleries; all are 
not fortunate enough or rich enough to have electric light- 
ing, or to put in special ventilators for the removal of the 
products of combustion. When the purveyors of either 
gas, electricity, or moderator lamps assume the posses- 
sion of perfection and infallibility, they only lay them- 
selves open to attacks which are not always tempered 
with justice or discreticn, and which cause a very un- 
necessary i l-feeling. Yours truly, 

Tuos. Fiercuer, F.C.S. 

Warrington, May 24, 1893. 

[Assuming the voltage to be 100, 34 amperes for ten 
minutes will only boil a pint of water, not a quart.—Ep. E.] 


HARMONIC VALVE DIAGRAM. 
To THE Epiror or ENGINEERING. 

Str,—The article in ENGINEERING of April 7 under the 
above title calls to mind, and the method appears 
identical with one published in ENGINEERING about 
twenty-one years ago* in the series of articles entitled 
‘Mechanical Refinements,” and the method was com- 
mented upon in a letter by Mr. Hartnell. The objection 


* See ENGINEERING, Vol. xili., page 138, 


made to it by some leading engineers in this country was, 
that it was ‘‘simply another way of drawing valve motion 
diagrams, and that we already had the elliptical method, 
and one way, even if not the best, was better than two 
ways.” One of the valve motion models at Cornell 
University draws diagrams in this form. 

Respectfully yours, 

JoHN E. SWEET. 
Syracuse, New York, May 5, 1893. 


PNEUMATIC RIVETER. 
To THE Eprror oF ENGINEERING. 
Sir,—The inclosed sketch diagrams represent a pneu- 
matic riveter presently at work under a pressure of 100]b. 
per square inch. I would feel greatly obliged if, through 
your valuable publication, you would be good enough to 
furnish the necessary formula or figures for obtaining the 
pressure given off on the rivet for this or similar machines. 


Diagram showing 
i position of links and 
Hike ~~. riveting bar. 
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Figs. 1 and 2 show respectively general view of machine 
and the position of links and riveting bar before and after 
stroke of piston. Any information regarding this appear- 
ing in subsequent issues will be much appreciated by, 
Most respectfully yours, 
ALPHA. 

[Though it would not be very difficult to work out a 
formula in answer to the question of our correspondent, 
practically the best method is to proceed by approxima- 
tion. The leverage of the machine at any moment is, of 
course, equal to the ratio of the motion of the piston 
divided by the motion of the rivet bar. The simplest 
plan of obtaining this ratio is to tabulate first the motion 
of the rivet bar from its initial position, as the piston 
moves through its stroke. Measuring as closely as we 
can from our correspondent’s sketch, which, however, is 
too small for accurate work, we find the following 
figures : 


Whilst Piston 
moves from 


Motion of Piston 
divided by Motion 


Riveting Bar 
moves from 


Inches Inches of Rivet Bar. 
O'to: F Oto .92 1.08 
qe meg .92 ,, 1.56 156 
g here 156)” 2.09 1.89 
oe 4 2.09 >? 2.48 2.56 
ieee 2.48 *” 9.89 2.94 
Bee 2.82 }” 3.07 400 
6. 7 3.07 ,, 2.29 455 
mets Ag 3.29) 3.42 7.7 
S270 3.42 °° 3.55 1.7 
9) 10 3.55 |, 3.65 10 
40051 3.65 ,, 3.75 10 


The above figures are only approximate, owing to the 
smallness of the scale of the drawing from which they 
were measured, but they can be corrected by plotting 
the figures in the last column on squared paper, as 
shown in the diagram, Fig. 3, and drawing a smooth 
curve through them. From this it appears that the 
final leverage is about 11}—that is to say, at the final 
squeeze the pressure on the rivet is 11} times the total 
thrust on the piston.—Ep. E.] 


LEAKY TUBES IN MARINE BOILERS AND 
TRANSMISSION OF HEAT THROUGH 
TUBEPLATES. 

To THe Eprror oF ENGINEERING. 

Srr,—E. H. Hall has determined the temperatures 
within the walls of a steam cylinder in the following 
manner (vide Railroad and Engineering Journal) : 

T is an iron casting screwed into the wall of the 


75° 


inder. Ib contains the nickel cylinder N, soldered toa 
eas plate S, which itself is screwed to the cylinder 
T. Electrically, the two cylinders T and N are isolated 
from one another. A nickel wire 1 and an iron wire 2 
connect N and T respectively with a galvanometer. The 
arrangement permitted the determination of the tempera- 
ture at the junction s. As the thermal conductivity of 
nickel and iron are approximately the same, the tempera- 
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ture of the junction s will equal the temperature within 
the cylinder at a depth from the inner surface equal to 
the thickness of the cast-iron plate 8. ; 

By varying the thickness of S, Hall ascertained the 
temperature at various depths. ip iat ie P 

Would it not be possible to determine in a similar 
manner the temperatures at various points within tube- 
plates? We should then be in a position to calculate the 
stresses in the fibres, a piece of information which is a 
matter of importance. 

Yours respectfully, 
Budapest, April 28, 1893. SicmMuND REICHENBERG. 


To THE Epiror OF ENGINEERING. 

Sr1r,—I have read with considerable interest the valu- 
able paper in your issue of March 31, by Mr. A. J. 
Durston, anent ‘‘The Transmission of Heat through 
Tubeplates.” The various types of ferrules which are 
therein described are much as several of your able corre- 
spondents have since pointed out, merely ‘‘ makeshifts,” 
as none of them touch the root of the evil, or appear to 
be a practical solution of the difficulty. Having had long 
experience as a practical boilermaker, I have given the 
subject of leaky tubes special attention, and beg to offer 
the following suggestions, which I hope may prove in- 
teresting to your readers. I have come to the conclusion 
that in the combustion chamber the temperature of the 
tube ends is greater than that of the tubeplate, owing to 
the flame rushing through. As the tube is not allowed to 
expand with perfect freedom, the metal becomes staved, 
and immediately after the fire has burned down, the tem- 
perature of the tubeplates and tube ends becomes more 
even, thereby causing the tube to become slack and 
leaky. Now, Sir, in order to remedy this defect, the 
present mode of jointing tube to tubeplate must be 
strengthened, and with that object in view I beg to send 
you the following sketch of a patent which I have taken 
out recently. You will observe from the sketch that the 
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tubeplate is grooved at the firebox end. The tube is 
driven into this groove and expanded in the ordinary 
way, and forms a watertight joint, both inside 
and outside. The groove is bored to within 3; in. 
of being through the plate. This mode of jointing 
has the advantage of preventing the flame from striking 
the tube end, the tube being bedded in the tube- 
plate. The temperature of the tube end and tubeplate 
therefore becomes equal, and both expand and contract 
together. The flange which is inside the tube holds the 
tube hard to its outside bearance, and thus prevents the 
tube end from becoming slack. 

Having subjected my method to several tests, I find 
that the staying power is nearly double that of the ordi- 
nary expanded tube. The following experiments I have 
tried with these results: I bored a 2#-in. hole in a §-in. 
steel plate, also a 2{-in. groove in the same plate, and 
expanded tube ends. I find that the tube expanded in 
the grooved joint drew out at 11 tons 17 cwt., whereas 
the tube in the ordinary joint drew out at 6 tons net. I 
also expanded two more tubes in the same plate, held 
them over the smith’s fire until the metal reached a high 
temperature of a dark blue, and put them down in front 
of a blast pipe. I then rushed the cold air on to the face 
of the tubeplates and through both tubes, with the result 
that the ordinary joint became so slack that I could turn 
the tube in the hole, the grooved joint being perfectly tight. 
I then took another piece of 2-in, steel plate with a grooved 
joint only, and expanded a tube end in the same. I then 
held it over the smith’s fire, the flame striking the plate 
and rushing up through the tube until both became a dark 
red. Then, in order to shrink the flange, I rushed the cold 
air through both flange and tube until it was thoroughly 
cooled. The result was that it remained perfectly tight. 
I also ferruled a tube end ina 2in. plate, held it over 
the smith’s fire until the metal became a dark blue, and 
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rushed the cold blast through the ferrule and tube. Both 
ferrule and tube became slack, but the tube was slightly 
tighter than the one without the ferrule. Ferrules in 
practice become slack, and when the firemen begin to 
brush out their tubes they find them very troublesome, a 
great many being knocked out, and as a rule are not re- 
placed. Ferruling, I consider, is no remedy for over- 
coming the present difficulty. It only protects a weak 
joint, and reduces considerably the heating surface of the 
tubeplate and tube ends, which is the most effective steam 
generating part of the boiler. Why not strengthen the 
joint so that it needs no protection, and give us the full 
benefit of our forced draught system? This to me is the 
only way out of the difficulty. It will be observed that 
my method only refers to the firebox end, the front re- 
maining as at present. I may also say that there is no 
difficulty in extracting these tubes, as I have an apparatus 
for that purpose. Now, Sir, I hope you will pardon me 
for again opening this question in your valuable columns, 
but I do so with the hope of success, 
IT am, Nir, yours obediently, 
ALEXANDER MacVicar, Foreman Daileemakees 
4, Douglas-terrace, Inchinnan-road, Paisley. 


To THE EpiTor oF ENGINEERING. 

Srr,—May I be permitted to contribute a few lines on 
this interesting problem of leakage in the joints of tubes 
and tubeplates, which subject has lately caused so lively 
a correspondence in your journal? The majority of 
opinion thus expressed seems to point to thinner tube- 
plates as a possible remedy ; and in order to give a fair 
amount of surface contact between tube end and tubeplate, 
some advise the use of a short tapering ferrule or ring 
formed round each tube-hole on the water-side of the 
tubeplate. This plan I thought of proposing over two 
years since, but concluded that it might be costly and 
difficult to prepare the plates; besides which the ferrules, 
being formed on the wet side of the plate, have the dis- 
advantage of reducing the water space in the most critical 
part, and might tend to obstruct the easy flow of water 
or water-foam over the surface of the tubeplate. Other 
authorities propose thin tubeplates without ferrules, and 
express the opinion that a large surface contact is not 
necessary to form a tight joint; they point to the fact 
that a thin tubeplate is cocler than a thick one, and will 
therefore crush less when highly heated and shrink less 
when cool, besides having less transverse strains bearing 
both on the plate and on the tubes; but, with all respect, 
does it not seem equally reasonable to suppose, as I 
believe many do, that the more the heat is encouraged to 
pass through the tubeplate, with a view to keeping it cool, 
the greater is the danger to form a steam cushion, or 
ascending current of steam, between the water and the 
tubeplate, which would cause the latter to become over- 
heated or red hot, so that when cooling down the very 
result would happen which it is desired to avoid—the 
seams would open and leakage would result? This objec- 
tion will apply equally to thin tubeplates prepared with 
ferruled tube-holes, although with the latter the extremity 
of the ferrules being cooler might continue to cling to the 
tube-ends after the body of the plate and the extreme end 
of the tubes had shrunk apart. With regard to the merits 
and demerits of thick tubeplates, the larger amount of 
surface contact between tubes and tube-holes is pre- 
sumably one reason why thick plates are more generally 
used than thin ones, and they also retard to a greater 
extent the passage of heat to the water through the sub- 
stance of the plate, as shown by the greater coolness of 
the wet side of a thick tubeplate as compared with the 
corresponding side of a thin plate ; but on the other hand, 
in proportion as a thick tubeplate is cool on the wet side, 
it becomes superheated on the furnace side—the hot side, 
in fact, acts as a lagging or shield to the wet side, and 
drives the heat more into the tubes; but as a consequence 
the hot side of the plate expands to a considerable degree, 
while the wet side remains comparatively cool, thus pro- 
ducing the convex and torsional strains so well described 
by Mr, Yarrow and others. The highly heated face of 
the plate crushes on the extremity of the tube-ends to a 
greater extent than the same side of a thin plate would 
do; but, on the other hand, the cool side of a thick plate 
would, I should imagine, expand and crush to a less 
degree than the corresponding side of a thin tubeplate ; 
therefore the expansion and crushing power of a thin 
tubeplate might be compared to the crushing power of a 
corresponding thickness represented by the middle or 
interior part of a thick tubeplate, the extremes on each 
side being removed ; but it must be remembered that if 
the crushing of a thin tubeplate is less than that of a 
thick one it has less extent of tube end to act upon; so 
that the difference of effect may not be so great, asregards 
crushing strains, as may at first appear. It might reason- 
ably be concluded, therefore, that if the crushing on the 
extremity of the tube ends by expansion of the hot side of 
thick tubeplates could be neutralised, or rendered more in 
accord with the expansion and contraction of the tube 
ends, instead of being in direct opposition thereto, the 
trouble would to a large extent be overcome. With this 
view I desire to propose an improvement, which I believe 
can easily be carried into practice, and could also be 
applied to existing boilers; my idea also includes a 
method for protecting the face of tubeplates from direct 
contact with the flames, which could be used in combina- 
tion with ordinary ferrules or without; also an improve- 
ment in the fitting of tubes in tube-holes. I hope to 
explain more fully what I propose when the ideas have 
been experimentally tried. In the meantime I shall be 
glad to receive communications from some leading firm or 
others interested, who might be disposed to experiment, 
with a view to putting the same into practical use. 

Yours respectfully. 


- W.#H Witson. 
38, Handbridge, Chester, May 17, 
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TESTS OF STEAM BOILERS AT THE 
CHELSEA ELECTRICITY SUPPLY COM- 
PANY’S STATION. 

To THe Epiror or ENGINEERING. 

Srr,—Mr. King’s reply to my last letter isno answer to 
my question. My request was that he should allow the 
extraordinary efficiency he claims for the Babcock boiler 
at Chelsea to be confirmed or discredited by a capable 
independent engineer. Instead of this, his answer is that 
he will permit a representative of my company to he 
present at a test of the Mills boiler. Mr. King’s persis- 
tent evasion of the question at issue can only be inter- 
preted asa refusal of my reasonable demands, and that 
he dare not trust an investigation of the figures to which 
he has put his name. 

My request is all the more reasonable as Messrs. Bab- 
cock and Wilcox, Limited, are using Mr. King’s report 
for trade purposes, and every engineer who has had 
experience with boilers knows that the efficiency claimed 
as the result of Mr. King’s test of the Babcock boiler is 
an impossibility. ; : 

Mr. King is bound in honour to afford the investiga- 
tion for which I have asked. Mr. King declines to allow 
his statements to be proved, and declines all explana- 
tions. I have given and repeated a challenge which has not 
been taken up, and it is left to steam users and those who 
are interested to ask and answer why. 

In the meantime I have no hesitation in asserting that 
the statements made in Mr. King’s report of which we 
complain are incorrect. The way such boiler tests may 
ba misunderstood or may mislead steam users may be 
judged by an illustration of one case of a number as 
follows—viz. : 

A report of a test containing extraordinary figures on 
a similar boiler was published and circulated by the 
makers. A very low quality of engine coal was used, 
costing 5s. per ton, and the alleged average evaporation 
was 10} 1b. water per pound coal, and the cost about 
24d. to evaporate 100 gallons (copy report, marked No. 1, 
inclosed), One firm to whom this report was furnished 
ordered a similar boiler to give the same results ; when 
the boiler was got to work the coal bill jumped up much 
above what it was with their old Lancashire boiler, and 
more than double what it had been represented in the 
published report referred to; this led to litigation, in- 
vestigation, and tests by an eminent independent expert. 
Instead of 10 Ib. to 11 lb. evaporation from inferior Lan- 
cashire coal, only 6.86 lb. could be obtained by using good 
Lancashire coal, and the cost to evaporate 100 gallons 
was 7d. (details of this test inclosed, marked No. 2, for 
editor’s use). 

The makers had the boiler tried by another eminent 
expert with Nixon’s navigation steam coal, the best in 
the kingdom, costing about 27s. per ton delivered. The 
main result was an evaporation of 9.7 lb. at 212 deg., and 
the cost to evaporate 100 gallons about 1s. 5d. (Parti- 
culars of this test, marked No. 3, inclosed for editor’s use.) 
ibe makers were consequently compelled to pull out the 
boiler. 

No good purpose can be served by a representative of 
my company being present at tests conducted by Mr. 
King on the Mills boilers. I can, of course, test boilers 
made by the Mills Company at any time, but if the test 
is intended for trade purposes, such test must be by an 
independent expert of recognised authority. 


Yours oul, 
. GRESTY. 


Nova Scotian Coat.—The output of coal in Nova 
Scotia last year was 1,752,000 tons. The American con- 
sumption amounted to about 14,000 tons. 


Manchester, May 23, 1893. 


AMERICAN Cit1Es.—Ten American cities added 100,000 
and upwards to their population during the ten years 
ending with 1890 inclusive. The increase of population 
at New York was 309,002; at Chicago, 596,665; at 
Philadelphia, 199,705; at Brooklyn, 239,680; at St. 
Louis, 101,252; at Baltimore, 102,126; at Cleveland, 
101,207 ; at Buffalo, 100,530 ; at Minneapolis, 117,851; 
and at Omaha, 109,934. 

Tue New Barriesure ‘ Renown.”’—The Admiralty 
intend shortly to invite designs and tenders for the con- 
struction of the propelling machinery of the battleship 
Renown, to be constructed at Pembroke. This vessel, 
which is to be sheathed with wood, is 380 ft. long, 72 ft. — 
beam, and at 26 ft. 9 in. draught will have a displacement 
of 12,350 tons. The engines are to indicate, under 
natural draught conditions, 10,000 horse-power, but no 
forced draught results are stipulated. The speed will be 
17 knots. In addition to the armour belt on the water 
line, there will be auxiliary armour protecting the gun 
deck. There will be four 10-in. breechloading guns, ten 
6-in. quick-firing guns, and twenty small quick-firing 

SramPine TRON AND STEEL OF British MANUFACTURE. 
—A special committee of the British Iron Trade Asso- 
ciation has, by request of the Association, issued a circular 
letter to manufacturers urging the desirability of stamp- 
ing iron and steel ‘‘ British manufacture,” in which it 18 
stated: ‘‘The superior quality of British goods is well 
known all over the world. This consideration has an 
obvious commercial value, of which English manufacturers 
are not likely to obtain the full benefit unless they 
have their goods so marked that the fact will be readily — 
appreciated. It is probable, moreover, that foreign mer- — 
chants and manufacturers will get credit that does not 
belong to them, unless the real manufacturers in Englan 
take such steps as will secure to them the full advantage 
of their experience, care, and capacity.” We presume 
the Association mean Scotch manufacturers to do like- 
wise, although England is only mentioned. 5 
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THE rotary pump which we illustrate on this page 
is now being manufactured by Messrs. Thornton and 
Cribbin, Bradford, under the name of Stewart’s patent 
‘‘Rapide” pump. The general appearance of the 
pump is clearly shown in Fig. 1, whilst in Fig. 2 it is 
shown with its end cover off, and in Fig. 3 the move- 
ment of the water through the pump is shown dia- 
grammatically. As will be seen, the pump consists 
essentially of two three-lobed revolvers mounted on 
shafts rotating in opposite directions. ach revolver, 
however, is made in two sections, which are mounted 
on their shafts in such a way that the lobes of the 
one section are opposite the spaces of the other, as 
shown by the dotted lines in Fig. 3. A peculiarity 
of the construction is that the lower revolver drives 
the other direct, the lobes of the two interlocking 
and causing them to act as toothed wheels. The 
pump is said to work effectively as a ram pump 
under heads of as much as 200 ft., and for its size the 
discharge of the pump is very large. 


A Nicken Steen Gun.—A nickel steel gun has been 
nearly completed at the United States gunshops at 
Washington. It is an 8-in. breechloading rifle of 35 
calibres length, weighing about 31,300 lb. The steel from 
which the forgings were made contains about 3 per cent. 
of nickel uniformly distributed. The metal in the tube 
was required to have a tensile strength of 85,000 lb., an 
elastic limit of 42,000 lb., and an elongation of 20 per 
cent. The jacket and breech plugs are made of metal 
which was specified to havea tensile strength of 90,000 lb., 
an elastic limit of 45,000 lb., and an elongation of 18 per 
cent., while that for the trunnion band was required to 
have a tensile strength of 90,000/. lb., an elastic limit of 
45,000 lb., and an elongation of 13 per cent. 

SMOKELESS PowDER IN THE UNITED STATES.—Smoke- 
less powder to the amount of about 1500 lb. was turned 
out of the factory at Newport, R.I., last year, where the 
manufacture is carried on by the Navy Department of the 
United States Government. It has been used in guns as 
large as 6-in. rifles throwing a 100-lb. projectile. A 
velocity of 2456 foot-seconds has been attained in such a 

_ fun, using a charge of 26]b. There are two defects at 
present in its behaviour, both of which have been ex- 
perienced with the smokeless powders of other countries. 
One is the fact that frequently there will be a few grains 
of the powder unconsumed after firing, and the second is 
the necessity of using a small priming charge of rifle 
powder to effect ignition. 


Minerats AND Merats In Natau.—A report by the 
Governor of Natal states that of the mineral products of 
the colony coal must be regarded as the most important. 
The coalfields are connected by rail with the port, and 
comprise seams of good thickness, extending over a large 
area, the quality of the coal comparing favourably with 
the best imported English and Welsh coals. During the 
twelve months under report 120,000 tons were raised, one- 
half of which was exported. The market for Natal coal 
is, the report states, rapidly increasing, and with the 
view of meeting the increased demand several new col- 
lieries are commencing work. Natal’s coal industry is a 
valuable one, and bids fair to prove a leading factor in 
the future welfare of the colony. Gold is still being 
Mined in the Umsinga and Umzinto districts in small 
but appreciable quantity. Further capital is, however, 
needed for the proper development and working of the 
gold deposits in these localities. The value of the iron 
ore so abundantly found in the upper districts of the 
colony has been proved, and is beginning to attract 
attention. There is, the report states, some reason to 
believe that before long iron and steel works will be estab- 
lished in the Newcastle Division, in proximity to the 
railway and the coal mines, 


ROUNTHWAITE’S THRUST BLOCK. 

Tue thrust block illustrated below has been designed 
by Mr. H. M. Rounthwaite, of 15, Nicosia-road, 
Wandsworth Common, London, with the object of 
retaining and combining the good points, whilst avoid- 
ing the defects, of the various types of block now in 
use. The good results obtained with the ‘horse- 
shoe” type of block, now so largely used, are, Mr. 
Rounthwaite considers, mainly due to the oil bath 
method of lubrication which it renders possible ; 
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but the great objection to this block is the fact that it 
requires very deep collars on the shaft, in producing 
which the external and most reliable portion of the 
forging is cut away, leaving only what is, in very 
many cases, a decidedly inferior portion to take the 
twisting stresses. The collars on the shaft of a large 
steaner using the ‘‘ horseshoe” block will project as 
much as Gin. to 7 in. from the body of the thrust shaft. 

Mr. Rounthwaite claims the following advantages 
for his design of block ; 

a The forging is not seriously ‘‘ wounded,” as with 
the ‘‘ horseshoe ” type of block. 

b. The shaft may be run completely submerged in 
oil if desired, 


c. The shaft can be stripped bare for examination in 
a few minutes, and the block, if injured in any way, 
can be removed and replaced without disconnecting 
and lifting the thrust shaft. 

d. The collars are supported round the whole of 
their circumference, instead of only at two points, as 
in the ‘‘ horseshoe ” bluck ; and, as they are all on one 
casting, there is no risk of injury to the block or shaft 
by meddlesome or careless interference with their ad- 
justment. 

e. Satisfactory results can be obtained with less 
weight and bulk of block than with any other type. 

The block is designed for white metal rubbing sur- 
faces, Mr. Rounthwaite considering that gun-metal 
does not run satisfactorily with the mild steel now 
generally used for shafting ; but, of course, the design 
can very easily be adapted to receive gun-metal rings 
if preferred, 


INDUSTRIAL NOTES. 

THE memorandum on the state of the skilled labour 
market, communicated to the Board of Trade Journal, 
is no longer the work of an individual—the Labour 
Correspondent to the Board of Trade—but of the 
Labour Department. This change marks no new de- 
parture in policy, but it marks the change from the 
earlier mode of an individual communication to an 
official department. The total number of unions re- 
porting was 23, having a total membership of 296,771, 
of which aggregate 20,478, or 6.9 per cent., were out 
of work, as against 25,622, or 8.7 per cent., in the pre- 
vious month. As compared with the corresponding 
month of last year, the percentage is | per cent. higher, 
which after all is not so great a depression as has been 
popularly supposed. Six of the 23 societies describe 
trade as ‘‘ good,” eight as ‘‘ moderate,” and nine as 
“bad.” A more minute classification into groups 
shows the following results, The building trades 
comprise 794 branches, with 52,441 members. Of 
these 367 branches, with 24,303 members, report trade 
to be from fair to very good; 258 branches, with 
16,246 members, moderate or quiet ; and 169 branches, 
with 11,892 members, dull to very bad. The per- 
centage of unemployed in these unions is 2.27 per 
cent. of the total. The furnishing trades, consisting of 
109 branches and 6455 members, report trade to be 
from fair to very good in 56 branches, with 3385 
members ; as moderate or quiet in 21 branches, with 
2116 members ; and dull to very bad in 24 branches, with 
954 members. In the engineering and cognate branches 
of trade, consisting of 610 branches, with 83,109 
members, trade was fair to very good in only 21 
branches, with 1576 members ; moderate or quiet in 
234 branches, with 30,342 members; and dull to very 
bad in 355 branches, with 51,191 members. This 
analysis shows very clearly where the pinch is at the 
present time. Seventy-three new disputes were re- 
corded in the month—-at Hull, London, Bristol, and 
elsewhere in the shipping trades; in the mining 
districts several, and 23 in the building trades, most 
of the latter being rather favourable to the men than 
otherwise. Altogether the report shows much dis- 
turbance in the labour world. 
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The Hull strike is settled, but the terms under 
which the men resume work are immensely less ad- 
vantageous than those under which they worked when 
the strike commenced. It is useless to ignore this 
fact. After six weeks of privation and endurance, the 
power of the Dockers and Sailors’ Unions in Hull has 
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broken down. The terms finally agreed upon were 
not quite so bad as those at first formulated by the 
Shipping Federation, and the concession to the town 
of Hull, rather than to the unions, that the imported 
workers shall be sent away, will help to allay any feel- 
ings of revenge that might possibly have been engen- 
dered by the prolonged dispute. Perhaps the ship- 
owners of Hull will not be loth to dispense with the 
services of the men imported, for they all agree as to 
the expensiveness of the ‘‘ free labourers,” and gene- 
rally as to their incapacity, as compared with the 
mass of the union men. But there is another element 
which has possibly helped in producing the feeling in 
favour of sending away, as fast as can be, the imported 
men—namely, the fact that the usual workers were 
local men, resident in Hull for some time, and many 
of them natives of the port and district. Doubtless 
the local magnates—magistrates, aldermen, town coun- 
cillors, guardians, shopkeepers, and other residents 
prefer the native workers, with all their faults, to 
strangers whom they do not know, and whose advent 
to the town was the cause of so much uproar. The 
way in which the terms were agreed to by the men at 
the mass meeting when they were submitted for ap- 
proval, was an indication of the feeling of relief upon 
being allowed to resume work, upon almost any terms. 
The condition of the workers and their families was 
such that the Mayor of Hull appealed for pecuniary 
assistance to help to tide them over the holidays. 
Even the small allowance of 5s. to 6s. per week was not 
forthcoming at the close of last week, though every 
effort was made by the strike committee of the unions 
to provide some relief. 


The condition of the engineering industries in Lan- 
cashire shows no material change. If anything, it is 
rather better on the whole, but the improvement 
is confined to particular branches, rather than ex- 
tended to the entire industry in all its branches. The 
heavy stationary-engine builders are fairly well em- 
ployed, but the general establishments are only mode- 
rately supplied with orders. Machine toolmakers 
experience no improvement, being for the most part 
only indifferently supplied with work. The weight of 
work has also fallen off in the boilermaking depart- 
ments, while in the locomotive branches the outlook is 
far from being satisfactory. The one feature which 
gives hope for the future is the absence of serious 
labour disputes in all branches of engineering and cog- 
nate industries, there being no disposition, apparently, 
to enter into disputes on either side. In the iron 
trade business has been extremely slow. One or two 
moderately large orders have been in the market, 
chiefly for railway extensions, but the contracts were 
at prices which the sellers did not care to entertain. 
There is extreme hesitancy to sell forward under 
current rates, for makers allege that prices do not cover 
the cost of production, and consequently they cannot 
be much lower in any case. If, therefore, there is no 
change for the better, there is likely to be a cessation 
of production rather than lower rates. In the finished 
iron trade business continues very slow, the quota- 
tions being scarcely maintained in actual business 
transactions. The steel trade shows very little im- 
provement, if any, though the better class of steel 
boilerplates hold their own in price. The common 
classes, however, are easier than they were. In the 
Barrow district the demand for pig iron is slow, very 
few orders for forward delivery being forthcoming ; 
but steelmakers are rather busier for heavy steel rails, 
though for shipbuilding purposes very little is being 
done. Shipbuilders are very quiet, very few orders 
being on hand, and more men are unemployed than 
for a long time past. The demand for Bessemer is a 
little better, though not much, while most of the 
branches are very quiet. 

In the Sheffield and Rotherham district there 
is a distinct improvement in many of the local 
staple industries. In the cutlery trades there are 
signs of revival, notwithstanding the bad effects of 
the Australian collapse, the latter being more than 
counterbalanced by the demands from America. In- 
quiries for table, pen, and pocket cutlery, razors, and 
scissors are more frequent, and for larger quantities. 
Files are in better demand, and inquiries by foreign 
Governments for tool steel and other goods have had 
a strengthening effect upon the markets. It is reported 
that a large Government order has been placed in this 
district for plates, &c., for warships, so that a stoppage 
in the heavier industries may possibly be averted. 
There is a general absence of trade disputes in the 
district, the rumours of contemplated reductions in 
wages having quite died away. One of the most sig- 
nificant things yet done in Sheffield has been the con- 
sent of the mayor to have collections made in the 
streets of the town, in his name, on behalf of the Hull 
dockers and their families, A band played through 
the streets, accompanied by collectors with boxes, the 
police doing duty to facilitate the work of collection. 
This step has softened the feeling against the Watch 
Committee for sending a batch of twenty-five police- 
men to help to keep order in Hull during the dispute, 


On the whole, the Hallamshire unionists, and the non- 
unionists, too, for that matter, have liberally sup- 
ported the Hull dockers during the strike, a series of 
meetings having been held at which much sympathy 
was expressed for the men, mainly because of the 
action of the Shipping Federation, and also because of 
the presence of troops, and the supply of the civil 
forces from Sheffield and some other districts. 

In the Cleveland district work generally quieted down 
for the holidays, the market being inactive in conse- 
quence, and also on account of the closing of the Glasgow 
market for similar reasons. The iron and steel works 
generally were at a standstill, as very little iron was 
needed, and only the material previously arranged for 
was shipped. The shipments generally have been 
fairly good, but forge iron and hematite have been 
weaker, owing to the dulness in the finished iron trade. 
The engineering and shipping trades are very quiet at 
Stockton, Middlesbrough, and on the Tees generally, 
nor are there any real signs of increasing prosperity 
at present. In the ironstone districts trade is quiet, 
many of the miners being out of work. This has led to 
a movement in favour of an out-of-work fund. There 
have been some conferences upon the use of the ratchet 
machine, and some other matters, some of the claims 
being disallowed. In one casea penny per ton, which had 
been taken off contrary to rule, was agreed to be repaid 
to the men. The Cleveland miners appear to be just 
as strong supporters of the eight-hours day by legal 
enactment as they were formerly strong opponents of 
it—their conversion appears to be as complete as it 
was sudden. Muchsympathy is felt in Middlesbrough 
with Mr. J. H. Wilson, their member, in consequence 
of his complete breakdown and serious illness owing 
to his exertions in connection with the Hull strike. 
Wisely forgetful of any difference of opinion as to his 
advocacy of a general strike, they regret his present 
severe illness, and one of the wealthier men in the 
borough telegraphed to London to secure the services 
of Dr. Andrew Clarke, offering at the same time to 
bear all the costs, so that the patient should have the 
best attention possible under the circumstances. The 
breakdown of Mr. Wilson was not surprising, though 
he is comparatively young and a robust man. But 
travelling night and day, and speaking frequently in 
the open air, were enough toshatter the health of any 
man. 

The state of trade in the Wolverhampton district 
seems to be more buoyant than in some other districts, 
though the transactions during the past week were 
below the average. The recent reductions in the prices 
of all classes of iron, below the branded qualities, seem 
to have quickened business somewhat, though only for 
limited quantities. There is a falling off in exports, 
except for sheets, hoops, and plates, but generally 
there is a reasonable demand for the South American 
market. Steelmakers report a fair amount of business 
in plates and billets, and foundry iron keeps up the 
price tolerably well. The district is fairly free from all 
labour disputes, though there is still some local feel- 
ing adverse tothe recent reductions in the wages of 
iron and steel workers under the sliding scale. The 
men generally are, however, loyal to the award now 
that it has been given. 


In the Birmingham district there is, if anything, a 
slight indication of increased activity in some of the 
staple industries, and iron and steel show a tendency 
to firmer rates. The engineering and cognate indus- 
tries are quiet, and no great improvement seems even 
to be anticipated at the present time. The recent col- 
lection for the charities of the town has realised about 
12,0007. This town was the first to organise a Hos- 
pital Saturday, and for along time the amount raised 
has been quite 10,000/. a year, 


The long dispute between the master builders in the 
Croydon district and the building operatives has prac- 
tically ended in favour of the men. It now appears 
that the rules adopted by the London master builders 
and the operatives will be observed in Greater London, 
and that both as regards time and wages the whole of 
the metropolis will be governed by the same rules and 
regulations. This is by far the most important result 
in tavour of labour which the last four years’ struggles 
have brought about. Although very little fuss has 
been made in the matter, since the long strike in 
London, the conditions are far more important than 
any other victory of late years. 

Nearly everywhere the building trades have been 
gaining in wages and in time. Some disputes ex- 
tending over several months have been settled, and it 
now remains to make the most of the season’s trade, 
far into the autumn, for work is busy nearly every- 
where, with only about 24 per cent. of the workmen 
unemployed in the country, 


The threatened strike of shipwrights and others at 
Sunderland has been averted, the employers having 
agreed to a reduction of 1s, per week, instead of lv. 6d., 
to start from June], The blacksmiths have agreed to 


————— 
a similar reduction. 
branches will accept similar terms. 


The dispute at the Dowlais, Ebbw Vale, and 
Blaenavon Iron Works between the boilermakers and 
the companies is now at an end, the companies having 
conceded 4s. per week advance in some cases and 6s, 
per week in other cases, after a long struggle. The 
boycott is now removed, and probably trade will go 
on more smoothly now that the strike is over. It 
seemed at the time that the advance sought was some- 
what large, but it appears that the men were worse 
paid than at any similar works in Great Britain, and 
hence the determination of the Boilermakers and Iron 
Shipbuilders’ Society to advance the rates of all their 
members in those districts. 

A very interesting paper was read before the last, 
meeting of the Royal Statistical Society, on ‘‘ Work- 
men’s Budgets,” by Mr. Henry Higgs, LL.B. In 
that paper an effort was made to formulate the relative 
proportions of expenditure on rent, food, clothing, and 
other necessaries of life. One of the most important con- 
clusions in the paper was that rent formed a most serious 
item in the total amount. It appears that in the cases 
investigated in London by Dr. Ogle, the rent went up 
as high as 234 per cent. of the income, or nearly double 
the amount calculated by Dr. Engel or Mr. Leone Leyi. 


The best series of experiments in ascertaining the — 


actual cost of living seems to have been made by the 
United States Department of Labour. The tables are 
necessarily incomplete, and are wanting in many par- 
ticulars, but the figures are interesting so far as they 


go. It appears that the American spends more in rent, — 


food, fuel and light, clothing, and furniture, and less 
in taxes, than most other countries. But, indirectly, 


he pays taxes in the cost of food and other ne- — 


cessaries, But the surplus earnings over expenditure 


are double those of the Englishman, being 13.23 against — 


6.97 of the latter. The American spends less on in- 
toxicants and on tobacco. The two highest items are 
clothing and furniture, both of which stand very high 
in the list: the former 114.0, as against 82.5 by the 
Englishman, and the latter 24.2, as against 6.3 by the 


Englishman. Jf this estimate be at all correct, it shows — 


a higher standard of living in all that makes the home 
better. It appears, also, that a very much larger pro- 
portion of workmen own their own houses. Asa rule, 


these budgets are at best but estimates, as very few keep — 


an exact account of the small payments which go tomake 

up the total. Some are afraid that these investiga- 

tions tend to keep down wages to a bare subsistence ; 

but facts such as these will not influence the price of 

labour. It is suggested that careful personal investiga- 

tions shall take place, and one family was being taken — 
by the reader of the paper for that purpose. 
case a diagram was exhibited showing the fluctuations 
in the expenditure extending over many months. 


The state of trade in the mining districts is causing 
a great deal of anxiety both to the employers and the 
employed. 
steel trades are so depressed that the demand for fuel 
is at a low ebb, while the demand generally for house 
coal has fallen off very considerably, owing to the long 
spell of fine warm weather. 
development as regards any general reduction in 


miners’ wages, but the men declare that reductions 


are being effected in other ways at many of the col- 
lieries. At the Wharncliffe collieries, however, there 
seems to be a very distinct attempt at reduction, for 
the company required a reduction of 1d. per yard in 
the price paid to coal cutters, from 4d. to 3d. per 


yard. The men determined to give in their noticesat 


the Silkstone thin seams of those collieries, as no 

arrangement could be effected. It was also agreed 
that the men at the Parkgate Warren Dyke and 

Whinn Moor seams should give in their notices, unless 
a satisfactory arrangement could be arrived at. Over 
a thousand are on strike, and more will be unless the - 
Board of Arbitration can settle the matter. 

In the Lancashire mining districts several disputes 
exist, and the state of trade isso deplorable that pits. 
are working only from two to three days per week, 
Reductions are being effected or attempted at various 
collieries, but the agents are on the alert to deal with 


any case that turns up. At one place the banksmen — 


In this | 


It is expected that all the other 


In the Yorkshire districts the iron and 


There has been no further — 


were reduced without notice, when the matter was 


at once relegated to the agent. In all cases re- 
ductions are made in modes of working, where the 
pit managers think that economies can be effected. 
The fact is that the managers are induced to effect 
these economies, where they think they can, because of 
the low price of coal, and the difficulty in keeping the 
pits going so as to earn the cost of working. ‘The long 
stoppage of the cotton mills, the partial stoppage of 
the iron and steel works, and the partial depression 0 
other industries, has reduced the demand for coal to an — 
almost minimum output at present. 2 
The position of affairs in the Forest of Dean remains 
unchanged. The mine owners have made no further 
effort to enforce the reduction byany extended stoppage 
of the pits. The prompt action of the federation 18 
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thought to have arrested the action of the employers 
in this matter. About 1200 men are really out, ata 
cost of about 600/. per week, and 1000/. per week will be 
sent if required. Some attempts have been made to 
effect a private arrangement with the men at some of 
the collieries, but the agents are firm in resisting any 
such course. At a series of meetings held in the 
district the men have declared for a ‘no surrender 
policy ” with a unanimity and enthusiasm which are 
unmistakable. A cheque for 1000/. was paid over asa 
first instalment of strike pay. 

In Staffordshire things are bad, both as regards 
miners and ironworkers. The distress at Newcastle 
and Longton is so great that efforts are being made to 
cope with it by public subscription, the mayor having 
decided to call a town’s meeting. 

In Durham, in South Derbyshire, and in Leicester- 
shire the state of trade is nearly as bad, many being 
out of work, and many more on short time. Alto- 
gether the coal-mining industries of the country are 
bad, and there seems to be very little indication of 
any near improvement at present. 

The Miners’ Congress at Brussels opened on Monday 
last, many delegates having been sent from Great 
Britain. It seems that the question of eight hours by 
legal enactment will be the chief question discussed, 
though many other matters will claim attention. 
Nearly all the mining members went to Brussels, Mr. 
Burt being one of the number. The Labour Depart- 
ment had, besides, a member of the staff to watch the 
proceedings. 


BOILER EXPLOSIONS AT DAILLY AND 
STACKSTEADS. 

Two ‘‘ formal investigations ” under the Boiler Explo- 
sions Act, 1882, have been recently held by the Board of 
Trade, and the following particulars thereof may be 

iven. 

: The first was at the Town Hall, Girvan, and had refer- 
ence to an explosion which occurred on February 23 at 
Kilgrammie Colliery, Dailly, Ayrshire. The Commis- 
sioners were Mr. Henry Johnston, advocate, Sheriff of 
Ross and Sutherland; and Mr. David Crichton, engi- 
neer R.N., Edinburgh. Mr. Donald, solicitor, Glasgow, 
appeared for the Board of Trade; and Mr. David 
Andrews, solicitor, Girvan, for Mr. John M‘Harrie, the 
owner of the colliery. Mr. J. M. Ronaldson, Govern- 
ment Inspector of Mines for the Western District of 
Scotland, was also present, and took a seat with the Com- 
missioners on the bench. 

The first witness was Mr. M‘Harrie, who deposed that 
he became tenant of the colliery in 1870. The boiler had 
then, it was stated, been in use five years, but he had no 
information as to the date of make or name of maker. It 
had been in use ever since 1870, and was worked at about 
40 lb. pressure. It was an egg-ended externally fired 
boiler, set in brickwork, with a portion of the surface ex- 
posed to the weather, there being no roof placed over it. 
He was not a practical engineer, and could say nothing 
with regard to inspection ; his manager and the engine- 
man had entire charge and dealt with all such questions, 
and with the repairs. Some repairs were made five years 
ago, andothersthreeyears ago, all of them consisting of the 
introduction of new plates. The boiler was not insured. 

By Mr. Andrews: He had other boilers, and the one in 
question was used alternately for about two months at a 
time. Any defects mentioned to him were at once 
attended to, and he had discarded some boilers on the re- 
port of his engineman. 

Mr. David M‘Kenna, manager of the colliery for the 
past eleven years, said it was his duty to see that the 
plant, machinery, and boilers were kept in good order, and 
tohave all defects made right. The boiler was 29 ft. long 
by 4 ft. 6 in. in diameter, and was fired by a direct-acting 
furnace fixed underneath it. It was equipped with all 
the necessary fittings, which were kept in good condition. 
Some of the plates were reported by the engineman as 
being defective about five years ago, and Mr. M‘Harrie 
instructed him to have repairs made. He had the boiler 
inspected by aman from Messrs. Taylors’, boilermakers, 
Ayr, and on his recommendation a patch was applied, 
Further repairs were made three years since owing to 
fractures at the rivet holes, and the boilermaker then said 
the old plate must be cut out anda new one put in, and 
Witness told him to do what was necessary. For these 
repairs the brickwork had to be removed. He had occa- 
sionally examined the boiler to see that it was cleaned 
and had sounded the plates ; the engineman also had made 
examinations, but the brickwork had not been taken 
down for the purpose. No inspection by a skilled person 
had ever been made beyond that by the men from the 
boilermakers. He was away from the colliery when the 
boiler burst, and on returning found it had been blown 
into four pieces, one of which had been carried by the 
explosion to a distance of 170 yards. The brickwork 
setting was demolished, and his son was severely scalded. 

By Mr. Donald: He could give no explanation as to 
the cause of the explosion. 

By Mr. Andrews: The working pressure was from 
85 1b. to 38 1b., but he could not say what it was at the 
time of the explosion. 

By Sheriff Johnston: When the plates referred 

_to were cut out it was seen that they were defective, but 
he did not measure their thickness, but left the matter 
with theboilermaker. He did not see any traces of wast- 
ing by corrosion at the seams when he made his inspec- 
tions, but he did not pay too much attention, as he left it 
tothe engineman. He only looked at the boiler to see 
that it was clean. 


Sheriff Johnston here observed that it was time wit- 
ness changed his method of inspection, as he was 
responsible for the safe condition of the boilers at the 
colliery. 

James Bryden, engineman, stated that he examined 
the boiler to see if there was any rust or wearing of the 
seams. He examined along the seams of rivets and 
scraped them with a chisel; he also tapped the plates 
along the entire boiler with a hammer, but never found 
anything to arouse his suspicion. He knew now that 
some of the plates were much worn and that they were 
very thin, but could not account for neglecting to detect 
this. The brickwork setting had only been taken down 
when the boilermakers effected the repairs mentioned. 
He could give no explanation as to the cause of the 
explosion. 

By Sheriff Johnston : When inside the boiler he never 
noticed that the plates were not their original thickness, 
or he would have put a hole through them. He had 
done so with other boilers when he was a younger man. 

Mr. John Taylor, a member of the firm of J. and A. 
Taylor, boilermakers, Ayr, said they did not make the 
boiler, but in 1866 it was sent to his firm’s works by the 
then tenant of the colliery to belengthened. They added 
about 7 ft. of new plates to the middle of it, making it 
29 ft. long. He thought the plates were 3 in. thick. His 
men made the repairs that had been mentioned, but so 
far as his firm were concerned no special inspection was 
ever made of the boiler. The boiler was an old one when 
they lengthened it twenty-seven years ago. He could 
give no idea as to the cause of the explosion. 

By Sheriff Johnston: The life of sucha boiler would 
be a long one if thirty years old. If exposed to the air, it 
would lead to corrosion. Leaving the shell crown open 
permitted damp to get in between the brickwork and the 
plates. He had seen remains of the boiler since the ex- 
plosion, and observed that in certain parts the plates 
were nearly eaten away by corrosion. This could have 
been discovered by proper inspection and sounding by a 
hammer. 

Mr. Thomas Rowley, Engineer-Surveyor to the Board 
of Trade, stated the result of his examination. The 
plates were very much corroded. The original thickness, 
he thought, was $ in., but they were reduced in some 
parts to 3; in., and in others to 7; in. This would have 
been detected on an efficient inspection being made. 
The corrosion must have been going on for years. 

By Sheriff Johnston : The corrosion was external, and 
though now very apparent, he thought it would not have 
been visible to the engineman, owing to the plates being 
covered by the brickwork. 

The evidence being concluded, Mr. Donald submitted 
a list of questions to the Court for their decision, after 
which Mr. Andrews was heard for Mr. M‘Harrie, and 
Mr. Donald for the Board of Trade. 

After an interval, the President (Sheriff Johnston) 
announced the decision of the Court, and in so doing 
dealt very exhaustively with the questions submitted by 
the Board of Trade. Since the year 1866 the boiler had 
never received a skilled inspection. It was exceptionally 
open to injury from exposure to the weather. Corrosion 
must inevitably take place where a boiler was built in the 
manner of the exploded one, with the crown exposed to 
the atmosphere, with the sides encased in brickwork, and 
with ample opportunity for waste water to percolate 
or sink in between the brick casing and the plates. The 
Commissioners were distinctly of opinion that the owner 
of the boiler was very gravely at fault for the pure and 
simple neglect of any skilled precaution in the way of 
inspecting and ascertaining its condition. The manager 
and the engineman appeared to be competent and fitted 
for their work, though they both admitted that their 
training was such that they were not skilled in the art of 
boiler inspection. A boiler misused was one of the most 
dangerous things in connection with the carrying on of 
any work requiring steam power, and looking to the fact 
that men’s lives were endangered by any defect in the 
boiler, Mr. M‘Harrie should certainly have employed a 
skilled inspector. No doubt he erred more from ignorance 
of the dangers accompanying the use of his boilers than 
from anyfother reason, and he would probably take pre- 
cautions in the future that he should have taken in the 
past. To leave the boiler in question for twenty-six or 
twenty-seven years without havimg the brickwork casing 
removed, and a thorough inspection made both outside 
and inside, was most reprehensible on the part of the 
owner. There had been no loss of life, but this did not 
detract from the seriousness of the explosion. The Com- 
missioners could not understand how it was that Messrs. 
Taylor’s man could put in a plate and leave the boiler 
without going over the whole of it to see the actual con- 
dition. If he had made an examination, he must have 
detected the excessive wasting. The decision to which 
the Court had come was that the cause of the explosion 
was simply and solely old age and neglect. Mr. M ‘Harrie 
substantially took no means to ascertain the state of the 
boiler, and did not do what was in his power to make it 
fit to bs used with safety. The plates, particularly at the 
line of rent, were wasted almost to the thickness of 
34s In., so that the boiler was perfectly incapable of 
standing the pressure to which it was subjected. The 
Court attached great blame to Mr. M‘Harrie. Where 
men in his position were obliged to use dangerous ma- 
chinery in the conduct of the work by which they were 
making their profit, they must be responsible for their 
ignorance as much as for their neglect. If they themselves 
were not skilled enough to know the danger which was 
incurred by the men who were employed by them, it was 
their business to call in those who had the necessary 
knowledge, and who were able to keep things safe. The 
Court felt it to be their duty to find Mr. M‘Harrie liable 
in a substantial sum, and he must therefore pay the sum | 
of forty guineas towards the expenses of the inquiry. 


The second formal investigation was held at Bury, and 
dealt with an explosion which occurred on February 4 at 
a stone quarry at Green’s Moor, Stacksteads, belonging to 
Mr. Richard Siddall. The Commissioners were Mr. 
Howard Smith, barrister-at-law, and Mr. F. J. Pilcher, 
consulting engineer, Liverpool. Mr. Gough appeared for 
the Board of Trade. 

The boiler was of the vertical, internally fired class, 
5 ft. 8in. in height by 3ft. 6in. in diameter, made 
originally of two rings of plate ¥; in. thick, lap-jointed, 
and single riveted. The shell crown plate was # in. thick. 
The firebox was 3 ft. in diameter by about 3 ft. high, 
made of one plate ;3;in. thick, the crown plate being 
originally 2in. thick. There was no uptake, but the 
products of combustion passed through an opening in 
the back of the firebox into a casing round the lower part 
of the shell, and thence through a chimney to the atmo- 
sphere. There was the usual equipment of fittings, and 
the calculated blowing off pressure was 55 1b., with the 
weight at the end of the lever. The working pressure was 
stated to be 30 lb. to401b. The boiler was made about 
26 years ago by Messrs. Holdsworth, of Bradford, and 
after passing through several hands came into the posses- 
sion of Mr. Siddall in July, 1884. In 1883 some repairs 
were made by Messrs. Hutchinson, of Bury, and it was 
stated in evidence that one of this firm said ‘‘he had 
tested the boiler, and it was as good as a new one.” The 
boiler was not insured, and it had never been examined 
by any person other than the employés of the various 
owners through whose hands it had passed. 

On Saturday, February 4, steam was got up at 7a.m., 
and about 1la.m., when the pressure was at 301b., the 
boiler burst. The crown plate of the firebox collapsed 
and rent at the root of the flange round all but 3 in. of 
the circumference, and was forced down into the firebox. 
The escaping steam and water slightly disturbed the 
boiler, but it was not blown from the crane with which it 
was connected. The crane was somewhat injured, but be- 
yond this there was no damage to property, and no person 
was hurt. 

The cause of the explosion was wasting of the firebox 
crown plate, whereby its strength was materially reduced 
and rendered too weak to withstand the ordinary working 
pressure. 

A number of witnesses were examined, and gave evi- 
dence with respect to the history of the boiler both 
before and after it came into the possession of Mr. 
Siddall. 

Mr. Richard Siddall, the owner of the boiler at the 
time of the explosion, stated that he had not been to the 
quarry for three years, owing to ill-health, and left the 
management to his brother, who acted as foreman. A 
mechanic was always kept whose duty it was to keep a 
general supervision of the plant, and to report to the 
foreman any defects that required more repairs than he 
himself was capable of executing. The last man who 
held this position was named Ashworth, and he died in 
September last. He was an old man of 70 years, and 
was paid 26s. per week when he worked a full week. 

Asked by the Commissioner whether he thought it 
likely that a good man capable of supervising twenty 
boilers, besides other plant, could be obtained for so low 
a wage as 26s., witness replied that ‘‘an old man of 
seventy who was getting generally decayed could not 
command as good a wage asa strong young chap, and 
engineering firms would not employ such men.” He had 
not given Ashworth any instructions as to the manage- 
ment of the boilers; he did not know how often he 
cleaned them out, or whether he examined them or not ; 
but he thought he was quite competent to examine ten 
boilers, or to do anything else appointed to him to do. 
Twelvemonthsago last Christmas witness had given orders 
that all the boilers should be examined, on account of their 
being laid up by thelong frost. His brother had told him 
since the explosion that Ashworth had made an examina- 
tion, and his report was that all the boilers were in a safe 
condition to work. 

Mr. James Wishart, Engineer-Surveyor to the Board 
of Trade, stated in his evidence that the crown plate of 
the firebox was generally reduced by internal corrosion 
toa thickness of in. He produced portions of the plate 
for the inspection of the Court, their thinness being quite 
sufficient to account for the explosion. He considered 
that the boiler was unfit for any useful pressure, being 
quite worn out. He had forced his hammer through the 
shell plate, which was also badly wasted. The corrosion 
in the firebox could easily have been detected, and must 
have been going on for some years. 

After the close of the evidence, Mr. Gough submitted 
to the judgment of the Court a number of questions re- 
specting the history of the boiler, its condition, the cause 
of the explosion, and the liability of the owner. 

Mr. Howard Smith, in giving judgment, carefully 
reviewed the evidence that had been given. He agreed 
with that of Mr. Wishart, and pointed out that, though 
that witness had stated his opinion that the boiler was 
not fit for more than 5 lb. pressure, yet it had been worked 
for four months in each year at from 30 lb. to 40 Ib. pres- 
sure, if not more. The Court found that the boiler had 
never been properly examined. This fact was plain, as 
it had been admitted that the casings round the boiler 
had never been removed, so that no proper examination 
could possibly have been made. Mr. Siddall was very 
much to blame. He had relied on the man Ashworth, 
but never took the trouble to ascertain whether he was 
examining the boilers ina proper manner. He should 
not have employed a person who was not competent to 
perform the duties intrusted to him. Mr. Siddall was 
working ‘fon the cheap,” and instead of appointing a 
properly qualified boiler inspector, he had chosen to 
appoint a man who, though perhaps capable of doing 
““odd jobs ” about the place, was, the Commissioners 
thought, incompetent to superintend the plant, Mr, 
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Siddall had been very careless and very reckless, He 
seemed to think, as many people did, that a boiler might 
be worked with safety so long as it did not leak. He was 
therefore to blame for the explosion. 

Mr. Gough applied for costs against Mr. Siddall. 

Addressing the Court, Mr. Siddall said that his reason 
for not insuring his boilers was that it was a considerable 
tax upon his trade to do so, for though he had about twenty 
boilers, all of which were used at intervals, he only got 
work out of them equal to what would be obtained by 
working three or four boilers regularly. Though only 
getting work from some three or four boilers, he would, 
if he insured, have to pay premiums on twenty. Hence his 
reason for not insuring. 

After consultation, Mr. Commissioner Smith ordered 
Mr. Siddall to pay 40/. towards the costs of the investiga- 
tion. 


ALTERATIONS OF FORM OF BOILERS 
UNDER STEAM. 


Notes on Some Alterations of Form to which Boilers are 
Subject when under Working Conditions.* 


By Mr. T. J. Mitton, Member of Council. 


Iv is well known that boilers are subjected to altera- 
tions of form when under working conditions, due to the 
various parts being at different temperatures, the hotter 
portions expinding more than the colder parts; and very 
serious troubles have occasionally arisen from these 
causes, especially when they have been intensified by 


cates the necessity for using material for boilers possess- 
ing a very high degree of ductility, and for so designing 
the details of the construction that the inevitable defor- 
mations may take place without producing severe local 
strains. 

In designing boilers, the requirements of strength are 
generally supposed to be fully met by considering the 
cylindrical shell to be in perfect equilibrium under the 
uniform internal pressure, which produces a tensional 
stress in the shell plating proportional to the pressure and 
to the diameter of the boiler. The furnace flues are 
cylindrical in form, and, together with the cylindrical 
portions of the combustion chamber bottoms, are supposed 
to be in equilibrium under the uniform external pressure, 
and the compressive stress it produces in the plates; 
while the flat parts of the boiler are supposed to be 
perfectly supported by the stays. 

In practice, however, there are several considerations 
which lead to departures from the simple conditions 
above alluded to, and it is in consequence of these that 
the deformations of the different parts take place. The 
most important of these changes of form are the variations 
of the transverse dimensions of the combustion chambers, 
and the alteration of shape of the cylindrical shell. 

Considering the latter first, it is evident at once that 
the cylindrical shell will be in equilibrium if it is truly 
circular in shape, and is subjected to a uniform internal 
pressure, but to no other forces. If, however, it is acted 
upon, in addition to the pressure, by other forces not uni- 
formly distributed round the circumference, the equili- 


brium will be destroyed, and analteration from the truly cy- 


actually observed in these parts of several boilers are re- 
corded in Table II. 

Coming to the sides of the combustion chambers, we 
have those nearest to the shell plates connected to the 
shell by stays. The pressure on the chamber side plates 
would cause them to bulge inwards if there were no stays; 
the tendency to bulge produces a tension in the stays 
which, as we have seen, distorts the shell from a truly 
cylindrical form. This yielding of the shell must be 
accompanied by a yielding of the chamber sides, which 
accordingly become curved inwards. 

If we now consider the chamber as a whule, we see that 
as the pressure on the side a b is exactly equal to that on 
the side c d, the total forces exerted by the stays on the 
side c d must also be equal to the total forces exerted by 
the stays on the side ab. The difference between the 
total pressure on either side and the forces exerted by the 
stays on that side must be borne by the tubeplates a cand 
bd, which will be put into compression. The sides e f 
and c d must be under nearly the same condition of load 
and support as the side a b, and therefore their deforma- 
tion, if any, under these conditions must practically be 
the same as that of a b, so that all three chambers will be 
nearly equally deformed. The stays in the water spaces 
are practically unaltered in length, so that the diminu- 
tion of horizontal diameter of the shell will produce a 
collapse or narrowing of each of the chambers equal to 
about one-third of the alteration of diameter. 

If we refer to Fig. 3, representing a single-ended boiler, 
ibis seen that the position of the stays being near the 


back end plate, the deformation of the shell with an 


unskilful treatment, involving more than ordinary 
differences of temperature of the various parts of the 
boiler. It is not intended to allude to these in 
this paper, but attention is requested to certain altera- 
tions of form which may be of equal importance, and 
which result from variations of pressure alone. These 
are often of considerable extent, and it is singular that 
more attention has not been directed to them, seeing that 
they occur in every boiler, and that, as they must take 
place concurrently with the changes which are produced 
by differences of expansion, it may sometimes happen 
that difficulties which are attributed entirely to the latter 
may be, in part, at least, due to pressure as well. 

In the Tables given at the end of this paper, some 
deformations which take place are recorded. It will be 
noticed that where observations have been made at both 
working and test pressures, the extent of the deflections 
appears in general to be in direct proportion to the pres- 
sure applied, being at the test pressure about twice that 
at the working pressure. In regard to these alterations 
of form it must be borne in mind that they in general do 
not appear to produce permanent set, even at the testing 
pressures, Also that while the fact that such deforma- 
tions must take place in all boilers of similar design, of 
which many hundreds have been in successful use for 
many years, shows that they are not of themselves dan- 
gerous, so long as the material of which the boilers are 
made is of good ductile quality, yet their extent indi- 
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lindrical form must take place. In most boilers these latter 
conditions hold. Thesides of the wing combustion cham- 
bers are stayed to the shell, as shown in Figs. 1 and 2; 
and, unless the staying is continuous round the crown and 
bottom of the boiler, as in Figs. 4 and 5, the pull of the 
stays must'distort the boiler, lessening its horizontal, and 
increasing its vertical diameter. The alterations which 
actually take place in several boilers are recorded in 
Tables I. and II. 

Next, consider the flat surfaces. If two equal surfaces 
be tied together by stays, and be subjected to equal pres- 
sures in opposite directions, they will be in equilibrium, 
and the stress in the stays may fairly be taken as equal 
to the total pressure on either of the surfaces. If, how- 
ever, unequal surfaces are stayed together, and are sub- 
jected to equal intensity of pressure, it is evident that—the 
load on the larger surface being greater than that on the 
smaller—the latter cannot produce supporting forces in 
the stays sufficient to prevent all yielding, and deforma- 
tion will occur, the stays moving in the direction of the 
larger surface, which will bulge outwards, while the 
smaller surface will be drawn inwards against the pres- 
sure by the stays. 

An illustration of this is shown in Fig. 1¢, which repre- 
sents the horizontal section of a double-ended boiler with 
six furnaces and three combustion chambers. The area 
of the front tubeplate is greater than the combined areas 
of the three back tubeplates. They are tied together by 
the tubes, and when under pressure the front tubeplate 


bulges outwards, drawing the back tubeplates with it, as 
shown exaggerated by the dotted lines, The deformations 


equal pull of the stays must necessarily be much less than 
in a double-ended boiler, and that of the chamber will be 
less also. This is borne out by the figures given in Tables 
I. and II., in which boilers A, B, and Dare single-ended, 
the others being double-ended. 

It will be seen from these Tables that the greatest 
alteration which takes place is in the horizontal width of 
the combustion chambers, at about the level of the centre 
of the wing furnaces. Fig. 1d shows a section of the boiler 
at this part. The wing chamber plates at about this 
level are parts of cylindrical surfaces, andif there were no 
stays fixed to them they would retain their form when 
the boiler was subjected to pressure. Evidently then, if, 
in addition to the pressure, they have forces acting on 
them produced by the pull of the stays, they must alter 
form, yielding in the direction of the pull, the case being 
similar to that of the shell plating acted on by the pull 
of the side stays. If any yielding takes place in this 
direction, the side plating of the centre chamber must 
become equally distorted, and the Tables I. and II. show 
that in some cases the narrowing of the centre chamber 
produced by this distortion is nearly } in. at the work- 
ing pressure, and as much as 4 in, at the testing pressure. 
The yielding of the wing chamber side plating is, of 
course, of equal amount to that of the plating of the 
centre chamber ; but, as it is outwards at this side, while 
the plating at the other side yields inwards, the width of 
the wing chambers at this part is not so much altered, 
and the straining action is, therefore, somewhat masked. 

It is to be also noticed that in the side chambers, the 
plating being continuous at this part with the furnaces, 
the deformation referred to will take place without pro- 
ducing severe local stresses, but in the centre chamber at 
this level the tubeplates prevent any yielding of the side 
plating adjacent to them, and it scarcely needs pointing 
out that the deformation, being of the extent above men- 
tioned at the centre, and nearly as much at the end stays, 
but practically nothing at the tubeplate ends, must put a 
severe local strain on the plates, especially if the staying 
is close to the tubeplate flange. : 

In two-furnace boilers, and in double-ended boilers 
with two furnaces at each end, the deformation of the 
shell is also found to take place, and in consequence the 
combustion chambers are also deformed ; but there being 
no corresponding part to the narrowest part of the centre 


combustion chamber of three-furnace boilers, the maxi- 
mum deflection is less, 
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TABLE II. 
a Boiler D. Boiler E. Boiler F. Boiler G. Boiler H. Boiler I. Boiler J. Boiler K. Boiler L. 
Diameter of boiler (mean) 13 ft. 3 in. 12 ft. 9in. 14 ft. 13 ft 14 ft. Gin. 14 ft. Sin. 13 ft. 7 in. 13 ft. 12 ft. 6 in. 
Length of boiler .. ee An 10 ft. 16f6.7 ,, 16%, Lilies 18 ft. 17-f6. iusseSuys 16%; 17 ft. 
Working and test pressures .. ee --| 150 1b., 300 Ib. | 160 1b., 320 1b. | 160 1b., 320 Ib. 180 1b., 360 1b. | 1501b, 300 1b, | 175 1b., 350 1b, | 160 1b., 3201b. | 160 1b., 320 Ib. 180 Ib., 360 1b. 
Number and description of furnaces in) Three, plain Six, Fox Six, Fox Six, Purves Six, Purves Six, Purves Six, Purves Four, Purves |Four, plain, with 
boiler Adamson rings. 
Diameter of furnace (outside) on 3 ft. 3 ft. 3 in. 3 ft. 44 in. 3 ft. 24 in. 8 ft. 7 in 3 ft. 6fin. 3 ft. 4 in. 8 ft. 7 in. 3 ft. 7in. 
Length of furnace, over tube plates.. —.. 6 ft. 7 in. 6ft.8 ,, Cay PFs 7 ft. Oe pease Gor gel lues 8 5x B55 6.55: 4%, Gr On, 
Number of combustion chambers in boiler Three Chree, eachcom- |Three, each com- | Three, each com- Six Three, each Three, each Two, each com- |Two, each com- 
mon totwofur- | mon to two fur- | mon to two fur- common to | commontotwo montotwo fur- | mon to two fur- 
P naces naces naces two furnaces | furnaces naces naces. 
Number of vertical rows of stays in s des of 
chambers ue "5 =e Gc ; Two Three Four Four Three Three Three Three Four. 
Thickness of shell plates p 1} in. 1,4, ip lj in. ae 1js in ig 1,% in. 1,4 in. 1,4; in 
” chamber sides .. oe Ys » § ” ” 5 ” 4g in. 53 oy #,, B sy 
” ” bottoms . ” 4 ” 1% ” 33 ” Zi s 4» | +8 5 14 
ie furnaces .. An Ac 5 a va 3s ; 4B, ; He 13 45 te ss 1B, li, i as 
Chamber tops stayed by es se 55 Girders Girders Girders alter- |Girders sus- |Curved, and |Girders sus- Girders Girders Girders. 
nately sus- | pended toshell | gussets con- | pended as in | 
pended to shell | at centre of | necting oppo- | boiler G | 
their length, | site chambers 
and resting on 
tubeplates at 
ends 
Cha nber bottoms stayed by .. Not stayed /|Reston brackets |Bracketsriveted |Brackets riveted Stiffened by | barsandstays Not stayed Two | bars Not stayed. 
not secured to | tochamberand | tochambers and angles | 
shell to shell to shell 
OBSERVED ALTERATIONS OF DIMENSIONS, 
en 4 Ly. R Ae uae ws A habe ? ees 
lg, | 2 lee | 2 [ze | Be ie te jee | ge jee | fe 
At Test Press | 55. | 2B 52.| &8 | 82. | Sm | At Test Pres- ae nt el ge OY SE elles 
sure, 3001b, | = aa og pom $s |2o= 2g | sure, 300 Ib. ce, oS 3os ees all IS aes 
SHE RE) ae ee ean BG a5 we | BB | Cee | 8 
lia 22 | gar a2 qa = 2 a) 22 Bua 42 gun | 3° 
in. ate in. in. in. in. in. in. | in. in. in. in. in in. 
Decrease of horizontal diameterof shell .. pt | 4 4 = 8 Pe 48 4 | ae : as 3 1 4g 
Increase of vertical diameter of shell es 4 me “it 13 wee | : | | Pe Ps Ys aa 
Decrease of width of centre combustion | | | 32 43 
chamber at level of centre of boiler, at | | 
centre of chamber sides... On Ab aie vs a A 1, a | | 1 
Decrease of width of side chamber at | 
centre of chamber sides .. ac a vs me ak er 1 ! F Ss 
Decrease of centre chamber at narrowest | : 
part (centre) es ee ee os ! is x | is es | 43 | 3 | 
Decrease of centre chamber at narrowest | | | 
part(near forward tubeplate) .. op | fe ee | Ps 
Decrease of centre chamber at narrowest : | | 
part (near aft tubeplate) noe as : 3h ma af 
Decrease of centre chamber at springing of x | 
cylindrical part of bottom (centre) A 0 a's ats 3h gs aa 0 | | 
Decrease of side chamber at springing of | 
cylindrical part of bottom (centre) 55 or : | 1 
Decrease of side chamber near fore tube- | | 
plate .. ue as a AS a a6 ae 5 z } = L 
Decrease of side chamber near aft tubeplate He u . Z ue : | | 
Increase of length of combustion chamber, 
fore and aft (back plate to tubeplate or " P J | 
tubeplate to tubeplate) .. Ac 56 ar éx vr 1s vs ay er 00 | : } Se 
TABLE I. is boilers noted so far have been constructed in 
; ; d the most common way, but attention should be di- 
al Boiler A. Boiler B. | Boiler C. rected to the methods of staying adopted by some engi- 
Diameter of boil | 14 ft. Lin 16 ft | 15ft. 3 in esha : anes 
Meth ot botier (mean) oo as es Ot oto, rte Fig. 4 represents a section of a boiler with combustion 
Working and test pressures. 3. we 169 Ib. , 320 Ib. 80 Ib., 160 1b. 160 Ib., 320 1b. chambers of a peculiar shape. The sides and bottoms of 
Number and description of furnaces in boiler .. Gt Three, Purves Three, plain Six, Fox the chambers are stayed to one another and to the shell, 
Diameter of furnace (outside) Be sa ae i 8 ft. 3in. 3 ft. 6 in. | 3 ft. 1lin. and the tops of the chambers are stayed by vertical stays 
Length of furnace, over tubeplates = ac 7 ft. 6,,6,, | 6,8 5, to the upper part of the shell. It will be seen that this 
Number of combustion chambers in boiler Three Three | thie ba ene to | method of staying brings a nearly uniform loading 
Ww . - . 
» Vertical rows of stays in sides of chambers... Two Two | Four, Le ps etl the whole of Ais circumference of the shell, 
Thickness of shell plates ce Se i in +} in. | 14} in, and the staying across the water spaces between the 
7 chamber side plates .. = 43 55 eS ir os chambers also avoids the difficulty pointed out in ordi- 
< » bottom plates 3 Bons MS ay, a0 narily made boilers. There should be practically no 
ee nee el! 360. wad a ata 7 Ao om F ope ers in boilers made on this plan. 
amber tops stayed by e i irder ; urve e: In other boilers a modification of this method is 
», bottomsstayed by ..  .. Not stayed Stiffened with L, not Biot stayed. adopted, the pressure on the upper parts of the chambers 
connected to shell i 7 2 : 
- : = being either in whole or in part supported by vertical 
OBSERVED ALTERATIONS OF DIMENSIONS, stays secured to the shell of the boiler, and the bottoms 
: = + ~~ | of the chambers being also secured to the shell either by 
At Working AtTest |At Working) AtTest |At Working! At Test stays or by brackets. When only part of the load on 
Pressure, Pressure of | Pressure of Pressure of | Pressure of | Pressure of chamber tops is thus taken, as in boilers G and I, men- 
1601lb. | 3201b. 80 Ib. 160 lb. 160 lb. 320 lb. tioned in Table IT., it is seen that some deformation still 
SS St = aren takes place. 
in. in, in. in. : In conclusion, I should say that, for the very complete 
Deer i i ber 0 ty 0 | ae 43 obree a Deus 
re ease ot race ere ay eel :; i x th i } data given in Table I., I am indebted to my colleague 
Decrease of width of centre combustion chamber at | } Mr. J. EK. Stoddart, who made the numerous observations 
level of centre of boiler— | J with great cara, both under working pressure and test 
Near back plate (boiler C near one tubeplate) ne i's 0 vs we ats pressure, for the purpose of record in this paper. 
Atcentre.. .. Ss BF ae se ce | ate as Ys as 1s For the other particulars, recorded in Table II., I am 
ee, an we +. a3 | 1s 1 2 Be 8 indebted to others of my colleagues who have at different 
et 5 5 5 P times taken these particulars when testing boilers 
be i, , 4 i 5; 1 ; g boilers as 
Hear mm piate one ¢ Bear Oh > eae as % * a + ue : matters of interest to themselves, without the least ex- 
DUN COIREGMEME '. 5c oe Bines exes 1's 4 ais ws i 1s pectation of their being recorded in a paper. It is for 
At springing of cylindrical part of bottom— r this reason that they are not so complete as those given 
_ Near back plate (boiler C near one tubeplate) 0 aly 0 0 $ aa in Table I. 
At centre .. <a a . oe oe aly | 1 0 | ay a2 ag 
Meamoupeplate.. 9. ek tee we *y vz | 1's a8 a2 
ee “4 width of starboard chamber at level of 
centre of boiler— a . aprp 9 / c 
Neax back plate (boiler C near one tubeplate) .. 0 a 0 0 0 ts New Barrish Gunsoar “ Axert.”—An Admiralty 
ean : 0 0 0 0 ae rs order has been received at Sheerness Dockyard directing 
earcuneplate ' ve | ws eT oe vy 1's 1's ay 3 ae preparation to be made for the construction of a large 
At springing of cylindrical part at bottom— ‘ » gunboat of a new type. The proposed vessel has been 
Near back plate (boiler C near one tubeplate) ; H Ys i designed by Mr. W. H. White, Diractor of Naval Construc- 
BeenerOr | ee ee fe 0 0 1 vi ig tion, and is to be named the Alert. She is intended for 
Near tubeplate .. ae me = = al 0 v2 ts 5 J ; i ‘ : 
Decrease of width of port chamber at level of centre of | service on foreign stations, and is to be sheathed with 
iler— s wood and copper. She is to have a length of 180 ft., a 
Near back plate (boiler C near one tubeplate) dy bs 3 | ma a ae breadth of 32 ft. Gin., and a displacement of 960 tons, 
Perea en ae es | t wa as 1 cr xe Her engines are to be of the triple-expansion type, esti- 
lAepa Beret aplindrioal per ob eeeat +) vy 1s 32 16 } 32 as mated to develop 1400 horse-power under forced draught, 
Lede ad a 1 0 0 0 a with a speed of 13.25 knots, and 1050 horse-power under 
ted par mle holler (9) neces Eepeuiete) oa "3 a2 vk + as as natural draught, with a speed of 12.25 knots. Her arma- 
Neartubeplate .. ) 1, 1's aly vr ment will consist of six 25-pounder and four 3-pounder 


me sel 32 Bg 
* This indicates a slight return movement 


quick-firing guns. 
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WRECK RAISING IN THE RIVER THAMES. 


Ar the last ordinary meeting of the Institution of Civil 
Engineers for the session 1892-93, held on Tuesday, 
May 16, Mr. Harrison Hayter, President, in the chair, 
the paper read was on ‘‘ Wreck Raising in the River 
Thames,” by Mr. C. J. More, M. Inst. C.E., engineer to 
the Thames Conservators. i 

The power to remove wrecks and obstructions was con- 
ferred on the Thames Conservancy Board in 1857, but 
was then limited to cases where the owner neglected or 
refused to undertake the work. In 1870 the Conservators’ 
powers were extended so as to enable them to proceed at 
once with the removal of wrecks, without incurring the 
delay consequent on communications between themselves 
and the owners. The Conservators were also empowered 
to recover from the owners the whole of the cost and 
charges incurred in raising sunken vessels, and, in the 
event of non-payment, they might sell the vessel and her 
cargo; and if the proceeds of the sale did not cover the 
expense, might sue the owners for the balance. 

In organising the wreck service, advantage had been 
taken of the circumstance that the ships’ moorings in the 
Port of London were under the control of the Conser- 
vators, a skilled staff having to be maintained for their 
examination and repair. All the lighters required for 
the mooring service were also adapted for wreck-raising, 
and apermanent staff of men, well trained to the work, 
was available at the shortest notice. For the purpose of 
wreck-raising the ordinary lighters of the mooring service 
were supplemented by five special lighters with lifting 
power varying from 150 to 400 tons. The combined 
lifting power of all these lighters was 2150 tons at their 
ordinary load-line, but by submerging them more deeply 
much greater lifting-power could be obtained. Besides 
the plant for supplying lifting power, the service em- 
ployed a screw steam-tug, a wreck vessel stationed at 
Gravesend to mark the position of sunken craft in the 
lower reaches of the river, whilst three wreck boats were 
kept at different stations in the upper and less exposed 
reaches, In addition to these appliances, the steam-tug 
employed in towing barges in attendance on the dredgers 
was fitted with a powerful centrifugal pump, which could 
be used at any time when extra pumping power was re- 
quired. 

A general description of all these vessels and their 
equipment was given, and the author proceeded to give a 
short account of the mode of dealing with a sunken 
vessel. 

It was the duty of the harbour-master of the district 
in which a casualty occurred, to report it immediately by 
telegraph to the head office and to Lloyd’s, and tosend a 
watch-boat to take up a position as nearly as possible over 
the wreck. This boat flew a green flag with the word 
“Wreck” in white letters by day, and displayed two bright 
lights placed horizontally by night. Inthe case of very 
long vessels, two watch-boats were provided, one moored 
at the head and the other at the stern. Notices were 
also issued stating the position of the wreck, for the 
information of pilots and of persons in charge of craft 
navigating the river. At the low water following the 
sinking of the vessel, the lighters were brought down, and 
preparations were commenced for slinging her. It was 
first of all necessary to cut away any of the masts or 
rigging which would be likely to interfere with the 
operations. The lighters were then laid alongside the 
wreck, and che wire ropes passed under and adjusted 
with the aid of the steam winches and tugs. It was 
frequently necessary to employ divers to assist in this 
operation, and where the wreck was deeply imbedded 
in mud or sand, a force-pump was used to wash 
out a hole at a place where it was desired to pass the 
rope. The adjustment of the ropes, which varied in 
number from eight to 14; according to the weight of the 
vessel to be lifted, generally occupied from four to eight 
tides. The position of the lighters with regard to the 
wreck was governed by circumstances. When the depth 
of water was sufficient, they could be placed directly over 
the vessel to be lifted ; when the water was shallow, they 
had to be placed at the sides. The operation of lifting 
the wreck was generally arranged to take place during 
spring tides, as the extra height to which the water then 
rose enabled the wreck to be placed further in shore, and 
the lower level to which it ebbed facilitated the work of 
stopping any holes or openings which might have to be 
closed up before the pumping out of the water could be 
accomplished. At low water of the tide preceding the 
flood chosen for the lift, the slack of the ropes was hauled 
in, and the latter were securely fastened either in the 
nippers or by lashings through the eye-holes at the ends. 
Two or three tugs were then made fast to the lighters, 
and, as soon as the rising tide had lifted the wreck off the 
bottom, the lighters were gradually towed towards the 
shore until the time of high water, the wreck being just 
clear of the bottom. 

As the rise of an ordinary spring tide in. the Thames 
was about 20 ft., the wreck would then rest some 12 ft. or 
13 ft. nearer the surface than at the previous tide, the 
7 ft. or 8 ft. lost being due to the difference in draught of 
the lighters when weighted, and toa certain amount of 
yielding in the ropes when the full strain was brought 
upon them. As the tide fell, the ropes were relieved of 
the weight, and the lighters were towed clear of the 
wreck to avoid fouling. The same process had to be gone 
through two or three times, according to the depth from 
which the sunken vessel had to be raised. 

When the wreck had been brought so far in shore that 
her decks were clear at low water, the work of stopping 
all leaks and openings was proceeded with. If there were 
ahole in the plates, as was usually the case, this was 
closed by a shield, made either of timber or iron as might 
be the more convenient. This shield was bolted to the 
sound slates by divers, who also closed any portholes or 
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hatchways under the water level. The steam pumps 
were then put to work, and, the water being pumped out, 
the vessel floated and was taken into dock. The time 
occupied in raising a large steamer varied under favour- 
able circumstances from a week to a fortnight from the 
commencement of the operations. The cost was regulated 
by a fixed scale of charges for the use of the lighters and 
other craft and materials employed, and the payment of 
the amount actually expended in labour. 

During the past eleven years seventy-four steamers of 
55,758 tons register, fifty-four sailing vessels of 9128 tons, 
and 301 barges of 11,956 tons, being a total of 76,842 tons 
register of shipping, had been raised by the Conservancy 
lighters. 


THE PHYSICAL SOCIETY. 

Av the meeting of the Physical Society held on 
May 12, 1893, Professor A. W. Riicker, F.R.S., Presi- 
dent, in the chair, a paper “‘ On the Drawing of Curves by 
their Curvature,” by Mr. C. V. Boys, A.R.S.M., F.R.S., 
was read, and demonstrations of the method employed 
given. Whilst giving a course of lectures on capillarity 
in 1891, the author wished to explain the principles upon 
which the form of a water drop depended, and finding 
Lord Kelvin’s rule (Proc. R. Inst., Jan. 29, 1886) cumber- 
some, devised the modification now described. To apply 
Lord Kelvin’s rule for drawing the generating curve of a 
capillary surface of revolution, the values of the expres- 
sion 

6 1 1 1 
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where PP! is a short arc of a circle with centre O, N and 
N1the points on the axis of revolution in which the lines 
OP and OP! cut it, dis the difference of level between 
Pand P}, anda a linear parameter, have to be calculated ; 
compasses are then set to this length, and another short 
are PTP!! drawn with centre O! on the line P!N1, and the 
process repeated. This construction depends on the fact 
that the total curvature 


1 1 
Ge t N >) 
is proportional to the hydrostatic pressure at the point 
P—i.e., proportional tothe depth below the plane surface 
of the liquid. To avoid the trouble of finding reciprocals, 
a rule was divided so that the distances from what would 
be the zero of the scale are the reciprocals of the 
numbers attached to them, and the curvature of an arc 
being the reciprocal of the radius, can be read off imme- 
diately by the rule. To meet cases where the curvatures 
of surfaces are in opposite directions, the zero or w is put 
at the middle of the rule and the latter divided both ways. 

The chief gain depends on the abolition of cumulative 
errors due to compass settings, which is effected as follows : 
The rule is made of a thin slip of transparent celluloid with 
a small hole at the centreor w. A small brass tripod with 
needle feetis placed sothat two feet just penetrate the paper, 
and the third rests on the longitudinal straight line of the 
strip, which passes through the centre hole, thus forming 
a temporary but rigid centre about which the rule can 
rotate. A pen or pencil through the hole at w traces out 
an arc whose curvature is equal to the reading of the 
scale where the needle-point presses. When the rule 
crosses the axis of rotation of a generating curve, the 
numbers representing both curvatures are visible, and the 
position of the needle-point corresponding to a given 
total curvature can readily be found. A small arc is then 
drawn. Holding the strip firmly on the paper, the tripod 
is moved a little, so that the sum of the two readings at 
the needle-point, and where the rule crosses the axis, has 
the value corresponding to the position of the tracing 
point, and another arc drawn. Repeating the process, a 
yery perfect and accurate curve results. Details for 
drawing nodoids, unduloids, catenoids, &c., and other 
curves are given in the paper, and many beautiful 
examples which been had executed by Miss Stevenson were 
exhibited at the meeting. The author also pointed out 
that the locus of points about which the strip successively 
turns is the evolute of the curve drawn by the tracing 
point. 

Professor Perry considered the method a new depar- 
ture of great value. Whenhe (Professor Perry) drew the 
capillary surfaces of revolution in 1875, he found that 
cumulative errors produced considerable discrepancies. 

Professor Henrici thought the method would be a very 
useful one. 

Professor Greenhill said one would now be able to 
secure better diagrams of transcendental and other curves 
than heretofore, and he thought Mr. Boys’ method would 
supplant the laborious processes now used to determine the 
paths of projectiles. Where the resistance varied as the 
square of the velocity, the elevation for maximum range 
depended on the initial velocity, and for a cube law, both 
elevation and range tend to finite limits as the initial 
velocity increases. 

Professor Minchin inquired whether the catenary could 
be best drawn by using a scale of equal parts instead of 
one divided reciprocally. 

The President greatly appreciated the saving of labour 
effected by Mr. Boys’ method, and thought the appa- 
ratus should be shown at the forthcoming exhibition of 
mathematical instruments in Germany. 

Professor P. J. Lodge, F.R.S., read a paper on “‘ Zhe 
Foundations of Dynamics,” in which he examines the 
objections raised by Dr. MacGregor (Phil. Mag., Feb- 
ruary, 1893) against the views on Newton’s Laws of 
Motion and the Conservation of Energy, expressed by 
the author in 1885. The first part of the paper treats of 
the nature of axioms. An axiom or fundamental law is 
regarded as a simple statement suggested by familiar or 
easily ascertained facts, probable in itself, readily grasped, 
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and not disproved or apparently liable to disproof through- — 
out a long course of experience. On such bases the con- — 
servation of energy and of matter rests. Neither can be 
proved generally, but, like other fundamental laws, they 

fit into a coherent and self-consistent scheme, and are, 
therefore, worthy of acceptance until they are shown to 
be wrong. The second part relates to the first and third 
laws of motion. Dr. MacGregor objects to the first law — 
on the ground that uniform motion is unintelligible unless — 
its direction and velocity are specified with reference toa 
set of axes, and directly axes are introduced difficulties 
occur as to their motion, because there is no satisfactory 
criterion of rest. Such notions the autbor deems artificial 
and unnecessary, except where it is required to define the — 
absolute magnitude and direction of the motion. Reason- 
ing from his own experiments, he believed the ether was 
at rest, for he had not found it possible to move it by 
matter. The first law, he said, had been considered un- 
necessary as being only a particular case of the second, 
While admitting the latter fact, he maintained that 
its separate statement was desirable, on account of its 
simplicity and its affording a practical definition of the 
mode of measuring time. As regards the third law bein 
deducible from the first, he pointed out that if it oat 
be axiomatically asserted that the centre of mass ofa rigid 
system moves uniformly unless an external force acts on 
the system, then the third law follows. Newton apparently 
considered it best to state the third law as an axiom, but 
to many persons it is not obviously axiomatic (some engi- 
neers do not accept it), hence its deduction from the other 
two laws is useful. 

Part III. of the paper deals with the deduction of the 
law of conservation of energy from Newton’s third law 
and universal contact-action. Dr. MacGregor objects to 
the author’s definition of energy as the name given to 
“* work done,” and contends that this definition assumes 
conservation. On this point Dr. Lodge invited criticism, 
meanwhile pointing out that his definition was analogous 
to the customary definition of the potential function, and — 
a name for the line integral of a force considered as a 
quantity that can be stored. On the basis taken, two 
bodies can only act on one another whilst in contact, 
hence if they move they must move over equal distances ; 
but their action consists of a pair of equal and opposite 
forces, therefore their activities are equal, and whatever 
energy one loses the other gains, 7.e., energy is transferred 
from one body to another without change in quantity, 
The law thus established the author regards as more 
precise and definite than the ordinary law, because it 
implies not only the conservation but the identity of 
energy. The legitimate use of the phrase ‘‘ potential 
energy” is discussed at some length, and the view that 
whenever energy is transferred it is also transformed, 
upheld. ay 

In Part IV. the dissipation of energy, the nature of 
potential energy, and the second law of thermodynamics 
are considered. In discussing transference and trans- 
formation, ‘‘ potential energy” is used to indicate the 
energy of a body under stress, and ‘‘kinetic energy” 
that due tosustained motion. Hach corresponds to one 
of the factors of the product Fv, ‘‘activity.” So long 
as one factor is absent, no activity can manifest itself; but 
directly the missing factor is supplied, transference and 
transformation begin. This was shown to hold in an 
example of an air gun with its muzzle plugged, chosen by 
Professor MacGregor as an instance of transference of 
potential energy without transformation. cn. 

The law of dissipation of energy is stated thus: Ifa 
body has any portion of energy in such a condition that 
it is able automatically to leave the body, that portion 
usually does so sooner or later. Instead of the ordinary 
form of the second law of thermodynamics, the following 
statement is proposed: ‘‘The portion of energy which a 
body can automatically part with is alone available for 
doing work.” In discussing this subject the author 
points out that the common notion that heat engines are 
much less efficient than water or electric engines 18 & 
mistake arising from the fact that in the one case the — 
efficiency is calculated on the total energy, whilst in the 
latter cases only the available energy is considered. . 

Two appendices accompany the paper, one on “The 
Objectivity of Energy and the Question of Gravitation,” 
and the other on ‘More Detailed Discussion of the 
Transmission of Energy in Difficult Cases.” 3 

Professor Greenhill said the paper was full of sugges 
tive ideas. He could not agree with all the views ex- 
pressed in the paper on the subject of Newton’s Third 
Law. In considering action and reaction as equal and 
opposite, Newton ignored the inertia of the medium, and 
if this be included, the forces are no longer eqnal. 

Mr. Boys asked Professor Greenhill if the first link of 
a chain pulled on the second link harder than the second 
pulled on the first. Ay 

Professor §. P. Thompson thanked the author for 
getting rid of all square laws. He himself could not con- 
ceive of any effect being more than proportional to the 
cause. ‘i 

Further discussion of the paper was postponed until 
next meeting. 3 


ROYAL METEOROLOGICAL SOCIETY. — 
THE monthly meeting of this Society was held on Wed- 
nesday evening, the 1th instant, at the Institution of 
Civil Engineers, 25, Great George-street, Westminster, 
Dr. C. Theodore Williams, President, in the chair. 

Dr. H. R. Mill was elected a Fellow of the Society. 

The following papers were read : 

1. “ Mean Daily Maximum and Minimum Temperature 
at the Royal Observatory, Greenwich, on the Average of the 
Fifty Years from 1841 to 1890,” by Mr. W. Ellis, F.R.A.S., 
F.R. Met. Soc. The author gives tables of the mean 
maximum and mean minimum temperature Of the air on 
each day of the year, and also tables showing the daily 
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range of temp2rature and the mean of the daily maximum 
and minimum values. 

2. ** Suggestions, from a Practical Point of View, for a 
New Classification of Cloud Forms,” by Mr. F. Gaster, 
¥.R. Met. Soc. The forms assumed by clouds at dif- 
ferent levels and under various conditions have recently 
received considerable attention from meteorologists. The 
author, however, does not approve of the nomenclatures 
and classifications which have been proposed, as, in his 
opinion, they appear to be little, if any, better than the 
older ones they were intended to replace. He now pro- 
poses a somewhat different classification, arranging the 
clouds according t> altitude under the following head- 
ings: (1) Surface clouds, or those which appear 
commonly between the earth’s surface and a level 
of about 2000 ft.; (2) lower medium clouds, including 
all varieties which usually float at an elevation ranging 
from 2000 ft. to about 10,000 ft.; (3) higher medium 
clouds, or those commonly found at altitudes varying from 
10,009 ft. to about 22,000 ft.; (4) highest (or cirriform) level 
clouds, or those at elevations exceeding 22,000 ft. The 
author gives the names of each variety of cloud included 
in the classification, together with an account of the 
principal characteristics of each as far as appearance 

63, 

3. “ Notes on Winter,” by Mr. A. B. MacDowall, M.A., 
F.R. Met. Soc. In this paper the author discusses the 
question of periodicity in winters at Greenwich and Paris, 
and the relation of summers to winters. 


THE MANUFACTURE OF SMALL ARMS.* 


By Joun Ricay, M.A., Superintendent of the Royal 
Small Arms Factory, Enfield. 


THE manufacture of small arms presents itself in two 
aspects: one, as the ancient handicraft in which the de- 
ficiency of tools and machines was to some extent com- 
pensated by the manual dexterity acquired during a 
lengthened apprenticeship, and by continued repetition 
by the same man of one processor set of processes. This, 
accompanied by minute subdivision of labour, was the 
method employed until a comparatively recent period at 
Birmingham, Litge, and elsewhere, for the production 
of military arms. The other, as the result of the appli- 
cation of mechanical ingenuity to the invention of special 
machinery, whereby skilled labour is superseded, and the 
continued reproduction of accurate copies of an original 
pattern is assured. It is in the latter aspect that the 
author wishes to present the subject to the Institution. 
He proposes to touch briefly upon the history of this 
modern industry, its connection with the State and with 
Government factories ; to illustrate it by the manufac- 
ture of the present magazine rifle at Enfield; and to 
describe some of the special machines used in that fac- 
tory, and its organisation and functions. He wishes to 
premise that, inany remarks he may make as to the rela- 
tions between Government departments and private 
trade or inventors, he expresses only his own opinions, 
founded upon observations made before he had any official 
connection with the Government manufacturing estab- 
lishments, and confirmed by his experience since he has 
been in charge of one of them, and has had the advan- 
tage of both points of view. 

Origin of the Interchangeable System.—The credit of 
originating the interchangeable system, and of applying 
machine work in general to the production of military 
arms, belongs undoubtedly to the United States. The 
first steps seem to have been taken by Eli Whitney, who 
contracted to supply arms to the United States Govern- 
ment about the year 1797, and applied to their manufac- 
ture a method of forging their component parts in dies, 
using gauges to secure uniformity of pattern. Further 
improvements were made by Hall, of Harper’s Ferry, 
and by Blanchard, of Middlebury, Mass.; to whom is 
attributed the invention of the copying lathe, and other 
pee working machines used for turning and shaping the 
stocks. 

Introduction into England.—The first machine-made 
and interchangeable small arms introduced into England 
were the original Colt revolvers,t displayed in the section 
of the Exhibition of 1851 allotted to the United States. 
The prominence of these weapons was emphasised by the 
scanty character of the American display in exhibits of a 
petal kind, and gave rise to much satirical comment. 
Colonel Colt had, however, in his system of manufacture, 
initiated a reform of immense industrial consequence to 
America. Similar methods applied subsequently to the 
Sewing machine, for instance, gave a wonderful develop- 
ment to that industry. Applied to firearms during and 
after the Confederate War, it developed the Spencer and 
Henry Repeater Companies, the Sharp Rifle Company, 
the Smith and Wesson, the Winchester, the Remington, 
and other factories fully equipped to produce interchange- 
able arms in large numbers. In 1852 Colonel Colt im- 
ported and fitted up a set of his machinery in Pimlico, 
and executed a contract for revolvers with which our 
sailors were armed during the Crimean War. Finding, 
on the completion of this contract, that no other large 
orders were forthcoming, he withdrew the machinery and 
closed the works. One English firm alone applied the 
lesson then given; Messrs. Deane, Adams, and Deane 
commenced the manufacture by machinery of the Adams 
revolver, near London Bridge ; and this work was, after 
the Crimean War, transferred to the London Small Arms 
Company, who also, about the year 1858, manufactured 


* Paper read before the Institution of Civil Engineers. 

+ Vide paper read November 25, 1851, ‘‘ On the Appli- 
cation of Machinery to the Manufacture of Rotating 
Chambered Breech Firearms, and the Peculiarities of 
those Arms,” by Samuel Colt, Col. U.S.A. Minutes 
of Proceedings Inst. C.E., vol. xi., pages 30 et seg. 
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interchangeable Enfield rifles with American machinery 
in the factory now occupied by Spratt’s Biscurt Works. 
The machinery was subsequently removed to Bow, where 
the company’s works now are. The War Office, mean- 
while, awakened to the importance of the American 
method by the strikes of the London and Birmingham 
gunmakers during the Crimean War, had sent officers to 
America and had furnished the Enfield factory with com- 
plete machinery for the system in use there. In 1857 
the interchangeable manufacture of the Enfield rifle was 
commenced. The wisdom of this step was soon apparent 
in the improved character of the work produced and the 
considerable reduction effected in its cost. 

English Gun Trade.—The Birmingham contractors 
were slow to follow the example thus set, and an immense 
demand for Enfield rifles for the United States during the 
Civil War found them quite unprepared. They utterly 
failed to meet it, and theloss of the military rifle trade 
with foreign countries may be dated from that time. Re- 
cently, almost all European Governments have encouraged 
the establishment of local arms factories, equipped with 
labour-saving machines, and no longer depend upon Eng- 
land, Belgium, or the United States for supply. A 
Turkish order for 500,000 magazine rifles is now being 
executed by private firms in Germany; anda Russian 
requisition for the same number is placed in France. 
Last year the Chilian revolutionists used with success 
Mannlicher rifles supplied from Austria; and on every 
hand there is evidence that, in the design and manufac- 
ture of military small arms, England has permitted the 
initiative to be taken by others. 

It is of great importance to trace the cause of this. It 
certainly does not arise from want of skill among English 
mechanical engineers. More than one firm in Great 
Britain can produce gunmaking machinery of the most 
complete and advanced type, and large numbers of their 
machines may be found in European arms-factories. It 
has not for many years been necessary to go to America 
for them. Nevertheless, no British manufacturer has 
succeeded in establishing a foreign trade in military arms, 
or brought out an original pattern, to compete for the 
large orders that the general re-armament with magazine 
rifles of small calibre might have been expected to place 
on the market. This indicates want of enterprise and 
want of confidence in their ability to recognise or produce 
a design sufficiently perfect to compete successfully with 
those of foreign makers. There appears to bein England 
something that deters capable inventors and experi- 
menters from attacking these problems. The reward is 
too uncertain and remote; whilst the cost of experiments 
is great. The wealthy companies that own the plant for 
manufacture will risk nothing; but await the action of 
the Government, and depend chiefly for their profit on 
such share as they can secure of Government contracts. 

It is evident, therefore, that the only hope for the trade 
lies in the assistance it receives from the War Office; and 
the sole chance for an inventor is to have his ideas 
adopted for Government service. Here the working of 
the Patent Act of 1883 is defective. Previous to that 
time, the Crown could use any and every patented inven- 
tion without payment; but, when Government contracts 
were given to private firms, the latter were liable to pay 
such royalties as the patentee demanded. In 1883 the 
new Patent Law was passed to encourage invention and 
to afford protection to inventors. The manner in which 
it does sois remarkable. It contains a clause setting 
forth that a patent shall have to all intents the like effect 
against Her Majesty the Queen, her heirs and successors, 
as it has against a subject ; and a following clause giving 
to officers or authorities administrating any department 
of the service of the Crown, by themselves, their agents 
or contractors, the right to use any invention, patented 
after passing of the Act, for the public service, on terms 
to be before or after the use thereof agreed on (with the 
approval of the Treasury) between those officers and the 
patentee ; or, in default of such agreement, on such terms 
as may be settled by the Treasury after hearing all the 
parties interested. The patentee, therefore, has to all 
intents rights against the Crown by the first clause, and 
no rights at all by the second ; but is bound to accept any 
reward the ‘‘officers’” may propose (if the Treasury 
assent) ; or, if he dissent therefrom, to instruct counsel and 
incur indefinite expense in persuading the Treasury to be 
more liberal than the administrative officers. It is not to 
be wondered that British inventors avoid fields so evi- 
dently barren. England has had to borrow from America 
and Switzerland the leading features of her magazine 
rifle, namely, the magazine of Lee and the small calibre 
and metal-covered bullet of Hebler and Rubini. In the 
United States, on the other hand, promising inventions 
find syndicates to promote them, and companies for the 
manufacture of arms have, in many instances, been very 
successful, 

In one respect the Act of 1883 is favourable to con- 
tractors. It enables them to undertake Government work 
on equal terms, as regards patent rights, with the Govern- 
ment factories. Ifthe rewards given by the Crown in 
lieu of royalties were adequate and prompt, no complaint 
would arise on the part of inventors ; but inadequate re- 
wards, and these often unduly delayed, force the patenteeto 
recoup himself by chargingexcessive royalties to the private 
trade onarticlesproduced for home or exportdemand ; and, 
in consequence, competition with foreign manufacturers 
—already difficult owing to the high rate of wages—is 
rendered impossible. The fostering care of Government 
is necessary to keep alive the manufacture of military 
arms in thiscountry. The experiments and trials required 
in developing new patterns are costly, and involve the 
use of special instruments not often found in private 
factories. The interest of the State in these investiga- 
tions transcends all private interests, and it is her duty 
to take the initiative in experiments of this kind. How 
much is now done by committees or by the staff of the 


Ordnance factories is not known to the general public, 
because there are no reports relating to the matter 
accessible to them. It is very difficult for any one out- 
side the Government establishments to obtain accurate 
knowledge of the requirements of the Army and Navy. 
Great ingenuity and large sums of money are wasted by 
inventors that would be saved, and probably directed 
into useful channels, if all the information at the dis- 
posal of the War Office (official secrets excepted) were 
freely accessible to the public. The sale to private 
manufacturers of ammunition and components to be 
used for experimental work would much aid them in 
putting their inventions to practical proof. This is 
practised by the United States Government with good 
results. It would also be of great benefit to manufac- 
turers of arms or ammunition if a semi-public trial, 
according to some prearranged programme, were accorded 
to their productions when asked for, even although they 
were not required for the service. If sucha trial estab- 
lished a position of equality for the arm or ammunition 
submitted with those manufactured for the army, it 
would open to the maker a profitable trade. There is 
always a private demand for the most improved pattern 
of small arm from the colonies and elsewhere; but the 
purchasers require proof, before ordering, that the arms 
or the ammunition is practically as good as that manu- 
factured for Government. At present the firing proof of 
small arms is regulated by statute, and for a small fee 
the safety of each arm is tested, and attested by an 
impressed mark. A certified report from a Govern- 
ment department of a favourable trial of any type of 
small arm, as to its accuracy and serviceability, or of 
any ammunition as to its ballistic properties and sta- 
bility, &c., would go very far to influence purchasers in 
placing contracts. Such trials would be an education to 
inventors and manufacturers, and could not fail to pro- 
moteimprovement in patterns and in workmanship. ‘The 
State would profit by observing the results obtained, and 
by having the ideas of the most active minds brought 
under their observation and submitted to the crucial test 
of an adequate trial. 

Before proceeding to describe the factory at Infield 
Lock, the author desires to notice some statements that 
appeared under the signature ‘‘Parlementaire” in the 
Times of February 2, 8, and 9, 1892, to the effect that the 
heads of the ordnance factories act unfairly towards con- 
tractors and others, in borrowing and using their designs 
and machines, and in other ways. No contractors for 
small arms will be found to support such an accusation. 
On the contrary, they are often assisted by the Royal 
Small Arms Factory, and admitted to see the labour- 
saving machines that have been designed there. They 
are not unfrequently permitted to send their managers 
and draughtsmen to take a note of the machines and pro- 
cesses, and at times have been furnished with castings, to 
enable them to reproduce the machines cheaply. Very 
recently the author furnished toa Midland manufacturer 
of swords a working drawing of the hardening furnace 
alluded to later. In fact, every possible facility is 
afforded to contractors inthis way. Asa rule, in starting 
the manufacture of a new pattern of arm, the con- 
tractors, before incurring the expense of new machinery, 
have the advantage of seeing that already in use in the 
Government factory. In so doing the latter fulfils one 
of its most important functions. It should aim at being 
a model factory—a pioneer of progress in efficiency and 
economy of manufacture—setting an example to private 
manufacturers, and aiding them to follow it by freely 
imparting the information in its possession. 

Description of the Enfield Factory.—In January, 1868, 
in the course of his inaugural address, the President of 
the Institution of Civil Engineers sketched the progress 
of the new system of manufacture at Enfield up to that 
date.* The succeeding 20 years witnessed a continuous 
development of the works, and the additions made to the 
buildings in the years immediately preceding 1887, when 
the author’s connection with the factory commenced, 
were calculated to Jargely increase their capabilities of 
production. The buildings, with the exception of the 
stores and some of the older shops, are single-storey, and 
have an available floor space of over 300,000 square feet. 
They contain machinery capable of turning out 2000 
magazine rifles weekly, with their bayonets, scabbards, and 
accessories ; also 1000 spare barrelsand1000spare bayonets, 
200 cavalry swords or naval cutlasses, 50 lances and board- 
ing pikes, and four or more complete machine guns. In 
addition to new work, all repairs to machine guns for the 
Army and Navy are done at Enfield. They are lighted 
partly by gas made in'the factory, and partly by an elec- 
tric installation, supplying current to 1400 Kdison-Swan 
lamps of 27,000 candle-power in the aggregate. The 
present gas works produce illuminating gas only ; which 
is, however, largely used for heating purposes in the blow- 
pipes of the brazing tables, and for hardening and tem- 
pering steel components. The machinery and dynamos 
are driven by sixteen steam engines, of 1050 horse-power. 
The buildings are heated throughout by steam, which is 
also used in several processes. Nineteen Lancashire boilers 
are employed, working at 30 1b. to 80 1b. pressure per 
square inch, and four boilers for the electric light engines, 
working at 140 lb. 

Stores.—There are extensive stores for rough gun stocks, 
in which they are air-seasoned for two or three years 
before use ; about one million pieces can be thus stored. 
The stores for metal and miscellaneous material are also 
commodious. No large number of finished rifles are 
kept. All are forwarded to Weedon when completed, 

Other Buildings.—The factory being more than one 
mile from the nearest town, Waltham Abbey, the War 
Office built, for the accommodation of their men, a 


* Minutes of Proceedings Inst. C.E., vol. xxvii., pages 
186 et seq. 
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number of cottages on adjoining land; and a church, 
which was enlarged in 1885 so as to seat 400 people. A 
dining hall, mechanics’ institute, and library were pro- 
vided ; also schools, with accommodation for 500 boys, 
girls, and infants. Houses for the superintendent and 
other officers attached to the factory have also been 
erected by the Government, on land near the railway 
station. Of late years a large number of two-storey 
houses, suitable for workmen, have been built within a 
radius of one mile; and many of the higher paid em- 
ployés own their houses. Freehold sites can be purchased 
for about 27. per foot of frontage. The system of pen- 
sions, to which all workmen were formerly entitled on 
completing a full term of service, aided to attach the 
men to the locality ; and many of the men now in the 
works are of the third generation of employés. 

Gencral.—The water power and water carriage afforded 
by the Lea and Thames, were doubtless the original 
causes for locating this industry at Enfield Lock. In 
1887 the grindery was still driven by a water-wheel. This 
has been replaced by steam power; as, although rarely 
stopped for want of water, the wheel was liable to become 
temporarily useless through floods raising the level of 
the tail-race. The site of the factory possesses a valuable 
feature in its ranges for experimental and testing purposes. 
These extend up to 2000 vards, and are rendered safe by 
the height and width of the brick butts and the precau- 
tions observed in conducting experiments. No other 
small-arm factory in England possesses similar facilities 
for experiment. The extensions of the Royal Gunpowder 
Factory at Waltham Abbey approach the north end of 
the small-arms range. Direct communication between 
the two establishments will probably soon be established. 

Classification of Small Arms.—Among the small arms 
manufactured for military use, rifles and pistols take the 
first place, but, to complete the subject, ‘‘armes blanches,” 
pikes, lances, swords, and bayonets, must receive their 
share of attention. All these weapons are produced at 
Enfield in considerable numbers. In former times, the 
manufacture of the hand gun, the first portable fire-arm 
used in war, was simple. It consisted of a barrel with a 
handle or stock, and nothing more, and was fired by 
means of a touch-hole and slow match, in the same way 
as the cannon of the period. To this simple weapon were 
added in time the match-lock, the wheel-lock, and the flint 
and percussion locks; then the latter combined with breech- 
loading mechanism, and, finally, combined also with the 
repeating or magazine action. In this, its latest develop- 
ment, the number of the parts and their functions and 
interdependence increase greatly the difficulties of manu- 
facture. 

(To be continued. ) 


Srper1An RAtLtway.—The construction of the western 
section of this great line is to be first proceeded with. 
The section extends from Tcheliabinsk to the Obi, and it 
is 1328 versts in length. 


Proposep Hicu Lever Bripak Across THE Mersey. 
—Messrs. J. J. Webster, of Victoria-street, Westminster, 
and Mr. J. T. Wood, of Cook-street, Liverpool, have 
drawn up and issued a detailed scheme for a high 
level bridge over the Mersey, rivalling in magnitude 
the great bridge at New York. The bridge is designed 
on the arch suspension principle, and is to consist 
of three spans, each of 1150 ft., the centre span being 
150 ft. above the river at high water. The plan admits 
of a roadway 40 ft. in width for vehicular traffic, and foot- 
ways of 7 ft. 6in. on either side. Above isa railway for 
electric tramcars. Hxclusive of this tramway line the 
cost is estimated at 1,730,000. It is stated that at pre- 
sent there is paid for the conveyance of goods and pas- 
sengers across the river by lighters, ferry steamers, and 
the tunnel 195,000/. a year, of which 105,000/. is paid for 
goods traffic alone. The promoters estimate that the 
fact of the bridge being available night and day, what- 
ever the state of weather and tide, would lead to a great 
increase of traffic, and that the income would be not less 
than 165,000/. a year. The Liverpool approach to the 
bridge would be from St. George’s-crescent, with a 
gradient of 1 in 35, and the Birkenhead approach from 
Hamilton-square. The bridge will leave the Liverpool 
side at the Landing-stage, touching the Cheshire side at 
the Wallasey Dock. 

Mining In NEWFOUNDLAND.—Sir Terence O’Brien, ina 
report to the Colonial Office, states that mining statistics 
for the year in question show an increase in value of 
double that of the previous year. The shipments of 
copper and other ores in 1891 were: Ingots, 1139 tons, 
regulus, 3626 tons; green, 7060 tons, valued at 565,850 
dols.; antimony valued at 1250 dols.; iron pyrites, 19,150 
tons, valued at 57,900 dols.; selenite, 250 tons, valued at 
1200 dols. Reports from the several asbestos mines are 


most encouraging. The geological survey for the year | - 


shows that in a total horizontal distance of 684 ft. there 
are no less than 35 outcrops of coal, ranging from 1 in. 
to 3 ft. in thickness; that in connection with the coal 
there were extensive clay iron deposits of good quality ; 
that freestones, grindstones, and whetstones are abundant 
amongst the coal measures, and that a great number of 
fireclay beds occur within the section. Marble was also 
met with near the upper end of the Grand Lake, and 
immense deposits were discovered on the Upper Humber 
not far from the shores of White Bay. The report fur- 
ther states that with a judicious system of opening up by 
means of roads and railroads, and encouraging a proper 
class of emigrants to settle on the lands, and with 
capital properly directed in the development of its agri- 
cultural and mineral resources, this valley is quite capable 
of supporting a population equal to that of the entire 
island at present, altogether irrespective of the fisheries, 


LAUNCHES AND TRIAL TRIPS. 

THE French ironclad Tréhouart, which was laid down 
in September, 1889, was launched from the Caudan yard, 
opposite Lorient, on Tuesday, the 16th inst. Originally 
designed as a coast-defence vessel of the Jemmapes type, 
the Tréhouart has since been so altered in character 
that henceforth she must be classed as a sea-going battle- 
ship. Among the alterations the most important are 
the raising of the freeboard forward by 64 ft., and, to 
compensate for the extra weight thus introduced, the sub- 
stitution of 11.8 in. for 13.4in. guns as the ship’s main 
armament. The dimensions of the vessel are: Length, 
283 ft. 9in. ; beam, 58 ft. 5in.; depth, 42 ft. 10 in.; 
extreme draught, 24 ft.4in. ‘The displacement is 6590 
tons, and there will be two triple-expansion engines of 
8400 indicated horse-power, which are calculated to give, 
with forced draught, a speed of 16 knots. The armament 
will consist of two 11.8-in. guns mounted single in turrets 
on the line of the keel, eight 3.9-in. quick-firing guns 
mounted in broadside, four 3-pounder quick-firing, ten 
1-pounder quick-firing, and two torpedo ejectors. ‘There 
is asingle military mast placed forward of the two funnels. 
The armour includes a complete belt, with a maximum 
thickness of 18 in., and a steel protective deck, with 
12}-in. turrets and 14}-in. revolving cupolas or turret 
covers. The total cost of the ship is to be 583,3001. 


The twin-screw steamer Gaul, the first of three sister 
ships built for the Union Company’s lines between Eng- 
land and South Africa, left the Southampton Docks for 
a short trip in the Solent on the 18th inst., with very 
satisfactory results. The other vessels, which will be 
named the Goth and the Greek, will be ready for service 
in a short time. The builders of the ships and engines 
are Messrs. Harland and Wolff, of Belfast. The leading 
dimensions of the Gaul are: Length, 400 ft.; breadth, 
47 ft.; depth, 31 ft.; and 4785 gross tonnage. She is pro- 
pelled by two sets of triple-expansion engines, with 
cylinders of 184in., 30in., and 50 in. diameter in each 
set, and a stroke of 42 in.; and she is fitted with man- 
ganese bronze screws. Whilst providing a very large 
carrying capacity for cargo on a light draught of water, 
the Gaul has complete passenger accommodation for first, 
second, and third class passengers, all on the upper deck. 
During her recent run round from Belfast and Cardiff to 
Southampton the average speed was over 12 knots, and 
the engines developed an indicated power of 2200 horses. 


Messrs. Workman, Clark, and Co., Limited, Belfast, 
launched on the 15th inst. a steel four-masted barquen- 
tine named Xantippe, built to the order of Messrs. 
Montgomerie and Workman, London. The dimensions 
are: Length, 211 ft.; breadth, 35.3 ft.; depth of hold, 
17.3 ft.; gross tonnage, 960. 


The four-masted sailing ship Royal Forth was launched 
by Messrs. Ramage and Ferguson, Limited, Leith, on 
the 15th inst. The ship is the largest sailing vessel 
belonging to the port of Leith, her principal dimensions 
being : Length, 330 ft.; breadth, 45.4 ft.; depth moulded, 
28 ft.; while the net register is 3000 tons, and deadweight 
carrylng capacity 4750 tons. 


The new steel steam yacht Gundreda, 385 tons yacht 
measurement, left Leith Roads on the 12th inst. for the 
Colne, having gone through her speed trials on the Firth 
of Forth previously. She was built by Messrs. Ramage 
and Ferguson, Limited, for Mr. H. J. Barrett, of Long- 
ford Park, Maldon, Essex. The principal dimensions 
are: Length between perpendiculars, 164 ft.; breadth, 
22 ft.; depth moulded, 14 ft. 5 in.; while the engines are 
triple expansion, with cylinders 15in., 24in., and 39 in. in 
diameter by 24 in. stroke, and a large steel boiler work- 
ing up to 160 lb. pressure. On the official trial the first 
run was one of four hours’ continuous steaming, the 
average speed being nearly 13 knots, with the engines 
indicating considerably over what was stipulated by 
contract. A series of graduated speed trials was after- 
wards run over the measured mile; the maximum showed 
13.4 knots, with the engines working at 124 revolutions, 
while 123 knots were easily attained on what might be 
termed easy steaming. 


On Saturday, March 4, a fine new tow-boat, built by 

Messrs. 8. C. Farnham and Co., Limited, Shanghai, for 
the Taku Tug and Lighter Company, was launched most 
successfully at Collyer’s Dock. She is a single-screw tow- 
boat. Her length over all is 99 ft. 6 in., and 95 ft. 6 in. 
between perpendiculars. Her beam is 20 ft., and the 
depth of her hold 10 ft. 6in. Her horse-power is 43 
nominal, and her engines are of the compound surface- 
condensing type. Her cylinders are 16 in. and 32 in. in 
diameter by 24in. stroke. On leaving the ways she was 
named the Chin-lung. 
On Monday, May 15, Messrs. C. S. Swan and Hunter 
launched from their yard at Wallsend the largest cargo 
steamer yet built on the Tyne. This boat is named the 
Westmeath, and measures 435 ft. in length by 53 ft. in 
breadth, and has a moulded depth of 34 ft. Her engines, 
which have been built by the Wallsend Slipway and 
Engineering Company, Limited, have cylinders 31 in., 
50 in., and 80 in. in diameter, by 54 in. stroke. Steam at 
a working pressure of 160 lb. per square inch is supplied 
from three double-ended boilers, 16 ft. 6 in. long by 
13 ft. 6 in. in diameter. 


On Thursday, the 18th inst., Sir Raylton Dixon and Co., 
Middlesborough, launched a steel screw steamer named 
Stolzenfels, built for the Deutsche Dampfschifffahrts 
Gesellschaft ‘‘ Hansa” of Bremen. The dimensions are: 
length 327 ft., beam 41 ft., and depth moulded 29 ft. 


The engines, by Messrs. Thomas Richardson and Sons, of — 
Hartlepool, have cylinders 24 in., 38 in., and 64 in, in 
diameter, by 42 in. stroke, with boilers working at 160 Ib, 
pressure, 


Messrs. Fleming and Ferguson, Paisley, launched on 
the 17th inst. a twin-screw hopper barge, being the third 
which they have recently constructed for the Clyde 
Trustees. Her dimensions are 205 ft. by 35 ft. by 16 ft. 
6 in., and she has a hopper capacity of 1200 tons, She 
will be fitted by the builders with two sets of triple- 
expansion engines, to indicate 1200 horse-power, which 
are expected to drive her when loaded at 104 knots, 

The London Belle, the latest addition to the fleet of the 
London, Woolwich, and Clacton-on-Sea Steamboat Com- 
pany, made her trial trip between London and Clacton 
cn the 17th inst., and achieved a distinct success. She 
has been built by Messrs. Denny and Brothers, of Dum- 
barton. Accommodation is provided on board for 2200 
passengers. Her dimensions are 280 ft. long, 30 ft. broad, 
and 11 ft. 6 in. deep. The engines are on the compound 
principle, on a design by Messrs. Denny illustrated pre- 
viously in ENGINEERING. 


The new first-class gunboat Niger, built and engined 
by the Naval Construction and Armaments Company, — 
was subjected to another forced-draught trial of her — 
machinery at the mouth of the Thames on Saturday, the 
20th inst. The machinery was tested on a run of three 
hours’ duration, with very satisfactory results. The 
pressure of steam in the boilers was 148.3 lb. to the square 
inch, and, with the engines averaging 255.9 revolutions 
per minute, a mean of 3773.3 horse-power was registered, 
being 273.3 horse-power in excess of the contract. The 
mean speed for the three hours’ run was 19.3 knots, 


The first-class cruiser Crescent, built in the Portsmouth 
Dockyards, and fitted with engines by Messrs. John — 
Penn and Sons, Greenwich, made a contractors’ eight- 
hour trial of her machinery at Portsmouth, on Friday, 
the 19th inst. The mean results at the end of the trial — 
showed a boiler pressure of 152 lb., a vacuum of 26.6 in., 
and 97.9 revolutions. The starboard engine developed 
5118 horses and the port 5252, amounting to a collective 
indicated horse-power of 10,370. These results were 
obtained without air pressure, the stokeholds not being — 
closed, and with a coal consumption of 1.8 lb. per indi- 
cated horse-power per hour. The speed by log amounted 
to 18.6 knots. The trial was watched on the part of the 
Admiralty by Mr. Oram. 


On Thursday, the 18th inst., Messrs. Richard and 
Henry Green, Blackwall, launched a twin-screw tug 
named United, built to the order of Messrs. Wm. Dunn 
and Co., 43 to 54, Broad-street Avenue, London, for ser- 
vice at Hast London, Cape of Good Hope. The principal — 
dimensions are: Length, 108 ft.; breadth, 21 ft.; and 
depth, 12 ft. Two sets of engines of the compound 
direct-acting surface-condensing type, to indicate 625 
horse-power, with cylinders 15} in. and 134 in. in dia- 
meter by 21 in. stroke, will be fitted by Messrs. Alex. 
Wilson and Co., Limited, Vauxhall Iron Works, Wands- — 
worth-road, d 


. 


Gas aT Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas amounted in the first 
two months of this year to 665,200/., as compared with 
679,487/. in the corresponding period of 1892. The com- 
pany is suffering from the competition of the electric — 


light. = 


FrencH MrcHanicaL INpusTRY.—The important French 
company known as the Forges et Chantiers de la Medi- — 
terranée has obtained an order for 95 bridges required — 
on an extension of the Pé-tchili Railway (China). 
Several of these bridges will be of fairly large dimen- — 
sions. The Pont-t-Mousson Foundries Company has — 
obtained an order for 7000 tons of water-pipes from the 
municipal authorities of Tourcoing and Roubaix. Orders — 
for a further 5580 tons of pipes have been divided between 
the Marquise, the Aubrives, and the Fourchambault — 
Companies. The Eastern of France Railway Company — 
has given MM. Daydé and Pillet an order for a large — 
bridge. The Denain and Anzin Company has obtained — 
a contract for 500 tons of fishplates from the administra- 
tion of the French State Railways. : 

THe AmERICAN Maits.—In the House of Commons on 
Thursday, the 18th inst., Mr. A. Morley, in answer to 
Mr. Forwood and Mr. Macartney, said the times at which 
the delivery of the correspondence received in this country 
by the Campania and Paris commenced at the places — 
named were as follows: London, from the Campania, 
May 13, 8.30 a.m., from the Paris, May 13, 8.15 p.m. ; 
Birmingham, Manchester, and Liverpool, from_the 
Campania, May 13,7 a.m., from the Paris, Sunday, May 
14,7 a.m. ; Glasgow, from the Campania, May 13, 10.15 
a.m., from the Paris, May 15, 7a.m.; Belfast, from the 
Campania, May 13, 7 a.m., from the Paris, May 15, 
7 a.m ; Dublin, from the Campania, May 12, 7 p.m., 
from the Paris, May 14,8 a.m. The vessel selected by 
the United States Post Office was the Paris. The method 
of choice announced by that office is comparison 0 
results attained on eastward voyages ; and the Campania 
had made no such voyages. There is no ground for 
doubting that any reasonable representation made by the 
British Post Office to that of the United States would 
receive due consideration ; but it would not be reasonable 
to ask for preference to be given to a steamer concerning 
which the materials for the customary comparison do not 
yet exist. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
CompiILeD By W. LLOYD WISE. 


LECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
a UNDER THE ACTS 1883—1888. 


number of views given in the Specisication Drawings is stated 
ey, each ie is where none are mentioned, the pent tention is 
t illustrated. s 

Where Inventions are communicated from abroad, the Names 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of Sd. — 

The date of the advertisement of the acceptance of a complete 
ecification is, in each case, given after the abstract, wnless the 
‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


8743. A. Shiels, Glasgow. Couplings for Electric 
Wires. [13 Figs.) May 9, 1892.—This invention relates to 
couplings for connecting electric wires, The couplings consist of 
two parts a, b, which are made hollow, and have projections, and 
hollow recesses a2, b2 of semicircular shape. When the parts 
a, b of the coupling are fitted together, the projection of the one 
part slides into the recees of theother. Fitted in the projecting 
parts are insulating bearing faces c, c!, made of vulcanite, and to 
these bearing faces spring contacts d, d! are secured. The con- 
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tacts are made in the form of plate springs, and bent, so that, 
when the parts of the coupling are pushed into one another, they 
bear and tightly press against each other. The spring contacts 
are held in place by bolts e, el, which pass through the insulating 
plugs. The electric wires f, f! are connected to the bolts, 
which serve as binding screws. The recessed parts are formed 
by fitting metal shields of semicircular shape on the outside of 
the parts a, b by means of screwsh, These shields are of larger 
internal diameter than the projecting parts a', bl, so that these 
parts can slide telescopically into place. (Accepted April 12, 1893). 


6707. G. Kapp, London. Registering the Supply 
of Electricity. [7 Figs.) April 7, 1892.—This invention is 
applicable for use in cases where electrical energy is supplied 
froma central station to consumers by meter, and relates to 
means whereby the rate at which the meters register is lowered 
during those hours when the demand for light is small, and 
restored to its normal value during those hours when the 
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supply is chiefly used for lighting. The consumers are provided 
with clocks C in addition to the meters, the clock being so 
constructed and arranged that it will at predetermined hours 
set its corresponding meter to register at the normal and at the 
reduced rates. The clock is provided with a hand F that makes 
one revolution in 24 hours, and controls the mechanical or elec- 
trical devices which determine the rate at which the meter 
registers, (Accepted April 12, 1893). 


RAILWAY APPLIANCES. 


13,122, F. W. Webb and A. M. Thompson, Crewe, 
Chester. Controlling the Traffic on Single Line 
Railways. [11 Figs.) July 18, 1892.—This invention relates 
to means for controlling the traffic on single line railways. 
Attached to the staff apparatus is a metal box containing a 


u 


number of metal tickets, and the box is provided with a hinge 
cover which can only be unlocked and opened for the withdrawal 
of a ticket, by a key attached to the staff to be used in connection 
with the tickets, the lock of the cover being so arranged that after 
it is unfastened and the cover opened, the staff itself becomes 
locked and cannot be withdrawn until the cover is closed again and 


locked. Each metal ticket has a groove formed in the box for 
its reception. In each groove is a locking device, which is 
actuated by the withdrawal or insertion of the metal ticket, 
these devices being so arranged that, if all the tickets are in the 
box, the staff to be used in connection with them may be with- 
drawn from or inserted in the magazine of the apparatus, but if 
any of the tickets should be out of the box, then the locking de- 
vice presents an obstruction such as prevents the staff from being 
withdrawn or inserted in the magazine. (Accepted April 12, 
1893). 


GUNS, &c. 


10,383. F. E. D. Acland and C, Holmstrom, London. 
Quick-Firing Guns. [9 Figs.] May 31, 1892.—This inven- 
tion relates to breech mechanism so as to facilitate the opening 
and closing of the breech of quick-firing guns. A ribbed and 
grooved breech-block B carries the firing pin H and cocking 
mechanism, and in opening and closing the breech moves in a 
plane transverse to the axis of the gun, about a pivot not con- 


centric with the axis, into and out of a ribbed and grooved breech 
aperture extending to one side of the weapon. A device rotatable 
in the breech-block is provided with arms, one of which engages 
with guidesin or upon the breech. Means are provided whereby 
the detent P isengaged with the breech-block and disengaged 
from the device rotatable in the breech-block, An extractor R 
is provided with means for operating it, and the breech-block with 
a counterbalancing appliance. (Accepted April 12, 1898), 


STEAM ENGINES AND BOILERS. 


8518. W. Grimes, Twickenham, Middlesex, and 
Cc. C. Wakefield, Liverpool. Lubricators. [7 Figs.) 
May 5, 1892.—This invention relates to lubricators into which 
steam is admitted, a part of which is condensed, and passing 
down to the bottom of the oil reservoir, displaces the oil con- 
tained therein, causing it to pass through a sight feed-glass and 
along passages to a chamber where it meets a jet of steam, and is 
carried along by the latter to the steam chest or part requiring 
lubrication. The oil reservoir A and the condenser B are both 
formed in the same piece of metal. C isa feed opening through 
which the oil reservoir is filled, and D its plug. E is a drain 
cock to let water out of the reservoir before filling it with oil. H 
are sight-feed glasses, and I a multiple passage cock controlling a 
steam passage J and two oil passages. Having first closed the 


ILL. 
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cock I, the plug D is removed, and the reservoir A filled with 
oil through the opening C. The plug Dis then replaced and the 
cock I opened, which allows part of the steam that has entered 
to pass along the passage J to the condenser B, where some 
of it condenses and passes down the pipe F to the bottom of the 
oil reservoir, and by its greater specific gravity displaces the oil, 
causing it to pass down the stand-up pipes G. From thence it 
rises drop by drop, regulated by the valves O, through the sight 
feed-glasses H, and travels along the passages to the back of 
the condenser, and through the plug I to the outlets, where it 
comes in contact with jets of steam from the inlet, by which it is 
carried along steam pipes coupled to the steam chest or parts 
requiring lubrication by pipesB. (Accepted April 12, 1893). 


9993. H. H. Carrick, Newcastle-on-Tyne. Valve 
Gear for Engines. [5 Figs.] May 26, 1892.—This invention 
relates togear for working the valves of locomotive, &c., engines ; 
its objects being to actuate the valve gear from the cross-heads 
instead of from eccentrics on the crankshaft, or from the connect- 
ing rods, asin ‘‘ Joy’s gear; to combine the motions of both 
crossheads for operating each valve, and to provide a reversing 
quadrant shaft which is not influenced by movement in the 
bearing springs. Beneath the crosshead guides A and Al two 
transverse rocking shafts B and C are arranged and mounted in 
bearings supported by the framework of the engine. The cross- 
head D is connected by a link E to the end of an arm F keyed to 
the shaft B. This cross-head is also coupled by a link G to the 
end of the long arm of a lever H J pivoted to a block sliding 
between guides in a movable quadrant shaft K, the short arm of 
the lever being connected to the valve Hd eored L by arod M. The 
shaft K also turns in bearings supported by the framework of the 


engine, and its position with respect to the rest of the gear con- 
sequently remains uninfluenced by movement in the bearing 
springs. The crosshead D! of the other cylinder is coupled by a 
link N (Fig. 2) to theend of an arm O keyed on the shaft C. The 
latter is furnished with another fast arm P (Fig. 1), which is con- 
nected by a link Q to the pin on which the valve spindle lever 
H J is pivoted. The valve spindle lever HJ is vibrated through 
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the link G from the crosshead D pertaining to the piston-rod of 
its cylinder, and is at the same time raised and lowered through 
the link N, the arms O ard P, and the link Q from the crosshead 
D! of the piston-rod of the other cylinder. Similarly another 
lever H1 J! is rocked about the pin I! frcm the crosshead Dl 
through the link G', and is at the same time raised and Jowercd 
from the crosshead D through the link E, the arms F and P', and 
the link Q'. (Accepted April 12, 1898). 


8526. W. Cooke, Oxton, Chester. Automatic 
Steam Governor for Controlling Winches, &c. [3 
Figs.) May 5, 1892.—The objects of this invention are to prevent 
racing and consequent damage to winches and motors, particularly 
to those on board ship, and to economise stesin, When there isa 
little or no load on the winch, steam acts effectively against the 
resilience of the spring on that part of the valve only which fits 
within the recess, and the valve is only slightly raised from its 
seat, but as the load increases, steam acts to a greater or less ex- 


tent on the enlarged portion of the valve above the recess, and it 
is raised further from its seat against the resilience of the spring, 
so as to allow the required quantity of steam to do the required 
work to flow to the winch or motor. By turning the handwheel 
in one direction the spring is compressed so as to hold the valve 
more firmly to its seat, and shut off steam altcgether if desired. 
When the handwheel is turned in the other direction the tension 
of the spring is reduced, and the valve may be raised from its seat 
by the stem abutting against the nuts on the valve spindle. 
(Accepted April 12, 1893). 

14,110. G. Cawley, Beckenham, Kent. Steam 
Boilers. (2 Figs.) August 4, 1892.—This invention has refer- 
ence to boilers described in Patent No. 10,540 of 1889, and has for 
its object to provide for the circulation of the water in the boiler. 
Tubes open at their one end into the water space a little below 


the lowest working level of water therein, and at their other end 
near the lowest part of the water space. An annular valve /4 
closes all the tubes so that the products of combustion can be 
caused to pass partly through the central space /2 and partly 
through the tubes. The annular valve is attached to a tube j5 
sliding in the central space /2 and a bearing surface beneath, 
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Baffles are arranged between the tubes so that the steam passes 
through the superheater in a circuitous manner. (Accepted April 
12, 1893). 


6821. C. Green, London. Valve Gear, [2 Figs.] 
April 9, 1892.—This invention relates to the construction of valve 
gear in which lap, lead, and throw of the valve are effected by 
different forces, such as opposite pistons or crossheads, where two 
engines are employed. The power which controls the lap and lead 
of the valve is applied from the crosshead B to the floating lever 1 
at P; the connection of the terminal link 14 with the floating 
lever acting for the time being as a fulcrum,so that the lever is 
one of the first order. Next the power which controls the throw 


of the valve is applied to the floating lever at F, and P in turn 
becomes the fulcrum, and the lever one of the third order. As 
these two powers, whether they are derived from eccentrics 5a, 
&c., or from the crossheads, of opposite sides, do not synchronise ; 
their courses are at one moment in the same direction, and a 
moment later in opposite ones. When, therefore, the points P F 
of the floating lever 1 are moving in the same direction, the slide 
valve moves less rapidly, and when they are moving in opposite 
directions, the valve is accelerated. (Accepted April 12, 1893). 


MISCELLANEOUS. 


s410. J. Hawkyard, Saddleworth, Yorks., and J. 
Braddock, Oldham, Lancs. Supplying Gas, &c., on 
Prepayment. [4 Figs.] May 4, 1892.—This invention relates 
to the automatic apparatus described in Patents Nos. 12,584 and 
14,655 of 1890, and the objects are first to indicate the exact 
number of coins which have been placed in the receiver inde- 
pendently of the quantity of gas supplied; secondly, to afford 
means for altering the exact amount of gas supplied for a certain 
payment so as to regulate it in accordance with the fixed price 
of gas for the time being ; and, thirdly, to render the closing of 
the stop valve certain. On the outer end of the arbor a*, driven 
by the ‘‘ stop” wheel g, a small index a is fixed in front of a dial 
b, which shows the number of pence which have been placed in 
the receiver. On the other end of the arbor is a small pinion 
driving a spurwheel d having twelve times as many teeth, and on 
the arbor of this wheel is an index e working in front of a second 
dial /, so that as the first indicates the pence corresponding with 
a portion of a revolution, the second indicates the number of 
shillings corresponding with each full revolution of the first. In 
order to set the apparatus so as to deliver more or less gas for 
each coin paid into the receiver, so as to coincide with the fixed 
price for the time being, a worm g is mounted loosely upon the 


vertical shaft h and is fitted with a spring which acts asa brake, 
and to the lower side thereof a ratchet wheel 7 is secured, an 
arm k being fixed on the vertical shaft beneath the latter, this 
arm carrying a pawl which, when thrown into gear with the teeth 
of the ratchet wheel, connects the worm g with the vertical 
shaft and causes it to drive the delivery apparatus; but when 
thrown out of gear, it releases the worm, and the vertical 
shaft then revolves without acting on the apparatus. The 
pawl lis provided with a spring which acts as a friction brake 
and prevents it from being accidentally thrown into or out of 
gear. The ratchet wheel ¢ is provided with a crown ratchet wheel, 
into the teeth of which a dog takes, to hold itin position when 
the pawl is out of gear. The pawl is put into gear once in each 
revolution of the vertical shaft by a fixed incline attached to the 
back plate of the meter, and it remains in gear until it is lifted 
again by an adjustable incline, so that the action of the apparatus, 
instead of being continuous, is intermittent, and only continues 
for a certain portion of each revolution of the vertical shaft. By 
adjusting the position of this incline, the duration of the action of 
the machine is lengthened or shortened, and thus the amount of 
gas delivered regulated. Means are provided for the perfect closing 
of the stop valve when the amount of gas paid for has been con- 
sumed, (Accepted Apyil 12, 1893), 


ENGINEERING. 


7788 C.A. Holt, Stockholm, Sweden. Centrifugal 
Separators. [4 Figs.] April 25, 1892.—This invention relates 
to centrifugal separators, the drums of which have their axis 
located in a horizontal plane. The apparatus is constructed of 
arms projecting from a vertical shaft E put in rotary motion, these 
arms being fixed one on each side of the shaft, and holding hori- 
zontal centrifugal drums B secured toacommon shaft, and put in 
motion by a disc fixed on one of the drums, or the shaft is caused 
to run on a circular vrack surrounding the vertical shaft, so as to 
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secure sufficient rotary speed of the drums with a comparatively 
slow revolution of the vertical shaft, and by the influence of the 
double centrifugal force acting in opposite directions, of causing 
the cream to gather in a concentrated mass at a comparatively 
great distance from the skimmed milk. Discs are placed 
upon a central pipe, and are located in planeg perpendicular to 
the rotary shaft of the drums, for the purpose of facilitating the 
separation of the cream and milk into different routes in the 
liquid mass by dividing the liquid contained in the drum into 
layers. (Accepted April 12, 1893). 


4383. H. E. Newton, London. (R. Hoe and Co., New 
York, U.S.A.) Printing Machines. [7 Figs.) February 
28, 1893.—This invention refers to printing machines. A cylinder 
is employed having a segmental surface by which the forme is 
inked, and a segmental distributing surface receiving the ink 
from the supply, this distributing surface being on a different 
portion of the cylinder from the inking one, and not engaged by 
the forme, so that the cylinder has independent inking and dis- 


tributing surfaces, which are arranged circumferentially on it, 
so that the ink may be transferred to the inking from the dis- 
tributing surface by a roll E engaging both surfaces in succession 
as the cylinder rotates. A vibrating transfer roll K engages only 
the distributing surface of the inking and distributing cylinder, 
and the transfer roll receives its ink from the usual intermittently 
rotated fountain roll. Means are provided by which these parts 
are actuated from the inking and distributing cylinder through 
simple connections. (Accepted April12, 1893). 


8184. D. A. Rankine, Liverpool. Filtering Water. 
(3 Figs.) April 30, 1892.—This invention relates to apparatus 
for removing impurities from water. The filter for feed-water 
consists of a cylindrical casing 1 having a lateral inlet 2 and outlet, 
and containing a cylindrical roll of filtering media 8 supported 
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so as to lie across the waterway by a perforated tube located in 
the casing by an annular diaphragm, and a seating which closes 
the end of the tube, the roll and tube being kept in position by 
@ flange bolted to the diaphragm, and provided with a perforated 


[Mav 26, 1893, 


tubular prolongation adapted to support a liner of wire gauze, 
(Accepted April 12, 1893.) 


23,860. W. C. Blackett, Sacriston, Durham, 
Rotary Tipplers for Discharging Coal, &c. [8 Figs.) 
December 27, 1892.—This invention relates to mechanism used in 
driving and stopping rotary tipplers for weighing, if necessary, 
and discharging tubs of mineral such as coal, and consists in 
driving them by frictional contact with four supporting wheels, 
means being provided for starting by hand, and stopping auto. 
matically, instantaneously, and at the proper point for the entry 
and exit of the tubs. When a full tub is run into the tippler 
cage, pushing out the empty one, the hand lever is moved over 
until the pawl engages with the stud e on the lever. This action 
removes the jib?, with its recoil catch, from contact with the 
projection on the cage, thus leaving the latter free to rotate, The 


sleeve of the friction clutch is simultaneously moved into such a 
position that the driving shaft B! and the driving wheels B are 
caused to rotate by becoming engaged with the power-driven 
pulley D. The friction between the rims of the cage and these 
pulleys is sufficient to cause the former to rotate, and therefore 
to upset the tub and discharge the contents. When the tippler 
cage has nearly completed a revolution, a projection m thereon 
lifts a lever K with a pawl J, and thus releases levers H, FP, 
and allows the combined gear to move into the position neces- 
sary for bringing the tippler to rest. Means are provided for 
releasing the clutch-bar should it be necessary to disengage the 
tippler cage from the driving power after it has commenced to 
rotate, and also for increasing the driving friction between the 


bearing up pulleys and the rims of the tippler cage. (Accepted 
April 12, 1893). ; 
7480. J. W. Smallman, Nuneaton, Warwick. 


Haulage Clips. [4 Figs.] April 20, 1892.—This invention 
relates to haulage clips for connecting tubs employed in convey- 
ing minerals,-such as coal, to endless wire haulage ropes in 
motion. The ‘‘Smallman” clip is detached by raising a lever 
A Al which constitutes part of the clip. This clip is attached by 
depressing the lever, and then, if necessary, tightening a central 
screw B with a spanner ; the end of the short arm of the leyer 


oA 
A lying between the side pieces C', and being in the form of a 
wedge. 
piece, and enables perfect adjustment to be attained. The central 
screw is utilised for preventing the oscillatory movement of the 
coupling. The coupling plate is extended between the side pieces, 
and the central screw is passed through a hole in the eccentric, 


The central screw serves as the fulcrum for each side ~ 


the couplings being thus connected to the side pieces at two points - 


some distance apart. (Accepted April12, 1898), 


UNITED STATES PATENTS AND PATENT PRACTICE. , 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 


consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford: — 


street, Strand. 


Tacoma.—Tacoma has become the principal port of 
Puget Sound, and has now a population of 50,000 inhabit- 
ants. Buildings were erected last year in Tacoma to the 
estimated value of 600,000/. 

THE TELEPHONE IN SWEDEN.—There is no country in 
the world, probably, where the telephone. has been more 
universally adopted than Sweden. The General Telephone 
Company, Stockholm, have bought the Sédertelje Tele- 
phone Company, and erected seventeen central stations 
outside Stockholm. All these lines are on the so-called 
double wire system, with separate return lines, which 
does away with induction, &c. The subscribers have the 
right of connection with the whole of the State telephone 


system, which extends over the whole of Sweden. The 


alteration of the company’s other lines outside Stockholm 
to double wire ones is rapidly proceeding. The to 

number of subscribers at the end of 1892 was 8248, against 
6691 at the beginning. The shareholders get a dividend 
of 8 per cent, for last year, ' 
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THE PROGRESS OF THE COLUMBIAN 
EXPOSITION. 
Cuicago, May 14, 1893. 

Ir was the proud boast of the Department of 
Publicity and Promotion that at no previous Exhi- 
bition had the general official catalogue been com- 
pleted and on sale on the opening day. Whether 
this boast is justified by fact, we are not quite 
sure, butit is certain that very great efforts were 
necessary to get the volume upon the bookstalls 
by May 1. Of course the catalogue is entirely in- 
complete, but that is not the fault of the depart- 
ment, which has had to depend upon the foreign 
commissioners for all the lists of exhibits other 
than those of the United States. As a consequence, 
some countries—France, for example—are practi- 
cally absent, for the French section is in all respects 
very backward, though when complete it will, after 
Germany, be the foreign section par excellence of the 
Exposition. Itis, perhaps, unfair to judge of what 
the official catalogue will be from the present 
edition, but unless the form and substance be radi- 
cally changed, we think it will not in any way do 
justice to the event it chronicles. A catalogue, to 
be of any real service, should give some informa- 
tion, however brief, of every object recorded, and 
this is just what the official catalogue does not do. 
To take an example : the magnificent exhibit of the 
Baltimore and Ohio Railroad, which comprises 
hundreds of objects illustrating the history of the 
railroad, which has, among other things, a series 
of old locomotives either in reproduction or reality, 
is thus entered in the catalogue : 

90, Baltimore and Ohio Railroad Company, Balti- 
more. Historical showing of the development of the 
railroad and locomotive, R. N. and T.” 

We are aware that if the cataloguing were pro- 
perly done, the size and cost of the work would be 
very largely increased, and that instead of the 
whole Exhibition (except Fine Arts) being dealt 
with in one volume sold at four shillings, every de- 
partment must have a separate and good-sized 
catalogue ; this is just what was done in Paris in 
1889, and there, where the public is much more 
careful about its expenditure, there was no com- 
plaint. In the present instance, both exhibitors 
and public will have much reason to be dissatisfied 
if the present is to be the final form of the official 
catalogue, The plans of the buildings, on which 
visitors so largely depend for information as to the 
location of the foreign sections, are of the crudest 
and most imperfect character, and for this there is 
no excuse. Altogether the official list, judging 
from the first edition, is but a poor thing, and the 
public will do well to rely as far as possible on the 
foreign catalogues, which, it may be safely pre- 
dicted, will be of a far higher class. 

France is still too far in arrear with her prepara- 
tions, in spite of all the effortsof Mr. Krantz, theable 
General Commissioner ; still day by day the noble 
fagade which will inclose the French court on the 
ground floor of the Manufactures Building, is ad- 
vancing towards completion, and it utterly dwarfs 
the range of inharmonious stalls that constitutes the 
front of England’s exhibit, the latter being still 
further thrown into the shade by the very handsome 
structure in course of erection by Canada on the 
same line. Canada, in fact, is doing extremely well 
at Jackson Park, greatly to the joy of the advocates 
of annexation in the Dominion, who see in England’s 
poor display ample food for argument in favour 
of drawing the bonds closer with the United 
States. 

It is interesting to note that all the in- 
ternal decorations of the French court, which are 
designed upon a general scheme, are paid for 
pro vata by the exhibitors, who have not hesitated 
to make large money sacrifices in the common 
cause. France will not, it appears, have as large 
a number of exhibits as Germany, possibly not 
more than 2000 or 2500 in all, but they have been 
very carefully selected, and there is no doubt as to 
the exceptional success of the section. In machi- 
nery the French section will be a poor one, little 
interest having been aroused in this branch of 
industry, but the collection in the Transportation 
Building will be excellent. Four standard types 
of locomotives have been sent by the States Rail- 
ways, the Paris and Orleans, and the Western 
Railways, but they are not yet all on the ground, 
the work of transferring them from New York to 
Chicago being a very slow one, on account of the 
slight difference in gauge between French and 
American railways, a difference dangerously mani- 
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fest in traversing curves. Still, these are all ex- 
pected to be in place within a week, and then Mr. 
Smith, chief of the Transportation Building, will 
have no more heavy exhibits to wait for. 

Belgium announced a formal reception for 
Thursday last, May 11, to commemorate the official 
opening of her court ; the result was a pleasant meet- 
ing of many commissioners in the very charming, 
if small, space laid out by Belgium. Not that her 
court is ready yet ; a large accumulation of pack- 
ing cases yet unopened suggests many things still to 
be displayed. The cause of this delay is not the 
fault of Belgium, but of the leaky roofs. The 
heavy downpour of Thursday marked only too well 
the numerous instances of bad contractor’s work 
yet remaining, and justified the refusal, not only 
of Belgian but of many other exhibitors, to risk 
damage or destruction to their goods, in spite of 
the urgent orders from headquarters that all work 
of installation must cease after a very early date. 
It is clear that this rule cannot be respected. 

Special days appear to be a feature of this Exhi- 
bition. Perhaps the example was set by the 
authorities in announcing the reservation of set 
days throughout the coming six months for special 
attractions to the Exhibition. As is well known, 
every State in the Union has named its day, on 
which it intends to come in its thousands and make 
a record; in the same way, other days are set 
aside for trades and societies, of which there is no 
lack in the United States. However this may be, 
all the foreign commissioners have followed the 
example, and will celebrate some great home anni- 
versary by a banquet. Most of these fortunately 
occur early in the season. It is really astonishing, 
and most gratifying, what interest on the part of 
the Americans, and what enthusiasm on the part of 
the Colonials, is shown on the subject of Her 
Majesty’s Birthday, the 24th of May, and on all 
sides it is expected that the observation of this day 
will be one of the greatest, if not the greatest, 
social occasions during the Exhibition. Foreign 
Commissioners will probably, as a rule, not remain 
during the summer in Chicago, but having set their 
sections in order, will return home towards the 
end of June or in July, leaving the routine work to 
their subordinates. Some will come back in August 
or September, at the time when the population of 
Chicago returns from its summer resorts. As is 
well known, the formation of the British Royal 
Commission is somewhat different to those of other 
countries. A suflicient number of its members 
volunteered to be present during the whole period 
of the Fair, and although this involves great 
sacrifices of time and money on the part of these 
gentlemen, there is no doubt that the engagements 
entered into will be carried out, to the great benefit 
and dignity of the section. Probably the comple- 
tion of the jury work will be the signal for a general 
exodus of the higher foreign officials from Jackson 
Park. 

Everybody interested appears strongly exercised 
about some important feature of the Fair. The 
public is clamorous on the subject of the Sunday 
closure ; the exhibitors are crying, now for this 
grievance, now for another, to be redressed ; the 
commissioners of all foreign nations are highly 
dissatisfied with the arrangements for judging 
exhibits ; and the Exhibition authorities are getting 
discouraged about the condition of backward- 
ness, and perhaps are a little anxious on the ques- 
tion of public support. It must be admitted that 
the progress towards completion is much slower 
than it should be ; it is not that there is any real 
apathy on the part of exhibitors, who are naturally 
desirous of having their displays in order for the 
benefit of their business, but there is so much yet 
to do, the Exhibition is so large, and the detail of 
routine so complicated (at least, so this is urged), 
that a rapid advance appears impossible. 

As already said, the leakages in the roof 
frighten many of the exhibitors from completing 
their display ; others, again, decline to open their 
cases until the dust, scattered so freely from ad- 
jacent work, ceases to be a source of trouble. In 
not a few cases exhibitors have failed to put in an 
appearance, and the chalk marks on the floor are 
the only evidences which are visible of their 
announced intentions. This is a very unfortunate 
state of things, because many parts of the buildings 
are unduly crowded, whilst others threaten to have 
unsightly gaps. Especially is the backwardness 
striking in the Electricity Building ; the German 
facade is not yet complete, and it is impossible 
to examine the contents of their court till the 


scaffolding he removed. France, which will have 
a very fine electrical exhibit, is more forward. Our 
own wretched pretence of a section may be saved 
from absolute disgrace by the Post Office exhibit, if 
it ever arrives, about which doubts are beginning 
to be expressed. America helps the confusion in 
the building, by her own delays. 

As for the public support of the Exposition, so 
far it must be admitted that, apart from the first 
day, the attendance has been quite insignificant ; 
12,000 or 15,000 people a day are lost in the vast 
grounds and buildings. These figures seem to 
cover the paid entrances ; besides these, there are 
the visitors by passes, who are, perhaps, quite as 
numerous. There are also the employés of all 
kinds, so that there is no lack of movement even 
during the persistent bad weather which still con- 
tinues. But the low average of visitors is not re- 
assuring ; it seems to indicate that the people of 
Chicago are too busy to spare a day at Jackson 
Park, and, at all events, that they will wait till the 
work is completed and the fine weather has really 
commenced. Meanwhile, time is fleeting and ex- 
penses are running on; these are not less than 
40001. a day, and require an average attendance of 
40,000 visitors a day to cover them. The interest 
in this connection centres round the Sunday ques- 
tion, and it was feared a few days since that Sun- 
day would not pass quietly if a crowd concentrated 
around the entrances and found them closed. The 
authorities have been holding meetings on this 
matter, and their decisions were anxiously waited 
for. There is practical unanimity in the Directory 
on the subject ; but there is a great division upon 
it throughout the country, which naturally does 
not take so keen an interest in it as the people of 
Chicago. When the Directory accepted the 23 
millions of dollars from the Government (the 
famous Columbian half-dollar grant), they accepted 
with it the condition of Sunday closing. This 
condition it is now felt cannot be kept, but no 
appeal can be made to Congress till after the 
close of the Exposition, The only alternatives are, 
therefore, modified reading of the law, or some 
measure of compromise. After a long and very 
stormy meeting, a sort of combination of the two 
was decided upon by the Directory; it was suc- 
cessfully argued that nothing was said in the law 
about closing the Park, and it is announced that 
on and after May 21 the grounds will be open to 
the public at half-price, but that all the buildings 
will be closed. This, however, means that the 
Midway Plaisance, with all its popular attractions, 
will be accessible to the public, so that there will 
be no lack of varied and noisy amusement. 

Whether the sovereign people will be satisfied 
with these half-measures remains to be seen ; mean- 
time the National Commission representing the 
Government are indignant at what they regard as 
a flagrant breach of faith, and a protest against the 
action taken will undoubtedly be announced. This 
division between the Chicago Directory and the 
National Commission is one only of the many evils 
that have arisen out of the dual control to which 
the Exhibition is subject, and probably the highly 
unsatisfactory arrangement will be felt in many 
other ways before the summer is over. President 
Higinbotham, whomno one could accuse of unworthy 
motives, expresses himself very clearly on the 
point. He says: ‘‘ Congress voted 2,500,000 dols. 
to the Exposition, with a proviso that we close the 
gates on Sunday. Weagreed to the terms. Then, 
nearly a year later, the same Congress, at its second 
session, took from that appropriation 570,000 dols. 
to meet the expenses of making its own awards to 
exhibitors. The money was taken over our protest, 
and it plainly constitutes a violation of the contract, 
leaving us free to open the gates of the Park and of 
all the buildings.” This appears to us a more 
sensible view of the situation than the compromise 
through a doubtful wording of the Act. The situa- 
tion is very full of danger to the undertaking, and 
there does seem to us a most regrettable indiffer- 
ence to the interests of Chicago, and of those who 
haveso nobly carried out their work, with all its 
heavy labour and responsibilities. There can be no 
doubt that Chicago feels she has paid a heavy price 
for the benefit of Government moral support. She 
has subscribed and nearly spent 19,000,000 dols. 
on the Fair, and has every reason to be proud of 
her work, and anxious that all her citizens should 
enjoy tothe utmosttheincalculable privileges she has 
prepared for them. But Sunday closing will shut 
out all her operatives and half the rest of the 
population from the full benefits of the Fair, and it 
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will, moreover, mean a disastrous reduction in the 
receipts. One thing is very clear: the people of 
Chicago will stand firm by their Directory against 
all opposition from the National Commission. __ 

The National Commission lost no time in making 
a counter-move in reply to the decision of the 
Chicago Directory that the Exhibition grounds 
shall be open to the public on and after Sunday 
next. They have formally protested against this 
decision, and much tall talk has been indulged in 
about preventing the resolution of the Directory 
from being carried into effect ; the proposition has 
even been made, that on Sunday next the gates 
shall be guarded against the people by United 
States troops. Of course it is most unlikely that 
any such extreme measures will be adopted, but 
the fact remains that a very strained situation has 
been created between the Chicago Directory and 
the National Commission. To a foreigner it would 
appear that no worse arrangement could have been 
conceived than this dual control under which the 
Exposition is governed. It must certainly gall 
the people of Chicago, and especially the Directory 
of the Exhibition, to feel that after they have 
lavished money and labour in the production of 
the largest and most beautiful undertaking of 
the kind the world has ever seen, they are 
hampered in many ways, and can only give the full 
benefit of the Exhibition to the people by an act of 
doubtful legality. Their responsibility is truly a 
great one, for this alleged breach of contract and of 
law is not the only responsibility they will have to 
undertake. The popular demand for Sunday open- 
ing in Chicago is met by a counter-cry of indigna- 
tion by the Sabbatarians of all shades throughout 
the country, and no doubt by many who are not 
Sabbatarians, but who are not sorry to have an 
opportunity of doing something to damage the 
prosperity of the Exhibition. If it were only a 
question of popular disappointment, we can imagine 
that the Directory would shrink from complying 
with the popular demand, and trust to the gene- 
rosity of the people to help them. But there are 
other difficulties. Within the Exhibition limits 
there are numbers of concessionaires whose privi- 
leges are declared to extend from May 1 to October 
31, and these naturally resent being deprived of 
the most profitable day in the week, a contingency 
which is not provided for in their contracts. Many 
of these, it is stated, threaten legal proceedings 
against the Directory; so also do some of the 
stockholders, who have already commenced legal 
proceedings, upon the ground that they invested 
money in the undertaking under the condition that 
the Exposition would be open from May 1 to Oc- 
tober 31, and before an Act of Congress was passed 
providing that it should be closed on Sundays. 
These stockholders insist that their money was 
obtained from them under false pretences, and are 
prepared to maintain this view in a court of law. 
The situation in all respects appears unfortunate, and 
one can quite imagine that the people of Chicago 
regret that they ever solicited Government aid, or 
permitted the control to pass out of their hands. 

We said just now that the foreign commissioners 
are greatly exercised on the regulations to be 
adopted for judging exhibits and for giving awards. 
We have already considered this subject with much 
detail, and have pointed out why, for many reasons, 
the plan would, in our judgment, be quite imprac- 
ticable. Since that article was written a meeting 
of foreign commissioners has been held to discuss 
the matter and to place their views before the 
Awards Committee. The proceedings were private, 
and the written protest prepared was strictly confi- 
dential. But nothing is sacred to the enterprising 
Chicago journalist, and accordingly the next 
morning the whole of the proceedings were pub- 
lished in the newspapers. The following is the 
text of the protest: 

‘*Tn the first place, we consider it essential that 
all foreign commissions should be informed of the 
system which it is proposed to adopt. We under- 
stand that the proposal which is under considera- 
tion of the National Commission, is that the awards 
should be made on the report of individual experts 
selected from among a body of judges or jurors 
appointed by the National Commission, and by the 
various foreign commissions. To this proposal we 
consider there are serious objections, and we believe 
it would be far more satisfactory if the jury system, 
which has been elaborated at the various great Exhi- 
bitions of the world, could be adopted—a system, 
that is to say, under which the awards are made 
by juries of moderate size, representing a certain 


number of groups, the decision of these juries 
being subject to revision by a jury for each depart- 
ment, and, if necessary, by a single superior jury, 
on which foreign commissions should be duly 
represented. 

‘“‘We think that the opinion of a single expert 
would be less satisfactory to an exhibitor than the 
opinion of a number of such experts acting asa jury. 
We think that duly qualified experts would shrink 
from the responsibility of making individual reports. 
We believe that it would be impossible to examine 
during the time of the Exposition all the individual 
exhibits in the way we understand it is proposed, 
and we consider that proper weight should be 
attached to the reputation of the exhibitor, to the 
excellence of his manufactures, and not solely to 
the merit of the special articles which he may have 
produced solely for the purpose of exhibition. 

‘With regard to the proposal that the awards 
should be of a single class, we understand this has 
been definitely decided by the National Commis- 
sion, and we do not propose formally to raise any 
objections, but we consider that the idea of gradu- 
ated awards is preferable, and we would suggest 
that, at all events, some distinction may be made 
on the diplomas as to the degree of merit apper- 
taining to each exhibitor’s productions. 

‘*We would further impress upon the National 
Commission the necessity of definitely informing 
foreign commissioners of the number of judges 
allowed to each country, and of the classes in which 
they should be appointed, and the proportion 
which foreign judges would bear to American 
judges. 

‘* A definite date should be fixed on which the 
jurors should commence their work, and no altera- 
tion should be made in this date; also a definite 
date should be fixed on which the jury of revision 
should receive the reports of the juries of first 
instance, 

‘‘Inmaking thesesuggestions we have endeavoured 
to formulate what we considered to be the most 
moderate concessions which we believe that foreign 
commissions have a right to demand on behalf of 
the interests of the countries they represent, and 
we feel that, unless these concessions are made, 
foreign commissions must reserve to themselves 
the right of declining to take part in the work of 
the awards, and, if necessary, of placing the exhibits 
of their respective countries hors concours and 
withdrawing them from the consideration of the 
judges.” 

It will be seen that these views are entirely in 
accord with those we expressed in our recent article. 
In fact, they are substantially our own. ' It will be 
noticed, however, that it is pointed out that the 
award given should depend, in a measure, upon the 
standing of the exhibitor, and not wholly on what 
he exhibits. This is all very well when graduated 
awards are made, but in the present case, when only 
certificates of merit are to be given, the verdict of 
the jury or judge must be givensolely on what hesees, 
and not on what the exhibitor may happen to have 
at home. We shall not be surprised, for our own 
part, if the judging work falls to the ground. The 
committee appears pledged to its system, and many 
of the foreign sections express their determination 
to place their goods hors concowrs rather than ad- 
here to a plan of which they disapprove. In the 
meantime no definite information is issued by the 
Awards Committee, so that there is nothing but 
somewhat vague generalities to argue upon. The 
matter must be cleared up very soon, or it will be 
impossible to bring the judges here in time. It is 
generally recognised by the exhibitors that the 
mode of examination by single judges is impossible 
for every reason. 

The work of the World’s Congress Auxiliary is to 
begin next week, the first session being the Women’s 
Congress. From that time forward the vast scheme 
will be—so it is intended—carried on continuously 
to the end of the Exhibition. Many people here 
consider that the undertaking is too comprehensive ; 
but, however that may be, the directors of the 
Congress have before them a gigantic task. <A 
special building has been erected for the con- 
gresses, or, to be more accurate, a permanent struc- 
ture—the Art Institute of Chicago—has been 
completed in time to be placed at the disposal of 
the Auxiliary. It is situated in the city on the 
Lake Shore, and is a large building. Over half 
a million dollars have been raised in various ways 
for the erection, while the city gave the land, the 
value of which is one million. The design is of 
Italian Renaissance, with no very striking features, 
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except, perhaps, that it has only one storey above 
the ground floor; it is 320 ft. long and 175 ft, 
deep. The plan is rectangular, and it is well laid 
out for its ultimate purpose as an art and educa- 
tional institute. Of all the congresses that will be 
held in this building, the one that chiefly interests 
us is that of Engineering ; we have already de- 
scribed the scheme of this congress in full detail, 
and it is very satisfactory to note that as the time 
advances the prospects for its success become more 
assured. Indeed, considering the care and labour 
bestowed upon it by all the American engineering 
societies, and especially by the local committee 
under the charge of Mr. Corthell and Mr. Chanute, 
failure would be impossible. But the Engineering 
Congress will have another than its business side, 
It is the earnest desire of the American societies 
to honour the Institution of Civil Engineers by 
paying special attention to its members who may 
visit Chicago this summer, but for this purpose it 
is necessary that they should come in a party, 
although single visitors will be certain of a heart 
welcome all the way from New York to Chicago. 
But the earnest hope and desire is that a body of 
members of the Institution should arrive in the 
month of July, and after enjoying hospitality in 
New York, should proceed to Chicago for the same 
purpose and in time to take part in the congress. 
We feel sure that all those who avail themselves 
of this invitation will never regret having done so, 
and we are glad to know that the Institution will 
be officially represented by one of its most pro- 
minent members, Sir Benjamin Baker. A similar 
invitation has been extended to the engineers of 
France, and a party of thirty or forty will arrive 
in New York during the summer in compliance 
with this invitation. Itis to be hoped that the 
committees of the other congresses will be in a 
position to publish the minutes of their proceed- 
ings, for in this way alone can any real benefit 
result from this long series of continuous and 
crowded meetings. It is very gratifying to notice 
that England will be well represented by delegates 
to these congresses, prominent in their various 
specialities, and as no grant towards their ex- 
penses can be made, the sacrifices of time and 
money, to say nothing of the trouble and risks of 
so long a journey, on the part of these gentlemen, 
will be very considerable. It is also most satis- 
factory, and we have already referred to the matter, 
that in the Engineering Congress, the papers con- 
tributed by Englishmen in that section devoted to 
naval and marine engineering, are as numerous as 
those of all other foreign countries collectively. 
Here, at least, England has done her duty. 

On the evening of Monday last, May 8th, a first 
attempt to illuminate the grounds and fountains was 
made, but the result was not a satisfactory one; 
success, indeed, was not expected, and the occasion 
was regarded wholly as an experiment. Later in 
the week it was announced that all was in readiness 
for a full display on Saturday night, and a large con- 
course of people gathered at Jackson Park to enjoy 
what was, to the vast majority, the novel sight of 
electrically illuminated fountains. The papers had, 
as usual, excited public interest by anticipatory 
gushing eloquence on the marvels of the approaching 
féte, and the calm way in which the non-fulfilment 
of these promises was met by the vast gathering, 
showed clearly two things— the patient and superior 
character of an American crowd, and their habit of 
discounting press assurances ; possibly ignorance 
on their part of the nature of the beautiful spectacle 
that they waited vainly for had something to do 
with their philosophy. The nearest approach to 
aggrieved criticism that we heard was from a tired 
unit of the waiting crowd, ‘‘that there warn’t no 
electricity in that water worth a cent.” The fact 
was that at the last it became evident that the 
electrical arrangements could not be completed, 
and besides, there was not enough current available 
for lighting the grounds and illuminating the build- 
ings at the same time. Judging also from the 
somewhat sluggish nature of the water jets, the 
hydraulic arrangements are incomplete. But 
though in its full beauty the spectacle was denied 
to the expectant visitors, one part of the display 
was satisfactory and successful. The magnificent 
search light placed on one of the towers of the 
Manufactures Building was directed upon the 
abundant water jets, illuminating them as foun- 
tains have never been illuminated in Chicago since 
it became a city, and when coloured slides were 
placed in front of the great beam and the water 
was lighted up by it, the enthusiasm was Immense, 
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Enough was evident last evening to prove that in a 


short time all will be in order, and that the illumi- 
nated fountain display will be worthy of the Exposi- 
tion. 

But if the fountains were incomplete, the illumi- 
nation of the grounds appeared in fairly good shape, 
although in this also it is stated that improvements 
will be made. Except in nota few dark places, there 
seemed to be abundance of light, but the effect, 
though very beautiful, was to us a little disap- 
pointing, considering that this Exhibition possesses 
the unique and invaluable advantage of an abun- 
dance of water, so useful at night in reflecting com- 
binations of lamps. The long straight avenues that 
traverse the Exhibition grounds are of necessity 
lighted by arc lamps at short distances apart, and 
the extended perspective of lights thus geometric- 
ally placed interferes with the picturesque effect of 
illumination. These well-lit avenues are too much 
like those ‘in the city itself to call for wonder or 
admiration. But it is quite too early to criticise ; 
the artistic gardens of Jackson Park give too many 
opportunities for night effects, to be neglected by 
the skilful and artistic creators of the Fair, and we 
may safely count on advantage being taken of every- 
thing. A new and beautiful addition was given by 
the numerous electric launches and authentic gon- 
dolas that navigated, with ample freights, the canals 
and lagoons. To summarise the experiment, it 
was successful and imperfect. The latter quality 
will disappear; the former will become more 
marked on each occasion. There can be no doubt 
as to the popularity of the féte ; it is recorded that 
45,000 visitors were present, but this must refer to 
those who paid for admission, as certainly double 
this number were on the grounds. The balance 
would be accounted for by the liberal manner in 
which passes are distributed—a mistaken policy, it 
is thought, by many interested in the financial 
welfare of the Exposition, and who do not want to 
see Jackson Park crowded with ‘‘ paper.”’ 

An evening visit to the Exhibition implies that 
some time is devoted to the Midway Plaisance. It 
is along walk from end to end, and the compara- 
tively crowded state of the broad roadway, lined on 
each side with a heterogeneous row of international 
pleasure structures, indicates the popular apprecia- 
tion of this part of the show. No doubt, when 
complete, the scene will be very bright and ani- 
mated, but just now it is somewhat depressing ; 
most of the Oriental concessionnaires appear to have 
considered that a limited outlay in cheap material 
and crude colour would answer the purpose, and the 
result has been to give the idea of a large country 
fair in France, without the animation, where the 
canvas is replaced by more durable material. There 
are plenty of exceptions to this, however; the 
American Libby Glass Company’s pavilion is a 
fine and well-equipped structure, and attracts a 
large number of visitors, who cheerfully pay a shil- 
ling to watch the industry carried on within. So 
with the Salviati pavilion opposite, the facade of 
which is a sufficiently successful imitation of a 
Venice house front. The Japanese village is large, 
and as realistic as its picturesque inhabitants, who 
evince as much lively curiosity as they excite. The 
German village is, however, the great feature of 
the Plaisance, for here, as everywhere else, Ger- 
many leads ; its old town-hall, its quaint houses and 
restaurant, its beer garden, and all its accessories, 
are as complete and well-installed as fictitious art can 
makethem. Thisplace will never want forcustomers. 
The Austrian restaurant is also on quite a large and 
admirable scale, and here and there one stops to 
look at an excellent and effective piece of work, 
but on the whole the eftect is cheap and disappoint- 
ing. Every concessionnaire, moreover, seems to 
have constructed without any restrictions as to the 
general effect of harmony in colour or arrangement, 
so the charming impression conveyed by the some- 
what similar but much smaller exhibition on the 
Esplanade des Invalides in 1889 is wholly wanting. 
The great wheel at the west end of the Plaisance 
is approaching completion, and soon those adven- 
turous spirits in search of a novel sensation can be 
gratified ; about three-fourths of the wheel is erected 
in place, and it was no mean piece of engineer- 
ing work to build a wheel 250 ft. in diameter upon 
its shaft 130 ft. from the ground. The whole 
structure looks perilously light, as does so much 
American ironwork, but the name of Mr. Robert 
_ Hunt, the president of the company, is a sufficient 
guarantee of the safety of the work. The driving 
engines are not yet erected, and the pitched chain 
by which it will be driven has not been delivered ; 


this chain, which will be about 250 ft. long, will, of 
itself, be an exceptional piece of work. It may be 
mentioned that the wheel when at work in the 
evening will be illuminated by a multitude of 
incandescent lamps with different coloured bulbs 
distributed over it, and when in motion the com- 
mutators are so arranged as to throw different 
series in and out of circuit, so as to produce a lively 
variegated effect. 

In conclusion, a few words may be said as to the 
cost of living in Chicago during the Exhibition 
time. It is difficult, if not impossible, to give 
much reliable information on the point, so much 
depends on personal views as to what is cheap or 
costly. Putting the element of comfort out of 
question, one can live as cheaply in Chicago as in 
London ; the ordinary means of transit are inexpen- 
sive, that is to say, railroads and cable cars. But 
on a higher scale living is costly, and to obtain 
comfort, combined with good appearance, means a 
considerable outlay. It is positively stated that 
the hotel keepers will not raise their prices, but 
common sense and actual fact do not justify the 
acceptance of this assurance. Since May 1 arise 
in hotel charges, even to those who had been pre- 
viously resident, is general, though there are ex- 
ceptions ; for example, one of the foreign commis- 
sioners who had long been paying twelve dollars a 
day for somewhat moderate accommodation, was 
notified that he must now pay sixteen dollars or 
quit ; he accepted the latter alternative. It may 
be assumed, however, that an expenditure of ten 
dollars or 2/, a day will cover the necessary 
expenses of a moderate person, In a general 
article, such as the present, this information may 
be introduced without any apology on our part. 

J. D. 


UPPER EGYPT RAILWAY 
EXTENSION. 

On February 5 last the Khedive opened an im- 
portant addition to the Egyptian railway system, 
constituting the line from Assioot to Girgeh, a 
distance of 127,302 kilometres = 79.1 miles. A 
large portion—viz., that from Assioot to Sohag— 
had previously been opened for traffic on December 
15 last. Great preparations had been made for the 
Khedivial visit, as the line was the first piece of rail- 
way, equipped with new material throughout, that 
had been constructed in Egypt during the last 25 
years. There was therefore a great display of 
bunting by day and illuminations by night, testi- 
fying not only to the appreciation of the people of 
a visit from their young sovereign, but also to a 
public acknowledgment of the advantages of a 
railway communication with the northern world. 
The map, Fig. 1, on page 764, shows the situation 
of this new railway. 

The earthwork of the line was begun in the 
summer of 1890, but it was not seriously taken in 
hand until the beginning of 1891, and it was com- 
pleted in the summer of 1892. The total earthwork 
amounted to about 4,200,000 metres (5,943,500 
yards), but this does not include some extensive 
repairs to banks made during the current year on 
the northern part of the line. The section of bank 
adopted by the railway administration was that 
shown in Fig. 2, page 764, the height A being vari- 
able according to the ground level. The long 
slope of 3 to 1 was on the west side, as the strong 
winds from the north-west cause considerable wave 
action in the basins of Zennaar, Beni Smid, and 
Douer during high Nile, and it was hoped that a 
3 to 1 slope would not be seriously eroded. This 
hope, however, proved elusive, and ultimately it 
was found that stone pitching on both sides up to 
flood level was absolutely necessary to insure the 
safety of the bank passing through these basins. 
No special precautions were taken during construc- 
tion to obtain a solid bank, although the use of 
large lumps wasstrictly prohibited in all contracts, 
The annual wetting of the bank when the basins 
were full caused the clay soil to swell, and after 
the first year there was no appreciable subsidence. 
Fifteen per cent. was added to the height of bank 
to allow for shrinkage, and was found to be ample 
for banks running through the middle of the 
basins. In cases where the railway bank was made 
by utilising the silty stuff from an adjoining canal 
bank, 5 per cent. for shrinkage was sufficient. 
Great economy was effected in the earthwork by 
aligning the railway in such a way that the spoil 
from certain new canals required in connection 
with Lieutenant-Colonel Ross’s scheme of canalisa- 


tion for prevention of ‘‘shardki,” was utilised for 
the formation of the railway bank. Elsewhere the 
earth was taken from wide and shallow barrow pits, 
which, being less than 1 metre deep, were not 
impaired for purposes of cultivation in any way, 
even for the first year. At the end of the third 
year these pits were for the most part silted up 
again to the general level of the basin, by the red 
water which flowed through them. 

The bank was designed to have the rail level, 1.20 
metres (3.94 ft.) above high-water level. When 
this was ruled by the water of a neighbouring 
canal, the surface slope of the water due to the 
‘‘draw ” of the basins was carefully studied before 
the bank section was determined. As the line 
follows the course of the river, the work is all in 
bank, which averages 24 metres (8.2 ft.) in height. 
There are no grades of any importance, the total 
rise from north to south being only 5.18 metres 
(16.99 ft.). The exigencies of the Irrigation Depart- 
ment did not permit of a straight line, such as might 
| be expected in so open a country, and 12 per cent. 
of the total length consists of curves, for the most 
part of 1000 metres (3280.9 ft.) radius. The major 
part of this embankment was constructed by the 
ordinary basket and hoe method for 48 paras per 
cubic metre = 2.31d. per cubic yard. 

There are 35 bridges in all. The two largest are of 
three spans of 38.60 metres (126.6 ft.) each, one in 
connection with the new Aboutig Escape, the other 
over the Sohagiyeh Canal at Sohag. The general 
construction of these bridges is shown in Figs. 3 
and 4, page 772. Four other bridges with single 
spans of 38.60 metres (126.6 ft.), and one bridge of 
one span of 5 metres, complete the list of free open- 
ings spanned by steel superstructures. All the 
steelwork was made in Germany, and erected by 
the manufacturers during the summer months. 
The remaining 28 bridges are all over channels 
for filling or emptying the basins, and are fitted 
with the regulating apparatus in use by the 
Irrigation Department, by whom they are worked. 
They have either one or two arched openings (see 
Fig. 5, page 765) of 3 metres (9.8 ft.) span, closed by 
heavy horizontal timbers sliding in stone grooves, 
All the bridges are founded upon concrete; the 
floors are of brick in cement, the piers and abut- 
ments of brick in homra and lime, with regulating 
grooves and coping of stone from the Essawiah 
quarries. They are necessarily of very strong 
design, being severely tried when holding up a 
head of 1.50 metres (4.92 ft.) of water. The 
foundations are protected from any undermining 
action by deep curtain walls on the down-stream 
side, and the slopes of the canals are pitched with 
stone for 20 metres (65,6 ft.) in length, both up and 
down stream. These regulating bridges are de- 
signed for the most part to allow for a maximum 
discharge of 2,000,000 cubic metres (2,616,000 
cubic yards) per archway per diem, with a depth of 
4} metres (14.76 ft.) of water on the floor on the 
up-stream side. 

Twelve very substantial stations (see Fig. 6, page 
765) have been built, averaging 10} kilometres (6.5 
miles) apart. Built of red brick, and roofed with red 
Marseilles tiles, and surrounded on three sides with 
a neat verandah of ornamental woodwork, these 
stations form conspicuous objects in a landscape 
otherwise wholly composed of mud houses and green 
cultivation. Passenger and goods platforms are pro- 
vided at every station, as well as the necessary house 
accommodation for the station staff. Over 1500 
metres (1640 yards) of siding at each station give 
every facility for the handling of the grain traffic, 
and in all such matters as signals, grouping of 
points, watering arrangements, turntables, engine- 
houses, weighbridges, &c., no expense has been 
spared to make this extension one of the best 
equipped lines in Egypt. As the station floors 
are on an average 3} metres (11.48 ft.) above the 
ground level, there is a very considerable quantity 
of masonry in the foundations which does not 
appear to the eye. These foundations consist of a 
series of semicircular brick arches of 3 metres 
(9.8 ft.) span. The design was economical, and so 
far there has been no appreciable subsidence. The 
superstructures were not built until the founda- 
tions had resisted the effects of an annual flood. 

Steel rails, 8 metres (26.24 ft.) long, of the Vig- 
noles type, weighing 36 kilogrammes per metre 
(or 72.6 1b. per yard), are used on all the main 
line. These are fastened to oak sleepers 2.60 metres 
(8.53 ft.) long, spaced 0.82 metre (2.69 ft.) from 
centre to centre by iron tirefonds or wocd screws, 

The joint sleepers are only 0,60 metre (1,97 ft.) 


[JUNE 2, 1893. 


ENGINEERING. 


764 


asnoxe ur Suryydue Avs 03 pao 07 sn 1oj poyerooid 
-de AjySno10y} 004 ere ‘oqnqWsUT eYy JO ssuTzoOUT 
ey} 78 suoIssnostp pue ssoded jo odeys oy} ur YyI0q 
‘suoIqnqiaquoo SIy pue ‘UMOUY [[eAi 00} SI FIOM 
$.pvojg “IT ‘sn orozoq eouzsut oy Aq pagsessns 
ATuo cae pur ‘A{peroues Ajdde syremor osoyy esin0d 
JQ ‘ssuoou Surpusqye stoq woul 07 osezUBApe UAL 
possoaddns oq u93J0 prnom ‘Aszeaor}u09 oTqeqgoudun 
0} pee, eur AjozeuITA[N YOryM 10e4zeUr ‘euOp oq 09 
O10M 4eY} JI ‘9qnop on ‘goofqns 94} UT poysorezUt 
ATQO0ITP ySour osoy} 07 Surpeed 10j pozturqns sioded 
OINQIIISIP 0} FYSIL OY} SPATASMOY} 07 UIeJoI prnoYys 
[lounog oY STIYA Se ONS sosvo UI 4eY} o[qeaIsep oq 
‘sdeyasod ‘prnom 3] ‘WOIsN[OUOD MOUTUIOD ¥ 4e POATIIV 
oARy 4YSIW peoig “AP pu oy 7ey} ‘ueyy ‘epqissod 
ST 41 pue ‘yuewtsodxe sty Sumseoer yo Aqrunqaoddo 
ue prey SAY PlNoys oy 4eyy 10990q Useq eALY prnom 
qt ‘9IN}XIU OY} 4IaJ 07 JOU Yooysuas|I IOF] JO yaed 
9} UO JYSisa9Ao ue sem gt Jy “*Agrorpqnd jo 4804 043 
0} As19A0I}WOD OY} FYSNoaq Savy OF OUT} U9Eq GAY 
plnom gt ensst pourol Ayjeug Aeyy uoyM pue “UOT, 
-euepdxe yenjnua fq 1ay}0 yore Surpre ‘prnoo foy4 
S@ IV} Se 1oY}OS0} OUOS DAVY FYSIUL spwHAS OMY OUT, 
“speuanol [eoruyos} UT S9pOTZTe pUe ‘soTyoIOOS [VOTUYII} 
erojoq saeded jo poyyour omosiequino yey MoUTOS 
ay} Jo eovd ut ‘souepuodsestos oyeatsd Aq sqool 
-qns osoy} JO oUIOS yNO poYyseIYy} pus Yooysues|I, 
IA YIM uoyorunwUM0D ur jfesmIy ynd prey 
projqg “IPT Jl Suryoou oy} jo oully oy} poaes oavy 
plnos 41 4eyy szoded oy 09 poue4sIT OYM soy} jo 
QULOS 0} poranod0 avy ose Avut 4 += ‘eS¥O UMO SI 
jo qaoddns ur syuowmnsie sty UL proqIg “ATT MOT[OF 
0} oovds you oARY OM YOIdeLT OM "10940504 
pojvor} Udy sSOATOSUIOYZ OSUvIIe IO o7eIOOSSE 
uesfxo pue ‘anydins ‘wmroyeo ‘uort Yor Url 
UOlIpuoo [RINyeU oy} JOU st wuNTo[Vo Jo eprtydns 
pue wodt jo oprxo yeyy joord earpisod SuIATS 04 
pxeSer ut “ueutsedxe ey} jo ones oy} sXorqsop 


‘slepIsuod peeqg “AT ‘STUY, *9qn9 ulepoorod yg ul 
Ayoorrp stepMod pextur A[jeotuvyoot ey} pozvey 
qnq ‘[eSseA posopo ¥ UL IN{XIW STY 1049050} 4I4j 
481g JOU pIp 109}¥] YY SB YOntusvUT ‘s}uetUTIOdxe 
$ YOosuos[IFT A19P{ 0} uoTydooxo soy} peozg “APL 
Y}Oq ut peonpoad ATsnonutzUOd st prow 
snoinydins yey} pouinsse A[JUSpTAS SI 4I ynq * Jou 
SoOp FIA9y}0 OY} UL pure ‘sed snornydyns oY4 sqrosqe 
Ses oy, ouo ur yey, ‘styy Ayfeorjoead st sesseo 
-o1d o1seq OUI, pue dIS¥q [VJOUL OY} UT eOUDIEyIp 
oy} 7eY9 pus ‘“4I qriosqe yoUUD SSe[S OpIxo [e}oUI 


qevyy peaord svy oy a0 ‘sed se Avae sossed ‘paurs0y 


ve Tava a 
2 LUYUISSY VYTTIVe 
To. : 
ea H ao Ae 
2 Sgoaeged {Mer urgsy 
kre sale 


9vHOS TIWYNOYY 


yopueqowe 
voseoH Woy? 


viugney 


phot seHOH 


piyoga | uDnens® 


ie 


SI JI sv woos se ‘yorym ‘Qu, + "O “84 Seprxo 
OITTBJOU JO UOTZOV YY UO Sutpuedep ‘sesseooad 19 Y}0 
pue Sarjppnd oy} ut proe snoanydjns 0} A],0ea1p 
PesIpIxo st anydins yey} pewnsse si i] °S,, 
“UOIT PING Ul Inydns oy Wo s}U905e SUISIPIXO Jo UOTY 
-ov oy3 Aq oully Jo souoseid Ul 109.12AU0D OI8eq OY} UT 
peonpoad -st proe o1znydjns 4ey3 sournss? oF] °Z,, 
“SHeS OUT] 
oIseq WOIf UOT Jo eprydins oy} 4yno eAOSSIp Seop 
pue Sutajossrp jo erqedeo st uoar pmbiy yeyy pue 
‘yons sv UTeULo soanyzetoduiey ysty ye uoat Jo optyd 
-[ns puv oul, yey} peaoad sev sIepIsuoo eff ‘T,, 

: SMOT[OJ 
sv uonisod s,yooqsuesty «10p{ sostreutuins soded 
ey], ‘syUouttredxe snorreA epeut oy ‘eseo sty eAcad 
0} Japio uy ‘eovuIny AIOZVIOGIOACI PUB 10}19ATOD 
oY} Ul SUISTINYAnsep Iof osn 9]}}IT JO ST 4I ‘ooVUAN 
-48V[q OY} Ul VdIALOS 9TGeNnTeA JO ST 4I Yonoyyye “yeyy 
surejureur pue ‘inydyns ysurese Apeuied [estoatun 
@ SI OWI] 984} 10110 UMOUY-[[OM & SI 4I YeYZ Soqzeqs 
pure ‘ssoooid s.toqtueg jo uolZepuUNoJ oY} UI JOIIe 
oY} SIopisuoo oy yeyA yno sjzurod ose oF{ ‘“spoRF 
ey} uo Ar00y} yuerepIp AjorTyUS Ue pepuNoJ yng 
‘qinser oures oy} ATastoord punoy pure ‘syuousedxe 
Sg peaqg “Ay pozeedos ATpeorjoead yooysues|Iy 1107] 
‘BUOIM ST peoqg “AP yey} eAoad 03 Jepsro UT ,,“WINTO 
-[eo Jo optydyns our owt jo Aouese oy} Aq uoat jo 
eprydins oy4 410AU00 07 Aopso ut Aressedeu st JUOSe 
SuIoNpod SUOI4S B VYY UTLJUTVUT OAA “SEIS OY} UT UNTO 
-[eo Jo oprydyns jo oyv4s oy} UT Inydyns oY44 UTe}qGo 
04 ‘uoit pmbi, woay uomt jo epiydins jo [eaour 
-O1 OY} 1OF [eImojeur efqeqyims ev ‘oul, pue oprtzo[YoO 
WINTOTVO UT,, ‘OT4IIO Spraig “APL SAvs ,, ‘OstUHooaI 
youued 9M,,, “qovy uodn popuNojz ore suOoIZU0qQUOD 
8 PVO4G “ATL VY} OSTUSOoeL 09 S[IeJ YOo}sus|IP] 10] 
‘Toodieary ye osvo sty pazeys peayg ‘apy ‘“Astoa 
-O1}U0D STYY UT SuoIM St OYA pue 4Yyst st oyM Avs 
0} eTqissodumt oq ‘esinoo Jo ‘pnoM 4— “epzeox{ 430 
‘gooqsuestip] asopy Aq poynqrszzu0o. sem pure ‘wasraT 
pun yoy ‘xeded peoruyoe, uvaiey oyy ut porvodde 
yorym zoded rourz0y Sty UO WISTOT]IIO B SUISSNOSTP UT 
pordnoso Ajosrey sem ‘zoom 4se] AepsoupoA UO peor 
‘roded sty jo qed qs1y oyy, ‘e1nzeu snourumnyjoa AroA 
e jo sem yorym pue ‘foodszeary ut poy ‘eqn414sUTy 


ey} JO Surjoour yse_ oy} ge peor oy aoded oy} jo 
uoTyenuIgUoo & “oez UT ‘ST 9] ‘eouezzoduAT o[qeIOpIs 
-u09 Jo qoolqns & Uo ‘e7e48 09 SSoTpooU ST 41 ‘st zeded 
8,peg “IJ ‘snpeug “¢ “4H “azyt Aq qoolqns oy} uo 
qaodea & osye sem or0yy roded 1099e] oY} 07 poyorgy Vy 
12948 pue woiy sutstinydinseq Joy ssoo01g 
Mon ®@ uo sodeg Arequomeddng y,, ‘peyyjue sem 
pue “roztueg “AY A “IPE Aq SVM puOdSES OY, ,,“UOIT 
Woy nyding jo ucHeUIUNTA oy, “poiue sea 
‘ysnorqso[ppryy Jo “peers “Hf “AIM Aq “9815 ou, 
‘NOU] SNISIUAHITASaC, 

WO SUOTINGIAyu0D 
omy £q peoustiui0s saeded jo sutpeor oy} ‘poltavo 
syuvy} JO SoJOA [eNsn oy} pue peeI Udeq SuTATY 
ssoippe [eIqUOpIserg eg, “y10der ano eqezdui0o Mou 
eM pue ‘ez pue 7g AB UO ploy ‘oynqTysUT [909g pue 
UOI] EY} JO Suyoour oy} Jo ssutpsoooid 9y} jo zaed 
4sIy Oy} JO JUNODDe Ue COALS OM ONSST 4S¥T INO NT 


‘ALOLIISNI TALS GNV NOU! FHL 


“YIOM [BUOTIONAYSUOD 9} JO osareYyo 
ul Sureq se pououeu Apeosye ‘paeddoyg “5° “A 
03 ‘peaedeid usoqg oaey SsulAvisue INO YOIYA WoIz 
sSuraeip pue sydvasojoyd oy} toy pue ‘oul, Mou 
ay} Surjoodser uoryeUloJUl 1OJ poyqopul ore OA, 
‘orreg woz Aournol sinoy u9ezY S10 UTYIIM 
qdASq ut gods Suyserequr ysou 4eqy Suisulsq snyy 
‘IOXNT SB Ivj se ‘PIVMYINOS UOISUS}XO JOYyANJ wv JO 
uorjonaysuoo pur Learns oy} YIM eou0 ye poodoid 
0} UOIQUSzZUT O17} SI AI Sv ‘poysneyxe yok Sz10fo I10y4 
oie ron ‘savok Aueut Joy junoooe souvUo}UTeUT 
UINUIIUTW B OINSUT OF SB SSUIPINg puv sespliq I1eyy 
IO} SUBIsap [eMURysqns Yyons SuTydope ur pue ‘sTeL 
-ayeul jo 480q oy} ATUo Sutsn ur Auoucce oyeuITy[N 
ey} estusooor Any Aoy} yey} pue ‘oze] Jo yonut 
oS pxvoy oAvy OM WOYM jo syueuyredeq 4yuoul 
-UI9A0x) Joyyo oy} Jo Aue se oarssorsoid sv st UOT} 
-erysturupy Aeaprey ueydésgy oy} yeyy Moys [TM 
qseq oy ut yIoM Aempredr Jo JUNIO 4AOYS STUY, 
“punoig “IJ, SUIeG Ie9UTSUO I10Y4 
‘orleg Jo ‘Se1QIg SOTeNG “SASSOP[ LOM YOM 9TOYA 
OY} 10J S10}OVIZUOD OYJ, “S[IVL OY} JO Surkey ogy pue 
SUOTZRIS JO UOONASU0 OY} UO ‘pue oY} 07 WEY 


Sigeuy @ 


i 
H visor vavew 17 00H ff : \ ! ae yobis0y¢ aerated , Z qernoayes 

OOM ss Set 8 edad dg LLM aR Rd eid wwmog wno oon” yowen sp =» = WINS INTT GOH t 5005 

aypl® wos a ne hice fe \ 2, He pe eee OPH Soboy nogy OHO Pr) , ¥ 

1 EG WISE 0H nowy __yodiz02099 ; U9 soupoyge ~~~... 24 2AOY gh 421481049 Se ee i oy2NOW ay 

OMS Hoon aupo 7 PAS A : ( / y3n0a03 Oona TAG) BE 
w/e flonpuo 0p Petes, Ses FYvHOVW T29PH |). :Dwowny Ke i / DNB Oops YYNNIZ Z7 GOK 4¥f, 
0 we Bee » > “revo JOHN 4S ieee ) j 20: ft 


os 


Yo 77 00H} : 
H yomong eb 
i ny Lvn lw 77 TOs ~ 


ow 
0 
wit 


e 


Z9oiro pig 


11D WoLy,7 WOlIyY 4 
sabpug =x 
$uo1q07§ @) 

syung ~~~ “, , 
sjpun) i a 
aur] May ———— Uh 


oe ; 
} 


VLHOIW VAIL IHD Es ywyis 
— — = 
; : = 


.. OCW SE 


pos wove y 


iN? we a 


A 
ravayg 13 cont ymong® © 


&q pokojduie ureSe sea pavddoyg ‘apy pure ‘uorgesy 
-sturmpy Aeaprey oyy Aq 10A0 USye} UST} SA FIOM © 
OUT, “pe}oNnIZsu0d o1EM SoSplig pue SyIOMYIIVO 94} 
Jo e7oyM 043 “DOWD “AU “S8oy [ouojop--anovT 
jo UO0T}99IIp [eloues oy} opun ‘wy Aq pue ‘yuouUt 
-yredoq worzesIIIyT OY} 07 UOMe4stUIMpYy AemMTIEYy 
ey} Worf periojsuesy sem ‘asreyo Ul JoouIsUe 944 
“a “WOW TW ‘HOT ‘qmey ‘oossy ‘pavddeyg 
qdoqdo Fy “AA UOSver sTyy 10g pu “uowysedeg uo14es 
-IdJJ 94} JO UOT}OOITP OY} JapuN 4yno poTsIed oq plnoys 
yom oy} Jo sqred urezI00 4eYy} O[QeSTApe JI opeUr 
‘sreuvo jo woqsdhs oyvormqut ue fq popoog ‘Aajzun0a 
% yons ysnoryy AeMprer @ Jo UoTZONAASUOD SY, 
‘ut 8g "43 f Jo ‘serjoul Gep’T ‘z1a—jdAdq UI osn 
[CSIOAIUN UT FRY ST OUTT OY} Jo OSneS oy, “suoiser 
SSO[UIVI 90} UI Soxoq-oyxe pue siosuessed 09 yI0qG 
souvfouue pue o[qnod} YON Os Jo osneVd ® ST YOIYM 
‘qsnp Jo uoTyUOAeId OF MOTA B YIM “AseTTVq oL04S 
UEeyoIg YIM ynoysnoiy) poyse[[eq St oul, eyy, 
G68 °60T 1821. "queo ted ¢ + (3180) s1adee[g 


918°6L 

999° 9809 *queo zed ¢ + sMoedOg 
£08" OgOT *quoo zed Gg + S4[0qUsl yy 
1166 GIg “-*queo aed ¢ + soqeidyst yy 
OFF SL 0c6 4 *‘quoo dod Z + spley 
suo], 

‘qy31IeM “zequInNT 


: SMOT[OF 
se S@M OUl[ JO oljZoWO[Iy ve oj poatnber ‘oseyeorq 
Joy eSequoosod v SurmoTe ‘Tetrozeur Avm-quoueursred 
jO 44SI0M pur Joquinu eyy, ‘esned ona e Sururey 
-UIVUL UL 9[qnor} 01971] AIOA ST 1043 OS “elIpURXETY 
eave] Loy esojoq Aroutyovur peroods Sq petog sMei0s 
ey} OJ Sofoy oY} PUL 4nd S[IvI OY} JOJ SVS O44 
oavy srodes[s oy, “Loyyo yows 07 ozisoddo Ayarey 
eq Avw sjutol [je 4eyy Os ‘seAino oY} 1OJ popracad 
ere (“J ['9Z) SUCT SerjoU 96"), S[I¥I JLOYS Jo “ques 
god OMY, ‘“setzyunoo [eotdory [[@ Ul eMOSeTqno1} O8 
punoj ‘sjrer oyy Jo osvdoeoso oy} 4U0zxe qvoIs v 04 
Surqueaoid snyg ‘s1odeeys yurol oy} usoMyoq SuIy9y4 
SyooTq SoURYSIP OFUI UEATIP ore YOIyA soxlds yey 
PATONOL OF POYOIU Oe SIV OY} JO Spue eYyy, “pesn 
ee SINU YOO] ON ‘TOJOWIVIP UT (‘UI gg") SorqeUT 
“TIT ZZ S3TOQYSY [00as aNoy YALA pozfoq puw “yous 
(‘qT F231) sommeIso[IY g4°G Surysrom ‘soqe[dysy 
]oo38 ygim poysy ‘edd; popuedsns ey} jo ev 
sjutol ey], “sniper (43 896T) Se7}0U YOO WEY SSE] 
jo SAND puNoI poMoT[e oe saodoo[s ¥1}xO ON 
‘yjSuey pret yowo 07 siedeeys ue} Surais “qaede 


Ge 


‘ avMauA-TIHYS STF aon 


aude Ago a ea dec 


kW MoD Tove See Dit Os 1.0.0 15/5 ev eee 


June 2, 1893.] ENGINEERING. 768 


Pelee FA Sis O.0 D2 Gl RG Kine eReAL GG Wo ASY +2 | U PPE Re E’G:yiP T. 


(For Description, see Page 763.) 


Ye 


| F 


PTT Vitae 


Fig. 6, 


of what we here advance, which we think is sound the sulphur passes out of the metal and eventually |an analyst cannot but speak feelingly. There can 
in general principle. _findsits wayintotheslag. The part that manganese be little doubt that different results, obtained by 

The presence of sulphur during the basic Bessemer | plays is insisted upon by the author. The paper also | different chemists, which have been most discor- 
process was dealt with by Mr. Stead, and analyses considers how it is that practically no sulphur is|dant, have been attributed in many cases to the 
were given of samples of steel made at the Glen- eliminated during the stages of the blow by the inefliciency of the analyst, when in reality the true 
garnock Steel Works. Mr. Ridsdale, of the North-| calcareous slag. The desulphurising in the basic | cause has been due to difference in the drillings 
Eastern Steel Works, had also supplied the results of open-hearth furnace by the Saniter process was taken from various parts of the piece of iron or 
his experience ; both sets of experiments confirm the | also treated upon, the results being illustrated by jsteel. It is a well-known fact that just as in freez- 
statemeut of Dr. Wedding, that it is only during the | a diagram placed on the wall of the theatre. ing ingots of peaty water the impurity is in great 
after-blow that any more than traces of sulphur) One of the most suggestive parts of Mr. Stead’s| measure concentrated in the central axis of the 
is eliminated, but they do not indicate any material | paper was that which came at the end, and | mass, or in that part which is last to become solid, 
volatilisation of sulphur, for all is accounted for in| treated of the irregular distribution of sulphur in | so steel and iron, in passing to the solid state during 
the slag. The author endeavours to determine how iron and steel. On this point, the author said, | crystallisation, tend to throw to the centre the 
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impurities; consequently in certain central parts of 
the solid steel and iron there is frequently found a 
segregation consisting of material containing a very 
much larger proportion of carbon, sulphur, and 
phosphorus than the average of the whole mass. 
It is fortunate that such less pure portions are not 
thrown to the exterior, but are concentrated in that 
part of the mass where they are least likely to have 
an injurious effect when the iron or steel containing 
such segregation is subjected to mechanical strains 
or stress. It had been Mr. Stead’s experience that, 
asa rule, the larger the mass, and the more elevated 
the temperature at which steel is cast, the greater 
will the segregation be. To obtain an average 
sample from such material in a suitable form is a 
rather difficult matter if the drill is used to procure 
it. The only really reliable way is to plane a sec- 
tional face of the sample, and when this cannot be 
done, to take drillings from many different parts 
and mix them together, so that the whole section 
may be represented. 

A diagram was shown, illustrating these facts. 
In one case there was in the pig about 2.52 per 
cent. of manganese, and the sulphur is in greatest 
quantity at the upper surface, where it had evi- 
dently been carried by the manganese, and there 
can be no doubt that had the pigs remained for a 
sufficient length of time in the fluid state, the sul- 
phide of manganese would have separated, just as it 
does in the ‘‘metal mixer.” To sample such 
material, complete sectional slices must be taken, 
which must be thoroughly disintegrated and mixed. 
In the case of some samples prepared from a piece 
of hematite, tested in Mr. Stead’s laboratory, there 
was very clear evidence of segregation in the centre 
of the pig, for there was about 45 per cent. more 
sulphur in that part than in the average of the 
whole pig. 

Mr. Saniter’s paper was read immediately after 
that of Mr. Stead, the two being discussed together. 
Mr. Saniter, in his paper, gave further particulars 
of the process for desulphurisation which he 
has introduced. It will be remembered that he 
read a paper on the same subject at the last meeting 
of the Institute. * 

At the Wigan Coal and Iron Company a plant 
has been laid down for dealing with the whole 
make of a blast furnace. The plant and general 
arrangements are as follows: The sand-bed has 
been lowered to the ground level; on this level, 
and in front of the blast furnace, is a ladle on a 
carriage, the ladle is provided with tipping gear. 
This plant cost considerably under 2501. per 
furnace. The ladle is heated before the first 
operation, the mixture put on the bottom, a small 
cast-iron plate being used to prevent the molten 
metal cutting under the mixture. The metal is 
then run in, and as soon as the reaction ceases, is 
tipped into the lowered sand-bed, and the slag 
raked out of the ladle, which is then ready for the 
next operation. This ladle treats from 9 to 12 tons 
at a cast. 

Analyses were then given of 20 consecutive re- 
sults, bearing out the etliciency of the process. In 
the first case cited, the sulphur before the process 
was 0,248 per cent., and after, 0.074. The 
cost of materials was fourpence per ton; and the 
other costs, including labour and grinding, were 
found to be under twopence perton. Among many 
other results obtained in this way, there was one 
in which the metal contained only 0.64 per cent. 
manganese, the sulphur being reduced from 0.40 to 
0.134 per cent., which indicates, the author said, 
pretty clearly what may be expected from the ladle 
treatment under ordinary conditions, It is in- 
teresting to note that the Wigan Coal and Iron 
Company, at the end of last month, had made over 
16,000 tons of basic steel from sulphury iron, and 
had treated over 5000 tons of iron in the ladle 
at the blast furnace. Besides this, considerable 
weights have been treated at other works in this 
country with successful results. Steel made on 
this process has been tested in Sheffield for various 
purposes for which Swedish bar is used, in making 
the highest-class cutlery and tool steels, with 
marked success. It has also been found nearly 
equal to the best charcoal iron for conductivity 
purposes. The paper also states that it welds 
splendidly. Mr. Snelus’ report on the Saniter pro- 
cess was attached to the paper. 

After a few words from the President, the 
meeting adjourned until the next day, Thursday, 
May 25. 

The discussion on Mr, Stead’s and Mr. Saniter’s 
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papers, dealing with desulphurisation, was the 
first business on the members assembling on 
Thursday morning, May 25. The President, 
Mr. Windsor Richards, occupied the chair. In 
opening the discussion, the President said the 
point to bear in mind was that it was desirable 
some conclusion should be arrived at in regard to 
the value of the Saniter process. Was it so reli- 
able that it could be left in the hands of the ordi- 
nary workman? That appeared to be the crucial 
point. If that were answered in the negative, the 
President would suggest that there might be a 
course intermediate which could be practised in 
desulphurisation, and which would not require such 
highly skilled workmen. Some of the metal 
referred to in Mr. Stead’s paper would be quite 
useless for the steelmaker, and he could only ask 
why it should be produced. There were, he said, 
many eminent chemists and metallurgists present, 
and he thought the meeting could arrive at some 
definite conclusion as to the value of the Saniter 
process. 

Sir Lowthian Bell was the next speaker. He 
said that the meeting was invited to agree that 
lime, if in a condition of chloride calcium, can 
remove sulphur from iron. That was the conten- 
tion of the authors of the two papers ; but, on the 
other hand, we were asked by Herr Hilgenstock 
not to put faith in this contention. Both sides 
supported their arguments by experiments and 
deductions drawn from experiments; but the 
speaker would ask, Was it necessary for the meet- 
ing to go into these obscure details? He thought 
it would have been well to defer this scientific duel 
until those engaged in it were sure that the reaction 
took place which was claimed to occur. Sir Low- 
thian would ask the meeting to consider whether 
it was the right time to enter into that part of the 
inquiry. He would also point out the difference 
between laboratory experiments and the actual 
working on a large industrial scale. In one case 
the inquiry dealt with microscopic quantities, in 
the other with large masses ; and it was acknow- 
ledged that mere mass in itself would influence the 
reaction. Temperature was another disturbing 
element, for it was hardly possible to get the same 
conditions in this respect in the small experi- 
ments as in theactual working. The speaker had 
made large experiments bearing on this question, 
though not with the same end in view, and in 
these he had always found the great influence of 
temperature. Under such circumstances, Sir Low- 
thian thought it would be premature to settle the 
question as to the proper value of the process by 
the consideration of mere matters of detail. Never- 
theless, in spite of what Herr Hilgenstock had said, 
Mr. Saniter had actually succeeded in removing a con- 
siderable quantity of sulphur from iron. That was 
an undoubted fact. Still, Sir Lowthian Bell did not 
consider it a safe means to rely on for desulphuri- 
sation. Sometimes the operation was successfully 
carried out, sometimes it was not. He had found 
the same thing in trying to remove phosphorus. 
Under these circumstances he would recommend 
that caution be used in adoption of the scheme, 
and that further inquiry should be made before 
manufacturers should commit themselves fully. 

Mr. J. P. Walton, of Wishaw, N.B., was the 
next speaker, and made what was undoubtedly the 
most weighty contribution to the discussion. Mr. 
Walton, from his experience at the Wishaw Steel 
Works, is certainly in a position to pronounce 
an authoritative opinion on this subject, and his 
remarks will be read with interest. He commenced 
by pointing out the value of both the papers under 
discussion. He was entirely at one with Mr. 
Stead in the opinions expressed in his former paper 
as to the removal of sulphur from iron in the blast 
furnace. In regard to Mr. Stead’s views upon the 
reasons that manganese should remove sulphur, the 
speaker was inclined to join issue. Mr. Stead had 
stated that the action depended ona part of the 
manganese at first reduced entering the metal, 
where it combines with the sulphur, and, leaving 
the metal again, carries it off to the slag as sulphide 
of manganese. Mr. Walton did not think this 
explanation sufficiently complete. The action 
of liquation dealt with undoubtedly goes on in 
the blast furnace. At the works of the Glas- 
gow Iron: and Steel Company years ago he had 
taken advantage of the fact in the removal of sul- 
phur from basic pig iron in the cupola. He ad- 
mitted that practically all the sulphur charged into 
a blast furnace in the ore before it reaches the 
hearth must at one time, during its descent, have 


combined with the iron, but the speaker’s conten- 
tion was that by far the greater quantity of the 
sulphur is removed, not by the manganese, but by 
the lime. He would instance the case of the fur- 
nace making foundry iron. The silicon is high 
and the sulphur is low because the pig iron is made 
at a temperature sufficiently high for the lime to 
seize on and take out the sulphur; but at this 
temperature lime is not sufficiently powerful to. 
keep the silica entirely in combination with it, 
and some of the silicon becomes reduced, chemi- 
cally speaking, and enters the pig. Making the 
slag more ‘‘limy”’ will help to bring down the silicon 
slightly, but it is necessary to reduce the tempera- 
ture of the blast furnace if the silicon is to be 
brought down very low. The sulphur then begins 
to go up, and a limy slag being very pasty and 
infusible, there is a chance of the furnace hearth 
being choked up. It is, the speaker continued, 
under these circumstances that the value of 
manganese makes itself felt. It is quite true, 
the speaker said, as already stated, that when 
the manganese remains in the slag its pre- 
sence is valueless as a desulphuriser. The value 
of the manganese depends on the fact that 
a part of it remains in the slag, rendering a 
pasty limy slag, very fluid, owing to the presence 
of silicate of manganese, and lime is left free in a 
state and at a temperature at which it is powerful 
asa sulphur remover. For the same silicon con- 
tent in the pig iron, manganese, when present, 
allows a higher temperature to be possible in the 
blast furnace ; and the higher the temperature the 
more active lime is as a remover of sulphur. Mr, 
Walton did not wish to state that this was the only 
action which went on. Before manganese could ke 
reduced to the metallic state and enter into the 
composition of the metal to such an extent as to 
carry cff sulphur by liquation as sulphide of man- 
ganese, a high temperature must prevail in the 
blast furnace, and then the two actions go on con- 
currently. The speaker next went on to speak of 
cases of a comparatively high percentage of man- 
ganese prevailing with high sulphur recorded by 
Tuckerand Harbord. Although the manganese con- 
tent was high, showing that the furnace was working 
hot, the sulphur was not low. The reason the speaker 
gave for this was that the pig was basic, made from 
a mixture of mill and tap cinder together with 
clayband and manganese ores. Tap cinder would 
contain 15 per cent. to 18 per cent. of silica, and 
mill cinder 20 per cent. to 30 per cent., and when 
this quality of pig iron was made, an excessive 
quantity of silicious mill cinder had been in the 
burden. In this way the slag had suddenly become 
too acid, and the sulphur had therefore remained 
in combination with the iron. 

Mr. Walton next dealt with the important ques- 
tion of the removal of sulphur in the basic 
Bessemer process. Mr. Stead had stated that 
nearly all observers are agreed there is a notable 
quantity of sulphur removed in the basic Bessemer 
converter. There are, however, the speaker said, 
exceptions to the rule. This was proved by Mr. 
Stead’s own experience, and also Herr Kupel- 
wieser’s. Mr. Walton thought he wasin a positicn 
to completely elucidate the point. It was entirely 
a question of the purity of the lime used. Small 


‘quantities of impurities materially influence the 


action, and increasing the quantity of lime used 
in these circumstances does not give a correspond- 
ing benefit. If the lime used be very pure and free 
fromsulpbur, the quantity of sulphurremoved willbe 
very considerable. If the lime be silicious and high in 
sulphur, sulphur will actually go out of the lime © 
into the steel. Midway between these extremes 
there may be a lime which will be neutral in its 
action, neither giving nor removing sulphur. The 
speaker went on to give instances on this point. 
In starting the Wishaw Steel Works about seven 
or eight years ago, Mr. Walton had examined all 
the local limes, and had chosen the one best for 


use. The composition was : 
Silica ... 2.5 to 3.5 per cent, 
Sulphur 28), soUlmis 


Oxide of iron and alumina 2.00 5, 3:00° 


It happened that the works did not begin quite s0 
early as anticipated, and the people who had con- — 
tracted to supply lime had to find another market 
for it. When work was started, the contractors 
had still some lime to deliver to their other 
customers, and, without giving the steel company 
notice, bought lime from another source, which was 
sentto Mr. Walton’s firm. When work was started, — 
the steelmakers were surprised to find the large 
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quantity of sulphur getting into the steel. There was 
some sulphury iron on the place, and Mr. Walton 
thought this had been used by mistake, but when 
the cupola metal was examined it was found to 
contain only .03 to .06 per cent. of sulphur, whilst 
the sulphur in the steel was from .13 to .2 per cent. 
At last the lime was analysed, and the mystery was 
explained, as it was found to contain from 5.05 to 
6.85 per cent. of silica and .69 to 1.00 per cent. of 
sulphur. The lime before referred to is about 
neutral in its action. There is no reduction of 
sulphur, but, if anything, rather a slight increase. 
Being anxious to try the effect of a very pure lime- 
stone, the speaker bought 200 tons, at avery high 


price, and burnt it in dolomite kilns. The burnt 
lime analysed as follows : 
Per Cent. 

Silica ... sch 00 we 40 
Peroxide of iron and alumina 93 
Lime ... " 95 90 
Magnesia 94 
Sulphur trace 
Phosphorus ... 
Carbonic acid 1.83 


The effect of this was most marked. Cupola 
metal samples were not taken, but in the same 
shift, with the ordinary lime on, the steels were 
running .063 to .065 per cent. of sulphur. The 
moment the pure lime went on, the sulphur was 
reduced to between .02 to .03 per cent., and when 
the pure lime wasall done the sulphur immediately 
went up to the old figure. This the speaker 
thought completed the chain of evidence in favour 
of his opinion that the removal of sulphur in the 
basic Bessemer converter is entirely a question of 
the purity of the lime. The effect of the pure lime 
on the phosphorus was almost as marked as on the 
sulphur, and though the speaker was no advocate 
for the use of high silicon iron in the basic 
Bessemer, yet a lime of the quality he had men- 
tioned permits the use of a pig iron containing over 
2 per cent. silicon, with no more difficulty in the 
way of ejections or hollow ingots than a 1 per cent. 
silicon pig, with the lime which the speaker had 
described as ordinarily using. Sulphur is also 
taken out of the bath of the open-hearth basic by a 
pure lime of the kind, though perhaps not to the 
same marked extent as in the basic Bessemer. 

Mr. Walton next proceeded to deal with the 
theory of the removal of sulphur in the basic 
process. He had inclined to the opinion that when 
the sulphur in the slag reached about .4 per cent. 
it began to give back to the steel, even if it existed 
in the slag as calcium sulphide, but Mr. Saniter’s 
results in basic open-hearth working and Mr. 
Stead’s second paper had caused him to modify his 
views on this matter. In passing, Mr. Walton 
said he could not speak too highly of Mr. Stead’s 
experimental work, which supplied the key to the 
whole matter. The speaker had no doubt that 
under certain conditions sulphur does go out of the 
lime into the steel, but equally without doubt the 
sulphur exists in the lime as sulphate of lime, and 
this was most likely decomposed in the manner 
previously stated by Mr. Stead. In the speaker’s 
opinion too much stress could not be placed on these 
important experiments, which conclusively proved 
that the normal condition of a mixture of calcium 
oxide and sulphide of iron, after being subjected to 
a heat above redness, is that the sulphur and 
oxygen have changed places, calcium sulphide and 
protoxide of iron being formed, and that the cal- 
cium sulphide once formed is stable. In regard to 
Herr Hilgenstock’s communication to Stahl wid 
Hisen, the balance of evidence was against a regular 
production of calcium sulphate, and its decomposi- 
tion by the iron bath. The speaker was entirely at 
one with Mr. Stead in the arguments given, and his 
experience in acid Bessemer work showed no elimina- 
tion of sulphur, an action which would necessarily 
take place if Herr Hilgenstock’s theory were correct. 

There are now, therefore, the speaker continued, 
two good and effective commercial processes for the 
elimination of sulphur from steel, and the selection 
of either in the basic process will depend on whether 
the Bessemer or open-hearth furnace is the one at 
work. For Bessemer work using direct metal the 
Massenez process will be adopted, while in the 
open-hearth process Saniter’s process will be used. 
The Massenez process depends on the fact that 
when manganese is added to molten pig iron con- 
taining sulphur, the manganese expels the iron from 
its combination with sulphur, and the manganese 
sulphide so formed gradually rises to the surface 
and becomes absorbed in the slag. Mr. Walton had 
found years ago that a tonorsoofa manganiferouspig 


iron enabled him to melt with impunity two or three 
times its weight of asulphury pig ina cupola. The 
Massenez method does this with the minimum of 
manganese and at the minimum of cost. It is 
employed in several works in this country already, 
and is, the speaker said, the method that will be 
adopted by all Bessemer works making their own 
pig. The Saniter process had also passed out of 
the experimental stage, and will be largely adopted 
in the basic open-hearth process. The speaker con- 
sidered that the action of the calcium chloride 
depends on the fact that it forms a very fluid 
medium in which the lime is dissolved, and that 
continual fresh surfaces of calcium oxide are being 
brought into direct contact with continual fresh 
surfaces of sulphide of iron dissolyed in the molten 
metal, and that the sulphur is absorbed into the slag. 
Complete desulphurisation could not be carried out 
in a ladle, and, although sulphur may be reduced, 
still, in a commercial process, absolute certainty was 
required. Mr. Walton had witnessed one experi- 
ment at the Glengarnock Steel Works, through 
the kindness of his friend Mr. Retchford. Direct 
metal was used, and the furnace being a little off 
at the time, the pig iron was suitable for the 
experiment. Three samples of the molten iron 
running into the ladle were taken, and three samples 
from the ladle to the converter. The average 
sulphur from the blast furnace was .165 per cent., 
and the average from the ladle was .095 per cent. 
Mr. Saniter had, however, been more successful 
elsewhere, to judge by details in the paper. The 
speaker, however, considered the bath of the 
Siemens furnace the proper place to carry on the 
desulphurisation, as in it there were both the 
elements of time and an external source of heat. 

Mr. E. P. Martin, of Dowlais, was the next 
speaker. He could confirm what Sir Lowthian 
Bell had said as to the Saniter process being too 
irregular for crude metal, but it certainly did 
remove a large amount of sulphur. He thought 
that the process was best suited for the basic 
Siemens steel making. He had tried it for that 
purpose, and the tests were most satisfactory. He 
was of opinion that in dealing with inferior pig it 
would be most advantageous to desiliconise the pig 
in the Bessemer converter, and then use it in the 
Siemens furnace. On the whole, the Saniter 
process was well worthy of following, and doubtless 
they intended to take the matter up thoroughly. 

Mr. Horton was the next speaker. Asa maker 
of pig iron, he had tried the Saniter process, but it 
was necessary he should say that Mr. Saniter had 
condemned the vessel which they had used ; it being 
of the shallow, wide type, whereas it should be 
deep. The speaker gave details of various makes 
of iron, in which the silicon and sulphur had been 
reduced. The process he considered well worthy 
of consideration, as by it the iron could be got very 
suitable for puddling. In Cleveland they were 
using as much ore from Spain as that which was 
obtained close at hand, and if, by means of the 
Saniter process, the Cleveland ore could be utilised, 
it would be a very great advantage to the district. 

Mr. Harbord said that the great value of 
this process was that by it the fluid slag could be 
got, thus enabling an intimate contact to be 
obtained between the lime and the sulphur. 

Mr. Snelus pointed out how much the Institute, 
and chemists and metallurgists at large, were in- 
debted to Mr. Stead for the work he had been 
doing in investigating the best mode of desulphurisa- 
tion of iron. No one could form an idea of the 
vast amount of analytical and other work that had 
to be gone through before such a paper as Mr. Stead 
had read could be prepared, and this was all done 
for the benefit of the public at large, Mr. Stead’s 
only reward being the satisfaction he got from 
thoroughly carrying out the matter of scientific re- 
search, and the knowledge that came to him in the 
course of the investigations. Turning to the 
details of the process, Mr. Snelus said that calcium 
was the great agent in seizing hold of sulphur, and 
he failed to see that there could be any question as 
to this in regard to the blast furnace, otherwise how 
was sulphur removed? If this was so in the blast 
furnace, it was reasonable to suppose that the best 
vehicle to use for removing sulphur from iron in 
the process of steelmaking was calcium, but the 
problem had always been how to do this, and Mr. 
Saniter had at last solved it. The Saniter process, 
he would point out, was no longer experimental ; 
but the method was carried out, and in the hands of 
proper persons the work was perfectly reliable. In 
spite of all that Herr Hilgenstock had said, the fact 
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remains that sulphur goes into the slag and remains 
there ; the iron did not take it up again. With 
regard to what Herr Hilgenstock had said as to the 
formation of sulphuric acid, he failed to see how 
that could be possible at the temperatures that 
obtained. Mr. Snelus quite allowed the truth of 
what Sir Lowthian Bell had said as to the dif- 
ference between small experiments and working 
ona large scale, but there was this which was true 
also: if the small experiments were correct, they 
could be repeated on a large scale, if the same con- 
ditions prevailed. He would remind the meet- 
ing that the removal of sulphur depended on 
the agitation of metal, and thus bringing the re- 
agent and metal into contact. In this way Mr. 
Saniter did not depend on the ladle precess. The 
speaker thought that the system of desulphurisation 
under discussion was equally applicable to the basic 
Bessemer process as to the open hearth. It wasa 
great thing for this country that the process had 
been brought forward to assist us in using our 
native ores for higher purposcs. 1t would benefit 
districts where sulphur had so long been a trouble 
in the ore. Phosphorus had been removed by the 
basic Bessemer process, ard now they had that 
other great enemy under control by means of the 
method introduced by the author of the paper, who 
had put them in a position to deal with sulphur. 
The process was also good for the hematite dis- 
tricts, for by it they could produce an iron which 
he felt sure would be as pure as the best Swedish 
brands. A pure iron at a moderate price might 
lead to very unexpected developments of industry. 
He was surprised, a few evenings ago, to be told by 
a very cminent authority on the subject that really 
pure iron was a better conductor for the electric 
current than copper. That wasa thing that seemed 
to him very surprising ; in fact, his friend had in- 
formed him that it was probable absolutely pure 
iron would give absolutely perfect conductivity. In 
conclusion, he said that this process, in careful 
hands, would do as much for the manufacture of 
iron as the basic process had done. 

Mr. Webb wished in a few words to put the case 
from a mechanical point of view. He had used a 
large number of bars which had been prepared, he 
understood, bythe Saniter process. They were excel- 
lent, almost everything that could be desired. They 
would weld, punch, rivet, case-harden, &c., and 
were most excellent for engineering purposes. For 
his own part, he did not care to go into the chemical 
aspect of the matter or percentages of alloys, and it 
was a matter of indifference to him whether these 
bars were prepared by the Saniter process or not, 
so long as the iron manufacturers give him such 
perfect material. 

Mr. Tosh said he was one of those unfortunate 
hematite makers that Mr. Snelus had helped to 
harass by the work he had done in the introduction 
of the basic process. He had tried the Saniter 
process for the purpose of reducing sulphur from 
iron, and the result of his experiment was that 
there was no substantial reduction of sulphur re- 
sulting. He found that the percentage was prac- 
tically the same at the beginning of the operation 
as atthe end. It was fair to say, however, that 
very probably the operations were not properly 
carried out. The experiments were very rough 
indeed, and he did not pretend to put them forward 
as at all conclusive. He should not have referred 
to them in this discussion had it not been for the 
remark made by another speaker as to the necessity 
for pure materials. At the time he had attributed 
the failure of the trials to the absence of manganese, 
but after hearing what had been said as to the neces- 
sity of the lime used being pure, he had come to the 
conclusion that the trouble wasin this matter. He 
would try again, taking care to have a pure lime, 
and he could only say that, if the experiments 
turned out successfully, the process would prove one 
of the greatest value to the hematite districts. 

Mr. T. M. Percy, of Wigan, said he had been 
associated with Mr. Saniter in the working of this 
process. He regretted very much that the author 
himself was prevented from being present by illness. 
They had made 18,000 tons of steel on the open 
hearth, from a pig high in sulphur, by the Saniter 
process. This had been sent out for engineering 
purposes generally, and he felt sure it would bear 
comparison with any other iron. No doubt at 
Dowlais there had been some irregularity, but that 
had been got over by further practice. In Stafford- 
shire the process would be of the greatest value, 
and would enable excellent steel to be made from 
very inferior material. 
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Professor Huntington asked if the chloride cal- 
cium had any objectionable features by which the 
value of the slag would be destroyed for agricultural 
purposes. To this Mr. Percy replied that large 
quantities of the slag had been sent out, and they 
had had no complaints, which they would have done 
had there been any trouble. 

Mr. Stead, in replying to the discussion, said 
that there might have been complaints of irregu- 
larity in regard to the Saniter process, but if they 
got out 66 per cent. of the sulphur in so crude a 
manner by the experiments which he had quoted, 
what would be the result if they went about the 
business in a good mechanical way ? Asan example, 
he would point out that it was known that oxide of 
iron reduces phosphorus, but if worked in the same 
way as these experiments, the oxide being placed 
simply on the bottom of a vessel, how much phos- 
phorus would be got out? Probably no more than 
1 per cent. Would any one, therefore, condemn 
the oxide process on this account? This brought 
up another point. If the metal were colder, there 
would not be obtained so intimate a mixture, and 
this accounted for the irregular results complained 
of. The Saniter process was of value in certain 
directions, and he. had never been so foolish as to 
maintain that other processes of desulphurisation 
were useless because it was good. There was room for 
all, and a position for each. The manganese process 
and the mixer process will also be used, while the 
Saniter process will find a place. With regard to 


what Sir Lowthian Bell said about small experi- 
ments, the speaker would point out that we must 
depend on crucible experiments when we wish to 
find out the details of any new development. A 
new method of working was introduced, and the 
true investigator wished to know what was the 
reason of its action, and the particulars or details 
which governed it. This could only be done by 
investigation on a small scale. Research by means 
of full-sized operations was impossible. Professor 
Huntington had put a very pertinent question, for 
if the Saniter process destroyed the agricultural 
value of the slag, it would be a serious considera- 
tion from a financial point of view, but he had no 
doubt that the small quantity of chloride of calcium 
contained in the slag would not be harmful. In 
order to test the matter, however, he had made a 
2 per cent. solution of chloride of calcium and 
water. With this he had irrigated a part of his 
lawn, using plain water for the other part. After 
a week’s treatment—perhaps hardly long enough 
to form a definite conclusion—there had been no 
difference in the appearance of the two sides. 
Another experiment he had made was soaking peas 
in a 5 per cent. solution of chloride of calcium ; 
others were soaked in water. Both samples had 
been planted and germinated at the same time. 
The plants were now several inches high, and there 
was no difference to be seen between them. He 
had had the plants photographed, and would sub- 
mit prints. 


ENGINEERS, MANCHESTER. 


The President next moved a vote of thanks to 
the authors of the papers, which was carried with 
acclamation. 


A RecorDING PYROMETER. 


Professor W. C. Roberts-Austen next gave 4 
description of the recording pyrometer, which he 
has devised specially for blast-furnace work. It 
will be remembered that this instrument was de- 
scribed at the London meeting, held in May, 1891, 
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and also that an improved form of the instrument 
was submitted at the Liverpool meeting in Sep- 
tember last. The instrument is founded on the 
Le Chatelier pyrometer, which consists of a thermo- 
couple of an alloy of platinum and rhodium 
and platinum. At the previous meeting a wish 
was expressed that the author should give parti- 
culars of the working of the instrument which he 
had devised, and the present paper is the result of 
that request. The instrument has been in use for 
some time at the New Dowlais Works at Cardiff ; 
Mr. E. P. Martin, the manager, having taken a 
great interest in the matter from the first. Mr. 
Martin made preparations on a most liberal scale 
for the installation of the instrument, and the 
thermo-couples were, in the first instance, intro- 
duced into the horseshoe main of a blast furnace. 
The mode of inserting the thermo-junction, the 
author said, was a matter of some importance, and 
it was determined to adopt the form of tube and 
gland which had been devised by Mr. Charles Bell, 
and used with success in the hot-blast mains at 
the Clarence Works. ‘The anticipation that the 
recording pyrometer would prove valuable in iron 
and steel works was amply justified by the result, 
and in proof of this the author exhibited on an 
enlarged scale diagrams showing curves of the 
recorded results. One was a normal curve show- 
ing regular working of the stoves, whilst the second 


The heaviest rolling loads are borne by three divisions of the floor 


was very erratic in its contour, an instance of an 
‘‘awful example.”’ In the model curve the record 
began near the top right-hand corner of the dia- 
gram, the initial temperature being 1160 deg. Fahr. 
At the end of an hour the temperature of the blast 
had fallen to 955 deg. Fahr., as would be ex- 
hibited in the ordinary working of the stove, and 
the gasman considered that the time had arrived 
for effecting the connection with a fresh stove. This 
stove contributed blast at an initial temperature of 
1230 deg. Fahr., and this temperature fell in the 
course of an hour to 1020 deg. Fahr. The blast from 
another stove was then introduced into the main. 
The record, viewed as a whole, shows that the 
temperature never rose above 1400 deg. or fell 
below 950 deg., which may be pronounced good 
working. Inthe second diagram the working of 
four other stoves was ilJustrated, and these were 
the examples above referred to. For the first 
24 hours, the temperature of the blast varied 
between 1180 deg. and 730 deg. Fahr., and it was 
evident by the working of the furnace that it had 
a ‘*scaffold,” so cold blast was freely introduced, 
in order to bring it down. This state of things 
continued for three hours, when the condition 
became more equable, but at the end of that time, 
another stove being put on, the temperature sud- 
denly rose, although cold blast was being used. 
Seven hours later, again, the temperature proved 


to be very high, 1570 deg. Fahr., and this was 
when the same stove was on—No. 6 stove—as 
when the temperature had gone up before. At a 
later time, when No. 6 stove was again put on, the 
temperature also rose to an abnormal degree. The 
conclusion arrived at was that No. 6 stove must be 
receiving a supply of hot air instead of entirely 
cold air during the period it was being heated up, 
and it was found on investigation that the valve 
of No. 6 was leaky, and that hot air from the other 
stoves could find its way into it. The disease was 
soon remedied when once diagnosed. It is un- 
necessary, perhaps, to insist on the importance of 
the temperature of blast in the iron-smelting fur- 
nace, but the details the author gave in his paper 
were interesting. The chief advantages of the 
appliance are that a check is placed on the gasman, 
and to some extent on the attendant at the fur- 
nace top. By a knowledge of temperature of blast, 
inferences may be drawn as to the conditions which 
prevail in the interior of the furnace. An accurate 
record is obtained as to the time of reversal of 
the valves, and of casual admission of cold blast. 
Also indications are given, showing what changes 
have been effected in the accessories of the blast, 
as well as the removal of tuyeres, alterations in 
breastplates, &c. A fortunate circumstance in 
connection with this instrument is that it is popular 
with the workpeople, who find that regularity in 
conducting the various operations means increased 
output. 

The discussion on this paper was opened by Mr. 
E. P. Martin, who stated that he was so well 
satisfied with the instrument already in use that 
he had ordered another, and this would doubtless 
be followed by a third. Mr. Martin had written a 
letter to Professor Roberts-Austen, in which, in 
accordance with a wish expressed by Sir Frederick 
Abel, the late President, at the Liverpool meeting, 
he, Mr. Martin, recorded his testimony as to the 
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working of the recording pyrometer, and he said he 
had very great pleasure in bearing evidence to what 
he believed to be the very valuable services rendered 
by it. He felt sure that accurate measurements 
of high temperatures would establish a new era in 
the management of iron and steel works, and he 
felt very glad that this new application of physical 
methods to industrial work should have been in- 
augurated at the Dowlais, Cardiff, Works. In Mr. 
Martin’s opinion the instrument will sooner or 
later be applied to the solution of other important 
physical problems connected with iron and steel 
making. He thought that possibly important 
results might be obtained later on by its applica- 
tion to recording the temperature at which steel is 
cast from the ladle into ingots or moulds. He had 
reason to believe that this point had a great deal to 
do with explaining to some extent the difticulties 
and uncertainties met with in the behaviour of 
steel when finished. 

Mr. Joseph Adamson said that the most im- 
portant thing in blast-furnace practice was the con- 
stant temperature of the blast. He was of opinion 
that in iron works there was a great deal more of 
the second (bad) diagram than of the first, and if so it 
was well that blast-furnace managers should know 
the fact. Only those who had been accustomed to 
such work could appreciate how much better this 
recording instrument was than the everlasting 
trying with the Siemens pyrometer. 

Sir Lowthian Bell said that the bad diagram was 
not quite so bad as it looked. In the blast furnace 
there was a large mass of material which would 
absorb heat, and in that way equalise irregularities, 
acting as a flywheel does to a steam engine. This 
was borne out by the fact that the escaping gases 
would not have been very largely different under 
the circumstances narrated. Of course, if the 
increase or decrease of temperature extended over 
long periods of time, then the temperature of the 
gases escaping would be affected. Nevertheless, 
the speaker attached great importance to the 
recording of the temperature of the blast, as it 
enabled the manager to know what the conditions 
were, and if things went wrong he was able to 
refer back and get a record of the circumstances 
at the time. But, important as this instrument 
was in recording the temperature of the blast, it 
had a greater field of usefulness in recording the 
temperature of escaping gases ; for there was a loss 
which, if it occurred, could not be recovered. In 
the Cleveland district they had a variation of tem- 
perature of from 300 deg. to 700 deg. Fahr. That 
was bad, but the loss would continue so long as the 
present vicious mode of filling the furnaces was 
pursued. The custom now was for the men to 
work extremely hard in order that they might rest 
for an hour or two, and then the gases would go up 
in temperature to a great extent. This leads toa 
very serious loss and falling off in efficiency. What 
was wanted was a more regular mode of feed. 

Mr. R. A. Hadfield was the next speaker. He 
asked the author if the instrument would be usefully 
applied to annealing furnaces, and also whether 
the couple got brittle in use, and liable to break. 
The instrument was of great interest to the steel- 
maker. It would be of immense value if it would 
give uniform readings. The conditions under which 
steelmakers had to work were increasing instringency 
every day. They now had to give a high quality of 
steel, and instead of 8 or 10 per cent. elongation, 
with which engineers were formerly content, they now 
had to give 15 to 20 per cent. ; this result was only 
to be got by close attention to every detail, and in 
this respect the recording pyrometer ought to be of 
valuable assistance. He would be glad to know 
whether the records were affected by vibration. It 
would also be useful to know the cost of the appa- 
ratus. 

Mr. Snelus thought that this instrument would 
be of great value to the ironmaker. The tempera- 
ture of the blast was one of the most important 
points in the furnace management. 

Mr. E. Windsor Richards said it was important 
to know whether the blast furnace was regularly 
charged, and this could be ascertained by tempera- 
ture records ; he would be glad if thé author would 
turn his attention to this point. 

In replying to the discussion, Professor Roberts- 
Austen said, in answer to Mr. Hadfield’s question 
whether the pile was durable, he would state that 
if covered up it would last for many weeks gene- 
rally, but in the case of breakage it was not difficult 
to replace it. The difficulty of vibration was no 
doubt a serious one in the recording part of the in- 


strument, but if it were placed on a solid brick 
foundation, with indiarubber feet, the difficulty 
would no doubt be got over. He was turning his 
attention to obtaining a means of recording with- 
out having recourse to photography, and he pro- 
posed to use either pen, pencil, or chemical means 
of making the record. As a wish had been ex- 
pressed to learn the cost of the apparatus, he might 
state that the manufacturer charged for the one 
which was on the table, 23). There were already 
two recording pyrometers in operation in Sheffield, 
in annealing furnaces, and he believed they were 
acting very satisfactorily. He quite agreed with 
Sir Lowthian Bell that the most important point in 
blast-furnace management was to look to the 
effluent gases. 
PUDDLING. 

A paper by Mr. John Head, entitled ‘‘ Notes on 
Puddling Iron,” was next read. ‘This paper we 
publish in full, with the illustrations by which it 
was accompanied, on another page in the present 
issue, and we therefore at once proceed to the dis- 
cussion. 

Mr. Snelus was the first speaker on Mr. Head’s 
paper. He referred to the system of mechanical 
puddling, by the Danks and other furnaces. It was 
true that they had not been a practical success, but 
that was due, doubtless, to defects in mechanical 
details, and to the fact that mild steel came to 
the front so rapidly about the time the mechanical 
furnace was introduced. Any process for dealing 
with iron was thus, at that time, brought out 
under great disadvantage. He was of opinion that 
Mr. Head might have obtained better informa- 
tion from other sources than those he had quoted ; 
and a good deal more was known in the present 
day about the chemistry of iron-making than in the 
time of the old authorities to whom Mr. Head had 
gone back. Mr. Snelus went on to point out that 
oxidation was the chief objection to using molten 
pig directly in the puddling furnaces, as the oxygen 
was far more active in its effect when the metal was 
being melted down than when it was in the furnace, 
lying still. 

The speaker also referred to the question of the 
elimination of silicon, which he said took place in 
the puddling furnace before the pig iron was entirely 
melted. During the period of melting, the silicon 
and the phosphorus also were rapidly eliminated. 
A great deal of oxidation was going on whilst the 
pig was being melted ; the same thing applied to 
the steelmaking furnace as to the puddling furnace. 

Mr. Louis, whose analyses had been quoted by 
the author from the ‘‘ Encyclopzedia Britannica,” 
was the next speaker. The matter quoted was 
contained in a paper read to the Institute fifteen 
years ago, and since then the speaker had not 
referred to it. He would, however, confirm what 
Mr. Snelus had said in regard to the elimina- 
tion of silicon during the process of melting. The 
pig iron is charged cold into the puddling furnace, 
and then a good fire is put on. As soon as the 
iron gets red-hot the puddler turns it, and when 
it gets close to the melting point he breaks 
it up, and then leaves it alone until the melt- 
ing down takes place. A skin of oxide of iron 
forms on the surface of the lumps, and this would 
prevent silicon being eliminated by the action of 
the air, as the surface of the pig iron exposed was 
very small compared with the total bulk. The 
result was really to be attributed to the mixing of 
the metallic iron with the oxide of iron. He was 
sure, from experience, that quite 50 per cent. of 
the silicon was taken out before the pig iron was 
entirely melted. The speaker had, in order to 
thoroughly master the subject, himself worked for 
six months as an under-hand to a puddler, and he 
had, therefore, been able to acquire knowledge of 
many practical details, As an example of these he 
stated that chemical action due to the mechanical 
work done by the puddler’s rabble, was not sufti- 
ciently insisted upon. When the iron became a 
bit sluggish the puddler lifted the rabble and bore 
on the end of it with all his weight ; at the same 
time he rubbed it up and down the bed of the fur- 
nace. The result was that he scraped off a good 
deal of the highly oxidised pasty matter which 
formed the fettling of the furnace, and this became 
mixed with the iron and permitted the oxidation 
of the carbon and phosphorus, which was necessary 
to the process. He had no doubt that this had a 
great deal to do with the chemical action which 
took place, and he thought that the absence of any 
such means of accelerating the reaction was the 
chief cause of failure of the Danks rotary furnace. 


Mr. Louis did not agree with some of the analyses 
quoted by the author. In Tables XIII. and 
XIY. analyses were given of pig iron, which con- 
tained 1.65 to 1.68 per cent. of silicon, and in bad 
puddled bar there was 0.362 per cent. of silicon, 
The speaker felt sure that the puddled bar did not 
contain anything like that amount, and he was 
under the impression that in place of silicon it 
must have been silica that was present. 

Sir Lowthian Bell said that he agreed with a 
great deal that the last speaker had said, but he 
was not at one with him as to the action of the 
Danks furnace, for nothing was so effective in 
separating the metalloids from iron as that device, 
With regard to silicon, there was no difficulty about 
its removal, which might be effected either by the 
refining furnace or in the puddling furnace by 
mechanical or chemical means. At Middlesbrough 
there had been a large quantity of rails made by 
means of the Danks furnace, and he was sure that 
no bar iron had ever been produced which was 
superior to it. The rails were able to undergo the 
ordinary tests applied to steel rails without breaking, 
and the bending test applied to them, by means of 
a falling weight, was also of the same description 
as used with steel rails, and they were not broken. 
The iron produced by the Danks process contained 
a mere trace of phosphorus, and no silicon ; indeed, 
the iron was as nearly as possible pure, except that 
there was a trace of carbon. He agreed with what 
Mr. Louis had said as to the analyses quoted by 
the author, in respect to silica being taken for 
silicon—an error which was not uncommon. 

Mr. Jeremiah Head pointed out that the author 
regretted that there was no systematic investiga- 
tion available of the process that went on in 
puddling iron. He would point out that had the 
author been acquainted with a series of articles on 
puddling iron, published by Mr. Nursey in his 
paper Jron, some years since, he would have found 
what he required. There was a very perfect record 
of the process of puddling, founded on German 
experiment. 

The speaker considered these the best ex- 
periments on puddling he had seen, and he con- 
structed a curve on the results, which had been 
incorporated in the Proceedings of the Institu- — 
tion of Mechanical Engineers. These curves 
entirely confirmed what had been stated in the 
discussion as to the disappearance of silicon during 
the melting of the metal—a fact, we may add, not 
unknown to text-books. There was a difliculty 
that arose in analysing iron which was absent in 
making analyses of steel; this was the presence 
of cinder, which would be removed by the mechani- 
cal work put on the iron in a later stage of the 
manufacture. The speaker himself had had ex- 
tensive and unfortunate experience of rotary 
puddling in the Crampton furnace, and he would 
confirm what Sir Lowthian Bell had said as to the 
very great purity of the iron produced by mechani- 
cal puddling. Iron produced in this way was un- 
doubtedly purer than that got by ordinary hand- 
puddling, and there wasa greater absence of cinder, 
which went to confirm what he had previously 
advanced. In the Crampton furnace they used 
only dust as fuel, and the fatal objection to the 
furnace arose from this reason. However fine the 
coal dust was ground, there was not time for it, in 
its passage through the furnace, to become entirely 
burnt ; the more volatile portions of the coal dust 
were consumed at once, but there was a fine dust of 
carbon which escaped, and this got into the iron, 
and was worked up with it, afterwards coming 
out in the bar, plate, or rail, and when passed 
through the rolls these small particles of coke 
dust would unite with any oxide in the iron, and 
decompose it, with the result that there would be 
cinder round about, making a blister. Conse- 
quently, the blooms were always liable to be 
covered with blisters. No doubt this difficulty 
would not have proved fatal to rotary puddling, 
but the thing that really killed it was the intro- 
duction of mild steel, which gave metal so mani- 
festly superior and cheaper, that rotary puddling 
was obviously out of court. 

Mr. H. A. Webb said he had had experience of 
gas furnaces in puddling, and found that they had 
failed, although for heating furnaces the gas was a 
success. The author had referred to the furnaces 
at Nettlefold’s, and his reference was so far un- 
fortunate that the gas furnaces were removed, 
having entailed the loss of a large sum of money 1n 
the experiments. They were worked bya producer — 
gas. The scraping of the bottom of the puddling 
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furnace, to which reference had been made, was 
only necessitated by an insufficiency of oxidising 
material. If a better supply of fettling had been 
charged with the pig iron there would have been 
no necessity for this scraping up of the bottom of 
the furnace. The speaker was of opinion that in 
puddling, as the process continued, the slag became 
much weakened in its action. At first it would 
reduce the silicon rapidly—50 per cent. being 
taken out almost immediately—but as the slag be- 
came silicious its action naturally weakened, and 
therefore the most important thing to bear in 
mind was the necessity of removing the last 
traces of silicon. For this purpose he would like to 
impress on the meeting the value of an application 
of lime. He had puddled large quantities of iron, 
with extensive proportions of lime in the furnace, 
and had been very successful. The text-books, he 
knew, said this was all wrong, and that good iron 
could not be obtained by the use of lime in the 
puddling furnace, as the iron produced would be 
hot-short to such an extent that it would be useless. 
He had tried the matter for himself, however, and 
found a great success so long as very high tempera- 
ture was maintained. He got practically more iron 
than he put into the furnace, and it was remark- 
ably tough, so that he was able to apply it to pur- 
poses for which only high-class irons were used. 
His great difficulty, however, was the very practical 
one of getting rid of the slag, but Mr. Saniter’s 
labours had shown them how to proceed in that 
matter. He thought, by the use of chloride of 
calcium, he might so thin the slag as to have no 
difficulty in dealing with it, and he felt sure there 
was a great future for the use of lime in the 
puddling furnace, if properly carried out. 

Mr. George Allen said the labours of Sir Henry 
Bessemer and others had resulted in producing 
steel on so large a scale and so cheaply, that 
puddling had fallen into the background ; conse- 
quently, no proper investigation of the process had 
been made. Thirty years ago, when he was asso- 
ciated with an iron company of Glasgow, they 
frequently used to attempt to produce a ‘‘physicked 
steel,” This was done by dosing the puddling fur- 
nace with chemicals ; amongst other things, he had 
tried at that time the effect of aluminium, and 
when the Cowles Company, of America, wished 
to put their process into practical use here, in 
order to comply with the requirements of Ameri- 
can patent law, the operations were carried 
out by him. The results were very remarkable. 
The application of 1 per cent. of aluminium raised 
the strength of the iron to such a degree that it 
would stand a tensile stress of over 30 tons to the 
square inch. Nothing was done toalter the method 
of puddling, beyond an operator standing by and 
adding the aluminium to the furnace at the proper 
stage. The working of the iron thus produced was 
remarkably easy, both in the shingling and the roll- 
ing stages, and the fracture was of a beautiful silky 
appearance. This method would enable every iron- 
maker to convert his puddling furnaces into steel- 
making furnaces without any expenditure of capital 
in plant. This was a great contrast to the enor- 
mous sums of money required in laying down steel- 
making furnaces, and he thought the matter well 
worthy the attention of the trade, At the time his 
experiments were made there was an undoubted bar 
in the fact that aluminium was 60s. a pound, but 
by the modern process of electrolytic reduction, in- 
troduced by the Cowles Company, the price had 
been brought down, until at the present time it 
was 2s. 6d. a pound, and there was good ground for 
hope that it might be less, so that by the aid of 
this metal the puddling furnace might get a renewed 
lease of life, and be made a cheap and effective 
steel-producing instrument. 

In replying to the discussion, the author said he 
was glad that his paper had brought forward a good 
many points of interest, as the question had been 
much neglected by chemists, the study of steel- 
producing having kept it in the background. He 
was not acquainted with the work quoted by Mr. 
Head, which Mr. Perry F. Nursey had translated. 
He had been advised, during the discussion, to bring 
forward the rotary furnace, but as a practical man, 
when he was asked to build furnaces it was not 
the rotary kind he was asked for, and he had to 
meet the demand. He believed that the Siemens 
furnace did not eliminate silicon so quickly as the 
puddling furnace. In the latter, most of the 
silicon was eliminated whilst melting down. No 
doubt the Siemens regenerative furnace reached its 
Maximum heat very rapidly—much more rapidly 
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than the ordinary furnace, and no doubt that 
was the reason that the metal produced from the 
same mixture was not always as good in the 
Siemens furnace as in the ordinary furnace, but 
this could be got over by a reduction of the flame 
ports, by which oxidation could be produced by the 
flame. 

Mr. Head’s was the last paper read. Two other 
papers—one by Mr. J. E. Stead, ‘‘ On the Methods 
of Determining Chromium,” and another by Mr. 
W. Galbraith, ‘‘On the Determination of Chro- 
mium in Ferro-Chromium,” were taken as read ; 
whilst Mr. Kupelweiser’s paper ‘On the Manu- 
facture of Basic Steel at Witkowitz” was adjourned 
until the next meeting, when the author had pro- 
mised to be present. The proceedings closed with 
the usual votes of thanks. 


VERTICAL MILLING MACHINE. 

THE vertical milling machine illustrated on page 768 
has recently been designed and made by Messrs. Hulse 
and Co., of the Ordsal Works, Manchester, fora leading 
railway company in the south of England, for machin- 
ing locomotive cylinder valve faces and ports, a special 
apparatus, shown in Figs, 2 and 3, being fitted thereto 
for dealing with inside cylinders when cast in one, 
with the slide valves in between. It is, however, not 
confined to the special work here mentioned, but is 
suitable also for general engineering work, having, in 
addition to the longitudinal and transverse table 
motions, automatic feeds for drilling and boring. 

The distance between the axis of the cutter spindle 
and the machine frame is 2 ft. 6 in.,and between spindle 
nose and circular table, 4 ft. 9 in., the latter being 
arranged to receive a rectangular table 5 ft. by 4 ft., 
affording ample chucking space for the largest cylinders 
to be operated upon. 

The main frame is of hollow form, very rigid, and 
mounted upon a projection cast with the transverse 
slide bed. Inside this bed is a cistern for collecting 
the lubricant, which, when articles of malleable iron 
and steel are being machined, is forced in a copious 
supply upon the circular cutter by means of a self-con- 
tained rotary pump. 

The spindle, which is of forged steel 4 in. in diameter, 
revolves in hard gun-metal conical bearings within a 
vertical slide. It is driven by single and treble gear- 
ing and a four-speed cone pulley, these affording, with 
the overhead motions, sixteen changes of speed. It is 
fitted with adjustable lock nuts, hardened washers, and 
a tailpin for taking up wear and resisting the upward 
pressure when ‘‘face ” milling, drilling, and boring. 

The vertical slide is counterbalanced by means of a 
weight suspended over chain pulleys at the back of the 
machine, and has a screw traverse of 18 in. by variable 
self-acting feed and hand motions. 

The circular table is 4 ft. in diameter, and has an 
annular trough for lubricant and cuttings, and planed 
T-grooves for bolting the work to. It is provided 
with transverse, longitudinal, and circular self-acting 
motions readily manipulated. 

The special apparatus for dealing with inside 
cylinders when cast in one was designed by Mr. W. 
IF. Pettigrew, of the London and South-Western 
Railway Company, and, as shown in Figs. 2 and 8, con- 
sists of a strong bracket arranged to be bolted to the 
underside cf the vertical spindle slide of the machine, 
and having a vertical shaft the upper end of which is 
socketed in the machine spindle, while at the lower 
end is keyed a steel bevel wheel, gearing into a similar 
one fixed upon a hollow steel sleeve running in bear- 
ings at right angles with the machine spindle. The 
hollow sleeve carries the cutter for machining the 
valve faces, and also that for milling out the steam 
and exhaust ports. The tool derives its vertical feed 
motion from the vertical spindle slide of the machine, 
and the longitudinal and transverse movements from 
the compound table upon which the cylinders are 
secured. 

Special attention has been paid to rigidity, which is 
so essential in milling, all moving parts having ample 
bearing surfaces. 


BRIDGE WITH HOBSON’S PATENT 
FLOORING. 

Tue illustration on page 769 shows the new bridge 
of the Great Southern and Western Railway, which 
crosses Lower Glanmire-road, Cork, on the main line 
to Queenstown. The clear span between the abut- 
ments, measured on the skew, is 120 ft., and the 
width inside the main girders is 28 ft. The bridge 
carries two lines of way of 5 ft. 3 in. gauge. 

The floor is constructed of steel on Hobson’s patent 
*‘arch plate” system ; the clear span of the floor is 
27 ft. inside the bearings, and the depth 1 ft. 3in. It 
is very simple and economical in construction, the 
section being as shown in Fig. 2. 

In order to make a level surface on which to lay the 
ballast and permanent way of the regular type, the 
spandrils of the arch plates are filled with asphalte 


concrete up to the level of the crown of the plates. 
Upon this a layer or blanket of good asphalte | in. 
thick is carefully laid. The result is a very strong 
and rigid floor. The amount of deadweight in the 
filling is, owing to the shape of the corrugations, 
reduced toa minimum. The system adopted of level- 
ling up the hollows of the floor with asphalte, in pre- 
ference to cement concrete, has several important 
advantages. The steel plates are effectually protected 
from corrosion, the floor is made watertight, and also 
practically noiseless under trafic. 

Permanent-way engineers will appreciate the system 
of carrying railway lines over a bridge without inter- 
ruption of their standard type of permanent way, 
whilst at the same time no injury is caused to the 
bridge structure itself through contact with the 
ballast or exposure to the weather. This type of 
floor is uniformly strong throughout its entire sur- 
face, and would therefore sustain the effects of a train 
derailment without injury, which would not be the 
case with a platform composed of cross-girders, rail 
bearers, and buckled or flat plates, once so common in 
this country, but now, we believe, giving place to 
improved and safer methods. The connection be- 
tween the floor and the main girder is very secure, and 
being continuous, the rolling load is well distributed 
over the main girders, thus insuring stability and 
durability to the entire structure. As seen from 
below, the floor presents a remarkably neat and work- 
manlike appearance ; and as it is quite watertight, no 
unsightly corrugated sheeting is required underneath, 
which, together with the absence of noise, is of interest 
both to railway and city engineers and to the general 
public, as frequent complaints are made in London 
and in provincial towns of noisy and leaky bridges. 

The bridge was designed by Mr. Albert Gordon, 
M. Inst. C.E., Cork, and was constructed and erected 
in the autumn of last year by the Phcenix Foundry 
Company, Derby. It was tested by Major-General 
Hutchinson, R.E., on behalf of the Board of Trade, 
with six heavy locomotives, three on each line running 
abreast, and gave under this severe test very satis- 
factory results, 


THE ‘‘CaMPaNniaA.”—The second westward passage of 
the Campania is satisfactory, the mean speed having 
been 20.4 knots, although part of the voyage was made 
with one engine running, while for three days the average 
was over 21 knots. Passing Daunt’s Rock Lightship at 
3.5 p.m. on Sunday, the 21st inst., she was shortly after- 
wards obliged to proceed with one engine through some 
part of the other becoming warm, whieh it was deemed 
desirable to let cool down. Notwithstanding this, the 
vessel made 399 knots until noon of the next day. By 
noon on Tuesday this was increased to 488 knots, and 
observations on Wednesday and Thursday showed she 
had made 518 knots on each of them, Friday counting 
for 5238, and until early on Saturday morning, when she 
passed Sandy Hook Lightship, 418. For three days she 
thus averaged 21 knots, and the whole voyage, though 
for a considerable time running with one engine, was 
performed in 5 days 20 hours 25 minutes, averaging 
20.4 knots per hour. 


Tue Larcrst Land Sream Fire ENGINE IN THE 
Wortp.—The Liverpool Corporation has recently pur- 
chased two new steam fire engines of large pumping 
capacity from Messrs. Merryweather and Sons, of London, 
one of which is claimed to be the largest of its type yet built. 
This engine is of the firm’s well-known ‘‘ Greenwich ” 
pattern, and is equal in power to seven of the ordinary 
Jand steamers of the London Fire Brigade, being capable 
of pumping 1600 to 1800 gallons of water per minute. In 
spite of its great power, steam can be raised to the work- 
ing pressure in about 10 minutes from the time of starting. 
The cylinders and pumps are double, the pumps and valve 
chambers being of gun-metal], and the tirm’s special cross- 
heads are fitted, while the valves of the steam cylinders 
are of the rocking lever pattern. The framework consists 
of two parallel bars of steel, carried on horizontal steel 
springs and high wood spoke wheels. The valve-box is 
attached direct to the fore-carriage, and the suction inlet 
placed under the driver’s seat, as well as both suction and 
delivery air vessels. Six delivery outlets are provided, 
each with Merryweather’s patent instantaneous couplings 
for 34in. hose, and fitted with valves. The boiler is 
Merryweather and Jakeman’s quick steaming type, and 
is constructed of Lowmoor iron, with welded seams, 
and titted with double water gauges, safety valves, 
steam gauges, whistle, blow-off cocks, injector with cocks 
and connections and copper feed tank, and the shell and 
chimney are lagged with polished brass. Two feed pumps 
are also provided, driven by eccentrics on the crankshaft, 
and a third means of supplying the boiler with water in 
case of emergency is an arrangement by which the de- 
livery of the main pumps can be directed into the boiler 
if required. The fire door being at the back, the engine- 
driver, having large coal bunkers on each side of the foot- 
plate, can attend to the furnace while the machine is 
travelling, and has also control over the speed of the 
engine by means of a powerful screw-brake. At the 
official trials outside the St. George’s Hall, Liverpool, 
recently, a 2} in. jet was thrown by the ‘‘ Holt” to a 
height of over 250 ft., while as many as nine powerful 
jets simultaneously were delivered, thus demonstrating 
the manner in which a single steam fire engine of large 
capacity will enable a fire to be attacked from a number 
of peints at once, 
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THE FIRE PROTECTION OF THE 
IMPERIAL INSTITUTE. 

As briefly mentioned in our issue of May 19, the 
Imperial Institute is protected by asystem of fire mains 
supplied by Messrs. Shand, Mason, and Co,, of Black- 
friars, London, and we now give further particulars of 
this important plant, which is well calculated to meet 
every risk from an outbreak of fire in any part of the 
structure. The main features of the installation are a 
powerful fixed steam fire engine and capacious water 
tanks in the towers, connecting with fire mains running 
through the whole of the building and fitted with 
hydrants. The fixed steam fire engine, which is illus- 
trated on this page, is one of Messrs. Shand, Mason, 
and Co.’s latest double-cylinder pattern, with crank 
and crossheads and two double-acting pumps. The 
engine has no dead centre, and haying large pump valve 
area willrun at high speed without shock or noise. 
Relief valves are fitted to prevent over-pressure on 
the mains, and self-acting lubricators are fitted to all 
the working parts of the engine to allow of continuous 
running. ‘The boiler is of the firm’s well-known in- 
clined water-tube description, having all the fittings 
as required by the Metropolitan Fire Brigade, including 
double lock-up safety valves, double glass water 
gauges, injector, feed pump, &c. The funnel or boiler 
uptake is led into the chimney of the main boiler in 
connection with the electric light and other engines, 
thus creating a powerful draught. At a trial of the 
boiler steam pressure of 100 1b. was obtained from 
cold water in 4 min. 20 sec., the water level of the 
boiler being at the proper working level. The capacity 
of the engine is 600 gallons of water per minute, and with 
a 13-in. jet a stream of water is projected to a height 
of 190ft. An underground rain water tank of 
80,000 gallons, which, if necessary, as in dry seasons, 
is filled from the water company’s mains, supplies the 
pumps of the fixed steam fire engine ; the water passing 
through a suction pipe 120 ft. in length with a vertical 
lift of 21 ft. The fire engine is primarily used to 
deliver water by a rising main into three tanks erected 
in the central, eastern, and western towers at a height 
of 130 ft. from the ground, the first-named having a 
capacity of 23,548 gallons, and the others of 5400 
gallons each. These tanks under ordinary circumstances 
supply the fire mains and hydrants throughout the 
Institute buildings, but the steam fire engine is 
arranged so that it can pump direct into the fire main, 
giving a much higher pressure, the tank supply being 
automatically shut off in this event. Provision is also 
made for utilising the water company’s main pressure 
if advisable at any time. In passing it may be noted 
that the supply of water for the fountains and for 
sanitary and garden purposes is drawn from another 
series of tanks over 100 ft. from the ground, and fed in 
their turn by one of Messrs. Shand, Mason, and Co.’s 
duplex pumping engines erected in the engine-house, 
and drawing water from the underground tank before 
mentioned. In all there are about 4000 ft. of fire main 
in the Institute, to which are attached over seventy 
hydrants. The hydrants in the most important posi- 
tions are fitted in neat recesses in the marble walls, 
covered by an oak-framed glass door. The method 
adopted for flaking the hose permits of its being drawn 
out without fear of kinking even when handled in the 
most hurried manner. The system of water tanks at 
high level as a primary supply, with additional pres- 
sure, if necessary, from a powerful steam fire engine 
with quick steaming boiler, is a most efficient one, and 
has been adopted by Messrs. Shand, Mason, and Co. in 
other instances. 


A 100-TON ELECTRICAL LOCOMOTIVE. 


By C. 8. Du Ricur Pretirr, M.A., Ph.D., 
M.1.E.E., A.M.1.C.E. 


Intvoduction.—In connection with the feasibility of 
attaining by electromotive power higher speeds than 
have ever been attained by steam locomotives, some 
interest attaches to the experiments made not long ago 
by Mr. G. Weems, at Laurel, U.S., ona short circular 
line two miles in length. The small experimental 
cigar-shaped locomotive was about 16 ft. in length, 
and had two axles, and wheel 28 in. in dia- 
meter. Current at a potential of 500 volts was sup- 
plied from a central station by overhead wires, and 
the rails forming the return circuit, Although the 
lightness of the permanent way and the general inade- 
quacy of the line greatly militated against the complete 
success of the experiment, the locomotive is neverthe- 
ee stated to have attuined a speed of 116 miles per 

our, 

_ The interest excited by these experiments led, both 
in America and in Europe, to a variety of proposals for 
introducing electrical high-speed traction on a large 
scale on specially to be constructed as well as on exist- 
ing railways ; and these proposals may be classed under 
four heads : 1. High-speed motor cars with two pairs of 
driving wheels 6 ft. in diameter, weighing about 15 
tons, and capable of developing about 800 electrical 
horse-power, as proposed by Dr. Wellington Adams 
for a railway from St. Louis to Chicago (248 miles) 
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STEAM FIRE ENGINE AT THE IMPERIAL INSTITUTE, 


CONSTRUCTED BY MESSRS. SHAND, MASON, AND CO., ENGINEERS, LONDON. 
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and in a somewhat modified but substantially similar 
form by M. Zypernowsky for a line from Buda-Pesth to 
Vienna (150 miles), in both of which cases high tension 


currents are proposed to be transmitted from central | 


stations, 55 to 40 miles apart, by overhead conductors to 
transformer stations 10milesapart along theline, whence 
low-tension currents are to be supplied to the motor 
cars, also by overhead wires ; (2) accumulator loco- 


motives, of which the Northern of France Railway | 


Company is building one asan experiment for the new 


underground railway in Paris, the accumulator bat- | 
tery being composed of 80 elements and weighing 18 | 


tons, carried on the frame of an ordinary six-wheeled 
engine adapted for the purpose, while four motors, 
developing a minimum of 30 and a maximum of 100 
horse-power, are fitted on the axles outside the frame, 
and the yokes or rings carrying the field-magnets are 
held to the frame by powerful spiral springs, the 
charge of the battery being calculated to suffice for 
five hours or 125 miles; (3) locomotives, such as the one 
which is now being built at Baltimore, of 85 tons weight 
and 600 horse-power, current being supplied by fixed 
conductors ; and (4) locomotives carrying their com- 
plete generating station on the frame, as is the case in 


the locomotive which bears the name of its principal | 


promoter, M. J. J. Heilmann, of Paris, whose co- 
adjutors are M. Drouin, Mr. Charles Brown, formerly 
of the Winterthur Locomotive Works, and now of 
Basle; and Mr. C. KE. L. Brown, late of the Oer- 
likon Works (Zurich), and now of Brown, Boveri, 
and Co., electrical engineers, of Baden, near Zurich. 
It is this locomotive which, being on the point of com- 
pletion, and therefore considerably in advance of the 
other proposals referred to, eminently merits the 
attention of all engineers interested in electrical trac- 
tion, the more so as it is shortly to be tried on the 


French State railways, and, further, because in the | 


course of its initial and experimental stage, the much- 
debated merits and defects of three-phase alternating, 
as compared with those of continuous current, were 
put to a crucial test. 

It should be added that the original intention was 
to equip a complete electrical train, in which each axle 
was to carry a motor actuated by energy derived from 
the generating plant of the locomotive ; but that it 
was deemed advisable, first of all, to test the locomotive 


alone, with the object of utilising the existing rolling 
stock of railways, leaving the larger and more am- 
| bitious design to be carried out subsequently. 

Before describing the salient features of the locomo- 
tive, it may not be out of place to briefly refer to the 
leading principles on which it rests, and, further, to 
the experiments made in respect of the three-phase 
| alternating current. 

General Principles. —It is hardly necessary to point 
|out that the system of fixed conductors fed from 
central and transformer stations, and the speed of 160 
miles per hour, as proposed by Dr. Adams and M. 
Zypernowski, are totally inapplicable to ordinary 
railways on both sides of the Atlantic. The points 
and crossings at junctions and in intermediate 
stations, the comparatively short distances at which 
the protecting signals are placed, and the numerous 
level crossings alike would render the running at 
such speeds extremely dangerous; nor are the 
gradients, the curves, and the permanent way gene- 
rally adapted for them; and again, in order to sup- 
plant steam locomotives on a given railway system, 

conductors would have to be placed, not only on the 
main line, but also on all branches and sidings. All 
this would, therefore, require a total transformation 
of the existing lines, and a correspondingly enormous 
outlay of capital; in short, as Mr. Charles Brown has 
truly observed, in order to attain such speeds, existing — 
railways would have to be put altogether aside, just as 
the old high-roads were put aside when railways were 
introduced. Hence it is that such lines as_ those from 
| St. Louis to Chicago, and from Buda-Pesth to Vienna, 
are proposed to be constructed on entirely different 
principles—viz., practically straight and level, without 
level crossings, the permanent way being composed 0 

at least 110-Ib. steel rails, the wheel flanges being at 
least 2 in. deep, and the distance between the up ani 

down line being at least 33 ft., to provide against the 
shocks of the columns of air produced by motor cars or 
trains passing each other at high speed. This last re- 
quisite alone involves a width of formation level of at 
least 50 ft. (or more than double that of existing double 
lines), and hence a corresponding interference with 
private property. Having, therefore, regard to the 
‘enormous cost of such railways, that of the Buda- 
| Pesth and Vienna line alone being estimated at 80,0007. 
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per mile, it may safely be averred that electrical rail- 
ways worked by motor cars or locomotives at 160 miles 
per hour are not likely to supersede existing railways 
for some time to come, irrespective of the doubtful 
commercial success, more especially where existing 
competing lines could and would not only improve 
their own service, but lower their fares. 

It is with a view to avoid the enormous outlay re- 
quired either for new lines or for the transformation of 
existing ones—in short, with a view to utilise existing 
railways as they are, that M. Heilmann has hit on 
the via media of constructing an electrical locomotive 
which, carrying its own generating plant, requires 
neither overhead nor underground conductors, nor a 
contact rail, but can circulate freely on any part of 
any existing railway system, and drive express pas- 
senger trains at 60 to 70 (maximum 100) miles per 
hour, while at lower speeds it will be available as a 
most powerful goods engine. 

At first sight it seems almost paradoxical to thus 
use a locomotive for first converting steam into motive 
power, then using this for generating electrical 
energy, which, in its turn, actuates the motors, each 
of which stages necessarily involves some loss of 
power. But such an argument would not be entirely 
sound, as under some conditions of working the steam 
is used more uneconomically in an ordinary locomotive 
than it would be ina well-designed engine employed 
in generating electric currents. How far this fact will 
form an efficient offset to the theoretical objections just 
named is, however, a matter which must be settled 
by practical trials. 

A point in favour of the new system, and one which 
may prove of considerable value, is that it enables the 
whole weight of the locomotive to be utilised for adhe- 
sion without any complication of coupling-rods, 


In the electrical locomotive every axle may he 
actuated independently of the others by its own motor, 
which follows and adapts itself to the axle in all its 
movements, and cannot produce any rocking or roll- 
ing of the locomotive. Moreover, the electrical loco- 
motive carrying its own generating plant, the pro- 
duction and absorption of that energy can be exactly 


regulated according to requirement. Thus, in hauling 
a train up an incline, when the steam locomotive, 
requiring its maximum tractive force at its minimum 
speed, has to work at maximum admission, the electrical 
locomotive can, on the other hand, develop its maxi- 
mum electrical tractive force by simply increasing the 
speed of the generating steam engine (and hence of the 
dynamo) without increasing the normal admission of 
steam. 

Hence the electrical locomotive may, as we have 
said, work under certain conditions more economically 
than the ordinary locomotive, and can, supposing the 
steam supply to be sufficient, maintain a uniform speed 
in running up and in running down inclines. 

Three-Phase Alternating Current.—One of the most 
instructive features in connection with the locomotive 
under notice, consists in the exhaustive experiments 
which were undertaken during the initial stage of its 
construction with a view to test the practical application 
for tractive purposes of three-phase alternating current, 
which it was originally intended to use both for the 
travelling dynamo and the motors. It will be remem- 
bered that the signal success, from an electro-mecha- 
nical if not altogether from a commercial point of view, 
of the power transmission from Lauffen on the Neckar 
to Frankfort-on-Main, for which Mr. C. E. L. Brown, 
then of the Oerlikon Works, designed the elec- 
trical plant, promised to open up a wide field for the 
application of three-phase alternating current, not 
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only for transmission of energy for lighting and power, 
but for electrical traction. Before, however, de- 
finitely adopting this current for the locomotive under 
notice, an experimental three-phase alternating current 
motor, of normally 60 and maximum 100 electrical 
horse-power, was constructed, together with a cor- 
responding generating dynamo of eight poles and hole 
or so-called ‘* pierced core-disc” armature. The 
motor axle was mounted on two fixed chairs or 
bearings, the ordinary axle wheels being replaced 
by two pulleys, as shown in Fig, 1, which admitted 
not only of measuring the power exerted on the brake, 
but of driving a continuous-current dynamo, acting, in 
its turn, on resistances, so that, by reading off the 
electromotive force and the current, the energy ab- 
sorbed could at every moment be ascertained. In this 
motor the inductor* was stationary, viz., mounted on 
the fixed axle, and consisted of 54 bars of insulated 
copper inserted in holes near the circumference 
(Brown’s system), forming an eight-pole and drum 
winding connected as a so-called star combination. 
Current was supplied by three cables passing through 
an aperture in the centre. The armature, viz., the 
induced part of the motor, on the other hand, was 
mounted inside the steel drum or shell fixed to the 
wheel pulleys, and rotating with them ; it consisted 
of 90 copper bars fitted in the same way as those of 
the inductor, Fig. 2 illustrates the system of winding, 


* This being one of the cases in which it is open to dis- 
cussion which is the magnetiz field and which the arma- 
ture, the term inductor is used as the inducing, and 
armature as the induced part of the motor. The French 
terms inducteur and indwit, as well as the German terms 
rotor and stator, obviate the confusion which arises out of 
the promiscuously applied terms of magnetic field and 
armature. 
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Fig. 3 is a sectional diagram of the machine, and 
Fig, 4 shows the motor mounted and complete. 

At the trials the motor per se gave excellent results, 
viz., 70 horse-power, and it could and would have given 
its full maximum of 100 horse-power if the mechanical 
installation had permitted it. At that output the in- 
crease of temperature was, moreover, very slight, and 
thus far the motor fulfilled all the essential requisites 
of solidity, high efficiency, and simplicity, enhanced by 
the absence of commutator and brushes, whereby the 
cost of maintenance and repair is reduced, A series of 
subsequent special experiments, however, brought to 
light certain disadvantages which greatly militated 
against the adoption of the three-phase alternating 
current for tractive purposes in the case of this par- 
ticular locomotive. The practical working of the 
motor demonstrated the necessity of synchronising, at 
least approximately, the dynamo and the motor, and 
this involves the necessity of the dynamo-coupled 
steam engine, too, running at high or low speed simnl- 
taneously with the motor, Hence the steam engine is 
debarred from running at its maximum speed and thus 
developing its full power when the train is, for 
instance, running up an incline, for in that case the 
number of its revolutions would have to decrease with 
the speed of the train, as is the case in an ordinary 
steam locomotive. This would, of course, entirely 
vitiate the fundamental principle and object of this 
electrical locomotive ; and, although the disadvantage 
referred to may be remedied to some extent by inter- 
calating resistances in the armature, this would again 
involve the necessity of falling back upon collector 
rings and brushes. 

Moreover, the peculiarity of the three-phase current 
as regards synchronism between generator and motor, 
directly affected, in the special case under notice, the 
important question of starting. The motor easily gave 
a tractive effort of 0.35 ton at the rim of the wheel 
pulley (diameter 1.04 m. or 3.4 ft.), equal to 2.88 tons 
for the total of 8 motors, or an ample effort for start- 
ing a train of 170 tons on a grade of 1 in 200 (5 per 
thousand), where the resistance (taking the maximum 
coefficient of traction at 10 kilogrammes per ton) would 
be 170 x (6+ 10)= 2550 kilogrammes, or 2.55 tons. But 
in such a case, and owing to the tendency to synchro- 
nise, the starting would necessarily be effected very 
slowly, and slow starting requires a comparatively 
high intensity of current, as is shown by the follow- 
ing results of the experiments, the eight-pole generating 
dynamo running at a constant speed of 190 revolutions 
per minute : 


Current Put into Starting Effort on Rim 


Motor. of Motor Pulley. 
amperes kilogrammes 
300 dyes al gil 
600 120s eee 
900 280 =3 :7 
1000 300) =73.0109 


As is seen, it was only with a current of 1000 
amperes, as compared with the initial current of 300 
amperes, that the torque effort could be said to have 
increased virtually as the square of the current put 
into the motor, whilst the smaller torque efforts re- 
quired much more current in comparison. There can 
be no doubt that for certain tractive purposes, such as 
on practically straight and level, viz., specially con- 
structed, lines, where the resistances due to gradients 
and curvature, and also the number of stoppages, can 
be reduced to a minimum, the three-phase alternating 
current may be adopted with advantage ; but for the 
particular object of the electrical locomotive under 
notice, the continuous current proved.to be preferable, 
for the minor disadvantage of commutator and brushes 
is far outweighed by its advantages—to wit: the ease 
with which the starting can be effected, and the sup- 
plied and absorbed energy, as well as the important 
factor of airresistance at high speeds, can be measured ; 
together with the fact of the speed of the motors, and 
hence of the train, being entirely independent of that of 
the dynamo, and hence of the steam engine. It was on 
these grounds, and fortified by the series of searching 
experiments referred to, that for this, the first locomo- 
tive of its kind, with travelling generating plant, and 
intended for the gradients and alignment of existing 
railways, the original intention of using the three- 
phase alternating current was abandoned in favour of 
the continuous current. 


(To be continued.) 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The dealing in the pig iron 
warrant market last Thursday forenoon was confined to 
some 5000 tons of Scotch and hematite iron, chiefly the 
former. Some ‘‘ plant” sales were made at 40s. 4d. per 
ton ina week. One seller wished to get 40s. 6d. cash for 
5000 tons of Scotch, but buyers at the close of the fore- 
noon market would not give any more than 40s. 43d. per 
ton. One lot of hematite iron sold at 44s. 9d. per ton, being 
a drop of 8d. per tonon the day. The market was still very 
quiet in the afternoon. About 3000 or 4000 tons of Scotch 
were dealt in at 40s. 5d. cash on Monday with a ‘‘ plant,” 
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was done at 44s. 84d. per ton cash. The closing settle- 
ment prices were—Scotch iron, 40s. 43d. per ton ; Cleve- 
land, 33s. 103d. ; Cumberland and Middlesbrough hema- 
tite, 44s. 9d. and 42s. 44d. per ton respectively. About10,000 
tons of Scotch iron changed hands on Friday forenoon, 
but the quantity was made up by counting twice some 
quantities which changed hands more than once. One 
thousand tons were sold at 40s. 9d. one month and 
1500 tons at 40s. 5d. and 40s. 6d. per ton cash. Four 
thousand tons were sold at 40s. 53d. cash on Monday, 
with a “plant; 2000 tons at 40s. 7d. one month, with 
1s. forfeit in seller’s option, and one lot at 40s. 63d. cash 
to-day. In the afternoon there was a quiet market, only 
500 tons of Scotch changing hands at 40s. 6d. to 40s. 5d. 
per ton cash, and 40s. 9d. to 40s. 8$d. one month. The 
settlement prices at the close were—Scocch iron, 40s. 6d. ; 
Cleveland, 33s. 10$d. ; Cumberland and Middlesbrough 
hematite iron, 44s. 9d. and 42s. 44d. per ton respectively. 
Quietness was the rule in the market on Monday fore- 
noon. About 7000 tons of Scotch iron were sold, mostly 
by one seller, aud the cash price gave way id. per ton. 
Some of the lots changed hands at 40s. 84d. five 
weeks, 40s. 5d. next week, with a ‘‘plant,” 40s. 6d. 
cash on Friday, and 40s. 5d. cash yesterday. 
The market was steady, but with little doing, 
in the afternoon. Only some 3000 tons of Scotch were 
dealt in at from 40s. 53d. to 40s. 63d. cash (the latter on 
Friday), and 40s. 84d. one month. One or two lots of 
Cleveland were operated in at 34s. cash and 34s. 23d. one 
month. At the close the settlement prices were—Scotch 
iron, 40s. 6d. per ton; Cleveland, 34s.; Cumberland 
hematite iron, 44s. 9d.; and Middlesbrough ditto, 42s. 43d. 
per ton. Dealing was quiet on Tuesday forenoon. Only 
5000 tons of Scotch iron were sold, and, except one lot, 
all were done at cash prices. The market was strong in 
the afternoon, with a fair amount of business doing, about 
10,000 tons of Scotch iron changing hands, principally for 
cash. Up to 40s. 9d. per ton cash was paid, with buyers 
over at that price. Open month business was done at 
41s., and six weeks at 40s. 114d., while one or two lots 
were dealt in at 40s. 10d. and 40s. 103d. one month fixed, 
with 1s. forfeit in buyer’s option. In Cleveland iron, 
500 tons were sold at 34s. 13d. cash per ton, and 500 tons 
at 34s. 74d. three months fixed. The settlement prices at 
the close were—Scotch iron, 40s. 9d. per ton; Cleveland, 
34s. 14d.; Cumberland and Middlesbrough hematite 
iron, 44s. 9d. and 42s. 43d. per ton respectively. There 
was a decided firmness at the opening of the market 
this forenoon, as much as 40s. 103d. cash per ton 
being paid for Scotch iron, but that price was not 
long maintained, 13d. less per ton being taken, and 
sellers remaining there at the last. Hight thousand 
tons of Scotch iron were sold at 40s. 103d. and 40s. 94. 
cash, and at 41s. 1d. and 41s. one month open. One lot of 
Cleveland iron wassold at 34s. 1d. cash, and one lot at 
2d. per ton more one month, and 5000 tons at 34s. 53d. 
two months fixed, with 74d. forfeit in buyer’s option. 
The tone of the market was firm in the afternoon, but 
without much doing. About 3000 tons of Scotch were 
dealt in, principally for cash at 40s. 9d., and 40s. 9d. 
Friday, and 40s. 10d. next week. For a month open 1000 
tons changed hands at 41s. There were sellers 
without takers at 40s. 114d. one month fixed. 
The closing settlement prices were — Scotch iron, 
40s. 9d. per ton; Cleveland, 34s. ; Cumberland 
and Middlesbrough hematite iron, 44s. 9d. and 42s. 43d. 
per ton respectively. The following are some of the 
quotations for No. 1 special brands of makers’ iron : 
Clyde and Gartsherrie, 47s. per ton; Calder, 47s. 6d.; 
Summerlee, 48s. 6d.; Coltness, 52s. 6d.; Langloan, 
53s. 6d.—the foregoing all shipped at Glasgow; Glen- 
garnock (shipped at Ardrossan), 49s.; Shotts (shipped at 
Leith), 51s.; Carron (shipped at Grangemouth), 52s. ‘6d. 
per ton. The number of blast furnaces in actual opera- 
tion is still 71, as compared with 77 at this time last year. 
Two are making basic iron, twenty-two are working 
on hematite ore, and the remainder are making ordinary 
iron. Last week’s shipments of pig iron from all Scotch 
ports amounted to 7156 tons, against 5505 tons in the 
corresponding week of last year. They included 200 tons 
for the United States, 592 tons for Canada, 125 tons for 
India, 1840 tons for Italy, 235 tons for Germany, 120 tons 
for Holland, smaller quantities for other countries, and 
3669 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood at 337,932 
tons, as compared with 338,492 tons yesterday week, thus 
showing for the week a reduction amounting to 560 tons. 


Scotch Coal Shipments.—Though the shipments of coal 
from Scotland last week were about an average, the 
figures show a decrease of no less than 45,953 tons when 
compared with the return for the corresponding period 
of last year. The comparison, however, is against the 
second heaviest shipments of 1892, which were in great 
measure due to the Durham strike. This is reflected in 
last week’s shipments on the east coast, when the returns 
compare very unfavourably toth with those of the pre- 
vious week and those for the same week of last year. 
Under the former head the decrease amounts to 17,688 
tons, and in the latter 45,225 tons, or within afew hundred 
tons of the whole decrease for the week, When com- 
pared with the preceding week the Scotch shipments are 
more favourable, there being an increase of 3201 tons. 
At Greenock and the Ayrshire ports trade was fairly 
brisk, while the Glasgow shipments were fair, showing a 
decrease of 4737 tons compared with the same week of 
1892, but an increase of 1501 tons on the preceding week. 
Up to last: Saturday the year’s shipments for Scotland 
totalled up to 2,521,409 tons, against 2,835,562 tons over 
the same period of last year, so that the decrease for this 
year (nearly five months) was 314,153 tons. 


Finished Iron and Steel Trades,—There has of late been 


rather more inquiry for bar iron. The export demand 
has been improving, and home consumers are now coming 
more freely into the market. Consequently the works 
engaged in the malleable iron trade are better employed 
than they were some weeks since. Prices of common bars 
range from 5l. to 5/. 10s. per ton, and best bars up to 
5l. 17s. 6d., all less 5 per cent. discount. Inquiries are 
being made for considerable quantities of unbranded iron 
for India, and as low as 4/. 2s. 6d. per ton net has been 
quoted by buyers, but makers are not inclined to such 
terms. There is a fair amount of business doing in iron 
and steel sheets at about former prices. The steel trade 
is very quiet, with prices at about the lowest point. 


Clyde Shipbuilding Trade—Launches during May.— 
There has been a large output of new shipping from the 
Clyde shipyards during the month now closing. There 
were in all 35 vessels launched, of an aggregate of 31,288 
tons, or an increase of 9306 tons when compared with the 
output of the corresponding month of last year. Over 
the five months of the year the amount of new shipping 
launched includes 121 vessels of a total of 103,518 tons, 
against 135 vessels of a total of 153,759 tons in the same 
period of last year, so that there is a falling off to the 
extent of 50,441 tons. The month’s launches include a 
number of large steamers, such as the Danube, 6000 tons, 
for the Royal West India Mail Company ; the Tamboy, 
4320 tons, for the Russian Volunteer Fleet; and the 
Delaware, 4000 tons, for the Anglo-American Oil Com- 
pany. There were also three paddle steamers—two for 
the Clyde and one for Belfast. Three large sailing ships 
were likewise included in the month’s output, and quite a 
fleet of yachts. So far as is known, contracts for new 
vessels, aggregating about 17,000 tons, have been placed 
during the month. Of course there may be more orders 
settled that the outside public do not know of. ; 


New Tramuay Lines for Glasgow.—The Tramway Com- 
mittee of the Glasgow Town Council have recommended 
that several important additions should be made to the 
tramway system in the city. Among these extensions 
are lines from Bridgeton Cross to Rutherglen Bridge ; 
from Queen’s Drive to Mount Florida; Gorbals Cross, 
along Main-street, over Victoria Bridge, and along Great 
Clyde-street and Dixon-street to St. Hnoch-square, in- 
cluding a connection with the present lines at Glasgow 
Bridge; and from Park-road, across Kelvin Bridge, to 
Hillhead. Bya majority the committee suggested that 
the tender by the Steel Company of Scotland for 1000 tons 
of steel tramway, rails and 38 tons of fishplates should be 
accepted in preference to two offers, one from a German 


firm and the other from an English company. A depu- 


tation was appointed to visit the workshops of several 
builders who had sent in tenders for the 200 new 
cars. Thirteen tenders for cars that may be wanted 


by the corporation, when the Tramway Company’s — 


lease terminates next year, have been received, the price — 
ranging from about 141/. to 180/. per car; but six of the 
firms tendering sent in offers ranging from 141/. to 1601. 
per car, and these offers are being seriously considered 
by the Tramway Committee. 
willcome up for consideration at the Town Council meet- 
ing to-morrow. 


New Engineering Works and Foundry, Motherwell.— 
We are informed that the new firm of Messrs. Pott, 
Cassels, and Williamson have now completed arrange- — 
ments for the acquisition of several acres of the Duke of 
Hamilton’s property in North Motherwell, for the 
erection of extensive engineering works and an iron and 
brass foundry. We understand that this firm propose 
undertaking a general engineering business in addition 
to their specialities, which will include Weston’s centri- 
fugal machines and hydro-extractors for the sugar, 
chemical, and textile industries. They will also supply 
sugar machinery generally, as used in the colonies 
and the refineries at home. The iron and brass” 
foundry, which will be built 
the engineering works, will be capable of turning 
out the heaviest class of castings for the neighbour- — 
ing iron and steel works and collieries. The works — 
and plant will be of the most modern and improved types : 
and capable of coping with the largest contracts. The 
partners are Mr. Gideon Pott, late assistant manager of © 
the well-known Glasgow firm of Messrs. Watson, Laid- 
law, and Co.; the Messrs. J. H. Cassels and D. Y. Cassels, 
the former late of the Glasgow Iron and Steel Company, 
and the latter late manager of the same company’s works - 
at Motherwell ; and Mr. Robert Williamson, late chief of 
the drawing office and designing department of Messrs. 
Watson, Laidlaw, and Co. Arrangements have been 
made with the Caledonian Railway Company for a siding — 
to be run right into the works. The works will be 
situated within about five minutes’ walk of the Mother- 
well station on the Caledonian main south line. 
Glasgow office is at 109, Hope-street. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. | 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.— Yesterday there was only a 
thin attendance on ’Change, and not much business was 


Very probably the matter — 


in conjunction with 


Their 7 


transacted, but the tone of the market was fairly cheerful, — i 


and the outlook for the future was regarded by many 
people as less discouraging than it has been of late. The 
general quotation for prompt f.o.b. delivery of No. 3 
g.m.b. Cleveland pig iron was 34s., and parcels were dis- 
posed of at that price, but some buyers were not inclined 
to offer more than 33s. 104d. 
market quotations stiffened, and several sellers asked 

34s, 3d. for prompt No. 3. The lower qualities were 

rather quiet, No. 4 foundry being obtainable at 33s. 
and grey forge at 32s. 3d., and sales were said to have 


Towards the close of the 


i 


a 
a 
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occurred at 32s. for the latter quality. Middlesbrough 
warrants closed firm at 34s. 1d. cash buyers. Hematite 
pig iron was very little altered, the price for mixed 
numbers of makers’ east coast brands being put at 42s. 6d. 
Prices of Spanish ore were rather higher than when we 
last reported, owing to the advanced freights. Rubio 
was quoted 12s, 3d. ex-ship Tees. To-day the market 
was steady and very little altered, No. 3 Cleveland pig 
being sold at 34s. for prompt delivery. Middlesbrough 
warrants 34s. cash buyers. 


Manufactured Iron and Steel.—The finished iron and 
steel trades continue in a very dull and unsatisfactory 
state, and prospects cannot be said to be at all encourag- 
ing. Steel rail makers keep well employed and have a 
fair amount of work on hand, but they have had to accept 
it at exceedingly low and barely remunerative rates. 
The other branches of the manufactured iron and steel 
industries are only poorly employed. Common iron bars 
are 4l. 17s. 6d. ; iron ship-plates, 4/. 12s. 6d. ; steel ship- 
plates, 4/. 17s. 6d.; iron ship angles, 4, 11s. 9d.; and 
steel ship angles, 47. 12s, 6d.—all less the usual discount. 
Heavy steel rails are quoted 3/. 15s. net at works. 


The Fuel Trade.—F uel is fairly steady. At Newcastle 
best Northumbrian steam coal is 10s. 6d. f.o.b. ; second 
qualities, 8s.; and small, 3s. 6d. Bunker coal is de- 

ressed, gas coal dull, though the exports are increasing, 

he price varies from 6s. to 7s. 6d. f.o.b. Household 
coal is very quiet, the demand just now being about at 
its lowest. The price of coke does not change much. 
Here for good blast furnace qualities delivered 12s. is 
asked, but 11s. 9d. has been accepted. 


Wages in the Iron and Steel Trade.—The Board of Con- 
ciliation and Arbitration for the manufactured iron and 
steel trade for the north of England has just received 
Mr. Waterhouse’s report for the two months ending 
April 30, 1893, which shows that, in accordance with the 
sliding scale arrangement, the wages for June and July 
will be the same as prevailed during the preceding two 
months. The net average selling price of manufactured 
iron during March and April has been 4/. 19s. 11d., whilst 
for the previous two months it was 5/, 1s. 3d. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Distress among Miners.—A meeting of the executive 
of the Derbyshire Miners’ Association was held in Ches- 
terfield yesterday, and the distress existing amongst the 
miners was discussed. At a previous meeting it had 
been decided to recommend the lodges to grant 5002. out 
of the funds to alleviate the distress, the money to be 
given at the rate of 7s. per week for married men and 5s. 
for single. The lodges approved of this course, and it 
was adopted. The serious position of the coal trade, and 
its effects upon the country, were also considered. 


Lock-Out of Colliers.—At the Peacock Colliery, Ilke- 
ston, a serious position exists. The pit has been ‘‘ put 
down,” but it is stated that the proprietors have offered 
to work full time if the men will consent to a reduction 
of 43d. per ton for coal-getting. The Miners’ Associa- 
tion has taken the matter up, and decided that the men 
shall have strike yay as long as they remain firm and do 
not work below existing rates. From Wath Main it is 
reported that the miners are likely to set the pit down, 
the management having posted a notice stating that men 
sending out coal which is not in a clean condition will be 
dismissed without notice. 


The Heavy Trades.—In the engineering branches there 
is more doing than at the commencement of the month, 
but complaints of depression are general throughout the 
district. In Leeds some good orders are held for loco- 
motive and traction engines, and agricultural machinery, 
but many hundreds of mechanics are unemployed or on 
short time. Recent armour-plate orders have come as a 
relief to the trade, but contracts with the home Govern- 
ment that have so long been expected are not placed. 
Orders for ordnance and projectiles are also issued very 
sparingly. or marine material requirements are far 
below the average necessary to prosperity, though one or 
two of the most favoured firms are sending out fair quan- 
tities of propeller blades, crank axles, and shafting. 


Tron and Steel.—The iron market has been very languid 
since the vacation, and there are no signs of an imme- 
diate revival. Prices of pig are nominally those of last 
week, In finished irons bar moves off most freely, for 
the home market and India, but the loss of a large por- 
tion of Australian trade, usual at this season, is severely 
felt in this department. The sheet trade is very dull. 
Medium orders are being placed for best qualities of 
boiler plates. The call for heavy steel forgings is flat, 
with the exception of best tyres, some good orders for 
which have been placed in the district. Bessemer billets 
and slabs are moving off steadily on home and Conti- 
nental demand at 5/. 7s. 6d. to 5/. 12s, 6d. per ton, and 
Siemens from 6/, Crucible tool-steel converters are busy 
= Continental, United States, and South American 
ines, 


Coal.—In this district stocks of coal are accumulating, 
and it is known that where large quantities are taken con- 
cessions in price are privately made. Numbers of pits 
are only working two or three days a week, and yet col- 
liery operations are being extended in every direction. 


MISCELLANEA. 

AecturE ‘‘On the Teledynamic Transmission of Power 
by Wire Ropes ” was delivered at the Yorkshire College, 
Leeds, on Monday, May 29, by Mr, H. Cheesman, of 
Hartlepool. 
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The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
May 21 amounted, on 16,456 miles, to 1,484,1207., and 
for the corresponding period of 1892, on 16,383} miles, to 
1,351,736/., an increase of 72} miles, or 0.4 per cent., and 
an increase of 132,384/., or 8.8 per cent. 


All the available workmen from the Government ship- 
building yard have been told off to the Howe, conse- 
quently the repairs are rapidly advancing towards com- 
pletion. The six plates which are remaining unfixed, 
will be fixed this week, and it seems certain now that 
the Howe will be ready to leave the dry dock in the 
middle of June if the tide permit. 


The Local Government Board have issued a provisional 
order granting to the Macclesfield Corporation compul- 
sory power to purchase about 200 acres of land, about 
three miles from Macclesfield, for sewage disposal pur- 
poses. Application will soon be made to the Local 
Government Board for sanction to a loan to carry out the 
works. Mr. W. H. Radford, C.E., of Nottingham, is 
the engineer. 


It is expected that the Corinth Canal will be opened in 
a month. The works were begun in May, 1882, but 
owing to financial difficulties their completion has been 
much delayed. The new waterway will be 6500 metres 
long, 22 metres wide, and 8 metres deep. The width and 
depth are thus the same as in the Suez Canal. It will 
make an appreciable difference in the distance between 
the ports of Western Europe, and those of Greece, Turkey, 
and the Black Sea. 


Her Majesty’s Secretary of State for Foreign Affairs 
has learned from Her Majesty’s Consul-General at Salonica 
that tenders will be received on the 1st prox. for the con- 
struction of the first 100 kilometres of the Salonica- 
Dedeagatch Railway. The documents relating to the 
tenders and the execution of the work can be seen at the 
office of the chief engineer at Salonica, and at 417, Grand 
Rue de Péra, Constantinople. Tenders for the con- 
struction of the remaining 400 kilometres of the line will 
be received between August and October next. 


The Shillbottle Colliery Company have placed a con- 
tract with Messrs. Ernest Scott and Mountain, Limited, 
electrical engineers, Newcastle-on-Tyne, for an elec- 
trical pumping plant for their colliery, to consist of a 
compound wound Tyne dynamo, constructed to give an 
output of 25,000 watts at an electromotive force of 500 
volts; the main switchboard, with measuring instru- 
ments, between 1200 and 1300 yards of concentric lead- 
covered and protected cable, and a set of three-throw 
pumps with 25 horse-power motor, the pumps to deliver 
200 gallons of water per minute against a head of 185 ft. 


A Conference of the Iron and Steel Trades will be held 
at the Westminster Palace Hotel, Victoria-street, Lon- 
don, on Thursday, June 29, at 11 a.m., when the follow- 
ing papers will be read and discussed: 1. ‘‘ On the De- 
velopment of Colonial and Indian Railways as Affecting 
the Iron Trade,” by the President, W. S. Caine, Esq., 
M.P. 2. ‘‘On the Present Depression in the Iron Trade, 
as Affected by Currency Questions,” by Sir William 
Houldsworth, Bart., M.P. 8. ‘On the Chicago World’s 
Fair and its Lessons to Iron and Steel Manufacturers,” 
by Mr. J. S. Jeans, secretary. The board of management 
have decided to arrange for an annual dinner, the first of 
which will be held at the Criterion Restaurant, Piccadllly, 
on June 29, 


An armour-plate trial was conducted by the Navy 
Department of the United States on May 12, on which 
depended the acceptance of 1060 tons of armour, costing 
the Government 510 dols., or about 102/., per ton. The 
plate was of nickel steel, 9 in. thick, and made at the 
Carnegie works. The gun used was an 8-in. rifle, and 
but two shots were fired, both with a 250 lb. projectile. 
In the first round the velocity of the projectile was 1391 foot- 
seconds, and it penetrated the plate and about Lin. of the 
backing. The second projectile had a velocity of 1672 
foot-seconds, and penetrated the plateand projected some 
distance from the backing. No signs of a crack were 
developed in either round, and the holes were clean cut 
with only the usual fringe on the face. 


The Governors of the Battersea Polytechnic Institute 
have appointed Mr. Sidney H. Wells, Wh. Sc., Assoc. 
M. Inst. C.E., assistant lecturer in the engineering 
department of the Yorkshire College, Leeds, to the 
principalship of the Institute. Mr. Wells formerly held 
the position of assistant in the engineering department 
of Dulwich College, and will be remembered as the chair- 
man of the Junior Engineering Society for a long and 
successful period, and also as a chairman of the Students’ 
Committee Inst. C.E. The Institute, which is still in 
the builders’ hands, contains class-rooms, laboratories, 
and workshops for mechanical and electrival engineering 
and for other important industries of the district, and 
also provides for social and general educational work for 
both sexes. 


The results of an investigation made, at the instance of 
the Shanghai branch of the Asiatic Society, in various 
parts of China, into the condition and maintenance of 
roads in that country, were lately summarised in a paper 
read before the society by Mr. Kingsmill, of Shanghai. 
He said that probably no country in the world, certainly 
none aiming at civilisation even of the most rudimentary 
nature, had paid so little attention to roads and means of 
communication as the Chinese Empire. The roads as they 
exist are merely the customary tracks from one town or 
village to another, are never macadamised, and follow all 
the natural irregularities of the surface. They are never 
bounded by fences, are generally undrained, and when 
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proceeding through level plains, are entirely undefined, 
and wander about from side to side, as puddles of 
water, or artificial pitfalls dug by the neighbouring 
farmer, compel the drivers of the vehicles to vary 
their route. The Emperors of the Yuan dynasty are 
credited with a greater care for the internal communica- 
tions of the empire than their successors, and the road 
from Pekin to Tungchow on the Peiho River remains as a 
vast effort of inutility. It is paved with magnificent 
blocks of granite averaging about 50 ft. to 80 ft. each, 
closely jointed. It is now worn into ruts a foot in depth, 
and is almost impassable. A second effort in road build- 
ing was made by the first Emperor of the Mings, 1368- 
1399, who made a road from the north bank of the 
Yangtse, opposite Nanking, his capital, to his birthplace 
in Anhui. This road is remarkable as an early piece of 
engineering, the levels being carefully graded and the 
road carried across the river valleys, which intersect it, on 
well-built arched viaducts. Beyond these roads no feats 
of engineering skill have been attempted in connection 
with the land communication of China. 


The Pioneer of Allahabad describes ‘‘ the newest of our 
big bridges ”—that across the Kistna at Bezwada. It is 
designed to carry both the standard and the metre gauge 
systems, the object being to enable the Southern Mahratta 
narrow-gauge railway to have access to the important 
town of Bezwada, which is the centre of trade for the 
great and fertile delta of the Kistna. The importance of 
bringing the dry Ceded Districts, which the metre-gauge 
railway traverses, into direct connection with the abun- 
dant food supply which, from the irrigated delta, concen- 
trates itself in Bezwada, is great. Such a connection is 
famine insurance in the true sense of the word. The 
bridge consists of 12 spans of 300 ft. solid steel girders. 
Three of the girders had been got up by May, 1892, so 
that there remained nine to be erected during the current 
working season. Owing to the lateness of the floods, it 
was not until early in December that a beginning could 
be made, and in the first week of February all were self- 
supporting. Such expedition could only have been made 
possible by the care and forethought with which, during 
the seven months of inaction, every detail had been worked 
out and designed. The work has also been done very 
cheaply, for the engineers expect to show a saving of over 
a lakh on the estimate for girder erection, and calculate 
that the rate per ton will work out at a lower figure than 
any yet touched for spans of the size. The well work was 
exceptionally heavy. The wells used had to be sunk to a 
depth of 80 ft. beneath low water, or 50 ft. below mean 
sea-level. Irom a width of one mile the river at the 
bridge site was narrowed to three-quarters of a mile by 
massive training embankments heavily pitched with 
stone. The bridge was commenced in December, 1890, 
and has thus been a trifle over two years in building. 
There are two more bridges as big or bigger than that 
over the Kistna which must be made before the train 
runs from Calcutta to Madras. 


On the 16th and 17th ult. Major General Phipps 
Carey, Local Government Board Inspector, held an 
inquiry at Hampton-on-Thames relative to the applica- 
tion of the Local Board for sanction to borrow 38,000/. 
for the purpose of purchasing land, and for carrying out 
a drainage scheme for the district. This inquiry raised 
an important point, as the proposed works will be situated 
above the intakes of the water companies. Mr. I’. Clif- 
ford and Mr. Pembroke Stevens, (.C., appeared on behalf 
of the Board, and Mr. Horace Avory appeared for the 
Southwark and Vauxhall Water Company, the Grand 
Junction Water Company, and the West Middlesex 
Water Company. Mr. Clifford opened the case, and Mr. 
J. Kemp, surveyor to the Local Board, gave details of the 
drainage scheme and mode of treating the sewage at the 
works; the Board having determined to adopt the Interna- 
tional system of precipitation by ferrozone and filtration in 
polarite filter tanks, the Hampton authorities contending 
that under the special circumstances of the case it was un- 
desirable to place any sewage upon land. Mr. Stevenson, 
surveyor to;the Hast Molesey Local Board, supported Mr. 
Kemp’s scheme, which he considered a good and practical 
one. Dr. Arthur Angell, public analyst, was then called 
on behalf of the Hampton Board, and stated that he had 
made a special study of the treatment and purification of 
sewage, and considered the carrying out of such works 
would be of enormous advantage to the water companies, 
because the sewage would be kept within narrow limits 
and well under control. Mr. F. Candy, managing 
director of the International Company, also called 
by the Board, stated that the concentration of the 
works in the smallest possible space with watertight 
tanks and filters in watertight tanks was the only 
sure way of avoiding contamination of the several 
water companies’ underground water supplies, and 
that there would be no nuisance at all or danger to 
health if the process were carried out in its entirety. 
Mr. Horace Avory thought the proposed site was too 
near the water companies’ intakes, and that a more dis- 
tant one should be chosen. ‘The engineers to the various 
water companies gave evidence on the same subject, and 
showed they pumped several million gallons daily from 
the drift gravel beds of the district, in addition to the 
river supply. Unquestionably the water companies had 
reasonable grounds for opposition to the acquirement of 
land within the watershed. The important question of 
the danger of the pollution of the underground waters by 
treating sewage upon land was by this inquiry brought 
into prominence. No doubt the investigation will even- 
tually lead to the selection of a site which will meet the 
views of all parties concerned. Mr. Avory suggested on 
behalf of the water companies that, as the sewage of 
Hampton could evidently be treated by the process pro- 
posed by the Board on less than two acres of land, they 
should have no difficulty in finding another site, 
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LABOUR QUESTIONS IN 
AUSTRALASIA. 


In very many respects the Australian colonies 
present important phases of the labour movement, 
the conditions of which are most interesting at the 
present time. In the earlier days of those colonies 
labour was scarce, wages were high, and the cost 
of living was disproportionately small] ; besides which 
land was to be obtained almost for the asking, so 
that the industrious workman had better chances 
than elsewhere of reasonable advancement to a 
position of comparative independence. In reality 
the recent labour struggles in some of those colonies 
may be said to be a contest for the maintenance of 
the exceptionally favourable position in which the 
workmen were placed, and that, too, when the con- 
ditions have somewhat changed by an over-plentiful 
supply of labour, and of lessened profit to the 
capitalist engaged in large industrial undertakings. 
In point of fact, the recent labour movements would 
seem to imply that Socialist theories are gaining a 
strong foothold in some of the Australian colonies. 
Perhaps this was inevitable. The altered condi- 
tions were in the character of a new experience. 
Instead of the supply of labour being inadequate, 
it became superabundant, with, as a consequence, 
a tendency to lower wages, as the result of compe- 
tition. In comparison with the population, the 
number of unemployed in various Australian 
colonies was abnormally large—larger in proportion, 
in point of fact, than in Great Britain, or on the 
Continent of Europe. In Victoria 7500 were re- 
gistered as out of work in the months of February 
to April, 1892. In New Zealand 2400 were assisted 
to obtain work by the Labour Bureau in the same 
year. In other parts of the Australasian colonies 
things were nearly asbad. In the opinion of some, 
the number of unemployed was exaggerated, but 
there can be no doubt of the depression, for more 
recent occurrences prove that commerce and trade 
were declining, and that there were already some 
indications of that precarious condition which has 
become more marked, and led to commercial panics 
recently. 

But it was not only in the ranks of industry and 
labour that signs of depression were manifest. 
They were equally seen in the diminution of profits, 
and consequently there was less and less anxiety to 
indulge in speculative undertakings, especially in 
those involving risk. Gold-mining and coal-mining 
became less remunerative, and farming suffered by 
a succession of bad seasons, and the high price of 
labour. Then the shipping industry, which had 
been nursed into activity, was reduced to a nominal 
profit of 2 percent. Naturally the employers and 
capitalists sought to economise and decrease ex- 
penditure, and one of their first efforts was directed 
to wages, the rates of which they sought to reduce. 
The men, on the other hand, combined to resist 


reductions. The result of all these and other 
forces was the institution of combinations of em- 
ployers, and unions of the men. In those new 
colonies we see to-day the two great forces in array 
one against the other—federations of capital and 
federations of labour, in industrial warfare. 

The earlier trade unions in Australia were 
branches of British unions, such as the Amalga- 
mated Society of Engineers, Carpenters and 
Joiners, and some others. But latterly almost 
every industry hasits union. In New South Wales 
alone it is estimated that there are at least 100 
unions, with from 50,000 to 60,000 members; in 
Victoria 70 unions, with from 25,000 to 30,000 
members ; and in the other colonies in proportion, 
except Western Australia, which is not so highly 
organised. The legal status of trade unions is 
nearly the same as in England. Most of them 
have provident benefits. The majority fix a 
minimum wage, and most of them support the 
eight-hours day, and the annual holiday called 
Labour Day. Conciliation and arbitration are 
provided for in the rules in most cases, but some 
are more distinctly fighting unions, on the principle 
of the new trade unionism in this country. 
Women’s unions are not unknown, but they have 
not made much progress, except, perhaps, in New 
South Wales and New Zealand. 

The report states that associations among em- 
ployers did not exist until called into existence by 
the action of trade unions. But, on the principle 
stated by Adam Smith, tacit understandings often 
exist where there are no active associations. The 
object of the recent associations of employers is 
stated to be freedom of contract —‘‘the right of 
each man to work for whom he likes, as long as he 
likes, and for what wages he likes.” Of course 
this may imply freedom of contract, or it may not, 
according to circumstances. The men, on the 
other hand, allege that the object of their unions 
is simply ‘‘the protection of their rights and 
interests.” The Shipping Federation was estab- 
lished in 1878, other associations of employers at a 
later date, while the federations of these associa- 
tions took place about 1885 to 1888, extending 
largely from 1889 to 1891. 

The federations of workmen date from an earlier 
time. For example, the New South Wales Trade 
and Labour Council was established in 1871, to 
which about 100 unions are now affiliated. Since 
the year 1883 intercolonial congresses have been 
held annually, and in 1891 a scheme for complete 
colonial federation was formulated and adopted. 
The declaration, prefaced to the constitution, indi- 
cates that this more complete federation was 
adopted as a means of mutual protection after the 
recent labour conflicts in the colonies. Both 
parties claim that the respective associations and 
federations tend rather to prevent than to promote 
strikes. The more recent labour conflicts are 
attributed to the rise of what is known there, as 
here, as the ‘‘new unionism.” This is largely 
permeated by the spirit of Socialism, many of the 
objects being similar to those advocated in this 
country. In so far as strikes are concerned, they 
have usually been for the maintenance of the high 
rates of wages which formerly obtained, the ten- 
dency being generally to lower rates in consequence 
of lower profits and keener competition. The 
employers complain that even necessary reductions 
are resisted, as, for example, in cases where 
extras are paid for more difticult work, the extras 
being maintained when the difficulties are removed. 

It appears that infrequent payment of wages was 
not customary in Australia, except in the case of 
certain classes of workmen whose engagement was 
for a term, or for a kind of labour contract. But 
retention money to the extent of 50 per cent. was 
often kept in hand in certain cases. Truck was, 
however, of rare occurrence, except when the 
nature of the employment required food and 
lodgings as part of the contract. But the quality 
of the food and of the accommodation was often 
complained of, and recently legislation has taken 
place to remedy the defects complained of, both as 
regards infrequent payments and retention money. 
Fines and deductions are more frequently com- 
plained of, and some of the recent disputes have 
arisen over these practices. A system of insurance 
funds has been in mamy instances established, but 
these are not generally approved by the employés. 
Labour contracts are general in Australia, formal 
notice of the termination of wage contracts being 
insisted upon by both parties, and being capable 
of being enforced in the courts of law, 
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It appears that strikes are infrequent as regards 
the hours of labour, and have been ever since the 
formal recognition of the eight-hours system, as the 
normal working day, by the employers, in conjunc- 
tion with the labour unions. It appears that the 
first attempt to establish an eight-hours day was 
made in 1845 at Otago, in New Zealand ; later on 
the system was recognised by the colony generally. 
The movement commenced in Sydney in 1855, and 
in Melbourne in 1856; it extended by degrees 
until it is now generally recognised, and in some 
parts of Australia by law. Overtime is not, how- 
ever, prohibited, but it is paid for at higher rates, 
The normal day of eight hours is not largely ex- 
tended by overtime, as the system of overtime is 
generally distasteful, except in emergency. Certain 
holidays are also kept, one being Labour Day, any 
infringement of the latter leading usually to a dis- 
pute. The short day, though not universal, is 
general in all trades, with here and there an excep- 
tion, mostly in the domestic trades and industries, 
in which difficulties are recognised by the work- 
people as well as by employers. The system is 
also popular with all parties. 

Tt appears that many of the disputes in Australia, 
as in this country, take place between unionists and 
non-unionists. It often happens that this is used 
as a means of resorting to what is called free 
labour, so that, from being a contest between two 
sections of workmen, it becomes a struggle between 
the employers and the workpeople, the one for 
‘* freedom of contract,” the other to compel the 
employment of unionist labour only. It is stated 
that strikes of the latter class are seldom successful; 
but strikes to maintain the right of union when 
attacked by the employers usually succeed. Many 
disputes arise over the question of apprentice- 
ships, and also the employment of boys, though 
seldom against the employment of women. The 
movement against the employment of boy labour is 
very general—on railways, in the printing trades, in 
the clothing trades, in the leather trades, the boot 
and shoe trades, the building trades, and in the 
watchmaking industry. Singularly enough, in 
some of the agricultural industries there is a 
scarcity of boy labour, so that restriction is not 
resorted to. 

The great strikes in Australia are all of recent 
date—that of the shearers in 1890, followed by that 
of the wharf labourers, then of the seamen and 
marine officers, followed by strikes of the miners. 
The first two of the latter three were more or less 
in sympathy with the shearers’ strike, which at first 
was with respect to the conditions under which 
shearing should be carried on, and then developed 
into a strike of union versus non-union labour. The 
whole movement ended in failure, after some riot- 
ing, many being arrested, prosecuted, and sen- 

_ tenced to imprisonment. The strike of miners 
was also unsuccessful, several serious outrages 
being committed ; some of the leaders were sen- 
tenced to terms of imprisonment varying from 
three months to two years. Similarly, the build- 
ing operatives’ strikes also failed, mainly by the 
influx of workmen to take the place of those on 
strike. The cost and losses occasioned by the 
strikes of 1890 and 1891 were abnormally large, 
and the paralysis of industry, in the opinion of 
many, helped to bring about some of the commer- 
cial difficulties of the last few months, though of 
course indirectly. 

In consequence of the strikes in 1890 and 1891, 
more attention has been paid to conciliation and 
arbitration as a mode of settling labour disputes. 
There is a feeling in favour of some such method 
of arbitration as that in operation in this country 
respecting commercial disputes, under the Con- 
solidated Act of 1889. But the purely legal aspects 
are in abeyance, the chief reliance being upon the 
honour of the respective parties. It is significant, 
however, that both parties favour the idea of com- 
pulsory enforcement of awards when once the 
matter has been voluntarily submitted to arbitra- 
tion. The laws relating to arbitration are more 
complete than in this country. 

The general condition of labour appears to be 
declining in many industries. In all kinds of 
mining the output is less than it was, except in coal. 
Wages are high in mining, in engineering, in the 
building trades, and in many other industries. On 
the other hand, the cost of living has increased, 
especially in and near the chief towns. The fact is 
that a large number of emigrants have been 
attracted to the Australian colonies of late years ; 
the extension of industry and the development of 


the resources of the country demanded a larger 
influx of labour. But this very fact made the 
conditions of labour less certain in the event of 
commercial panic, superinduced by over-specula- 
tion. At the present time, commerce, trade, and 
industry are exceedingly precarious, and labour is 
over-plentiful for the work inhand. But Australia 
has vast resources, great recuperative powers, and 
undeveloped energy, so that those colonies will pull 
through. But whether labour will be able to 
maintain its high rates of wages is problematical, 
certainly for a time, though the shorter hours of 
labour are assured. Just now all the colonies 
are under a cloud, but that is doomed to pass away 
ere long. 


THE CONTROL OF SPARKING IN 
SHORT AIR-SPACE DYNAMOS. 

Av a meeting of the Institution of Electrical En- 
gineers, on the 11th ult., Mr. W. B. Sayers, of 
Glenwood, Bearsden, Glasgow, read a_ paper, 
which was characterised by several of the members 
as the most important communication laid before 
the Institution for several years. It dealt with the 
prevention and control of sparking in forms of 
dynamos which have hitherto been impracticable, 
on account of sparking at the commutator, and 
incidentally described the construction of con- 
tinuous-current dynamos without winding on the 
field magnets, and constant-pressure dynamos with 
only shunt coils. In order to made himself clear, 
Mr, Sayers was at some pains to render it evident 
that sparking does not usually result from an ab- 
normal current being generated in the coil short- 
circuited under the brush, but is caused by the 
short-circuited coil coming mechanically into the 
circuit with too little or no current in it, or, ina 
very bad case, with the current still in the wrong 
direction. In other words, when the reversal has 
only been partly effected, or not effected at all, by 
the inductive action of the field. Figs. 1 to 4 of 
the accompanying diagrams trace the condition of a 
coil on an ordinary ring armature, spread out flat, 
during the time it is passing under the brush. In 
Fig. 1 the commutator bar Cis shown central under 
the brush, and the current is shown flowing to it in 
two directions, that from the south pole being shown 
in dotted lines —— ———- ——, and that from the 
north pole in dot and dash lines - - : 
Both these currents flow through the commutator 
connection B, and thence through the commutator 
bar to the brush. As the armature moves forward 
in the direction shown by the arrow, the arma- 
ture coil A is seen to be short-circuited under the 
brush (Fig. 2). The current flowing in it at the 
moment when it becomes short-circuited would be 
counter-clockwise, looking from the lower end, but 
the coil from its position is beginning to cut lines 
of force in a sense tending to induce a clockwise 
current. The counter-clockwise current, there- 
fore, falls, and at the same time a current rises in 
B!, such that the current in B, plus the current in 
A, equals at any moment the half-armature cur- 
rent. In Fig. 2 a state of affairs is depicted in 
which the downward current (—— ——) is 
divided between B! and B, the upward current 
(— - — -) passing entirely through B. In Fig. 3 
the current is divided equally between B! and 
B, and the current in the armature coil A is 
passing through zero value. A clockwise current 
now begins to rise in A, owing to its cutting lines 
of force in the opposite direction, and the current 
in B falls accordingly. Fig. 4 shows the position 
when the current flowing upwards is equally divided 
between B and B’, while B! carries in addition the 
whole of the current flowing downwards (— — —). 
As the armature still moves on, the position shown 
in Fig. 1 is again reached, the current in A having 
risen under the influence of the induction to the 
value of half the armature current. At the instant 
when this is so, the current in B’—which we now 
look upon as B moved through the angular distance 
of one section—is necessarily zero, and if the tip of 
the brush breaks connection with the commutator 
at this instant, the break is sparkless. 

These considerationsshow that an excessivecurrent 
can only be reached in the short-circuited coil after 
the requisite reversal takes place. If the brush 
does not break contact at the instant depicted in 
Fig. 1, the current in the armature coil A? will rise 
above the value of the half-armature current, a 
back current being started in B?, and flowing round 
A? and B to the brush. This current may be re- 
garded as being superimposed upon the half-arma- 


ture current in A2 and B. When the break occurs 


there will, therefore, be a spark, which will tend to 
maintain itself as an arc across the insulation between 
C and C*. Moving the brushes back, so that the coil 
is short-circuited in a slightly weaker field, will at 
once correct the fault. From these considerations 
Mr. Sayers holds that excess of current in the coil 
which is commuted is never in practical work the 
cause of sparking, and that sparking which cannot 
be got rid of by shifting the brushes forward, is 
due to the current of the coil being too small when 
the break occurs between the commutator segment 
and the brush. 

To obtain sparkless commutation, Mr. Sayers 
winds on his armature ‘‘commutator coils,” inde- 


pendent of the main winding, and so arranged as to — = 


be acted on by the pole-tip which is strengthened 
bythe armature current. The brushes of the machine 
are set with a backward lead instead of a forward 
one. The commutator coils enable the armature 
sections to be reversed just after they have emerged 
from the strengthened pole, the result being that 
what have hitherto been called back turns of the 
armature winding, become forward turns, and the 
effect of the cross induction is to increase the re- 
versing field instead of to diminish it. In Figs, 5 
to 8 there is shown diagrammatrically a ring arma- 
ture wound with commutator coils for causing the 
reversal of the armature sections, close against the 
horn which is strengthened by the armature re- 
action. The commutator coils consist of coils 
wound around the armature core, and each con- 
nected at one end to the main winding at points 
between the sections, and at the other end to the 
commutator segments. There are thus as many com- 
mutator coils as there are sections in the armature, 
The commutator coils are placed at an angular 
distance from the sections of the winding between 
which they are connected, being from one to two 


sections nearer the pole horn which isstrengthened _ 


by the armature current. The direction of winding 
of the commutator coils, relatively to the main 
winding, is such that if the winding is followed 
around the core from a point in the main 
winding under the ‘‘flux” horn, that is the 
horn which is strengthened by the armature 
current, in the direction which leads out from 
under the tip of the horn to a point where a 
commutator coil branches off, and the commutator 
coil is then followed, the wire leading to and form- 
ing the commutator coil, doubles back under the 
flux horn, and is then wound around the core in 
the same direction as that followed when tracing 
the main winding. This will be clearly seen on 
referring to Fig. 5. Starting from the point H, 
and following the main winding down to the 
point D, then passing up commutator coil B, it 
will be seen to pass around the core in the same 
direction as the main winding. 

Fig. 5 illustrates the approximate conditions 
when one commutator plate is central under the 
brush. The upper half of the armature current 
meets the lower half at the point D, whence 
the whole current passes by the commutator 
coil B to the brush; and it will be noted 
that as the coil B is just under the tip of the 
pole horn, the electromotive force due to one 
turn is generated in it, and is 
that generated in the main winding. This being 
the case at the other brush also, the effect of the 
commutator coils in increasing the electromotive 
force is equal to that produced by four of the main 
conductors on the periphery of the armature. Fig. 
6 represents the armature a quarter section further 
on than Fig. 5. The commutator coil B having 
moved away from the pole-tip, and consequently 
into a weaker field, has less electromotive force 
generated in it; there is also a fall of potential 
throughout its length due to the resistance of the 
conductor. The commutator coil B', however, which 
is now in contact with the brush, is still under the 
pole, and B and B! are united at their inner ends 
by the main winding, section A. Now the main 
winding, section A, although yet a considerable 
distance from the neutral zone, is cutting few lines 
of force compared with a coil under the flux horn. 
Under these conditions, then, the current which 


was flowing in B is transferred to B', under the — 


action of the resultant electromotive force in the 
circuit composed of the armature coil A, and com- 
mutator coils B and B! completed by the brush. 
Fig. 6 shows the instantaneous condition a quarter 
section further on than that shown in Fig. 5, half 
the upper half of the armature current flowing 
through B', the other half flowing through the 
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armature coi] A and joining the lower half at D, 
and thence through B to the commutator. Fig. 7 
shows the point half a section from the starting 
point depicted in Fig. 5, where the current in the 
armature, section A, is at zero value, the upper 
half of the armature current flowing out by B! and 
the lower half by B. Fig. 8 shows a point three- 
quarters of a sectionfrom the starting position, when 
half the lower half is still flowing to the brush vid 
B, while the other half has commenced to flow 
around A (thus starting the current in the required 
direction in A); arriving at the point D, it joins 
the upper half and flows through B! to the brush. 
Fig. 5 may be regarded as the next stage, the 
armature having moved through an angular dis- 


Station Hotel atthe Midland Railway, asa regulator. 
It is coupled direct to a shunt motor, and driven 
at a constant speed. The main current to the 
hotel is passed through the armature, and is thus 
raised in pressure, in proportion to the amount 
passing, to compensate for the drop in the leads. 
The armature is of ring form, 9% in. in external 
diameter, and 4} in. in internal diameter, with a 
length of 9in. The main winding is copper strip, 
0.15 in. by 0.5 in., laid in slots ? in. deep and } in. 
wide. There are 40 slots, and each has a groove cut 
in each side near the top. The commutator coils are 
of copper, 0.1 in. by 0.3 in., with rounded edges. 
These are insulated and slidden into the slots from 
one end, their edges fitting into the grooves. They 


tance equal to one section; the current in B® (which 
we regard as B moved one section on) is almost 
extinct, A is carrying nearly the normal, or half- 
armature current, and by the time the commutator 
segment breaks with the tip of the brush the 
current flowing from it will be zero, and the break 
consequently sparkless. 

Mr. Sayers claims that, by his invention, the 
commutation of dynamos is rendered separably 
controllable, so that the proportions of machines 
can be settled independently of the consideration of 
sparking. 

Having thus described the principle of the machine, 
we will turn to its construction. Fig. 9 shows dia- 
gramma‘ically a machine running at the Bradford 


thus serve to hold the conductors in position, and 
obviate the necessity for binding. The air space is 
one millimetre. The place of the field magnets is 
taken by simple keepers, made up of charcoal iron 
plates, and separated in the centre to prevent cross 
induction. This machine carries a current of 
400 amperes at 14 volts, when running at 900 
revolutions per minute, and is absolutely without 
spark at the brushes. ‘The curves to the right 
of the figure represent the volts observed with 
the brushes in various positions. The pointer 
drawn through the brush indicates the point in 
the curve corresponding with the brushes in the 
position shown. Curve No. 1 was obtained with a 
speed of 850 revolutions per minute, and an ex- 


ternal resistance of 0.3 ohm; curve No. 2 with 
1000 revolutions, and 0.88 ohm; and curve No. 3 
with one turn of series winding round each keeper, 
with 1000 revolutions and .0455 ohm. Curve No. 4 
shows the effect of moving the brushes when a con- 
stant current is passed through the armature ; 
speed, 1000 revolutions; current, 200 amperes. 
The brushes are set with a backward lead, as shown 
by Figs. 5 to 8. 

On the Continent many attempts have been 
made to construct armatures with the conductors 
laid in tunnels bored in the substance of the core 
or in grooves cut into it. These, however, have 
been generally unsuccessful, from the great sparking 
which this method of construction gives rise to. By 
Mr. Sayers’ device of using special armature coils 
to secure sparkless reversal of the coils, this con- 
struction of armature becomes possible. It is not 
that sparkless dynamos cannot be built—all the 
leading makers are prepared to guarantee their 
machines in this respect—but that when the con- 
ductors are laid on the surface of the armature core 
there is necessarily a long air space between the 
core and the magnet poles. This air space adds to 
the resistance of the magnetic circuit, and requires 
a large number of amp¢re-turns in the magnet coils 
to bring the magnetisation up to the required 
amount. But with the air space reduced to a mere 
mechanical clearance, this source of loss almost dis- 
appears, and the dynamo approximates to the 
transformer in the economy of its operation. It is 
hoped that in this way the cost of construction will 
be lessened, and that it will be possible to construct 
machines that will be cheap, and at the same time 
have a very strong form of armature. Whether 
they will have any winding on the magnets remains 
to be seen, at least in the forms corresponding to 
the present series machine, but in any case the 
number of turns will be few, and the size of the 
magnets small. The capacity of the new machines 
is regulated solely by the heating of the armature, 
and not at all by the sparking. 

A small machine and a 40-unit armature, made 
by Messrs. Mavor and Coulson, Glasgow, on Mr. 
Sayers’ principle, were shown during the reading 
of the paper and the discussion. 


THE NEW ROUTE TO THE 
CONTINENT. 


ON Saturday last a new means of access to the 
Continent was opened to the English traveller, or 
rather the step preliminary to the opening of the 
route was undertaken. This consisted of a trial 
trip of the s.s. Chelmsford, which has been built to 
the order of the Great Eastern Railway Company, 
by Karle’s Shipbuilding and Engineering Company, 
of Hull. The vessel herself we shall describe later 
on ; in the meantime we may say something about 
the route itself. The Hook of Holland is a sandy 
spit at the mouth of the Maas, and here have been 
constructed a new quay and railway station, both 
of the most modern type, with all conveniences for 
travellers, who may pass direct from the steamer to 
the train. In this way a considerable voyage up 
the river to Rotterdam is avoided; the distance 
being covered, instead, by the more speedy train 
service. To those travellers on business bent, to 
whom time may be of importance, this is an un- 
doubted advantage, but a passing feeling of regret 
may be expressed at the loss of the pleasant voyage 
over the inland water of the Maas, with its 
characteristic Dutch craft, and the water approach 
to the picturesque town of Rotterdam. However, 
the saving in time is what all will appreciate in 
these days of hurry, and undoubtedly this will 
be secured by the new route which was to be 
opened yesterday. Saturday’s picnic—for the 
proceedings were more of the nature of a festival 
than an ordinary trial trip—commenced by the 
running from Liverpool- street to Harwich, by 
special train, of a number of gentlemen interested 
in foreign travel. The train consisted of four first- 
class new saloons, excellently appointed, and was 
drawn by one of the locomotives which have been 
fitted with Mr, Holden’s arrangement for burning 
liquid fuel ; a device known to the majority of our 
readers, and which has proved so successful on 
this line. 

Arrived at the new Harwich Station, which the 
Great Eastern Company has built at Parkeston 
Quay, the guests of the company at once proceeded 
on board the Chelmsford, which forthwith steamed 
out tosea. On clearing the harbour full speed was 
put on, and the power of the vessel was shown by 
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the fact that she ran at her trial trip speed of 
18.2 knots, out to the Shipwash Lightship. The 
running was continued for some distance further, 
about 70 miles in all being covered. 

The Chelmsford is a twin-screw steamer of steel, 
and is built of special strength for the Continental 
service. She is 300 ft. long, 34 ft. 6 in. beam, 16 ft. 
depth of hold, and has two entire laid decks and 
part awning deck. There is passenger accommo- 
dation in the midship portion of the vessel for 230 
first-class passengers, and aft for 68 second-class 
passengers. The saloons for these are fitted up in 
maple and satinwood and light oak. In the berth 
accommodation every attention has been paid to 
the comfort and convenience of the passengers, 
and there are lavatories fitted with all the latest 
appliances. The large number of private cabins, 
suitable for two persons, is a good point in the 
design. There are also fittings for horses in the 
*tween-decks forward and aft. The special feature 
in the design of the ship is the ventilation, which 
is ona most complete plan, the foul air being ex- 
hausted from the cabins and below by means of 
fans worked in the engine-room. There are eight 
watertight compartments, and there are also eight 
boats, six being lifeboats ; indeed, the life-saving 
appliances are far in excess of Board of Trade re- 
quirements. The Chelmsford is fitted with a com- 
plete installation of electric light, even to masthead 
and side lights. She is schooner-rigged, with two 
pole masts, and has good appliances for the rapid 
handling of cargo. A notable feature in the ship is 
her great steadiness and the absence of vibration. 
Standing right aft, the movement of the machinery 
or pulsations of the screws is perceptible, but no 
more. Certainly one can sit on the vessel’s counter 
without annoyance from this cause ; in fact, we 
have seldom been on board a high-powered vessel 
in which the absence of vibration was so marked. 

The vessel is fitted with twin-screw, triple- 
compound, inverted-cylinder engines, which have 
been designed by Mr. H. A. Seaton, the managing 
director of EHarle’s Shipbuilding Company. The 
engines are placed abreast of one another in the 
engine-room, and the cylinders are inclined towards 
the centre line of the ship. They are placed on 
extra strong seatings, and are well tied together, to 
prevent the vibration which is too often noticeable 
in ships of this class with fast-running machinery. 
The cylinders are supported at the back by cast- 
iron columns, which carry the guides, and on the 
front side by round wrought-iron columns turned 
bright. The condensers are cylindrical, with 
wrought-iron bodies fitted with cast-iron water- 
ways, and are placed in the wings of the engine- 
room, They are connected to the low-pressure 
cylinders by copper eduction pipes. The air-pumps 
are of gun-metal, and are worked off the low-pressure 
piston-rod crosshead, and discharge into feed-tanks 
placed under the condensers on each side of the 
engine-room. There are no feed or bilge pumps 
worked direct from the main engines ; the boilers 
being fed by two powerful horizontal duplex pump- 
ing engines of the Worthington type, either of 
whichis capable of feeding the whole of the boilers 
through its own range of pipes and check-valves 
when the engines are working at full speed ; these 
pumps draw from the feed tanks, alongside of 
which they are fitted in the engine-room, and are 
controlled by automatic float gear. 

Two large vertical duplex pumps, also of the 
Worthington type, are fitted for pumping out the 
bilges, ballast tanks, sanitary tanks, &c., and for 
use as fire pumps, washing decks, &c., through the 
fire-service pipe fitted along the upper deck. Water 
is circulated through the condensers by two 12-in. 
centrifugal pumps which are connected across the 
ship, so that in the event of one breaking down the 
other could be worked on to both condensers at the 
same time ; these pumps also draw from the bilges 
and discharge overboard. The remaining auxiliary 
machinery consists of an evaporator for producing 
fresh water for the boilers ; a feed heater ; two fans, 
driven by independent engines, for ventilating the 
cabins ; a pulsometer for supplying water to 
the sanitary tanks; a direct-coupled engine and 
dynamo ; steam steering engine, and two forced- 
draught fans. In addition to these, three winches 
are fitted on the upper deck, and a steam capstan. 
Steam is supplied: to the main engines by five 
single-ended, three-furnaced, return-tube boilers 
placed in groups of two and three in two boiler- 
rooms separated by a watertight bulkhead. These 
boiler-rooms can be closed, and the boilers worked 
under a moderate forced draught when desired, but 


the ventilation is so efficient that it is not thought 
that it will be necessary to run the fans except 
under very exceptional circumstances. The boilers 
are of steel, and work at a pressure of 160 lb. per 
square inch. In addition to the main boilers, a 
donkey boiler working at 90 lb. per square inch is 
fitted, from which the winches and all the auxiliary 
machinery in the ship may be driven. The steam 
and feed pipes are of wrought iron, and are so 
arranged that the boilers can be worked in groups, 
and each group with its pipes and connections shut 
off entirely from the others in the event of any 
mishap to either of them. 

The following are the principal dimensions of the 
engines : 


61 in. in diam. ; 


stroke, 3 ft. 
8 ft 


26in., 39$in., and 
Cylinders 


Connecting-rod centres a fbn 
62 in. in diam. 


Piston-rod on 4 ute an Ole 

Crankshaft . 112 in. in diam. 

Ai 27 in. in diam. by 
Lure 13 in. stroke. 


Yooling surface... . 6200sq. ft., total. 


Boil 14 ft, 3 in. in diam, 
ollers .. Seo ate by 11 ft. 6 in. long, 
Grate area . 357.5 sq. ft., total. 


Heating surface : ie 11,450 sq. ft., total. 


The ship was taken into ‘the North Sea last 
month for her official trials, and the following are 
the mean results of a run of 1093 knots : 

6 hrs. 1 min. 

18.2 knots (by patent 

log, 19.11). 

130.13 starboard. 
130.6 port. 
27.24 starboard. 
27.3 port. 

2242.5 starboard. 
2154.9 port. 


4307 a combined. 
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The fact that the contractors’ trial trip speed was 
exactly attained on Saturday’srun, when no special 
precautions were taken to get an extreme result, 
speaks well for the continuous and steady steaming 
of the vessel. 

From yesterday the Chelmsford, the Colchester, 
and the Cambridge will perform the new service 
daily between Harwich and the Hook. ‘The boat 
expresses leave Liverpool-street at 8 P.m., whilst 
passengers from the North will leave York at 3.40 
P.M. The train from York consists of a first-class 
dining-car and first and third class corridor car- 
riages with lavatory accommodation. The steamers 
leave Harwich after the arrival of the trains at 
9.45, and reach the Hook of Holland the following 
morning a little before six o’clock. From thence 
the various railway routes of the Continent are 
open. To the principal Dutch cities the time 
occupied by this line istheshortest, and the fares are, 
we understand, the cheapest of all first-class routes 
to Germany. For instance, a first-class return 
ticket from London to Berlin by this route is 
5l. 16s. 2d., whilst by Dover and Calais the cost is 
91. 14s. Again, from London to Cologne and back 
by the Harwich route, second-class is 2/. 4s. 9d., 
whilst by Dover and Calais it is 3/. 17s. The fares 
by Queenboroughand Flushing or Dover and Ostend 
are intermediate between those of the Harwich 
and the Dover-Calais routes ; the newservice is there- 
fore the cheapest ; and certainly, so far as the train 
appointments on the Great Eastern line and the 
boat accommodation is concerned, there can be little 
to desire, judging by Saturday’s experience. The 
Great Hastern Railway have now six twin-screw 
passenger steamers. The Colchester and the Cam- 
bridge, which share the traffic on the new route 
with the Chelmsford, are each 20 ft. shorter than 
the latter vessel. They are of considerably less 
power, and therefore slower—about two knots, we 
believe. This will necessitate the Chelmsford 
being run below her maximum speed in order that 
her trips may synchronise with the other vessels ; 
but we understand it is in contemplation to build 
two more Chelmsfords, and the cross-Channel 
run will then be considerably shortened ; probably 
about two hours. 

It is interesting to note how the efforts of this 
company to provide good accommodation for the 
travelling public have met with recognition. In 
1880 the company’s boats carried 17,434 pas- 
sengers ; last year there were 82,666 persons who 
crossed in the vessels of the Great Eastern Com- 
pany’s fleet. It is only under thoroughly com-. 
petent management that this great advance could 


Time between marks ... 
Speed 


Revolutions per minute 


Vacuum ... 


~ 
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sewer : 


Indicated horse-power 


Steam pressure in boilers 


be possible. When one remembers the noble old 
‘‘ water-bruisers” that used to carry one to and 
from the Dutch ports in the early days—short- 
bowed paddle craft with the general-utility saloon 
where passengers stowed cargo in fair weather, or 
discharged it with equal impartiality in foul—it igs 
no wonder the traffic goes up under the attractions 
such model ocean-liners as the Chelms- 
ford and her sister ships that are to come. Ex. 
pedition has also told its tale in regard to goods — 
traffic, and here we have not only the speed of the 
ship itself, but the improved methods of handling 
cargo; a most important matter with the large 
quantity of perishable goods such as are sent to u 
from the Low Countries. According to the official 
returns, 48,753 tons of goods were carried in the — 
company’s boats in 1880; last year the quantity was 
193,187 tons. We forget exactly how manythou- 
sand tons of eggs are carried over this route yearly, — 
but the number is enormous, So quickly, how- — 
ever, are they transported under the improved 
organisation of the Great Hastern Company, that es 
the name of ‘‘ shop ’un ” has ceased to be a terror _ 
to the breakfast-table ; and, indeed, large numbers _ 
of eggs, due to the industry of Continental heng _ 
are now brought vid Harwich and sold by dairy- 
men as ‘‘ new-laid ;”’ as, indeed, they are. 


THE BRITISH SECTION AT CHICAGO 
Cuicaco, May 15, 1893. — 

THE London papers just to hand in Chicago, con. 
taining long telegraphic accounts of the opening 
ceremonies of May 1, are largely filled with eulo 
gistic notices of the British Section, and of the 
energy displayed by the paid officials in the service 
of the Royal Commission. We wish it to be quite _ 
clearly understood that the executive staff hay 
done its duty, and on the opening day the British _ 
Section was in as good order as any other ; but to 
boast of its superior readiness was to boast of tha 
which was not, as is fully testified, at this date 
of writing, by the lamentable appearance of the 
British Section in the Machinery Hall, the empty _ 
spaces in which Mr. Robinson, the chief of that 
building, vows he will foreclose if something is not 
speedily done. It is proved by the rubbish heap 
in the Electricity Building, on which the exhibit 
from the General Post Office is to stand some day ; 
by the gaps in the Mining Building, and by the 
ominous spaces in the upper galleries of the Manu- 
factures Building. To-day, two weeks after the 
opening, the floor spaces in the British Section of 
the Manufactures and in the Transportation 
Exhibits Building are only just, if indeed quite, 
complete ; the Fine Arts Gallery, which has been 
solely in charge of Mr. Beck, has always been well 
forward ; the other buildings do not count, for our 
exhibits in them are not worth notice. With our 
550 industrial exhibits we were about as forward on 
May 1 as was Germany with her 5000, and we can- 
not too strongly condemn the practice of special 
correspondents to English newspapers, assuming 
for granted all the information that may be given 
to them, without taking the trouble to satisfy them- 
selves as to its correctness. This, however, is a 
small evil compared with the very grave fault of 
trying to persuade the English reader at home that 
we are well, or even decently, represented by our 
industries at the Columbian Exposition ; we are 
not; and we say it advisedly, that, but for the two 
sections of Fine Arts and Transportation, it would 
have been more to the benefit and credit of the 
country if we had refrained from making a 
display which, if it does not disgrace, at least 
discredits our industrial power. There are plenty 
of commercial rivals and enemies to England — 
at this Exhibition, who do not hesitate already 
to take advantage of British apathy ; there is dis 
may among the colonies at the poor part taken by 
the mother country ; there is triumph, and well- — 
founded triumph, in Germany, who will, asa reward 
for her magnificent enterprise, wrestfrom usthetrade — 
we seem too indifferent to preserve. Allthesethbings 
are bad enough; one would think they couldnot 
be worse. But it is infinitely worse to find re- — 
sponsible newspapers in England throwing dust 
in the eyes of the countrymen they are supposed — 
to instruct and guide, and so helping them a step — 
farther towards their own commercial defeat. Of 
course the deception cannot be maintained, for 
truth will and must prevail ; indeed, already some 
of the writers of these pleasant untruths about 
England are awakening to facts, having used their 
own eyes and their own judgment at last ; but, aswe 
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have said already, much mischief will have been 
wrought, for disillusion is always difficult, and 
doubly difficult when unpleasant facts attend 
awakening. Is not the British catalogue itself 
sufficient evidence of our wholly unrepresentative 
participation? If our manufacturers are satisfied 
with their abstention, and consider that it has been 
more profitable to have stayed away, while Ger- 
many came forward to contest our most profitable 
field of foreign trade in full force, well and good, 
but do not let us pretend that we have made a good 
showing, which we have not. To do so is as false 
and as silly as to say that the whole of the British 
Section, poor as it is, was, as usual, in complete 
order on May 1. 

It is well to bear the following facts in mind : 
There are in Chicago 300,000 persons, more or less, 
of German origin or with German sympathies: 
they are filled with pride, and justly so, at what 
the Fatherland has done. They are filled, too, with 
astonishment at what the country of their birth 
can now do in the way of profitable trade with the 
country of their adoption. Patriotism and self- 
interest both run together to encourage them in 
the not difficult task (with the overwhelming proofs 
at Jackson Park before the world) of directing the 
flood of foreign trade through German channels. 
They have the material ready to their hand for prov- 
ing how much benefit will arise in the future by dis- 
carding British manufacturers in favour of those 
of Germany. Take another point of view. There 
are 300,000 Irishmen in Chicago, more than less, 
and few among them did not see with pleasure the 
Stars and Stripes floating side by side with the so- 
called flag of Ireland, to the exclusion of British 
colours, over one of the chief exhibits in the Mid- 
way Plaisance on May 1. Those who are not 
hostile are at least indifferent, so that among these 
two great sections of the population of Chicago, the 
inadequate display of England is a source of satisfac- 
tion or unconcern, as the case may be. 

As for the manufacturers and merchants of the 
United States, whose somewhat premature ambi- 
tion it is to lead the foreign trade of the world, 
they regard with satisfaction the poor figure we 
make among the nations, for our neglect is their 
opportunity, which will bring them many steps 
nearer the goal towards which they are straining, 
and will reach one day, no doubt. 

These things are facts, patent to all who do not 
wilfully close their eyes; it is too late now for 
England to take her proper place at the World’s 
Fair, but it is not too late to profit by the lesson 
this neglect of opportunities should teach. If the 
position is taken that our manufacturers do not 
find profit in Exhibitions, well and good : those few 
industrials who think otherwise, and do come for- 
ward, should be doubly welcome. But to parade 
this handful, as efforts are made to do, as a good 
representation of British manufacturing power, is a 
mischievous thing to do. Itis a deception, and 
though we know that deception always, sooner or 
later, brings with it full retribution, whether on 
communities or individuals, the great trouble of 
misrepresentation is that the public is misguided 
and led into false impressions of security, when it 
should be placed in possession of actual facts. 


A WALK THROUGH MACHINERY 
HALL. 
Cuicaco, May 11, 1893. 
ty the north-west corner of Machinery Hall the 
offices of the Exposition Engineering Staff are 
situated, and from these Chief Engineer Robinson 
(U.S.N.) has been doing his best to hurry along the 
work, and to arrange matters for the exhibitors 
with the administrative officers, and this we can 
see has been no light task. From the oflice we step 
down into the British section, and find it at the 
present time mostly vacant lots. It is really too 
bad that the English exhibitors should be so far be- 
hind with their work ; and even when all is in place 
the show will be but a sorry one. The following 
are some of the representative firms who have their 
things in place : 

Great Britain: Messrs. Galloways, Limited, 
Manchester, are driving a line shaft with one of 
their superposed compound condensing engines of 
450 horse-power, driving with twelve 1#-in. ropes 
to a countershaft, and from this to the line shaft 
with a 36-in. ‘‘ Rossendale” belt ; strange to say, 
with all the thousands of horse-power in the Ex- 
position, this is the only example of rope trans- 
mission we can find. Adjoining this engine Messrs. 


R. Hornsby and Sons, Limited, Grantham, are 
fixing their ‘‘ Hornsby-Akroyd”’ oil engine, and 
will soon be ready for work. Messrs. J. Baker 
and Sons, London, were hard at work on a nice 
little exhibit of oil and gas engines, the marine 
type triple-cylinder oil engine being quite a new 
departure. Messrs. Thomas Stevens and Thomas 
Wilkinson, Coventry, are ready to start their 
looms for fancy figure work. Messrs. Joseph 
Baker and Sons also have a large space, with their 
bread and confectionery machinery scattered 
around init; they will give a practical demonstra- 
tion of the work their machines will do, and their 
exhibit will, no doubt, attract much attention. 

We then wander over a vast amount of empty 
space, passing small exhibits by Mr. Thomas 
Fawcett, Leeds, of brick presses; Messrs. Crees 
and Co., Devizes, of dish-washing machines ; Mr. 
W. H. Grant, Coventry, looms; Messrs. Messer 
and Thorpe, London, of cases for holding fire 
buckets; and at last arrive at Messrs. Platt 
Brothers’ exhibit, the only one worthy of our 
country and the largest of the kind here; it is 
quite completed, and really makes a magnificent 
display. We see their bale breaker, feeder, ex- 
hauster, scutcher, carding engines, drawing frame, 
and lap and combing machines—in fact, a complete 
cotton-spinning plant. Near by, Messrs. B. and 8. 
Massey, Manchester, have a steam hammer, and 
Messrs. Peter Wright and Sons a trophy of their 
celebrated anvils. This list, we are sorry to say, 
includes about all we could find in our section. 

The Canadian section adjoins that of Great 
Britain, and comprises some very good machine 
tools and wood-working machinery. Stevens, 
Hamilton, and Co., Galt, Ont., and John Bertram 
and Sons, Dundas, each have a fine lot of well- 
designed tools; and Macgregor, Gourlay, and Co., 
Galt, show wood-working plant. J.C. Wilson and 
Co. have some of their ‘‘Little Giant” turbines 
lying around, and will soon get them in place, and 
the Brussels Steam Fire-engine Works a silver- 
plated example of their fire-engine. 

Belgium is represented by two or three firms 
who have arranged some rather poor trophies of 
rolled joists, angles, shapes, carwheels, and buffers ; 
they have yet quite a little space to fill. We 
look in vain for the French, Russian, and Aus- 
trian sections. We then find ourselves at the 
German section, and Germany is to be congratulated 
on its magnificent lay-out and the very forward 
condition it is in; almost without exception, the 
exhibits are fixed and ready for running. The 
Germans have quite filled the space allotted to 
them, and Chief Engineer Robinson tells us they 
are bothering him for more, and that unless 
English firms hurry up, he will give their space 
to the Germans. The Braunschweiger Maschinen- 
hanaustalt have a very complete sugar plant 
tastefully arranged; G. Luther, Brunswick, mill- 
ing machinery; Henri Ehrhardt, Dusseldorf, a 
variety of saws for sawing sheet iron and steel ; 
one a very ingenious tool for cutting out manholes, 
or, in fact, any shape required. Then we come 
to the largest exhibit in this section—that of 
Ernest Kirchner and Co., Leipzic; it is the 
most complete collection of wood-working machi- 
nery on the ground—in fact, ever put together ; 
from a large band-saw log mill—which, by 
the way, is of excellent design—and vertical log 
frame, down to the smallest carving machine, they 
are certainly carrying the war into the enemy’s 
camp with a vengeance. We heard an American 
manufacturer say, ‘‘Great Scott! they have 
beaten all our men, and have tools finer than any 
I have ever seen. I didn’t think Germany could 
give us points in building this class of machinery.” 
Near here is a good example of the marine 
type engine, built by FF. Schichau, Elbing, 
coupled direct to a 1000 horse-power Siemens- 
Halske direct-current dynamo. It was a surprise 
to find the only large display of ‘‘Otto” gas 
engines made by the Gasmotern Fabrik, Deutz, 
Cologne-Deutz ; they have quite a number of 
gas and oil engines of all sizes, the general out- 
line and design being quite different from those 
made by Crossley Brothers. 

The English display of cotton machinery by 
Platt Brothers is run very close by Ernest 
Gessner, Ane, Saxony, who has a superb exhibit 
of textile machinery of all kinds, and evidently 
intends to make a big bid for the American 
market ; right opposite, Werner and Pfleiderer, 
Cronstadt, are ready with their kneading and mix- 
ing machinery, and they have the largest show of 


this kind we have ever seen. Oswald Hoffman 
has a new yarn reel with safety attachment that 
will be sure to attract attention; of course, we find 
some very good examples of the well-known semi- 
portable engines made by R. Wolf, Magdeburg- 
Buckau. 

As for the American exhibitors, they are greatly 
behind in the fixing of their exhibits, almost as 
much as the English. We had been warned before- 
hand that we should miss many of our old friends, but 
did not expect that amongst the absentees would 
be such firms as William Sellers, Bement Miles 
and Co., J. P. Morris, and Watson and Stillman ; 
we understand the authorities are to blame for this. 
All the same, we find quite enough to interest us, 
much more than we can hope to mention here in 
this hurried glance through. After all they have 
done, Manning, Maxwell, and Moore may well head 
the list as the Pond Machine Tool Company. They 
are fixing up fine examples of wheel lathes, a special 
machine for steel tyres, lathes, planers, &c. ; be- 
sides this they have fitted out the large machine 
shop for the Exposition, and there have a complete 
plant and one of their 10-ton Shaw electric travel- 
ling cranes. Adjoining the power plant we notice 
that R. D. Wood and Co., Philadelphia, have 
made a big show. Their large space is spanned by 
one of their patent hydraulic travelling cranes 
to lift 7 tons, and below this is arranged a very 
complete plant, consisting of pumps, accumulator, 
intensifier, plate-closing riveter, punch and shears, 
portable riveters and cranes, the only tools of this 
kind we have yet come across ; hydrants, valves, 
and cast-iron pipes in great numbers—one being 
6 ft. in diameter, arranged so that the crowd 
can pass through—Taylor revolving bottom gas 
producer, Mitchell scrubber, and a bench of retorts 
with Malton’s patent self-sealing mouthpieces ; in 
fact, one of the most interesting collections in the 
place. 

Passing on, we find all kinds of wood-working 
machinery made by Fay and Co., the Egan Company, 
Cincinnati, the 8. A. Woods Machine Company, 
Boston, and others. There are a great number of 
machines shown, but we did not see anything new. 
The Stearn’s Manufacturing Company, Hrie, will be 
fixing one of their ‘‘ Ideal” band-saw mills, and EK. 
and B. Holmes, Buftalo, are working their well- 
known barrel, keg, and stave machinery. Beyond 
this EK. W. Bliss and Co. will have an exhibi- 
tion in itself of their beautifully finished toggle 
presses for all kinds of work, from the 150-ton 
press down to the one for buttons; when 
finished off they will make a very imposing 
collection. Hill, Clarke, and Co., Boston, have a 
great variety of small machine tools all fixed 
and ready; the Niles Tool Works a lot of 
heavy pieces lying around, but they have not yet 
taken shape; adjoining this the frames of some 
large punching and shearing machines, &c., are in 
place, the Hilles and Jones Company being re- 
sponsible for them. The Reeves Pulley Company 
are pushing wood pulleys ; they have one 18 ft. in 
diameter by 4 ft. face, which attracts a good deal 
of attention ; adjoining this Riehle Brothers have 
a variety of testing machines, from wire testing up 
to the 300,000 lb. beam machine. Walter Scott 
and Co., Plainfield, N.J., are working their litho- 
graphic distribution presses, and also some massive 
printing and folding machines. R. Hoe and Co., 
New York, G. Potter, Jun., and Co., and the 
Goss Printing Press Company, each have a number 
of very large machines. T. W. and C. B. Sheridan 
are pressing out wooden medals illustrating the 
Machinery Hall, and show presses of different 
kinds, book-binding machines, and a 63-in. cutter. 
Opposite, the De la Vergne Refrigerator Company’s 
150-ton cold air machine stands magnificently 
forth ; a little further on we hear the clanging of 
the looms and think we are in Yorkshire, but they 
are all of American manufacture, the Knowles 
Loom Works; Crompton, of Worcester, Mass. ; the 
Lowell Machine Shop, and others, having made 
them. 

Detrick and Harvey, Baltimore, bent on some- 
thing new, have brought out a planing machine—a 
combination of the ordinary type with the side 
planer, and one well worthy of attention. Of course, 
the duplex pump is here in all its glory, and some 
few new departures have been made by the western 
firms. Henry Worthington and Co. have them in 
dozens, and of all kinds, sorts, and sizes, many 
forming a part of the power plant. The George 
F. Blake Company come in a good second as far 
as numbers are concerned, and their designs are 
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certainly very attractive, and look more solid than 
some wesee. Of the newer firms the Miller Steam 
Pump Company ; A. S. Cameron, New York; Buf- 
falo Steam Pump Company; Dean Steam Pump 
Company; Laidlaw and Dunn; and Smith and 
Vaile, and many others, have novelties to show their 
friends. The Norwalk Iron Works have had their 
air compressors working continuously for some 
time, as part of the great sewerage plant for the 
Exposition ; they attract a considerable amount of 
attention. 

In another direction turret lathes predomi- 
nate; those of Jones and Sampson, Springfield, 
Vt., have many admirers, their Harkness patent 
flat lathe doing a greater variety of work with 
fewer changes than any we ever saw. The Gisbott 
Machine Company also show theirs to good effect, 
as do other firms. Hidden away in a little corner, 
the National Meter Company are running some 
little gas engines and pumps; these are full of 
novelties, the engine being quite new and explod- 
ing every revolution. The Fords Manufacturing 
Company, Springfield, Ohio, show scientific crushers 
and mining machinery generally. Next to them is 
K. P. Allis’s palace, filled with all kinds of mill 
machinery, one being Gray’s patent flour dresser ; 
the Nordyke and Marmon Company and Barnard 
and Lees are in the same line of business, W. H. 
Butterworth and Sons, Philadelphia (a good old 
English firm, surely), are tempting the public with 
their tentering and drying machine, calendering 
rolls, cylinder drying machine, and measuring and 
lapping machine. 

The Long and Allstaterer Company cater to boiler- 
makers, their large double-angle shear, on a revolv- 
ing base for turning the machine to the work, being 
a novelty; they also show a large multiple punch 
and some ordinary type punches and shears of large 
capacity. The Janecki Manufacturing Company 
make a great show of pipe screwing machines, one 
being for 12-in. pipe ; they have them arranged with 
electric motors driving direct. Beamen and Smith 
follow with milling machines ; and the National 
Machinery Company with nut and bolt machines, 
one tapping machine, with twelve taps, being very 
fine. The Niagara Stamping Company have some 
well-designed presses, circular shears, and a 10-ft. 
shear for metal, with a genial Yorkshireman in 
charge. We shall most certainly call again on the 
Morton Manufacturing Company to see their key- 
seating machines at work. We then hurriedly pass 
Lodge and Davis’s machine tools, and the Ferra- 
chute Manufacturing Company’s presses, and arrive 
at the paper machinery, the Beloit Iron Works and 
the Downington Manufacturing Company being 
the only names we could find in the department. 
Henry Disston, Philadelphia, with saws of all de- 
scriptions ; the Chapman Valve Company, Crosby 
Steam Gauge Company, and hundreds of others 
have things to tempt us with, but we reluctantly 
have to pass them by. Even now we have not 
mentioned the enormous power plant, which is also 
in Machinery Hall ; this we hope to do soon. We 
are now praying for the intramural railway to 
take us from one part of the grounds to the other ; 
it is almost a day’s journey across. 


NOTES. 
Tue Insvrrution or NavaL ARCHITECTS. 

THE summer meeting of the Institution of Naval 
Architects promises to be of more than ordinary 
interest this year, a very attractive programme 
having been arranged. The meeting will com- 
mence at Cardiff on Tuesday, July 11, and will 
last over the three following days. Lord Brassey, 
the President of the Institution, will occupy the 
chair during the sittings. A preliminary pro- 
gramme has been issued, and a large number of 
members have already signified their intention of 
being present. A strong local reception com- 
mittee has been formed, representing the Corpora- 
tion of Cardiff, the Chamber of Commerce, the 
Shipowners’ Association, and the Docks. Amongst 
other features of the programme may be mentioned 
an excursion which will be made to Caerphilly, 
where the Marquis of Bute will entertain the 
members at luncheon in the ancient banquet- 
ting hall of Caerphilly Castle; and it is ex- 
pected that Lord Windsor will give an even- 
ing entertainment at Penarth. Visits will be 
paid to the various places of interest in the neigh- 
bourhood. The Chamber of Commerce and the 
Shipowners’ Association have arranged an excursion 


by sea to Ilfracombe on the last day of the meeting. 
Papers are to be read by Messrs. Martell, Elgar, 
Milton, Blechynden, J. D. Ellis (J. Brown and Co , 
Sheffield), and A. K. Hamilton. The secretary of 
the Institution, Mr. G. Holmes, has made several 
visits to Cardiff, and members who attend may 
confidently expect that all arrangements will be 
made in accordance with the usual custom of this 
well-managed society. 


Current Direction IN ARMATURES. 

Of the practical rules for determining at a glance 
the direction of the current in the armature of a 
dynamo, those of Dr. J. A. Fleming and Dr. A. 
von Waltenhofen are more widely known. The 
latter was explained in the ‘‘ Zeitschrift fiir Electro- 
technik,” 1887, page 263. Ina paper brought before 
the Electrotechnical Society of Vienna, Mr. H. 
Kratzert now gives another rule which he has found 
simple and practical, both when engaged in the 
construction of dynamos and when lecturing to his 


students. Mr. Kratzert’s version is simply this: 
Fug. if Fug. 2 
ilatH,, yaa | 1 Ls | 


‘‘Tf the armature turns to the left, the magnetic 
lines and the current in the front face of the arma- 
ture will flow in the same direction ; if to the right, 
the magnetic lines and the current will flow in 
opposite directions.” The diagrams illustrate the 
rule, Figs. 1 and 2 for two-pole pieces, the upper 
one having north polarity. The rule would, of 
course, hold if the south pole were above, and if 
we looked at the other face of the armature from 
behind. Fig. 3 exemplifies the rule for a four-pole 
dynamo, and Fig. 4 for a three-phase machine. 


A New Dry CEL. 

In an article recently published in the Journal of 
the Franklin Institute, Mr. E. F. Northrup describes 
anew dry cell for testing purposes, now being sup- 
plied by Messrs. Queen and Co., of Philadelphia. 
The cells consist of glass specimen tubes 2? in. long 
and ~ in. in diameter, giving an average electro- 
motive force of 1.4 volts, with an internal re- 
sistance of 25 to 30 ohms when new, but the resist- 
ance decreases with use. The electrodes are zinc and 
carbon. The carbon element is of a somewhat 
peculiar form, and rests at the bottom of the cell 
in a mass of I, 8,, which acts as a very efficient 
depolariser. The electrolyte is a paste of Al C], 
+2n O+Mn O,+H,0, and the cell is sealed at the 
top, with a viscous seal of guttapercha, pitch, and 
resin oil, capped by a second ‘seal of plaster-of- 
paris. The depolariser is insoluble in water, and 
is put both above and below the carbon electrode. 
By the action of the cell a little zine iodide is 
formed, which renders the iodine in the depolariser 
slightly soluble. The porous carbon is then able 
to suck this iodine up by capillary attraction, and 
is thus kept perfectly depolarised at its exposed 
ends. The electrolyte, having the composition 
already given above, is a smooth gelatinous paste, 
and can be made of any desired consistency. It 
has the important property of neutralising the 
hydriodic acid formed in the cell, so that the bat- 
teries are free from gassing and are not liable to 
explode. As compared with the silver chloride 
cells, the new cells have a higher electromotive 
force. As regards output, a silver chloride cell 
taking up four times as much space as the new 
cells, is said to have three times the output. An- 
other depolariser, which has given very good 
results, is a mixture of HgO and I, the iodine being 
slightly in excess. 


Tue New Nava Port av Lreav. 

There are two circumstances which make the 
place selected for the large Russian naval port 
specially suitable. The sea is nearly always open ; 
there is, at adistance of barely two miles from the 
sea, a lake, which forms a port, and which will 
be connected with the port proper. Quite a 
small town has sprung up in connection with 


the port now in the course of construction, at 
which no less than 10,000 men are employed in 
the summer time. The factories are also on a 
large scale, comprising large concrete factories 
and extensive engineering shops for repairs, &e, 
The equipment includes twelve locomotives, fif- 
teen steamers, and a great number of trucks, 
lighters, &c. The harbour piers are 30 ft. wide 
at the top, and are built of large blocks of con- 
crete. The two side piers, which are about two 
miles long, are built in an ornamental fashion, and 
the breakwater consists of rough concrete blocks, 
The two ends are constructed to serve as supports 
for the two lighthouses. The railways, built ex- 
clusively for the construction of the port, partly 
on the piers and partly on shore, have an aggregate 
length of about 40 miles. The work is in the hands 
of a large Petersburg firm of contractors, the same 
which built the so-called sea-canal in the Russian 
capital. The cost of the piers alone is fixed 
at 12 million roubles (some 1,800,000/.). The 
works are to be completed in the course of the 
present year. The two leading engineers are 
Finlanders, Messrs. Edelheim and Lebell. After 
the building of the piers, other work will be started : 
dredging and the construction of the canal to the 
lake, the deepening of the latter, and the building 
of large permanent engineering works, shipyards, 
docks, barracks, &c. It has not yet been decided 
over how many years the whole of the work is to 
extend. 


TRAFFIC IN THE SUEZ CANAL. 

A Government report has lately been issued giving 
a record of the traffic through the Suez Canal in 
past years, which shows that the number of vessels 
has tripled in eighteen years, and has about 
doubled in twelve years, while at the same time 
the average size of vessels has steadily increased, 
being now 2167 tons, so that the gross tonnage of 
the vessels using the canal has multiplied fivefold in 
eighteen years, and has much more than doubled 
in ten years. The traffic receipts have increased 
in about the same ratio as the number of vessels, 
having tripled in eighteen years, and about doubled 
in twelve years. The depression in the shipping 
trade during the past year isreflected inthe statistics, 
for there is a falling off in all figures, although the 
totals do not, as a rule, fall under those of two 
years ago. The remarkable progress, indicative 
of the immense utility of the canal, is therefore 
but checked. Last year 3559 vessels passed through 
the canal, against 4207 in 1891, and 3389 in 1890. 
The ratio of British vessels to the total shows 
a decrease. This is also the case in respect 
of tonnage, there being a decrease in net ton- 
nage from 78.60 per cent. in 1891 to 75.55 per 
cent. last year. The total gross tonnage was 
10,866,401 tons, against 12,217,986 tons in 1891, 
while the net tonnage shows a decrease of about a 
million tons. The’annual receipts are a few thousand 
pounds short of 3 millions, whereas in the previous 
year they were 34 millions. Last decade, however, 
the average was only about 23 millions. Of the net 
tonnage of vessels using the canal 93.5 per cent. 
were merchant vessels or mail steamers, the re- 
mainder being warships, &c. As to the number of 
passengers carried by the steamers, these also show a 
falling off, due to fewer homeward bound civilians, 
&ec., for fewer military men seem to have gone to 
the East, and more have returned. The homeward 
passengers were as 83 to 100 outward last year, 
while in the previous year they were 85 to 103, 
so that the total is about 4200 less, being 
183,912. The mean duration of the passage for 
all vessels navigating the canal shows a con- 
siderable decrease, from 23 hours 31 minutes in ~ 
1891 to 21 hours 16 minutes in 1892. In 1891 the 
percentage of vessels navigating by night was 88.2 
per cent., while in 1892 it rose to 90 per cent., the 
number being 3236 in 1892 as against 3711 in 1891. 
The increase in the size of the vessels means greater 
draught, and now vessels drawing 25 ft. 7 in. are 
allowed to pass through. Of these 32 passed 
through during the past year. The number of 
deep-draught steamers is smaller, suggestive of less 
freight, but they bear a larger proportion to the 
total than in previous years, for the vessels drawing — 
over 23 ft. make 26.69 per cent. of the total, against 
24.24 per cent. in the previous year. 


How To DEst¢n A Spewack SYSTEM. 

In a lecture delivered before the Rensselaer Poly- 
technic Institute by Mr. Rudolph Hering, M. Am. 
Soc. C.E., on ‘‘ How to Design a Sewage System, 
Mr. Hering stated that the chief point to be con- 
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sidered was the disposal of the sewage without caus- 

_ing offence. The first thing to be done was to remove 
the coarse matter by precipitation or mechanical 
straining, which facilitated the oxidation of the 
sewage. This oxidation might be effected by dilu 
ting the sewage with running water, but in such 
cases the stream into which the sewage was turned 
should have a summer flow of at least 150 to 200 
cubic feet of water per minute per 1000 persons. 
If the water was insuflicient, partial precipitation 
might be adopted, the best precipitants being milk 
of lime, or the salts of alumina and iron. Milk of 
lime was the cheapest, and threw down from half to 
two-thirds of the organic matter ; but the iron salts 
were themost efficient. Another methodof oxidising 
the sewage was intermittent filtration, which was 
the best process when suitable soil was at hand. By 
it all impurities could be removed from 20,000 to 
80,000 gallons (U.S.) per day by one acre of ground. 
After the discharge had been continued some hours, 
the ground should be allowed to rest a day or two. 
Frost had no bad effect on this system, which, at 
Pullman, Il., had worked satisfactorily at a tem- 
perature of 15 deg. F., and similar results had been 
obtained in Massachusetts. As regards the col- 
lection of sewage, the question as to the adoption 
of the combined or separate systems should be 
decided upon from the local conditions. In design- 
ing the sewers, the velocities should be equalised as 
much as possible, and sudden changes of grade 
avoided, or deposits would take place. The sewers 
should be laid in straight lines from manhole to 
manhole, and dead ends should be avoided by the 
adoption, where necessary, of flushing tanks. For 
economy of outlay, the sewage should be concen- 
trated as much as possible, and be gotten as quickly 
as possible into the large mains. Asregards the size 
of the sewers, the sewage to be led away might be 
taken as equal to the water supply, and about one- 
half the total quantity flowed offin sixto eight hours, 
and the sewers should be designed to carry off this 
when running half-full. The quantity of rain-water 
to be dealt with might be estimated by McMath’s 
formula. The velocity in the sewers should not be 
less than 2 ft. a second, which, indeed, was too 
low, and should be increased wherever possible. 
Sometimes, however, a velocity of 3 ft. a second 
was too costly. With intermittent flow, deposit 
would occur with a velocity of only 2 ft. a second, 
and hence in no case should it be as low as this in 
the case of small sewers. The maximum velocity 
permissible was limited by the quality of the 
material used ; 6 ft. per second could be adopted 
with first-class material, though with it great wear 
would occur if the sewage contained much grit. 
An 8-in. pipe was the smallest it was advisable to 
adopt. Junctions should be constructed so as to 
avoid eddying. The manholes should not be more 
than from 200 ft. to 500 ft. apart. 


THE LATE MR. HENRY LAIRD, OF 
BIRKENHEAD. 

CoLLEAGuEs in his profession, as well as his per- 
sonal friends, deeply regret the death of Mr. Henry 
Laird, of Birkenhead, for to a disposition which 
charmed all whom he met, he added an experience and 
love of research which eminently fitted him to help in 
the solution of the problems which beset the path of pro- 
gress. The regret, too, is intensified by the sudden- 
ness with which the result followed the first painful 
warning. A fortnight ago he was in London, dining 
with the Italian Minister and Dr. White, of the Ad- 
miralty ; on the 19th ult. he was encouraging the 
young men in his native town, as was his wont, by 
presiding at the meeting of the Birkenhead Science 
and Art Committee. On Monday, the 22nd, he 
became ill; pneumonia developed, and, despite all the 
efforts suggested by the highest medical skill, death 
came before the dawn on Friday, the 26th ult. He 
was but fifty-five years, having been born on May 21, 
1838, and was the fourth son of Mr. John Laird, 
whose efforts, seconded by those of his sons, raised 
Birkenhead to its present position of importance, 
and built up one of the leading marine works in 
the kingdom. The subject of our memoir received his 
early education at the Birkenhead school, and with 
the view to gaining experience, was sent afterwards 
to the South of France. His shipbuilding training, 
too, was commenced abroad—in the works of the 
Messageries Imperiales (now Maritimes), La Ciotat, 
near Toulon, and apart altogether from the advantage 
of the healthy discipline associated with work in a 
strange establishment, there was the benefit of study 
of French naval architecture, which in those days 
was more advanced, relatively to British practice, 
than is the case to-day ; of this we have evidence in the 
French vessels captured in war in the early decades of 


the century. The two years were thus profitably spent, 
and in 1857 ‘‘ Mr. Harry,” as he was known by the 
workmen, returned to Birkenhead with clear ideas as 
to the various forms of hull best suited for most condi- 
tions. At his father’s works there were abundant 
opportunities for completing education, for Mr. John 
Laird, afterwards member of Parliament, was one of 
the most progressive, as he was one of the most suc- 
cessful of builders. He not only built the first iron 
steamers for this country, but shipped, in 1834, to 
the Savannah River the first iron paddle steamer seen 
on American waters, while in the same year two boats 
were similarly sent to the River Euphrates, and a 
light-draught paddle-wheel sloop-cf-war (Nemesis) 
sailed round the Cape in 1840. She had only 7 ft. 
draught, but had two drop keels worked in trunks, an 
early adaptation of the centre-board, the object being 
of course to give her steadiness, and make her more 
weatherly when under canvas with her floats removed. 
Many such pioneers could be mentioned, as well as 
early warships, notably the world-famed Alabama. 
When Mr. Laird relinquished his position and the firm 
became Laird Brothers, there was every element pre- 
sent for further success. 

Mr. Henry Laird, soon after his return, held a high 
position amongst his compeers as a naval designer, 
and the firm contiued to manifest the same spirit of 
progress. Just as the father had been the first to 
adopt iron in the construction of vessels for ocean 
navigation, so the sons were among the first to use 
steel in 1858, and even then they experienced no diffi- 
culty in doing good work and obtaining suitable 
material. But it is curious to recall that they had 
to resort to the somewhat expensive process of order- 
ing the plates 3 in. longer than they were used, so as 
to admit of the piece being taken off and tested. Be- 
sides, they were the first to use entirely steel rivets. 
It is interesting now to note that they adopted Dr, 
Siemens’ plan of reducing the diameter of the rivets in 
proportion to the thickness of the plates, and made 
the spacing of the holes the same proportion to their 
diameters as it would beiniron. Experiments led 
them early to the opinion that the mere fact of the 
hot rivets being put into the punched holes was 
sufficient to anneal that portion of the steel which 
had been distressed by punching. In almost 
all types of steamers the firm have excelled, 
and particularly in the construction of warships 
of various types, not only for our own Navy, but 
for foreign navies, notably of South American 
republics, Many of their warships, too, have been 
seen in action. In the recent Chilian War, for instance, 
their two 203-knot torpedo gunboats fought with 
torpedoes and gave the world the first practical 
demonstration of this weapon of destruction, and, 
curiously enough, the attack of these vessels was 
directed at one point against a Birkenhead-built 
turret ship—the Huascar, built for Peru, but captured 
by Chili.* Quite lately, too, they have turned out 
two remarkable ironclads for the Argentine Govern- 
ment,t while for the British Navy the firm have at 
present the first-class battleship Royal Oak and two 
gunboats nearing completion. For the merchant 
service equal, if not greater, success has been attained 
with the Atlantic Liner Columbia, and several Channel 
steamers for the Holyhead and Kingstown mail 
service, the last constructed—the Ireland—attaining 
a speed of 22 knots, while mention may be made of 
the three vessels of the Lynx class and of the Ibex 
for the Channel Island service. In the credit asso- 
ciated with all these successes Mr. Henry Laird takes 
a large share. He worked steadily and most patiently 
and with marked success, 

Seldom did he appear in public. He became a 
member of the Institution of Naval Architects in 1874, 
and two years later was elected a member of Council. 
He also was a member of the Institution of Mechanical 
Hngineers, and in 1876 (four years after election) was 
made a member of Council. But while he readily 
gave his influence for the advancement of the interests 
of the Institutions and of engineering practice gene- 
rally, he never read any paper. Occasionally he 
spoke, and his remarks were always so practical and 
of such a nature as to create a wish that he would 
embody the results of his research and experience in 
more detailed and permanent form. But he was of a 
very retiring disposition, most unassuming; and in 
private a charming companion, His friends were there- 
fore numerous, and they share with his relatives regret 
at his untimely demise. 


Mexican Centrat Rartway.—The Mexican Central 
Railway Company is now working 18753 miles of line. 
The gross revenue acquired last year was 7,963,254 dols. 
The working expenses of the year were 5,001,787 dols. 
leaving the net earnings at 2,961,467 dols. The cor- 
responding net earnings in 1891 were 2,694,750 dols. 
At the close of 1892 the company owned 148 locomotives, 
123 passenger cars, 2671 freight cars, and 96 miscellaneous 
cars. 


* See ENGINEERING, vol. li., pages 586, 566, 652, and 
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STEAM DYNAMO TESTS. 

SomE very complete trials have recently been made 
at Thames Ditton of a large dynamo recently built by 
Messrs. J. H. Holmes and Co., of Newcastle, and 
which is driven by a Willans compound condensing 
engine. The dynamo in question is designed to give 
an output of 1025 ampéres at 125 volts, and to run 
at 350 revolutions per minute. The armature, which 
is of the drum type, weighs over 2 tons, and has 
acore built up of about 1700 thin Swedish char- 
coal iron discs, insulated from each other by specially 
thin parchment paper. The discs are mounted on a 
steel shaft, and are driven by a key running the 
entire length of the core; they are notched in such 
a way as to leave three ventilating spaces next the 
spindle. The bar conductors are built up of copper 
strips split and twisted to reduce the eddy 
currents, and are driven in a positive manner by 
drivers resting in channels at intervals round the peri- 
phery. Great care has been taken to keep the tem- 
perature of the machine down by using small current 
densities in the conductors, and by avoiding Foucault 
currents, as the machine is intended to run con- 
tinuously over very long periods of time. The field 
magnets are of annealed wrought iron, and are shunt- 
wound, the resistance of the coils being such that at 
full load about 15 ampéres flow through them, or less 
than 14 per cent. the current in the external circuit. 
The electrical efficiency of the machine is over 97 per 
cent., and the commercial efficiency is at 94 per cent. 
The first trial of the plant was made by Mr. F. V. 
Andersen on May 12, 1893, when an electrical horse- 
power was obtained for an expenditure of 21.66 lb. of 
steam. 

At tke trial made by Professor Kennedy on May 20, 
the machine was also run for six hours at full load, 
when an electrical horse-power was attained for an 
expenditure of 20.3 lb. of steam, the engines being 
worked as condensing engines. The rise of tempera- 
ture in the interior of the armature, in this case, was 
72 deg. Fahr. Further trials were also made at three- 
quarters, one-half, and one-quarter of the full load, 
and also running light, with the results shown in the 
annexed Table : 


Table yiving the Principal Results of Observations during 
the Experiments. 


| 
| 


| | b |, 3| 
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Full power ..| 190.2 1010.5 120.2 121.5 /162.8/ 339 /|14.0 13314 
Three- quarter | 
power .| 147.5 | 746.0) 120.5 90.0] 120.0] 334 |12.8 /2631 
Half-power ..| 108.8 | 523.5) 120.1 62.9] §3.9} 836.5|11.1/2048 
Quarter-power| 65.0 | 263.0/ 120.2 381.6] 42.1] 8338 |10.5'1384 
Excited seh eis ed | 120.0 a AG 3846 9.5| 722 
Light with dy- | 
namo ++! ee * oa 343 -. | 580 
Do. armature | 
uncoupled..| | an a me 340 | 524 


Tue Sugz Canau.—The transit revenue collected by the 
Suez Canal Company in April amounted to 255,600/., as 
compared with 294,0002. in April, 1892. The aggregate 
collection in the first four months of this year was 
976,243/., as compared with 1,117,652/. in the correspond- 
ing period of 1892. 


THe Exemprion or Macuinery rRoM Ratinc.—The 
annual meeting of the National Society for the Exemp- 
tion of Machinery from Rating was held on Tuesday 
afternoon at the Westminster Palace Hotel, Sir William 
Houldsworth, M.P., presiding. The report reviewed the 
legislative history of the movement, and, recalling with 
satisfaction the second reading of the Bill on March 18 
by 287 votes to 184, remarked that the delay in the enact- 
ment of the measure had had the unfortunate effect of 
emboldening certain assessment committees to seek to 
include machinery in the revaluation of their unions, and 
to tax it to a very considerable extent. The society had 
resisted attacks of this kind with very considerable suc- 
cess. The Chairman remarked that those who had taken 
an interest in the subject of the exemption of machinery 
from rating must be familiar with the main event 
which had taken place with regard to the Bill. He 
feared the prospects of carrying that measure were 
very dark indeed, especially during the present 
session, when the Government had taken up the time of 
the House, and private members’ Bills had little chance 
of making any progress. He proposed the adoption of 
the report. Mr. W. Mather, MP. seconded the motion, 
and stated that Mr. H. H. Fowler was very anxious to 
pass the Bill. If there was any possibility whatever of 
getting the Bill into committee the opportunity would be 
obtained by Mr. Fowler. He was not without hope that 
an afternoon might be devoted to the Bill, which might 
then be referred to the Grand Committee on Trade. Phe 
report was adopted. It was decided to alter the name of 
the association to the ‘‘ Machinery Users’ Association,” 
and to extend its objects. It was also resolved to press 
upon the President of the Local Government Board the 
urgent importance of securing legislative enactment for 
the objects of the association at an early date, 
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THE INSTITUTION OF CIVIL ENGINEERS. |DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
Aprit, 1893. 


Tue annual general meeting to consider the report of 
the outgoing Council, with the statement of accounts, and 
to elect the Council and officers for the ensuing session, 
was held on Tuesday, May 30, Mr. Harrison Hayter, the 
President, being in the chair. 

Before proceeding to the ordinary business, H.R.H. the 
Duke of York, K.G., was, on the nomination of the Presi- 
dent and Council, elected by acclamation an honorary 
member. 

The tabular statement of the transfers, elections, deaths, 
and resignations during the year showed an effective in- 
crease of 207 on the previous total of 5371—or at the rate 
of 3f per cent. per annum—while as regards the students 
the decrease was 49. The gross numbers on the books 
on March 31 in 1892 and in 1893 were 6239 and 6397 
respectively, 

The strict income had amounted to 20,854. 8s. 6d., an 
increase of nearly 800/. on the former year, to which had 
to be added 3980/. 0s. 6d. on account of capital, and 
442). 10s. 2d. for trust funds, bringing up'the total receipts 
to 25,2761. 19s. 2d. The general expenditure had been 
16,5271. 17s. 6d. (including 77500. for publications and for 
premiums under trust, 5227. 2s. 10d.), while there had 
been invested 82547. 12s, 2d. in British railway debenture 
stocks of the nominal value of 7000/. ; thus the total was 
25,304. 12s. 6d. The summary of investments showed 
that there stood to the credit of the Institution 111,400/., 
with trust funds of the par value of 15,606/. 0s. 10d., 
together 127,006/. Os. 10d. 

A review of the papers read at the ordinary meetings 
served to indicate the many branches of engineering 
which had been dealt with. Thus in the constructive 
branch four papers on the design, materials of construc- 
tion, and mode of execution of graving docks had been 
discussed together. There was also noticed an account 
of ‘‘The Foundations of the Two River Piers of the 
Tower Bridge.” In the Mechanical Section a monograph 
on further ‘* Steam Engine Trials” had been brought for- 
ward, while ‘‘The Manufacture of Small Arms” was 
treated in another communication ; and a third related to 
‘* Plant for Harbour and Sea Works.” The story of the 
voyage of the s.s, Umbria, in December last, was told in 
a brief narrative entitled ‘‘The Breakdown of the Um- 
bria.” ‘‘ Wreck Raising in the River Thames” formed 
the basis of a discussion on appliances for raising wrecks, 
especially in deep water. In Mining and Metallurgy some 
valuable contributions were received, including one on 
‘*Mining and Ore Treatmentat Broken Hill, N.S.W.,” 
and others on ‘‘ Smelting Processes for the Extraction of 
Silver and Gold from their Ores,” and ‘‘The Erection of 
Silver Lead Smelting Works in Mexico.” Electrical 
Engineering had not been neglected, for a detailed 
description had been given of the installation on ‘‘ The 
City and South London Railway,” and advantages had 
been claimed for ‘‘ Gas Power for Electric Lighting ” over 
the use of steam. 

For several of the foregoing papers premiums had been 
awarded to Messrs. P. W. Willans, Edw. Hopkinson, 
M. B. Jamieson, John Howell, John Rigby, G. E. W. 
Cruttwell, and Walter Pitt. 

The papers accepted for printing in Section II. of the 
Proceedings would be found to relate to works affecting 
the improvement of internal communication to river 
training works—to the reclamation of land and the pre- 
vention of floods. In the group including the design, 
construction, and adaptation of machinery there were 
noted papers on ‘‘A Method of Testing Engine Gover- 
nors,” ‘‘Radial Valve Gears,” and ‘‘A Method of 
Designing Wheel Teeth.” 

For some of the above, awards had been adjudged to 
Messrs. Geo. 8. Morison, Robert Gordon, Alan Brebner, 
B.Se., H. B. Ransom, G. M. Barr, A. W. Szlumper, 
J. Harrison, Wh. Sc., E. G. Holtham, and C. S. Du 
Riche Preller, Ph.D. 

The first ‘‘ James Forrest Lecture” had been delivered 
by Dr. W. Anderson, F.R.S., on May 4—the anniver- 
sary of the election of the secretary as an associate in 1852 
—the subjeet being, ‘‘ The Interdependence of Abstract 
Science and Engineering.”’ The lecture would be printed 
in the fourth volume of the Proceedings for the session 
1892-93. 

Neither as regarded the merit of the papers read nor 
the attendances could the supplemently meetings for 
students be considered successful. This was greatly to 
be deplored, and the hope was expressed that it might 
be possible to make a more favourable report next year. 
Miller prizes had been awarded to Messrs. C. D, Barker, 
D. Carnegie, J. W. Steven, F. G. Baily, B.A., and 
A. 5S. Butterworth. The privilege had been granted 
to students connected with the local associations of that 
class to send in competitions for the Miller prizes papers 
read at the provincial centres. Five such papers had 
been submitted, two of which had been deemed worthy 
of reward—one by Mr. W. R. Copland, Jun., Glasgow, 
a the other by Mr. P. M. Pritchard, Newcastle-on- 

yne. 

In the revision of the library catalogue ib had been 
decided to adopt the system now pursued at the British 
Museum. This had entailed the abandonment of the 
more diffuse method previously followed, while at the 
same time the new catalogue would afford all the infor- 
mation that could reasonably be expected, and would be 
considerably less costly to produce, although involving 
more time and labour in preparation. 

The Council had thought it proper, in the interests of 
the Institution and of the public generally, to oppose the 
application for the grant of a Royal Charter of Incor- 
poration to the Sanitary Institute. Other bodies, in the 
protection of their several interests, had also adopted 
this course. The result of these several petitions was 
that the application had not been acceded to. 
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In conclusion, the question of rebuilding the premises 
on the present site had been necessarily postponed until 
the powers obtained under the Westminster (Parliament- 
street, &c.) Improvements Act should have been exercised 
or have lapsed. It was understood that these powers, 
unless exercised, would expire in December next. It was 
extremely desirable, from a financial point of view, apart 
from other urgent considerations, that this question, 
which has been so long in abeyance, should be definitely 
settled as early as possible. 

The report having been adopted, cordial votes of thanks 
were passed to the President, the Vice-Presidents, and 
other members of Council, for their zeal on behalf of the 
Institution ; to the auditors for the time and trouble they 
had bestowed in verifying the accounts ; to the secretaries 
at staff for their services; and to the scrutineers of the 

allot. 

The ballot for Council resulted in the election of Mr. 
Alfred Giles as President; of Sir Robert Rawlinson, 
K.C.B., Sir B. Baker, K.C.M.G., Sir Jas. N. Douglass, 
and Mr. J. W. Barry as Vice-Presidents ; and of Dr. 
W. Anderson, Mr. A. R. Binnie, Sir Douglas Fox, Sir 
Chas. A. Hartley, K.C.M.G., Messrs. J. C. Hawskhaw, 
C. Hawksley, and Alex. B. W. Kennedy, Sir Bradford 
Leslie, K.C.I.E., Mr. J. Mansergh, Sir Guilford 
Molesworth, K.C.I.E., Mr. W. H. Preece, Sir E. J. 
Reed, K.C.B., and Messrs. W. Shelford, F. W. Webb, 
and W. H. White, C.B., as other members of Council. 

The session was then adjourned to the second Tuesday 
in November at 8 p.m. 


Tue Sour Arrian Mai Service.—The Union 
Steamship Company’s twin-screw Royal Mail steamer 


- eee 


Scott, which left Southampton on Saturday, May 13) 
arrived at Cape Town abt 8.15 a.m. on Monday, May 2 
Passage, 15 days 6 hours net steaming time, giving 4) 


average speed of 16.3 knots per hour. 


Hontey Sewacz Disposat.—The Local Government — 
Board have granted a provisional order to the Honley — 
Local Board for the compulsory purchase of about seven — 
acres of land for precipitation tanks and land filtration. — 
The provisional order was opposed by the Huddersfield a: 
Corporation and the landowner. Before carrying out the 
scheme, however, the Honley Local Board have aske me 
the Huddersfield Corporation on what terms they wo 
allow the Honley sewage to be connected to the Hudd 
field system. Mr. W. H. Radford, C.E., of Nottingham 
is the engineer for the Honley scheme. ; 


5 ae 
Eeyptian Rai~ways.—It is proposed to somewhat — 
considerably extend the Egyptian railway system. 1n® 
Upper Egypt network will be carried from Girgeh, the — 
resent terminus, to Keneh, in the neighbourh' of 
Fagor In Lower Egypt the object at which the autho- 
rities are aiming is the facilitating the exportation Of — 
cotton in the autumn months. The mainline from Cairo — 
to Alexandria is now frequently overburdened with 
traffic, and it has become necessary either to double 1 
to construct an alternative or loop line. ‘The authoriti 
appear to favour the latter course. The length of new 
line proposed to be constructed is altogether 1914 miles. 
The cost of construction is estimated at 1,000,000/. in — 
round figures, and the works will extend over four 
years. q 
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COMBINED ENGINE AND DYNAMO. 


RICHARDSON, ENGINEER, 


CONSTRUCTED BY MR. A. W. 


PATRICROFT. 


THE engine and dynamo which weillustrate on this 
page, have been designed by the maker, Mr. A. W. 
Richardson, engineer, Patricroft, to run ata moderate 
speed, with efficiency and economy. All the forged 
parts are of steel, and the bearings and bushes of 
hard gun-metal, lined with ‘‘ Babbitt ” or other white 
metal. The crank is balanced, and the cylinder is 
fitted with a liner, surrounded by a steam jacket. 
The governor is of the flywheel class, of a new 
design, the spring being outside, so as to be readily 


changed. This governor also allows of the engine | 


being reversed. The lubricating arrangements are 
designed to allow of long runs, and the main oil 
box is fitted with an adjustable sight drop feed. 
The dynamo is constructed to run at full load 
continuously, without undue heating and sparking. 
This machine is compound wound, the magnets being 
of wrought iron machined bright throughout. The 
armature is of the ‘‘Gramme” type, mounted on gun- 
metal centre, and fitted with a mica insulated commu- 
tator. The brush-holders are of a type which allows of 
a very sensitive adjustment. The dynamo illustrated 
is a 30-light machine, and is being introduced to meet 
the requirements of small steamers. Larger sizes of 
from 30 to 500 light sets are, however, also constructed, 
the engines of these larger sizes being made as either 
the single, double, or compound type. For the 
50-light sizes and above this the dynamos are fitted 
with square-ended drum armatures, 


THE RUSSIAN TORPEDO CRUISERS 
“ WOEWODA” AND ‘‘POSSADNIK.” 

Iy consequence of the fine results achieved by the 
torpedo cruiser Lieutenant Kasarsky, built two years 
ago by Mr. Schichau, two new and similar cruisers, the 

oewoda and Possadnik, were ordered by the Russian 
Government, and these were delivered in the spring 
of last year, fulfilling most satisfactorily all condi- 
tions imposed by contract ; we give below a selection 
of the results obtained. The principal dimensions 
and particulars of these boats are: Length, 58 m. 
(190.3 ft.) ; breadth, 7.4 m. (24.28 ft.) ; draught aft, 
8.05 m, (10 ft.). 

The displacement on trial with full coal bunkers 

(90 tons), and all weights and equipments on board, 
was 400 tons. The engines consist of one set of triple- 
expansion engines of 3500 indicated horse-power, sup- 
lied with steam from two locomotive boilers. Each 
oat has one fixed torpedo launching tube and two 
movable ones. Her armament consists of several 
_ quick-firing and machine guns, and she is also provided 
with powerful electric search-lights. The contract 
called for a speed of 21 knots on a three-hours trial, 
but the mean speed actually attained on trial was 


22.4 knots. The coal consumption on the forced- 
draught trial was 0.7 kilogramme (1.543 Ib.) per indi- 
cated horse-power per hour, and the results obtained 
during the progressive speed trials in this respect are 
given in the annexed Table : 


} 
| Results as Calculated 
Results of Trial. | by Mr. Afanassjew’s 


“ Formula. 
Duration | epetyl 
. , tions per Ee: ae 
of Trial. marine | 
Coal per ac oar Coal per aoe 
Hour. Power. Hour. Power. 
hours lb. Ibe} 
1 220 4766 38600 4766 3600 
1 200 3813 2798 3632 2700 
2 180 2445 2012 2722 1970 
24 160 1715 1278 1975 1385 
44 120 957 534 960 584 
3 | 80 404 234 444 218 


The curves (Fig. 1) have also been plotted from the 
results obtained on this occasion, At a speed of from 
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to Nicolajew, and is counted now in the list of the 
Black Sea Fleet. The two new cruisers belong to the 
Baltic Fleet. Their seagoing qualities have also been 
pace during severe weather, and have proved ex- 
cellent. 


THE ENGINES OF THE FIRST-CLASS 
CRUISER ‘‘CRESCENT.” 

THE engines which we illustrate on our two-page 
plate have been built for the first-class cruiser 
Crescent by Messrs. John Penn and Sons, Limited, 
Greenwich. The vessel was constructed at Portsmouth 
Dockyard from the designs of Mr. W. H. White, C.B., 
Director of Naval Construction, and is one of the ships 
built under the Naval Defence Act. The principal 
dimensions are : Length, 360 ft, ; breadth, 60 ft. Sin. ; 
displacement, 7700 tons ; mean draught, 24 ft. 64 in. 
She belongs to the Edgar class, which we illustrated 
and described at length in vol. liii., page 75. 

The engines are designed for 12,000 indicated horse- 
power, forced draught, and 10,000 indicated horse- 
power for natural draught, and are of the triple expan- 
sion vertical twin-screw type, having cylinders 40 in., 
59 in., and 88 in. in diameter respectively, all with 
51 in, stroke. The high-pressure cylinders are placed 
forward, and are fitted with piston valves. The inter- 
mediate and low-pressure slide valves are of the double 
valve flat type, and fitted with Church’s relief arrange- 
ment. The cylindercovers, pistons, and steam-chest doors 
are of cast steel. The cylinders are carried on cast-iron 
columns at the back, and round forged steel columns at 
the front, the motion bars being attached to the back 
columns. The bedplates are of cast steel, strongly 
secured to bearers built in the ship. The piston and 
connecting rods are of Siemens-Martin steel, the piston 
rods being fitted with combination metallic packing. 
The crankshafts are hollow, of forged steel, in three 
separate pieces, the cranks being set at 120 deg. apart. 
The surface condensers are made entirely of brass, the 
total cooling surface being 13,500 square feet. The 
circulating water is supplied by four 16-in. centrifugal 
pumps made by Messrs. Penn. The reversing gear is 
of the ordinary link-motion type, with solid bar links 
and adjustable working parts. Both steam and hand 
reversing gear are fitted. The air pumps are entirely 
of brass, and are worked from the low-pressure piston- 
rod crossheads. They deliver into a feed tank which 
overflows into the ship’s fresh-water reserve tanks. 
Weir’s evaporator and Normandy’s distiller are fitted 
to each engine-room, making together 180 gallons of 
fresh water per hour, while the evaporators above can 
supply 400 gallons per hour to the auxiliary condensers; 
these last-named are two in number, and are made 
entirely of brass, and fitted to condense the exhaust 
steam from all the auxiliary engines on board. There 
is a Weir’s feed-engine in each engine-room, and an 
auxiliary feed-engine of Admiralty type in each boiler- 
room. 

Electric light machinery is supplied and fitted in 
each engine-room. Air-compressing machinery is fitted 
in duplicate at each end of the vessel. Powerful boat- 
hoisting engines are supplied and fitted on the upper 
deck. The propeller shafting is hollow, of forged 
steel, 14? in. in diameter inboard, and 16 in. in dia- 
meter outside the ship. 

The boilers are eight in number, of the marine 
return-tube type, 16 ft, lin. in mean diameter and 
9 ft. 3in. long, each containing four of Foxe’s corru- 
gated furnaces 3 ft. 8 in. in mean diameter. They are 
of Siemens-Martin steel throughout, and are designed 
for a working pressure of 155 lb. per square inch, and 
a proof pressure of 245 1b. per square inch. The heating 
surface is 25,248, and the grate area 855 square feet. 
The main steam pipes are 14 in. in diameter, and made 
of steel, while all copper pipes of 6 in. and over are 
wound with copper wire for greater security. 

The preliminary trial of the machinery took place 
on the 16th ult., when, after a satisfactory run, the 
vessel was prepared far her official eight hours’ natural 
draught trial, which was most successfully carried out 
on the 18th ult. Mr. Oram attended on behalf of the 
Admiralty, and Mr. Rabbage represented the Dock- 
yard; Mr. Wootton, chief inspector, the Steam 
Reserve ; and Mr. J. P. Hall, the engine contractors. 
The indicated horse-power developed was 10,370, with 
98 revolutions of the engines and without air-pressure 
in the stokeholds, these being all wide open. 

Only the natural-draught trial was made, as it was 
determined by the Admiralty some months ago that 
the engines and boilersin this class of vessel (the first- 
class cruisers) should forego the forced-draught trials, 
although they are better prepared to fulfil the condi- 
tions than some of the other vessels built under the 
Naval Defence Act, having very large boilers, and 
machinery of such dimensions that the full power 
(12,000 indicated horse-power) might be maintained 
even with less than 4-in, air-pressure. 

The gun trials took place on Friday, the 19th ult., 
after which, and on the same day, the vessel was 


14 to 16 knots the coal on board will drive the ship| brought into the harbour, and preparations are now 


a distance of 3500 sea miles. 


The Kasarsky, we may| being made to complete the vessel for this year’s 


mention, has made the trip from Elbing round Europe | manceuvres. 
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INDUSTRIAL NOTES. 


THE circumstances attending the closing scenes of 
the Hull strike were far more peaceful than were 
anticipated. At first there were indications of dis- 
satisfaction on the part of certain sections of the men 
with the terms of settlement, and some even went so 
far as to threaten to continue the struggle. Some 
portion of this feeling was due to a misunderstanding, 
but the terms themselves were disappointing to those 
who had suffered so much during the struggle. On 
the whole, things turned out better than expectation. 
On resuming work only about 40 per cent. of those 
out were re-engaged, but this increased to from 50 to 
60 per cent. within the week. Then there was a fear 
that the strike committee would not be able to 
honour the whole of the tickets distributed to the 
men, the fear being that the cash would fall short to 
the extent of nearly 2000/. ‘This difficulty was sur- 
mounted. But the greatest difficulty of all, how to 
deal with the large number of imported free labourers, 
was got over fairly well, and that, too, without 
delay, for ere the week ended it was reported that the 
last batch had been sent away. During the interval 
the union men who were taken on, and the non-union 
men who were at work, fell into line and worked 
together, fortunately without any collision, and appa- 
rently with little ill-will, so that the local authorities 
were able to dispense with the military and the naval 
forces, and also with the extra police, all fear of disturb- 
ance having passed away. Considering all things—the 
intensity of the conflict, the excitement in the town, 
the large number of persons involved in the struggle, 
the importation of numerous free labourers, and other 
circumstances—the contest has ended in a manner 
which will compare favourably with similar contlicts 
on the Continent, in the United States of America, 
in Canada, in Australia, or other parts of the world. 
However regrettable some of the events were, the 
final result is not so deplorable as might have been 
expected. 


The report of the Boilermakers and Iron Ship- 
builders shows that, for the first time for years, there 
is a slight decrease in the total number of members, 
but only to the extent of 29. Ofcourse, this only means 
that for the moment they are out of benefit, caused 
by non-payment of arrears. The society still numbers 
nearly 40,000 members, perhaps, on the whole, the 
largest proportion in any union of all the workers at a 
great branch of trade. Of the total number of mem- 
bers no fewer than 7299 were on the funds, as against 
7263 last month, the increase of 36 being members in 
search of work and on home donation. Indeed, the 
latter shows a larger increase, only that fewer are on 
the sick list, and fewer on superannuation allowance, 
The percentage out of work is 14.5, a very large per- 
centage for the time of year. Nevertheless, there is a 
large quantity of work on hand—on the Clyde, 81 
steamers and 33 sailing vessels; on the Tyne, 32 
steamers and two sailing vessels; on the Wear, 
29 steamers and one sailing vessel; on the Tees, 28 
steamers and one sailing vessel; at Hartlepool and 
Whitby, 18 steamers; on the Mersey, four steamers 
and five sailing vessels; and at Belfast and London- 
derry, 21 steamers and four sailing vessels. This 
makes 213 steamers and 46 sailing vessels in course of 
construction. It appears that, in addition to the re- 
ductions in wages, as agreed to between the em- 
ployers and the representatives of the union, some 
additional reductions are sought to be enforced 
in particular instances. The employers are cau- 
tioned with regard to this. The cost of benefits 
during the first quarter of 1893 has been 22,230/. 8s., 
while the income has been less, owing to arrears, 
than the average. But the total balance stands 
at 186,410/. 13s., or less by 7660/. 8s. 8d. than 
it was on January | of this year. Of the total nearly 
80,000/. are investments in corporation funds, navi- 
gation trusts, railways, and in the Elswick works. 
But nearly 100,000/. are in the hands of branches, in 
saving banks, or joint stock banks, at call. 


The chief Lancashire engineering works were idle 
during the major portion of last week, owing to the 
Whitsuntide holidays. But in some cases the men 
were busy on repair jobs which were put in hand on 
account of the holidays, so that there should be no loss 
of time when the mills and other establishments re- 
commenced work. The condition of trade in the engi- 
neering branches manifests very little change, the 
amount of new work coming forward being, in most 
cases, small, and of no very great weight. As a 
rule, the same branches are busy that have been 
busy of late, while those that were slack remain 
slack. There is no spurt, and very few signs of any 
Spurt in the near future are manifest. The iron trade 
has been practically at a standstill, very little being 
done. Nominally the prices remain unchanged, but 
these are very low. In the finished iron trade prices 
are as they were, but apparently there is a determina- 
tion not to give way to lower rates. In the steel 
trade prices seem more steady and firm, but they are 
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so low that no further reductions can be expected. | compared with the previous month, and fewer men — 


For best boiler plates the makers do not care to quote 
except for small quantities, which shows an expectation 
of something better in the near future. There are no 
disputes of any consequence in any branches of the 
engineering and cognate industries, nor in the iron 
and steel branches of trade, nor are there any indica- 
tions of serious disputes in prospect. 


In the Liverpool and Birkenhead district the ship- 
building industries are at a rather low ebb, especially on 
the Liverpool side. On the Birkenhead side affairs are 
better. Messrs. Laird Brothers have been fairly well 
off for work, but some of their large jobs are nearing 
completion. Some large repairing jobs have been a wel- 
come change recently. The men are very severe in this 
district as to overtime, one man having been fined 3/. 
for doing 128 hours in one week, or equal to nearly 
three shifts per day. One can scarcely imagine that the 
employers get their full quantity of work out of a man 
who puts in 128 hours in any one week, but in this case 
the feat was accomplished. 

In the Sheffield and Rotherham district trade was 
nearly at a standstill in many branches during the 
holiday week, some of the firms taking advantage of 
the break to take stock. Though the iron and steel 
trades generally are dull, there are indications in 
several of the local industries of increasing trade. 
The approaching Royal wedding is giving a stimulus 
to the silver trades, and, of course, it will also affect 
the plated trades as well. There is a distinct revival 
in the best cutlery branches, and one branch of the 
razor trade is improving greatly. The agricultural 
implement branches are also busy ; sections of reaping 
machinery and other sections find a ready sale. The 
rolling mills are much busier upon the manufacture of 
tyres and other sections of railway work. The district 
is pretty free from all kinds of labour disputes, nor are 
there any serious indications of reductions in wages 
in any of the staple industries of the district. 

In the large iron and steel works of other parts of 
the Yorkshire district very little was being done dur- 
ing last week, and there is very little work in prospect. 
A large number of the men engaged at the iron and 
steel works are out of employment just now, and the 
engineering branches of trade are not brisk by any 
means. In the Dewsbury district the boiler shops are 
busy, and the work on hand seems to be sufficient to 
keep them going for some time to come. In Leeds, 
Bradford, Huddersfield, and some other places the 
prospects are not so bright. There is, however, an 
absence of labour disputes, and consequently there 
are lingering hopes of a speedy revival in most cases. 
But among the iron and steel workers there appears to 
bea disposition to encourage a resistance to the sliding 
scale in the Midlands, and especially are the South 
Yorkshiremen averse, it seems, to the ‘proposed amal- 
gamation of the Northern and the Midland scales. It 
was thought that such an amalgamation would steady 
the rates in both cases ; the men think otherwise. 


The whole of the men engaged in the marine and 
general engineering industries of the Hartlepool and 
Teesdale districts have consented to accept a reduc- 
tion of 10 per cent. in wages—5 per cent. at once, and 
5 percent. in July. By the acceptance of these terms 
a strike has been averted, and trade will go onas 
usual, 

In the Birmingham district it is reported that trade 
is looking up. Some of the large firms, such as 
Messrs. Tangyes and Co., Messrs. Watts and Co., 
and Messrs. Belliss, have secured good orders which 
will keep certain departments going for some time. 
It appears also that the corporation have removed from 
their list an employer of labour who did not comply 
with the fair wages clause adopted by the council. 


At last, after many months’ delay and negotia- 
tion, the South Wales and Monmouthshire employers 
in the steel trade and the workmen have agreed to a 
sliding scale. The basis is 4 per cent. advance or 
reduction on 8d. per ton, instead of 1 per cent. on ls. 
as formerly, besides which there are a few other 
improvements on the old scale. The arrangement 
affects over 7000 workers, including the rail workers, 
whose rates are regulated at 20 lb. per yard, instead 
of 40 lb. as formerly, 


The Associated Blacksmiths report notices of reduc- 
tions at the Barrow Iron Shipbuilding Company’s 
works, on the Tyne, and some other places. The men 
are advised to act with the other branches of engineer- 
ing and shipbuilding industries, rather than risk a 
strike at the present time. The total number out of 
work in the union is less than it was, but in only half 
a dozen places is trade said to be good, out of a total 
of 45 districts. In a dozen places it is said to be 
moderate, and in two or three improving. All the 
rest are dull, declining to very bad. There has been 
a decrease of men out of work to the extent of 84, as 


are on dispute benefit, but there were 357 on the 
funds at the date of the report. 


At the Co-operative Congress held at Bristol last 


week there were some hard things said as regards the - 


treatment of employés, both as regards wages and the 
working hours of the persons employed. If all the 
statements were correct, some improvement is necessary 
at the earliest possible moment. But after all co-opera- 
tive societies are not philanthropic institutions, but 
trading bodies. They work for their own mutual benefit, 


and the employés can become co-partnersif they choose, _ 


If they will not take advantage of the opportunity, 
they must be content to be treated as mere wage- 
earners on similar conditions to those ruling in the 
district. But it is important that workmen should 
treat their own wage-earners not only as well, but 
better than other employers. If they do not, and will 
not, what becomes of the claim to better consideration 
from the State and municipal corporations ? 

The workers in the building trades in various parts 
of the country continue to improve their condition, 
both as to time, wages, and the hours of labour. The 
improvement is not confined to the artisans and me- 
chanics, but extends to the labourers in all cases, In 
point of fact, the building trades just now are the 
most prosperous of all our varied industries, 


The International Miners’ Congress, held at Brussels 
last week, seems to have been the best international 
congress yet held by the working classes on the 
Continent. British miners were well represented 
by members of the various organisations. Thirty- 
eight delegates attended from Great Britain, seven of 
whom represented the Miners’ National Union, seven 
the Miners’ National Federation, and two the South 
Wales and Monmouth Associations. The Yorkshire, 
Lancashire and Cheshire, the Midland, and other 
federations were also represented specially by their 
own chosen delegates. One delegate only represented 


Scotland, or rather that part of it which thought fit — 


to be represented. On the whole, the proceedings 
were of a business-like character, the one bit of uproar 
having been occasioned by a misunderstanding as to the 
nature of the interruption, which arose from the order 
for the expulsion from Belgium of two of the French 
delegates, for the part they took against the Belgians 
in connection with the miners’ strike in France 
some time ago. 
pelled were exonerated from blame by the Conti- 
nental president for the day, he being one of those 
who investigated the complaint when it was first 
made. The two delegates were attended to the rail- 
way station by the whole of the members of the con- 
gress, and heartily cheered as they left the station. 
The Congress adopted the eight-hours day, the only 
delegates voting against it being those from Durham and 
Northumberland. Other matters were also discussed, 
such as the wages question. One, a mineowner, ad- 
vocated an international syndicate or coal ring to raise 
prices, raise wages, and concede the eight-hours day. 
But this was relegated to an inquiry to be made later 
on. The Continental miners are still a little impatient— 
they want to jump at results ; but, on the whole, the 


congress showed that progress had been made in organi- 


sation and procedure, the final sittings being of the 
most fraternal and enjoyable kind. ; 


There has been very little change in the situation 
as regards the wages question in the mining districts. 
In the Forest of Dean things are as they were—with, 


perhaps, this exception, that the mineowners have 


not only not carried out the threat of a complete 


stoppage of the pits, but some rather incline to the 


view that the attitude of the federation has been 
useful in arresting the fall of prices, and that this 


has been a blessing instead of a curse to the coal-— 


owners. ‘There may be some truth in this. If prices 
are unremunerative, there is no real stimulus to pro- 
duction; or, if there be a stimulus at all, it is one 
that depresses industry in the end. Employers will 
not work without profits any more than workmen will 
work without wages, but the question sometimes Is 
whether the losses will be greater by ceasing produc- 
tion altogether or by working at a small loss. 


stimulus to increase the production at the present 
time. a 
In Lancashire there have been some furthcr dis- 


putes, and in one case there has been a strike of about 


200 men. These disputes scarcely come within the 
range of a reduction in wages such as would call into 
operation the action of the federation, but the effects 
are the same, under regulations of a technical 
character to readjust the modes of working and the 
payments therefor. 


The two delegates who were ex- 


The 
demand for coal has not increased, so that there is no 


In Notts, Derbyshire, and other coalfields there are 


similar disputes. But the coal trade is so slack that 
the men are idle more than one-half their time. There 


is no doubt but that things are equally bad for the 
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mineowner and for the miner ; the only difficulty is to 
find a way out. Neither party can see their way clear 
to suggest a remedy. Time only can solve the problem, 


NOTES ON PUDDLING IRON.* 
By Joun Heap, F.G.S, M. Inst. C.E. 


In the year 1868 the late Sir William Siemens read a 
paper before the British Association on puddling iron, 
which formed an epoch in the history of the literature of 
that process. In that paper the theory was advanced 
that the oxidation of carbon, silicon, and other substances 
to be removed from pig iron during puddling, could be 
entirely effected by means of oxygen obtained from the 
fettling used for lining the pan, or by means of that ob- 
tained from hammer scale, or other iron oxide thrown in 
expressly with the charge. 

The theory enunciated by Sir William Siemens was 
supported by sound argument, and by an experiment 
made in an open-hearth steel-melting furnace at Birming- 
ham, and has been generally accepted by various authors 
who have since written on the subject of puddling. 


tl 


some works, notably at those of Messrs. Nettlefolds, of 
Wellington, Shropshire, these furnaces gave every satis- 
faction. Messrs. Nettlefolds built about thirty of these 
puddling furnaces, and continued to use them until they 
removed their works to Newport, Monmouthshire, when 
they abandoned the use of iron, and adopted steel as a 
material for the manufacture of their high-class products. 
The same kind of furnace was also built at other works ; 
but, in some cases, it was noticed that difficulties were 
experienced, which induced Sir William Siemens to make 
alterations in the flame ports of his furnace. 

The construction of flame ports shown in the accom- 
panying figure was that adopted by him in 1871 for the 
puddling furnaces erected at the works of Messrs. Lang- 
lois and Co, Basse-Indre, France, and elsewhere. This 
form of flame port was not adopted in the first instance, 
but in consequence of the complaints referred to. It 
will be seen that in this form a certain amount of contact 
between the flame and the iron to be puddled is secured ; 
and it is noteworthy that with the adoption of this modi- 
fication all complaints ceased. 

Sir William Siemens would, no doubt, have observed 
that this alteration in the flame ports of his furnace in- 


oh ua 


Li 
NM 


a 


BSZ 
u 
NZ 
u 
‘i 

V) 
1 
ZA, 
1 
V7; 


UZ Wiz 


‘a 

4 

IN 
B: 


a 
9 


BSG 
u 
i 

| 
Z 
| 
RY 
\l 
Z 
\| 


SS 


ZZ 
a 


There can be no question that this theory can be realised 
in practice in a puddling furnace, provided that the pig 
iron used does not contain an excess of silicon, or that 
time can be allowed and a low furnace temperature in- 
sured for its elimination. By Table I., which follows, it 
is seen that the experiment made by Sir William Siemens 
in the open-hearth regenerative gas furnace, mentioned in 
his peree referred to, required six hours for its accom. 
plishment. The pig iron was melted and purified upon a 
sand bed, and under a protecting covering of glass. 


Tasie I. i 
Description. Time. C. Si. 
a D:C.l5 |e psc: 
Acadian pigiron.. oe = 4.0 1.59 
0.6 comb. 
Sample No. 1 .| After one hour ¢', graph. 29 1.08 
” 2  .., After two hours F 2.4 0.96 
Iron ore added 
Sample No.3 ..|Afterthree hours 2.4 0.76 
Tron ore added ; 
Sample No.4 ..| After six hours 0.25 0.046 


Sir William Siemens would have argued, had the ques- 
tion been raised, that molten pig iron on the bed of his 
open-hearth steel-melting furnace under a protecting 
covering of glass, was in a very different condition to 
molten pig iron in a puddling furnace, in intimate con- | 
tact with iron oxides, and that the elimination of im-_ 
purities would be much more rapid under these conditions | 
than under those selected for the experiment which he 
desired to make. That experiment was intended to prove, 
and did prove, that carbon and silicon can be eliminated 
from molten pig iron without flame or air coming in con- | 
tact with the metal under treatment. | 

Many regenerative gas puddling furnaces were set to 
work for puddling iron, which were constructed to carry | 
out the process in accordance with this theory ; and, at 


| volved a departure from the theory enunciated in his 
paper read before the British Association a few years 
previously, When he made that alteration, however, he 
| Was fully engaged in perfecting the details of manufac. 
‘ture of the Siemens steel process ; he was thus prevented 
‘from following up the puddling process with the energy 
‘and thoroughness which he displayed in his early experi- 
ments, which experiments, carried out on a scientific 
basis, under his direction, would undoubtedly have led 
to most valuable results if they could have been continued. 
Owing to the circumstance that chemists are not usually 
employed at iron works, analyses of the iron puddled, 
and of the puddled bar produced, were not supplied ; but 
it is thought that the reason alterations were required in 
| the puddling furnaces erected at some works was due to the 
circumstance that the pig iron treated at those works con- 
| tained a larger amount of silicon than that at other works. 
There are not many analyses of the various brands of 
pig iron used for puddling, and of the puddle bar pro- 
duced therefrom, to be found in the numerous metal- 
_lurgical books and papers which have been consulted ; 
‘and Tables II., III., [V., and V. contain the only analyses 
of this kind that have been found. 
Analyses of puddled iron, at different stages of the 
operation, made by Messrs. Crace Calvert and Richard 
| Johnson of Manchester (Phil. Mag., September, 1857) : 


___* Paper read before the Iron and Steel Institute. 


4 


i 


TaBLeE IT. 
Description. Time C. Si. 8 P. 
i o'clock | p.c. | p.c. | p.c. | p.c. 
Cold blast Staffordshire — 9 r90) | = 
No. Serey, charged ..f| 120 | 2275) 2.720 | .801 | .645 
Sample No.1 .. --| 12.40 | 2.726 |, 0.915 | 
i 2 ..| 10 | 2.905 | 0.197 | 
is 3 a 1.5 2 444 | 0.194 
Ag 4 . 1.20 | 2.305 | 0.182 
rs By ae ‘ 1.35 | 1.647 | 0.183 
ss 6... ..| 1.40 | 1.206 | 0,163 
” 7 o 1.45 | 0.963 | 0.163 
ose Soon v.50 =| 0.772 | 0.168 5 
| Puddled bar, No.9 .. of 0.296 | 0.120} .1384 | .139 


The following analyses by Mr. Louis illustrate the 
changes produced during the puddling by hand of Nova 
Scotia pig (Hncy. Brit., Art. Iron, page 325) : 


SY oe TABLE III. 

Description. eo: Si. | Pr: Mn, 

7 p | per cent. per cent. | per cent. | per cent, 

Pig iron in fusion 2.36 | |} 0.36 | 0.78 
Smminutesafter fusion 1.89 | 014 | 025 | trace 
13 C,, P 1.75 ie 026 |; 0.09 
18, 1 1.57 | | 023 | trace 
22. os Taki A Oe a sao 
40 ” ” 0.16 | 009 \ 0.07 


Analysis of English iron, made for Sir William Siemens, 
and published in his paper on ‘‘ Puddling ” of 1868 : 
_ Tasie IV. 


| \ | 


Description. Si. 8. P. 
' per cent. | per cent. | er cent. 
Pig metal .. 46 1.97 .08 P 1.16 
Puddled bar.. 017, | (0.287 


0.20 | 

— —— | — — - 
Ia Sir Lowthian Bell’s work on the Manufacture of 

Tron and Steel, London, 1884, Section ‘‘ Puddling,” &c., 

the following analyses of Bowling iron are found : 


_TasLe V._ 


| 
C. Si. s. 


Description. | Fi 


percent. percent. | percent. per cent, 


Cold blast pig . | 3.656 1.255 .033 .565 
Refined metal \. B.842 0.130 025 490 
Malleable iron  pro-| | 

duced from refined) 

metal 5 34 0.226 0.109 .O12 064 


The following analyses ‘of iron have been kindly fur- 
nished by the Lilleshall Company : 


ee eee eee Ab Vil. 

Description. Si, | Ss. Bs Mn. 
Lilleshall hot blast| per cent. | per cent. per cent. per cent, 
pig No.3 .. coil 1,050 -048 -58 1.14 
Puddled bar  from| 

ditto.. ° | 


+ 0.161 -016 18 07 


The following analyses are extracted from a great 
number of analyses of ironstone, limestone, coal, pig, 
and finished iron which have been obligingly placed at 
my disposal by Mr. F. T. Woodcock, who was associated 
in making these analyses, and sometimes made them 
entirely himself. 'They refer to iron made at the Ebbw 
Vale Company’s Cwmbran works in 1858 : 


TABLE Vil. 


Description Si. 8. and P, C. 
per cent, per cent. per cent 
Pig iron ae on 1.23 370 257 
After one hour .. 0.41 
» two hours.. 0.07 
0.05 023 0.315 


Finished bar es ! 


The following analyses of malleable iron alone haye 
been found in the works mentioned against each set. 
In Sir Lowthian Bell’s work already referred to: 


TABLE VIII. : 


Description. (8) Si. | 8. Pe 


| 
square per cent. 
ae 0 


Bowling 1} per cent. | per cent. | per cent. 


bar .. os «157 005 220 
Lowmoor rivet iron |  .200 not given trace 115 
Monkbridge best plate 

puddled by hand .. .018 151 004 | .097 

In Muspratt’s Chemistry, page 435 : 

TABLE IX. 
Description. C. Si. S. ity 
x | a2 ol Se =e 
| percent. percent. percent. | per cent. 
German strong iron.. 7407 OL trace 
sett, WEAK « vgs) ae 09 =| -03 ” 
Welsh puddled ,, .. | 41 .08 > 40 


“In T. Bayley’s “ Assay and Analysis of Tron and 
Steel,” 1884 : 


__Tasie X. Gieue v4 
Cc | | 
Description. bieed Oh Si. | S. |= Mn. 
New British Iron|per cent per cent per cent per cent per cent 
Company’s ‘‘ Lion” | | 
brand (ordinary).. 0.21 0.13 trace 0.13 nil 
| | 
In Greenwood’s ‘‘ Iron and Steel,” 1884 : 
Taste XI. 
.. oe «2 ee oe > 
Description. C: Sip) 8: Ee Mo. 
K. B. W. best bar|per cent per Bare cent percent per cent 
poe a trace | .170 | .028 | .200 | .140 
Swedish OO.. ail, Ovo wnye ALE 2032 .004 | trace 
Lowmoor armour | 
plate = ««| 016 | .122 104 106° | .280 
Round barWR3 ..| .180 019 014 074 trace 
Armour plate 230 +014 -190 020 110 
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In Vosmaer’s work entitled ‘‘The Mechanical and 
other Properties of Iron and Steel,” 1891: 


TasLE XII, 


Description. C. Si. Es 8. 
per cent. | per cent. | per cent, | per cent. 

Swedish puddlediron 0.07 0.10 0.02 
Yorkshire puddled| | 

iron, best .. a0 0.07 0.06 0.09 
Yorkshire puddled | 

iron, best .. oo) Uli if Oe 0.12 | 
Staffordshire puddled | | 

iron, best ..  ..| 0.06 | 0.20 0.25 0.02 
Surahamman _ pud-| 

dled .. «af 20.05 0.08 0.02 | 


Mr. Vosmaer remarks that for puddling, silicon should 
not exceed 1 per cent. in the pig. 


Tn the works consulted several analyses of iron made in 
rotary puddling furnaces are to be found, and also 
analyses to illustrate the gradual purification of iron 
which takes place in those furnaces; but these analyses 
are not quoted, as rotary furnaces, although much experi- 
mented on, have not come into general use. : 

From the analyses quoted it is seen that the puddling 
operation should be effected in less than two hours’ time 
with practically complete elimination of silicon, Accord- 
ing to Messrs. Crace Calvert and Johnson’s analyses, the 
silicon in the pig iron puddled was 2.72 per cent. This 
is a high figure, and it will be noticed that 1.8 per cent., 
or two-thirds of the amount of silicon it contained, had 
disappeared forty minutes after the iron was charged 
into the furnace. At this time the iron was probably 
entirely melted, and 20 minutes later the silicon was 
further reduced by 0.718 per cent., equal to an additional 
reduction of one-fourth of the original amount. Subse- 
quently the silicon in the metal was only reduced by .077 
per cent. in the whole course of the puddling operation ; 
the proportion remained practically stationary for 50 
minutes, and .048 per cent. of silicon appears to have been 
eliminated during balling. From this circumstance it is 
clearly seen, as is well known, that when a certain 
temperature is attained in the puddling furnace the 
elimination of silicon ceases. According to Mr. Louis’s 
analyses, the Canadian pig iron, which he was dealing 
with, contained only 1.11 per cent. silicon when fused, 
and the whole of this amount had disappeared when the 
iron had attained the boiling point, or in other words, by 
the time the highest furnace temperature had been 
reached. The proportion of silicon contained in the 
Canadian pig iron experimented on by Mr. Louis thus 
seems to have been extremely low, and if so, such pig iron 
might, I think, very well be puddled in the Siemens 
furnace by relying entirely on the oxygen contained in 
the fettling. 

The mixture of pig iron used at Messrs. Nettlefolds’ 
works at Wellington may also have contained only a 
slight amount of silicon, although the absence of analyses 
prevents an absolute assertion upon this interesting point 
being made. At the other works where the Siemens fur- 
naces were erected, and complaints arose, in the first 
instance, itis thought the pig iron used contained a large 
proportion of silicon; hence the necessity of having re- 
course toaslight modification of the flame ports of the 
regenerative gas furnace, so as to obtain some oxidation 
of the metal by the flame. This is shown by the follow- 
ing analysis of the pig iron used and the puddled bar pro- 
duced at a works in England, where ordinary iron is 


being made: 
Taste XIII. 


Description. | Si. Ss. 
= ; | percent. | per cent. 
Pig iron (average of several analyses) ..| 1.65 0.181 
Puddled bar, bad... ~ ap Bel 0862 0.050 
Puddled bar, good... wef O:582 }] 015 


Tb will be noticed that the chief difference between the 
bad and the good quality of iron produced consists in the 
elimination of a little more silicon in the latter case, and 
the flame ports of the furnace were altered so as to ob- 
tain that result. A different arrangement of flame ports, 
however, was adopted to that shown in the figure accom- 
panying this paper, with a view of enabling the oxidising 
action to be effected either by burnt gases or unburnt air, 
or again by the admission of cold air upon the surface 
of the iron in fusion, and particularly to allow the furnace 
to be worked at will with an oxidising or a reducing flame, 
great importance being attached to the use of a reducing 
flame during the balling up of the iron. 

The following is an average analysis of Spanish pig 
iron used for the production of high quality iron, and 
analyses of the good and other finished bar iron made 


therefrom : 
Taste XIV. 


| 


Description. Si. 8. P; 
per cent. | per cent. | per cent. 
Pig iron 1.680 0.105 0.050 
: 0.327 | 
Bar iron, bad 1 0.331 f | 0.083 trace 
» good | ~ 0,103 | 0.032 - 


It will be noted that the only difference between one 
kind and the other is that the inferior is found to contain 
,329 per cent. of silicon, and the good to contain only .103 
per ae ; In every other respect the analyses were iden- 
tical. 

In the presence of the favourable results obtained in 


working the new-form Siemens furnace for puddli 8, it 
will not be surprising that many new applications of these 
furnaces have been made in England and abroad. Ata 
works near Sheffield three double puddling furnaces are 
now working, as also three heating furnaces ; the latter 
may also be called double furnaces, as each of them does 
double the amount of work done in the grate furnaces 
they have superseded. 

The analyses of pig iron, or mixtures of pig iron, used 
for puddling, and of the puddled bar produced there- 
from, are scantily dispersed through the literature re- 
lating to the puddling process ; but it is considered that 
those given are sufficient to warrant the deductions 
arrived at. It is hoped that the reading of this paper may 
lead to an interesting discussion, and that ironmasters, 
who are also chemists, or have the advantage of having 
chemists at their works, will take up the subject from 
the point of view here indicated, and will furnish the 
Institute with records of their work in this direction. 

My son, Mr. Archibald Head, made for me the set of 
analyses of English and Spanish iron quoted, in the 
Metallurgical Laboratory at King’s College; this he was 
kindly allowed to do by Professor Huntington, to whom 
my thanks are due. My thanks are also due to my 
assistant, Mr. H. W. Harvey, who furnished me with a 
list of some of the authorities to be consulted, and with 
one of the analyses quoted, and to my friend, Mr. H. F. 
Bamber, for having made an exhaustive search for me at 
the libraries of the British Museum and of the Institution 
of Civil Engineers, &c. 


THE MANUFACTURE OF SMALL ARMS.* 


By Joun Ricsy, M.A., Superintendent of the Royal 
Small Arms Factory, Enfield. 
(Continued from page 758.) 

Lee-Metford Rifle Mark I.—Enumeration of the stages 
through which the various components pass, will show 
what a serious undertaking is the production of a new 
pattern of military rifle, interchangeable in all its parts. 
The British rifle, the Lee-Metford Mark I, as it is 
officially named, has, including screws and pins, 82 
separate parts. In the production of these, 950 different 
machines are employed; and there are in addition 
various processes that do not require the employment of 
machines. In all, the list of piece-work prices that go to 
build upa rifle of this pattern is, according to the present 
subdivision of the work at Enfield, 1591; but the acces- 
sories, such as sight protector, hand-guard, bayonet and 
seabbard, oil bottle, pull-through and marking disc, in- 
crease the number of operations to 1863. It has been 
urged, as a defect of this particular arm, that the 
number of the components is too great. This is not, 
however, alwaysa safe criticism of a machine. Inventors 
of fire-arms, as of other machines, often boast the small 
number of parts in their designs; but when one part 
fulfils several functions, it may be more difficult to 
manufacture than several simpler ones, and more apt, 
should it fail, to disable the whole action. 

Materials.—The materials used in modern military 
arms are steel, wood, iron, and brass. The two latter 
have, however, almost disappeared from the list, and 
steel of various qualities has taken their places. In the 
Lee-Metford Mark I, only two iron components survive. 
Brass is used only in the heel-plate screws, and the plate 
and screws to receive the regimental number. All the 
other parts, excepting the butt, fore end, and hand 
guard, which are of walnut, are of steel, either hardened 
and tempered or used in its ordinary condition as a sub- 
stitute for the iron formerly employed. 

Processes Employed.—The processes to which the ma- 
terials are subjected are: as to steel—analysing, testing, 
forging, rolling, stamping, annealing, drilling, boring, 
tapping and screwing, milling, turning, shaping, slotting, 
drifting, brazing, soldering, grinding, filing, polishing, 
hardening and tempering, blueing and browning; as to 
iron—forging, turning, filing, screwing, and case-harden- 
ing; as to brass—casting, rolling, drawing, filing, turn- 
ing, punching, screw-cutting, and polishing ; as to wood 
—seasoning, turning, machining, boring, filing, oiling, 
and polishing. 

The Barrel.—In the rifle, the barrel occupies the first 
place, and has always engaged the special attention of 
gunmakers. It is the part of the arm that, with its 
breech-closing mechanism, has undergone the greatest 
changes in pattern, material, and method of manufac- 
ture. Up to the time of the Crimean War, it was, for 
the bulk of our troops, a comparatively rude tube of 
iron, lap-welded under rolls, and tapering externally, 
with a cylindrical bore of about #in, in diameter. 
Nothing could be more primitive than the muskets and 
ammunition with which Waterloo and all the great 
Indian campaigns were fought, unless it be the cannon 
which Nelson used at Trafalgar. It is true that there 
were two British regiments armed with rifles early in the 
present century; but the range of their rifles did not 
exceed that of the musket, and loading was so slow a 
process that it neutralised, in the estimation of military 
men, any advantage promised by their superior directive 
accuracy. 

Magazine Rifle Barrel.—Very different is the barrel of 
the present-day rifle. A steel tube of accurate workman- 
ship, only 3, in. in diameter of bore, almost perfectly 
true and straight, rifled to zoo in., and so closely inspected 
that the most minute grey or seam in the bore, requiring 
a highly practised eye for its detection, is considered suf- 
ficient to condemn jt. The steel used is mild, containing 
between 0.395 per cent. and 0.45 per cent. of carbon. It 
may be Siemens-Martin, or crucible, steel; the author 
prefers the latter, as giving rise to less waste. Ib is sup- 
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plied to Enfield by the maker in solid round bars, 1$in, in 
Samples are analysed and 


diameter and 154 in. long. 
submitted to tensile tests, but the manner in which the 
material works in drilling and turning are the tests upon 


which most reliance is placed. Some steels that satisfy — 


the chemical and tensile tests are not adapted for being 
worked by the machines. The softest steel is not the 
best for drilling, but homogeneity is important ; freedom 
from veins and from hard points or pins is indispensable, 
For example, among samples recently experimented upon 
was a nickel steel, possessed of remarkable tensile quali- 
ties and very clean, but so destructive to tools as to be 
almost unworkable. The first operation on the bars is to 
pass them through the rolling mill. ‘This is arranged to 


draw them to their full length, and at the same time to 


give them the external taper form at a single heat. Ten 
pairs of rolls working tandem are employed, and about 
thirty seconds are occupied by the process with each bar: 
but, as they follow each other through the rolls as rapidly 


as they can be supplied from the furnaces in which they _ 


are heated, it is evident that the capacity of the machine 
is very large. The plant at Enfield consists of two ma- 
chines, each having ten pairs of rolls. Hach is fed by 
two furnaces, one on each side, in which the bars are 
brought to the requisite heat. The reduction of tempera- 
ture during their passage through the rolls is small, owing 


to the considerable amount of work done upon them in 


the process. 

Figs. 1 to 3 show the general arrangement of the 
machine. The pairs of rolls are alternately in horizontal 
and perpendicular planes. In Fig. 4 the longitudinal 
section of the bar as it passes each pair of rolls is shown. 


One of the rolling machines now in use at Enfield is the 
Tt was designed by a former — 


first of the kind made. 
manager, Mr. Perry, and was manufactured by Messrs. 
Greenwood and Batley, of Leeds. The other, which is 


that illustrated in Fig. 1, was supplied in 1890 by the — 
same firm, and possesses certain improvements of detail — 


suggested by their experience in making similar machines 
for foreign factories. The advantage of rolling barrels 


effected at a single heat. It is proved by testing the 
steel before and after rolling. In some large manufac- 
tories abroad the barrels are forged between dies under 
rider machines or wooden beam hammers. This is done 
to enable projections to be formed for the seats of the 
sights ; and,in some patterns, the bayonet is attached to 
the barrel by means of dovetail pieces so forged on. 
When, however, the pattern of the barrel permits it, 
the rolling machine should be used; as it is found that 
barrels forged as at Enfield at a single heat, and by the 
symmetrically-applied pressure of rolls, retain their 
straightness when heated, and during the operations of 
drilling and turning, better than those that have been 
drawn down under the hammer: It has not, so far, 
been thought advisable to temper or stiffen rifie barrels 
in this country, but it is practised elsewhere, notably in 
France. The increase of hardness so imparted must, 
however, be small, as the bore is finished and rifled after 
the tempering operation. It has probably been rendered 
necessary by the use of steel having, in its forged state, 


a low yielding point, and by the high pressures developed 


in the chamber by the explosives.used. In such cases 
the chambers become enlarged during proof, the interior 
metal condensing without sensible increase of the outer 
diameter. A slight permanent set of this kind was noticed 
after proof of the earlier magazine rifle barrels; and the 
system was adopted by the author of proving them with 
the chambers very slightly (0.003 in.) smaller than the 
intended size, and subsequently given them a finishing 
cut. By this means, perfect unformity of size is secured, 
and the chamber undergoes no further enlargement 
in use. 


After leaving the rolling mill, the bars are taken to the 


forge, and the swell at the breech end is stamped by a steam 
hammer to the required shape. They are then straightened 
cold in special machines (Figs. 5, 6, and 7, page 790), by 
putting them through transverse rolls, or rings, three of 
which are mounted side by side a few inches apart, and 
revolve at about 150 revolutions per minute. They are 
driven by cogged wheels on a shaft that passes through the 
frames. These wheels engage with cogs on the periphery 
of the three wheels mentioned. The inner one is mounted 
on a slide that moves its centre out of line of the centres 
of the two outer rings; it is also slightly inclined to the 
others. The slide that carries the bearings of the centre 


ring, is forced aside by the action of a weight and chain 


that: passes round a disc on the screw operating the slide. 
In this way the ( 
barrel is applied. The latter is gripped first at its thickest 


end by the rings, and, revolving with them, is fed through 


automatically, owing to the inclination of the centre 


ring. The adjustment of the pressure required is effected 
by the weight; and, in order to further proportion this 
to the varying thickness of the barrel, the disc, from the 
periphery of which the chain unwinds, is made of a volute 
form, reducing the radius as the barrel diminishes in 
diameter. These machines, designed by Messrs. Green- 
wood and Batley, work most satisfactorily. To test their 
straightness, the bars are next spun, resting horizontally 
on rollers, a pair supporting each extremity, and any 
further straightening required is effected by hand 
hammers. ¢ 
needed to make the bars spin true on the test plate. They 
are passed to the turning and drilliag machines without 
annealing. The ends are turned to gauged sizes in a clamp 
milling machine; these extremities are the parts worked 
to in the subsequent operation. The next machine faces 
the ends. A shallow hole is sunk in each to steady the 
first cut of the half-round bits that are used for drilling. 
The drilling machines are horizontal, and the drills 
operate from both ends simultaneously. In the centre of 
the machine, three barrels are gripped axially in 


ressure requisite to slightly bend the 


The men are so dexterous that few blows are 


holders 


| by this method is obvious, as the forging is completely 
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(For Description, see page 788.) 


NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam coal trade has exhibited a buoyant 
tone, although no great amount of business has been pass- 
ing. The best qualities have made 10s. 3d. to10s. 9d., while 
secondary descriptions have brought 9s. to 9s. 9d. per ton. 
The house coal trade has shown little or no improve- 
ment; No. 3 Rhondda large has made 10s. to 103. 6d. 
perton. There has been some demand for both foundry 
and furnace coke; foundry qualities have made 17s. to 
17s. 6d., and furnace ditto, 16s. to 16s. 6d. per ton. The 
iron and steel trades have continued dull. 


Welsh Coal Mining.—The report for 1892 of Mr. J. T. 
Robson, Inspector of Mines for South Wales, has just 
been issued. Mr. Robson observes: ‘‘ Notwithstanding 
the so-called depression of trade which has overspread the 
country, the aggregate output of minerals in South 
Wales was greater last year than it has ever been. At 
the same time, the change for the worse affected South 
Wales in so far as prices, and consequently wages, are 
concerned, in common with other parts of the United 
Kivgdom. Thus, during the year, reductions in the 
miners’ wages, under the operation of the sliding scale, 
were frequent, and at its close wages were only 
22% per cent. above the standard of 1879, as against 
574 per cent. when things were at their best. There 
were 366 mines at work at the end of the year; 
these are owned by 255 separate owners. During 1892 
the total output was 23,204,236 tons, an increase of 
1,166,138 tons over the year before. Glamorgan’s share 
amounted to 22,229,821 tons, Carmarthenshire to 696,903 
tons, Pembrokeshire to 80,942 tons, and Breconshire to 
196,570 tons. The number of men employed above and 
below ground was 88,001, an increase of 1643, or 1.9 per 
cent., as compared with 5.4 per cent. in 1891, and 11.4 
per cent. in 1890. The average production of minerals 
per person employed last year rose to 266 tons, having 
been 257 tons in the preceding year, which was the lowest 
for many years. The fatalities for the year were 302, or 
one in every 506 persons employed. In five pits, employ- 
ing far more than this number, there was not a single 
fatality. In addition to 174 fatal accidents, there were 
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488 non-fatal accidents, causing injury more or less serious 
to 515 persons.” 

Water Supply of the Rhondda Valley.—At an extraordi- 
nary meeting of the Ystradyfodwg Local Board held on 
Friday, at Pentre, to consider what should be done to 
improve the supply of water in the Rhondda Valley, it 
was reported that the Ystrad Water Company was 
making preparations to construct a new reservoir at 
Tynewydd, which would store 10,000,000 gallons of 
water. The surveyor remarked that the daily consump- 
tion of the local board district was about 800,000 gallons, 
and this reservoir, therefore, would hold only sufficient 
water for about twelve days. It was resolved that a 
deputation from the Ystrad Local Board should wait 
upon the Water Supply Committee of the County Counci’. 


Barry Railway.—As soon as a Bill now pending in 
Parliament has received the Royal assent, the Barry Rail- 
way Company will proceed with the construction of a 
new dock to the eastward of the existing dock, the ex- 
tension of the present railway system, and the duplication 
of the main line for passenger traffic purposes from 
Cadoxton to Pontypridd, together with the formation of 
the Vale of Glamorgan Railway. 

Bute Dry Dock Company.—The Bute Shipbuilding» 
Engineering, and Dry Dock Company Limited, has 
issued its report for 1892-3. The accounts show a divisible 
balance (including 13,4112. brought forward) of 35,2291. 
The directors recommend a dividend at the rate of 10 
per cent. per annum, carrying 17,7291. to new account, 


LAUNCHES AND TRIAL TRIPS. 

TueE paddle steamer Slieve Donard was launched on 
Saturday, the 20th ult. by Messrs. James and George 
Thomson, Limited, Clydebank, for the Belfast and County 
Down Railway Company, for fast service between Belfast 
and Bangor, and has been specially constructed to make 
more extended excursions along the Irish coast. Her 
length is 200 ft., and gross tonnage 800 tons. 


Messrs, Cumming and Ellis, Inverkeithing, launched 
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on the 18th ult., a steel screw trawler, named the 
King, for Messrs. Mackay and Co., of Leith. TheS 
King is of the following dimensions, viz. : 112 ft. by 211 
by 11 ft. moulded, and is fitted with triple-expansi 
engines which will indicate about 650 horse power, 
which are calculated to drive her a steady 12 kno 
sea. These engines are by Messrs. Muir and Housto 


The new American cruiser New York, built by Mes 
Cramps, of Philadelphia, has made her official trial t 
off the New England coast east of Cape Ann. The 
was smooth and the weather fine. The course of 
knots was covered in 3 hours 57 minutes at an avel 
speed of 21.07 knots under forced draught. This may| 
slightly changed after allowance has been made for ti 
influences. The average revolutions were 135, and 
indicated horse-power 17,000. Messrs. Cramps will get 
premium of about 40,000/. above the contract price fc 
the speed and horse-power obtained. This result, whic 
proves her to be one of the swiftest warships afloat, give 
great satisfaction throughout the country. The engines — 
of the New York were illustrated and described in vol. lii,, — 
page 557, and the vessel in vol. li., pages 883 and 413, “a 


Messrs. Mackie and Thomson, Govan, Jaunched 
the 22nd ult., the Golondrina II., a steel twin-sere’ 
steamer of about 600 tons, built to the order of Captai 
Piaggio, Buenos Ayres. The vessel is 200 ft. Jong, 28 
broad, and 25 ft. deep from the shade deck, 18 ft. fi 
the awning, and 19 ft. from the main. Two set: 
triple-expansion engines of 1600 horse-power have bee 
supplied by Messrs. Muir and Houston, Glasgow. __ 


ees 
The first-class protected cruiser Gibraltar, which 
built and engined by Messrs. Napier and Sons, Glasgo 
went out of Portsmouth Harbour on Friday, May 26, fo 
an eight hours’ official trial of her machinery un 
natural draught. The contract was for 10,000 ho 
power, which was estimated to give the ship a speed ¢ 
184 knots at her load draught of 24 ft. 9 in. Her mea 
draught on trial was 21 ft. 5 in., and the average 
pressure in the boilers was 153.5 lb., which was obtaine 
with .13 in. of air pressure and a fuel consumption 0 
1.7 lb. per unit of horse-power per hour. The m 
vacuum was 26.6 in., and the revolutions —starboa 
104.4, port 103.4. Under these conditions the starbo 
engine developed a horse power of 5242, and the 
engine 5201, equal to a collective indicated horse-po 
of 10,443. The average speed, as recorded by patent | ey 
was 20.4 knots. The trial was considered in every 
respect satisfactory. “A 


The Royal Sovereign, one of the largest and most 
powerful paddle steamers ever built for the excursion 
traffic of the Lower Thames, is now sailing to Margat 
and Ramsgate and back in the day. Constructed entirel 
of steel, in ten watertight compartments, the vessel, whiel 
is handsomely appointed throughout, is intended by 
owners, the London and East Coast Express Steams 
Service, Limited, to maintain during the summer month 
a daily service between Old Swan Pier and the two p 
cipal seaside resorts in Kent. In capacity and in gene 
character the Royal Sovereign closely resembles 
Koh-i-Noor, which the Victoria Steamboat Association 
run to Clacton and Harwich. The new vessel has been 
constructed in a remarkably short space of time by the 
Fairfield Shipbuilding and Engineering Company, & 
gow, and is certified to carry over 2000 passengers. 
engines are of the diagonal type, like those of the Koh-t 
Noor, illustrated in a previous volume of ENGINEERING. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
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Comritep By W. LLOYD WISE. 


BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names 
é&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS, 


9185. A. Shiels, Glasgow. Couplings for Electric 
Wires. [4 Figs.) May 14, 1892.—This invention relates to 
couplings for connecting electric wires. The coupling consists 
of two clamps a, b, each made with a solid projection al, b1, and 
a hollow tubular projection a, b2, the parts being arranged so 
that when fitted together the projection b! of the clamp b slides 
telescopically into the hollow projection a? of the clamp a, and 
the projection a! of the clamp @ also slides into the hollow 
Bpojection b2 of the clamp b. The telescoping of the projections 
a, b1, b2, a1 are sufficiently tight to hold the two clamps together. 
Screwed into the projectionsa1, b! are insulating plugs a3, b°, 


a’ ao i ,’ 


(gL FZZZCEA 


b> 
vate 
D> 
Litt 
KK 


made of a material such as vulcanite. Fitted into these plugs are 
contact pieces a4, b4, having projecting heads formed with two 
spring prongs bent like aspear head. The wires ¢, f conveying 
the current are connected to the ends of the contact pieces at, bs, 
Fitted at the bottom of the tubular projections b?, a? are insulat- 
ing plugs, in which are fitted contacts having outwardly project- 
ing spring forks at their ends. The electric wires e and dare 
connected to the contacts a7, b7. When the clamps are coupled 
together (Fig. 1) the spring forks of the contacts 07, «/ override 
and spring grip the prongs on the opposite contacts at, b4, the 
circuit being thus completed when the parts are joined together. 
(Accepted April 19, 1893). 


9500. J.M.M. Munro and J. M‘Farlane, Glasgow. 
Electric Switches. (3 Figs.) May 19, 1s92.—This invention 
has for its object to provide an electrical switch. The contact 
lever A is pushed into the ‘‘on” position by an insulated handle 
C attached toit by ascrew. A spring D pulls or pushes against 
the lever A and forces it out of the ‘‘ on” into the “* off” position. 
When, however, the lever is fully home into the ‘‘on” position, 
a detent E falls into a notch in the pivot disc al, thus locking 
t, To throw the switch off, the detent E is withdrawn by press- 


ng a buttoa G, and whenever the detent is withdrawn the con- 
tact lever is pulled sharply off by the spring D. Should the 
spring D fail to act, the arm of the detent pressing against the 
contact lever on the release of the detent, tends to throw out 
the lever. Contact brushes and bearing springs are provided to 
make perfect contact between the contact lever and its pivot 
bracket which is the terminal of the switch, unless where the 
current is merely passed transversely across the contact bar from 
one contact clip to the other, in which case the two base exten- 
sions form a switch terminal. (Accepted April 19, 1893). 


8385. W. F. Taylor, Croydon, Surrey. Electricity 
Meters. (4 Figs.] May 4, 1892 —This invention relates to 
electricity meters in which a disc is pivoted in a magnetic field, 
and has a constant torque applied, tending to rotate the disc, but 
restrained from doing it by magnetic friction. The field pro- 
ducing this effect is arranged so that the dise is brought 
exactly to a standstill, and so that any decrease in the intensity 
of the magnetic field permits the revolution of the disc, and 
records, by means of a train of wheels, the amount of electricity 


passing through the meter. The initial field is obtained by a 
winding, producing in a magnetic circuit a sufficient number of 
lines of force to bring the disc toa standstill. Another coil is 
wound so as to annul the action of the first one in proportion to 
the current passing through it. The lines of force produced by 
the current used in the external circuit passing through its con- 
volutions weaken the magnetic field produced by the first coil, 
and allow the rotation of the disc in proportion to the current 
passing. (Accepted April 19, 1893, 
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GUNS, &c. 


12,809. W. L. Wise, London, (Société Anonyme des 
Anciens Etablissements, Hotchkiss and .Co., Paris, France.) 
Torpedoes, &c. (3 Figs.) July 12, 1892.—This invention 
relates to propelling apparatus for marine torpedoes, by which 
any variation in the speed of rotation of the propeller shaft auto- 
matically varies the pitch of the propeller blades, thus equalising 
the speed of the torpedo or navigable vessel throughout its 
course. When the torpedo is placed inthe tube ready for launch- 
ing, a trigger A3 is held forward by its spring A4, and all of the 
mechanism is in the position (Figs. 1 and 2), with the worm Al 
disconnected from the clutch collar A?, and therefore unaffected 
by the revolution of the propeller shaft. The cam gear B and 
the pitch frame C are at rest, and the propeller blades D turned 
to their set pitch. When the torpedo enters the water, the 
trigger A® is thrown back by the impact of the disc head on the 
water, and the trigger catches ina spring catcha, The turning 
of the trigger withdraws its arms from the socket in a worm Al, 
and simultaneously its eccentric shank throws forward the 


clutch collar A? into engagement with the worm Al!; this in turn 
sets the gear B BI in operation, and the pitch frame C being con- 
ducted slowly back by the progress of its stud C' in the cam 
groove ) of the cam gear B, pushes revolving cam collars C3 
towards the propeller hubs D1, thereby moving the blade arms 
C4, and turning the blades D to a higher pitch as the speed of the 
propeller shaft decreases. This movement can also be given by 
drawing the cam collar forward if the angle of the grooves in the 
cam collars is reversed, and if the cam groove of the cam plate 
B? throws in towards the centre from tne periphery, instead of 
from the centre out. The variation of the pitch depends upon 
the varying angle in the cam groove in the cam plate B2 to the 
transverse line of the ‘pitch frame” C, and also to the angle of 
the grooves in the cam collars C# to the blade levers C4. The 
propeller blades D are formed to a certain pitch, and when 
turned on their axis, the new pitch varies at each radius from the 
hub centre to the tip, when turned toa lower pitch than that for 
which formed. When turned to a higher pitch, the reverse varia- 
tion occurs. (Accepted April 19, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


21,448. J. A. and W.C. Paul, Jersey, Hudson, New 
Jersey, U.S.A. Thrust Blocks for Shafts. [4 Figs.} 
November 24, 1892.—This invention relates to a thrust- block for 
preventing the longitudinal pressure exerted upon the shaft of a 
screw-propeller by the water from being transmitted to the crank- 
shaft. The ends of the base piece a are slotted centrally, and pro- 
vided with a semicircular bearing surface at the base of the slot, for 
the reception of shaft ). This shaft carries at one end the propeller, 
and is at the other end driven by the crankshaft, Centrally, 
within the base piece a, the shaft ) is provided witha collar b1, 
having an annular groove in each of its sides. Opposite to the 
collar the base piece contains a pair of sectional discs provided 
with grooves corresponding to and facing the grooves b?. Within 
the grooves b2, cl there is a series of balls d, which, when the 
shaft } revolves, turn with it. The discs ¢ are divided on their 
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horizontal diameters, so that they can be properly placed 
in position above and below the shaft. The lower section of 
each disc is seated upon a curved shoulder a! of base piece a. 
The upper section of each disc is held down upon the lower sec- 
tion by a cover e secured to the base piete by screws e’. Each of 
the covers is made |_-shaped, being provided with a downwardly 
projecting central lug that fits into the slot of the end pieces. 
The lower edge of this lug is provided with a semicircular 
bearing to embrace the upper half of the shaft. Thus, while the 
horizontal section of the cover holds down the dise, the vertical 
section holds down the shaft to prevent unequal pressure upon 
the balls in case of unequal strain upon the shaft. To permit 
lateral adjustment of the discs c, screws are tapped through one 
side of the base piece, which bear against one set of the sectional 
discs. (Accepted April 19, 1893). 


MINING AND METALLURGY. 


9545. R.J. Charleton and H, Walker, Newcastle- 
oa-Tyne. Boring and Cutting Coal, &e. (2 Figs.) May 
19, 1892,—This invention consists cf two side frames secured to 
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each other by bolts and stays 4. At one end, and projecting 
beyond the rollers 2, isa transverse shaft, running in bearings, 
and having keyed on it a wormwheel, which engages a worm 
mounted on the main shaft driven by the motor. To the end of 
the trarsverse shaft, next the ‘‘coal face,” a coupling 14 is pro- 
vided to receive the cutter bar 15. This shaft is intended for 
hor'zontal undercutting only, as low down as possible near the 
floor. Immediately above the worm on the motor and transverse 
shafts is another transverse shaft, also fitted with a wormwheel 
engaging the worm on the motor shaft. This is carried in bear- 
ings having acertain amount of end play. Carried in these bear- 
ings is a frame composed of two side bars which extend to the 
back end of the machine, and are there jointed together by a 
hollow shaft formed of a steel tube. This hollow shaft is caused 


to rotate in bearings in the two side bars which support it, by 
gearing from the upper transverse shaft in the sliding bearings at 
the other end, and carries the drill shaft. In order that this shaft 
cuts truly vertically and not radially in an arc, guide frames are 
provided in which it slides vertica]ly, the radial action being 
neutralised by the sliding bearings at the other end. When the 
cutter bar on this shaft is required to undercut the coal horizon- 
tally near the floor or at any intermediate Jevel between the floor 
and roofing, the vertical feedis replaced by a horizontalone. The 
drilling or boring is effected by a tool running in the hollow shaft 
in the moving frame, in which it takes the place of the cutter bar 
used for vertical cutting. Means are provided for effecting the 
automatic feed in the horizontal and vertical cutting. (Accepted 
April 19, 1893). 


STEAM ENGINES AND BOILERS. 


10,298. F. W. Scott, London; E. G. Scott, Liver- 
pool; and F. W. Scott, London. Evaporating Ap- 
paratus. [2 Figs.] May 30, 1892.—This invention relates to 
evaporating apparatus in which a series of tubes, through which 
the liquids to be evaporated, and round which the heating 
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medium, such as steam, circulate. ware the circulatirg tutes, and 
bis the central tube. c, cl are tubes of larger diam ter than the 
ordinary tubes. The tubes ¢ are arrangid at equal distances 
apart and about midway between the central tube and the walls 
of the vessel, and the tubes c' in a ring at the outside of the tubes 
of the heating system. (Accepted Azvil 19, 1893). 


9617. J.S. Raworth, London. Automatic Expan- 
sion Gear for Steam Engines. (3 Figs.) May 20, 1:92.— 
This invention has for its object the controlling of automatic ex- 
pansion gear while in motion, so that the speed of the engine 


may be varied by hand when desired, One end of the supple- 
mentary spring d is attached to the governor arm /, and the 
other end to an eccentric strap g fitted to an eccentric k, loose on 
the crankshaft, ( is a spurwhee! connect:d directly with the 
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eccentric k, and m is a spurwheel keyed to the crankshaft. These 
two spurwheels have an equal number of teeth. A swivel frame o is 
mounted on a fulcrum p fitted ona stationary support q near 
the crankshaft b, and carries two pairs of spurwheels, each pair 
being a counterpart of the other, and arranged to run loosely 
on a pin fixed in the swivel frame. The wheels of each pair are 
joined together, so that when one revolves the other must also, 
but one wheel has one tooth more than the other, and they are 
arranged in opposite positions, so that in the case of one pair, 
the wheel having the smaller number of teeth is nearer the 
engine, and in the case of the other pair the wheel having the 
larger number of teeth is nearer the engine, the effect being that 
when the swivel frame is moved by a handle lever connected 
with it, one of the pairs of wheels can be brought into gear with 
the wheels Z, 1 on the crankshaft, whereby the eccentric k which 
influences the tension on the spring d@ is caused to advance or 
recede slowly, thereby tightening or slackening the spring and 
corresponding varying speed of the engine, (Accepted April 19, 
1893). 

12,915. A.F. G. Brown, Dalry, Ayrs. Rotary En- 
gines, &c. [3 Figs.] July 14, 1892.—This invention relates to 
rotary engines, pumps, &c. An oscillating abutment carries an oscil- 
lating segment bearing on the piston, the steam distributing valves 
being formed thereby, and automatically operated by the rotation 
of the piston. The series of pistons rotate within a cylinder, and 


the corresponding series of abutments each carry an oscillating seg- 
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ment bearing on one of the pistons and operated thereby to auto- 
matically open and close steam and exhaust ports formed in the 
abutment and segment. The packing and lubricating distributor 
is composed of a packing ring surrounding the engine shaft and 
press2d by springs against the boss of the rotating piston in con- 
junction with grooves formed on the face of the boss. (Accepted 
‘April 19, 1893). 

21,926. A. J. Davison and J. C. Jobling, Leyton- 
stone, Essex. Boiler Furnaces or Flues. [3 Figs.) 
November 30, 1892.—This invention has reference to boiler flues 
capable of offering considerable resistance to collapse, &c, The 


flue is composed for the greater part of its length of short plain 
cylindrical portions 2a, alternating with other plain cylindrical 
parts 2b of larger diameter, so that the flue is of crenellated form 
in longitudinal section, the annular flanges being formed on the 
parts 2b. (Accepted Apvil 19, 1898). 


8201. J. T. Marshall and R. Wigram, Leeds. 
Governors of Steam Engines. [6 igs.] April 30, 1892.— 
This invention relates to a governor which, arranged on the crank- 
shaft of asteam engine, serves to vary the stroke of the slide valve, 
reducing it when the engine moves too fast, and increasing it when 


the engine moves too slow. On the crankshaft A a casing having 
a heavy circumferential ring B is fitted, so that its inertia and 
momentum may be taken advantage of. To the ring B two heavy 
arms C are pivoted, with loads on them, and to each arm C one 
end of a helical spring Dis attached, the other end being joined 
to the casing B. Thearms C are connected by links e symmetri- 
cally arranged to an eccentric boss E which is fitted free to turn 
on the shaft Aon which a dise F is fitted, a bellorank being 
pivoted on this disc, and haying its one arm G linked to the ring B, 
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the other arm being linked to another eccentric H, which incloses 
the former one. The disc F, which is fixed on the shaft, is con- 
nected by links to the arms C, and these being pivoted on the 
ring B, asthe shaft and disc F revolve, the ring B is thus also 
caused to revolve, but with certain freedom due to the jointing of 
the parts through which motion iscommunicated toit. The arms 
C are urged towards the shaft by the springs D, which resist their 
centrifugal force when the whole system revolves with the shaft. 
When the speed of the shaft increases, the ring B, owing to its 
inertia, tends to lag behind, moving the bellcrank and partly 
turning the eccentric H in the one direction, while at the same 
time the heavy arms C by their centrifugal force move outwards 
towards the ring B, partly turning the eccentric E in the opposite 
direction. The result of these movements is so to turn the two 
eccentrics relatively to each other as to reduce the throw of the 
outer eccentric H, which is connected to the main slide valve of 
the engine, the stroke of the valve being thus diminished. When 
the speed of the shaft diminishes, the converse action takes 
place, the stroke of the slide valve being then increased. When 
an expansion valve is desired to be also governed, another pair of 
heavy arms Cl are mounted within the same ring casing B and 
are pivoted to the ring B at d!, and urged inwards by springs D1. 
These arms C! operate as governor balls turning in one direction 
or the other a sleeve E1 on the shaft A, to which sleeve they are 
connected by links. On this sleeve is an eccentric for the high- 
pressure valve, with a slotted hole allowing it to be shifted on 
the sleeve E', and at one side of this hole are rack teeth on the 
eccentric gearing with teeth on the sleeve El. Ag the governor 
arms move the sleeve E! according as the speed of rotation is 
greater or less, its teeth, acting on the rack teeth, slide the 
eccentric H! so as to give it less or greater throw, thereby modi- 
fying the opening of the expansion or high-pressure supply valve 
to which the eccentric H' is connected, and reducing or increasing 
the supply ofsteam. (Accepted April 19, 1893). 


4834. E. H. Gold, Chicago, U.S.A. Steam Traps. 
{4 Figs.] March 6, 1893.—The object of this invention is to 
provide a steam trap quick in action, and which will not be 
liable to be clogged by freezing or otherwise, and which can 
be easily thawed if necessary. The valve body A contains two 
valve orifices B, C, to which are adapted valves D, E. The 
valve E is operated by the handwheel F, The valve D is 
automatically operated by an expansion device G, consisting of a 
hollow receptacle g filled with a volatile liquid such as alcohol. 
The top and bottom walls of the receptacle are expansible under 
the influence of pressure, and the movement of the walls is 
utilised to move the valve D, the connection between the expan- 
sion device and the valve D being through a spindle H. The 
receptacle g is supported upon a screw I, by means of which its 
position is varied in order to secure proper closure of the valve 
D. The expansion device is contained within the chamber formed 
by the casing J, which is connected to the valve body A by means 
ofa discharge tube K. Through the tube K both valve openings 
B and C communicate with the chamber in which the expansion 


device G is situated. The valve D operated by G is so far separated 
from the latter that it may be located within the space to be 
heated, while the expansion device is situated outside, where it is 
exposed to the cooler air. The device is thus made quick-acting, 
as the expansion device is cooled as soon as the flow of 
hot water and steam from the trap is checked, and the accumula- 
tion of any material quantity of water above the valve D of the 
trap is prevented ; any water that does accumulate cannot be ex- 
posed to the freezing temperature as long as the apparatus is in 
use, for the accumulation is all inside the space to be heated. The 
expansion device, being the first thing to be cooled, will, upon the 
discontinuance of the use of the apparatus, open the valve so as 
to drain all water in the heating apparatus away before any 
of it can be frozen. Should clogging of the outer part of the 
trap take place, it is remedied in a few moments when the appa- 
ratus is again put in use by the opening of the hand valve E, 
which permits the steam to be blown into the chamber containing 
the expansion device, and thus thaws out and clears from the trap 
all obstructions. (Accepted April 19, 1893). 


23,869. J. Thomas, Cleveland, Ohio, U.S.A. Auto- 
matic Feed-Water Regulators for Boilers. [4 Figs.] 
December 27, 1892, This invention relates to feed-water regulators 
for steam boilers. The pipes B, C are placed on a level with the 
desired water level in the boiler, and are connected by a pipe F 
at one end to the top of the boiler for steam connection, and the 
opposite end is attached by a pipe G with the bottom of the 
boiler for water connection. The regulating valve H is located at 
one end of the pipes B, C, supported by a yoke K, having a 


stuffing-box I, through which the valve stem J passes and reaches 
the full length of the machine, and is attached to the crosshead E 
by means of a turn-buckle joint L. On the valve stem is fixed a 
collar, and on a crossbar through which the stem J passes isa 
strong spiral spring, the crossbar being joined to the yoke K by 


rods P haying hooks which catch on to the yoke. This spring 
holds the valve shut with a pressure equal to a ton weight. A 
trap pipe connects the pipe F and crosshead E with the pipe G, 
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and is provided for conducting condensed water from jipe F and 

prevent it passing into the pipes B, C for the purpose of avoiding 

the heat of the condensed water mingling with the water which 

comes into them from pipe G, and retarding the cooling and 
contracting of the proper pipes B, CU. The steam for running the — 
pump R is passed through the regulating valve, this allowing the 
boiler complete control of the motion of the pump. Solongags 
the water in the boiler A is at such a level that the pipes Band Q — i 
are full of water, the valve H remains closed, and the pumpRig 
not operated, but so soon as the water falls below that level, and 
steam instead of water is in the pipes B and C, then the higher 
temperature to which the pipes B and C are exposed causesthem 
to expand in the direction of their length, and through the cross. _ 
head D, joint L, and valve stem J, openthe valve H, and thereby _ 
admit steam to the cylinder of the pump R, so that the latterig _ 
operated. As soon as the water level by the operation of the 
pump R is again raised so as to fill the pipes B and C with water, _ 
these pipes contract, and the valve H is closed, so that the pump _ 
is stopped. (Accepted April 19, 1893). 


MISCELLANEOUS. 


10,199. O. Schwade, Erfurt, Germany. Valves — 
[2 Figs.| May 28, 1892.—The object of this invention is to provide 
means for rendering visible the movements of the valve, and 
enabling the extent of the movement to be ascertained, whilst at 
the same time allowing the amount of lift of the valve tobe — 
regulated. Over the spindle b is placed a glass tube e closed at 
its outer end, and on which is provided a scale f. This tube 
being transparent enables the working of the valve to be in 


spected. The spindle } is provided at its upper end with an 
enlargement c made of soft metal, and fitting inside the sight- — 
glass e¢. The spindle is made so long that in its position of rest 
and during the working of the valve, it is visible through the 
sight-glass. The sight-glass passes through a stuffing-box g in — 
the cover d of the valve casing, and can be adjusted initinthe — 
direction of its length. This arrangement enables the lift of the — 
valve to be regulated. (Accepted April 19, 1893). 


9176. J. A. Steven, Glasgow. Packing of Pistons — 
for Hoists, &c. [2 Figs.) May 14, 1892.—This invention has — 
reference to the packing of pistons for hoists, &e. Anannularring — 
@ of vulcanised indiarubber is fitted on the inside surface of the - 
cotton or hemp packing material b pressing againstthe hydraulic 
cylinder B, This indiarubber ring a is formed of a ‘‘doubled- — 
up” shape turned inwards at its lower end a), and has a small — 
annular indiarubber ring inserted and pressed between the two 
duplex parts a, a). Another indiarubber ring is fitted to act 4 


near the upper part of the main ring to freely move and press be- 
tween its inner surface and the metallic part AlofthepistonA,in 
which it is imbedded in the slot. A narrow water channelc 
leads from the top of the piston A, with branches for the preseure 
water to act on the inner surface of the rubber ring b', andinthe 
annular space formed between the inner surface of the main — 
rubber ring @ and the inner metallic part of the piston, so as to 
press on the elastic medium, and through it retain the hemp — 
packing material always as a fluid-tight joint between the piston — 
A, Aland cylinder B. (Accepted April 19, 1893). ; 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the — 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford: _ 
street, Strand. i 


Russtan PretroteuM WELLS.—The British Consul at 
Batoum reports that the petroleum wells in the district 
produced 5,491,970 tons of crude oil during the year, or ab 
the average daily rate of about 15,005 tons. Inthe latter — 
half of the year the output wasaffected bythe cholera. In 
March, 1892, during the progress of drilling, several very _ 
large fountains were struck, and while they remained in — 
activity—which, however, was not for any length of time — 
—the production of the wells on the Apsheron Penin- 
sula probably reached the enormous figures of 2,000,000 
poods, or 32,258 tons per diem. It is. computed 
that 299 wells were producing crude oil on De- 
cember 31 last; that 150 old wells, which had ceased 
their production, were being cleaned and repaired with a 
view to bringing them into activity again; that 81 new 
wells were being drilled ; and that 34 derricks had been = 
erected, and were ready to commence drilling operations. — = 
The exports made up 931,328 tons, an increase of 63,663 
tons as CEs pia with 1891. The value of these exports 
is estimated at 2,969,6702. The total quantity of illu- 
minating oils shipped to ports east of the Suez Canal was 
309,687 tons, of which 154,217 tons went to India, and — 
4710 tons were carried by tank steamers. The United 
Kingdom took the greatest quantity of any country, 
156,560 tons ; while Austria-Hungary came next to India 
with 107,205 tons: 
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THE COLUMBIAN EXPOSITION. 
Cuicaco, May 22, 1893, 


In the Administration Building a room has been 
set aside for the use of foreign commissioners, and 
just now it is being made considerable use of. 
Meetings of the many representatives of foreign 
Governments, now in Chicago, have convened meet- 
ings twice a week for the purpose of mutual defence, 
and perhaps of offence. As in every large Exhibi- 
tion, some combined action on the part of foreign 
countries is necessary in the interest of exhibitors, 
and this appears to be more than usually the case 
in this Exhibition, which is under a dual control. So 
the foreign commissioners are to meet on the Tues- 
day and Friday of each week, and there can be no 
doubt but that these meetings will be useful, and 
not devoid, as a rule, of active discussion. Just at 
present the burning question of the hour is that of 
the jury organisation. In a recent article the 
actual position was explained, and the protest made 
by the foreign commissioners to the Director- 
General was reprinted. Our readers are also 
acquainted with Mr. Thacher’s scheme and with our 
own criticisms on it. We gave Mr. Thacher full 
credit for the best motives in devising this proposed 
plan for the judging of exhibits, but at the same 
time we pointed out that the scheme was imprac- 
ticable, and must be greatly modified or wholly 
abandoned. The protest of foreign commissioners 
addressed to the Administration embodied our views, 
and the meeting held on Friday had for its chief 
business the consideration of Mr. Thacher’s reply. 
Only one difficulty met the opening of this discus- 
sion; there was no reply to discuss. Mr. Thacher 
had not thought it worth while to answer the 
serious protest of the foreign representatives. In- 
directly, indeed, he had made a response ; that is 
to say, he had in reply to the commissioners’ 
protest addressed a letter on the subject to Mr. 
Palmer, the president of the National Commission. 
Apart from the fact that the neglect to even acknow- 
ledge the protest was regarded as a marked breach 
of courtesy, it was very rightly considered by the 
commissioners that no notice could be taken of the 
letter addressed to Mr. Palmer, although it did 
contain detailed reference to the protest, had been 
printed in the official journal of the Exposition, and 
had been partially circulated among the commis- 
sioners. By this letter Mr. Thacher and his system 
stand condemned ; one or both will have to go, or 
all foreign exhibits will be placed hors concours, and 
one of the great objects of the Exhibition will be 
defeated. It must be admitted that the letter of 
Mr. Thacher is entirely unsatisfactory. Perhaps 
it is only natural that a man who has persistently 
fought for his system from the commencement, and 
has brought it through the greatest opposition, thus 
far in safety, should be unwilling to abandon it on 
the eve of its practical trial,and that at the demand of 
foreigners. But Mr. Thacher betrays obstinacy 
rather than firmness in the letter to which we are 
referring ; more than that, he contradicts himself 
on vital matters. Thus he had fully committed 
himself to the principle of allotting the number of 
judges to each country, not by the importance of 
the exhibits made by the country, but by its com- 
mercial importance, and he fixed upon England, 
Germany, and France as the three countries to 
whom a maximum number of judges should be 
allotted. Now he recedes from that position, and 
states that the number will be proportioned to the 
number of exhibitors—the usual method. As the 
various countries, or some of them at least, have 
taken Mr. Thacher as acting in good faith, and have 
accordingly commenced their arrangements for the 
juries on this basis, the change of front and ap- 
parent desire to break faith, will be much resented. 
The determination of the foreign commissioners to 
present an ultimatum on the subject is a wise one. 

The Administration will be informed that the 
foreign countries exhibiting must insist upon the 
adoption of the old jury system with all its faults, 
rather than accept the untried and impracticable 
scheme of Mr. Thacher, and that, unless their pro- 
posal is at once complied with, they must decline 
to allow the exhibitors to offer their goods for 
examination by a method that is wholly impractic- 
able and unsatisfactory—in other words, that they 
will be placed hors concowrs; that an immediate 
reply is necessary, because even now so much time 
has been wasted that it will be difticult, if not im- 
possible, to assemble judges from remote places 
to take up the work. It appears to us that, in the 
interests of exhibitors and of those gentlemen who 
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were willing to undertake the thankless task of 
judging, no other course was open to the foreign 
commissioners. Mr, Thacher falls back on various 
untenable positions to support his case. He urges 
(quite unnecessarily) that the principle of souvenir 
medals, as opposed to medals of varying merit, 
having been decided on by Congress, that part of 
the question cannot be reopened. As the com- 
missioners had recognised this fact, and fad 
accepted it, though many disapproved it, there was 
nothing left for dispute. But he also urged that 
his scheme in its entirety has been before the foreign 
commissions since January last, omitting to add, 
however, the very important fact that the leading 
nations represented, formally protested against the 
proposed system, as soon as its nature was com- 
municated tothem. The situation is in all respects 
a most unsatisfactory one, and if the jury work of 
the Columbian Exposition ends in chaos, as present 
appearances threaten that it must, all the respon- 
sibility must be thrown upon the Administration, 
for the foreign commissioners have taken only the 
most necessary precautions to protect the interests 
of their exhibitors, the dignity of their respective 
Governments, and the welfare of those gentlemen 
who were willing to undertake the labour of judges. 

The work of finishing up the Exposition seems 
to proceed very slowly ; this is largely due to the 
vast extent of the Fair, though there is no doubt 
progress ought to be more rapid. How far this is 
the fault of the foreign sections, and how much 
should be laid at the doors of the Administration, 
it is not necessary for us to consider. The fact re- 
mains that unless a much more rapid advance is 
made, the Exhibition will not be complete for a 
month to come. Almost every building is behind ; 
the smaller sections, such as those of Great Britain, 
her Colonies, Belgium, &c., are practically in 
order, but America, France, and Germany are 
terribly in arrear. A walk round the enormous 
upper galleries of the Manufactures Building is 
really discouraging. At the north end of these 
galleries a space has been set aside for the exhibits 
of religious and other societies, and very droll some 
of them are. These are mostly in good shape ; so 
are the exhibits of scientific instruments near by ; 
and the various American publishers’ displays 
adjoining, are also in tolerable order. But beyond, 
where important exhibits of stationery, fabrics, and 
a host of the lesser order of exhibits (we speak of 
size, not of importance) are to be shown, the 
pavilions that are to contain them are still in the 
framework stage, while others more advanced will 
not be ready to receive their contents for a number 
of days to come. France is rapidly pushing forward 
now; perhaps the fact that the very able chief 
commissioner Mr. Krantz will have to quit Chicago 
at an early date has something to do with this. It 
is a real pleasure to rest for a few moments in the 
tasteful French court, although many of the cases 
are still empty. The arrangement of the cases and 
their contents will teach valuable lessons to those 
who are willing to learn, and they emphasise the 
fact that the most successful Exhibition—that is, 
so far as pleasing arrangement is concerned—can 
only be held in France. 

A vast space in the same gallery has been set 
aside to the educational exhibits of the United 
States. The area is divided into rectangular courts, 
the general disposition of which is not very tasteful 
as arule; but no such eaposé of the method and 
results of public teaching has ever before been 
brought together. We shall hereafter devote much 
time to this portion of the Exhibition ; in a general 
article like the present, it is sufficient to note its 
very valuable and complete character, and pass on. 
In many places one is struck with the wasteful 
manner in which space has been distributed ; the 
width of passage is greater than necessary, and the 
impression is conveyed that exhibitors could not be 
found. Such a distribution of space gives rather a 
cheerless aspect to the gallery, for in an Exhibition 
over-crowding is even less undesirable thanadeserted 
appearance. In the hall itself the exhibits on the 
main avenues are in fair order in nearly all sec- 
tions ; it is only when one penetrates into the side 
alleys that the amount of work yet to be done be- 
comes discouragingly manifest. A new attraction 
to visitors has been added in this building within 
the last few days. A slender-looking staging rises 
from the floor to a height of 200 ft. This is the 
frame for two electric elevators that carry passen- 
gers for 25 centssfor the ‘‘round trip,” including 
the privilege of a%walk round the elevated gallery 
constructed at that dizzy height ; there is, in fact, 


nearly half a mile of this elevated promenade, and 
the view of the Exhibition without and of the 
great hall within, is very striking. No doubt later 
on these elevators will be kept busy enough ; at 
present trade appears to be rather languishing. 
Those explorers who have penetrated to the ex- 
treme south-east boundary of the grounds will have 
come upon many surprises. Beyond the Agricul- 
tural Hall is a wide expanse, even after the 
stockyards and other demands of the agriculturist 
have been satisfied. Apparently all the available 
space has been taken up, and many buildings are 
in various stages of advancement, some of them 
being, indeed, complete. The more prominent are 
the Leather and Forestry Buildings, fine structures 
both, full of promise for the future and of workmen 
in the present. Here also is the power station of 
the Intramural Railway, referred to elsewhere. Of 
another order is the reproduction of the White 
Horse Inn, which nearly found its location between 
the English and German pavilions, but was banished 
to this remote spot after the vigorous remonstrance 
of Herr Wermuth, who resents the presence of a 
hostelry in the vicinity of his beautiful headquarters. 
Now those admirers of Charles Dickens whose en- 
thusiasm is sufficient to lead them on the sandy pil- 
grimage, can find rest and refreshment under the 
shelter of this fictitious inn. Here, too, is the ex- 
hibit of the cave dwellers (by John Smith and Co.), 
of which we heard a great deal some months ago. 
On a hot sunny day the surrounding sands of the 
Lake Shore lend a painful realism to the exhibit, 
more real, indeed, than the elaborate imitation rocks 
in which the cave dwellers are supposed to, or 
really do, reside. Miscellaneous pavilions repre- 
senting various parts of the world, which otherwise 
would have been excluded for lack of space, have 
found here a somewhat incongruous resting-place ; 
many of them are restaurants, and they, if found 
satisfactory by the visitors, will not suffer much on 
account of their remote positions. The large group 
of windmills to the north gives animation to an 
otherwise quiet picture. Chicago is a famous place 
to exhibit windmills, for it justifies its American 
appellation of the ‘‘ Windy City,” and the motors 
in question have an air of energy and efliciency which 
will surely promote business for the exhibitors. 
While Germany made a stupendous and success- 
ful effort to have her main avenues in order on 
May 1, it was done at the expense of the less 
obvious parts of her domain in Jackson Park. The 
completion of the Krupp pavilion drags along very 
slowly, and the public are still excluded ; probably 
another week will pass before the semblance of order 
is arrived at. And it is the same in some other 
buildings, notably in that of Transportation, to 
which we shall make detailed reference in another 
article. Inthe midst of all this unreadiness, it is 
interesting to note that the American exhibitors, 
who have the advantage of being at home, as it 
were, have not justified their character for push 
and promptness, but remain at least as backward 
(many people say more) than the foreign countries. 
By this fact we may take comfort that the slow- 
moving people of the Old World are, after all, not 
so much behind when real work has to be done, 
“* De glory bug hab silver wings, 
De gold bug wings ob flame ; 
De bed bug hab no wings at all, 
But he gets dar all de same.” 
So runs a verse of an old negro hymn, and there 
is a certain application of it just now at Jackson 
Park. Most likely the somewhat conflicting regu- 
lations that exist, and are often changed and not 
seldom disregarded, tend to check progress. The 
chiefs of departments certainly do their best to 
encourage their own and foreign exhibitors to 
heroic and conclusive efforts, but even the famous 
placard of Mr. Allison posted over the Manufac- 
tures Building (of which he is the very able chief), 
and commencing 


‘VIM, VIGOR, VICTORY,” 


failed to inspire those to whom it was addressed so 
much as might have been expected. 

It is a delicate matter for a foreigner to criticise 
the administration of the Exposition, and it is 
safer to record American opinions on this subject 
than to advance one’s own, based on imperfect 
knowledge. But it is very clear that the Exhibi- 
tion is heavily handicapped by the dual control. 
That this must be so was obvious from the com- 
mencement, though, of course, the extent of the 
difficulties could not be foreseen. The situation is 
not improved, to say the least, by the Chicago 
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newspapers, and at the present time, when, at all 
events, judicious criticism under great reserve is 
most desirable, there appears to be the keenest 
competition to publish the largest number of 
reports, true or untrue, that can be snatched by the 
inquisitive, or devised by the imaginative reporter. 
The exaggerated accounts of the difficulties between 
the Chicago Directory and the National Commission 


Fic. 7. 


are of course utilised by those distant cities, indif- 
ferent or hostile to the Fair, and so permanent 
harm is done. This would not matter so much if 
the life of the Exhibition were not so brief, but it 
takes time to undo the mischief that can be accom- 
plished by a single issue of a sensational paper, and 
every day counts, especially now that the heated 


iterm appears to haye come to stay. The position 


of the Directory is, indeed, one of the greatest 
responsibility, and if ever the true history of tke 
Exhibition is written, it is to be hoped that so far es 
possible due credit may be rendered to the Presi- 
dent, Mr. Higinbotham. No words of praise c:n 
be too forcibly pronounced in reference to the way 
in which this able man has sacrificed himself, and 
if no serious trouble befalls the enterprise it will be 
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largely due to him. It is not to be supposed that 
the representatives of Chicago, who for three years 
have been wholly devoted to the scheme they have 
at last brought to a successful issue, can be always 
in accord with the large and somewhat hetero- 
geneous National Commission, which represents 
among its members all shades of political opinion, 
and but very little deep enthusiasm, which belongs 
of necessity to Chicago alone. Itis true that the 
Commission is represented by an able and sympa- 
thetic staff under the control of the Director- 
General, but many questions of vital importance 
have to be referred to the National Commission for 
settlement. Such, for example, is the burning ques- 
tion of the hour—that of opening the Exposition on 
Sunday. It was positively decided by the Directors 
that on and after May 21 the Exhibition grounds 
should be opened to the public at a reduced rate every 
Sunday ; later it was settled and announced that 
this privilege should extend to the buildings also, 
and that the Government grant of 24 millions of 
dollars, or at least that portion of it which had 
been received, should be returned to the Govern- 
ment, and the contract should be declared void. 
Whether this determination was correct or not from 
a legal point of view, it was very warmly received 
by the majority of the people of Chicago, the only 
dissentients being the sincere or pretended Sab- 
batarians. But on May 19 it was officially an- 
nounced that the Exhibition would be closed for 
another week in order to give the National Com- 
mission time further to consider the situation, and 
if possible withdraw their opposition. This appa- 
rent vacillation on the part of the Directors is not 
well received in Chicago, and it is expected that 
public opinion will take a practical shape to-day. 
This is scarcely likely, however, for the American 
crowd, unless opposed by what it considers un- 
just regulations, is very patient and long-suffering. 

The financial as well as the educational aspect of 
the Sunday opening question is of the utmost im- 
portance. The Exhibition has cost the city between 
four and five millions sterling; its maintenance 
and working expenses are 4000/. aday. Hitherto 
(except on the opening day) the attendance has been 
almost nominal, and the first month of six is drawing 
to aclose. The return of the first outlay is not a 
matter of any present moment ; indeed, it is quite 
realised in Chicago that the benefits of the Exhibi- 
tion to the city would be cheaply purchased if the 
whole of the money were sunk. But it is also felt 
that private enterprise has made sufficient sacri- 
fices, and that the loss of the heavy receipts that 
would flow into the treasury on Sunday should 
not be denied the Directors. To cover the 
working expenses at least 40,000 paying visitors 
daily are required, and arrears accumulate at an 
~ alarming rate in an enterprise on such a scale. 
There is no doubt that 200,000 or 250,000 visitors 
could be relied on every fine Sunday, and the gate 
money from these would be most acceptable. We 
are quite sure, however, that the Directors have a 
higher motive than that of finance in fighting fcr 
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Sunday opening. They wish the masses of working 
men and their families (who in Chicago, as in every 
large city, constitute the majority) to enjoy the 
advantages of Jackson Park which would other- 
wise be denied them except with the loss of their 
wages. Probably this consideration weighs with 
them more heavily than the material one of dollars ; 
at all events it is the best way of silencing the howl- 
ing Sabbatarians, who are as noisy and illogical in 
the United States as they are in some other coun- 
tries nearer home. 

During what month will the Exposition be most 
crowded? And when will prices in Chicago be the 
highest, and comfort to visitors the scarcest com- 
modity ? - Probably these questions at the present 
time agitate very many thousands of people in 
America, and a large number in Europe. There can 
be no doubt that in every respect the best time for 
a visit will be between the middle of May and the 
end of June, and again during the month of October. 
July, August, and September are usually the periods 
of the greatest heat, and when it is hot in Chicago 
effort is well-nigh impossible ; then, too, the city 
will be crowded by the agricultural visitors, accus- 
tomed to high temperatures and the primitive life 
of remote districts ; moreover, every resident who 
can do so leaves the city, or at all events avoids 
social labours, during these months, or a great 
part of them. Generally the weather in October 
is perfect, and the chances are that Chicago 
will be crowded to suffocation all through 
that month, and the hotel-keepers will reap 
a rich harvest. To the European visitor the 
plessure of this time will be tempered by the 
thought of the crowded steamers on the return 
voyage, when every one from the east will be anxious 
to return before the beginning of winter. On the 
whole, the preference must be given for every reason 
to the six weeks ending with June. If not com- 
plete, there will be plenty to satisfy the most ardent 


sightseer, and by the end of June the Exhibition 
will be practically finished and in perfect order as 
regards the grounds. Hot weather must be ex- 
pected even during this early part of the summer, 
but the steady heat does not set in severely before 
July, and the nights are cooled by the breezes from 
the lake; the evenings are at their longest, and 
there has never before been offered to the public 
such a resort of beauty as Jackson Park. Intend- 
ing visitors from England will do well, we think, to 
bear this counsel in mind, and start upon a journey 
for which they will be well repaid with as little 
delay as possible. 

In the course of a few days a new mode of transit 
from the city to the grounds will be placed at the 
disposal of the public. This is the great whaleback 
steamer built in the most remote shipyard of the 
United States, in the north-west corner of Lake 
Superior. We have already referred to this very 
remarkable craft (see page 588 ante), and shall 
shortly publish detailed particulars and illustrations 
of her. It will be remembered that the appearance 
of the Charles W. Wetmore at Liverpool about 
two years ago caused very considerable interest 
and criticism, mostly hostile. She was the first, 
and up till now the only ship of this type that has 
reached our shores, and she shortly after came to 
an untimely end by being run on the American 
coast by a drunken captain. 

But if we have heard little of the whaleback 
steamer, the new type of ship has been re- 
ceived with great favour on the American lakes, 
and the very extensive shipyard of the Whale- 
back Company, in or near the small Superior 
City, has more than it can do to fill orders. 
We remember seeing in 1890 the first of these 
craft at Buffalo, where a steamer and a_ barge 
attracted great curiosity as they lay in the harbour 
of that lake city. They attract no curiosity now, 
for they are rapidly being recognised as the cheapest 
and most convenient type of vessel for the bulk of 
the lake trade, and it is said that the tonnage 
carried by them is now almost as great as that con- 
veyed by vessels of all other kinds upon the lakes, 
Be that as it may, the fleet of whalebacks is large, 
and is constantly increasing. But this new vessel, 
which is just now creating no little excitement in 
Chicago, is quitea new departure. So faras regards 
the hull and arrangement of engines, the standard 
system has been followed ; on the structure, how- 
ever, three decks have been built, giving a vast 


| capacity for passengers ; accommodation for over 


4000 was to be provided, but on a recent occasion, 
before the ship commenced her voyage to Chicago, 
she carried no less than 5700 people, probably the 
greatest number ever afloat on a single vessel, 
unless we except the Great Hastern, who, for any- 
thing we know, might havecarried more. The ship 
is about 360 ft. long and 42 ft. beam; her engine 
power is between 2000 and 3000 horse-power, and 
her contract speed was to be eighteen miles an 
hour ; this, however, has been exceeded, and it is 
expected that she will make twenty miles regularly 
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when on her station. A very remarkable feature 
about the Christopher Columbus, as the new whale- 
back is called, is the short space of time in which 
she was built. All the iron used at the Whaleback 
Shipyard is manufactured at the ironworks belong- 
ing to the company, who also possess extensive iron 
mines in the vicinity. In this way the material 
employed in the Christopher Columbus was pro- 
duced, and the ship was completed and launched 
eight months after the iron ore for her plates was 
delivered at the furnaces. This record adds a 
special interest to the vessel, and makes her an 
essentially American adjunct to the Exposition. 
We should add that Mr. McDonald, the inventor of 
the system, is also the engineer to the company 
occupied in the development of this new and im- 
portant industry. 

Some uneasiness is beginning to be felt at the 
prospects of high temperatures within some of the 
buildings during the coming summer. The heat 
of the last few days has suggested the present 
fears, which appear to have some justification. 
Discomfort will apparently be felt chiefly in the 
Machinery Hall and the upper galleries of the 
Manufactures Building. In the former the com- 
paratively small spans and the absence of any 
special provision for reducing the temperature, 
may, in the event of a really hot season, be attended 
with great discomfort to exhibitors and visitors. It 
will be remembered how trying was the great 
Machinery Hall of Paris in 1889, despite its size and 
the absence of exceptional temperatures ; certainly 
a much more marked inconvenience must be ex- 
pected at Jackson Park. One cannot help think- 
ing that a serious mistake has been made in 
arranging the power station as a part of the 
Machinery Hall itself, instead of placing it in a 
separate building. It would also have been most 
desirable if, as we suggested long ago, compressed 
air had been used instead of steam for driving the 
machinery in motion. It would have involved 
more cost, it is true, but it would have been a new 
departure of great interest to industrials in the 
United States, and it would have secured ample 
ventilation and admission of cool air that would 
have made the Machinery Hall one of the most 
agreeable resorts during the hot weather. As for 
the Manufactures Building gallery, the only means 
of reducing inconvenience will be by the addition 
of velariums, and if that does not suffice, by adopt- 
ing the simple expedient of not visiting the gal- 
leries during the periods of great heat. This alter- 
native, however, will not be available for the per- 
spiring Judges, in the somewhat doubtful case of 
their being called upon to act; for their work 
now must begin very late, and be continued through 
the two hottest months, regardless of personal 
inconvenience. 

The next two weeks will be big with the fortunes 
of the Exposition. Many questions of the first im- 
portance must be settled, for they will not be 
allowed to wait: administration reforms, to remove 
confusion that might easily grow into chaos; the 
Sunday opening question, for the solution of which 
the voice (and muscles) of the people cannot be 
much longer stayed ; the means to be adopted for 
forcing dilatory exhibitors to make an end; the 
disposal of the Thacher theories, either by sweeping 
them out of existence, or by definite refusal of 
foreign exhibitors to submit to judges’ inspection 
and awards at all. For our own part, we have little 
doubt that all these and many other pressing matters 
will be satisfactorily adjusted. The Exhibition is 
toovast and magnificent an enterprise to be seriously 
imperilled by faults of detail; the great minds 
that have solved so successfully the complicated 
problems of construction and finance, are not going 
to failnow. As for the jury difficulty, that will be 
quickly settled by the foreign commissioners in a 
way that will doubtless disappoint and surprise Mr. 
Thacher ; and of the exhibitors from abroad, who 
constitute 60 per cent. of the World’s Fair, but few 
will really regret if they do not receive the doubtful 
benefit of awards made under a system largely 
unsatisfactory and wholly impracticable. 
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THE COLUMBIAN EXPOSITION. 
THe GERMAN CaTALOGUE. 
Cuicaco, May 7, 1893. 
THREE cataloovys are now on sale within the 
Exhibition Build @%\— the first edition of the 
general catalogue,™@i which, by the way, a bound 
copy was handed to the President on the occasion 


of the opening ; the English catalogue, to which we 
have already drawn attention; and that of Germany. 
The German catalogue is in all respects a fine piece 
of work, and worthy of the section thatit records. It 
possesses, however, two important defects: it is 
costly, the price being four shillings, and, like the 
British catalogue, each department is introduced 
by one or more essays that make the work of re- 
ference difficult ; the size, moreover, is too large 
for convenient use, and many people will complain 
that the type is much too small. Apart from these 
defects, the work is admirable one, and is a beauti- 
ful specimen of the typographer’s and printer’s 
arts. As an indication of the care that has been 
bestowed on this work, it may be mentioned that it 
has been produced under the care of three com- 
mittees representing thirty-five members, aud, as 
we all know, committees in France or Germany 
are not nominated simply for the purpose of being 
ornamental. The German Pavilion is the first 
matter referred to, after a short preface summaris- 
ing the present industrial condition of Germany. 
This beautiful building, of which we shall shortly 
publish an illustration, is in the style of the early 
German renaissance, and its steep roofs, numerous 
pinnacles, and bright colours are highly charac- 
teristic and effective on the shore of Lake Michigan. 
The designer is Herr J. Radke, one of the archi- 
tects of the State, and apart from its pleasing 
appearance, the building is very remarkable on 
account of the number of industrials who have con- 
tributed material for its construction and decora- 
tion. The names of all these persons are duly re- 
corded in the catalogue, and we find that they 
number no less than forty in the house itself, and 
rather more in the chapel attached, and which is 
also in the early German renaissance, modified 
by the introduction of Gothic feeling. These 
contributions, which, of course, form exhibits, 
and as such are included in the catalogue, are from 
all parts of Germany, and comprise art metal 
work, statuary, wood-carving, faience, mural 
paintings, clocks, ecclesiastical decorations, and 
furniture, &c. It may be readily imagined how 
fine an effect has been produced by this combina- 
tion of art industry, and that the result has been 
the production of a pavilion worthy to receive the 
Emperor should he pay a visit to Chicago, which is 
at present the hope and aspiration of the city and 
of the hundreds of thousands of its German popu- 
lation. Within the great hall are arranged the 
more evident exhibits of about 150 exhibitors in 
the liberal arts—publishers, bookbinders, engravers, 
&c. ; all of these are, of course, included in the 
catalogue. It was necessary to find room for them 
in this place because the allotment in the upper 
gallery of the Manufactures Building was wholly 
insufficient for the purpose. Two essays on agri- 
culture and forestry precede the catalogue of 
Department A (Agriculture). In this department 
there are more than 160 exhibitors, including 
several collective groups of State exhibits. 

An important essay on the wine industries of 
Germany precedes the catalogue of Department B 
—that of Horticulture—and this is followed by 
another on the last-named subject. The wine dis- 
play of Germany is, as may be imagined, a very 
important one ; it consists chiefly of that admirable 
collective form of arranging objects, which, small 
in themselves, become imposing when massed 
together. The collections come from the following 
districts: Rhenish Prussia, 49 exhibitors ; Wies- 
baden, 65 exhibitors ; Rheinphalz, 25 exhibitors ; 
Franken, 10; Wirtemburg, 20 ; Baden (22); Rhein- 
hessen, 64; Alsace, 11; Lorraine, 15. In Group 
21, that of Pomology, manufactured products, 
methods, and appliances, the exhibits are also 
chiefly collective, and make a fine display ; there are 
three of such collections, comprising about 150 ex- 
hibitors. The German list of live stock is naturally 
a small one, but it is at all events better than that 
of this country, which is limited to two incubators. 
It consists of sixteen entries, divided into seven out 
of the ten groups which make up this department. 
In the Fisheries Building Germany is practically un- 
repres:nted, withonly seven exhibitors, none of them 
very important ; and here we may claim a superior 
record with our dozen entries. It is far otherwise, 
however, with the next department—that of Mines 
and Mining. Here the central figure of the German 
court is the fine trophy of Stumm and Co. and 
Bocking and Co., of Neunkirchen, which utterly 
disgraces the shed erected by Johnson, Matthey, 
and Co., occupying the corresponding prominent 
position in the building. Germany exhibits in 15 
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out of the 27 groups of this department, and has 
about 80 exhibitors as compared with our 33 
Group 67 —Literature, &c.—from which we are 
directly absent, has 19 exhibitors, including several 
societies, commissions, and State departments, 

In Department F (Machinery) exhibits are made 
in ten groups by 116 manufacturers. This may not 
appear a large number, though it is great in com- 
parison with the 58 of England, many of which 
have yet to be heard of. Moreover, the German 
exhibit has been carefully selected so as to be 
highly representative, and nearly all the entries 
cover a considerable number of objects. We shall 
deal with this section in our notices—general and 
detailed—of the Machinery Hall, but the catalogue 
gives an indication of some of its leading features, 
The vertical triple-expansion engine of Schichau, 
of Elbing, is the most imposing in this building ; it 
is of 1000 horse-power, and has cylinders of 
580 mm., 950 mm., and 1450 mm. in diameter, 
This engine is supplied with steam at 180 Ib, 
pressure, and is driven at a speed of 180 revolu- 
tions per minute. A smaller engine shown by the 
same firm is of 150 horse-power. The collection of 
wood-working machinery is admirable, and will 
bear comparison with any shown in the American 
section. In Department G—that of Transportation 
—the German catalogue records 170 entries. It is 
in this, and that of Fine Arts, where England has 
really succeeded with representative exhibits, and 
it is as yet too early to decide whether we are 
better than Germany or not in the Transportation 
Building. In any case the German display is an 
excellent one, both as regards collective and indi- 
vidual exhibits. Several locomotives are shown, as 
well as rolling stock. These are chiefly contributed 
by the German State Railways, but the Schichau 
firm sends a compound goods locomotive, of which 
we hope shortly to publish the drawings. 

Contrary to general expectation, the collection of 
naval models sent by Germany is a very fine one, 
though it does not compare with that of the British 
section ; it is somewhat to be regretted that the 
German models are arranged in the gallery upstairs, 
and not near those of England, as a better comparison 
would thereby have been possible. The engineer- 
ing models are also excellent, and sufiiciently 
numerous to fill quite a large court. Of course, if 
we include in this section (as it is officially included) 
the Krupp pavilion, the German section may be 
ranked of even higher importance than that of the 
United States. Hrom the catalogue the extensive 
character of the collection may be gathered. It is 
stated to consist of guns, ammunition, armour 
plates, cast-steel tubes and blocks, forged steel 
pieces, axles, steel parts of machinery, &. The 
collection of guns comprises the principal calibres 
made at Essen, from the great 120-ton naval gun 
to the smallest field pieces. It is said that the 
total value of the exhibit, including freight ana 
insurance, is no less than 300,000/. Space is found 
in the Krupp pavilion for eight ether eminent steel 
and other manufacturing firms. 

The total number of German exhibits in the 
Manufactures Building is recorded in the catalogue 
as over 2500, without counting the many loans that 
have helped to beautify the magnificent court. The 
number given is, however, somewhat misleading, as 
there are certain gaps in the catalogue which reduce 
the total to probably 2000 exhibitors. These special 
loans are chiefly composed of objects furnished by 
the Emperor, members of the Imperial Family, 
Prince Bismarck, and others. The objects loaned 
by the Emperor alone exceed forty in number, and 
are of high interest, as they include relics of the 
late Emperor Frederick and the Emperor William I. 
It may be readily imagined with what enthusiasm 
they will be regarded by the vast German popula- 
tion of Chicago. In photography, the section is 
not very strong, there being only thirty-six exhi- 
bitors, and, indeed, there does not seem to be any 
great reason for photographers to show their 
work in a country where the art has arrived at so 
much perfection as in the United States. In chemical 
industry there are 114 exhibitors ; in the group of 
furniture and interior decoration there are 101 
exhibitors ; in ceramics and glass wares there are 
250 ; a special feature is a fine collective exhibit of 
goldsmith’s and jeweller’s work, comprising 52 
collective contributors ; in addition there are 107 
independent exhibitors in this department of art 
industry. In the textile groups there are 105 
exhibitors, besides more than that number arranged 
collectively, and representing the principal spe- 
cialities in different parts of theempire. There is a 
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great show of toys in the sections devoted to that 
subject ; of musical instruments there are 46 exhi- 
bitors ; and the majority of the various groups 
comprised in this industrial department are repre- 
sented, but want of space prevents us from carrying 
the analysis farther. In Department J, that 
devoted to Electricity, there are 46 separate exhi- 
bitors, and a collective display made by about 40 
more. 

The number appears a small one, but an exami- 
nation of the catalogue shows that most of the 
leading German electricians are represented by large 
displays. Thus we see the names of Felten and 
Guillaume, Hartmann, Schichau, Schuckert, Sie- 
mens, Siemens and Halske, &c. There is also a 
very fine historical exhibit, made by the Imperial 
Post Office, the Royal Technical School at Char- 
lottenburg, and by Siemens and Halske, of Berlin ; 
this last-named is of considerable extent. It is 
satisfactory to find one department in which we can 
claim to be superior to Germany, and that in a very 
marked degree ; that we are so is wholly due to the 
devotion and energy displayed by the Fine Arts 
Committee, to whom the credit of the section was 
intrusted by the Royal Commission. There are 
about 750 exhibitors in the German section of the 
Fine Arts Building, as compared with more than a 
thousand in the British section, which is already 
made the subject of astonished and delighted 
criticism by American visitors. Of the remaining 
sections we need not speak here; there is the 
women’s exhibit, which, like our own, looks well 
in the catalogue, but we have not much confidence 
in the success of this part of the Exhibition; in 
liberal arts, Germany makes a small display in the 
Manufactures Building, in addition to their chief 
show in the German pavilion. 

In the Midway Plaisance a large space has been 
allotted for the construction of a German village, 
where characteristic restaurants and beer-houses 
are provided. The chief feature of the village is 
the reproduction of a town-hall actually existing 
in Hesse since the year 1600; it contains private 
exhibits of historical weapons, table ware, house 
furniture, &c.; there are also a number of repro- 
ductions of old cottages dating from the end of 
the sixteenth century, and containing exhibits of 
progressive domestic industries. We could enlarge 
greatly on this subject, but we shall have to return 
to it again with more detail, and in any case we 
have said enough to show the thorough manner, 
under the able direction of the Imperial Commis- 
sioner, Herr Ad. Wermuth, in which Germany 
has made herself represented at Chicago. It has 
been a great enterprise, but there can be no doubt 
as to the benefits that will result, and, unfortunately, 
the completeness of the German section is made 
more striking by our pronounced deficiencies. 


THE MACHINERY HALL OF THE 
COLUMBIAN EXPOSITION. 

Since our ‘‘ walk through,” of which we gave 
some notes last week (vide page 781 ute), we have 
been farther afield, and must confess that now we 
are in no way disappointed with the amount of 
machinery shown at Chicago, as perhaps the 
greater portion is to be found outside of Machinery 
Hall itself. The different articles form part of 
the exhibits in their respective buildings, and 
we find the results of the toil of our fellow- 
workmen in the Transportation Building—the 
finest display of the kind ever put together— 
the Electricity and Mining Buildings, and the 
Agricultural Annexe; besides special branches 
shown in small buildings erected for the purpose— 
as, for instance, Krupp’s German palace, the saw- 
mill, oil-well supply stores, Crane’s machine shop, 
Worthington pump-house, power plant for Intra- 
mural Railway, sewage disposal plant, and the 
quantities of derricks, windmills, oil-well towers, 
&c., scattered around the grounds. 

Of course, in our hurried survey we missed 
some of our old friends in the hall itself; we 
should have mentioned the exhibits of Pratt and 
Whitney, and Brown and Sharpe, each with their 
distinctive shows of high-class tools, gauges, and 
measuring apparatus. Yale and Towne also, with 
their usual good taste, have arranged a varied 
collection of hoisting gear : a winch, such as is often 
used for outside erection, is a handy arrangement 
worth notice ; it will not lower of itself, and the 
handle has to be turned to lower out the weight ; 
by throwing over the shaft it can be made to work 
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in the ordinary way. This device the firm also 
show applied to a crane. In the Worthington 
pump-house the General Fire Extinction Company 
have erected a booth to show the operation of 
their various nozzles; this should be of great 
interest to those interested in fire-protection 
devices. 

The first really hot day, walking across the hall we 
spied a perfect little oasis, a high circular cascade 
falling into a pond, and round it some beautiful 
ferns and palms. The cascade was being made by 
a little single pump, with automatic valve, made by 
the John H. McGowan Company, Cincinnati, Ohio ; 
it was in the centre of a most attractive exhibit full 
of novelties. Their ‘‘ twin-lever” duplex pump is 
quite a revelation; it must always make its full 
stroke, and cannot by any stretch of the imagina- 
tion be called a ‘‘ Worthington.” The high-pres- 
sure pumps and circular tobacco-baling presses 
of these makers are the envy of the Glasgow firms, 
and their little ‘‘donkey”’ pumps would surprise 
some of our English friends. It was goud to hear 
that an Aberdeen Scotchman was responsible for 
all these ideas, even if they were brought out here. 

We noted the English section again to find the 
Willans and Robinson engine being fixed. Also two 
furnaces fitted with Caddy’s patent tubular fire- 
bars and smoke-consuming apparatus—something, 
by the way, that should be of interest to Chicagy 
people, to help make the air here a little more free 
from smoke. 

This week we propose to speak more particularly 
about the power plant in this building. The engines 
are situated all along one side under the main roof, 
and the boilers adjoining, in a separate building. 
We shall have to reverse the usual order of things. 
and take the engines first. It is well to mention 
that the whole motive power arrangements are 
under the direction of the Exposition engineers, 
and that Chief Robinson, of the Machinery 
Exhibit Department, has absolutely nothing to 
do with them ; also that the engine-builders them- 
selves are not free agents, but have to fix their 
engines to instructions given them, and in most cases 
to make use of air pumps and condensers of ditferent 
makes. What is called the main engine is one made 
by E. P. Allis and Co., Milwaukee; it is the largest 
individualenginein the grounds, and somay well take 
that title. It is driving two Westinghouse 10,000- 
light generators, taking 2000 horse-power, but is 
capable of working up to 3000 horse-power, and is 
a side-by-side Reynolds-Corliss quadruple-expan- 
sion engine, with cylinders 26 in. and 40 in., and 
60 in. and 90 in. in diameter, by 72 in. stroke. 
The steam pressure used is 115 lb., and the engine 
runs at 60 revolutions per minute. The flywheel 
is 30 ft. in diameter with 76 in. face, and carries 
two belts 73 in. wide one over the other. There 
is a vertical independent air pump 36 in. in 
diameter by 16 in. stroke. The steam cylinder is 
fitted with Corliss gear conveniently situated for 
starting. The stop valve is operated by an 
‘electro-automatic starting gear,’ and was con- 
nected to the button the President pressed on 
the opening day, this engine being the only one 
that was started up by this means. 

The same makers also supply a 500 horse-power 
cross-compound engine, with cylinders L9 in. 
and 36 in. in diameter by 48 in. stroke, this 
engine running at 70 revolutions, driving a 
Westinghouse generator on the crankshaft between 
the two engines; the air pump is in this case 
driven from the crankpin. A 240 horse-power 
vertical compound, with cylinders 16 in. and 24 in. 
in diameter by 16 in. stroke, working at 175 revolu- 
tions, with a flywheel 8 ft. in diameter by 33 in. 
face, is a modification of the trunk engine with 
single crank, and takes up very little space. Out- 
side this building the same firm have 2500 horse- 
power and 750 horse-power engines working the 
generators for the Intramural road. 

If we had taken the amount of power supplied 
as determining the order of importance, we should 
have commenced with the Westinghouse Machine 
Company, as they provide 6000 horse-power 
out of the 12,000 used for incandescent lighting, 
besides a number of smaller engines. Their main 
plant consists of six 1000 horse-power compound 
vertical steeple engines of new design, being 
double-acting and not like the ‘‘ Standard” engine 
so well known now. ‘These engines have cylinders 
214 in. and 87 in. in diameter by 22 in. stroke, 
and run at 200 revolutions, driving direct two 
Westinghouse alternating current 10,000-light dy- 
namos, a swivel coupling being placed between 
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to allow for malalignment—an arrangement very 
necessary here, with the foundations they have to 
deal with. The working parts float in oil, one 
of the distinctive features of this engine. The 
governing is done by means of a shatt governor, 
and at this speed, with engines as large as these, 
this is quite a difficult problem. The engines are 
fitted with Gray’s automatic valves in the exhaust 
pipes, to instantaneously change to high pressure 
from condensing in case anything goes wrong with 
the air pump or condenser. Two engines have 
Wainright surface condensers and Dean pumps, 
two of them Wheeler surface condensers and Biake 
and Knowles pumps, and the other two Worthing- 
ton jet condensers and pumps. These are, without 
doubt, the finest examples of high-speed vertical 
engines yet turned out in this country. 

The same makers also supply two 330 horse- 
power ‘‘ Standard” compound single-acting engines 
directly connected by belts to their dynamos, these 
being the only engines supplying the incandescent 
light for some time. Three 125 horse-power com- 
pound engines are directly connected to exciters 
for the whole of the alternating plant. Several 
engines by the same makers are dotted around in 
ditferent parts driving the shafting. 

The remaining 4000 horse-power required will 
be provided by the firms named helow. Fraser 
and Chalmers, Chicago, supply a 1000 horse-power 
side-by-side triple-expansion engine, with one cy- 
linder 20 in. and three others each 34 in. in dia- 
meter by 60 in. stroke. This engine runs at 60 
revolutions, and has a flywheel 26 ft. in diameter 
by 66 in. face ; it is provided with a separate con- 
denser and air pump, the latter being 32 in. in 
diameter by 12 in. stroke, driven by a compound 
Corliss engine. Macintosh and Seymour furnish a 
1000 horse-power double-tandem compound con- 
densing engine, with cylinders 18 in. and 82 in. in 
diameter by 36 in. stroke, this engine running at 
110 revolutions, and being provided with a flywheel 
16 ft. in diameter by 76 in. face. This engine is 
fitted with piston valves and patent adjustable 
valve seats and Neager cut-off gear, a neat com- 
pensating apparatus being fitted to the main 
eccentric to equalise the cut-off. There isa shaft 
governor operating the cut-off valves; the eccentrics 
are fixed on a 6-in. shaft driven by a drag link ; 
the main bearings are made to swivel, and the 
general construction is good and very massive ; 
these makers use the Blake jet condenser. The 
Atlas Engine Works supply a 1000 horse-power 
double-tandem compound condensing engine with 
cylinders 14 in. and 24 in. in diameter by 30 in. 
stroke, running at 160 revolutions, with a fly- 
wheel 12 ft. in diameter by 72 in. face. This 
engine is about half the size of any of the others, 
has a low flat bed and slipper guides, balauced D- 
valve to low-pressure cylinder and rotating valves 
to the high, but no trip gear or dash-pots, the 
movements being positive and controlled by a 
sort of cam path arrangement ; this is quite a 
new departure, and, being such a smooth running 
engine, it should be in great demand. It is fitted 
with a Knowles air-pump and condensers. ‘The 
same firm have a tandem compound engine with 
similar-sized cylinders diiving a Thompson- Houston 
dynamo. 

Another of the electric lighting motors is a 
‘* Buckeye” 1000 horse-power triple-ex pansion ccn- 
densing engine, with two cylinders 20 in. and 
324 in. in diameter respectively, and two others, 
each 386 in. in diameter ; the stroke is in all cases 
48 in., and the engine runs at 85 revolutions, the 
flywheel being 20 it. in diameter by 74 in. face. 
This engine is of the well-known ‘ Buckeye” 
type, and of very massive design. Alongside this 
the same makers have one of their 350 horse-power 
cross-compound engines, with cylinders 14} in. and 
28 in. in diameter by 24 in. stroke, running at 
150 revolutions, with a flywheel 10 ft. in diameter 
by 26 in. face, driving six 60-light Fort Wayne 
dynamos. They also show a 175 horse-power high- 
speed tandem compound, with cylinders 11 in. and 
21 in. in diameter by 16 in. stroke, running at 240 
revolutions, and driving a 175 horse-power Fort 
Wayne power generator; a 150 horse-power slow 
speed high-pressure, 163 in. cylinder, 30 in. stroke, 
working at 110 revolutions; and a 100 horse- 
power high-pressure engine with cylincer 13 in, 
in diameter by 21 in. stroke, and runni:g ar 240 
revolutions ; these engines all being in one space, 
make a very effective display. 

Nearing completion at the lower end of the 
hall, the General Electric Company have a fine 
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(For Description, see Page 806.) 
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marine type triple-expansion condensing Corliss 
engine, with cylinders 224in., 33}in., and 538 in. 
in diameter by 36 in. stroke, working on to separate 
cranks and running at 100 revolutions, On each 
end of the main crankshaft the armatures of 400- 
kilowatt Edison multipolar generators are fixed ; 
from this shaft the air pump is also driven, it 
being fixed to the main bed of the engine. The 


engine is rated at 1200 horse-power, and was de- 
signed by Mr. J. C. Henderson, of the General 
Electric Company, and built by the Southwark 
Foundry Company, Philadelphia ; the whole com- 
bination is one of the best in the Exposition. 

The Stearns Manufacturing Company are running 
a 600 horse-power horizontal compound condens- 
ing engine, with central slide, ate two flywheels 
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8 ft. 6 in. in diameter by 30 in. face, this engine 
having a shaft governor, and separate Davidson con- 
denser. The Bass Foundryand Machine Works have 
a good-looking horizontal cross-compound condens- 
ing engine, with cylinders 16 in, and 30 in. in dia- 
meter by 42 in. stroke, running at 80 revolutions, 
the flywheel being 16 ft. in diameter, 42 in. face, 
driving to a countershaft under the floor, and then 
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up to six 50-are light Seltzer dynamos. The 
Corliss gear is a smooth-working one, set out by 
Mr. S. F. Rider, their master mechanic. 
Adjoining this is the Lane and Bodley Company’s 
horizontal cross-compound condensing engine, with 
cylinders 16 in. and 31 in. diameter by 42 in. stroke, 
and having a flywheel 16 ft. in diameter by 37 in. 
face ; this engine has been hard at work for weeks 
now ; it was very useful to exhibitors in the Machi- 
nery Hall, supplying the light for erection at night. 
The same makers also have a tandem compound 
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condensing engine, with cylinders 16 in. and 29 in. 
diameter by 42 in. stroke, driving six Thompson- 
Houston dynamos; and a high-pressure engine with 
a cylinder 18 in. in diameter by 42 in. stroke, and 
running at 80 revolutions. These are all in good 
shape, and are a credit to the firm. 

The Erie City Iron Works have three high- 
pressure horizontal engines, each with a cylinder 
15 in. in diameter by 14 in. stroke, running at 


275 revolutions ; these engines have slipper guides 
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50-light are machines. They also show an 18 in, 
cylinder by 20 in. stroke Tangye type engine 
driving the shafting, and one or two smaller ones. 
Dick and Church will, when ready, have a good 
exhibit ; their 250 horse-power high-pressure hori- 
zontal, centre crank engine, with cylinders 184 in. 
in diameter by 18 in. stroke, and running at 210 
revolutions, is now driving a 250 horse-power Eddy 
generator. The 250 horse-power compound con- 
densing engine, with cylinders 13 in. and 24 in. in 
diameter by 18 in. stroke, working at 230 revolu- 
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tions, is ready for running; and the 500 horse- 
power triple-expansion condensing, side-by-side 
engine, with two cylinders respectively 15 in. and 
24 in. in diameter, and two others each 26 in. in 
diameter, the stroke being in all cases 18 in., will 
soon be completed. This engine will run at 200 
revolutions per minute, and, like all the engines of 
this firm, will drive Eddy generators. 

Armington and Simms have several of their 
well-known high-speed horizontal engines driving 
dynamos, and alongside them are the Ball and 
Wood Company’s cross-compound and two tandem 
compounds, with cylinders 12 in. and 20 in. in dia- 
meter by 16 in. stroke, working at 220 revolutions, 
and running General Electric Company’s generators. 
A. L. Hyde, Springfield, Tll., shows his 200 horse- 
power tandem compound, with cylinders 16 in. and 
22 in. in diameter by 16 in. stroke, running at 250 
revolutions, and fitted with a shaft governor, and 
slide and piston valves. This engine drives two 
compound-wound generators. The same firm have 
also a 100 horse-power high-pressure engine, with 
cylinder 16in. in diameter and 16 in. stroke, run- 
ning at 250 revolutions, driving the same make of 
dynamo. 

The F. F. McEwen Manufacturing Company 
show a 250 horse-power tandem compound, with 
cylinders 12 in. and 24 in. in diameter by 20 in. 
stroke, fitted with a shaft governor and _ slide 
valve, driving two compound generators. The 
Russel Engine Company are well represented, their 
largest engine being a 600 horse-power of the double 
tandem compound condensing type, with cylinders 
15 in. and 24 in. in diameter by 24 in. stroke, 
running at 150 revolutions, and having a flywheel 
12 ft. in diameter and 60 in. face, placed between 
the engines. The latter drive to a countershaft, 
and then up to twelve 50-light ‘‘Standard” are 
dynamos; they are fitted with a shaft governor, 
grid steam valves, and Corliss exhaust valves, and 
have slipper guides and disc cranks. The same 
makers have also a 250 horse-power tandem com- 
pound engine with cylinders 13 in. and 20} in. in 
diameter by 20 in. stroke, running at 180 revolu- 
tions, and having a 10-ft. flywheel, 30-in. face, 
driving four ‘‘Standard” dynamos. They also 
show two 200-horse-power high-pressure engines, 
each with a 17-in. cylinder by 24-in. stroke, these 
engines running at 150 revolutions, driving two 
200 horse-power Weston electric generators. They 
have also one 100 horse-power engine with a 
13-in. cylinder by 18-in. stroke, running at 200 
revolutions, and driving two 50-light dynamos, 
by the same maker. There are several other firms 
who have engines working dynamos, but we were 
not able to get particulars during the visit with 
which we are now dealing. 

The engines for driving the shafting are placed 
about in different parts of the building, and the 
following are some of the different makers repre- 
sented : Sioux City Engine Works, with a 400 horse- 
power high-pressure horizontal Corliss engine, with 
cylinder 24 in. in diameter and 48 in. stroke, run- 
ning at 70 revolutions, and having a flywheel 16 ft. 
in diameter and 44-in. face, driving to two lines of 
shafting with separate belts ; this is a highly deco- 
rated engine, with silver-plated work, white lead 
and gold lines, and a spread-eagle decoration beauti- 
fully painted on the bed. A Bates-Corliss hori- 
zontal high-pressure engine, with cylinder 18 in. in 
diameter by 42 in. stroke, runs at 65 revolutions, 
and has a flywheel 16 ft. in diameter and 24 in. face. 
This engine is fitted with Bates patent trip gear, 
the gear being arranged on the shaft carrying the 
disc, the latch working on the disc itself, instead 
of on the valve spindle, as is usually the case. This 
makes a very neat and smooth-running arrange- 
ment, and the whole combination is a good one. 
There is also a Golden Gate and Miner’s Iron 
Works 200 horse-power tandem compound con- 
densing engine, with cylinders 12 in. and 22 in. 
in diameter by 36 in. stroke, working at 115 
revolutions, and having a flywheel 11 ft. diameter 
by 26 in. face. This engine is fitted with J. F. 
Thompson’s patent trip slide valves with horizontal 
dash-pots, grid valves to each end of the cylinder 
for both inlet and exhaust, and an ingenious trip 
gear connected to them. The governor balls 
work on a horizontal shaft, and in connection 
with them an arm carries a pulley resting on 
the back of the tension side of the belt; the 
arm being connected to the valve tends to close it, 
should the belt sag through the engine racing. We 
are afraid this engine wil] not find much favour in the 
east. A Payne automatic 100 horse-power hori- 
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zontal engine, with cylinder 14 in. in diameter by 
20 in. stroke, runs at 150 revolutions, and has an 
8 ft. flywheel, with 18 in. face ; it is fitted with 
a shaft governor, and double discs, working 
rotary valves; the position of one disc is fixed by 
the governor, and the point of cut-off determined ; 
the general design is a good one, and the engine 
runs very smoothly. 

Opposite the main engine the Harrisburgh 
Foundry and Machine Works have two engines, 
one an ‘‘Ideal” horizontal tandem compound, 
centre crank, with cylinders 17 in. and 28 in. in 
diameter by 18 in. stroke, working at 185 revolu- 
tions, and with a flywheel 8 ft. by 24 in. face; and 
the other a tandem compound, with same size 
cylinders, but a disc crank and outside bearing. 

We must confess to feeling a certain amount of 
disappointment with the engine exhibits as a whole, 
particularly as the eastern makers, with their high- 
class engines, are not represented ; this is much to 
be regretted from all points of view, and we cannot 
conceive the idea that it is through any wish of 
theirs that their engines are not here. Again, 
there seems to have been no attempt at arrange- 
ment, and the engines are placed about anyhow. 
There is a good deal of talk about water in the 
steam pipes, and lots of growling by the engine- 
builders generally. It has been very interesting 
watching the starting of the engines with the 
belts 60 in. and 72 in. wide, and we can assure 
our friends at home who would have adopted rope 
driving for such work that they have no reason 
to be ashamed of their system yet, as some of 
the large belts here have given a good deal of 
trouble, and are not in good running order yet. 
What would take place if one of them happened to 
break, we would rather not think, but this would 
be no impossible circumstance with belts put 
together with a cemented joint. Boilers, feed 
pumps, and air compressors we shall have to deal 
with another time. 


THE REGULARISATION OF THE 
DANUBE. 

THe Danube quits the flat plain of Hungary at 
Bazias, and then, under the appellation of the 
Lower Danube, enters the portion of its course in 
which the great obstacles to navigation are to be 
found. Ata distance of 7 kilometres (4.3 miles) 
from Bazias the river divides into two branches, 
which embrace the island of Ostrovo. It then 
flows on uneventfully to O-Moldova, 25 kilometres 
from Bazias. Here it encounters the first ob- 
stacle ; for 9 kilometres (5.6 miles) there is hard 
rocky bottom which the current has not been able 
to wear away. The channel has, therefore, divided 
into arms. In that section the bottom is from 
2 metres to 3 metres (6 ft. 6 in. to 9 ft. 10 in.) 
below low-water level, while the aggregate breadth 
of the two branches is more than 2 kilometres. 
The gradient is very slight—scarcely 8 centimetres 
(3.15 in.) to the kilometre (5 in. to the mile). 
Between the two channels is the island of Moldova 
(see map, Fig. 1, page 802).* After passing this 
island the Danube enters the defile whose promi- 
nences interrupt its course so frequently. 

Below the island of Moldova, where the bed 
extends to a width of 2100 metres, the river 
narrows so rapidly that at a distance of barely 
2 kilometres its width is reduced to 400 metres 
(435 yards). At the outlet of this funnel the rocks 
on the left bank advance to the edge of the river. 
The isolated summit Babakay, which at low water 
projects to a height of 6 metres (19 ft. 8 in.), 
commences the series of reefs and rapids which 
follow. Itis here that the key of the Danube is 
to be found. From the earliest times this neigh- 
bourhood has been fortified, and very numerous 
ruins of camps and castles still exist. As the 
width of the river is decreased, its depth rapidly 
augments from 2 to 3 metres below low water 
mark to 20 and even 35 metres (65 ft. to 115 ft.). 
(See section, Fig. 2, page 802.) After 5 kilo- 
metres the bed widens, and when it attains 
1000 metres the depth is only about 7 metres 
(23 ft.). At the 44th kilometre from Bazias the 
abrupt walls of the granite mountain of Gornia 
Stenka descend into the water and form the first 


* For the illustrations and main facts of this article we 
are indebted to a report by M. Béla de Gonda, technical 
adviser to the Royal Hungarian Ministry of Commerce, 
Fellow of the Polytechnic School of Budapest. This 
report was presented to the fifth International Congress 
of Internal Navigation at Paris, 1892, 
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rapid; the Stenka and its reefs, which project 
above low water, interfere with the current and 
the navigation. After Stenka, where the bed hag 
a width of 900 metres, and the channel a minimum 
depth of 4 to 6 metres (13 ft. to 20 ft.), the river 
widens, and the mountains on the left bank recede, 
To the arid rocks there succeeds the smiling yer- 
dure of the valley of Lubkova, furrowed by the 
rivers Kamenicza and Oravicza, whose detritus 
reduces the Danube to a width of 500 metres 
(545 yards). Seven kilometres (4.3 miles) further 
comes the valley of Berzasrka, and then, after 
2 kilometres, Drenkova, the upper terminus of the 
reach of rapids, and the station for the tranship- 
ment of boats. Below this place the river turns 
south-east. Here can be heard the groaning of the 
cataracts, and the waves are tipped with foam. The 
foot of the mountain on the left bank advances 
into the bed, while the high rocky bottom of Kozla 
pushes the current towards the left bank. Here 
the river flings itself against the reefs of Dojke, 
which ‘push it over at right angles to the right 
bank. At the same time the escarped walls reduce 
the width of the stream to 380 metres (415 yards), 
Between Kozla and Dojke the River Sirinya falls 
into the Danube, and by its deposit aggravates the 
difficulties of navigation. For 3 kilometres (1.8 
miles) there is a violent eddy. In one kilometre 
the water has a fall of 80 centimetres (1 in 1250), 
Below Dojke the bed widens again, although reefs 
still continue visible for 2 to 3 kilometres. ; 

After this there succeeds a quiet reach until the 
noise of the falls at Izlasz and Tachtalia strikes the 
ear. The bed widens because it is not able to 
hollow out a course in the rocky bottom. At the 
69th kilometre (43rd mile) from Bazias the river 
contracts to 400 metres (435 yards), and then 
widens afresh. At the 70th kilometre the current 
is barred, first by the shallow of Izlasz, and then 
by the banks of the Great and Little Tachtalia. 
Next the steep limestone wall of Greben invades the 


bed, and its steep rocky prominences augment the — 


obstacles, already serious enough, to the naviga- 
tion. The point of Greben reduces the stream to a 
width of 420 metres (460 yards) ; at the season of 


low water the rocky bottom of Vranj emerges oppo- — 


site the point, and reduces the width to 220 metres 
(240 yards). When the defile of Greben is passed 
we enter a wide reach full of islands and shoals. 
The passage formed by the rocks of Islasz, Tach- 
talia, and Greben is, after the Iron Gates, the most 
dangerous obstacle for navigation. At low-water 
season vessels have to seek a passage with great 
circumspection ; at the same time they have to 
struggle with violent currents, which vary sud- 
denly. During flood time the danger is no less on 
account of the eddies and a whirlpool at the foot of 
Greben. 

Below this point there is a reach of shoal 
water, varying from 3.50 metres (11 ft. 7 in.) to 
9 metres (29.5 ft.). At the 11.5 kilometre is the 
cataract of Jucz. At low water the river falls 
over it with a violent rush ; the gradient then ex- 
ceeds 2 metres per kilometre (1 in 500); at the 
same time the depth of water, especially at the left 
side, is only some centimetres, so that the naviga- 
tion is absolutely stopped. At high water the sur- 
face is calm and smooth, and there is no evidence 
of the fall. The gorge of Kazan, which is 14 kilo- 
metres below, produces such a backing-up that the 
cataract of Jucz is paralysed, and navigation is pos- 
sible. After Jucz, the most southerly point of 
Hungary, the river turns north-east. It pursues a 
regular course as far as Kazan, with 6 to 8 metres 
of depth and 600 to 1000 metres of width, and 
then enters a defile, which has been the scene of 
many battles. During the Ottoman inroads the 
Austrian army made many attempts at this spot to 
arrest their progress. The river is here confined 
between two walls of rock, sometimes only 176 
metres (190 yards) apart. For 4 kilometres the 
width of the river varies between 170 and 380 metres, 
with a depth of 20 to 50 metres (65 ft. to 164 ft.). 
Then the rocks recede for 13 kilometres, affording 
a width of 500 metres for the river, until the de- 
file again closes in, and reduces the stream to from 
180 to 300 metres. After a course of 9 kilometres 
the Danube quits this remarkable defile above 
Ogradena. 

The gorge of Kazan produces, particularly at the 
season of high water, a considerable eddy, but it 
does not impede navigation, for with its great 
depth the fall is favourable, especially at low water, 
when it is 36 centimetres per kilometre (1 in 2750). 
Below Kazan come Ogradena, Ujgradena, Jesel- 
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nica, Czerna, and Verciorova, the latter being the 
frontier station of the Budapest-Bucarest Railways. 
At this point can be heard the grinding of the 
waters through the Iron Gates, the most imposing 
and dangerous cataract on the Lower Danube. 
This commences at 120 kilometres (74 miles) from 
Bazias, and extends over 3 kilometres. The sill of 
rocks which crosses the river and bars the course 
of the water commences at the foot of Mount Alion, 
at the 122nd kilometre. The low-water depth 
shoals from 7 to 18 metres to 2to 6 metres. This 
shallow extends over 8 kilometres (5 miles), but it 
is only between kilometres 128 to 131 that actual 
cascades are produced. On one hand this results 
from the rock of Prigrada, which commences above 


during the season of low water. 


whirlpools. 


The first is the sill which produces the eddy, 


rock Prigrada and the dangerous reefs ; the third, 
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the commune of Libb on the right bank, traverses 
the river with an oblique inclination towards the 
left bank, stretches to a length of 2 kilometres, 
with a width of 250 metres (272 yards), and emerges 
On the other 
hand, the numerous peaks and reefs which become 
visible during low water encumber the course of 
the river, increase the gradient, and produce 
unequal and considerable falls, as well as dangerous 


The passage of the Iron Gates is in three sections. 


but does not contain any reefs opposing naviga- 
tion ; the second, the Iron Gate proper, with the 


the pool below Prigrada, the outlet where the 
river, leaping across the rocks, forms whirlpools and 
rapids. The maximum fall at low water concen- 
trates at the point where the current clears the 
rocks and spreads itself in the pool below; that 
gradient is about 3 metres in the kilometre (3 per 
1000). Upon the length of the section of the 
Tron Gates (2.5 kilometres) it is about 5 metres 
(16 ft. 5 in.). The velocity of the water varies 
from 4 to 5 metres (13 ft. to 16 ft.) per second. 
After having passed the cataract the river is still 
encumbered for about 6 kilometres with reefs and 
shallows, and then flows without further obstacle 
towards the Black Sea. The section of rapids ends 
at the Iron Gates ; below these certain shallows 
cause, during the low-water season, some amount 
of difficulty, but not sufficient to seriously interfere 
with the navigation. The annexed Table gives 
the width, depth, and gradient of the river at 
various parts. 

The navigation of the Danube is mostly carried 
on in boats of 6 ft. draught. These can only pass the 
Iron Gates when the graduated gauge at Orsova 
marks + 11 ft. 5.8 in., while they can traverse the 
other rapids at + 9 ft. 2 in. When the level of 
the water is lower the boats have to be lightened, 
or have their cargoes transferred to smaller craft. 
It is only coal and grain that load the boats to the 
full draught of 6ft. Other cargoes often give a 
less draught. Boats drawing from 55 in. to 59 in. 
can traverse the part of the river above Orsova 
when the gauge at that station marks 98 in., and 
the Iron Gates in descent at 110 in. When the 
gauges at Orsova and Drenkova respectively mark 
34 in. and 6.3 in. no boat can pass the Iron Gates, 
and goods must be sent by rail. In short, when 
the level at Orsova is below 138 in., boats drawing 
6 ft. require to be lightened; when the water is 
very low the transhipment is made at Moldova or 
Bazias ; and at Drenkova, when the level there 
indicates 72.4 in., the boat must not draw more 
than 59 in. When the level falls to 6.3 in. rowing 
boats can no longer pass the rapids. There is also 
a passenger traftic on the Danube ; this is inter- 
rupted when the level at Drenkova is below 12.6 in., 
and at Orsova below 40 in. Passengers then go by 
carriage from Drenkova to Tiszovicza; by boat 
from there to Orsova and Verciorova; thence to 
Turn-Severin by rail. The ordinary navigation 
season lasts from March 1 to November 30, or 275 


days. Since 1880 the navigation of boats drawing 
6 ft. of water has been interrupted as follows : 

Year. Days. 

1880 183 

1881 114 

1882 225 

1883 167 

1884 233 

1885 280 

1886 215 

1887 224 

1888 188 

1889 167 


It will be seen that there are comparatively few 
days in the year when deeply-laden boats can make 
the voyage, except in special seasons. 

The works for the improvement date back for a 
very long period. The Romans, besides building 
numerous stone bridges, constructed a towing-path 
the entire length of the river, from Ratisbon to the 
Lower Danube. After the fall of the Roman 
Empire the Danube lost a great deal of its former 
importance ; the only works that were executed on 
it were fortifications to repel the invasions of the 
Turks. It was not till the present century that 
attempts were again made to improve the water- 
way. Foremost among the names of those that 
recognised the importance of the Danube to Hun- 
gary is Szechenyi, who did a great work by re- 
moving obstructing rocks and clearing the channel. 
During the Crimean War the generals of the Aus- 
trian army turned their attention to the subject, 
and at their instigation M. Wex was instructed to 
report on a plan for the improvement of the river. 
In 1871 the Steam Navigation Company of the 
Danube consulted Mr. MacAlpine, an American 
engineer who had made a reputation on the Mis- 
sissippi, and he got out plans for the amelioration 
of all the falls and rapids, but they were not exe- 
cuted. In the same year an International Com- 
mission sat in London; it authorised the States 
abutting on the river to execute the necessary 
works, and to recoup themselves by levying tonnage 
dues. As a result a local commission was appointed 
in 1873, comprising among its members M., Louis 
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Bodoky, M. Wawra, and Mugel Bey. This com- 
mission got out a complete set of plans for the 
amelioration of the various difficult reaches of the 
river, and presented its report in 1874. Then 
came the Russo-Turkish War, which interrupted all 
peaceful projects on the Danube, until its conclusion 
bythe BerlinTreaty. It was providedinthat arrange- 
mentthat Hungary should undertake the work of im- 
provement alone, and should collect the dues neces- 
sary to pay interestand amortisation. That country, 
therefore, called in M. Louis Gros and M. Louis 
Jacquet (France), M. 1. A. A. Waldrop (Holland), 
M. P. P. Barilari (Italy), and M. Theodore Kor- 
lawski (Germany) to finally decide on the plans to 
be adopted. Financial difficulties, however, still 
deferred the commencement of the works ; in 1883 
M. le Baron Gabriel Kemeny again raised the 
question. As the projects of the International 
Commission and the propositions of the foreign 
experts were contradictory in some respects, and 
as, during the relatively short period of their 
activity, neither the Commission nor the experts 
had had the opportunity of making complete and 
detailed surveys, the Minister of Communications 
and Public Works charged M. Ernest Wallandt to 
study the question of the bed and the rapids of the 
Danube, and to make the necessary surveys for the 
final plans ; he was also to examine the undertak- 
ings projected by the foreign experts, and to base 
upon these an exact scheme, with an estimate, after 
having blasted out a portion of subaqueous rock in 
order to obtain a correct idea of the cost of that 
class of work. Finally the Council of Technical 
Works considered the various plans that had been 
submitted, and determined which should be 
executed. 

The works for the improvement of the Danube 
had but one object, viz., to maintain the navigation 
through the rapids at all times. To accomplish 
this two problems had to be solyed—to keep up a 
sufficient draught of water during the low-water 
season, and to moderate the excessive velocity of 
the current. In order to meet the want of depth 
there was projected in the rapids a channel 
60 metres (197 ft.) wide at the bottom and 2 metres 
(6 ft. 7 in.) below the low-water mark adopted as 
the datum, viz., that of October 23, 1834. This is 
50 centimetres (20 in.) below the usual low-water 
mark, and consequently gives an available depth of 
2.5 metres (8 ft. 2in.), sufticient for vessels of 1000 
tons. The works were designed only to permit of 
river navigation, and not to provide for ocean- 
going vessels, the reason being that the upper 
reaches have scarcely 2 metres of water during the 
dry season. It was proposed to construct in the 
cataracts training walls to inclose the bed of the 
channel ; at the end of the backing-up thus pro- 
duced the precipitous fall of the waters would be 
spread over a longer section, and the speed-of the 
current, which hinders navigation, would be mode- 
rated as much as possible. The slowing of the 
current, however, can only take place within 
defined limits depending on local conditions ; and 
in certain places, such as the Iron Gates, a system 
of haulage or towage will be necessary. The first 
obstacle which impedes navigation in the section 
Bazias-Turn-Severin is the shallow rock bottom of 
Sztenka, which bars the entire bed. Upon that 
section the fall is quite small (.000357 per metre, or 
357 in 1,000,000) at low water, and all that is 
required is sufficient depth. There will, therefore, 
be excavated, at a mean distance of 300 metres 
from the left bank, a straight channel 850 metres 
(930 yards) in length, 60 metres (65.5 yards) in 
width at the bottom, and with a minimum depth of 
2 metres (6 ft. 7in.). The excavation will comprise 
BOL) cubic metres (9700 cubic yards) (Fig. 4, page 
801. 

Fifteen kilometres lower is found the rocky bank 
of Kozla, in the hollow above the River Szirinya, 
and the bank of Dojke, which bars the bed below 
the river in such wise that the current is forced 
to turn aside at Kozla from the left bank to proceed 
abruptly towards the depths at the right bank, at 
the end of the Dojke shoal (Fig. 5). Here the 
gradient does not impede the navigation (93 in 
100,000 at low water), and it will be sufficient to 
open a wide channel by removing the rocks. The 
channel will commence above Kozla in the natural 
bed, and, following 'a curve for a time, will pass in 
a straight line above the reef of Dojke, ending near 
the leftbank. It will be 2 metres deep, 60 metres 
wide, and require the removal of 65,800 cubic 
metres (86,000 yards) of rock. 

The river is then clear for 8 kilometres (4.9 miles), 


when a series of obstacles is encountered at Izlasz, 
Tachtalia, and Greben. Here it is not merely 
want of water, but also the rapidity of the current, 
which stops the boats. At one side the channel 
widens rapidly above the reefs of Izlasz and 
Tachtalia, and below the point of Greben (Fig. 6), 
and there is not sufticient depth in the low-water 
season. Bound in between Greben and the reef 
of Vrany, opposite to it, the river forms a narrow 
defile, out of which it rushes into a bed four times 
wider. There is, therefore, a violent fall at the 
point of Greben, rendering navigation dangerous. 
Here the work of regularisation will be directed first 
to giving a suflicient depth of water in the dry season; 
next it will compensate the fall which the con- 
striction of Greben produces at high water. There 
will be built along the right bank of the channel] of 
3.5 kilometres, a canal which will pass the rapids of 
Izlasz and Tachtalia, by means of excavations equal- 
ling 40,800 cubic metres (61,000 yards). This will 
give a channel of 2 metres (6 ft. 7 in.) depth. Next, 
the point of Greben will be cut away for a width of 
150 metres. A training wall will commence at the 
point (Fig. 6, page 803), and will run to Milanovacz. 
This will back up the water, and will remove the 
dangerous fall at Greben. The wall will be 6.2 kilo- 
metres (3.8 miles) long, and its height at the foot 
of Greben 2.8 metres (9 ft. 2 in.) ; from there it will 
be gradually reduced to 2 metres in 2 6 kilometres, 
and will continue at that height. It will havea top 
width of 3 metres (9 ft. 10 in.), with sides at an in- 
clination of 1 to 1.5 ; it will be constructed in rock, 
with stone facings up to the height of low water. 
The first section, 400 metres in length, will cross 
two deep places, and will be exposed to the impetus 
of the current, which is turned by the reef at 
Vrany. This part will be built like a barvage, 
with a width of 5 metres (16 ft. 4 in.) at the top, 
a slope of 1 in 1.75 on the face, and 1 in 1.3 at the 
back. The barrage will be connected with the 
right bank by two other walls of the same height, 
having atop width of 1 metre, and slopes of lin 1.5 
andlin 2. The material for these walls will be 
obtained in cutting away the point. It is calcu- 
lated that the backing-up of the water will be felt 
as far as Tachtalia, and that it will amount to 1.3 
metres (51 in.) ; this will compensate the fall pro- 
duced at the foot of Greben during the season of 
mean water. 

The cataract of Jucz, 8 kilometres (4.9 miles) 
from Greben, constitutes a similar but less im- 
portant obstacle (Fig. 7). Here the bed is barred 
for its entire width by a bank of ophite, which at 
low water constitutes a veritable cataract, and 
renders navigation impossible. At other times the 
reef is submerged, because the backing-up caused 
by the defile at Kazan, 14 kilometres helow, reaches 
to Jucz, and masks the fall. Here the works of 
regularisation are required to assure the requisite 
depth of water, and to moderate velocity in the 
low-water season. By means of excavation a 
channel 1000 metres long will be established on the 
left side ; below this an embankment will commence 
near the mouth of the River Porecka, and will run 
(Fig. 7) to an island above Golubinje. In its first 
section of 1600 metres (.99 mile) this embank- 
ment will exceed the raised low-water level by 
20 in. ; then it will rise gradually to a height of 
5 ft., with a top width of 3 metres (9 ft. 10 in.), 
with slopes of 2 to 3, and stone facing. The 
maximum backing-up produced by this barrage at 
low water is calculated at 1.8 metres (71 in.), and 
the present gradients of 153, 240, 559, and 253 in 
100,000 will be reduced to a uniform slope of 14 in 
100,000. The works at Jucz will require the 
removal of 31,800 cubic metres (41,600 cubic yards) 
of rock in the sub-works, and the movement of 
70,000 metres of stone for the barrage. 

The last and principal obstruction, the Iron 
Gates, is encumbered by the reef Prigrada, which 
traverses it diagonally, by rocks on the left bank 
which advance into the channel, and by rocks and 
peaks that emerge at different points. The whole 
constitutes a veritable barrage with a series of 
cataracts. At low water navigation is impossible, 
and even at favourable levels it is beset with perils. 
In this respect it differs from the rapids above, 
which can be passed easily when there is plenty 
of water in the river. It is, therefore, necessary to 
deal with the Iron Gates in a more radical manner. 
It is impossible to alter the profile to compensate 
for the prodigious rush concentrated on a short 
course, and the irregular slopes which it produces ; 
it has therefore been decided to construct a 
canal separated from the river by unsubmerged 


banks situated on the right bank. The plan 
of the canal has been selected to give the 
most favourable slope, to level as far as possible 
the heights above and below the gates, and to 
form a channel in which large craft can be 
readily manceuvred. The canal will be 2 metres 
deep at low water and 80 metres wide at the 
bottom. It will commence at the upper end of 
the rock Prigrada, with an opening of 400 metres, 
and will then gradually contract to its normal 
section. For a length of 1180 metres (73 
mile) it will be a curve of 1170 metres radius, 
and then will continue on the straight towards 
Sibb. The total length of the canal will be 2480 
metres (1.54 miles, Fig. 8). The upper end of 
the embankment will inclose the shoal produced 
by the deposit of the River Caschaina ; at its lower 
end, below the shoal Plocsia, there will be an iron 
bridge of 10 metres opening to leave escape for 
the mountain torrents. The embankment will 
serve as a towing path (Fig. 10, page 803). 

The two embankments will exceed by 5 metres 
(16 ft. 4in., Fig. 10) the highest known level of 
the water. The one nearest the shore will have a 
top width of 6 metres, and the other of 4 metres 
(13 ft. lin.), with slopes of 1 in 1.25 towards the 
canal, and 1 in 2 towards the Danube. The con- 
struction is shown in the section, the hearting being 
of ballast and gravel. It is intended to close the 
upper mouth of the canal during construction, in 
order that the bed may be executed in the dry, or 
in shallow water. There will be 226,949 cubic 
metres of rock to remove from the bottom of the 
canal, while 333,900 metres of stone and 293,000 
metres of ballast will be wanted to form the 
permanent embankments. The slope of the low- — 
water level of the canal is calculated at 249 in 
100,000, and if the bed be fairly smooth the velo- 
city will be 4 metres per second (8.9 miles per 
hour), which will involve artificial means of trac- 
tion. It has not been decided what these will be, 
but the provision forms part of the present scheme. 

After the Hungarian Parliament had voted 
funds for the commencement of the work, a bureau 
was appointed to undertake the surveillance and 
execution. This consisted of MM. Ernest Wallandt, 
Alois Hosrpotzky, Ernest Izsaky, Eugene Gruber, 
and George Kherual. Later there was added 
Frangois Herbert. In December, 1889, tenders 
were asked for the works, March 31, 1890, being 
the last date for their reception. Four contractors — 
replied ; two offers were for a part only of the 
works, while the other two asked amounts which 
were considered excessive. Negotiations were 
opened with one of the tenderers, a syndicate con- 
sisting of M. Jules Kajder, a Hungarian hydraulic 
engineer, M. Hugo Lutter, a manufacturer at 
Brunswick, and the Disconts-Gesellschaft of 
Berlin, and the final price was 9,000,000 florins. 
The contract was concluded May 22, 1890, and the 
syndicate undertook to complete the works by 
December 31, 1895, the nominal commencement 
being September, 1890. The contractors attacked 
the work with great energy, laying down an im- 
mense plant, and commencing at several points, 
and it is confidently expected they will complete 
their task within the allotted time. ee 


——————=====—=—=———=——=—SS===== 


THE METRIC SYSTEM. 
To THE Epriror or ENGINEERING, 

Srr,—Though not at all desirous of being considered as 
of the didactic order, yet the concurrence of a statement, 
recently made in your columns, to the effect that Messrs. 
Willans and Robinson, of Thames Ditton, were adopting 
the metric system in their works, with the arrival of the 
subjoined letter to us from an English engineer in Brazil, 
causes us to suggest that the subject is one not unsuitable 
for discussion in your columns at the present time. 

An image may be borrowed (if indeed one requires to 
call an image that which is more strictly a similitude) 
from the cosmic process of evolution and selection, to 
show that the metric system appears to be evolving itself 
as the best fitted for the purposes of nations, and few 
thinking men can doubt but that a world-system of 
weights, measures, and coinage, and eventually of lan- 
guage, will come to pass. 

We may not like to see our own particular system 
upset, but those of us who think well of it may console 
themselves by the reflection that it is by no’ means the 
best things which survive and flourish in the struggle for 
existence, but simply the fittest, or, more correctly speak- 
ing, the best fitted. The ethically and theoretically perfect 
are not always attainable, and engineers, at all events, 
know something about the line of least resistence, and 
this, after all, is what largely controls such evolution. — 

To carry our illustration further, we know that the 
power of adaptation is one of the principal attributes 
which in the strife of life determine the stronger life and 
survival of certain plants and animals, and the want of it 
the crushing out of others; we know, too, that analogous 
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processes pervade the mental as the physical life, and there 
can be little question therefore as to the result of want of 
adaptive power in the battle of international competition 
for tradal supremacy—which is but one of the furms or 
expressions of the cosmic forces. 

How long astart, then, are we Englishmen prepared to 
give our foreign competitors in the shape of a system of 
weights and measures, &c , common to buyer and seller, 
to designer and user, in almost all countries save our own, 
while we adhere to a system which, whatever its ad- 
vantages, makes no fresh adherents ? 

We venture to think, then, that it would be to the ad- 
vantage of engineers and manufacturers if the question 
were now discussed from all points in the columns of your 
valued paper, and we throw out in advance the following 
remarks referring to some of the difficulties such an altera- 
tion will involve. 

We should like to take one step towards the goal by 
using metric measurements in the printed iaformation we 
are continually circulating abroad, but we can only do this 
with satisfactory results if backed up by our manufac- 
turing engineers at home, because they must be prepared 
to execute orders to metric gauges when required. We 
might, for example, specify an engine with a cylinder 
12in. or 300 millimetres in diameter, or shafting 3 in. or 
75 millimetres. If the buyer then orders to the metric 
dimension, he must get it exactly, and not the nearest 
equivalent English dimension, otherwise dissatisfaction 
may ensue, and confusion may sometimes result, 

It follows, then, that to effect the desired end, it will be 
necessary to employ for years to come two sets of 
gauges, and this fact should not be blinked. But beyond 
the first expense of such, will the working to either 
system indifferently involve any serious diffisulty at all? 
We think not. 

In the case of stores, the stocking of small parts to two 
systems, instead of one, will mean so much additional 
tied-up capital, but it will probably bs found that these 
stores will not represent any large proportion of the 
whole. 

There will be more care and discretion required of the 
draughtsmen, no doubt, since it may be necessary to build 
a machine to metric dimensions, but for some time to 
come with all black bolts, washers, and probably pitch of 
gearing to English measures. The raw material, more- 
over, would probably have to be ordered in the English 
equivalents, demanding further accuracy and care to 
avoid waste, 

It has been suggested to us by an engineer that the 
end will be better attained after the metric system is in- 
troduced into the curriculum of Board and higher schools. 
No doubt, but we do not see that we need wait for the 
next generation, the present one being quite capable of 
inaugurating a change which surely cannot seriously 
tax—shall we say—its highly developed intelligence. 

Weare, dear Sir, yours faithfully, 
JNo Brrcu ann Co. 

10 and 11, (Jueen-street-place, London, E.C., 

June 2, 1893. 


Extract. 

**T may tell you that foreign manufactured goods of 
all kinds are pushing us out of the market here, and this 
is greatly due to the fact that foreign manufacturers 
send their catalogues made out in the language of the 

country, and all weights and measures in the metrical 
system. Hngineers here will not take the trouble to convert 
our hodge-podge mixture of weights and measures into 
the metrical system, and, indeed, it is not to be wondered 
at; they consequently do not understand them, nor have 
they any basis for comparison with the prices, strength 
of cross-section, &c , of Belgian and French goods which 
are in favour here. I assure youl have known Brazilian 
engineers to say to me, ‘Welike your English goods very 
much. We believe them to be the best, and probably 
the cheapest in the long run; but we do not understand 
your weights and measures. They convey nothing to 
our minds, and we, therefore, find it impossible to esti- 
mate from them.’ ” 


AMERICAN PATENTS. 
To THE Eprror oF ENGINEERING. 

Srr,—A decision given recently by the United States 
Supreme Court as to the invalidity of United States 
patent=, through the lapsing of prior forsign patents, has 
given 11se to considerable anxiety on the part of many 
eae as to the validity of their United States patents. 

owever, the class of patents affected by the decision is 
comparatively small, though the insufficient report of the 
decision may have induced the public to think otherwise. 
Therefore it may be of interest to your readers to know 
correctly the position of United States patents with regard 
to prior foreign patents. 

In order to put the matter as clearly as possible, we 
will take three typical cases, and give the generally 
accepted position of each according to the decisions of 
the courts in the cases where the issue has been tried. 

1. In the case of a United States patent which was 
applied for and issued subsequent to the lapsing of a 
patent for the same invention in another country. The 
decision in the case of Huber et al. v. Nelson Manufactur- 
ing Company, rendered on March 27, 1893, decided that 
a United States patent applied for and granted after the 
expiration of a foreign patent for the same invention, 
never had any force or validity ; the delay in not applying 
for the United States patent until after the foreign patent 
expired amounting to an abandonment of the right toa 
United States patent. 

However, we surmise that this class of patents is small. 

2. If a United States patent has been issued after a 
foreign patent for the same invention, and whilst the prior 
patent is in force, if the foreign patent becomes void 
through non-payment of the taxes or similar causes, it was 


decided in the case of Pohl et al. v. The Anchor Brewing | and capacity for (unneeded) superabundant strength ; 
Company on March 24, 1890, that the United States | nevertheless the action of my propellers and gears has 
patent remains in force for the full term for which the! been found eminently satisfactory on several boats after 


shortest term foreign patent was originally granted. 

It has also been decided that where it is a matter of 
right with the patentee to prolong the term for which his 
ptior foreign patent was granted, and where he does pro- 
long the term, the United States patent is not limited by 
the short term for which such prior foreign patent may 
have been originally granted. 

This class of patents, which is large, is therefore not 
affected by the foregoing decision, Huber v. Nelson Manu- 
facturing Company. : . 

3. If a United States patent is applied for during the 
life of a foreign patent for the same invention, and issued 
after the lapse of such foreign patent through non-pay- 
ment of taxes or like causes, the question remains un- 
settled, because there has not yet yet been any decision 
on this point. We have information, however, that the 
case is likely to be brought before the Supreme Court at 
an early date, and the point determined. 

In the before-mentioned case of Huber et al. v. Nelson 
Manufacturing Company, the Supreme Court appears to 
have based its decision upon section 4886, which provides 
against the granting of a valid patent if the invention has 
been proved to have been abandoned. The British patent, 
issued before the United States patent, lapsed on account 
of the non-payment of the renewal fee, before the United 
States patent was applied for, and, as stated, the court 
has decided that this amounts to abandonment of the in- 
vention. However, it may happen that one foreign 
patent may lapse through accidental non-payment of the 
tax or non-working while another foreign patent may still 
remain in force. It appears to remain a moot point 
whether this will amount to abandonment of the inven- 
tion or not. 

Weare, Sir, your obedient servants, 
FELL AND WILDING. 

May 10, 1893. 


THE TEQUIXQUIAC TUNNEL, MEXICO. 
To THE Eprror or ENGINEERING. 

Srr,—Last November I sent you an account of our pro- 
gress in bottom heading, which was published in page 761 
of vol. liv. Since then we have very much improved. 
Weare now driving an average of 20 ft. per 24 hours, and 
on two or three occasions have driven as much as 24 ft. in 
the 24 hours. This progress, of course, is all entirely 
made by hand pickwork. We are working eight-hour 
shifts, and, of course, keeping men constantly at the 
face. As I mentioned before, excavation runs about 
5.00 cubic yards per lineal yard. We are using 6 ft. 6 in. 
polling boards, with settings 3 ft. apart, and, in addition, 
are carrying along a 2-ft. grip below heading level to 
curry away the water. Is no’ this good progress ? 

Yours truly, 
Frep. W. Aszor, 
Chief Engineer for Messrs, Read and Campbell. 
Zumpango, May 3, 1893. 


EARLY ENGLISH IRON WORKS. 
To THE Epiror of ENGINEERING. 

Sir,—The following extract from a document in my 
possession will, I think, interest your readers. The letter 
(bolograph) is addressed by Gilbert Talbot, afterwards 
seventh Marl of Shrewsbury (1522-1616), to his father, 
George, sixth Karl of Shrewsbury, for whom he appears 
to have acted as steward or manager. ‘The iron works to 
which he alludes were at Ferthyngfelde, which must have 
been in the Forest of Dean, and probably connected with 
Goodrich Castle (from which place the letter is dated, 
June 12, 1575) by a bridge over the Wye. The epistle 
contains at the outset many particulars of account, and 
the passage which bears on the subject of iron works 
is as follows: 

*“The Iron goeth but slowly away, for that I will not 
cum so Lowe as the Contrey thynketh to brynge me unto, 
and I am moste Assuredly forbering hastie salle for a 
wyle to brynge them to x/!i xs the Tun. 

“* May it please y" L. I have barganed wt ij fellowes of 
herforthe who will brynge sureties suffycient that they 
shall be bounde in xx! that they shall make a perfyte 
plumpe* in the well w” shall be repayred and helde perfute 
at their charges durynge their lyves, and for their work- 
manshipp thereof I must give them xx. nobles and fynde 
them lead to do it, which will be a marvaylouse great 
ease, consyderinge the paynfulles and troble it is now to 
drawe it by buckett.” 

It is evident that Gilbert knew how to hold his own in 
the iron market, and that he could make a good bargain 
for the maintenance of such engineering appliances as 
were then to be had. 

Yours truly, 
; J. Evior Hopexin. 

63, Qieen Victoria-street, H.C., June 3, 1893. 


SCREW PROPULSION WITH NON- 
REVERSIBLE ENGINES. 
To THe Eprtor or ENGINEERING. 

Str,—May I (finally) be permitted to request any one 
interested in the above to take a run onthe Petrel before 
she leaves the Thames? For but a week or two longer 
she will call at Westminster Bridge Pier at 2.30, 3.0, and 
3.30 on Tuesdays and Thursdays. 

The next development wil} be on a larger scale, and 
not so accessible to many. Tho Petrel is not a large 
vessel, but it must be remembered that the smaller gears 
compare unfavourably with the larger as regards room 


* Plumpe = pump (Cornish) (Halliwelt). 


many months of service. 

Many modern vessels arenow being fitted with screws 
the blades of which are made separate, and capable of 
adjustment in dock. Why not do it by my gears in the 
water ; and so enable thedeveloped propulsive area to be 
suited to the vessel—while running—at any time, and 
under ever-varying conditions? Apropos of remarks in 
your late article on the Speedy, may I state that my 
system keeps main-engine-driven air pumps in action 
during temporary stoppages, and that everything turns in 
but one direction at practically one speed. 

I am pleased to be able to state that eminent firms in 
France and Germany are entering into arrangements 
under which the develojment of my system in those 
countries will be assured. 

With my reiterated thanks for the kind appreciation 
with which my system has been received by yourself and 
penenee of your esteemed journal, I have the honour 
to be, 

Your obedient and obliged servant, 
Ropert MoGrasson, 
Hon. Memb. Inst. Mar. E. 
39, Dagnall Park, Selhurst, 8.E , June 6, 1893. 


SMOKE ABATEMENT. 
To THE EprTtor or ENGINEERING. 

Smr,—I have read the letter of your correspondent 
** Observer,” dated May 9, relative to ‘‘Smoke Abate- 
ment.” 

I went a day or two ago to the pumping station at 
Abbey Mills and there saw a complete installation of 
“ Vicars’s mechanical stokers”” and smokeless furnaces, 
which the London County Council have adopted. Its 
advantages are so obvious that one wonders, when there 
is no reason why this nuisance should be inflicted on the 
public, why any one should be permitted to pollute the 
pure air by the emission of smoke in huge volumes, 
blackening and devastating the neighbourhood. But it 
seems especially strange that any necessity for compul- 
sion should exist, seeing that it is open to manufacturers 
and steam users to adopt measures for the consumption 
of smoke, and at the same time to increase their driving 
power. ‘They would also effect an immense economy in 
fuel by using ordinary household slack at 8s. a ton, 
instead of what is generally known as good steaming 
coal, costing about 2Us. a ton. 

This contrivance, which the London County Council 
have so wisely and with such enterprise adopted, has 
been at work for about a year, night and day, with the 
most satisfactory results. There were only two firemen 
at work, with seven boilers going, each 30 ft. by 8 ft., 
and the whole place was clean and sweet, and the air, as 
compared with that which unfortunate firemen are ordi- 
narily condemned to breathe, clear and cool. 

I beg to tender my best thanks to Mr. Clark, the 
superintendent at Abbey Mills, to whom I was a com- 
plete stranger, for his courtesy in explaining to me the 
working of the smokeless furnaces. ‘l'here was certainly 
no visible smoke at the chimney top. Mr. Clark also 
pointed out the ingenious way in which the gases were 
consumed, but these are points (beyond the economy 
which the London County Council have effected) which 
would not interest the general public so much as the 
broad fact that the smoke nuisance has been abolished at 
Abbey Mills, and should be elsewhere. 

I beg to inclose my card, and to subscribe myself. 


Yours truly, 
June 3, 1893. PROGRESS. 


Russian Locomotive Byrtpinc.—The Poutilow Iron 
Works Company has just opened new workshops intended 
to be specially devoted to the construction of locomotives. 
The Russian Government has given the Poutilow Com- 
pany an order for 28 engines. 


AMERICAN AND) EUROPEAN CaNnats.—The length of the 
canals of the United States is estimated at 3348 miles, 
The corresponding length of canals in the United King- 
dom is returned at 8818 miles, and in France at 10,385 
miles. It will be seen that the French have gone in 
heavily for canals. 


A Year’s Parents.—The report of the Comptroller- 
General of Patents for the year 1892 indicates that the 
number of applications under the International Conven- 
tion amounted to 199, more than double the number a 
few years ago. The total number of patents issued an- 
nually has increased from 9984 in 1885 to 10,887 in 1892, 
while the number of applications has swelled in the same 
interval of time from 17,110 to 24,171. The percentage 
of patents granted to the total, as might have been ex- 
pected, does not keep pace with the annual increase in 
applications since 1885, due to the fact that inventors 
now take advantage of the provisions of section 4 of the 
Patents Act, 1885, which prescribed that abandoned ap- 
plications should at no time be published by the Comp- 
troller or be open to public inspection, and that conse- 
quently inventors who may be unable to proceed with 
their applications within the term first allowed by law are 
now in a position to renew these applications from time 
to time without risk of losing their rights. The gross 
income of the office in 1892 was 199,859/. ; its gross ex- 
penditure 96,822/., a sum which includes outlay on the 
new offices and buildings. These figures give a surplus 
of 103,0377. The annual instalisents yielded about 
98,058/., so that, even if this sum had been deducted, the 
Ene Office would still have had a surplus of 4979/. to 
show. 
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EIGHT-INCH CHASING LATHE. 


CONSTRUCTED BY 


MR. W. H. ASTBURY, ENGINEER, 
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We illustrate on this page an 8-in, capstan rest | 
sliding and chasing lathe, manufactured by Mr. 
William H. Astbury, Grantham. As will be seen, the 
whole design embodies very stiff proportions, insuring | 
extreme rigidity under heavy duty, with unusually 
large wearing surfaces throughout. The headstock is 
double-geared, the back gears being thrown out by 
eccentric motion, with stops to determine the in and 
out position of the gears, the teeth of which are cut 
from the solid. The spindle has a 2}-in. hole through its 
entire length, and the end thrust is taken on a ball 
bearing, A removable gripping chuck fits the front 
end, and a steadying chuck is provided at the rear end 
of the spindle to take bars up to 2,4; in diameter. The | 
spindle nose is also arranged to receive a centre, and | 
driving plate for sliding between centres in conjunction | 
with the tailstock. An instantaneous clamping device 


is fitted to the lathe, operated by a lever projecting |? 


through the side, as shown. The headstock cone takes | 
a 3-in. belt. The saddle has a self-acting sliding feed 

by a screw, belt-driven from headstock spindle, as 

shown. The feed nut on thesaddle is of ample length, 

with an instantaneous disengaging action. A quick 

traversing movement tothe saddle by hand through 

rack and pinion is also provided, the latter being of 

steel solid with its shaft, and having cut teeth. The 

capstan head on the cross slide carries five tools, and 

can be detached if required, and a slide rest substi- 

tuted, Hight adjustable stops, four on the bed and 

four at the back of the saddle, are fitted, for gauging | 
diameters and lengths on duplicate work. The | 
screwing apparatus on the saddle, which is provided 

with sets of chasers for screwing bolts from 4-in. 

to 1}-in, in diameter, is brought into the line of the 

centres and locked in position for work as shown ; it is 

counterbalanced and thrown back out of the way of 

the tool rest when not in use. 

A modification of this type of lathe has change wheels 
for screw-cutting, with or without the chasing appa- 
ratus on the saddle, and with self-acting sliding and | 
surfacing feeds driven by an independent feed-rod, 
through gearing, in addition to the belt feed. The 


bed of the lathe is 7 ft. long, admitting work 2 ft. 10 in. | 


long between centres. The countershaft has long 
swivelling bearings and reversing pulleys. The weight 
of the machine complete is 1 ton 6 cwt. 


| 
\ 
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A 100-TON ELECTRICAL LOCOMOTIVE. 


By C. S. Du RicuE Previer, M.A., Ph.D., 
M.1LE.E., A.M.1.C.E. 
(Continued from page 774.) 

General Features of Locomotive (Figs. 5, 6,and7, page 
794).—The length overall of the locomotive is 16 metres, 
or 52.5 ft., its height 4 metres (13.12 ft.), and the total 
weight 100 tons. The steam and electrical generating 
plant is composed of a boiler, a steam engine, a 
dynamo, and an exciting steam engine and dynamo, all 
of which are carried on two 4-axle bogie trucks, each 
of the eight axles being actuated by an axle-wound 


GRANTHAM. 
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very satisfactory results elsewhere. It consists of a 
' shell in which is fitted a corrugated steel firebox pro-— 
longed by the combustion chamber. The tubes are 
comparatively short, which admits of a large direct- 
| heating surface. The boiler is fed by two injectors; 


tanks and bunkers placed on each side of the boiler. 
The back part of the boiler is fixed to the frame ; the 
front part is supported by lever joints, and a central 
support also carries part of the weight. The leading 
dimensions are as follows: Total length, 7.9 m. 


meter of firebox, 1.35 m. (4.42 ft.); grate surface, 


motor, giving, in respect of each axle, nominally about 2.25 sq. m. (24.19 sq. ft.) ; heating surface of firebox, 


45 kilowatts each, or a total of 360 kilowatts, equal | 
to 500 electrical horse-power. The load per wheel 
jg 100 
16 | 
heavier types of steam locomotives used on existing 
railways, such as the St. Gothard 12-wheeled duplex 
Mallet engines of 87 tons, which carry 7.3 tons per 
wheel. The boiler is placed on the back bogie, the 
chimney being therefore at the tail end of the loco- 
motive. The steam engine and the dynamo, together 
with the exciting plant, are carried on the front bogie, | 
and the centre of gravity is situated near the axis of 
the trucks, which admits of the longitudinal girders of 
the frame being comparatively light. 

In view of the air resistance, it was at first 
proposed to give to the head or front casing of the 
locomotive a sharply-pointed form; but the experi- 
ments made in America having shown that there is 
no appreciable advantage in this, a convex end was 
adopted, as shown in Fig. 6. The boiler and steam 
engines have been constructed at the P. L, M. Forges et | 
Chantiers Works at Havre; the dynamos and motors | 
at the electrical works of Messrs. Brown, Boveri, 
and Co., of Baden, near Zurich, and the bogie trucks, | 
frame, and accessories at the works of the Compagnie | 
de Matériel de Chemins de Fer at Ivry, France. The 
salient features of the component parts of the locomo- 
tive may be briefly described as follows : 

Boiler (Figs. 8,9, and 10, page 795).—This is entirely 
of steel, and of the Lentz type,* which has already given 


=6.7 tons, which is less than in the case of the | 


* See ENGINEERING, vol. 1., page 724. 


18.06 sq. m. (194.3 sq. ft.) ; heating surface of tubes, 
127.11 sq. m. (1367.32 sq. ft.) ; total heating surface, 
145.17 sq. m. (1561.62 sq. ft.); pressure, 12 atmo- 
spheres (176 lb. per square inch). 

Steam Engine (Figs. 11 to 17, pages 798 and 799). 
—This is an horizontal compound engine of 600 
to 1000 horse-power, and was designed by Mr. 
Charles Brown, the essential requisites being that 
its speed can be varied according to the varying 
work it has to perform; that its action must not 
impart any rolling or rocking motion to the loco- 
motive; and that, therefore, all the parts actuated 
by alternating motion must be equally and perfectly 
balanced. One of the pistons acts by a single connecting 
rod on acentral crank, while the other acts by two 
connecting-rods on two lateral cranks, placed at 180deg. 
to the central one. The weight of the two pistons 18 
the same ; the connecting-rods are also balanced ; and 
the ratio of diameter of one cylinder to that of the 
other is such as to insure each cylinder performing 
practically the same amount of work. The distribu- 
tion is effected by slide valves of cylindrical form, 
which are directly actuated by the eccentric rods. 
The steam chests are fitted below the cylinders, 80 
that the condensed water flows off of itself, and no relief 
valves are necessary. In order to equalise the wear 
of the sliding parts, each slide valve is actuated by @ 
longitudinal motion, allowing a certain play, by which 
means the contact surfaces are constantly changed and 
renewed. To this end, one of the eccentric rods 
actuates, by means of an endless screw, a small shaft 
carrying an eccentric which determines the slow motion 


10 tons of feed water and 6 tons of fuel are carried in - 


(25.9 ft.) ; maximum diameter, 1.93 m. (6.33 ft.) ; dia- 
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of the slide valves by means of connecting-rods and 
rocking levers. The pipe connecting the high-pressure 
with the low-pressure cylinder is provided with a 
stuffing-box for free expansion. The exhaust steam from 
the low-pressure cylinder passes to the chimney as in 
ordinary steam locomotives. The principal dimen- 
sions of the engine are as follows: Diameter of high- 
pressure cylinder, 42.5 centimetres (17.67 in.) ; of low- 
pressure ditto, 65 centimetres (25.56 in.); length of 
stroke of both, 30 centimetres (11.8 in.). Steam pres- 
sure (12 atmospheres in boiler) in low-pressure cylinder, 
5 atmospheres (73 lb, per square inch) ; consumption of 
water, 9.5 kilogrammes (20 lb.) per indicated, and 11 
kilogrammes (24 1b.) per effective horse-power per hour ; 
weight of engine, 5.2 tons. Power at 360 revolutions 
per minute = 600 horse-power ; at 600 revolutions = 
1000 horse-power. 

Dynamo (Figs. 18 and 19, page 799).—This is a con- 
tinuous current dynamo (Brown’s system), having six 
poles and a Gramme ring armature with cross connec- 
tions, The frame or yoke is of cast steel, and con- 
sists of two halves, an upper and a lower one, the 
former of which can be removed to allow the arma- 
ture being lifted out vertically. The cores of the 
field-magnet bobbins are circular, and are steel cast 
with the yoke; the poles are fitted to them by bolts. 
The dynamo is coupled direct to the engine shaft, the 
shaft at the commutator end being carried by a three- 
arm support keyed to the locomotive frame. The 
armature diameter is 1.20 metres (4 ft.); the outer 
diameter of the dynamo is 2 metres (6.56 ft.); its 
normal output at 360 revolutions per minute is 
1025 ampéres at 400 volts, or 410 kilowatts, equal to 
560 effective horse-power, or 93 per cent. efliciency 
of the steam engine. 


(To be continued.) 


COLD METAL SAWING MACHINE. 

Tue cold sawing machine which we illustrate on this 
page is claimed by its maker, M. EK. Chouanard, Aux 
Forges de Vulcan, 3, Rue St. Denis, Paris, to require 
considerably less power to drive than the more common 
type, in which the saw is driven through the interme- 
diary of a worm and wheel. As will be seen from our 
engravings, Figs. 1 and 2, the new saw is driven by skew 
gear. The saw is carried on a horizontalarm, the end of 
which is fitted with a handle for raising the saw from, 
or bringing it down to, its work, whilst the depth of 
the cut can be regulated by the set screw and hand- 
wheel shown to the right of the machine, This saw 


lever is carried on a bracket which can be rotated 
round a centre pillar through which the vertical shaft, 
which transmits the power to the saw from the belt 
pulley, passes. The work table can also be swivelled, 
as shown in Fig. 1, so that with this machine it is 
easy to cut a piece of work at any required angle, and 
the fixing of the work is also facilitated. Running 
light, this saw is said to take only about one-sixth the 
power required when in full work. Under the latter 
conditions, about two-fifths of a horse-power are re- 
quired. Iron of any section and at any angle can be 
easily sawn by means of this machine. The saw illus- 
trated weighs about 1460 lb., and is being exhibited 
in the French section of the World’s Fair at Chicago, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 26. 

Tue financial disturbances have resulted in a slight 
depression in the iron trade. No marked interruption 
is observable. Consumers buy small quantities rather 
than place orders for summer delivery. The ship and 
boat yards are crowded with work, and car-builders 
are offered all orders they can execute with reasonable 
dispatch. Freight rates on southern pig iron to 
eastern points have been advanced 35 to 60 cents per 
ton in the interest of Pennsylvania furnace-men. Ore 
miners and shippers have not made terms yet with 
buyers, though about 1,000,000 tons have been con- 
tracted for within a few days. Ship and boat builders 
are in the market for 12,000 tons of material. Large 
tinplate importations are attracting attention. Furnace 
production has been restricted this month. Bar mills 
are running full to provide iron against a strike at 
Pittsburgh. The iron trade is in good condition, con- 
sidering the disturbed conditions in financial circles. 
Engineers have a great deal of work in hand calling 
for plate and structural iron. Foundries and shops 
have fully as much work in hand as at any time for a 
year past. Steel rails are wanted at 28 dols. per ton, 
but the price has not fallen below 29 dols. There 
is a great stir among builders of electrical roads, 


June 2. 

Large pig-iron contracts are being placed this week 
for summer delivery at 15 dols. for foundry and 13 dols, 
for forge. A general advance has been made, amount- 
ing to about 25 cents per ton. A similar advance is 
asked on billets. Merchant iron is selling freely at 
1 dol. 60 c. to 1dol. 70c. The latest rumours from 
Western Pennsylvania are that the millowners will 
lock out their puddlers unless they accept a 20 per 


Tries, 


= = 


Fie. 2. 


cent. reduction, The temper of the men is against a re- 
duction, but action has not yet been taken. The success 
of the Carnegie interests in overcoming the union has 
encouraged other employers. The suspension of one 
hundred large rolling mills for three or four months 
would be a serious matter. Even their partial opera- 
tion would involve serious consequences. Employers, 
however, believe that there will be no long suspension 
of work. Throughout the west great activity pre- 
vails in building, boat yards, agricultural machinery 
works, and nail factories. The midsummer season 
will be a season of activity in nearly all avenues into 
which iron and steel enter. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday there was a large 
attendance on ’Change, and there was more inclination 
to do business than has been the case for some time. 
Inquiries were reported pretty numerous, and quota- 
tions stiffened a little. Buyers were not so backward as 
they have been of late, and, in fact, some of them were 
rather anxious to purchase what iron they required. They 
still, however, were somewhat reluctant to do business, 
excepting for early delivery, not having too much confi- 
dence in prospects for the future. Many people, on the 
other hand, took a more hopeful view of the outlook, 
and were inclined to the belief that prices are more 
likely to advance than to recede. Sales took place 
at 34s. 3d. for prompt f.o.b. delivery of No. 3 g.m.b, 
Cleveland pig iron, and at the close of the market 
there were a good few buyers at that price. Some 
sellers asked a rather higher figure for the ruling quality. 
The lower classes of pig showed some improvement, 
No. 4foundry being 33s, 3d., grey forge 32s. 6d., and 
mottled 32s. Middlesbrough warrants were steady at 
34s. 3d. cash buyers. There was nothing new in hematite 
pig iron, mixed numbers of local brands being obtainable 
at 42s. 6d. for prompt delivery. Spanish ore was un- 
altered. To-day our market was steady, and a fair 
business was reported at similar rates to those ruling 
yesterday. 


Manufactured Iron and Steel.—A rather more satisfac- 
tory account is given of the manufactured iron and steel 
trades; but quotations do not advance, and competition 
for orders is still very keen. A good deal of steel ship- 
building material is now required, however, and steel 
railmakers are fairly well employed, a few orders having 
recently been placed. Common iron bars are quoted 
4l, 17s. 6d.; best bars, 5/. 7s. 6d. ; iron ship-plates, 
4l, 11s. 3d.; steel ship-plates, 4/. 17s. 6d.; iron ship- 
angles, 4/. 1ls. 3d.; and steel ship-angles, 4/. 12s. 6d. ; 
all less the customary 24 per cent, discount for cash, 
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The quotations for steel rails alter very little. Contracts 
have recently been entered into at rather less than the 
current market rates, but seldom is less than 3/. 15s. net 
at works mentioned for heavy sections. 


The Make and Disposal of Cleveland Pig Iron.—The 
ironmasters’ returns for the month of May, issued a few 
days ago, show that the make of Cleveland pig iron in 
the whole district has been 120,516 tons, as against 
117,107 tons for April, being an increase of 3409 tons. The 
make of other kinds of pig, including hematite, spiegel, 
and basic pig iron, was 113,532, as against 111,406 tons for 
the previous month, being an increase of 2123, or a total 
increase of all kinds amounting to5532 tons. Last month’s 
returns showed a total decrease of all kinds amounting 
to 6511 tons. Comparison with the corresponding period 
of last year is valueless, owing to the Durham strike. The 
makers’ stocks stand at 123,614 tons, as against 125,320 
tons at the end of the previous month, being a decrease 
of nearly 2000 tons. The makers’ stocks stand at 69,965, 
as against 70,803 for April, being a total decrease in 
makers’ and public stores of 2554. There were 49 furnaces 
on Cleveland pig and 87 on hematite, making a total of 
86, as against 87 for the previous months. 


Dispute at Tyne Shipyards.—The notices of the ship- 
yard joiners on the ‘lyne expired last night, and the 
men consequently came out on strike. Thereare between 
500 and 600 men directly affected. The joiners contend 
that there is no justification for calling upon them to 
suffer a reduction of 1s. per week in their wages. The 
employers, however, contend that they have advanced 
sufficient grounds to prove the contrary. The joiners on 
the Wear are also asked to suffer a reduction of wages, 
but they have aconciliation board to settle their dispute, 
and the subject will be brought before that board on Fri- 
day next. 


Engineers’ and Shipbuilders’ Wages on Tees-side.—A 
general reduction in the marine engineering works and 
shipyards at Hartlepool, Stockton, and Middlesbrough 
has been agreed to. At Hartlepool the smiths suffered a 
reduction on May 22 of 1s., as did also the fitters and 
turners, but the latter will suffer another reductionof a like 
amount on July17. In the case of men earning under 
30s. the reduction will be 1s. 6d. At Stockton the whole 
of the smiths, fitters, turners, &c., will submit to a reduc- 
tion of ls. on June 21, and another 1s. on August 16. 
At Messrs. Westgarth’s, Middlesbrough, the reduction 
on June 21 will be 1s., and, on August 16, 6d. At the 
shipyards the blacksmiths have agreed to a reduction of 
5 per cent. off piece-work from May 31 and 1s. per week 
off time-work. The fitters have also agreed to ls. being 
taken off time-work from the 3lst ult., and all the 
rest 6d. from July 26. At the Hartlepool and Stock- 
ton yards the joiners submit to a reduction of ls. 
per week from May 31. The enginemen, crane- 
men. boilermen, and firemen employed at the yards 
at Stockton, Middlesbrough, and Hartlepool have 
agreed to a reduction of Is. for men earning over 
253. a week for six months. The labourers earning 
under 20s. are not affected, but those earning over 20s. 
and under 25s. are reduced 6d. per week, while those 
earning over 25s. are reduced 1s. per week. -Piece- 
workers submit to a 5 per cent. reduction. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Enginemen and Trades Unionism.—A meeting 
was heldin Sheffield on Saturday, under the auspices of 
the local branch of the Amalgamated Society of Engine- 
men, for the purpose of advocating trades union principles. 
Mr. H. J. Wilson, M.P., presided, and an address was 
delivered by Miss Catherine St. John Conway, a “‘ girl 
graduate” of Newnham College. The chairman said the 
signs of the times showed that the working men were 
nearing the time when they would have more of the 
government in their own hands. It would be their own 
fault, indeed, if they did not possess the whole of it. As 
a specimen of Miss Conway’s oratory, the following may 
be quoted : ‘‘ Men are working and handing over to their 
employers the whole of what they produce, in return 
being presented with sufficient to keep them alive. 
There is no freedom of either thought, speech, or action.” 
Her remedy was combination and a resolute demand for 
workmen’s rights. 


Extensions in the Yorkshire Coalfield. —The position 
of affairs in the local coal district is very remarkable, 
lowering prices, insufficient employment for men, and 
large developments existing concurrently. At the Oaks 
Collieries sinking operations are b2ing rapidly proceeded 
with for winning the Silkstone and other seams. The 
Wombwell Main Colliery has acquired the whole of the 
property of the Lundhill Colliery Company, with a view 
to sinking to the Silkstone; the Mitchell Main Colliery 
are proceeding with sinkings on the estate of Mr. F. J. 8. 
Foljambe, near Brierley, to win the Barnsley bed; the 
Hickleton Main Colliery Company are pushing forward 
their works at Thurnscoe with great vigour; at Cadeby 
the face of the country has been transformed by the new 
pit of the Denaby Main Company ; and at Canklow Sir 
John Brown and Co.’s new colliery is being rapidly 
pushed forward. 


The Heavy Trades.—In some sections of the iron trade 
there isa slight improvement to note, particularly in bar, 
for which renewed orders are being issued on Australian 
and Kast Indian account. The heavy steel trade is flat, 
but some good lines are in hand for railway material. 
There was a slight drop in prices a short time ago, but 
the market is strong at best engine tyres 12/. 10s. per 
ton upwards, according to section; carriage and wagon 
tyres and springs, 10/.; axles, 67. 10s. Bars are princi- 
pally for home and India, with South African prospects 


improving. Bessemer slabs and billets are selling freely 
for this country and the Continent at 5/. 7s. 6d., and 
Siemens at 6/. Crucible cast-steel converters are busy on 
American and colonial orders. Edge and mining tool 
houses are doing well, but there are still loud complaints 
from many sections of the engineering trade. 


Mining in Yorkshire.—Y esterday Mr. F. N. Wardell, 
Government inspector in charge of the Yorkshire and 
Lincolnshire district, issued his annual report. He says 
that last year there was a diminution in accidents and 
deaths, the former reaching a total of 76 and the latter 
83, compared with 89 and 99 respectively in the previous 
year. No disastrous loss of life from explosions of fire- 
damp have to be chronicled. 23,185,508 tons of coal were 
produced in the district in 1892, representing an increase 
of 395,573 tons over 1891. The output of ironstone was 
186,113 tons, an increase of 32,055 tons as compared with 
the former year. In 1892, 2734 tons of mineral were 
raised per each person employed, against 284 tons in 1891. 
The total number of mines in the district is 416, an in- 
crease of 12 on the year. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—A moderate amount of 
business was done in the warrant market last Thursday, 
but the sales were confined to Scotchiron. Prices opened 
firm in the forenoon, when some 3000 tons were sold at 
40s. 9d. cash, and at 41s. one month. The market was 
steady in the afternoon, and Scotch warrants were sold at 
40s. 83d. to 403. 94d. per ton cash. About 6000 tons 
changed hands, one dealer taking 5000 tons of that 
quantity. The selling was understood to come from 
a good quarter. Cleveland iron was offered $d. per 
ton cheaper in the forenoon, but $d. dearer on the day in 
the afternoon. For hematite iron there were buyers at 
3d. and sellers 2d. per ton down in their quotations, At 
the close the settlement prices were—Scotch iron, 40s. 9d. 
per ton ; Cleveland, 34s. 14d. ; Cumberland and Middles- 
borough hematite iron, respectively, 44s. 6d. and 42s. 43d. 
per ton. The market was more active on Friday fore- 
noon, and a firmer feeling ruled for all classes of warrant 
iron. About 7000 tons of Scotch changed hands, and 
40s. 11d. per ton cash was paid, being an advance of 13d. 
on Thursday night’s close. ‘There were also several 
thousand tons of Cleveland sold—2000 tons at 34s. 7d. 
two months open. The markets continued strong 
in the afternoon. At the opening 1000 tons of Scotch 
warrants were sold at 403. lld. per ton cash, and 
afterwards 500 tons brought 41s. The finish, however, 
was $d. per ton easier at 40s. 114d. sellers. A couple of 
lots of Cleveland also changed hands, and the cash price 
eased 1d. per ton for the forenoon’s close. The closing 
settlement prices were—Scotch iron, 40s. 104d. per ton; 
Cleveland, 34s. 14d.; hematite iron, Cumberland and 
Middlesbrough, 44s. 6d. and 42s. 44d. respectively. Mon- 
day’s forenoon market was steady, though the Cleveland 
returns were viewed unfavourably. Some 7000 tons of 
Scotch warrants were dealt in—3000 tons at 41s. per ton 
cash, 500 tons at 41s. 03d., 1000 tons at 40s. 114d., and 
1500 tons at 41s. 1d. and 41s. 2d. one month. One 
lot of Cleveland was sold at 34s. 6d. cash. The 
market was quiet but steady in the afternoon, at 
about 40s. 114d. per ton cash for Scotch iron. Only 
some 3000 tons were dealt in. About the same 
quantity of Cleveland iron also changed hands both for 
cash and one month. At the close the settlement prices 
were—Scotch iron, 40s. 103d. per ton; Cleveland, 34s. 3d.; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 44s. 6d. and 42s. 43d. per ton. Business in the 
warrant market was idle on Tuesday forenoon. About 
5000 tons were sold, mostly Scotch. Cleveland was 
steady, and fetched 34s. 6d. per ton. The market was 
very strong in the afternoon, Scotch warrants being 
bought up at 41s. ld. per ton cash. A good business was 
done, some 10,000 tons changing hands. Cleveland was 
done at 34s. 3d. and 34s. 33d. cash for about 1000 tons, 
and 2000 or 3000 tons of Middlesbrough hematite iron at 
42s. 6d. and 42s. 63d. cash. The settlement prices at the 
close were—-Scotch iron, 41s. per ton ; Cleveland, 34s. 3d.; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 44s. 6d. and 42s, 6d. per ton. The market was 
more active this forenoon, some 10,000 tons of Scotch, 
and several lots of Cleveland iron, changed hands. Prices 
were very firm at last night’s level. The market com- 
menced very firm in the afternoon ; Scotch being done at 
41s. 04d. per ton cash, 41s. 1d. Monday week. The 
finish was steady at about the forenoon’s price. Some 
5000 tons were dealt in, alsoa little Middlesbrough hema- 
tite iron at 42s. 64d. per ton cash. At the close the settle- 
ment prices were—Scotch iron, 41s. per ton ; Cleveland, 
34s. 3d. ; Cumberland and Middlesbrough hematite iron, 
44s. 6d. and 42s. 6d. per ton respectively. The following 
are a few of thecurrent quotations for No. 1 special brands 
of makers’ iron: Clyde, 46s. 6d. per ton; Gartsherrie, 
46s. 9d. ; Calder, 47s. 6d. ; Summerlee, 48s. 3d. ; Coltness, 
52s. 6d. ; Langloan, 53s. 6d.—the foregoing all shipped at 
Glasgow; Glengarnock (shipped at Ardrossan), 48s. ; 
Shotts (shipped at Leith), 51s.; Carron (shipped at 
Grangemouth), 52s. 6d. per ton, There are still 71 blast 
furnaces in active operation inScotland, as compared with 
77 at this time last year. Two are making basic iron, 
22 are working on hematite ironstone, and the remainder 
(47) are making ordinary iron. Last week’s shipments of 
pig iron from all Scotch ports amounted to 6629 tons, 
against 5081 tons in the corresponding week of last year. 
They included ‘126 tons for the United States, 225 tons 
for Canada, 165 tons for South America, 400 tons for 
Australia, 250 tons for Italy, 441 tons for Germany, 425 
tons for Holland, smaller quantities for other countries, 
and 4287 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood at 337,635 


tons yesterday evening, as compared with 337,932 tong 
yesterday week, thus showing for the past week a reduc- 
tion amounting to 297 tons. 


Iron Ore Imports at the Clyde.—The imports of Spanish 
iron ore at the Clyde ports during the month of May, 
only 22,300 tons, were the smallest for any one month 
since the end of 1891. As contrasted with those of May 
last year, the decline is 24,720 tons, or fully one-half, 
The falling off has not been confined to last month, ag 
over the tive months of the year there is a decrease 
of 78,875 tons. As contrasted with the five months in 
1891, there is no doubt an increase this year, but in May, 
1891, blast furnaces were just being relighted after a 
strike extending over fully half a year. The returns are; 


Month. Five Months. 
Vessels. Tons. Vessels. Tons. 
1893 16 22,300 117 185,578 
1892 27 47,020 171 264,453 
1891 20 26,145 62 75,376 
1890 29 42 766 131 219,519 
1889 29 40,198 135 190,546 


Finished Iron and Steel Trades.—The improvement 
recently spoken of in respect of the malleable iron trade 
is being maintained, and while there is no great pressure 
of business, makers report a steady flow of moderate-sized 
orders, chiefly for prompt delivery. Itis reported that all 
the bar iron works in the Motherwell district are running 
full time. For the lower grades of bars the prices range 
from 5/. 10s. to 5/. 17s. 6d. per ton. The trade in Sie- 
mens steel is being kept fairly busy. At Mossend some 
good orders for Clyde shipbuilders are being executed, 
Messrs. D. Colville and Sons, Da'ziel Works, Mother- 
well, are said to be contemplating putting down a sheet 
mill, Hitherto the bulk of their scrap has gone to local 
sheet makers, and the firm will by-and-by bein a position 
to use it themselves. 


Coal Trade.—A rather better feeling is now showing 
itself in the coal trade of Lanarkshire and the adjoining 
counties. Household -coals are necessarily very dull, 
owing to the warm weather which is now the order of 
things, but otherwise the market is firmer. The im- 
provement is not attributed to any extension in the 
volume of business, but is due to the fact that the sup- 
plies available to meet demands have been curtailed by 
the idle day observed by the miners ; indeed, they are in 
very many instances working only four days per week, 
in the hope that they may eventually compel the coal- 
masters to withdraw the reduction recently made in the 
rate of wages. Much interest is being taken in the Glas- 
gow and Paisley gas-coal contracts, which are just on the 
eve of being settled. Puiices are somewhat firmer, except 
as regards steam coals, and sellers are less disposed than 
they were a week or two since to make concessions with 
the view of carrying off business, the reason being that 
they have less coming to hand. The following are this 
day’s prices at Glasgow Harbour : 

F.o.b. per Ton. 


Be Cs, (Saas 
Splint ... 5 Sve 6 8tonb a6 ; 
Main coal 5 9 _— 
Steam ... abe kas 7 “Goan 
Ell 6% OF a7 


New Shipbuilding Contracis.—Rumours were current 
on ’Change to-day to the effect that a considerable 
amount of steam and sailing tonnage is in course of 
arrangement to be built on the Clyde. An impression 
appears to be gaining ground that the present may be 
an opportune time to place new contracts, and the feeling 
acquires force from the circumstance that one or two 
shipowning firms, that have been fortunate enough to hit 
the proper time for building in the past, are now known 
to be in the market. To give some idea of the induce- 
ments presented to owners, it may be stated, from actual 
specifications now in hand, and as good as agreed to, 
that a first-class steel sailing ship of about 8680 tons 
deadweight can be supplied complete for about 
4l. 17s. 6d. per tov, includirg everything that is 
requisite to fit her for the sea. It is stated to-day 
that Messrs. Burrell and Sons, Glasgow, have contracted 
with Messrs. Russell and Co., Port-Glasgow, for the con- 
struction of four large cargo steamers of over 5000 tons 
burthen for the general carrying trade. The order for 
the engines and boilers for two of the vessels has been 
placed with Messrs. Blackwood and Gordon, Port-Glas- 
gow; and the order for the other two with Messrs. Kin- 
caid and Co., Greenock. Messrs. Scott and Co., Greenock, 
have received another order from Messrs. J. and J. Den- 
holm, of the same port, for the construction of a steel screw 
cargo steamer of 1250 tons gross. This will be a sister 
ship to one contracted for last month. A Glasgow firm 
of steamship owners have asked for tenders for three 
powerful vessels of large carrying capacity. It is posi- 
tively affirmed that the Cunard Company are about to 
take in offers for the construction of two large cargo 
steamers for their Atlantic carrying trade. The Clyde 
firms that may get specifications are likely to do each 
their best to secure the order. : 


NOTES FROM THE SOUTH-WEST. 

The ‘‘ Northumberland.” —The Northumberland, cruiser, 
now undergoing refit at Devonport, will be subjected to 
considerable alterations. The Northumberland, which 
was built in 1868 by the Millwall Company at a cost of 
512,871/., has since cost in maintenance and repairs 
310,074/., and she is now to be refitted at a cost of 50,121/., 
making a total of 873,066/. Her armament is to be 
strengthened by the addition of six 4.7-in. quick-firing 
guns, and ten 3-pounder Hotchkiss guns, and the neces- 
sary fittings for the guns and alterations to the magazines 
and shell rooms to provide for the new ammunition will 
be included in the refit, The 4.7-in. guns are to take the 
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lace of old 24-pounder howitzers, while the 3-pounder 
Eretohkins will replace the four-barrel 1-in. Nordenfeldt 
machine guns. The Northumberland is stated to be the 
longest warship in the world. Her refit is to be completed 
by December. 


The *‘ Gibraltar.”--The Gibraltar, cruiser, built and 
engined by Messrs. Napier and Sons, Glasgow, made her 
contract trial on Friday. The engines developed 10,443 
horse-power, which gave the ship a speed of 20.4 knots 
per hour. 


Gas at Cardif.—In consequence of the increased con- 
sumption of gas at Cardiff, the Cardiff Gas Light and 
Coke Company is proceeding with the erection of an 
additional gasholder. The new tank, when completed, 
will be the largest in South Wales, the diameter being 
152 ft. 6 in., with a total depth of 37ft.6in. The work 
was commenced early in March, and will be completed in 
the autumn. The capacity of the gasholder will be about 
1,600,000 cubic feet. The work is being carried out under 
the supervision of Mr. H. Morley (the company’s engi- 
neer) by Messrs. Aird and Sons. 


Cardiff.—Steam coal has been steady ; the best descrip- 
tions have brought 10s. 3d. to 10s. 94., while secondary 
descriptions have made 93. 6d. to 93. 9d. per ton, As re- 
gards house coal it may be noted that No. 3 Rhondda 
large has been realising 93. 9d. to 10s. per ton. Foundry 
coke has made 17s. to 17s. 6d. per ton, while furnace coke 
has been quoted at 15s. 6d. to 16s. per ton. Patent fuel 
has been in good demand. 


MISCELLANEA. 

WE understand that Messrs. Crompton and Co., 
Limited, Chelmsford, are exporting their high efficiency 
dynamos to the United States in spite of import duties of 
upwards of 45 per cent. 


Prizes of altogether 100,000 francs, or 4000/., have been 
offered by the committee for the contemplated Atlantic- 
Mediterranean canal. The prizes are reserved for French 
engineers, and the plans must be sent in before the end of 
the year. 


The Danish Petroleum Company is at present building 
some petroleum tank reservoirs at Korsér on the Great 
Belt. There will be three underground tank reservoirs, 
each capable of holding 15,000 casks of petroleum. The 
installation will be connected with the State railways. 


The gross raceipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ending 
May 28 amounted, on 16,456 miles, to 1,454,704/., and 
for the corresponding period of 1892, on 16,3824 miles, to 
1,348,334/., an increase of 734 miles, or 0.4 per cent., and 
an increase of 106,370/., or 7.2 per cent. 


The Midland Railway Company announce that first 
and third class dining cars will be run on some of their 
long-distance trains next month. The kitchens will be 
fitted with stoves for burning compressed oil gas. These 
stoves have been provided by Messrs. Fletcher, Russell, 
and Co., of Warrington, and on trial have proved per- 
fectly successful. 


Endeavours are now being made to realise the contem- 
plated Scandinavian Exhibition, which has been discussed 
a good deal during the last year or two, in Stockholm in 
the year 1896. It is hoped by those now bringing the 
matter forward that the town of Stockholm will vote a 
handsome sum towards it, and a Government grant will 
also be applied for. 


The Aéronautical Society of Great Britain has called a 
general meeting of members and friends at the Society of 
Arts at 8 p.m. on Tuesday, the 13th inst., for the purpose 
of discussing how far Mr. Horatio Phillips’ experiments 
advance the object of mechanical flight, as lately illus- 
trated in our columns. Application for admission may 
be made to Mr. Fred W. Brearey, Maidenstone-hill, 
Blackheath, S.E. 


Negotiations between Finland and Russia, about a re- 
arrangement of their respective tariff relations, have 
been carried on for a considerable time, and it is now 
understood that Finland would be agreeable to adopt the 
much higher Russian tariff provided she then became 
one with Russia as far as duty is concerned. Should 
this plan be carried through, it would almost entirely stop 
the import into Finland of machinery, agricultural and 
otherwise, of vessels, &c. 


The Allgemeine Elecktricitats Gesellschaft of Berlin 
has introduced a new insulating material under the name 
of ‘‘stabilit,” which is intended to replace rubber and 
vulcanised fibre. It can, it is claimed, be turned, filed, and 
drilled more easily than hard rubber ; fine screw threads 
can be cut on it, and it can be polished. It does not 
attack metals, and can be used in place of marble and 
slate for switchboards. It resists a temperature of 
250 deg. Cent., and is unattacked by hydrochloric or dilute 
sulphuric acid. 


The half-yearly meeting of the Birmingham Associa- 
tion of Mechanical Engineers was held on Saturday last 
at the Grand Hotel, Birmingham. The chair was taken 
by the president, Mr. A. Driver. After the ordinary 
business had been transacted, the election of officers was 
proceeded with. Messrs. W. J. Playdon and J. Williams 
were re-elected on the committee, and Messrs. F. S. 
Green and H. H. Winn were also elected members of the 
committee, vice Messrs. R. Mark and A. Noad, who 
declined re-election. Mr. H. J. Denley was elected 
auditor, vice Mr. W. Turner. The proceedings closed 
with a vote of thanks to the retiring officers, which was 
duly acknowledged by Messrs. Mark and Noad. 


A peculiar case of rail breakage was recently discussed 
at a meeting of the ‘‘ Verein fiir Kisenbahnkunde.” On 
the Westerwald Railway, Germany, not long ago, eighty- 


one breakages of rails were reported in a single day. 
Upon investigation into the cause, it was found that on a 
very cold day the brakes of a 15-ton coal car had been left 
on through carelessness. Consequently the wheels dragged, 
and a deep groove was worn in the tyres. When at last 
the brake-rod broke, the hammer-like action of the wheels 
at each revolution caused the fractures in the rails. This 
was further proved by the fact that the breakages oc- 
curred in pairs, or exactly opposite each other. The 
rails were of steel, and 53 in. deep. 


Messrs. Hayward Brothers and Eckstein, of Union- 
street, Borough, London, S.E., have sent us samples of a 
new metal lathing, which they are now placing on the 
market. The lathing is made in sheets measuring 6 ft. 
by 2 ft., but can easily be cut to any size. These sheets 
are of thin steel, but are stiffened, and a key at the same 
time formed for the plaster, by passing them through 
a special corrugating machine, which acts through the 
metal, and forms raised loops alternately on each side of 
the sheet. A sample of the metal when plastered and 
laid to 18in. bearings is said to have supported 14 ewt. 
on the centre without showing signs of failure. The 
makers claim that a large saving in the cost of a building 
can be effected by its use, as no roughing coat of plaster 
is required, and the total amount of plaster used is 
reduced by one-half. The lathing is equally adapted to 
ceilings and walls. The sheets are nailed edge to edge 
and stiffened by passing a large French nail through 
opposite loops. 


In a lecture recently delivered before the Reusselaer 
Polytechnic Institute, Mr. W. P. Mason refers to the 
not uncommon practice of sending a sample of water to 
a chemist with a request for a report on its potability, 
whilst at the same time all knowledge of its source is 
intentionally withheld. This practice, he remarks, 
seriously hampers the analyst in forming an opinion as 
to the suitability of the water for drinking purposes. 
Thus a large quantity of common salt is a cause for sus- 
picion when found in drinking water, as it frequently 
denotes sewage contamination. Yet an amount of salt 
sufficient to entirely condemn the water from a shallow 
well in certain neighbourhoods, would be passed as un- 
obje+tionable if found in deep-well water. In one case a 
sample of water was found to contain free ammonia, 
which usually denotes animal contamination; but in 
this instance the water was obtained by melting ice 
frozen by an ammonia machine. In short, the history of 
the sample is absolutely necessary to enable a chemist to 
form a just idea of the potability of the water. 


In some American water works alum is added to the 
water, in small doses, before filtration. This alum 
forms jelly-like particles, which seize the fine silt 
and minute organisms in the water and drag them 
to the bottom. If properly used, most of it will be 
caught in the filter-bed. On the other hand, if an 
excess is used, the amount in solution will pass the 
filter undecomposed, and the water will be correspond- 
ingly impregnated. The amount employed depends 
entirely on the quality of the water. During 1892 the 
quantity used at Atlanta, Ga., was 0.77 grains per gallon 
(U.S). Mechanical filters are also largely used in the 
United States. One form consists simply of a tank 14 ft. 
high and 12 ft. in diameter, open at the top, and partly 
filled with sand or sand and charcoal. The water passes 
through this filtering bed to the bottom drains, which 
conduct it away. <A revolving rake is used to stir up the 
top of the sand when it becomes clogged, the direction of 
the water being changed during the cleaning process. 
The results obtained vary considerably, but in general 
these filters reduce the amount of albumenoid ammonia 
by about 69} per cent. The suspended matter is reduced 
by about one-half, and 98 per cent. of the micro-organisms 
are removed. 


In a paper recently read before the Engineers’ Club of 
Cincinnati, ‘‘On the Construction of Sidewalks in City 
Suburbs,” Mr. E. F. Layman remarks that satisfactory 
work can only be obtained by employing a thoroughly 
honest contractor, whilst the engineer or his inspectors 
must give the work constant attention. In Wyoming 
sidewalks have been constructed as follows: Trenches 
1 ft. deep were first cut, along which 8 in. tile drains 
were laid to permanently underdrain the walk. A foun- 
dation of 8in. of clean cinders or gravel, entirely free 
from clay, was then spread over the whole area and 
thoroughly rammed. On this foundation a layer of 
cement concrete was laid, the concrete consisting of one 
part cement to two parts sharp clean sand, and four 
parts of gravel. On the top of this a layer of lin. of 
neat cement was laid. The work was protected from the 
weather, and the concrete sprinkled daily with water 
for a period of one week after laying. Where carriage 
roads crossed the walk the concrete was laid 4 in. thick and 
capped with a 2-in. layer of neat cement. The work 
was guaranteed for five years. The same brand of cement 
was used throughout, as in one case, where different brands 
were used, the top layer of neat cement cracked off. Great 
care was required to see that the workmen kept this top 
coat of full thickness throughout, as there was a tendency 
to make it thin in the centre. Equal care was required 
to insure the proper binding of the two layers. This was 
accomplished by requiring the upper coat to be spread in 
thin layers, which were hand-trowelled against the con- 
crete below and worked up to the full thickness gradually. 


Under the new schemeof reorganisation of the Geological 
Survey of India, two-thirds of the survey officers will always 
be primarily engaged on the explorations necessary to com- 
plete the geological survey, and the remaining third on the 
practical investigation of mineral fields. In the latter 
case the exploration will be confined to such preliminary 
examination as seat be necessary to supply general infor- 
mation regarding their character and extent to capitalists 
and promoters, upon whom will rest the responsibility 


for more detailed prospecting. The work of the past 
year was of the most varied character. The most im- 
portant scientific operation of the year was that carried 
out in the Central Himalayas by two of the survey 
officers in co-operation with Dr. Diener, an eminent 
specialist sent out from Vienna, and their joint researches 
are said to be certain to prove of high scientific 
interest. There were experimental borings for oil in 
Beloochistan, and on the Indus investigations into the 
Nerbudda coalfields, the coal resources of Tenasserim, 
jade in Burmah, coal and rubiesin the regions bordering 
on Yunnan, and much else of a similar character. The 
advance in the knowledge of Indian coalfields has been 
great. Thecentres of production, which a few years ago 
were almost confined to Bengal, have now been extended 
to Assam, Punjaub, Central Provinces, the Nizam’s 
territory, and Burmah. The survey has also done much 
to determine the character of the oil resources of the 
country, and soon the question will be set at rest whether 
any important or permanent supply of oil can be secured 
in Northern India. The Government is anxious to 
associate natives educated in the country with tha 
European officers in the work of original investigation 
and research ; but the attempt to do this has had to be 
abandoned for the present in consequence of the difficulty 
of finding young men suitably educated for such a career. 


The new sewage disposal and purification works which 
have been constructed by the Huddersfield Corporation, 
at a cost (including intercepting sewers, destructors, 
sludge presses, electric light plant, &c.) of about 69,000/., 
were finally opened on May 31, although the work of 
purification has been carried on since April 17. The 
corporation acquired about 44 acres of land at Deighton 
for the scheme, but the works and buildings only cover 
an area of 8} acres, and the remaining space has been 
laid out as a small park. Mr. R. S. Dugdale, the 
borough engineer, designed the scheme, as also the 
intercepting sewer conveying the sewage to the works, 
which are capable of dealing with seven million gallons 
of sewage per day (or the sewage from a population of 
250,000 based upon a flow of 31 gallons per head), 
but the present dry weather daily flow is about 
five million gallons. There are twenty-four precipita- 
tion tanks, each to hold 47,500 gallons, and the same 
number of small polarite filter beds. The crude sewage 
is received in the ‘roughing tank;” it then passes 
the screening chamber and is mixed with ferrozone 
—a chemical of no fixed composition, but varied to suit 
the sewage under treatment; it then passes into the 
purification tanks, where the solid matter coagulated by 
the action of the ferrozone quickly subsides as sludge, and 
the clarified sewage is then admitted on to the polarite 
filters, from which it emerges in a bright, clear, and 
colourless condition, and is free from objectionable smell. 
The degree of purity is high, showing as much as 
88 per cent. reduction of the albumenoid ammonia. The 
sludge is pressed and reduced to clinker in the destructor. 
The pressing machinery was supplied by Messrs. 
Goddard, Massey, and Warner, of Nottingham. Polarite 
filters, we may add, have also been adopted at the Read- 
ing Water Works, this being, we understand, the first 
application of polarite to water filtratien. 


MANCHESTER CORPORATION AND THE CANAL.—At a 
special meeting of the Manchester Corporation, on Wed- 
nesday, the 7th inst., the corporation formally agreed to 
lend the Ship Canal Company the further sum which the 
corporation were authorised by this year’s Act to loan to 
the company, and in accordance with the Act elected the 
following members to represent the corporation on the 
Board of Directors of the Ship Canal Company: Sir John 
Harwood, Mr. Alderman Leech, the Mayor (Mr. Alder- 
man Marshall), Mr. Southern, Mr. Alderman Clay, Mr. 
Alderman Chesters Thompson, Mr. Alderman Joseph 
Thompson, Mr, Alderman Mark, Mr. Alderman Walton 
Smith, Mr. M‘Dougal], and Mr. Pingstone. Sir J. Har- 
wood called attention to the arbitration now going on in 
London as tothe claims of the London and North-Western 
and the Great Western Railway Companies with refer- 
ence to the deviation lines near Warrington. He com- 
plained that the railway companies declined to give up 
the old lines until the amount of their claims, which ex- 
ceeded 500,000/., wasdeposited. Arrangements with that 
end in view had now been made, and if the lines were 
at once given up to them, so that the work might be 
carried out, the canal would, he was satisfied, be com- 
pleted for opening in January next. 


CaTaLocuEs.—The General Electric Company, Li- 
mited, of 69 and71, Queen Victoria-street, London, E.C., 
have issued a most comprehensive catalogue, consisting 
of astrongly bound volume of some hundreds of pages, 
divided into six sections, dealing with various depart- 
ments of electrical supplies. In these different sections 
illustrated descriptions with prices are given of every 
variety of electric plant, from bells and lamp fittings to 
dynamos and their engines.—The Richards Machine Tool 
Company, of Laurence Pountney-hill, London, E.C., 
have sent us three sections of their catalogue, dealing 
respectively with open-side planing machines, universal 
turning machines, and standard 8-in. lathes. Each of these 
sections is prefaced with a number of useful and general 
remarks, and the descriptions of the various machines are 
by far the most complete we have yet seen in a catalogue— 
Messrs. W. H. Coward and Ihlee, of Bath, have issued 
an illustrated catalogue describing their Niagara pul- 
veriser and accessory plant. Messrs. Herbert Morris 
and Bastert, of 211, Upper Thames-street, London, E.C., 
have sent us copies of their new catalogue of lifting 
machinery, in which are illustrated and described various 
forms of pulley blocks and travelling cranes made by 
them. Full prices are given in every case, 
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CONSTRUCTED BY MESSRS. COWANS, SHELDON, AND CO., LIMITED, ENGINEERS, CARLISLE. 
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THE WHITWORTH SCHOLARSHIPS. 


CONSIDERING that it is now a quarter of a century 
since the late Sir Joseph Whitworth’s munificent 
gift for the promotion of technical education was 
made, and that the system of awards has under- 
gone several important changes during that time, 
it is not a little disappointing to find that no more 
satisfactory method of dealing with it has been 
arrived at. It must, however, beadmitted that the 
matter is surrounded by many difficulties, due partly 
to its being administered by a Government depart- 
ment, and partly the want of sincerity which 
science students exhibit, in common with the rest 
of humanity. To perfectly fulfil the intentions of 
the founder, it is necessary that an endowment of 
this kind should be administered on broad and 
liberal lines, and this can only be done if it be put 
into the hands of an individual or small committee, 
who not only takes a strong interest in its success, 
but has also the power to consider each case on its 
merits, and to deal with it without reference to the 
treatment accorded to other and different cases. 
Such a method of administration is, we fear, not to 
be expected, and even if inaugurated, would be 
liable to abuse. Certainly it would furnish mate- 
rials for a charge of favouritism by students who 
look upon scholarships as the prize of war, and not 
merely as a means of gaining extended knowledge. 
The very breadth of Sir Joseph Whitworth’s scheme 
introduces dangers into it. It may happen that a 
student may find the best opportunities of learning 
in holding a position which brings him a salary 
which provides for his wants, in which case the 
scholarship is so much clear gain. There is some- 
thing in human nature which renders this arrange- 
ment very seductive, and the Educational Depart- 
ment has spent a great deal of trouble in trying to 
oppose obstacles to the salary being made the main 
object, and the pursuit of knowledge being put 
in the background. But as one of the original 
objects of the grant was to enable the student to 
obtain experience in practical engineering work, it 
has been difficult to prevent successful candidates 
earning salaries in addition to their scholarships. 
How constant has been the struggle on this point 
will be best shown by briefly reviewing the various 
schemes that have been in force up to the present 
time, with a view to the establishment of a more 
efficient one. It will readily be conceded that that 
system of awarding is best which enables the 
largest number of competitors to obtain a thorough 
training in engineering and the cognate sciences. 
Obviously, this condition assumes that, while on 
the one hand no competitor should be able to 
obtain a greater share of the money than is neces- 
sary to procure, without further pecuniary assist- 
ance, a thorough scientific training ; on the other 
hand, it is equally binding that in all cases the sum 
awarded, and the period for which it is tenable, 
should be sufficient for this object. From the 
following brief outline of the nature and value of 
the awards from 1869 to the present time, it will 
be seen that, with the exception of some minor 
differences during the transition stages, the various 
schemes may be divided into four distinct classes 
as indicated by the brackets, 


1869 to 1873. 
in {Ten scholarships of 100/., tenable for three years. 


1874 to 1878. 


Six or seven scholarships of 100/., tenable for three 
years, and six annual prizes, varying in value 
from 207. to 100/., awarded on the results of the 
examinations at the end of each of the three 
years ; also two prizes of 2007. and 1007. respect- 
ively, awarded at the end of the three years on 
the aggregate results for that time. 


1879. 
Eight scholarships of 100/., tenable for three years, 
the extra prizes being discontinued, 
1880. 
Two exhibitions of 150/, and seven of 100/., tenable 
for one year. 


i) 
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1881. 
3 E exhibition of 200/., three of 150/., two of 125/., 
3 and eleven of 100/., tenable for one year. 
1882 to 1887. 
One exhibition of 200/., eight of 150/., and sixteen 
of 100/., tenable for one year. 
1888. 


Four scholarships of 125/., tenable for three years. 
Twenty exhibitions of 100/. and ten of 50/., tenable 

for one year. 

1889. 

Four scholarships of 125/., tenable for three years. 
Ten exhibitions of 1007. and twenty of 50/,, tenable 

for one year. 

1890 to 1893. 

Four scholarships of 125/., tenable for three years. 
Thirty exhibitions of 50/,, tenable for one year. 


A brief examination of these four schemes will 
show that the first, that in force from 1869 till 
1873, is unquestionably the most efficient when 
gauged by the abstract principle already stated. It 
was, however, discredited by large numbers of the 
scholars simply putting the grants into their 
pockets, while they occupied situations. It must 
be remembered, in extenuation of this, that 
engineering colleges were then almost unknown, 
and that the successful competitors were gene- 
rally fairly abreast of the time in theoretical 
knowledge. Unless they chese to devote them- 
selves to mathematics, there was no great field 
open to them. The next change was to reduce 
the number of scholarships to six or seven, 
and, as if the object aimed at was to educate a 
minimum number of engineers with a maximum 
expenditure, 300/. was awarded annually in prizes 
to the holders of 100/. scholarships. At the end of 
the third year of tenure two prizes of 200/. and 
100/. respectively were awarded to those scholars 
who obtained the highest aggregate of marks during 
the three years. It was thus possible for the com- 
petitor who kept first for the three years to re- 
ceive in that time a sum of 800]. At that time 
there was no urgent need for rewards for suc- 
cessful study in theoretical knowledge. Now the 
case is somewhat different. A review of the 
careers of those who head the lists in technical 
schools shows that they find it exceedingly difticult 
to get back into practical work. They have abundant 
knowledge of a high class, but they have not that 
practical acquaintance with routine work which is re- 
quired to make a man’s work immediately remune- 
rative to his employer. There isa very small demand 
for their services by engineers in practice, and hence 
they find themselves, after a brilliant career, face 
to face with the alternatives of commencing in the 
shops as if they were boys, or of diverging from their 
original plan and becoming professors, physicists, 
or literary men. It is manifestly undesirable 
that they should adopt any of the latter courses, 
as it directly defeats the object of the Whitworth 
endowment. The possession of one or two hundred 
pounds may be of the greatest advantage to a man 
on leaving college, enabling him to follow his 
natural tastes, and to employ his knowledge for the 
direct advantage of engineering science. By taking 
a situation in a works or an office ata small salary— 
or with no salary at all—for a time, he brings him- 
self into touch with the commercial world, learns 
its ways, and obtains an opportunity of showing 
whether he is really an engineer or a mere passer 
of examinations. 

The third scheme came into force in 1880, and, as 
will be noticed, consisted of a number of money 
prizes or exhibitions tenable for one year, and vary- 
ing in value from 1001. to 200/._ This system had little 
in it to commend it, inasmuch as the distribution 
was such that the individual prizes were inadequate 
to enable the holder to obtain a thorough scientific 
training. The present system, with the exception 
of some changes in the exhibitions during the first 
two years, may be said to date from 1&88, It con- 
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sists of four scholarships of 1251., tenable for three 
years, and thirty exhibitions of 50/., tenable for one 
year. It appears from the regulations that ex- 
hibitioners are not compelled to give up their 
present employments, so that the object is appa- 
rently to enablethe holders to prosecute their studies 
at evening classes. Assuming that thisis the object 
aimed at, the question naturally suggests itself, 
Why are these exhibitions 501. each, when for this 
purpose 20]. or less would be quite adequate? If, 
on the other hand, these exhibitions are intended 
to enable the holders to attend the day classes of 
a technical college, then 50l. are not enough to 
support a man and pay his class fees for a year. 
In the cases in which the exhibitioner of one year 
gains a scholarship in a subsequent year, the 
scholarship should only be tenable for two years 
instead of three, as three years is the maximum 
time that a young engineer can well afford to 
devote solely to this part of his training. These 
are a few of the points in connection with the 
financial part of the subject which appear to demand 
some attention with a view to reform. Apart from 
these considerations, however, there are some 
others in connection with the conditions of compe- 
tition which are far from satisfactory. Candidates 
can elect to be examined in either the elementary, 
advanced, or honours stages of all the following 
subjects, with the exception of four of them, in 
which certain minimum passes are specified as com- 
pulsory : 

1. Practical, Plane, and Solid Geometry. 

2. Machine Construction and Drawing. 

3. Mathematics, one stage of each group (1, 2, 
3), (4, 5), (6, 7). 

4. Theoretical Mechanics. 

5. Applied Mechanics. 

6. Sound, Light, and Heat. 

7. Magnetism and Electricity. 

8. Inorganic Chemistry, Theoretical and Prac- 
tical. 

9. Metallurgy, Theoretical and Practical. 

10. Steam. 

11. Freehand Drawing, elementary stage. 

While little or no exception can be taken to the 
comprehensive nature of the above syllabus, there 
is much inthe detailed conditions that is anomalous. 
One of the rules made at the request of Sir Joseph 
Whitworth in 1873 is, ‘‘ The object of the scholar- 
ship is not to reward past merit, but to aid and 
encourage further study.” In order to secure this 
he bargained that equal marks should be given for 
pure handicraft as for theoretical knowledge. Hence 
the early scholars were naturally divided into two 
classes, those deficient in theoretical knowledge, 
and those deficient in practical knowledge, and it 
was easy to put pressure upon them to follow a 
course that should supplement their deficiencies, 
But now these examinations in handicraft are 
almost, if not quite, given up, and all candidates 
that have passed a year or two in a works are 
accepted on an equal footing in that respect. Thus 
the clever mechanic is handicapped at the start, 
but as he promises to become extinct in a few 
years, we need not distress ourselves on his account. 
Handicraft skill countsfor little now, butaknowledge 
of shop pvactice is more valuable than ever it was. 
The increasing capital r<quired for manufacturing 
plant, shortening hours of labour, rising wages, 
and growing competition, all require that industrial 
Operations shall be carried on with the greatest 
skill if they are to be commercially successful, and 
that the men who superintend them shall be pos- 
sessed of an intimate knowledge of the best 
methods of constructive work, in addition to being 
proficient in engineering science. Now, as Sir 
Joseph Whitworth clearly saw, the youth with a 
good supply of brains and a limited purse is almost 
necessarily shut off from one side of the profession 
or the other, and it was this difficulty which he 
sought to remove from his path. At the date of the 
endowment scientific knowledge was hard to obtain, 
and except in a few large towns had to be sought 
by the slow and painful process of private study. 
A man of narrower vision would have laid down 
hard and fast rules adapted to the existing condi- 
tions, with the result the value of the scholarships 
would have been vastly decreased. Sir Joseph, 
however, left the administration unhampered, and 
already we have arrived at a new condition of 
affairs in which a great modification is required. 

One’s first idea in considering scholarships is 
that they should be so hedged round as to be ob- 
tainable only by those of relatively straitened 
means. But a little consideration shows that this 


is quite impossible unless they are to be accom- 
panied by the degrading conditions attached to 
servitors in the universities many years ago. 
Evidently rich and poor must compete under 
the same conditions. One limitation—that of 
age—is, however, justifiable. From 1873 till 1880 
the limit of age for competitors was twenty-two 
years; but before and since that time the limit 
has been twenty-six years. Undoubtedly the 
lower of these limits has much in its favour over 
the higher one, for the following reasons. At 
twenty-one the young engineer has usually com- 
pleted his apprenticeship, and at this time there 
is a natural break in his career, at which point a 
fresh departure may well be taken, whereas at 
the higher limit it would cause a break in his 
career at a time when he should have settled 
down permanently to his professional work. 

There are two main classes to be considered : (1) 
the boy who has gone into the shops and who, 
without a scholarship, is shut out from systematic 
scientific instruction, other than that obtainable at 
evening classes ; and (2) the youth who has gone 
from school to college—a course which can now be 
adopted without great expense, when a boy lives at 
home in any large town in which there is an ad- 
vanced technical school—and wishes to get into 
practical work. There is also a third and much 
smaller class, already referred to, to whom ‘“‘ con- 
tinuing scholarships”? would be very advantageous. 
The first two classes are those that Sir Joseph 
had in his mind in making his gift, and the condi- 
tions ought to be so framed as to benefit them chiefly. 
Of course they cannot meet in an examination on 
paper on equalterms, and the apprentice needs to 
be credited a number of marks for each year he 
has spent in the works. Actual experience can 
only decide what proportion of the total would put 
the two classes on an equal footing. Assuming the 
examinations be of sufficient difficulty to enable 
the college student, at the end of his course, to 
utilise the whole of his knowledge, and that the 
aggregate number of marks that a first-class candi- 
date can expect to attain be 1000, then probably 
200 for each year spent in the shops, with a maxi- 
mum of 600, would probably be a fair amount to 
assign to the apprentice in order to put him on an 
equality with the college-bred lad. The scholar- 
ships awarded to the latter must, of course, be 
accompanied with the obligation to spend the first 
eighteen months in actual constructive work of 
some kind, and the whole time during which the 
payments last either in an engineer’s works or 
office. If he can get remunerated for his work, 
well and good ; unpaid work is apt to be badly per- 
formed. 

The matter is simple enough when we consider 
these two strongly marked classes. The difficulty 
lies with the intermediate examples—those with a 
little practical experience and a moderate amount 
of theoretical knowledge. In which direction shall 
they be guided? It is here that the want of an 
earnest and autocratic management is felt—one 
that will study each case, and decide on its merits. 
As this seems to be unattainable, the colourless 
candidates must be left to decide for themselves, 
with this proviso, that they should have consider- 
able pressure put upon them to prevent them degene- 
rating into ‘‘ college loafers.”’ This they are very 
apt to do, for their want of practical experience 
renders it difficult for them, after the college course, 
to get back in works, and they are tempted to be- 
come ‘* demonstrators,” science teachers, writers— 
anything, in fact, except engineers. 

A review of the situation leads us to think that 
the original system of awards is the best—better 
now than it was at the date at which it was in 
operation, due to the altered conditions. There 
ought, out of the hundreds of boys that enter 
the profession each year, to be a considerable 
number that can assimilate a three years’ college 
training. It is better to provide for eight or 
ten of these than to give a mere smattering of 
knowledge to fifty or sixty, especially since very 
ample provision is being made for the average 
apprentice in the way of evening classes. Under 
the plan we are advocating, it would be possible for 
either the college or the shop to come first. We 
are often consulted by parents who would like to 
make their sons engineers, but who cannot afford 
the large premiums demanded, and yet do not like 
to send their boys into the shops to take their 
chance among the other lads. They could manage 
to keep them at college, in many instances, for three 
years, if there were a probability that at the end of 
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that term the boys could obtain scholarships 
to provide for their premiums as apprentices, 
Others, of course, have no choice but to render 
their children wage-earners at an early period. 
Both these classes would be benefited by sucha 
scheme. A hundred a year is probably the smallest 
sum which will enable class fees to be paid, books 
to be bought, and a decent home to be procured, 
and we would not advocate its reduction. We 
hope that when the next change is made, there will 
be a return to something like the original pro- 
visions. If, by slightly reducing the number, 
arrangements could be made for two or three small 
continuing scholarships, it would be an advan- 
tage, but this is a secondary consideration. What 
is wanted is to use the endowment for a limited 
number of first-class men, in preference to frittering 
it away on a crowd of mediocrities. 


THE ROYAL SOCIETY SOIREE, 
Tue Lapigs’ Nicut. 

A MONTH ago we hazarded the suggestion that 
the Council of the Royal Society were reserving 
their best things until the evening on which their 
second annual reception is graced by the presence 
of ladies. We must confess that the true spirit of 
prophecy did not inspire our words on that occa- 
sion, for the brilliant assemblage which gathered — 
last Wednesday evening at Burlington House — 
found a scantier display than usual, and one in 
which there were not many objects of novelty. 
The Jantern exhibitions on the ground floor are 
always popular, and on this occasion there 
was one that was both charming from an 
artistic point of view, and interesting from the 
fact that a most beautiful and entirely new 
effect was gained by very simple means. We 
refer to the lantern stereoscope, invented by Mr. 
John Anderton, and shown by Mr. W. Bayley 
Marshall, M. Inst. C.E. The pictures on the screen 
were in perspective, the various objects forming 
them standing ovt as if possessed of three dimen- 
sions, and appearing in their correct relative planes, 
The result was that a reality and vraisemblance was 
gained that gave the pictures the actuality of 
scenes in a play. The effect is obtained by using 
slides taken by a stereoscopic camera in the usual 
way for such photographs. The two images are 
superposed on the screen as nearly as possible, 
although, not being identical, a perfect re- 
gister cannot, of course, be obtained. The light 
from each lens of the lantern is polarised, one 
beam in a vertical plane, and the other in a hori- 
zontal plane, and the image is viewed through a 
binocular analyser of simple form. This analyser is 
so constructed that while the right eye can see only 
the image pourtrayed in, say, vertically polarised 
light, the left eye can see only that in horizontally 
polarised light. The result is that each eye sees 
one of the stereoscopic views only, and the two are 
thus conveyed to the brain separately, giving a true 
stereoscopic effect. The weak part of the arrange- 
ment, from the lecturer’s point of view, is that each 
spectator must be provided with a pair of analysers. 
These, however, are very simple and cheap instru- 
ments, consisting of a pair of tubes, like an opera 
glass, each furnished with a plate of glass set at an 
angle te the line of vision. Two or three hundred of 
these would be a serious addition to the lanternist’s 
impedimenta, but the gain resulting from this 
method cf viewing pictures is well worth the extra 
trouble and outlay. Two other displays of photo- 
graphs on the screen took place during the evening ; 
Professor J. Nerman Lockyer showed slides illus- 
trating the localities and instruments used during 
the eclipse of April 16, 1893, in West Africa and 
Brazil, and Mr. W. M. Conway exhibited lantern 
slides illustrating the scenery of the Baltoro glacier 
in the Karakoram Mountains, Kashmir, India. 

In the room above, the feature of interest was 
Captain McEvoy’s Hydrophone. The object of 
this is to give notice to a fleet or battery of the 
approach, under cover of darkness or fog, of a 
hostile vessel. It consists of two parts : an appa- 
ratus to be submerged at a distance of (say) three 
miles from the shore, and connected by an insulated 
electric conductor to an indicator on land, or on the 
home fleet. The former part comprises a heavy 
cast-iron case in which is a flat spring fixed at one 
end and free at the other. Upon the free end rests 
a short piece of roughened platinum wire, 
guided in an easy fitting hole. The spring 
is exceedingly sensitive to vibration, and re- 
sponds to the slightest disturbance, although its 
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movements are often so slight as to be invisible. 
If, however, an electric current be passed through 
it, and through the platinum wire and a telephone 
in series, a constant crackling is kept up, due to the 
rubbing of the wire in its guide. When placed in 
a building, the apparatus is never silent, the move- 
ment of the inmates and of vehicles outside being 
sufficient to keep it in action. Under the sea it is 
so efticient that the passage of a steamship within 
a mile is suflicient to set it in operation. | Were 
it confined to communicating signals by tele- 
phone, its usefulness would be doubtful, as the 
observer would be sure to be away, or 
asleep, at the critical moment. But Captain 
McEvoy has devised a most ingenious and _ in- 
teresting device, by which the minute variations 
of current in the microphone are made to set 
in operation a bell and an electric lamp. In the 
telephone circuit there is interposed a delicate 
apparatus, like a galvanometer, with a finger 
moving over a considerable range. This finger 
takes up a position due to the current, and then 
two magnets are adjusted, one on either side of it. 
A variation of current causes the finger to approach 
one or other of the magnets, when it isimmediately 
attracted and drawn firmly against the pole. In 
this way a new circuit is completed, a relay is 
operated, and a local battery set in action to work 
a bell or a lamp, or any other kind of signalling 
apparatus. There is thus no likelihood of the 
alarm being overlooked, We understand that the 
Government are actively experimenting with this 
apparatus t> determine its value in defending our 
harbours from being suddenly entered by hostile 
cruisers or torpedo-boats. 

An apparatus for studying the action of the elec- 
tric discharge on oxygen was shown by Mr. W. A. 
Shenstone and Mr. M. Priest. The oxygen is 
confined in the annular space between two glass 
tubes, the inner and outer surfaces being kept at a 
low temperature, about —1 deg. Cent., by means 
of freezing mixtures. These surfaces also form 
two non-metallic electrodes, the liquids being con- 
nected to the terminals of an induction coil. The 
effect of passing the current is to heat the oxygen, 
which is immediately cooled by the refrigerating 
surfaces, and a part of the oxygen transformed into 
ozone. It is suggested that the heat dissociates 
the molecules (O,), and in cooling some of the atoms 
unite in such a way as to become ozone (O;). The 
process cannot be carried beyond the point when 
some 17 per cent. of the oxygen has become ozone. 
The apparatus is provided with means for deter- 
mining the conditions of experiment. The make 
and break of the coil is operated mechanically, so 
as to give a determinable frequency. The differ- 
ence of potential is regulated by a spark gap 
between two discs, and the yield of ozone is 
measured by connecting the oxygen tube to a 
mercurial pressure gauge. To prevent the ozone 
causing the mercury to stick to the glass, as is its 
wont, the connecting tube is kept heated to about 
300 deg., with the result that any ozone that enters 
it immediately returns to its previous condition of 
oxygen. Itisfound that high potential differences and 
high frequencies are prejudicial to the formation of 
oz me, and that under equal conditions a coil is 
more effective than a Wimshurst or Vors machine. 

Mr. Edwin Edser showed a lecture apparatus to 
render the phenomenon of interference of light 
visible to an audience. A beam of light is pro- 
jected on a glass plate, set at an angle of 45 degrees 
to the rays and so thinly silvered that half the light 
passes through, and half is reflected. The two 


_ half beams are received on mirrors and reflected 


back ; one passes through the original mirror, and 
the other is reflected from it, the two half-beams 
being thus superposed, and following a path at right 
angles to the original direction. They are then 
passed through a lens and focussed on a screen. 
The position of the second pair of mirrors is so ad- 
justed that the vibrations of the two half-beams are 
out of step, and interference bands are produced 
on the screen. ; 

A very suggestive exhibit, and one full of promise, 
was that of Mr. J. W. Swan. Heshowed specimens 
of electrolytic copper, exceedingly hard, brilliant as 
mirrors, and yet deposited under a current density 
of 144 amperes per square foot. This astounding 
result is obtained by adding to the acid solu- 
tion of sulphate of copper, a minute quantity of 
colloid matter, such as gelatine boiled in nitric 
acid. The specimens he exhibited had from 
2 to 30 parts of syntonised gelatine, added to 
each 100,000 parts of copper solution, and the 
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effect could be readily followed. The process is 
carried out at a temperature of 15 deg. to 20 deg. 
Cent., and the current is applied intermittently, 
15 seconds on and 15 seconds off. If continuous, 
a coat of gelatine forms on the plate and insulates 
it. Sheets were shown as thin as paper; they had 
been stripped from the matrix of bright copper, aud 
were exceedingly elastic, while their brilliancy was 
marvellous. Already the process has been applied 
to effect the bright deposition of nickel, and so dis- 
pense with the scratch-brush and _ burnishing 
processes. 

Dr. John Gorham showed a number of reflecting 
kaleidoscopes, having two mirrors only, the third 
side being open. The chject consisted of strips of 
coloured cord bent backwards and forwards into 
hollows and elevations, upon which the light fell 
obliquely. These were arranged on rotating tables 
and were viewed through plates cut like stencils to 
give various outlines to the images. 

Large and interested crowds gathered to see the 
brilliant high-frequency experiments of Mr. A. A. C, 
Swinton, and Sir David Salomans and Mr. L. 
Pyke, who repeated the demonstrations of the 
previous soirée, with some additions and moditica- 
tions. The Rev. F. J. Smith showed again his 
beautiful inductoscript, and Professor J. N. 
Lockyer the photographic spectra of some of the 
brighter stars. Photographs of the corona during 
the late eclipse were also on view. Professor 
Henrici contributed an harmonic analyser con- 
structed by G. Conradi, of Zurich, from his 
instructions and those of Mr. Sharpe. The instru- 
ment gives, on going once over a curve, the first 
five terms of the expansion in Fourier’s series, and 
on going twice more over the curve, it gives five 
additional terms. The constant term is not given. 
He also showed an exceedingly neat and well-con- 
structed calculating machine by Prof. Sellinger, 
constructed by Ott, of Munich. This, however, is 
too intricate to be described without the aid of 
drawings. Lord Kelvin, the President, had a view 
of eleven large models ‘‘ illustrating the molecular 
tactics of a crystal.” These, although full of 
interest, were also subjects that do not lend them- 
selves to verbal description. 

Among matters which do not fall within our scope 
we may briefly enumerate new fossil reptiles from 
the Elgin sandstone of Morayshire, marine inverte- 
brata fromthe Plymouth Area, normaland abnormal 
oyster shells, submarine borers and cables damaged 
by them, some marvellous living specimens of 
Canadian walking-stick insects bred by the Zoological 
Society, specimens of Indian butterflies, fossil skulls 
from the Karoo Rocks, Cape Colony, and micro- 
scopic sections of fossil plants. 


GOLD IN AFRICA. 


A PAPER read at the recent meeting of the 
Federated Institution of Mining Engineers by Mr. 
F. G. Shaw, F.G.S., Assoc. M. Inst. C.E., is of 
considerable interest and importance, if the author’s 
deductions prove to be correct. He deals with the 
auriferous conglomerates of the Witwatersrandt. 
These conglomerates were first worked in 1887 near 
Johannesburg, in the Transvaal. The basin in 
which they are contained has an east and west 
length of about 50 miles, and a supposed breadth of 
about 40 miles. The importance of the field is 
shown by the output of gold, which was in 1892 
1,210,868 oz.; a greater output, Mr. Shaw states, 
than any other single field of similar age in the 
world. During the first year of its history, 1887, 
this field produced 23,115 oz., and this is equalled 
by the present weekly output. Up to the present 
time geologists. and mining engineers have alluded 
to these conglomerates as being a sedimentary or 
subaqueous deposit, and when alluded to the gold 
is supposed to be of an alluvial character and 
mechanically deposited. Mr. C. T. Alford, in his 
book on the geological features of the Transvaal, 
says: ‘‘It appears certain that gold was not 
transported to its present position in the form of 
native gold, by the action of the water.” Mr. 
Shaw prefers to assume that the conglomerates 
have been spread over the large surface in which 
they now exist, and with the regularity which is 
one of their notable features, by a ‘‘sea-beach” 
action. He takes the ground that no river 
action could have so regularly spread over so 
large an area the successive seams of pebbles now 
forming the conglomerates ; even if the latter 
existed only in the basin of the Witwatersrandt, a 
river at least 45 miles wide would have had to 
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have deposited over its bed the pebbles uniformly, 
and again over the pebbles a layer of sandstone, 
to be followed by another layer of pebbles and 
by another layer of sandstone, and so on until 
these numberless layers of conglomerates and sand- 
stone had been deposited. He finds equal difficulty 
in attributing the alternate layers of pebbles and 
sandstone to ocean currents, in which the general 
tendency is to form banks, and to heap up such 
coarse detritus as pebbles, instead of laying them 
evenly over the floor of the sea. Failing these two 
theories, Mr. Shaw prefers to assume the progres- 
sive ‘* sea-beach” action, by which the pebbles 
brought down by rivers, &c., from the, probably 
at that time, highlands of Central Africa, were 
gradually spread over the then low-lying grounds 
of the South African continent. In support of 
his theory the author goes back to the geological 
infancy of our globe, when the earth was in a 
molten state, surrounded by an enormous thickness 
of atmosphere, containing in suspension all the 
minerals whose point of evaporation was below that 
of the atmosphere. The description is one of great 
interest and excellently written, but it would take up 
too much of our space to follow it here. The conclu- 
sion the author arrives at is that South Africa has 
undoubtedly been alternately covered by sea-water 
and exposed to the atmosphere, and the “ sea- 
beach” action has thus been created. 

The next point to consider is how the gold has 
been deposited in the conglomerates, and this 
matter Mr. Shaw has studied on the spot for some 
time past. In pebbles taken from the conglomerates 
metallic gold has been found, and this he takes to 
prove that a certain amount of free gold would be 
mechanically deposited in the seams, derived from 
the broken matrix of the more friable and smaller 
pebbles, by the grinding action of such a sea-beach 
as described. Such a class of gold would be fairly 
well distributed, and would present the appearance 
of alluvial gold ; and, indeed, there are microscopic 
slides showing such a class of alluvial gold to exist 
in these conglomerates. From this the author 
concludes that a certain amount of the alluvial 
gold now in the conglomerates was mechanically 
deposited in the way mentioned, having been shed 
by the destruction of friable matrix. The amount 
of gold thus accounted for, however, forms but a 
small proportion of the whole, and it has been 
noticed that the greater part of the gold is ina 
cerystallineform, After diligent search, Mr. Shaw 
has become convinced that the character of the 
matrix, now holding the pebbles together, has 
altered since they were originally deposited, and 
that the silicious matrix now in the conglomerates 
was pseudo-morphic in character, and that this must 
have displaced the original matrix. The reasons 
for this assumption are given in the paper, and 
appear to be well founded. The fact brings us to 
the most ingenious part of Mr. Shaw’s theory. 
What is the likelihood, he asks, of such solutions as 
those of which the new matrix was formed contain- 
ing gold? Gold is held in solution in sea-water at 
the present time, and probably much more existed 
in the early days. One ton of salt water has been 
calculated to contain one grain, or about twopenny- 
worth of gold, by Sonstadt, whose estimate is con- 
siderably below that of other authorities ; and if 
we take Mr. T. F. Murray’s estimate of the 
quantity cf salt water on the earth, we have about 
1j cubic miles of solid gold in the oceans of the 
world. This is an amount hard to realise, as the 
author says. 

Mr. Shaw strongly believes that the infiltrating 
power of the overhead sea through the reef might 
be responsible for a great part of the gold found, 
or that, after the gradual deposition of these sand- 
stone measures, this part of the earth’s crust was 
gradually elevated as the earth cooled and con- 
tracted, until marine invasion was a thirg of the 
past. Then the continuous downfalls of rain and 
great yeyser visitations would form shallow thermal 
seas, containing largeamounts of minerals in solu- 
tion, and the tilted conglomerates would become 
natural drains carrying the waters of these seas to 
the fissures, penetrating their systems. The result 
of these streams, carrying large amounts of silica, 
&c., would be the eating away of the matrix 
and the crystallisation of the silica in its place, 
probably filling, at different parts of the conglome- 
rates, the fissures caused by the intrusive action of 
the trappean rock. If, on the other hand, the 
matrix containing minerals were formed by the 
action of an upward flow from some thermal spring 
containing silicious and other matters in solution, 
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entering the conglomerates at points where the in- 
trusive trappean rock had cut them off, then the 
remarkable affinity for gold which these trappean 
rocks seem to possess should be remembered. The 
trappean rocks might communicate gold to, or take 
it from, the thermal springs, and the gold might 
thus become crystallised in the silicious matrix of 
the conglomerates, and be deposited in a crystalline 
form in the reef. 

Mr. Shaw’s theoriesare extremely ingenious, and 
worthy of attention as being the result of consider- 
able study on the spot by a trained mining engi- 
neer. If his theories are correct—and they are 
certainly well reasoned out, and appear to rest 
on solid foundations—it is probable, as he states, 
that reefs will be found, of considerable extent, in 
the vicinity of the intrusive dykes which have 
broken through the sandstone, and his claim is that 
the theory will certainly warrant a greater faith in 
the continuity of gold in these reefs than that 
which might have been held when it was thought 
that the precious metal was of an alluvial character, 
and mechanically deposited. 

It isneedless to point out that the subject is one 
of very considerable practical importance to this 
part of South Africa, as bearing on the gold-pro- 
ducing resources of the district. If Mr. Shaw’s 
conclusions are right, the risk of putting down costly 
deep-level shafts—which are now being started— 
will be minimised, as the uncertainty which attends 
all alluvial deposits will give place to the confidence 
of obtaining gold wherever the same matrix exists. 
Altogether, Mr. Shaw’s conclusions imply that the 
original mechanical deposits of the conglomerates 
have been altered into the characteristics of an 
ordinary fissure vein, 


THE JURY QUESTION AT CHICAGO. 
Cuicaco, May 28, 1893. 

Tue battle of awards to exhibitors is raging now 
at Jackson Park: on the one side, the foreign com- 
missioners; on the other, the Awards Committee, or 
as some say, Mr. Thacher, itschairman. The war- 
ery of the Foreign Commissioners is ‘‘ Juries, not 
judges ;” that of their opponents, ‘‘ Benefit to 
humanity.” One cannot but admire the ardour 
and the pertinacity of Mr. Thacher, and all are 
unanimous in attributing to him the highest and 
the best motives. But he isa dreamer, a theorist 
of the most pronounced type. He has had no ex- 
perience in exhibitions, and he claims this want of 
knowledge as an advantage, because it has enabled 
him to approach the subject with an unbiassed 
mind. It is in vain that he is reminded that men 
of the very highest class—the Ruskins and the 
Leightons, the Thompsons, the Bessemers, and 
the Bramwells, will not reply to his summons 
to judge exhibits, but that younger and more 
active men, whose ability is undoubted, but 
whose reputation can still be increased, must be 
relied upon to do the work. It is vain to assure 
him that exhibitors must be considered, and that, 
though they yield to no one in their desire to 
advance humanity, they have some other reasons 
for attending the World’s Fair. In his final con- 
ference this week with the foreign commissioners, 
Mr. Thacher said that the decision on the subject 
was irrevocable ; that Congress and he had said so ; 
that his boats were burnt, his bridges destroyed 
behind him, and that therefore the foreign com- 
missioners must yield. Congress has said there 
must be no awards for varying degrees of merit of 
the exhibits, and the commissioners bow to the 
decision without dispute. Mr. Thacher has said 
that the exhibits must be judged by individuals 
who must make themselves responsible by signing 
their reports (invaluable hereafter for advertising 
purposes), and the commissioners respond by 
placing their exhibitors hors concow's. At 
least France and Germany, the principal coun- 
tries concerned, have done so, France having 
gone so far as to definitely refuse any fur- 
ther negotiations. The majority of the others 
have signed an ultimatum either definitively, or 
(as in the case of England) conditionally upon ratifi- 
cation from home. 'I'his document has given 
anxious thought to every one interested, except, 
perhaps, to Mr. Thacher, who, believing in the 
correctness of his own judgment and the profound 
stupidity of all foreign commissioners, calmly 
awaits results. He said afew days ago: ‘I do not 
care for their protests, nor have I any idea that 
their action is final. Foreign exhibitors will never 
consent to the action of the commissioners in with- 


drawing their exhibits. You will find that these 
commissioners will have a taste of the same medi- 
cine that they are now giving me. There will bea 
storm of protests to the home Governments by indi- 
vidual exhibitors, and commissioners will have to 
rescind their action. Foreign exhibitors will not 
consent to keep their goods here six months 
and then take them away without a chance 
to receive the World’s Fair medal and diploma. 
I have stood these assaults on our system now for 
a long time, and would not take so firm a position 
if I did not believe that we are thoroughly in the 
right. The highest Exposition authorities, includ- 
ing the most famous experts in the matter of 
awards, have indorsed our plan in the warmest 
terms. ‘To tell the truth, this is the first time that 
a World’s Exposition medal and diploma will have 
anything like the value it ought to have. We do 
not propose to judge exhibits because they come 
from certain countries, or are made by certain exhi- 
bitors. They will be judged solely on their merits, 
and the world, not the exhibitor, will be the prin- 
cipal beneficiary by our system. That is our inten- 
tion, and I do not believe that any Government has 
a right to object to the plan.” 

The foregoing quotation is quite sufficient to show 
that Mr. Thacher is altogether unfitted to carry out 
the work that was unfortunately intrusted to him. 
Speaking on May 25, he said, with a degree of posi- 
tive assurance that is so characteristic, that when 
foreign exhibitors understand what their commis- 
sioners have done they will protest to their various 
home Governments, and by this means raise a storm 
of protests that will force the commissioners to 
rescind their resolution. Supposing the exhibitors 
to do anything so improbable, and the result to be 
what Mr. Thacher relies upon, the hoped-for effect 
would not be arrived at till after the Exposition 
was closed. There is still one door open for escape 
from this most undesirable state of affairs ; Mr. 
Thacher must descend from the lofty pedestal, from 
which, cloud-enveloped, he gives forth his man- 
dates, and conform to the most reasonable de- 
mands of the foreign exhibitors and their repre- 
sentatives. Itis not, however, only the foreigners 
at Chicago who condemn absolutely this quixotic 
jury scheme. We have taken much pains to gather 
from every side the views of American officials 
and of American exhibitors, and find there is but 
one opinion on the subject, an opinion already 
made known by angry and united protests. 

In the abstract there is much merit in the inten- 
tions of the plan. The time for jury awards is, as 
we have persistently maintained, passed away ; at 
least that is the case in Europe, though in the 
United States manufacturers have not had sufficient 
experience to realise how little they are worth. 
Therefore the idea that there shall be no commer- 
cial interest attached to the work of the jury for 
the benefit of the exhibitor is, in the abstract, an 
excellent one. But it is absolutely unsound and 
impossible in practice. The condition that the 
merits of each exhibit shall be determined by the 
most eminent experts of all countries is very 
pleasing ; only these famous gentlemen will not 
come, and if they did it would be a physical im- 
possibility for them to do the work required of 
them. The point irrevocably insisted on, that the 
exhibits shall be examined separately, and that the 
reports following the examination shall be signed 
by the eminent expert undertaking the work, is the 
crowning feature of Mr. Thacher’s plan, and, let 
us hasten to add, one of its most impracticable 
features. It is really difficult to understand how any 
man, and especially an able man, as the Chairman of 
the Awards Committee undoubtedly is, could calmly 
advance such a proposal, and maintain it in the 
face of all opposition. Let us suppose the case that 
a sufficient number of the celebrities of the world 
were gathered together in Chicago to undertake the 
work ; let us further suppose that they had accepted 
the work allotted to them, although this is -sup- 
posing a very wild absurdity, if the allotment is to 
depend on the Awards Committee. What would 
each of these famous men be called upon to do? 
He would have to examine scores, perhaps 
hundreds, of exhibits, bringing to bear upon 
each the experience of a lifetime, and the habits 
of deliberation acquired through many years of 
labour, and on. which nearly all great reputations 
are founded. He would then have to prepare a 
full report describing the exhibits allotted to 
him ; to write a second and very brief report 
embodying all contained in the longer one; to 
submit this report to the approval of his famous 


colleagues, who will not have looked at the objects 
referred to. In the highly improbable event of 


their not indorsing it, the responsibility of uphold- 


ing or upsetting the reputation of the expert would 
rest on the Awards Committee (Mr. Thacher) ; or, 
beyond him, with the National Commissioners, a 
body of American statesmen eminent, no doubt, in 
politics, but entirely unable to decide any one of 
the questions submitted to it. Or the same series 
of appeals could be made by any dissatisfied ex- 
hibitor. All this work would have to be done in 
six weeks or two months under highly unfavourable 
conditions of climate. Moreover, in order to give 


value to the reports—not for trade purposes by 


any means, for Mr. Thacher’s scheme tends towards 
far higher ends than those—each judge must sign 
his reports, thus staking his reputation perhaps a 


hundred times in less time than he would sign — 


it once in the ordinary course of his profes- 
sional work. 


And what would he get for thus — 
undertaking an amount of work impossible to 


perform, and a risk to reputation no sane man — 


would care to face ? An amount insufficient to pay 


the necessary expenses attending his visit to 
This may seem a small matter, but it is — 


Chicago. 
not, for many of the most famous men are business 
men as well, and have a keen appreciation of the 
value of their time. 
they would earn Mr. Thacher’s approval, but we 


think that even this great incentive would fail to 
draw the eminent men of Europe from their busi- 
ness and their leisure, to the heat and turmoil of — 
an Exhibition, for the performance of an impossible — 


work in the time available, and to face a standing 
menace to their reputations. 

But if the judges are called upon to make so 
many sacrifices for the supposed good of humanity, 
it must not be imagined that the exhibitors are not 
also to abandon their interests in the same cause. 


It is true that, in addition, — 


No indication must be given in the reports of — 


comparative merit ; that would introduce a trade 
element opposed to the millennial principles ou 


which the system isfounded. The whole examina- — 
tion must have but one direction-—the instruction — 
and the benefit of the world at large—in which the — 


interests of judges and exhibitors are alike to be 
laid aside, and the moral glory of the Columbian 


Exposition (and perhaps to some small degree that _ 


of Mr. Thacher also) are kept strictly in view. 
But, as a matter of fact, no system could be pos- 
sibly devised which, if carried out, would be more 
full of potential unfairness. 
judges of equal ability, but of widely differing 
renown, were appointed to examine a series of com- 


Assume that two | 


petitive exhibits, and even Mr. Thacher does not — 
think all his stars can be of the same magnitude; 


it is quite clear that the exhibitor to whom was 


assigned the judge of superior reputation would — 


have an indefinite advantage over his less for- 
tunate competitor, when the respective reports 
were afterwards used for the purposes of ad- 
vertisement, as they would certainly, and quite 


properly, be used. It comes practically then to this, ; 
that all Mr. Thacher’s fine theories about rising 


superior to trade interests would, if put into effect, 
provide reports for exhibitors, for which, in the 
regular course of business, they would have to pay 
very large sums; that the value of these reports 
would greatly depend on the signature attached to 


them ; and that the hazard of selection must do an — 
enormous and permanent injustice to a large pro- — 


portion of competitive exhibitors. 


These latter, as 


well as the proposed judges, have therefore every — 


reason for refusing to accept the single - award 
system, and for supporting the foreign commis- 
sioners who have rejected so impracticable a 
plan. It is peculiarly characteristic that Mr. 
Thacher, who has had absolutely no experience in 
exhibition jury work, should attribute to the 
stupidity of the foreign commissioners their rejec- 


tion of his plan ; his latest explanation is, however, 


that the opposition is due to the fact that the — 
This is not true ; 


scheme is of American origin. 


it is the scheme of an inexperienced visionary, — 


which in no sense recommends itself to those whose 


work has been with Exhibitions for many years is 


past, and who, while fully acknowledging the high — 
motives and goodwill that have attended the elabo- 


ration of the system, refuse, in justice to exhi- 
bitors, to the proposed judges, and to themselves, 
to give it any support. Moreover, the voice of 


American exhibitors is now raised in louder protest — 


than that of the foreign commissioners, and only 3 
one conclusion can be drawn: that a signal dis = 


grace attends the Exposition—or Mr; Thacher, _ 
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THE WEATHER OF MAY, 1893. 


Some etymologists affirm that May has been so 
called from its splendour, from majesty (may-esty). 
The derivation may be accepted provisionally, for 
the past month has been dry, warm, and very fine. 

** Jocund May, 

Crowned with white blossoms, scatters in her track 

Hawthorns all odorous, pink apple-blossoms, 

And all the gorgeous beauty of her dower, 

That glad our English homes.” 

May is usually our sunniest month, as Scott 
recognised when he wrote : 

** The gladsome month of lively May 
When the sun is in his power. 

The past month has been prodigal of heat and 
light, and in all respects so beautiful as to justify 
Spenser’s allegorical description, 

« Then comes fair May, the fairest maid on ground, 

Deck’d all with dainties of the season’s pride, 

And throwing flowers out of her lap around ; 

Upon two brethren’s shoulders she did ride, 

The twins of Leda, which on either side 

Supported her like to their sovereign queen : 

Lord! How all creatures laught when her they spied, 
And leapt and danced as they had ravish’d been, 
And Cupid’s self about her flutter’d all in green.” 

‘* Why does one day excel another, when all the 
light of every day in the year is of the sun?” 
Science has no complete answer to this question. 
Weather prophets, nevertheless, pretend to pre- 
dict the effect without troubling themselves as to 
the cause. The persistent spell of fine weather 
extending throughout spring furnishes a conspi- 
cuous test of their abilities. Has any one of them 
even approximately predicted the character of the 
season? Let them be nameless here, though not 
too few, and those who consult them may be 
trusted to name him who ‘‘ shrewdly guesses and 
arranges For the whole year the weather's changes.” 

Perhaps itis enough for most people to know 
that 


“The flowery Spring leads sunny Summer, 
And yellow Autumn presses near ; 
Then in his turn comes gloomy Winter, 
Till smiling Spring again appear.” 

Already we are in summer, and as during June 
‘day lingers into hours of night,” those who are 
observant are recommended to notice, should the 
sky be cloudless or nearly so, the beautiful pheno- 
mena of the night, thus accurately and charmingly 
described : 

‘*A night in June; and yet ’tis scarcely night, 
But rather a faint dusk—a languid day, 
Sleeping in heaven—the interfluent light 
Of even and morning, met upon one way ; 
And, all about the watchful sky, a bloom 
Of silver star-flowers fills the soft blue gloom.” 
The poetical sublimity of these lines, it will be 
evident on attentive perusal, is founded on a close 
observation of nature. Throughout June, in these 
latitudes, there is at midnight a glow, almost equal 
to dawn, in the northern sky ; in Shetland it is 
equal to twilight. 

The mean pressure and temperature of the 
atmosphere at extreme positions in the British 
Islands to which the Isle of Man is central, were 
as follows : 


. Mean . 
Mean Difference Difference 
Positions. | pressure, | from Normal. ‘ap titled from Normal, 

in. in. deg. | deg. 
~ North 29.98 above 0.07 49 { above 2 
South 30.05 ‘a 05 | 56 ” 2 
West 80.01 a .06 57 i 6 
East 30.06 hae 10 52 3 1 
Central 30.04 ce 409 53 “A 2 


The distribution of rain in frequency and quan- 
tity may be roughly inferred from the following 
results : 


Places. Rainy Days. | Amount. |f,. asad 
in. in. 
Sumburgh .. oe 14 1.44 less 0.28 
ato ae 7 0.61 ell? 
Valentia nai eo 12 1.84 eo aoe 
Yarmouth .... 7 0.78 » 1,08 


The daily general directions of the winds over 
these islands, considered as having equal strength, 
give a resultant from S. by E. ; when estimate is 
made of their force, the resultant is from 8.8.E. ; 
both are feeble, and disagree with the resultant 
indicated by the mean distribution of barometrical 
pressure, also feeble, though the latter agrees with 


the normal resultant W.S.W. The winds, indeed, 
were most frequent from 8.E., and all were light 
to moderate. According to the weather notations, 
clear days varied between 10 in the east and 5 in 
the west and north ; overcast days between 17 in 
the north-west and 6 in the south-east districts— 
results which indicate most sunshine in England. 
The greatest atmospherical pressure, 30.55 in., 
occurred on the 8th; the least, 29.35 in., on the 
18th. The highest temperature, 80.4 deg., was 
reported at Greenwich on the 12th ; the lowest, 
27 deg., at Lairg, on the 2nd. The mean tem- 
perature at 8 a.m. for the entire area of these 
islands, at sea level, was 47.5 deg. on the Ist, 
attained 55 deg. on the 6th, 56 deg. on the 19th, 
55 deg. on the 28th, on the intervening days lower, 
but never below 50 deg., on the 30th it was 51 deg. ; 
on the 8th it was about 50.5 deg. in all parts, a 
very unusual circumstance. 

The opening of the Imperial Institute on the 10th 
was favoured with very fine weather. Whit- 
Monday, the 22nd, had magnificent weather. 
Victoria Day, the 24th, though overcast, was gene- 
rally fair. 

‘*This day is holy ; do ye write it down, 
That ye for ever it remember may.” 

On the 9th aurora was seen in north Scotland. 
On the 17th 1.05 in. of rain was measured at 
Roche’s Point, and on the 18th 1.6 at Lough- 
borough during a thunderstorm. Thunderstorms 
also occurred on the 19th and 20th in north-east 
England. 

During the five weeks ending June 3 the dura- 
tion of bright sunshine, estimated in percentage of 
its possible amount, was for the United Kingdom 
40, Channel Isles 66, south-west England 51, south 
England 49, east England 48, central England 43, 
north-east England 37, north-west England and 
west Scotland 36, south Ireland 35, east Scotland 
32, north Ireland 27, north Scotland 23. 

During the week ending the 13th, bright sunshine 
was extremely abundant ; the percentage ranged 
from 35 to 50 in Scotland, 46 to 56 in Ireland, 
60 to 78 over England ; in London 76, a higher per- 
centage than previously recorded in any week. 

Indications of a transition in the régime of the 
weather were apparent on the 12th. Rain, much 
wanted after the eleven weeks of drought, began 
on the 15th, and drenching showers fell during the 
ensuing week over the greater part of the kingdom. 
The fields and gardens began to revive, the warm 
soil and the moisture causing quick growth. On 
the 15th a thunderstorm occurred in Wales and 
south-west England. At Launceston a tremendous 
hailstorm began about 2 p.m. and lasted some time, 
during which hailstones as big as pigeons’ eggs fell, 
and the hail collected to the depth of an inch or 
more. On the 17th, during a short thunderstorm 
at Camden Town, 0.22 in. of rain fell between 
4,20 p.m. and 4.24 P.M. 

‘At last 
The clouds consign their treasures to the fields ; 
And, softly shaking on the dimpled pool 
Prelusive drops, let all their moisture flow 
In large effusion o’er the freshened world.” 

The last week was almost without rain, and 
not nearly enough had fallen, so that the drought 
seemed to renew its reign. 

Spring is a healthier season than winter or 
autumn, less healthy than summer, as a general 
rule. This season the public health has been good. 
During May the mortality in the metropolitan dis- 
trict was about 18 per thousand per annum, 

The following particulars regarding the drought 
are gathered from the report of the Royal Obser- 
vatory: The sunshine registered in March and 
April has been phenomenal. For March it was 
155.1 and for April 231 hours ; and, ‘‘ if we con- 
sider the ratio of sunshine to the total time the sun 
was above the horizon, or to the total time less 
14 hours each day during which the sun is too low 
to give a record on the paper, we find that April, 
1893, was the sunniest month yet recorded.” The 
mean amount of cloud observed in March was 4, 
in April 3.1. Since 1818 the least previous value 
for March is 3 in 1841, and for April 3.7 in 1840. 
The least pair of mean values for consecutive March 
and Aprilis 6.2and 3.7 in 1840. ‘‘ It will thus be 
seen that the amount of cloud for last March and 
April is considerably less than that recorded for 
the two consecutive months previously. From 
March 5 to May 15, the total rain measured was 
only } in., the average being about 4in. Thirty 
days—March 18 to April 16—were without rain. 
There is no similar dry period of 72 days since 


81s 


1841. Immediately preceding the drought there 
was heavy rain; between February 1 and March 4 
rain fell on 25 days to the amount of 3.03 in., the 
average being about 1.67 in. 

An addition may here be made, equally interest- 
ing, to these facts. The temperature indicated by a 
thermometer exposed on the ground to solar radia- 
tion may be taken to coincide very nearly with the 
actual temperature of the ground. Taking the 
register of the solar thermometer as the maxi- 
mum temperature of the ground, and that of the 
terrestrial thermometer as the minimum tempera- 
ture of the ground, the difference between their 
indications in the same twenty-four hours will be 
the daily range of surface temperature ; and it will 
be found that as this daily range increases the per- 
centage of humidity decreases, or the air becomes 
drier ; thus, during April, at Greenwich, the means 
of nine days were—range, 55.5 deg. ; humidity, 
78.2 deg. ; of 11 days, 77.7 deg. and 67.5 deg. ; of 
10 days, 89 deg. and 57.7 deg. respectively. 

May 5 to 11, at Greenwich, had 10 to 13 hours’ 
sunshine daily ; the air was very dry, and the solar 
radiation intense. The 11th was the driest day. 
The 13th had 12.3 hours of sunshine. The 17th 
had no sunshine. The 22nd had 9.4 hours’ sun- 
shine, maximum intensity 140 deg. The 25th had 
11.1 hours’ sunshine. Rain fell on eight days to 
the amount of 0.54 in. only. 

The spring has been brilliant, warm, dry, with 
plenty of sunshine, and an undue proportion of 
east wind, the action of which, in relation to the 
earth’s rotation, has been compared to that of 
stroking a cat’s back the wrong way ; however, the 
motion of the air having been gentle, light, or 
moderate, it has not had apparently its ordinary 
obnoxious influence. There was only one mode- 
rately wet week during the whole season. Wheat 
stands the drought well; other crops have pro- 
spered badly. The dry air, bright sunshine, and 
night frosts have withered vegetation—grasses 
especially—to almost destroying the crop of hay, 
so that the ‘‘ promise of May” isa poorone. This 
complaint of fine weather is an uncommon sensa- 
tion, and illustrates the proverb, ‘‘ Somerain, some 
rest ; Fine weather isn’t always best.”’ Excessive 
rainfall had for long been the bane of farmers ; now 
the irony of the situation is cruel, for disaster may 
be the consequence of the sunshine for which they 
habitually longed. ‘‘ Years ago,” the Times re- 
marked, ‘‘it was an axiom that ‘Drought never 
bred dearthin England,’ but that was in the times 
when the wheat crop was the main crop of the 
farm. It is not so now, when live stock and dairying 
occupy so important a place, and unless soaking 
rains soon come the prospect for the year will 
become serious.” Such are the alterations which 
time brings about. The drought has been the 
longest and most general for fifty-three years, a 
serious matter from an agricultural point of view, 
and it should not be without its lessons. Again to 
quote the Times: ‘‘Sir J. B. Lawes and Dr. Gilbert 
some twenty years ago investigated the subject of 
rainfall as it affected the crops, and with curious 
results. They then showed that the country but 
rarely suffered any serious injury from deficient 
rainfall, while it frequently suffered from an ex- 
cessive one. In fact, the defect of our climate is 
that it is too wet. To grow a crop of wheat, oats, 
or hay—to take representative growths—requires 
about 700 tons of water per acre, whereas our 
average annual rainfall is one of 2500 tons per 
acre, an inchof rain being equal to 100 tons per 
acre. It will thus be seen that there is a great 
difference between the amount of rainfall actually 
needed for a crop, and that which actually falls. 
The time of year, however, at which we have 
drought or excessive rain is an important factor ; 
and there is now but little doubt that the long 
drought at a time when spring growth should be 
going on, will have a bad effect on all crops except 
wheat.” 


THE TRANSPORTATION EXHIBITS 
BUILDING AT JACKSON PARK. 

Tue Transportation Exhibits Building at Jackson 
Park stands parallel to the western boundary of the 
Exposition, and occupies approximately a central 
position between the north and south limits. 
Looking from the Golden Gate, which forms the 
triumphal entry to the building, the visitor sees 
before him the waters of the lagoon and one of the 
feeding canals; somewhat to the right are the 
beautiful northern facades of the Mines and Elec- 
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tricity Buildings; a broad asphalted path in front 
of them borders the canal just spoken of, which, a 
little beyond the western side of the Electricity 
Building, turns sharp at right angles, and is spanned 
by a wide bridge leading to the central entrance 
of the Manufactures Building beyond ; this is 
almost in a line with the great entrance to the 
Transportation Building. The eastern facade of 
this latter faces on a wide road, on the opposite 
side of which is the western front of the Mines 
Building ; this road being terminated at the 
southern end by one of the four uniform facades of 
the Administration Building. To the left, and on 
the same line as the Transportation Building, is 
the great Choral Hall, and beyond, the Horti- 
cultural Building. To the north and north-east 
rises a somewhat confused mass of domes and 
gables and pointed roofs, which only familiarity 
with the Exposition can identify at a glance. Be- 
tween these and the immediate foreground is the 
wide expanse of the lagoon, gay with gondolas and 
launches, and broken by the beautiful wooded 
island, to which access is given for the public by 
many picturesque bridges. Of the construction and 
arrangement of the building we need say nothing 
here ; we have already described and illustrated it 
fully in our columns, but we may permit ourselves 
a few words about the external decoration. The 
Transportation Building is outside the famous group 
of beautiful classic structures that stand around the 
great central basin, and which are all rendered in 
cream and ivory white. The scheme of colour con- 
templated a liberal chromatic treatment of the 
Transportation Building, and this scheme has been 
carried out in its entirety under the direction of 
that genial artist and famous war correspondent, 
Frank Millet, who has been, since Mr. Prettyman’s 
resignation, the chief of decoration. The great 
circular - headed gateway, running far back to the 
actual door in a series of concentric mouldings, is 
heavily covered with gilding in different tones ; 
it is flanked on either side with large square 
tablets in high relief, which are treated in 
the same manner; from a distance the effect is 
striking and distinctly good, but the work does 
not bear a very close inspection. All the minor 
entrances, as well as numerous panels on the 
fagade, window heads, &c., are decorated with the 
rich bold reliefs so characteristic of the archi- 
tects, Messrs. Adler and Sullivan, whose best 
efforts in this direction are, perhaps, to be seen in 
the great banqueting-hall of the Auditorium. The 
Transportation Exhibits Building is severely plain 
as to architecture, but its appearance is good, and 
a pleasing effect is obtained by the raised central 
span lighted by a row of clerestory windows. 

The small central dome lacks importance. The 
walls are painted red, and the crudeness of the 
colour is relieved by a geometrically arranged band 
of the most conventional angels painted in light 
tones, one between each of the windows of the 
side aisles. These figures hold scrolls in their 
hands bearing the names of those famous in con- 
nection with transportation—Fulton, Stephenson, 
and the like. The contrast between this mass of 
colour and the cold purity of the adjoining build- 
ings is very striking, and one cannot but regret that 
the decision to cover it all in cream-colour was not 
carried into effect. 

Before seeing this building, and judging only 
from the drawings, we were of opinion that the 
interior would look heavy and the lighting would be 
imperfect ; an inspection of five minutes shows 
that there is no foundation for such an opinion. 
It is admirably adapted for exhibition purposes, 
and every part of the building is well lighted. 
The very extensive sheds that stretch westward 
from the main structure and form its annexe, 
chiefly devoted to railway material, are covered 
with light roofing, the only objection to which may 
be the heat during the coming summer. 

We propose in the present article to confine our- 
selves simply to a general glance at the contents of 
this building, soas to give the reader some idea of 
their nature and arrangement; to attempt more 
would be to extend this notice beyond all reason- 
able limits, or to fall into the uncongenial oc- 
cupation of framing a catalogue. First let us 
mount one of the flights of stairs that flank each 
side of the great entrance and lead to the wide 
gallery that runs all round the building. This gallery 
is, in effect, a first floor to each of the outer spans. 
In order to give ample light to the ground floor, 
large square wells are made in the upper gallery, 
so far reducing the available extent of exhibitors’ 


space. The stairway brings us to the centre of 
the building, immediately opposite the casing of 
the Crane electric elevator, the exhibit of a Chicago 
firm which has obtained a concession from the 
Exhibition authorities for raising passeugers to 
the roof of the building on payinent of a small fee. 
Passing along the gallery to the left, one of the 
first objects that attracts attention is a facsimile 
model of a Roman racing chariot, the original 
of which is in the museum of Pompeii, and was 
copied for Mr. Willard Smith, chief of the 
department. It is difficult to imagine that such a 
beautiful piece of work could have been produced 
at such a remote date. Near this is a very interest- 
ing relic, no less than the original boiler and twin- 
screw engine made by Colonel John Stevens at the 
beginning of the century. The last time we saw 
this relic was when it was exhibited at the Centen- 
nial of 1876; it is, however, displayed to better 
advantage on the present occasion, as it is mounted 
in a reproduction of the boat which it originally 
propelled. The boiler is tubular, and contains 
twenty-eight copper tubes 14 in. in diameter ; the 
diameter of the cylinder is 43 in., and the length of 
stroke 9 in. ; it was completed in 1804, and was 
navigated in New York Harbour during the same 
year, an average speed of four miles an hour, anda 
maximum of seven or eight, having been obtained. 
After these trials but little was heard of it for forty 
years, when, on the occasion of an American Insti- 
tute fair, held in 1844, it was mounted in another 
boat, and put under steam. A speed of eight miles 
an hour was obtained with it on that occasion. 
There is an endless succession of ship models in 
this, the American part of the gallery. There 
are models of pilot-boats and yachts, coasting 
steamers, ocean-going vessels and lake craft, the 
old and the new, arranged close together, for space 
is of importance. Upon screens are hung large 
numbers of well-executed drawings of marine sub- 
jects, and to those particularly interested in this 
branch of architecture all these exhibits can be 
strongly recommended. The visitor cannot fail to 
admire the magnificent large-scale model of the 
Newport News Shipbuilding and Dry Dock Com- 
pany, Virginia. This model shows clearly the 
arrangement of the constructive shops, shipyards, 
and railway connections, and to give an air of reality 
to the model, vessels are shown in construction on 
slips, sea surrounding the shipyard. Immediately op- 
posite this model is another, beautifully executed, 
of the Empress of India, one of the great mail 
steamers working in connection with the Canadian 
Pacific Railway ; its presence at the Exhibition 
will serve to recall that Canada divides with the 
United States the control of the Northern Pacific 
Ocean. The New York State Department, of 
Albany, occupies a large amount of space with an 
unattractive, but doubtless instructive, exhibit. It 
comprises photographs of steamers on the Erie 
Canal and the Hudson River; a wall map of the 
water route between Duluth and New York, and 
various drawings and photographs illustrating engi- 
neering works upon this route. There is, besides, a 
model of the original lock built on the Erie Canal 
at Little Falls, New York, in 1795. But the prin- 
cipal exhibit in this space is a very large relief map 
showing the canal system and other waterways in 
the State of New York. In front of these exhibits 
is being erected a small triumphal arch, with what 
purpose it is at present impossible to tell ; as, how- 
ever, the exhibit is incomplete, it would be prema- 
ture to consider this point. 

An excellent model of the proposed Nicaragua 
Canal has not failed to become very popular, 
since the lakes and rivers, as well as the pro- 
posed channel, have been filled with real water. 
We have so recently, and at such great length, 
dwelt upon this subject, that we need not linger now 
over the model. Still, a few facts obtained from 
authentic sources afew days ago, may not be out 
of place here. The total distance from ocean to 
ocean of the ship canal is 169.4 miles, the canal in 
excavation is 26.8 miles ; the length of the basinis 
21.6 miles; there are 64.5 navigable miles in the 
River San Juan, and 56.5 miles in Lake Nicaragua. 
The greatest elevation above the sea is 110 ft., and 
the length of this summit level is 153.2 miles. 
Six locks are proposed to raise the canal from the 
sea to the summit level; of these, three are on the 
eastern, and three on the western, coast, and the 
greatest height of the lift is 45 ft. The dimen- 
sions intended for these locks are 650 ft. in length 
and 80 ft. in width, so that they would be large 
enough to receive the heaviest class of vessels 


likely, for many years to come, to require the use 
of the canal. The proposed width of the canal on 
the bottom is 100 ft., and the depth of water 
30 ft. Of course a large part of the work of con- 
struction would be saved by making use of Lake 
Nicaragua, the length of which is 110 miles, and 
the breadth 40 miles. It is maintained by the pro- 
jectors of this scheme, that the journey from ocean 
to ocean can be completed in 28 hours. There can 
be no doubt that before many years the Nicaregua 
Canal will be an accomplished fact, and its ecmyple- 
tion will mark the commencement of a great change 
in the direction of lines of travel, and will shift 
many important trade centres. At present the 
scheme appears to be in rather a stagnant condi- 
tion, although operations have been fairly com- 
menced, and are still in progress, the promoters 
having expended large sums of money in the com- 
mencement cf a work which is admitted, on all 
sides, to be as important as it is practical. The 
efforts made by the promoters to obtain the finan- 
cial support of the United States Government haye 
not as yet been successful, for the State assistance 
of private enterprise is not favoured in America. 

The Union Iron Works of San Francisco, like 
those of Newport News, exhibit a very large model 
of their extensive shipyards, and a miniature 
semblance of three of the United States White 
Squadron are shown afloat. 

Germany makes a large and most interesting 
display in the gallery of the Transportation 
Building, in fact, she utilises a part of the 
east and west sides, and the whole of the 
south gallery. Large screens are erected at some 
distance apart for the display of plans which consti- 
tute an important feature of the German exhibit. 
Many of these refer to existing canal routes, and 
others illustrate in great detail the rectification of 
the more important rivers in Germany, such as the 
Rhine, the Spree, Elbe, Oder, Weser, &c. Then 
follows a series of maps, illustrating the manner in 
which the somewhat limited German coast is pro- 
tected by lighthouses and lightships, and detailed 
drawings of these latter are also added. After 
these come more plans, this time of city improve- 
ments with regard to sanitary arrangements and 
water supply. Among the towns whose works are 
thus illustrated are Cologne, Frankfort, Hamburg, 
Mannheim, Blankenburg, and Brunswick. Draw- 
ings of bridges and other engineering works, more 
or less connected with the subject of transporta- 
tion, find room upon the screens. The Goyern- 
ment department for buildings and works of the 
kingdom of Bavaria have also sent a fine collection 
of plans and maps. Of German models, there is a 
fine collection ; some of them represent public and 
industrial buildings which might more properly 
have found a place in the Ethnological Department. 
The most interesting, however, are of various ships, 
and these are about thirty in number. The more 
important of these are models of the citadel ship 
Woerth, of the torpedo-boat Kaiserin Augusta, the 
despatch boat Meteor, and the 6300 horse-power 
warship Ting-Yen, built by the Vulcan Company, 
of Stettin, for the Chinese Government. The same 
company also shows three other beautiful models ; 
one of these is the cruiser Irene, of which the fol- 
lowing are some of the chief dimensions : 


Length 308 ft. 
Breadth Me 46 ,, 
Engines 58 ... 8000 horse-power, 
Speed ats ae ae 18 knots 


The following is the armament of the Irene : 


Fourteen 5.90 in. 
eight revolving 


1.46in.; one tor-. 
pedo-firing tube, 
The next model is the despatch boat Hohenzol- 
lern, which was built in 1892. Some of the leading 
particulars are as follows : 


Guns 


388 ft. 


Length 

Breadth 46 ,, 
Displacement 4180 tors 
Speed 20 knots 
Engines 9000 I.H.P. 


Her armament consists of three 4.13 in. and twelve 
1.97 in. quick-firing Krupp guns. . 

The ironclad Brandenberg was also built by the 
Vulcan Company ; particulars of her are as follows : 


Length 354 ft. 
Breadth 62 ft.4in. ~ 
Displacement 10,000 tons 
Engines 8000 I. H.P. 
Speed 154 knots 
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4.13 in.; eight 
3 47 in.; four tor- 
pedo-firing tubes 


six 11.02 in.; six 
Guns 


This vessel is furnished with three turrets. 

There are also some fine models of the Hamburg- 
American Company’s Transatlantic steamers, in- 
cluding one of the Fiirst Bismarck. The Dutch 
court follows that of Germany; it is small and 
still incomplete, but it is evident that its principal 
display will be limited to some models of harbours 
and a number of large and finely executed draw- 
ings of river improvements, harbour works, &c. 

The French court, which follows, is a very large 
one, although it contains but few exhibitors, 
Visitors to the Paris Exhibition of 1889 cannot fail 
to remember the very effective panorama exhibited 
by the Messageries Transatlantiques, and which re- 
presented the port of Havre as seen from the deck 
of one of their own vessels, the Champagne, if we 
remember rightly. The illusion was a very clever 
one, and attracted shoals of visitors during the 
period of the Exhibition. In the lower part of the 
building it will also be remembered there was a 
series of large paintings arranged as dioramas, and 
representing different views and incidents associated 
with the business of the company, such as the 
embarkation of passengers at Havre, the saloon 
and steerage of one of the great steamers, the port 
of Algiers, the entrance to New York Harbour, and 
so forth. A selection of these pictures has been 
_ brought to Chicago and arranged in the upper 
gallery of the Transportation Building. The ettect 
is excellent, and they will doubtless be visited by 
a very large number of persons, bui the room 
allotted for the benefit of a single exhibitor appears 
to us somewhat excessive. ‘There are, however, 
other contributors to this part of the French 
section. The Ponts et Chaussées senda number of 
finely-executed drawings of civil engineering and 
other works ; and the Fives-Lille have some very 
fine models. One of these is that of a 120 ton 
crane ; another a swing bridge of 311 ft. in length 
and weighing 1210 tons, the original of which has 
been erected in the port of Marseilles. A third 
model is of a Titan employed in the construction of 
sea masonry works at the port of Leizoes in 
Portugal ; the turning portion of this great crane 
is 229 ft. 8 in. in length; at a range of about 
100 ft. it can handle a load of 50 tons, and with a 
range of 144 ft. the working load is 15 tons. 

A third model represents an arched bridge over 
the L’Oued Saf-Saf, on the Tabia Tlemcen Railway 
in Algiers. The span of this bridge is 68 metres. 
One other model attracts attention in this French 
transportation exhibit ; it isa magnificent present- 
ation of the harbour of Dunkirk. It has been shown 
often in Europe, but never before, we believe, 
in America, and surpasses anything of the sort we 
have yet seen in the Exhibition. 

We next come to the exhibit of Great Britain in 
the gallery ; we regret that a notice of this cannot 
be an extended one. There is the familiar and 
always interesting model of the Forth Bridge, and 
there are some drawings of carriages. Otherwise 
bicycles—vacant space—more bicycles. We believe 
(and hope) that Mr. Willard Smith is going to 
partly fill the aching void in this part of our section 
by placing there some carriages that he has received 
from England as loans ; if he does so, matters will 
not be so bad. 

The remainder of the west, the whole of the 
south, and part of the east gallery, is allotted to 
the United States, and although it is well filled, it 
is chiefly by the exhibits of bicycle makers, so that 
the effect, except for enthusiasts in that direction, 
is rather monotonous. It is clear, however, that 
cycling has at least as many votaries in the United 
States as in England, and probably the makers of 
these machines find the businessquite as flourishing ; 
the general custom in most American cities for 
ladies to use the bicycle, suggests, indeed, a large 
and special branch of industry unknown with us. 
But at least a good deal of taste and ingenuity have 
been displayed by these American exhibitors in 
setting off their machines, and there are many 
quite attractive pavilions in this part of the 
gallery. This is also the region of baby carriages ; 
of some of the lighter road vehicles ; of harness, in 
which there is a great variety ; of several pictur- 
esque groups of dummy mounted horsemen, illus- 
trating riding outfits of the wilder sort. Here also 
are exhibited some examples of that thoroughly 
American labour-saving device—the pneumatic 
cash and package carrier apparatus. This has for 


some years been in use in some of our larger London 
establishments, but in the great Chicago stores it is 
almost univereai, and it is claimed that the saving 
in time and the cheaper kind of labour is very con- 
siderable. We have now made the circuit of the 
gallery, having omitted possibly to glance at some 
objects of interest ; another visit in a few weeks’ 
time will make good any deficiencies of that kind, 
and then, too, some of the remaining blank spaces 
will no doubt be filled. 

It may be convenient to enter the ground floor 
of the Transportation Building at the north end, 
and to pass rapidly through the large collection of 
American road carriages of many kinds ; these will 
probably surprise the visitor by their variety, ex- 
cellence of finish, and, in many cases, great 
moderation in price. These exhibits are, however, 
outside our province, and we find ourselves in the 
British section before we need stop to place anything 
on record in a general article like the present. In 
this section we have much to be thankful for, and 
we can say without fear of contradiction that both 
innumber, importance, and beauty of finish, our ship 
models far surpass anything else of the kind in the 
Exhibition. The most striking of these models, as 
well as the most complete, is that shown by Arm- 
strong, Mitchell, and Co., of the Victoria. It is 
well displayed, too, a raised platform being placed 
in front of it to accommodate the public, who 
already crowd each other in the effort to see it. A 
great many true Americans, indeed, go away from 
their careful and intelligent examination under a 
mistake as to the nationality of the Victoria, and 
proud that the United States possesses so fine a 
fighting ship. We need not give here any details 
of the Victoria, but may refer our reader to the 
illustrated description we have already published 
(see ENGINEERING, vol. xlviil., page 595); in the 
same way with the second fine model sent by 
the Armstrong firm. This is the 25 de Mayo, 
about which we have published full information. 
Of naval warfare, Yarrow and Co. are the only 
other exponents in our section. In an elegantly 
mounted case they display models of torpedo-boats, 
torpedo catchers, and of sectional (or, as they are 
called in America, ‘‘knockdown’’) boats, for 
remote and difficult positions. The art of war is, 
however, also represented by some compound and 
steel armour-plates of John Brown and Co. ; the 
same firm shows some good specimens of steel 
boiler flues, boiler-plates, &c., illustrating the 
manner of stamping and bending large plates. 

To return to the ship models. The visitor in- 
terested in these will find ample occupation for 
some hours, for the number is considerable, and 
nearly all our leading firms are represented, Fair- 
field and Denny ; Hawthorn, Leslie, and Co., Laird 
Brothers, J. and G. Thomson, and others, make a 
great showing of models. Then come the ocean 
carrying companies—the White Star, the P. and 
O., the Atlantic Transport Line, the Cunard, &c. 
It is in this way that two models of the Campania 
are on view, and if there were ten the cases con- 
taining them would still be beset. For this inland 
people, whose average acquaintance with the sea 
is about the same as ours with the great lakes, are 
nevertheless keen on all that concerns improve- 
ments in ocean navigation, and the ship model 
court of Great Britain will be very popular all 
through the period of the Exposition. We may, 
indeed, without flattering ourselves, say that in 
this one respect at least our credit is maintained, 
and where we have so much reason for disappoint- 
ment in other departments, we may be excused if 
we dwell with satisfaction upon the two or three 
exceptions in our favour. In another part of this 
building we have also done well, though the 
exhibits, as such, are not of much commercial 
value. The London and North-Western and the 
Great Western have been enterprising enough to 
send each a locomotive: that of the latter is the 
historic ‘‘ Lord of the Isles ;” that of the former is 
one of Mr. Webb’s latest developments, and repre- 
sentsthe highesttype of English locomotive practice. 
In addition, the same company sends a saloon car- 
riage of the most modern design, and a number of 
other objects connected with the working of 
English railways. There is a third locomotive, 
that of Westwood and Winby, the design and pro- 
portions of which attract much attention. We 
recently published illustrations and a description 
of this engine, and need not, therefore, refer to it 
further. The Great Hastern make a fair but inex- 
pensive show; they have arranged a tasteful 
pavilion, containing large maps of their railway 


system, prepared with a special reference for 
attracting American tourists arriving at Liverpool 
to follow the so-called ‘‘ cathedral route” across 
England. To further emphasise the advantages of 
this route, a number of photographs of the cathe- 
dral towns through which it lies are added. There 
is much to be said for this new departure of the 
Great Eastern Railway Company, for many places 
of great interest lie outside the beaten track of the 
American tourist’s travel, and it is these places 
which the Great Eastern seeks to make popular, 
with the ultimate object, of course, of directing 
American travel towards Harwich, and thence to 
the Continent by their admirable boat service. The 
exhibit of Messrs. Thomas Cook and Sons is an 
important one. This enterprising firm has curred 
very considerable expense in the erection and 
arrangement of a tasteful pavilion, the picturesque 
effect of which is heightened by the presence of 
some Oriental attendants. The chief feature 
emphasised in this pavilion is that relating to 
Messrs. Cook and Sons’ Egyptian tours, though the 
large globe that surmounts the pavilion, and is 
girdled by the name of Cook, suggests his unlimited 
power for looking after the comfort of travellers 
anywhere. This is further hinted at by the 
announcements upon the frieze of the pavilion. 
Egyptian travel, however, is what Mr. Cook is 
specially anxious to enlighten American tourists 
upon, or perhaps it would be more correct to say, to 
inform them what facilities they would enjoy if they 
placed themselves in his hands. He shows some 
beautiful models of Nile boats, the most important of 
whichis one of histourist steamer, Ramesesthe Great. 
This steamer, which was built in 1889, is 221 ft. 
long, 30 ft. beam, and has 500 horse-power ; she 
carries 78 first-class passengers, and is fitted most 
luxuriously throughout. This steamer was con- 
structed in sections by the Fairfield Company, and 
was shipped to Egypt in 3750 cases. ‘The vessel 
was put together at Cairo, and was ready for launch- 
ing a fortnight after the first truck load of 
cases had arrived. There is a second model of 
Rameses III., which was put into service only last 
January. She was built at Paisley, and is 200 ft. 
long and 28 ft. wide. Then there are models of 
the Prince Abbas and her sister boat the Tewfik ; 
these are used for the special four-week voyages 
from Cairo to Assouan, and carry each 42 first-class 
passengers. There is a sectional model of the 
Cook mail steamer Hatasoo, one of a fleet of four, 
carrying the weekly and bi-weekly Cook mail 
service up and down the Nile. The models of 
Messrs. Cook and Sons’ dahabeahs attract a great 
deal of attention ; these are luxurious sailing boats, 
in which every possible comfort fora Nile voyage is 
provided. Other models shown are of the Egyp- 
tion Temple of Edfou, of ancient Egyptian funeral 
boats, and of Venetian gondolas. ‘There is also a 
complete collection of all Messrs. Cook and Sons’ 
publications, and photographs of some fifty of their 
ottices in different parts of the world. 

Although we see so much to be grateful for in 
the British court of the Transportation Building, 
we note with regret the absence of any exhibits of 
civil engineering work, in which the German court 
a little further on is so conspicuous. Where, 
however, there is so much that is excellent, we 
will not pause to criticise. We must defer until 
next week our further notes on the contents of 
this important building. 


(To be continued.) 


THE COLUMBIAN EXPOSITION. 
Cuicaco, May 28, 1893. 

Tus Exhibition of ‘‘ magnificent distances” is 
very large to manage and hard to organise. Almost 
every day brings some unforeseen anxiety to those 
in authority ; some fresh problem of unknown difli- 
culty to be solved. It is quite clear that the cares 
in management of an Exhibition do not increase in 
the simple proportion to its size, but at some rapid 
and uncertain ratio. Perhaps just now the awards 
question is the most pressing, because it is begin- 
ning to be realised that in the United States an 
Exposition without awards is like a play without 
the title-réle. The prompt action of the foreign 
commissioners has encouraged the American ex- 
hibitors to lift up their voices also in a chorus of 
protest. Just how this matter will end it is im- 
possible to say at present, though it is quite safe to 
predict that Mr. Thacher’s dreams will not become 
realities. What the papers think about it may be 
judged from the following extract : 
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‘“‘Tt is a very high horse the Hon. John Boyd Thacher 
rides, but Mr. Thacher seems to be coming off — not 
gracefully, bub satisfactorily. We may expect to find 
him among us earthworms in a day or two, and ready to 
discuss the matter of awards with the French commis- 
sioner (who has the Cross of the Legion of Honour), or 
the German Commissioner (a Privy Councillor merely), 
just as if they were as good as he(John Boyd Thacher). 
This is a pious condescension of the Hon. J. B. T., and 
one that doeshim honour. We have been getting hoarse 
whooping advice to him at such a distance, most of which 
must have got lost before it reached his ear. Besides, as 
Mr. Thacher’s German is limited to ‘Ich weis nicht,’ and 
his French to ‘Comment vous portez vous,’ he must 
have had a lot of trouble in picking anything intelligent 
out of the confusion of tongues beneath him. On the 
level plain, where we can take him by the buttonhole, 
we may find John Boyd means well. At any rate, this 
familiar intercourse will be better for the Fair, better for 
the exhibitors, and better for John Boyd Thacher than 
the old method of long-distance communication.” 

These are sensible remarks, appearing in a journal 
that carries weight, but it must be admitted that 
no small proportion of the troubles of the authori- 
ties have been aggravated by the ‘‘ enterprise ” of 
the Chicago journalist. Promptness before accu- 
racy, and sensation above all, is the principle that 
is rigidly lived up to. Nothing is sacred to the 
reporter, and so incorrect versions of private meet- 
ings are gathered somehow and find their way into 
the papers, clothed in such a garb of apparent truth 
and authority, that they would delude the very 
elect who were not residents at Chicago. Here, 
however, but little attention is paid to any state- 
ments until they have been indorsed by repeated 
confirmations. But any unfavourable report is 
eagerly seized upon by the enemies of the Exposi- 
tion, at home or abroad, and such enemies are not 
wanting, so rumours are spread, gathering strength 
as they go, and a fixed impression is created that 
serious chronic trouble exists instead of some small 
temporary ill. Such enterprise as this cannot be 
too severely deprecated ; it may be urged that we, 
as foreigners, have no right to criticise the Chicago 
press ; but inasmuch as rumours started for trade 
purposes and merely ephemeral here, become 
crystallised as permanent impressions abroad, to 
the loss of money and prestige to the Exhibition, 
and the discouragement of possible visitors from 
Kurope, we consider that we are quite within our 
proper rights to warn readers against sensational 
reports. We have heard prominent citizens of 
Chicago (not newspaper proprietors) deplore that 
the whole press of the city could not be suspended 
for a year, and we can quite imagine that it would 
be vastly to the benefit of the Fair if nothing but 
useful and correct information could be disseminated. 
There is, however, another side to the picture: when 
a real evil has been discovered, and its actual form 
and proportions defined, the press work away with 
marvellous energy, and with more force of language 
than would be considered correct in effete Europe, 
to get it removed ; and they often succeed in doing 
so, while they never fail to give the object of their 
attack ‘‘a real good time.” 

There appears to be no accurate information 
available as to the number of exhibitors in Jackson 
Park, but the general estimate is between 30,000 
and 40,000 ; at all events Mr. Thacher, who con- 
templated giving medals to every one not wholly 
devoid of merit, had prepared 30,000 of his souvenir 
tokens. Major Handy’s catalogue does not record 
anything like this number, but then the catalogue 
is obviously incomplete. At any rate, for the pre- 
sent 40,000 is assumed as an outside figure, and 
people are asking why, with a much larger Exhibi- 
tion, the number of exhibitors is so much smaller 
than in Paris in 1889, when 55,000 exhibitors were 
assembled. Later on, of course, information on 
this and on many other matters will be available ; 
meanwhile one must be contend with approxi- 
mations. It is certain that -a walk through 
the various buildings gives the impression of 
a lack, rather than a plethora of exhibits, the 
circulating spaces are so generous and the allot- 
ments, as a rule, so profuse. The size of the 
Machinery Hall is not so great as it was in Phila- 
delphia in 1876, and some time ago we heard that 
not one-fourth the space required could be allotted 
to exhibitors. The building is certainly quite 
crowded, though not inconyeniently so, but one 
notices the absence of great and well-known names, 
such as that of Sellers and of Bement, and one 
wonders how it was that they did not come for- 
ward to help to increase the prestige of the Ex- 
hibition. It is stated that they declined because it 
was impossible to obtain as much space as they 
required, but this appears a poor reason. The 


Transportation Building—that experiment of doubt- 
ful issue—has turned out to be the success of the 
Exhibition, so far as exhibits go; there is no 
room to spare there, and probably later on the 
same may be said of the Electricity Building. 
But, as a rule, the impression is conveyed that 
many of those, when bidden to the feast, began to 
make excuse. We are, of course, speaking of 
American exhibitors; as for the foreigners, only 
Germany, France, and New South Wales are emi- 
nent. These questions are a good deal in the air 
just now, and will be answered by-and-by, favour- 
ably let us hope. Of one thing there is no doubt : 
the Chicago people have done their part of the 
work with marvellous completeness ; itisa thread- 
bare story now, the beauty and vast extent of the 
buildings, and yet it cannot be told too often. 
But do the exhibits (with the exceptions above 
named do honour to the temples prepared for them? 
For our own part, no matter how satisfactorily 
matters may turn out, we incline to the opinion 
that hereafter the World’s Fair will be remem- 
bered as an exhibition of buildings rather than 
of exhibits. If this be so, the people of Chicago 
may take comfort in the thought that their respon- 
sibility ceased with preparing the structures, and 
that it was the duty of the National Commission to 
fill them. 

Both the Directory and the National Commission 
were sufficiently in accord at last to throw the Ex- 
hibition open to the public to-day ; meanwhile at 
Washington the courts are invoked to stop what is 
alleged to be an illegal action. It is thought that 
the prosecution will be more formal than actual, 
and that nothing will be done officially to interfere 
with what is so loudly clamoured for in Chicago— 
the throwing open of Jackson Park on Sunday to 
those whose work prevents them from going there 
in the week. But on the other hand, a State pro- 
hibition may not be quite unwelcome, for if the 
authorities, while willing to oblige the advocates 
of Sunday opening, were nevertheless compelled 
(by injunction) to consider the wishes of the Sab- 
batarians, the situation would be less strained than 
it is now, when workmen are threatening the use 
of revolvers at the closed gates, and preachers are 
menacing with perdition those who would open 
them. It seems quite possible that a ‘*‘ We 
would if we could” policy may be the happiest 
all round. For it iscertain that the Sabbatarians 
have it in their power to work much mischief if 
they choose to do so, and it is probable that their 
consciences will take precedence of the welfare of 
the Exhibition. To have been able to admit the 
public, however, on one Sunday, is much to be 
thankful for, and the working classes have availed 
themselves of the privilege to the utmost. 

This is the season of entertainments, of opening 
of sections, and of inaugurating State buildings ; 
scarcely a day passes without some such function. 
On Wednesday, May 24, the Queen’s birthday was 
observed as it had never been celebrated before in 
Chicago ; the Victoria House (unfortunately closely 
associated in the postal mind with another ‘‘ Victoria 
House” in the city) was thrown open to the public 
for the day, and many thousands came to admire 
the really beautiful interior fittings and furniture, 
now nearly complete. Inthe evening was held the 
banquet given by the Royal Commissioners and 
the Colonial Commissioners, a unique occa- 
sion, when Great Britain and her Colonies 
stood together to testify to their loyalty. Russia 
celebrated a similar anniversary yesterday ; the 
day was also marked by a reception at the 
Italian Court, and another in the French Pavilion, 
in which are collected a large number of relics of 
Lafayette, whose memory is always kept green in 
America. On Friday last, energetic Mrs. Ernest 
Hart officially opened her Irish village, which will, 
it is to be hoped, earn as much popularity as it de- 
serves, despite its formidable rival nearer the en- 
trance to the Midway Plaisance. On May 29, the 
French Court, in the Manufactures Building, is 
to be thrown open, and there can be no doubt 
it will divide with Germany the honours of the 
public in this building. In all directions the 
work of completion is going on fast, but much 
remains to be done before the Exhibition is finished. 
There is, however, plenty to be seen, and the most 
active visitor can tire himself as much as he desires. 
It is announced that the Exposition is to remain 
open till 11 o’clock three nights every week ; it is 
to be hoped that the electric light installations, both 
for many parts of the grounds, and especially for 
the great fountains (where the supply of water 


might be increased with advantage), will be pushed — 
forward; up to the present there has been no — 
successful illuminated water display, such as 
crowded the Champ de Mars every evening with an 
always enthusiastic audience. * 

DE 


NOTES. 
ENGINEERING AT CAMBRIDGE UNIVERSITY. 

Great efforts are being made to establish a tho- 
roughly efficient school of engineering at Cambridge 
University, where a new Tripos, viz., the Mechanical 
Science Tripos, has recently been founded, with a 
view to giving a suitable honour degree to men 
intending to become engineers. ‘The examination 
consists of two parts. In Part I. papers are set in 
mathematics, mechanics, the strength of materials, — 
and the theory of structures, the principles of 
mechanism, heat and heat engines, and electricity — 
and magnetism. There are also oral and practical — 
examinations in the above subjects and in surveying 
and drawing. In Part IJ., which is only to be taken, — 
we understand, by ‘‘honours’” men, the ground — 
traversed will be the same as above, but there will — 
also be examinations in hydraulics and geodesy, — 
engineering laboratory work, geometrical drawing — 
and graphic statics, machine design and applied 
electricity. The greatest difficulty met with by the — 
engineering department is lack of funds, and an 
earnest appeal is now being made for subscriptions — 
towards the erection of new buildings and the 
equipment of the laboratories. The University has 
already granted some buildings to be used as an — 
engineering laboratory, towards the furnishing of 
which the sum of 4847/. has already been raised, 
but further subscriptions are badly wanted. The 
new buildings, which it is proposed to erect, haye 
been designed by Mr. W. C. Marshall, and will — 
consist of a steam laboratory, an electrical labora- 
tory, a drawing office, anda museum. During the — 
past term there have been sixty-four students at 
work in the engineering department. Donations to — 
the fund should be sent either to Prof. J. A. Ewing, — 
Cambridge, or to the ‘‘Engineering Laboratory” 
account at Messrs. Mortlock and Co.’s Bank, 
Cambridge. 


Tue Water Supply oF HAMBURG. 

The terrible cholera epidemic in Hamburg last 
year brought the unsatisfactory water supply of 
the town into prominence, and the corporation at 
once set to work to improve matters. Hamburg — 
had previously taken the water from the Elbe almost — 
without any filtration, and it was decided to at — 
once adopt an extensive system of sand filters. 
The water used to be pumped from the river, but 
now it runs through a canal to a reservoir with a 
pumping station. Here it passes a series of filters 
which retain the coarser kind of impurities. The 
pumping station has five steam engines with double — 
pumps, of which each single pump has a capacity — 
of 2500 cubic metres (88,291 cubic feet) of water 
per hour ; the water then enters a series of reser- 
voirs, of which each can hold 120,000 cubic metres 
(263 million gallons). From there a canal leadsto — 
the sand filters at Kaltenhof, which consist of 
several layers of cobbles and gravel, covered with 
a layer of sand 3 ft. in thickness. Of these filters 
five are now completed ; each has an area of 7500 — 
square metres, and with a filtering speed of 2 cubic — 
metres (441 gallons) per square metre (10.7 square — 
feet) for each twenty-four hours, gives 15,000 cubic — 
metres of water, which, taking the aggregate of — 
the five filters, now ready, affords 120 litres per — 
individual, or about half the consumption of the — 
town. The filters will, therefore, be sufiicient for 
the whole requirements of the town. With regard 
to the effect of the frost upon the filtering, no fears — 
are entertained. The water will always be held — 
about 3 ft. over the filters. The strongest frost which — 
has hitherto been experienced in Hamburg has 
never produced ice of more than some 16 in, m 
thickness. The whole installation comprises 
eighteen filters, of which two will always be empty 
for cleaning purposes. In order to receive the 
accumulated water during the night, large covered 
reservoirs have been built at Rothenburgsort, where — 
the filtered water is completely protected. The 4 
energy with which this large undertaking has been — 
pushed ahead is a credit both to the town of 
Hamburg and the chief engineer, Herr Meyer. 


Tacoma AND HonoiuLv.—A projected steamship liné — 
from Tacoma to Honolulu will commence running 1 & — 
few weeks. ‘ea 
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130-TON CRANE AT GLASGOW HARBOUR. 


MR. JAMES DEAS, ENGINEER TO THE CLYDE NAVIGATION TRUST, GLASGOW. 
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A s1B crane has been constructed on the Finnieston 
Quay at Glasgow Harbour, and on May 3 was success- 
fully tested with a load of 150 tons of steel rails, with 
a view to its working with a load of 130 tons. The 
crane was rendered necessary to enable the marine 
engineers of the Glasgow district to place on board 
more easily than was possible with the 75-ton crane, 
on the adjoining quay, the increasingly heavy boilers 
now being constructed, and heavier sections of engines. 
Several of the firms who have had in past years 
to remove their shipbuilding yards further down the 
river, to admit of the extension of the wharfage of 
Glasgow Harbour, continued their engine and boiler 
works close to the quays, and steamers after being 
launched are now taken to the harbour, there to have 
their machinery placed on board. Around Finnieston 
Quay there are a large number of engineering works, 
and for the convenience of such firms a more powerful 
crane was deemed necessary. The consideration thus 
shown to the engineers of the district is characteristic 
of the Clyde Navigation Trustees and their officials, 
and particularly of Mr. James Deas, the engineer. 
Without a thoroughly progressive policy the industries 
of the district might have suffered, and one has but to 
recall the great work of making an artificial channel 
suitable for the passage of such vessels as the Cam- 
pania and Lucania, and the battleship Ramillies, from 
tlasgow ; and further, that the Trustees have now not 
mly the most powerful pillar steam crane in the 
world, but also the largest bucket dredger and twin- 
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screw hopper barges, and the only elevating platform 
steam ferry for passenger and vehicular cross-river 
traffic, to realise that they are determined to do every- 
thing possible to maintain the high position of the 
port and district. In all this work Mr. Deas has 
taken an active part. In deciding to have a new 
crane or sheerlegs, the leading engineering firms were 
consulted, so that not only the power but the form 
and position of the crane might be most convenient. 
Mr. Deas was deputed to ascertain the views of the 
firms—a most commendable course—and he afterwards 
submitted the replies received, and acting on these, 
recommended that a steam pillar crane to lift 130 
tons, but tested to 150 tons, should be provided. The 
Trustees subsequently approved his suggestion and 
his general design. Messrs, Cowans, Sheldon, and, 
Co., Limited, Carlisle, were the successful tenderers, 
and the work has been accomplished. At Chatham 
there is an hydraulic crane built by Tannet, Walker, 
and Co., Leeds, the working load of which is 160 tons, 
and at Malta one of the same working power, while at 
Venice and Spezzia the Italian Government have 
similarly powerful cranes by Messrs. Sir W. G. Arm- 
strong, Mitchell, and Co. ; and Glasgow now claims to 
have the most powerful steam pillar crane. We give 
an engraving of it on page 810, while on our two-page 
plate and on this page we reproduce drawings of the 
details of the crane and its seat. 

The construction of the seat for the crane is of great 
interest for many reasons, The work proved difficult 


The 


and tedious by reason of the subsoil being sand. 
finished seat is 40 ft. square, and rises 20 ft. above quay 


level. The river wall of Finnieston Quay, built in 
1845-48, had for some years previous to 1885, been 
moving forward, through the gradual lowering of the 
bottom of the river by dredging. It was then deter- 
mined to strengthen it by sheet piling, 12 in. square, 
from 35 ft. to 43 ft. long, as shown by the dotted 
lines on Fig. 1. It was thus necessary, in order to 
take full advantage of the sweep of the crane, to pro- 
ject the river face of the seat into the river to the 
extent of 53 ft. at cope level. This necessitated the 
construction outside of a 9 in. thick sheet pile tongued 
and grooved cofferdam, so as to keep the tide out; 
the taking down of the quay wall for 52 lineal feet, 
and the driving of sheet piling on the other three 
sides of the site of the seat, to prevent the surround- 
ing ground from slipping during the time the excava- 
tion for the substructure was being taken out and 
the substructure erected. Evenif the seat had not 
required to be extended beyond the face of the quay 
wall, the wall would have had to be taken down, as 
it was unequal to carry the superstructure of the 
seat ; the reason being, that, while a most substantial 
structure, as indicated by dotted lines on Fig. 1, 
14 ft. thick at the bottom and 8 ft. at the top, entirely 
of ashlar in large stones, it was most inadequately 
founded at 25ft. below cope level on five rows of red 
pine bearing piles, 114 in. square by only 16 ft. long, 
3 ft. apart centres, surmounted by 12 in. by 6 in. sills 
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and runners, and on 6 in. front sheet piling, only 14 ft. 
long. 

The cofferdam having been constructed, the quay 
wall and timbering connected with it was removed, and 
the interior excavated to a depth of 28 ft. below cope 
level. The water which had to be contended with was so 
great as to necessitate the continuous working of two 
steam centrifugal pumps, of 12 in. and 10 in. bore 
respectively. ‘he foundation is on a system of triple 
cylinders introduced by Mr. Deas some twenty years 
ago in the quays at Plantation and Queen’s Dock, 
and since most extensively used in the harbour 
of Glasgow, not only for the supporting of quay 
walls, but of bridge seats, crane seats, and other struc- 
tures.* Indeed, something like nine miles in length 
of such cylinders—triple, twin, and single—have been 
put down in Glasgow Harbour, so that confidence was 
quite properly placed in this system in its adoption 
for the seat of the large crane. The arrangement of 
the cylinders in the foundation is shown on Fig. 2 
annexed. The cylinders are all of 9 ft. 74 in. external 
and 5 ft. 94 in. internal diameter, and are constructed 
in sections, each about 24 ft. deep, the circular walls 
being about 23 in. thick. The series comprises three 
front groups of triple Portland cement concrete 
cylinders, with four single concrete cylinders close be- 
hind the same, and three back groups of triple concrete 
cylinders close behind the latter. The cylinders, as 
shown on the section, Fig. 1, rest upon cast-iron shoes, 
and were sunk, the front groups to an average depth 
of 32 ft. 8 in., the four single cylinders to 31 ft., and 
the three back groups to 28 ft.—or 60 ft. 8 in., 59 ft., 
and 563 ft. respectively below the level of the cope of the 
quay wall. Great difficulty and delay were experienced 
in the sinking of the cylinders, which is done by exca- 
vating material from the interior of the cylinders by 
digging, and by the imposition of weights on the top, as 
described in the article in vol. xlvili. already referred 
to. This difficulty was especially felt in the case of the 
front groups, and was due to a bed of very hard indu- 
rated sand, 10 ft. thick, being met with at 30 ft. below 
the cope level. This bed of sand had, in some cases, to 
be blasted with dynamite, and removed by men with 
picks working in the bottom of the cylinders. The 
cylinders, having been sunk, were filled with Portland 
cement concrete, The tops of the front cylinders are 
25 ft. below the level of the cope of the quay wall, while 
the single and back cylinders are only 223 ft. They thus 
form, as shown in Fig. 1, 22 solid pillars on which was 
founded the mason work, 40 ft. square, which rises to 
45 tt. above the top of the front cylinders, being 20 ft. 
above the level of the cope of the quay wall, as shown 
on Figs. 3 and 4, 

The square seat, rising from the top of these cy- 
linders, is of concrete rubble hearting faced to the 
level of the cope of the quay wall on the water side 
with granite quoins and dressed freestone ashlar, and 
on the other three sides with heavy rubble. From 
the level of the quay the facing is of granite quoins at 
each of the four corners, with concrete ashlar in 
courses, surmounted by a granite cope 3 ft. thick, and 
of a minimum breadth at the centre of each side of 
7 ft., and at the corners of 14 ft. The appearance is 
certainly massive, and yet handsome. The total weight 
of masonry above the concrete cylinders is 4300 tons. 
The time occupied in the preparation of the founda- 
tion and seat was about seventeen months. 

The crane itself had meanwhile been completed at 
Messrs. Cowans, Sheldon, and Co.’s works at Carlisle, 
and the work of erecting it was proceeded with early 
in October of last year. It was completed in March, 
and tested last month. The method of fixing the 
crane is shown on Figs. 1, 3, and 4, while of the crane 
illustrations are given on our two-page plate. The 
framing, shafting, and jib, it may be stated at the 
outset, are of mild steel, and the gearing mostly of 
cast steel. The centre casting of the crane weighs 
about 9 tons, and is held down by six steel bolts, each 
38 ft. 9 in. in length and 5in. tn diameter, weighing 
together 8 tons (Fig. 1), fixed to six washer plates, 
6 ft. square each, and weighing 13 tons, built at equal 
intervals into the seat at a depth of 30 ft. below the 
top of the seat (Fig. 3). A brick-lined tunnel, 2 ft. 
wide by 10ft. 9 in. radius at centre, and 6 ft. high, 
with a manhole, and anapproach of the same size from 
one side of the crane seat, gives access to fix the cottars 
on the ends of the bolts, the upward passages for the 
bolts having been formed during the construction of the 
seat. or the centre casting there is a forged steel 
centrepin 17 in. in diameter, weighing 6 tons, having 
forged head. The upper end of the pin carries a steel 
clip, having on its under surface a steel pathway, 
between which and a similar pathway fixed in the 
revolving frame of the crane twenty live rollers move, 
so as to reduce the friction to a minimum. The dia- 
meter of the roller path, which is of cast steel, is, 
as shown on Fig. 4, 33 ft.; it weighs 12 tons. In 
the live roller ring there are seventy-tive cast-steel 
rollers, of a maximum diameter of 14 in., weighing in 
all 104 tons. 

The framing, as shown on Figs. 5 and 6, is of steel, 


* See ENGINEERING, vol, xlviii., page 167. 


and is 27 ft. in height, and weighs 50 tons. It is 
mounted on a steel platform, which also carries the 
boiler and the balance box containing 100 tons of 
kentledge. The boiler is 14 ft. high by 6 ft. in diameter, 
and weighs 6 tons. The working pressure was specified 
to be 60 lb., but the test load of 150 tons was handled 
with ease with only 45 1b. of steam pressure. There are 
three pairs of engines. The main hoisting pair are fixed 
on the main crane framing ; the other two pairs, the 
one for light lifts and the other for revolving, are 
fixed on a small auxiliary crab placed in front. The 
position of the engines and their relation to the gear are 
shown in Figs. 5, 6, and 7. The crane has two speeds 
for heavy lifts, 130 and 60 tons, the engines having two 
cylinders, each 12 in. in diameter and 16 in. stroke ; 
and two for light lifts, 20 and 8 tons respectively, the 
two cylinders being 8 in. in diameter by 12 in. stroke. 
The revolving engine, which also has two speeds, has 
cylinders of 8 in. diameter by 12 in. stroke. The dia- 
meter of the main hoisting drum is 5 ft. 2in., its 
length 10 ft., and its weight 104 tens. It was turned 
and grooved in the lathe to receive the wire rope. 
The whole gearing of the crane weighs 8 tons ; the 
castings are in all 120 tons. All the handles, levers, 


one centre strand of soft steel, the outside stran 
carrying the strain, each wire giving 807 lb. strai 
The gin block for heavy lifts has four pulleys, 
5 ft. 3 in. in diameter; it measures 12 ft. by 7f 
3 ft., and weighs about 7 tons. : 
The factors allowed for safety in the various pa) 
of the crane are: In main framing, jib, tension ro 
&e., 6 tol; in wire ropes, 8 to 1; in centre hol 
down bolts, to amply provide for deterioration by ru: 
12 to 1. -. 
The specified and actual speeds were as follows ; 
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valves, &c., are placed together, and under the easy 
control of the driver, who has a clear view of his 
load when working, for, while the whole of the 
gear is housed, with a galvanised roof, the front is 
glazed, 

The jib is of the twin-tube type, and dimensioned 
drawings of it are reproduced on the two-page plate 
(Figs. 9and 10). Hach tube is 3 ft. 3 in. in diameter 
at the centre, well braced together, is 90 ft. long, and 
weighs, including stays, 45 tons. The extreme height 
above the cope level of the quay is 110 ft. The jib- 
head pulleys for heavy loads (Fig. 8) are 5 ft. 3 in. in dia- 
meter and the centres are 100 ft. from the quay, while 
the pulleys for light loads are 2 ft. 6 in. in diameter and 
the centres are 107 ft. 6 in. above the level of the cope 
of the quay wall. Thesingle tension rods are 10 in. by 
2? in. and the double tension rods 10 in. by 14 in., and 
the diameter of the pins 8 in., the whole weighing 
15 tons. It is interesting to note that the tension rods 
are without a weld and were not touched by a smith, 
but were sawn direct from the plates. The radius of 
sweep for the heavy lifts is 65 ft., or 45 ft. beyond face 
of seat, and for the light lifts 69 ft. 9 in., or 49 ft. 
9 in. beyond face of seat. 

Plough steel wire ropes, made by the Whitecross 
Company, Warrington, are alone used for lifting and 
lowering—the heavy lifts being taken on eight ropes 
of 24 in. in diameter, composed of seven strands, each 
45 wires—six strands of patent steel round one strand 
of soft steel, the outside six strands giving the strength 
required. Each strand is composed of 45 wires, 
arranged in four concentric layers, containing respec- 
tively 18, 15, 9, and 3 wires. The outer wires are 
-101 in. in diameter, with a breaking strength of 
1346 lb. ; the second layer are of .084 in. in diameter, 
with a breaking strength of 803 lb. ; the wires of the 
third layer are of the same size, while the core wires 
are .078 in. in diameter, and of a strength of 803 lb. 
The light lifts are taken on a double rope of 1} in. in 
diameter, composed of seven strands, each 37 wires of 
.060 in, in diameter—six strands of patent steel, and 


16,0007. The total weight, including the 100 to 
kentledge, is 370 tons. The crane is provided wit! 
Duckham’s 160-ton hydrostatic weighing machin 

prevent the possibility of overloading, ' 


INDUSTRIAL NOTES. “~ 
THE continuous unrest of the last three months 
in the labour world has to some extent subsi 
but it has not disappeared. It moves from 
to place, and appears in various forms, but 1 
labour movement knows no rest; it is continu 
There were rumours, and even fears, during a portion 
of last week, that the Hull strike would break out 
afresh, and that further difficulties were likely 
occur. Happily there seems to have been very lit 
foundation for those rumours. It was but natu 
that some little friction should arise under the n¢ 
conditions. The men had been accustomed to ch 
lenge every worker as to his union card, and als 
challenge the foremen upon any changes in the 
of working. Moreover, the agents of the union 
been able to traverse the whole of the docks and 
the vessels which were being loaded or unload 
These privileges exist no longer. But, on the whole 
the men have accepted the position, and quietude | 
generally prevailed at the docks. The imported mé 
have mostly left the town. The military, naval, ; 
extra police forces have been withdrawn, and the 
resumes its normal aspect. It is stated that the cos 
of the extra police has amounted to 9000/., which will 
fall upon the rates. The Hull Trades Council hasalso 
incurred a debt of about 1500/. to enable the comm 
to give financial help in the closing week of the stri 
but this doubtless will be made up by the unions 0 
side of Hull. It appears that the firm of Me 
Vilson fulfilled all the promises made at the final § 
tlement, over and above the terms agreed upon, 
that there has been no disagreement upon that s 
Whether the effects of the strike will pass away 
quickly as the local irritation has done remains to Pt 
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seen, but the probability is that some of the effects 
will be felt in other ports at no distant date, if oppor- 
tunity arises on the one side or the other. 


The monthly report of the Associated Ironmoulders 
of Scotland states that there are 1076 members out 
of work; 704 of these were on idle benefit, while 372 
were unemployed, but not upon benefit; the total 
membership was 6222. Thus about one in every six 
was out of work. The state of trade in this branch is 
therefore bad in Scotland. Besides those out of work, 
238 were on superannuation allowance. The above 
figures would seem to imply that work was more 
scarce than it really is, for it should be explained that 
idle benefit is paid for partial loss of time to a greater 
extent than in other societies which pay out-of-work 
benefit. Nevertheless it is true that industry is de- 
pressed in the Scottish districts. This fact has led 
the society to reopen the question of the eight hours, 
the members voting upon it this month. In the pre- 
vious vote the members voted against legal enactment 
by a large majority; now it is expected that the 
verdict will be reversed. One of the strong points 
urged is that in 1872 the hours worked almost uni- 
formly in this branch of industry, were 51 per week; 
when trade was bad in subsequent years the hours 
were increased to 54 per week, so that by 1882 only 
55 shops were working on the 51 hours system, and 
176 on the 54 hours system. Last year only 160 
shops were working the long hours, the rest working 
on the 51 hours system, or 53 hours in special in- 
stances. The vote is now being taken in two forms: 
(1) for and against the eight-hours day, and (2) whether 
if infavour of the eight hours it shall be sought by 
legal enactment or by trade union effort. Though 
the calls upon the funds have been large of late, the 
total balance in hand is over 28,704/. The expendi- 
ture for the last month on benefits, &c., was about 
1390/., while the income exceeded 1446/. There does 
not appear to be any serious dispute in connection 
with this branch of trade in Scotland at the present 
time, nor are there any notices of reductions other 
than those agreed to on the Clyde some time since. 

The Ironworkers’ Journal, representing the iron, 
steel, tin, and other associated metal workers, re- 
ports very fully the steps taken with respect to the 
two scales in operation in the North of England 
and the Midland districts, and the recent attempts 
to change the methods of fixing the prices at 6d. per 
ton difference, as between the rates of the two Boards 
of Arbitration and Conciliation. The meeting at 
Wednesbury decided that the rates of wages in the 
Midlands should be fixed on the selling price, without 
regard to the North of England rates. The result of 
that resolution will be either to change the practice at 
the Midland Wages Board, or finally cause its dissolu- 
tion. There were some differences of opinion at the 
meeting as to the course tobe pursued, but the resolution 
was unanimously adopted. It is not likely, however, 
that any great change will take place ; at least it is not 
likely that the Board will be dissolved, for the men’s 
representatives are not only reasonable and moderate 
men, but they will resent any attempt to substitute 
the old methods of strikes for the present mode of 
arbitration and conciliation, which, with all its faults, 
has done so much to prevent misery and ruin in the 
district. The recent ascertainment in the North of 
England districts shows that the rates of the previous 
ascertainment will continue during the current two 
months, so that no change in wages will take place. 
Some rearrangements had been made in the wages of 
men at particular works in consequence of the 
diminished output arising from the mode of working, 
but the Board of Arbitration decided that the extras 
should be paid because of the extra care required in 
the production. Some disputes were dealt with at 
the last meeting of the North of England Board, with 
the view of preventing any action contrary to the 
principles which govern the Board, while some claims 
by the puddlers were disallowed. Only one case had 
to stand over for future consideration. 

The condition of the engineering trades in the Lan- 
cashire districts appears to have slightly improved, 
especially in some of the branches. Some of the 
establishments engaged on specialities are fairly busy, 
while in some other branches more work is being given 
out. But generally the engineering establishments are 
not well supplied with work; only very few of them 
have sufficient orders on hand for full work for any 
considerable length of time. The one good sign is that 
there are no serious disputes in any of the engineer- 
ing or cognate branches of trade, nor are there any 
signs of reductions in wages, except at Barrow, notices 
as to which were given some time since. In the iron 
trade a somewhat better tone has been manifest ; 
inquiries have been coming forward more freely, and 
in some departments more actual buying has been 
goingon. But the improvement is so slight that much 
cannot be predicted of it. Probably buyers have 
been holding back until stocks are very low, and more 
material is needed for immediate purposes. That the 


change for the better is not great, is apparent from 
the fact that the Wigan Coal and Iron Company have 
issued notices of the termination of all contracts at the 
end of next week, owing to the continued depression 
in the iron trade of the district. One furnace has 
been blown out, and the others are on slack blast. 
Jronfounders report that very little is doing, and the 
nut and bolt branches are very slack of work. There 
is very little improvement as regards manufactured 
iron, and the steel trade continues to be very quiet 
indeed. Prices nominally remain unchanged, but 
there is keen competition for whatever orders may be 
in the market of any kind. There does not appear to 
be any very hopeful feeling as to real improvement in 
trade, nor are there any indications of any foreign 
or colonial demand such as would give buoyancy to 
the markets and a stimulus to production. There is 
a want of confidence which in itself is depressing. 


In the Sheffield and Rotherham district there is 
greater activity, especially in all kinds of agricultural 
implements, scythes, sheep-shearing and reaping- 
machine sections, and similar articles, the orders for 
which are coming in well. The recent improvement 
in some of the staple trades of Sheffield is also main- 
tained. ‘There is, indeed, but little complaint among 
the workers as to the state of trade, though in the 
engineering and cognate branches of industry things 
are very quiet indeed. There wasa heavy drop in the 
price of steam coal last week, the North-Eastern Rail- 
way Company being able to effect arrangements for 
the whole of their supply at prices ls. 6d. per ton 
below the rates of last year. To what extent this 
reduction will affect the iron and steel trades is not 
apparent, but the price of fuel has been one of the 
causes of slackness in those industries for some time 
past. Sheffield is suffering somewhat from the recent 
financial difficulties in Australia, very few orders 
coming in from that part of the world at present. The 
export trade, as a rule, is very quiet, but some of the 
difficulties in connection with the South American 
trade have been overcome or reduced to a minimum. 
There are no serious disputes in the district at the 
present time, nor in prospect, so far as one can judge 
from appearances. 


The signalmen on the North-Eastern Railway have 
resolved upon a movement for the federation of the 
signalmen of all the railway companies in the kingdom, 
the first effort of which will be to effect a reduction in 
the hours of labour. They have declared in favour of 
an eight-hours system for all signal cabins which are 
always open, but are content with other arrange- 
ments for such cabins as are not always open, An 
early conference is to be convened in London, 


In the Birmingham district there seems to be a 
more hopeful tone, many thinking that we are nearing 
the bottom of the bad times in the iron and steel 
industries. Sir Benjamin Hingley, M.P., is of 
opinion that better times are not distant in so far as 
the Midlands are concerned. It appears that already 
steps have been taken to prevent any break-up of the 
Midland Wages Board, 60 out of the 69 firms that 
compose it having given in their adhesion to the re- 
constitution of the Board on a wider basis. It seems 
that the employers have consented to some better 
regulations as regards competition, so that they shall 
not, as it were, cut each other’s throats by ruinous 
reductions in prices, below what are actually re- 
munerative. The iron-plate workers in the district, 
who some time ago obtained an increase of 10 per 
cent. in wages, or rather a 10 per cent. bonus, for 
that was the shape it took, have had to surrender it, 
because the men in a competing district were not 
sufficiently organised to obtain it likewise, thus 
placing the firms that conceded the 10 per cent. in an 
unfair position. The men wisely declined to fight for 
it under the circumstances. The rivet makers in the 
‘“*Black Country” have practically succeeded in 
winning theadvance for which they recently struck; all 
the employers, except two, had agreed to the advance 
last week, and the men hadresumed work at those firms. 
The Birmingham artisans, who are engaged on Govern- 
ment work, are complaining that the fair contract 
resolution of the House of Commons is being evaded, 
and steps are being taken to interview the Secretary 
of State for War and members of the House of Com- 
mons upon the subject. It is said that irregularities 
are being resorted to in order to evade the conditions 
laid down, or supposed to be laid down, by that 
resolution. The trades most affected are the brass, 
tinplate, brush, and harness making trades ; much of 
such work is being done in Birmingham and the sur- 
rounding districts. 


The Employers’ Liability Bill was further considered 
in Committee last week, when the Home Secretary de- 
clared, on behalf of the Government, that they could 
not agree to an amendment proposed, to allow any 
company, firm, or person, and their workpeople, to 
contract themselves out of the Act of Parliament. The 
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final effort to change the clause was made in the interest 
of the London and North-Western Railway Company 
and its employés, but Mr. M‘Laren’s proposal was 
rejected by 29 to 7, after a prolonged discussion. What 
the effect of that decision will be no one can foretell, 
but some think that it will wreck the Bill on the third 
reading. Noone supposes that the London and North- 
Western Railway Company takes the stand in oppo- 
sition to the clause out of self-interest, for the com- 
pany pays most liberally to the accident fund, and the 
employés seem to be perfectly satisfied. Other bodies 
of workmen, however, are not willing that the power of 
contracting out of the law shall be permitted in any case. 
But nothing can prevent the transference of the liability 
to some other company, such as an insurance company, 
so that the compensation and the costs of litigation 
will still come out of a common fund, and cases will 
possibly be contested in courts of law which otherwise 
might have been settled without litigation. The law 
recognises bond-fide contracts on mutual terms, and in 
the case under review the terms are mutual. It is to 
be hoped that the changes effected by this measure 
will not be productive of harm, but many fear that 
litigation will be more frequent and more costly than 
heretofore, under some of its clauses. The Bill has 
not, however, assumed its final shape, so that provision 
may yet be made to minimise legal actions. 


The building trades continue to be busy in almost 
all districts, and in a large number of places they 
have won advances in wages, and in many reductions 
in the hours of labour, At Chatham and Southamp- 
ton strikes have occurred, the Chatham and Kochester 
employers having refused to concede one halfpenny 
per hour advance. At Northampton the strike has 
assumed a rather serious aspect, no less than fourteen 
cases of intimidation and assault having been brought 
into court. In one case the man was committed for 
trial, the other cases being adjourned. At Brighton 
also the dispute led to a prosecution, one man being 
sentenced to two months’ imprisonment with hard 
labour. 


After a six months’ strike, the dockers of Bristol, 
mostly engaged in the timber yards, have abandoned 
the strike and gone in to work. The system agreed to 
is piecework, on the co-operative principle, or under 
a contractor, or by day-work, as the employers 
may require. The men agree to work in harmony 
with non-union men, and all the union rules are to be 
abolished. No agents of the Dockers’ Union are to 
visit the ships, quays, timber yards, or other places 
where the men are employed, whilst at work. ‘These 
terms were agreed to by the men in the absence of the 
agent, 

The sailors and firemen of the Sunderland district 
are striving to obtain an advance of wages to 4/. 5s, 
per month, on the ground that they are below Mid- 
dlesbrough to that extent. In one or two other places 
the same demand is being made. The men state that 
the improvement in shipping justifies the claim, The 
mere fact of its being made implies that there is a 
tendency to improvement at some of the northern 
ports. 


The revolt of the London shoemakers—-that is, of 
some of them—has brought them into collision with 
the executive of the union, who demand that the men 
shall accept and be bound by the arbitration arrange- 
ment or leave the union. This firmness was necessary 
because the condition of affairs was becoming unbear- 
able, both to the officers of the union and to the 
employers. 


The Welsh miners have had to submit to another 
reduction under the sliding scale, but on this occasion 
only to the extent of $per cent. This brings down 
their wages to 10 per cent. above the scale of 1879, the 
lowest point ever reached since that date. The men 
are very busy reorganising their associations in the 
hope of a quick recovery of the lost wages when the 
opportunity offers. 

The Scotch miners are threatening to strike against 
the reductions of from 3d. to 8d. per ton in Ayrshire, 
Lanarkshire, and Stirlingshire, in all of which counties 
they have suffered reductions, some nearly to the 
same large extent as in South Wales and Monmouth- 
shire. In some districts the men propose a four days 
per week policy, in preference to a strike. But the 
stoppage policy is in force already, for the pits are not 
working full regular time in a single district. But in 
some cases the men have abstained from work. 

In the Forest of Dean the number stopped has 
slightly increased ; the total number receiving federa- 
tion pay is 1200, while about 1100 children are sup- 
ported out of the local funds. There has been no new 
development of affairs, nor is it probable at present 
that any more pits will be altogether stopped. But 
there is a movement among the quarrymen to compel 
some thirty ‘‘ unskilled men” to jointhe union. But 
if they are unskilled, how is it that they were members 
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of the union? At present they are simply out of 
‘‘limits ” by arrears of contribution. 

In the other mining districts there is nothing new. 
The federation holds its own. Local disputes occur 
here and there, and in some few cases men have ceased 
to work pending the settlement of the matters in dis- 
pute, but otherwise the employers have made no sign, 
except in the Forest of Dean. But notices have been 
given in a few cases to cease work, the cause or causes 
of which are not given. In Durham the coal trade is 
better, but in the Midlands it is bad in nearly every 
district. In parts of Yorkshire there has been a fall in 
prices. 


THE PHYSICAL SOCIETY. 

Av the meeting of the Physical Society held on May 
26, 1893, Professor A. W. Riicker, M.A., F.R.S., Pre- 
sident, in the chair, Mr. C. J. Woodward showed some 
“ Hxeperiments with a Vibrating Bar.” On suspending 
the bar by two loops of cord, and placing it over a 
resonance bore, the sound was greatly intensified. When 
placed crosswise, and partly over the bore, a position 
could be found where no increase of sound resulted ; 
whilst a little movement in either direction from this 
position caused a considerable increase, 

The discussion on Dr. Lodge’s paper, ‘‘ The Foundations 
of Dynamics,” was then resumed. Communications on 
the subject from Mr. S. H. Burbury, Dr. J. Johnstone 
Stoney, and Professor E. F. Herrown were read. 

Mr. Burbury, referring to Dr. Lodge’s deduction of 
conservation of energy on slip 6 of the paper, pointed 
out that two bodies may act on one another with equal 
and opposite forces and yet be moving with unequal 
velocities, and that the kinetic energy of such a system is 
not conserved. He did not see that denial of action 
at a distance was necessary to the proof given by the 
author. 

Dr. Stoaey said that only provisional and temporary 
foundations of dynamics could be deduced in the way 
followed by Dr. Lodge. It was necessary to first ascer- 
tain how the study of nature is related to ontology, but 
this essential the author passed over by discarding meta- 
physics. When pursued in relation to the scientific study 
of nature, ontology throws a flood of light on most of 
the points dealt with in the paper. 

Professor Herrown considered that universal contact 
action involves the conception of a homogeneous ether 
filling all space, and yet having ordinary matter dispersed 
through it; this he regarded as a metaphysical impossi- 
bility. If the medium be supposed molecular, then action 
at a distance was only postponed one step. He thought 
Mr. Heaviside was right in denying the objectivity of 
energy, for it had no more claim to be regarded as an 
entity than “‘life” or ‘‘ death,” ‘‘ hardness ” or ‘ colour,” 
or any other generalised abstraction. 

Professor Minchin said the first fundamental axiom of 
dynamics postulates the existence of Force as an entity 
distinct from Matter, Space, and Time, and this was the 
object of Newton’s First Law. _ It also gave the criterion 
of the presence of force. To merely retain the law as 
defining equal times was to degrade it. As regards the 
supposed impossibility of defining uniform motion, he 
said similar difficulties occur in all sciences, even in 
geometry. Nevertheless a rational science of geometry 
exists. In dynamics we had notions of a right line and 
of uniform motion in it, althouzh no criterion of either 
may exist. The fact that the science harmonises with 
ordinary experience constitutes its validity. In his 
opinion the extraordinary devices which had been sug- 
gested for defining directions fixed in space were un- 
necessary, and merely served to cover the subject with 
ridicule, 

He disagreed with Professor Lodge in admitting the 
first law as a particular case of the second, for unless force 
was postulated (the function of the first law), the second 
became a mere definition, and not a law. Speaking of 
the third law, he said the author had made a serious error 
in stating that it could be deduced from the first, for the 
centre of mass of a system might be at rest without action 
and reaction necessarily being equal and opposite. The 
third law was not superfluous; neglecting it had led to 
great misconception and mystery about the principle of 
virtual work and D’Alembert’s principle, both of which 
are simple deductions from it. 

In opposition to Dr. Lodge, he defended the ordinary 
definition of energy, and asserted that without the 
notions of force and work, the term energy loses all 
meaning. 

Speaking of transference and transformations of energy, 
he inquired if the proof given could be applied to the 
case of a body sliding down a rough rigid inclined plane, 
for here the stress (friction) does work on the body but 
not on the plane, and there was no transference. He re- 
gretted that the expression “‘ potential energy” was used 
in different senses in the paper, sometimes meaning 
“‘ static energy,” and at others ‘‘the available portion of 
the kinetic energy of a body.” 

Referring to the idea of all energy being ultimately 
kinetic, he asked if by accepting this the author meant to 
surrender the independent existence of force. If so, diffi- 
culties would arise ; for example, in the kinetic theory of 
gases the expression for the pressure, p = 4 p v2, was 
only arrived at by assuming the existence of force. The 
statement on the top of slip 9 about making a ‘‘ moving 
body do work” was not necessarily true, as might be seen 
by considering the case of a sphere rolling down a rough 
inclined plane. 

Professor O. Henrici thought axioms should be treated 
as true logical definitions, as, for example, in geometry, 
“Two straight lines cannot inclose a space.” Every new 
notion required its axiom, In passing from geometry to 


kinematics the idea of time presented itself, and the ap- 
propriate axiom was contained in Newton’s First Law. 
On approaching dynamics, force and mass were met with. 
He disagreed with Professor Minchin in regarding force 
as most fundamental. Mass was more essential, for force 
might be abolished. On the other hand, he concurred 
with Professor Minchin in thinking that the idea of a 
centre of mass was not axiomatic. Referring to Dr. 
Lodge’s summary (Wature, May 18, 1893), he agreed with 
axiom () fully, and with (0) partially. Axiom 3 required 
further development. The crucial point, however, was 
axiom 4: ‘‘ Stress cannot exist in or across empty space.” 
This he regarded as very incomplete, and maintained that 
axioms defining the properties of the ether were necessary 
to further progress. If varieties of space be contemplated, 
each advance required fresh axioms. 

Dr. C. V. Burton remarked that contact movement 
did not necessitate equal velocities ; sliding motion was 
acasein point. Again, in deforming an incompressible 
fluid, although force and motion might exist, no work 
was done. Conservation could not be proved from denial 
of action at a distance. Speaking of the doctrine of trans- 
ference and transformation of energy, he said it was a 
convenient working rule, but not true universally. New- 
ton’s laws were simple and consistent, but some doubt 
existed as to how much was definition and how much 
law or fact. 

Mr. Fournier d’Albe disagreed with Professor Lodge 
in regarding the conception of uniform motion as a 
primary muscular sensation. It would be more correct 
to say that the conception was based on optical sensa- 
tion, whilst the idea of force was derived from muscular 
sense. Newton’s First Law was not an axiom, for it 
could be proved experimentally. He thought Professor 
Lodge’s criterion of the identity of energy quite sufficient, 
if taken in conjunction with its conservation. The dif- 
ference between the identity of energy and of matter lay 
in the number of attributes by which they could be iden- 
tified, energy having only one—viz , quantity. 

Professor Ayrton said the best foundations of dynamics 
depended on what was most easy to grasp. On this 
point great difference of opinion existed ; some persons 
thought the idea of force simpler than those of mass 
or time, whilst others had contrary impressions. He 
could not admit that the conservation of energy could be 
deduced from denial of action ata distance. Experi- 
ments were necessary. In addition to the case previously 
mentioned, of a body sliding on a plane, he thought a 
hard magnet acted on by a coil approaching it and con- 
veying a current was one in which Professor Lodge’s law 
of transference and transformation did not hold. 

Mr. Swinburne protested against the difference between 
theory and a working hypothesis being overlooked. All 
conceptions were based on experience, and ideas of ether 
and atoms derived from ‘‘jelly” and ‘‘ cricket balls.” 
We ought also to remember what ‘‘ explanation” means, 
viz., describing the unfamiliar in terms of the more 
familiar. It was customary to describe the phenomena 
of fluids by reference to solids because we were more 
familiar with solids; an intellectual fish would probably 
do the reverse. The so-called ‘‘ theory of magnetism,” 
which breaks up a bar of iron into a number of small 
pieces, each possessing the properties of the original 
bar, he regarded as absurd. It was no ‘‘ explanation,” 
and not a ‘‘ theory.” Ether might be used as a working 
hypothesis, but must not be treated as an entity. 

Mr. Blakesley questioned whether transference of 
energy was always accompanied by transformation, and 
he did not see why energy should be looked upon as 


(m v). oF , In preference to any other subdivision of the 


factors. As regards effects being proportional to their 
causes, he pointed out that the heating of an electric 
ereh and thermo-electric action, followed laws not 
inear. 

Professor 8. P. Thompson, referring to the demonstra- 
tion of the law of transference, &c., given on slip 8, said 
that attempts to translate it into Latin or Greek at once 
revealed the ambiguous character of the proof. Speak- 
ing of Ohm’s Law, he pointed out that R, a constant, was 
not an essential feature, as Dr. Lodge supposed. Ohm 
never said R, was constant. 

In identifying energy, a difficulty presented itself, for 
one never came across it aS a single thing, but asa pro- 
duct, and in being transformed the paths of the two 
factors might possibly be different. 

Mr. Dickson said the whole of geometry and dynamics 
could be based on verbal definitions. The conservation 
of energy could be written as kinetic energy + potential 
energy = a constant, but on substituting the expressions 
for kinetic and potential energies an identity resulted ; 
therefore the original statement was not a law. 

Both the kinetic and potential energies of a system 
were functions of its configuration. Potential energy 
could not belong to a particle, but to a system. 

The President doubted whether Dr. Lodge’s scheme 
was more simple, natural, and logical than the ordinary 
one. The statement in Wature (May 18) that ‘strains 
were proportional to stresses” was simple enough, but it 
was questionable if ‘‘ frequency of vibration is indepen- 
dent of amplitude” could be considered so. The author 
appeared to ignore mass in comparison with force, where- 
as the idea of mass seemed the more simple one. 

Referring to the identity of energy, he said that, how- 
ever far we trace it, we cannot identify its parts in 
molecular structure. He objected to carrying too far the 
ideas derived from matter in mass, to particles, and 
pointed out that by so doing the difficulty was only 
pushed one step farther and not cleared up. 

Dr. Lodge, in reply to Mr. Burbury, said two bodies 
never do attract one another; the thing which acted on 
either was the medium immediately in contact with it. 
Mr. Herrown had used metaphysical arguments against 
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ether, but he (Professor Lodge) thought it was a good 
thing to investigate ether. He agreed with what Pro- 
fessor Minchin said about force and the first law of 
motion. Force was the more fundamental, but mass was 
best as a standard unit. As regards ether, he was pre- 
pared to say that it has no motion. It possessed electro. 
magnetic kinetic energy, and probably all the stresg 
energy that exists. Referring to the slipping body men. 
tioned by Professor Minchin and Dr. Burton, he said that 
in speaking of the velocities of acting and reacting bodies 
being equal, he always meant that their velocities along 
the line of action were equal. The action between the 
sliding body and plane was a “‘catch and let-go” one, 
like a fiddle bow and string. 

On the second law of thermodynamics he hoped to say 
something in a subsequent paper. When he spoke of R 
being constant as the essence of Ohm’s Law, he meant 
constancy as regards terms which appear in the equation 
E_ x, 
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THE MANUFACTURE OF SMALL ARMS.* 


By Joun Ricsy, M.A., Superintendent of the Royal 
Small Arms Factory, Enfield. 


(Continued from page 789.) 


Barrel Setting.—The barrels, previous to rough turning, 
are fairly straight internally, but the removal of the outer 
metal causes slight inequalities, which are corrected by 
transverse blows of a hammer by the “setters.” In all 
stages, before rifling the straightness of the bore is tested 
by the eye, and practice enables the barrel-setter to see 
and locate a curve, and to strike the barrel in the right 
spot for its removal. This art of barrel-setting is not 
older than the present century ; it was formerly thought 
very difficult to acquire, and skilful setters earned very 
high wages. At Enfield it is the practice to put you 
men whose sight is good, under training, and it is foun 
that in a few months the majority of them are able to set 
well. They are then employed upon piece-work. As 
their pay is dependent upon the barrels passing view, 
there is no room for careless or bad work. Skilful setters 
pass all their barrels and earn good wages, whilst the un- 
skilful have their barrels returned again and again. The 
latter are transferred to some other work—tending 


machines or the like; the former develop into first-class — 


setters. After middle age the eye generally loses some of 
the quality necessary for this work, and it is rare to find 
aman excel in it after that time of life. 

Many mechanical devices have been contrived to super- 
sede the simple ray of light laid, as if it were a straight- 
edge, along the surface of the bore ; but the eye remains 
the arbiter of straightness still, and can be relied on for 
very perfect results. The education of the eye to detect 
inequalities in a surface, either external or internal, by 
shading, is of great importance to a mechanic, and is very 
commonly neglected. The majority of fitters, filers, and 
turners are unaware of the saving of time that results 
from this method. It is not so applicable to heavy or 
large work, but in all cases where the work is portable, 
and can be held or placed in a position to allow the light 
to glance along it, itis most valuable. Minute deviations 
from a straight line, that often cannot be detected by the 
application of a straight-edge, are rendered plainly visible 
to the educated eye by the shading. Gun-barrel makers 
are generally skilled in shading, and can detect by its 
means deviations from straightness of an exc 
minute dimension. The mechanical test in use at Enfield, 
which is employed by the viewers to ascertain the general 
straightness of the barrel, has for index a lever or hand. 
The short end rubs the bore while the barrel is spun upon 
astationary mandril, on which it is supported at the 
breech and the middle of its length. The rubber of the 
index enters and touches the bore at the muzzle, conse- 
guently, if the bore at that part does not run quite true 
with the other two points of contact, a reciprocating 
motion is imparted to the index, and the latter magnifies 
the motion sufficiently to make a very small movement of 
the rubber plainly visible. For exhibition, the machine is 
fitted with a mirror and scale to read to 0.0001 in. 5 but 
in the factory, an index showing 0.001 is sufficiently 
accurate. Spinning a barrel on roller bearings while the 
light is allowed to pass through it to the eye, is also 
an aid in viewing. A quite uneducated eye can detect 
the difference in the appearance of the bores of a straight 
and crooked barrel when so spun. Before the final 
setting the bore is finely finished by passing through it a 
square bit, two corners of which are kept from touching 


by a piece of wood or ‘‘spill,” flat next to the bit and 


rounded next to the bore. This supplies the required 
elasticity, and prevents the bit from tearing, although 
the action is one of scraping rather than cutting. Oil is 
the lubricant used; the motion is slow. The material 
comes away in a fine paste of steel dust and oil, and a 
smooth and partly burnished surface results. As the 
wooden ‘‘spills” wear, slips of paper are interposed 
between them and the bit to keep up the necessary tight- 
ness. This method of finishing the bore previous to 
rifling is very old, and has survived newer processes. In 
france, however, it is now the practice to use for the 
final regulation of the bore the same kind of machine as 
for cutting the spiral grooves of the rifling. The oul 
or series of cutters, which, if kept in one track, woul 
plough out a groove, as in rifling, is continuously fe 
sideways, so as to travel over the whole surface of the 
bore and remove all inequalities, while it enlarges 1t to 
the size required. The barrels, after second turning an 
fine boring, are externally polished longitudinally ina 
vertical machine (Figs. 8 and 9, page 823). This removes 
all the turning marks. 


* Paper read before the Institution of Civil Engineers, 
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Rifling.—The rifling adopted for the 0.303 barrel by | second, and at this speed the bullet travels along the|has been brought almost to perfection, as may be seen 
the Small Arms Committee, under the advice of Mr. | rifle, making one turn in every 10 in., and consequently | by an examination of sectioned and complete barrels 
W. E. Metford, is shown in section in Fig. 10. It is an | receives a rotation of 2700 revolutions per second. In|shown. A diagram of the cutter and cutter-box is shown 
easily cut pattern, and is found to give good results. | one of Professor Hebler’s rifles a quicker pitch was given. in Fig. 13. The feed is put on and taken off by the revyo- 
Compared with it Fig. 11 is the rifling of a polygroove | to the rifling—one turn in 4.7 in., and the velocity of rota- | lution of the screw at the end. 
muzzle-loading rifle of 1845 by Messrs. Wm. and Jno. | tion of the bullet was about 5000 revolutions per second.| In Continental and American arms-factories a different 
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Lxz-Metrorp RIFuz (1888). Rigpy Mvzz.e-Loaping Rire (1845). 
Diameter of bore. . . . 0°303 inch. Diameter of bore. . . 0°600 inch. 
Depth of rifling. . . . 0°004 ,, Depth of rifling. . . O°vl6 ,, 2°99. 4°85. 2°95. 
Width oflands, . . . 0°023 ,, Number of grooves . 15 
Twist of rifling, 1 turn in 10 inches (left 
hand). 


Radial grooves. 
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foeaiy Currer-Box or Ririinc-MacuIne For 0°303-IncH Bore. 


Twice full size. 


Rigby, of Dublin—the type of the match and sporting | Yet grooving of 0.004 in. in depth is suflicient to impart | system is followed. T é 
rifle of that period designed for spherical bullets. The | this velocity with absolute certainty. The bullet is, how- | cutters with several cutting or knife edges set at an angle 
French and Germans use a 4-groove section with good | ever, large enough to fill completely the grooving for about | and following one another in the manner of a single-cut 
results when the ammunition is suitable. Vig. 12 illus- | half its length. Accuracy of the grooving in depth and | file or float. The feed is put on and taken off automati- 
trates four forms of bullet. It is worth while noting here | pitch is essential to good shooting, and much care is | cally, and the cutter-bar moves rapidly with a light feed. 
the small depth of rifling which suffices to impart to| bestowed upon the rifling to secure this. In British | Similar machines have been tried at Enfield, but did not 
these bullets a very high velocity of rotation. Some of |small-arm factories the system of planing out each | give as perfect and smooth a cut as the slower moving 
the explosives tried give a muzzle velocity of 2250 ft. per | groove separately with a hooked cutter is followed, and | single-tooth machines, These, with their hooked cutter, 


he grooves are ploughed out by 
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attack the metal at the most favourable angle, and bring 
out a cutting of good thickness, leaving a smooth surface 
that requires little further finishing. A few passes of a 
lead lap fed with fine emery remove any burr that may 
remain, and complete the polish. The earliest rifling 
machine in Great Britain of which the author has any 
knowledge, was designed and constructed by his father 
about sixty years ago, and was in use until 1862, when it 
was replaced by one of the type now used at Enfield. 
This old machine worked on the same system as those 
mentioned above, which file or float out the grooves rather 
than plane them. Lapping the bore after rifling, or to 
renew the surface in case of rust or injury, is effected in the 
vertical machines (Figs. 14 and 15, page 823). Five barrels 
are treated at once. The necessary rotary motion is given 
to the rods that carry the laps by means of a rack and 
pinion movement and a guide-bar on which a groove has 
been cut in the requisite spiral. This first lapping after 
rifling still leaves the lands of the grooving about 0.001 in. 
under gauge. A cylindrical lap spinning rapidly is then 
passed through, and gives the final finish to the lands. 
The limits of gauging are from 0.303 to 0.305. 

Breech Mechanism. — The breechloading mechanism 
comes next in importance to the barrel, and there are few 
mechanical contrivances that have received more attention 
than this at the hands of inventors. At all times since 
the invention of fire-arms, attempts have been made to 
supersede loading at the muzzle by loading at the breech. 
The penetrating and destructive character of the flame of 
ignited gunpowder, and the fouling produced by it, led to 
the abandonment of all these attempts until, within the 
last fifty years, the invention in France of cartridges con- 
taining their own ignition, and serving as valves to 
effectually hinder the escape of any gas at the breech, 
rendered practicable the application of breechloading to 
all kinds of fire-arms. Cartridges of this type, drawn or 
punched up from a solid blank, are now universally 
employed in military rifles; although, so lately as the 
Franco-German War, the combatants on both sides used 
paper cartridges that were not extracted whole after 
firing, were partly consumed in the gun, and did not 
entirely prevent escape of gas at the breech. Improved 
metal and methods of drawing it have popularised the 
solid drawn brass case which has now made its way even 
into artillery of considerable calibre. Generally speaking, 
the metallic cartridge solves the great difficulty of 
breechloading by dispensing with a close joint. It is now 
sufficient to support the base of the case, so that longi- 
tudinal stress may not be thrown on the cartridge case 
and cause its fracture. If this is secured, the joint is 
bridged over by a sufficient thickness of metal to close and 
seal it effectually. It would be outside the scope of this 
paper to trace the various systems of breechloading 
military arms. Three strongly contrasted types have 
been used in our army rifles—viz., the Snider, the Martini, 
and the Lee. The latter name is not, however, used to 
designate the pattern of breechloading, but rather the 
system of magazine or repetition mechanism. The Lee 
has, as to its breech-closing, a bolt action, with many 
features in common with numbers of other bolt actions. 
The details have been worked out to suit the particular 
cartridge and magazine adopted, and the limiting con- 
ditions are compactness and lightness on one side, and 
high stresses on the other, owing to the ballistic efficiency 
aimed ab. 

Velocities and Pressures.—A velocity of 1800 ft. per 
second was first proposed; and it was found, with the 
explosives then available, that to attain this it was neces- 
sary that the bolt should stand a pressure of 18 tons per 
square inch very suddenly and frequently applied. 

Experimentally, higher velocities than this were 
attained, but with pressures increased in a dangerous 
degree; and, in fact, the breech action was only designed 
to bear a working pressure of 18 tons per square inch— 
the proof pressure being 24 tons. The invention of 
Nobel’s ballistite and Abel’s cordite was a step in ad- 
vance; as these gave a high velocity, with a marked 
reduction, not only in the maximum pressure on the bolt- 
head, but in the percussive application of that pressure 
which occurred when compressed pellets of black powder 
were used. With cordite, the pressure rises more 
gradually than with black powder, and the acceleration 
of the bullet continues to the muzzle. This may be 
roughly stated as follows : 

Velocity. Pressure. 


ft. per sec. veg: 
Compressed black powder 1850 18 
Cordite ... ee Rs 2050 14 


The task of the gunmaker is naturally lightened by this 
excellent quality of the smokeless explosive; the margin 
of safety in the magazine rifle is largely increased, the 
play of the mechanism made more easy, and its life 
greatly prolonged. It must be borne in mind that porta- 
bility is of such importance in military small arms that 
the dimensions must be restricted so as to keep within 
the desired weight; whilst, on the other hand, the 
exceedingly rough usage to which they are subjected 
demands great strength in all the parts. 


(To be continued.) 


AUSTRALASIAN PopuLtation.—The population of the 
various Australasian colonies at the close of 1892 was esti- 
mated as follows: New South Wales, 1,197,050; Vic- 
toria, 1,167,329 ; Queensland, 421,297 ; South Australia, 
336,702; Western Australia, 58,674; Tasmania, 153,144 ; 
and New Zealand, 650,433. The increase of population 
in each colony last year was: New South Wales, 31,750 ; 
Victoria, 9525; Queensland, 10,952; South Australia, 
10,936 ; Western Australia, 5389; Tasmania, 525; and 
New Zealand, 16,375 ; total, 85,452. 
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HYDRAULIC LIFTS. 

Av a meeting of the Society of Engineers, held at the 
Town Hall, Westminster, on Monday evening, June 5, 
1893, Mr. William A. McIntosh Valon, J.P. (President), 
in the chair, a paper was read by Mr. Robert Carey on 
“Hydraulic Lifts,” 

The author commenced by observing that there were 
lifts or elevators in endless variety, and they were of im- 
mense importance for business and other purposes. The 
safety apparatus as applied to liftsis a feature of interest, 
and a considerable amount of ingenuity has been ex- 
pended upon it. Power lifts driven by belts from pulleys 
on shafting may be used for almost any purpose ; they 
are generally constructed with worm and wheel gearing. 
Continuous passenger lifts should be more frequently 
used. They are very convenient, and there is no waiting 
for the cage. It is doubtful whether electric lifts will 
ever be as safe and smooth running as the almost perfect 
hydraulic lift. Of all lifts the most important is the 
passenger lift, and nothing at present equals water under 
pressure for working them. Theauthor divided hydraulic 
lifts into two broad classes—direct-acting and suspended. 
He then pointed out the advantages of balancing cylinders 
for direct-acting lifts, and gave a description of a direct- 
acting lift with a cylinder bored and fitted with piston, 
and having no overhead gear, which afforded great safety. 
He then observed that suspended lifts, on account of 
greater cheapness, were becoming more common. When 
the cage is suspended by four wire ropes, the question 
arose, should one rope do all the work, or should all do 
equal work? If only one rope breaks out of four, no great 
harm is done. 

Entrance doors or gates were considered, and their con- 
ditions of safety as to whether they should open andclose 
automatically. The author advised locking the starting 
rope when the entrance door was open. He also recom- 
mended the inspection of passenger lifts by Government 
inspector, to avoid the dangers attending cheap made 
lifts. Special attention was drawn to hydraulic lifts and 
cranes, which automatically apportioned the quantity of 
water used to the weight raised. The author described 
valves for such lifts or cranes automatically adjusting the 
power of the machine. He observed that the speed 
should be under the control of the attendant, as well as the 
stopping and starting. He stated that the actual saving 
of water by a lift of this kind has been 828.3 gallons per 
day, or about 58 per cent.; ordinary jigger used 1430.5 
gallons per day, water-saving jigger 602.2 gallons per 
day. He observed that the most economical arrangement 
was to stop the power-setting valve from going into larger 
power when the lift commences to move. There is great 
safety in a machine of this kind, and the arrangement 
can be adopted to balancing cylinders for direct-acting 
lifts. The author pointed out that arrangements suitable 
for lifts were not practicable for cranes, and he described 
certain arrangements which weresuitable. He explained 
that the cost of production was not much in excess of the 
ordinary form of jigger if special tools were employed. 
Several water-saving lifts were referred to, and their 
advantages and disadvantages pointed out. The author 
also described a low-pressure suspended lift, and referred 
to a curious old patent specification, dated 1802, which 
described the same thing. 


Tur Exvpe-TRAvVE CaANAL.—The municipal authorities 
of Ltibeck have now succeeded in completing the arrange- 
ments for the construction of the iiibeditnave Canal, 
which is looked upon as an absolute necessity for the old 
town as a counter-move against the North Sea-Baltic 
Canal. Liibeck will build the canal, which will cost over 
1,100,000/., for her own account, but Prussia is to contri- 
bute 375,000/. towards it. 


A New Frencu Exucrric LichrHouse.—The Govern- 
ment Commission, which has been considering the best 
place where to build a large lighthouse, for which Mme. 
Davoust d’Ekmiihl several years ago left a large sum of 
money, having recommended Penmarch at Finisterre, 
the work will soon be taken in hand. The engineers are 
MM. Bernard and Bourdelles. The lighthouse will have 
a height of 210 ft., and will be lighted by means of elec- 
tricity, so that it can be seen at a distance of close upon 
20 miles. It wild be built entirely of granite, and will be 
fitted with a fog-signalling appliance. The total ex- 
penditure is calculated at some 18,0007. The lighthouse 
will be ornamented with a bronze statue of Marshal 
Davoust, the father of the donor. 


Toe New Kret Harsour.—Endeavours have for 
several years been made to improve the harbour accom- 
modation at Kiel, so that the town may derive some 
benefit from the North-Sea Baltic Canal, which will be 
opened in 1895. The canal enters the Kiel Firth about 
two miles from the centre of the present harbour, and 
the various plans comprise the building of a new harbour 
at the Wiker Bay, quite close to the mouth of the canal. 
A municipal committee was appointed in 1889 for the 
purpose of framing a complete plan; it has been assisted 
by Mr. Andreas Meyer, who has bnilt the Hamburg Free 
Harbour. The harbour, according to the now completed 
plan, will cost 800,000/., and comprise two basins, of which 
the southern will be 500 ft. broad and 1750 ft. long, whilst 
the northern will be 280 ft. broad and 1100 ft. long. The 
quays will have an aggregate length of 13,500 ft. 
Although, Kiel has grown considerably of late, the ex- 
pense will be too heavy for the town alone, so Prussia and 
Germany will be appealed to. No State help can, how- 
ever, be counted upon till the undertaking has been 
actually taken in hand, and the corporation will there- 
fore have to decide whether the first vote of 165,000/. for 
the south harbour can be voted. 
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LAUNCHES AND TRIAL TRIPS. 
TuHE Vulcan, new torpedo dépdét ship, which had pre- 
viously been fitted with distillers, made a trial at Ports- 
mouth on Monday, the 29th ult., of a set of Weir’s evapo- 
rators, with which she has recently been provided, The : 
trial was satisfactory, the apparatus being able to supply - 
60 tons of water a day. 


On Tuesday, the 30th ult., Messrs. Wigham, Richard- 
son, and Co,, Newcastle-on-Tyne, launched a steel screw 
steamer named the Glengariff, which they are building to 
the order of the City of Cork Steam Packet Co., Limited, 
of Cork, for their passenger service between Cork and 
Liverpool. The steamer is 275 ft. in length by 35 ft. beam, 
and is elaborately fitted up with every convenience for 
first and second class passengers. The engines are of the 
triple-expansion type, and they, together with the boilers, 
have also been constructed by Messrs. Wigham, Richard- 
son, and Co, a 


On Wednesday, the 31st ult., the steam trawler 
Egyptian left the Cleveland dockyard of Sir Raylton 
Dixon and Co., Middlesbrough, for the trial of machinery, 
&c., a speed of 11 knots having been obtained. The 
principal dimensions are: Length, 107 ft. 8 in. ; beam, 
20 ft. 5in.; depth moulded, 11 ft.8in. The engines 
have been fitted by the North-Hastern Marine Engi- 
neering Company, Limited, of Sunderland, the cylinders — 
being llin.,17 in., and 28in., by 21in., with a large 
steel boiler working at 160 lb. pressure. 

The s.s. Hayle, built by Messrs, Harvey and (o., 
Limited, Hayle, Cornwall, for their own trade, had her 
trial tripon Monday, the 29th ult. The vessel carries 380 
tons. The engines, which have been constructed by 
Messrs. Harvey and Co., Limited, are on the tri-compound — 
principle, with cylinders 15in., 23in., and 38in. in 
diameter by 30 in. stroke. Steam is supplied at a pres- 
sure of 160 lb. per square inch from one large steel boiler 
13 ft. 6in. in diameter by 10 ft. long. The trial showed 
that a mean speed of 10f knots had been attained, the 
engines working at 102 revolutions per minute, and indi- 
cating 576 indicated horse-power. ; 


Coat In NEWFOUNDLAND.—A new railway across New: — 
foundland will traverse extensive coal fields recently dis: 
covered. 

AMERICAN RaiLtRoADs.—In the course of last year 4015 
miles of new railroad were laid in the United States. The 
following States each built last year 200 miles of rail- 
road and upwards: Michigan, 224 miles; Missouri, 238 
miles; New York, 260 miles; Ohio, 200 miles; Penn- 
sylvania, 275 miles; Texas, 282 miles; Washington, 467 
miles; and West Virginia, 201 miles. The Pacific exten- 
sion of the Great Northern Railroad figured in the 
general total for 588 miles. 

Souru ArricaANn GoLtp.—The steady increase in the pro- 
duction of South African gold is forcibly illustrated by 
the following figures showing the output of the Wit- 
watersrandt district during April in each of the last six 
years: April, 1888, 15,858 0z.; April, 1889, 27,136 0z.; 
April, 1890, 38,799 oz.; April, 1891, 56,371 0z.; April, 
1892, 95,562 oz,; and April, 1893, 112,053 oz. It will be 
seen that the production has doubled during the last two 
years. 


Russtan Rattways.—The South-West Russian Railway 
Company is considering the advisability of constructing a 
direct line from Kiew to St. Petersburg. Such a line 
would establish the most direct route between the 
Russian capital and Odessa, as well as the south of Russia 
generally. The question of the construction of a line 
between Taschkent and Samarcand has been decided on in 
principle. The only point remaining to be settled is 
whether the construction of the line shall be intrusted to 
the Minister of War, the Minister of Means of Com- 
munication, or to a private company. 


EASTERN OF FRANcE Rattway.—The capital expended 
by the Eastern of France Railway Company to the close 
of 1892 was 75,480,1962. Rolling stock figured in this im- 
posing total for 10,755,2817. The revenue collected last 
year was 5,766,187/. The number of passengers carrie 
in 1892 was 46,642,540, as compared with 41,055,509 in 
1891. The movement of goods last year amounted to 
14,223,643 tons, as compared with 14,194,492 tons in 1891. 
The number of locomotives owned by the company at the 
close of 1892 was 1339; the company also owned 3137 
passenger carriages, and 29,797 goods trucks. 

Tue Zone TARIvr ON THE HUNGARIAN RAILWAVS,— 
The Hungarian Government has recently given expres 
sion toits satisfaction with the zone tariff. During 1892 
the receipts for the passenger traffic amounted to 
19,700,000 gulden, or about 2,000,0002., which is quite 
100,0002. in excess of the previous year. The number of 
passengers during 1892 was 27,400,000, which shows an 
increase of 3,000,000 as compared with the previous year. 
In connection with this it may be stated that the excess 
over last year had already been reached in August, bub 
the traffic was smaller during the last four months of the 
year, partly owing to the cholera, and partly on account 
of the severe winter. The zone tariff has brought about 
an increase in the traffic on almost all the lines. ‘The ex- 
penses have not by a long way increased proportionately 
with the increase of traffic. The goods tratlic receipts 
were 524 million gulden—about 5,250,000/.—in 1892, which 
shows an increase of over 200,0001, as compared with the 
previous year, , 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compirep By W. LLOYD WISE. 


STRACTS OF RECENT PUBLISHED SPECIFICATIONS 
ae A UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings ts stated 

in each case; where none are mentioned, the Specification is 
t illustrated. 

Where Inventions are communicated from abroad, the Names 
&c., of the Communicators are given in italics, 

Copi Specifications may be obtained at the Patent Ofice 
ale aco 38, OES Chancery-lane, E.C., at the 
niform price of Sd. 

The ae of the 15 a EE of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Ofice of oprosition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


5340. R. Lundell and E. H. Johnson, New York, 
U.S.A. Electric Motors. [4 Figs.) March 11, 1893.—This 
invention relates to alternating current electric motors, and the 
object is to provide a motor which is self-starting ; to regulate 
the magnetic pull upon the movable part corresponding to the 
demand upon that part, and to provide means for reversing the 
direction of the movable part. The current mains w run toa 
distant alternating current generator, and are connected directly 
by a conductor to the field-magnet coils F of the motor, the 
laminated field-magnet core C having inwardly projecting pole- 
pieces P, Pl. The armature A is made of laminated toothed discs 


carried by the axis A! and wound like a Gramme armature, each 
section of which is connected to au individual commutator strip. 
The stationary current-collecting brushes B are permanently 
secured in alignment with the central line of the field-magnet 
poles P, P!, their inner ends resting directly upon the commu- 
tator, while their outer ends are connected to shunt circuits of 
low resistance which are joined to the outer ends of a pair of 
independent movable current-collecting brushes B! located just 
outside the fixed brushes B, so that they may be rotated to any 
desired position and in either direction. (Accepted April 26, 


1893). 
; MINING AND METALLURGY. 


19,600. J. Buchanan, Liverpool. Charging Fur- 
maces with Metal. [6 Figs.] November 1, 1892.—This 
invention relates to means for charging open-hearth furnaces 
with pig or scrap iron, &c. A trolley 60 carrying a tray 59 con- 
taining the metal to be deposited in the furnace, is run in front 
of the apparatus, and the ram 49 caused to advance until the 
horns 57 enter the lugs 58 of the tray and the rake is in position. 
The hydraulic cylinder is then tilted on its horizontal axis to lift 


the tray off the trolley, and the ram is advanced until the tray 
is the proper distance within the furnace. The frame is then 
moved on its vertical axis to bring the tray over the hearth to one 
side of the centre of the furnace. The hydraulic cylinder is now 
tilted, if required, on its horizontal axis so as to bring the tray 
close to the hearth, and the rake or pusher is secured in position 
by wedges. The ram and tray are then withdrawn until the metal 
is laid on the hearth, after which the rake is released and the parts 
return to their normal positions. (Accepted April 26, 1893). 


RAILWAY APPLIANCES. 


1840. T. E. Dean, Tyldesley, Lancs. Electric Sig- 
Malling on Railways. [1 Fv.) January 27, 1893.—The 
object of this invention is to give a continuous automatic signal 


which comes into operation immediately upon the entry of a 
train or vehicle upon the local section of a railway, and continues 
in operation until it has left it. At the point near where the 
trains enter the local section a contact-making device A is 


‘ 


arranged, by which an electric circuit is closed upon the paseage | 


of a locomotive. The electric circuit 1 includes an electro-magnet 
or relay B, and a normally closed switch C, situated at the end of 
the local section, and is opened by the passage of a train as it leaves 
the section, The electric circuit 1 is short-circuited through a 
branch D controlled by the relay B, the short circuit being nor- 
mally open. Upon the entrance of a train upon the local section, 
the circuit 1 is closed for an instant, thus energising the relay, the 
armature E of which being attracted, closes the short circuit D, 
the circuit through B and C consequently remaining closed. It 
also opens and closes a second circuit 2, in which the bell is in- 
cluded. When there is notrain A is open and C closed, and the 
contacts controlled by the armature E are open. When the train 
arrives at the end of the section, it operates the contact C, opening 
the circuits 1,2. The momentary opening of the contact C is 
sufficient to de-energise the magnet B when its armature is pulled 
over by a light spring. Both the circuits 1, 2 remain open until 
closed again at A. (Accepted April 26, 1893). 


16,558. W. Baker, Halifax. Signalling on Rail- 
ways. (6 figs.) September 16, 1892.—This invention relates 
to railway trains fitted with a vacuum brake for signalling on 
railways in foggy weather, &c., and to the automatic stopping of 
trains whenever the signal is against them. When the signal is 
put against an approaching train, the elevating bar K is simul- 
taneously raised into position, and immediately the engine and 
train pass over the same, the pulley J upon the rod C comes in 


Fig. 1. 


Wa 


contact with the elevating bar (Fig. 4), lifting the rod C, which 
having a collar bearing against the lever of the vacuum brake, 
raisesit, admitting air immediately, and if the apparatus is fixed 
to the engine and the two vans, gives three distinct applications 
of the brake. Directly thesignalis taken off, the elevating bar is 
released simultaneously with the ordinary signal (Fig. 3), the arm, 
pulley, and other connections J passing over untouched. (Ac- 
cepted April 26, 1893). 


STEAM ENGINES AND BOILERS. 


4651. J. Partington, Bradford, Yorks. Steam 
Boilers. [4 Figs.] | March 3, 1893.—The object of this inven- 
tion is to apply forced draught to horizontal or vertical boilers. 
Across and about the middle and front of the furnace isa horizontal 
pipe, each end being fastened to the inside of the furnace. A 
water pocket B is secured to the top of the furnace, the bottom 
coming down about two-thirds and straight across. Tubes C con- 
nect the water-box and the water tube A, the ends that go into 
the tube being lower than the ends in the water-box B. An arch 
of firebrick is built at the bottom of the water-box for protection. 
At the front end of the furnace are inlets, below the cross-water 


pipe, through which a blast of air or steam can be forced. Under- 
neath these inlets is a door which is at the bottom of the furnace, 
and through which clinkers are withdrawn. The boiler is fed 
with fresh fuel through the upper door G, the fuel falling on the 
top of and between the water tubes C into the water space below, 
so that when the furnace is lit from the bottom and the blast 
comes in through the openings in the front and underneath the 
tubes, the coal is thorougly ignited from the bottom, and as 
fresh fuel is passed in through the upper door it meets the heat, 
and the smoke and gases generated pass through the fire and 
are burnt. (Accepted April 26, 1893), 


MISCELLANEOUS, 


10,557. J. McNeil and H. W. Aitken, Govan, 
Lanarks. Sugar-Cane Mills. [4 Figs.) June 3, 1892.—In 
sugar-cane mills, according to this invention, supplementary cheeks 
Aare provided to hold a preparatory pair of rolls B in position 
so that the canes may pass between them, and in a downwardly 


inclined direction towards the first bite of the ordinary rolls C. 
These supplementary cheeks A rest partly on lateral pedestals D, 
to which they are bolted, and which are themselves bolted (Fig. 1) 
to a separate transverse bedplate E, placed at the end of the mill. 
The supplementary cheeks A are formed with inclined ordinary 


three rolls C, The supplementary cheeks A are formed with 
inclined recesses Al, to receive the bearings B! and B?2 of the pre- 
paratory rolls B, the bearing B! of the higher roll being adjust- 
able by means of a screw B?, whilst covers B+ with overgripping 
ends retain the bearings in the recesses and assist in binding the 
parts together. (Accepted April 19, 1898). 


7422. J. Temperley, Reigate, Surrey. Loading 
and Unloading Vessels. [3 #igs.] April1¥, 1892,.—In this 
invention the yard is kept fixed in position and a beam is sus- 
pended fromit, this beam extending transversely across the vessel 
over the hatchway, and also over the yuay or barge, on either or 
both sides of the vessel, and being inclined to the vertical. This 
beam B is provided with a travelling carriage C, with tackle which 


can be run along it, so that goods raised from the hold can be run 
out and lowered on to the quay or barge, or the reverse operation 
carried on. The beam is so arranged that by canting it into an 
inclined position it can form the framing of an elevator E, having 
attached to it for this purpose the wheels and chain of buckets, so 
that material such as grain can be dealt with for loading or un- 
loading. (Accepted April 19, 1893). 


7010. A. Boulet, Paris. Plough. [2 Figs.] April 12, 
1892.—The plough is fitted with a stop chain with double mould 
board. The first pinion A is operated by the crank handles P, and 
acts upon the larger cogwheel B, to which is attached a second 
pinion C, which operates the second cogwheel D. On the axle of 
D is fixed the chain pulley E, this pulley being of varying size 
according to the required length of furrow. Fis another pulley 
with smooth hollow periphery, which serves to guide the chain 
X on to E. Gis another chain pulley from the top of the sup- 
port J, over which the chain X passes to raise it above the 
stocks of plants when necessary as it travels over the pulley H. 


From the pulley H the chain descends to the ground at the exact 
position where the second furrow will be made. The arm K is 
movable in a space extending right and left, so that it is adjustable 
for either side, Lis an adjustable back wheel which facilitates the 
passage of the plough. O isacoil tension spring acting on the 
chain X by means of a pulley, the chain being thus held firmly in 
the chain prints of the pulley E. The support S binds a part of 
the frame Q tothe handles of the plough. T is a guide for the 
chain in front of the plough; V is a stay-bar supporting the 
vertical rod J. Through the eccentric the rod Z imparts to 
the lever a tangential movement which is communicated to the 
end of the share of the plough. (Accepted April 19, 1893). 


22,316. R. Clegg and J. Holt, Oldham, Lancs, 
Self-Acting Mules and Twiners. [2 Figs.| December 6, 
1892.—This invention consists in an arrangement for easing the 
yarn during the backing off operation, and for allowing the weight 
of the salmon-head levers to go on gradually and smoothly at the 
commencement of the inward run. A bracket ¢ is fitted loosely 
on the counterfaller-shaft c, on which isalso fitted another curved 
arm f connected to the arm e by a spring whose tension is ad- 
justed by a screwed stud and a wing-nut which bears upon the 
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upper side of thearme. To the free end of this arm is pivoted 
a lever h, which passes through and is guided by a bracket secured 
to the mule carriage, and to the foot of this rod a bracketj with a 
curved foot is adjustably secured, this bracket, when the carriage 
approaches the end of the outward run, coming upon and mount- 
ing an incline secured to a bracket / fastened to the floor. As 
the foot of the bracket rises on the incline, it lifts the rod h, which 


at the same time pushes the arm e upwards, thereby extending 
the spring, which tends to turn the counterfaller-shaft and push 
down the counterfaller, thus offering a resistance to the rise 
of the counterfaller, and so rendering its action smooth and 
steady. As the carriage commences its inward run, the curved 
end of the bracket gradually leaves the incline and allows the 
weight of the salmon-head levers to come on tothe yarn smoothly 
and gradually. (Accepted April 26, 1893). 


1270. B. Hewitt, Birmingham. Shells, Vessels, &c, 
[10 Figs.] January 20, 1893.—This invention relates to machinery 
for the manufacture of shells, &c. Four horizontal mandrils are 
mounted, so as to havea reciprocating motion. At each end of 
the bed a vertical head H is fixed through which the ends of the 
mandrils F pass, thus keeping the latter steady. A die-box d' is 
mounted on the outside of the head, so as to form a pressure 


plate E, and between this box and the heads the blanks B are 
placed, the two being tightly clamped together, so that as it 
is forced through the die D by the mandril it is made to form a 
sleeve onit. By pivoting the combined die-holder and pressure 
plate, the articles can be bumped out of the die, while it and the 
pressure plate retain the tubes or vessels in position during the 
time that the mandrils are being withdrawn. (Accepted April 26, 
1893). 


2371. E. Paulus, Graetz, Prussia. Potato-Digging 
Machines, [10 Figs.) February 2, 1893.—This invention con- 
sists of a potato-digging machine in which the walls of the rake 
drum 5, arranged between the share 2 and the rocking grate 13, 
extend nearly as far as the outer points of the rakes 7, and thus 
laterally close the space between two adjoining rakes on the one 
side, while on the other the side of the trough-shaped share 2 
rises slightly at the rear towards the walls of the rake drum 5, 
so that the potatoes raised by the share cannot drop off at the 
sides of the machine, whether just issuing from the share or 


being moved on by the rakes. The frame carrying the share 
rake drum and rocking grate is connected with the fore carriage 
by a beam 34, so that the latter is allowed to turn upon its 
longitudinal axis a given extent in the frame for the purpose of 
preventing the front car having too much play on its axis when 
the ground is uneven. The transmission of the rotary motion of 
the rear wheel 12 to the drum 5 can be effected or arrested, as the 
rear wheels are coupled with their axle 11 by clutch discs 28, 30, 
mounted on a square part of the axle, the clutches 30 engaging 
in openings of the rear wheels. (Accepted April 26, 1893). 


5530. H. Koll, Hamburg, Germany. Brake for 
Cranes, &c. [2 Figs.) March 14, 1893.—The brake disc b fixed 
to the shaft a is provided on its inner side with two weights c turn- 


ing the necessary pressure within the tank. The dynamo Dis 
operated by the storage battery B, and a switch lever is pivoted 
in the path of the current from the dynamo, a valve stem 46 
being loosely connected to the switch lever, and passing through 
a nut 44 and through a central opening of a rib 45, a coiled sprip, 
47 encircling the stem. A valve is connected to the stem 46, and 
communicates with a chamber, a pipe leading from the stor re 
tank to this chamber for conveying air to it and operating oe 
valve, stem, and switch. A pinion is mounted on the driv: 
shaft of the dynamo, and gearing for operating the latter. 
(Accepted April 26, 1898). oF hie 


5447. J. R. Haydon, Cleveland, Ohio, U.S.A. Sub. 
marine Boat. [4 Figs.) March 14, 1893.—This invention 
relates to a submarine boat constructed of steel plates and 
capable of being raised or Jowered any distance by the 
operator, Within an airtight casing with conical ends ig a oy: 


playing in guides in the sliding block of the coupling piece gy, A 
third angle lever h is also attached to the sliding block, and is 
pivoted to a support p, its other arm being connected to the 
brake handle & by the connecting-rod 7. (Accepted April 26, 1893). 


5955. F. W. Dick, Jarrow-on-Tyne, Durham, 
Crane Blocks for Suspending “Dogs” or “ Grabs.” 
(1 Fig.] March 20, 1893.—This invention relates to the blocks 
used in connection with ‘‘dogs” or ‘‘ grabs” which are opened or 
closed by a supplementary chain. A hollow pillar is employed, 
forming a prolongation of the crosshead which carries the two 
sheaves, upon which is mounted a double hook, free to rotate 
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around the axis, and from each hook a chain is attached to one 
of the lever arms of the dogs, which can then be twisted into any 
position round the axis of the hollow pillar. The supplementary 
chain passes upward through the hollow pillar and crosshead to 
the crane, and as its axis is coincident with the axis of rotation of 
the hooks, no fouling of the crane chains can take place, (Ac- 
cepted April 26, 1893). 


11,657. J. Barr, Kilmarnock, Ayrs. Float Valves. 
(5 Figs.) June 22, 1892.—The discharge outlet A from the valve- 
box B is downwards, the valve C closing vertically downwards on 
an internal seat C! fitted in the valve box. Formed in one piece 
with the valve C is a piston C2, which, with a cup-leather packing 
C3, works in a cylindrical chamber formed in the upper part of 
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linder 3, the casing having an opening 9 in communication with 
the middle of the cylinder. Two pistons 4,5 are arranged 
within the cylinder and are operated by a right and left screw rod 
6.7 conjointly with the gear and motor, whereby a volume of 
water is admitted or forced out of the cylinder for sinking or 
raising the boat. (Accepted April 26, 1893). ; 


5514. C. F. Fogg, New York, U.S.A. Air Com: 
pressors. [3 Figs.] March 14, 1893.—The object of this in- 
vention is to compress air by centrifugal force alone without the 
aid of any leverage. The disc B is made to revolve by the ap- 
plication of power to the shaft D bya pulley. As the disc revolves, 
air rushes into the cylinder H through valves 8, and when com- 
pressed through the egress valves T into the air chamber U, 
thence into the air passage V, into and through the hollow shaft 


the valve box B, this piston causing the valve to be in equili- 
brium. The valve C has fixed on it an eye-stud E which is jointed 
to a link connected at its other end to the float lever, the upper 
chamber D in which the piston works being open through and 
large enough to allow of the valve being withdrawn through it. 
(Accepted April 26, 1893). 

3899. C. L. Hett, Brigg, Lincolns. Percussion 
Turbines. [8 Figs.] February 22, 1893.—This invention has 
for its object the regulation of percussion turbines by means of a 
water pressure. The turbine A is fitted with buckets. B are 
the jets, C the piston valve which covers the ports, D the hy- 
draulic cylinder, E the small valve cylinder, and F the small 
valve operated either by a governor or by hand, The screw G 


D, out at w. The centrifugal force throws the weighted plungers 
towards the periphery of the disc, thereby compressing the air 
in the cylinders, and when this air is under pressure equal to the 
centrifugal force of the weighted plungers, the latter are not 
forced against the cushion of compressed air by any leverage, 
but by centrifugal force, and recede easily to the full extent of 
their strokes, the cavities J enabling the slotted connecting rods 
M to enter the plungers. (Accepted April 26, 1893). 


3758. W.S. Doig, Brooklyn, New York, U.S.A. Box- 
Nailing Machines, [11 Figs.] February 21, 1893—The 
table D being at the proper height, with the cam surface D? rest- 
ing on the highest cam surface D3 of a block Dé, the end and 
partition boards are placed in position with one side board 
thereon. The machine is now operated to lower the crosshead 
Bl to force the nails. Upon the ascent of the crosshead the 
block is rotated one step, so that its intermediate cam surface is 


regulates the admission of water to the small valve, and also acts 
as a strainer to exclude any foreign matter which might inter- 
fere with the action of the valve. H is the inlet port, and J the 
ports from which the water is led by the pipes K to the two ends 
of the hydraulic cylinder. Lis the exhaust pipe, and M a small 
handwheel working the valve F by means of a screw. (Accepted 
Ap 26, 1898). 


5935. W.J. Walker and A. L. Bedford, St. Louis, 
Missouri, U.S.A. Compressed Air Motor. [1 Fig.] 
March 20, 1893.—This invention has reference to a motor com- 
prising a storage tank 2 for compressed air, a compressed air 
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engaged by the first cam surface D2. This lowers the table D 
a distance equal to the thickness of a side board. The box is 
now turned, and the bottom board is placed in position and 
nailed. The upward movement of the crosshead now turns the 
block D6 until its lowest cam surface is engaged by the first cam 
surface. This allows the table to lower so that the box can be 
Weekes have the opposite side board nailed on. (Accepted April 
, 1893). = 


UNITED STATES PATENTS AND PATENT PRACTICE. 


Descriptions with illustrations of inventions patented in ths 
United States of America from 1847 to the present time, and 
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ing on spindles d. To these weights are attached angle leverse| motor, a motor operated by an independent source of electrical 
turning on pivots on the Supports f, attached to the disc b, the| energy. An air pump is driven by the dynamo, and pipes lead 
other arms of these levers being provided with forked ends, and! from the pump to the tank 2 for conveying air to it and maintain- 


reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford: 
street, Strand. 3 
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LONDON SOCIETIES—No. XXXIX. 
Roya Instirutron-——continued. 


On January 10, 1861, Dr. Tyndall* sent to the 
Royal Society as the subject-matter of the Bakerian 
Lecture for that year: ‘‘The Absorption and 
Radiation of Heat by Gases and Vapours, and on 
the Physical Connection of Radiation, Absorption, 
and Conduction.”+ On January 18, in the lecture- 
room of the Royal Institution, he exhibited experi- 
mentally to the members the salient points of his 
discoveries. So that on this occasion the unwritten 
law, the Royal Society first, the public afterwards, 
was broken through. The precedent thus created 
has since been frequently followed. 

- The discourse commenced by a reference to the 
researches of Leslie, Forbes, and Knoblauch, but 
more especially to the admirable investigations of 
Melloni on radiant heat.§ These eminent men 


or attraction by the magnet would at once declare 
its fitness or unfitness for use in a galvanometer. 
Fragments of the wire from Berlin were strongly 
attracted by the magnet. The wire furnished by 
Mr. Becker, when covered with its green silk, was 
also attracted, but in a much feebler way. He re- 
moved the green silk and tested the naked wire. 
It was repelled ! Some iron compound had been 
used in dyeing the silk, and to this the deviation of 
the needle from zero was due. Dr. Tyndall had 
the green coating removed and the wire overspun 
with white silk, ‘‘clean hands” being used in the 
process. A perfect galvanometer was the result. 
The needle when released from the action of a cur- 
rent returned accurately to zero, and was perfectly 
free from all magnetic action on the part of the coil. 
Nothing is more easy to be found than diamagnetic 
copper wire. Out of 11 specimens taken at random, 
nine were diamagnetic, and only two magnetic. By 


f 


had left the gaseous form of matter practically un- 
touched. 

Dr. Tyndall had great difficulty in the early stage 
of his investigation in securing a really good and 


accurate galvanometer, and great improvements 
in the construction of this indispensable instrument 
date from and are the outcome of his research. 

It is a matter for regret that Dr. Tyndall’s experi- 
ences have of late years been lost sight of, and that 
galvanometers are continually made having the 
chief defect he struggled to overcome, namely, 
that the astatic needles will not set themselves at 
true zero, but require to be drawn to it by a con- 
trolling magnet. The instrument, under this con- 
dition, of necessity suffers much in point of delicacy ; 
indeed, accurate quantitative determinations are 
unattainable, 

The wire of Dr. Tyndall’s first instrument was 
drawn from copper obtained from a galvano-plastic 
manufactory in Berlin ; but it was, nevertheless, 
not free from the magnetic metals. When the 
needles were perfectly astatic, they deviated as 
much as 30 deg. right and left of the neutral line. 
Through Mr. Becker he replaced this coil with one 
mhioh reduced the lateral deflection from 30 deg. to 

eg. nS 

But even this small residue was a great annoy- 
ance to him, and for a time he almost despaired. 
He knew that Professor Magnus had succeeded in 
obtaining a coil of pure copper wire for his galvano- 
meter, but the labour of doing so was immense.|| 
Previous to undertaking a similar task the thought 
occurred to him that a magnet furnished an imme- 
diate and perfect test as to the quality of the wire. 
Pure copper is ‘‘diamagnetic,”’ hence its repulsion 


* Although Professor of Natural Philosophy at the 
Royal Institution, and so designated in all official docu- 
ments, John Tyndall was almost universally spoken of, and 
to, inthe Royal Institution as Dr. Tyndall ; whereas in his 
latter years Michael Faraday was spoken to as Mr. 
Faraday, and spoken of as Professor Faraday. 

_ + The lecture was delivered on February 7, and pub- 
lished in the Philosophical Transactions, vol. cli., 


page 1. 
{ Royal Institution Proceedings, vol. iii., page 295. 
§ See ENGINEERING, page 635 ante. 
|| ‘Philosophical Magazine,” 1852, vol. iii., page 82. 


the substitution of clean white silk for dyed silk, 
however large the coil may be, the compensator 
may be dispensed with, and a great augmentation 
of delicacy secured. In the form of galvanometer 
devised by Dr. Tyndall (N, Fig. 1), the needles 
are suspended independently of the shade, the 
latter being constructed so as to inclose the smallest 
possible amount of air, the disturbance of aerial 
currents being thereby practically avoided. The 
plane glass plate, which forms the cover of the 
instrument, is close to the needle, so that the posi- 
tion of the latter can be read off with ease and 
accuracy either by the naked eye or by a magnify- 
ing lens. 

It is a well-known peculiarity of the galvano- 
meter, that its higher and lower degrees represent 
different amounts of calorific action. In the in- 
strument, above described, it was found that the 
quantity of heat necessary to move the needle from 
60 deg. to 61 deg. was about twenty times that re- 
quired to move it from 11 deg. to 12 deg. 

In his experiments on radiation through air and 
other gases, Dr. Tyndall at first used a Leslie 
cube with water at such a temperature as to pro- 
duce a deflection of 20 deg. and 10 deg. in succes- 
sion, and then increased the heat till the deflection 
amounted to 40 deg., 50 deg., 60deg., and 70 deg., 
but in no case did the admission of air or any other 
gas produce any sensible change in the position of 
the needle. Now in the case of the small deflections 
above referred to, the needle was, it is true, ina 
sensitive position ; but then the total amount of 
heat passing through the tube was so inconsiderable 
that a small percentage of it, even if absorbed, 
might well escape detection. Hence arose the 
thought of operating, if possible, with large quan- 
tities of heat, while the needle intended to reveal 
its absorption should continue to occupy its posi- 
tion of maximum delicacy. 

At first he used a differential galvanometer* 
with two thermo-electric piles so excited in opposite 
directions that the galvanometer needle was at 
zero, witha ball of hot copper as the radiator. 

By these means he established the fact that air 


and gases did absorb radiant heat, but could not 
obtain exact measurements with so varying a source 
of heat as the copper ball. He resorted to copper 
cubes containing fusible metal, or oil raised to a 
high temperature, and finally had a lamp con- 
structed which poured a sheet of gas-flame along a 
plate of copper ; to keep the flame constant, a gas 
regulator was specially constructed for him by Mr. 
Hulet. It was also arranged that the radiating 
plate should form one of the walls of a chamber 
which could be connected with the air-pump and 
exhausted, so that the heat emitted by the copper 
plate might cross a vacuum before entering the 
experimental tube. With this apparatus he deter- 
mined approximately the absorption of nine gases 
and twenty vapours. 

The reason for making use of high sources of heat 
was that the absorptive power of some of the gases 
examined was so small that to make it clearly evi- 
dent a high temperature was essential. For other 
gases, and for all the vapours, a source of lower 
temperature would have been not only sufticient, 
but far preferable. Finally, Dr. Tyndall adopted 
boiling water as his source of heat, since, though it 
gave greatly diminished effects, it was capable of 
being preserved at so constant a temperature, that 
deflections which, with the other sources, would be 
masked by the errors of observation, became with 
it true quantitative measures of absorption. 

The entire apparatus made use of, and which 
was applied in the experiments of the evening, is 
shown in Fig. 1.* SS!is the experimental tube, 
composed of brass, polished within, and connected, 
as shown in the figure, with the air pump A A. At 
S and S!'are the plates of rock salt which close 
the tube air-tight. The length from § to S! is 4 ft. 
C is a cube containing boiling water, in which is 
immersed the thermometer ¢t. The cube is of cast 
copper, and on one of its faces a projecting ring 
was cast, to which a brass tube of the same diameter 
as S8!, and capable of being connected air-tight 
with the latter, was carefully soldered. 

The face of the cube within the ring is the radiat- 
ing plate, which is coated with lamp black. Thus 
between the cube C and the first plate of rock salt. 
there is a front chamber F connected with the air- 
pump by the flexible tube D D, and capable of being 
exhausted independently of SS". To prevent the heat 
of conduction from reaching the plate of rock salt S, 
the tube Fis caused to pass through a vessel V, being 
soldered to the latter where it enters it and issues 
from it. This vessel is supplied with a continuous 
flow of cold water through the influx tube 7 i, 
which dips to the bottom of the vessel; the water 
escapes through the efflux tube ¢ e, and the continued 
circulation of the cold liquid completely intercepts 
the heat that would otherwise reach the plate S. 
The cube C is heated by the gas lamp L. 

P is the thermo-electric pile placed on its stand 
at the end of the experimental tube, and furnished 
with two conical reflectors, as shown in the 
figure. 

Clis the ‘‘ compensating cube ”’ used to neutralise 
by its radiation the effect of the rays passing 
through 8 S'. This device enabled Dr. Tyndall to 
dispense with the differential galvanometer. His 
thermo-electric pile became the differential instru- 
ment. 

The regulation of this neutralisation was an 
operation of some delicacy. To effect it, the double 
screen H was connected with a winch and screw 
arrangement, by which it could be advanced or 
withdrawn through extremely minute spaces. 

N Nis the galvanometer, with perfectly astatic 
needles, and perfectly non-magnetic coil ; it is con- 
nected with the pile P by the wires ww. 

Y Y is a system of six chloride of calcium tubes, 
each 32 in. long ; Ris a U-tube containing frag- 
ments of pumice-stone, moistened with strong 
caustic potash ; and Z is a second similar tube, con- 
taining fragments of pumice-stone wetted with 
strong sulphuric acid. When drying only was 
aimed at, the potash tube was suppressed. When, 
on the contrary, as in the case of atmospheric air, 
both moisture and carbonic acid were to be re- 
moved, the potash tube was included. 

G G, isa holder from which the gas to be ex- 
perimented with was sent through the drying tubes, 
and thence through the pipe p p into the experi- 
mental tube 8 8! 

The mode of proceeding was as follows: The 
tube S S'and the chamber F being exhausted as 
perfectly as possible, the connection between them 


* See ENGINEERING, page 638 ante. 


* Philosophical Transactions, vol. cli., Plate I. 
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was intercepted by shutting off the cocks m m1. 
The rays from the interior blackened surface of the 
cube C passed first across the vacuum fF’, then 
through the plate of rock salt 8, traversed the 
experimental tube, crossed the second plate S!, and 
being concentrated by the anterior conical reflector, 
impinged upon the adjacent face of the pile P. 
Meanwhile the rays from the hot cube OC! fell upon 
the opposite face of the pile, and the position of 
the galvanometer needle declared at once which 
source was predominant. A movement of the 
screen H back or forward with the hand sufficed to 
establish an approximate equality ; but to make 
the radiations perfectly equal, and thus bring the 
needle exactly to 0deg., the fine motion of the 
screen above referred to was necessary. 

The needle being at 0 deg., the gas to be 
examined was admitted into the tube, passing, in 
the first place, through the drying apparatus. 

Any required quantity of the gas may be admitted, 
and here experiments on gases and vapours enjoy 
an advantage over those with liquids and solids— 
namely, the capability of changing the density at 
pleasure. When the required quantity of gas had 
been admitted, the galvanometer was observed, 
and from the deflection of the needle the absorp- 
tion was accurately determined. 

Up to about its 36th degree, the degrees of the 
galvanometer used were all equal in value ; that is 
to say, it required the same amount of heat to 
move the needle from 1 deg. to 2 deg. as to move it 
from 35 deg. to 36 deg. Beyond this limit the 
degrees were equivalent to larger amounts of heat. 
Dr. Tyndall therefore calibrated the instrument by 
Melloni’s method,* so that the precise value of its 
larger deflections was at once obtained by reference 
toatable. Upto the 36th degree, therefore, the 
simple deflections may be regarded as the expres- 
sion of the absorption. Air of the laboratory dried 
and freed from carbonic acid, produced a deflection 
of 1 deg.; oxygen, 1 deg. ; nitrogen, 1 deg. ; hydro- 
gen, ldeg. The total amount of heat transmitted 
through the tube in these experiments produced a 
deflection of 71.5. Taking as unit of heat the 
quantity necessary to cause the needle to move 
from Odeg. to 1deg., the number of units ex- 
pressed by the above deflection is 308. Hence the 
absorption by oxygen, nitrogen, hydrogen, and 
atmospheric air of the calorific rays amounted to 
about 0.33 per cent. 

This is the feeblest action which Dr. Tyndall 
observed. He made several hundred experiments 
with a view to range these gases in the order of 
their absorptive power, but was unable to do so 
with any certainty. Their proper action is so 
small that the slightest foreign impurity gives one 
a predominance over the other. An examination 
of the whole of the experiments induced Dr. Tyn- 
dall to regard hydrogen as the gas which exercises 
the lowest absorptive power. 

Oxygen obtained from the electrolysis of water, 
and sent through a series of eight bulbs containing 
a strong solution of iodide of potassium, to remove 
any ozone, produced a deflection of about 1 deg. 
The iodide of potassium was afterwards suppressed, 
and the oxygen, plus its ozone, admitted into the 
tube ; the deflection produced was 4 deg. Hence 
the small quantity of ozone which accompanied the 
oxygen in this case trebled the absorption of the 
oxygen itself. + 

In juxtaposition with the above results Dr. Tyn- 
dall demonstrated the energetic action of olefiant 
gas (or ethylene, OC,H,; density, 13.97). The 
needle being at zero, the admission of olefiant gas 
gave a permanent deflection of 70.3 deg. The gas 
being removed, and the equilibrium re-established, 
aplate of polished metal was interposed between 
one of the faces of the pile and the source of heat 
adjacent. The total amount of heat passing through 
the exhausted tube produced a deflection of 75 deg. 
A deflection of 70.3 deg. is equivalent to 290 units, 
and a deflection of 75 deg. to 360 units ; hence 
more than seven-ninths of the total heat was cut off 
by the olefiant gas, or about 81 per cent. 

The extraordinary energy with which the needle 
was deflected when the olefiant gas was admitted 
into the tube, was such as might occur if the plates 
of rock salt had become suddenly covered with an 
opaque layer. Dr. ‘Tyndall projected a stream of 
gas against the rock-salt disc for a considerable 


* Melloni, ‘‘Thermochrose,” page 59, 

+ Dr. Tyndall remarks that this result is in harmony 
with the supposition that ozone obtained in the manner 
described is a compound body, a supposition which later 
researches have converted into a certainty. 


time; there was no dimness produced. The plates 
of rock salt removed daily from the tube usually 
appeared as bright as when putin. Neither was 
chilling an interfering cause. To subject the gas 
to ocular demonstration, he had a glass tube con- 
structed and connected with the air pump. On per- 
mitting olefiant gas to enter it, not the slightest 
dimness or opacity was observed. 

To remove the last trace of doubt as to the pos- 
sible action of the olefiant gas on the plates of rock 
salt, the tin tube referred to at the commencement 
of these researches* was perforated at its centre 
and a cock inserted into it ; the source of heat was 
at one end of the tube, and the thermo-electric pile 
at some distance from the other. The plates of 
salt were entirely abandoned, the tube being open 
at its ends, and consequently full of air. On allow- 
ing the olefiant gas to stream for a second or two 
into the tube through the central cock, the needle 
flew off and struck against its stops. It was held 
steadily for a considerable time between 80 deg. 
and 90 deg. 

A slow current of air sent through the tube 
gradually removed the gas, and the needle returned 
to zero. 

Olefiant gas was admitted to the tube by turning 
the cock once half round as quickly as possible, 
The needle was driven in the first instance through 
an are of 60 deg., and was held permanently at 
50 deg. The quantity of gas which produced this 
effect, on being measured in a graduated tube, was 
found not to exceed one-sixth of a cubic inch in 
volume. 

Dr. Tyndall then removed the tube altogether, 
and both sources of heat were allowed to act from 
some distance upon the thermo-electric pile. When 
the needle was at zero, olefiant gas was allowed to 
issue from a common argand burner into the air 
between one of the sources of heat and the pile. 
The gas was invisible, nothing could be seen in the 
air, but the needle immediately declared its presence, 
being driven through an are of 41 deg. 

As up to this time natural philosophers had been 
taught to regard transparent gases as almost per- 
fectly diathermanous, the foregoing effects were 
witnessed with marked astonishment. 

Dr. Tyndall himself was slow to believe it possible 
that a body so transparent to light as olefiant gas 
could be so densely opaque to any kind of calorific 
rays, and to secure himself against error made many 
hundred experiments before he announced its 
opacity to the scientific world as being due to true 
calorific absorption. 

Having thus established in a general way the 
absorptive power of olefiant gas, Dr. Tyndall 
sought to establish a relation between the density 
of the gas and the quantity of heat extinguished. 
His first experiments failed to show any such re- 
lation. 

An ordinary mercurial gauge was attached to the 
air pump ; the experimental tube being exhausted 
and the needle of the galvanometer at zero, olefiant 
gas was admitted until it depressed the mercurial 
column lin.; the consequent deflection being 
noted, the gas was then admitted until a depres- 
sion of 2 in. was observed, and thus the absorp- 
tion effected by gas of 1 in., 2in., 3in. and more 
tension was determined. 


Olefiant Gas. 


Tension in Inches. Deflection. Absorption. 
1 56 90 
2 58.2 123 
3 59.3 142 
4 60 157 
5 60.5 168 
6 61.0 177 
ef 61.4 182 
8 61.7 186 
9 62.0 190 

10 62.2 192 
20 66.0 227 


Seren times the density gives about double the 
amount of absorption, whereas gas of 20 in. tension 
effects only two and a half times the absorption of 
gas possessing | in. of tension. 

Olefiant gas of 1 in. tension, producing so large 
a deflection as 56 deg., must extinguish a large 
proportion of the rays capable of being absorbed, 
hence the succeeding measures of gas, having a less 
and less amount of heat to act upon, produce a 
continually smaller effect. 

Dr. Tyndall, in subsequent experiments, intro- 
duced an amount of gas so inconsiderable that the 
number of rays extinguished by it was a vanishing 


* See ENGINEERING, page 635 ante. 
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quantity compared with the total number capable 
of absorption. 

OO, Fig. 1, is a graduated glass tube, the end 
of which dips into the basin of water B. The tube 
can be stopped above by means of the stopcock 7; 
ddisatube containing chloride of calcium. The 
tube O O being first filled with water to the cock 7, 
had this water displaced by olefiant gas, and after- 
wards the tube SS’, and the entire space between 
the cock r and the experimental tube, was ex- 
hausted. The cock m being now closed and 7" left 
open, the cock rat the top of the tube OO was 
carefully turned on and the gas permitted to enter 
the tube S S! with extreme slowness, The water 
rose in OO, each of whose smallest divisions was 
equal to j,th of a cubicinch. Successive measures of 
this capacity were admitted into the tube and the ab- 
sorption in each case determined. The Table below 
shows that the absorption is under these conditions 
exactly proportional to the density. A double 
quantity of gas produces a double effect, a treble 
quantity a treble absorption, and so on. 


Olefiant Gas. Unit Measure doth of a Cubic Inch. 


Absorption. 
Measures of Gas. Observed. Calculated, 

2:2, 2.2 
2 4.5 4.4 
3 6.6 6.6 
4 8.8 8.8 
5 11.0 11.0 
6 12.0 ABR 
7 14.8 16.4 
8 16.8 17.6 
9 19.8 19.8 
10 22.0 22.0 
11 24.0 24.2 
12 25.4 26.4 
13 29.0 28.6 

14 30.2 29, 


The length of the experimental tube being 48 in., 
and its diameter 2.4 in., its volume is 218 cubic 
inches. Adding to this the contentsof the cocks and 
other conduits which led to the tube, each Jyth of 
a cubic inch had to diffuse itself through a space of 
220 cubic inches. The tension, therefore, of a 
single measure of the gas thus diffused would be 


about iioooth of an atmosphere, a tension capable of 


depressing the mercurial column connected with 
the pump ,4;th of an inch, or about ;kth of a 
millimetre. aes 

Nevertheless, the absorption produced by this 
minute quantity of gas moved the index of the 
galvanometer through 2.2 deg. 


THE COLUMBIAN EXPOSITION, 

THe InrRAMURAL RatLway. 

IF we look at a plan of the Exhibition in Jackson 
Park, we shall see that the grounds from one end to 
the other are traversed by a winding line of railway 
wholly within the boundaries. This line, which has 
a length of 6} miles, is intended for the transport 
of visitors from one part of the Exhibition to 
another, and there can be no doubt that when it is 
completed, and when the visitors come in the 
crowds that are expected; when, moreover, the 
weather moderates its severity and becomes warm, 
there can, we say, be no doubt that this Intramural 
Railway will be the most popular, the cheapest, and 
the most expeditious manner of getting from one 
part of the vast space to another. For those who 
prefer it, the more costly electric launches and 
wheeled chairs, and the still more costly gondolas, 
gay with the apocryphal fifteenth-century costumes 
of their crews, will be available, but the ten-cent 


visitor is always vastly in the majority, and his’ 


convenience has to be studied before that of any 
other class. It was with this object that the 
electric railway within the grounds was projected, 
and has been carried out with much skill and 
success, and the constant complaints one now 
hears about the fewness of the trains, of which, at 
present, there are only two running, is of good 
augury for the brief but busy future. The power 


station in which current is generated for work-- 


ing the railway, is situated at the south-eastern 
part of the grounds, behind the Agricultural Hall. 
There is a vast area hidden by the magnificent 
facade of this great building, an area that will be 
later on a favourite resort, but over which just now 
walking is difficult in dry weather, and impossible 
in wet. The general idea of those who have 
gleaned their information of this district from the 
plan, is that it is given up to cattle and other 
stock exhibits. Nothing could be more erroneous. 
There are certainly plenty of space and ample 


+ 
ef 
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arrangements for this important department of the 
Fair, but in addition there are a great number of 
other attractions which at present are almost in- 
accessible, so very incomplete and chaotic is this 
corner of the Exhibition. The plan shows the two 
large buildings for leather and for forestry exhibits ; 
both of these will repay several visits in two or 
three weeks, the latter if only to examine the 
splendid display made by New South Wales. The 
little Dairy Building in front is in working order, 
and already there have been given some of the 
demonstrations which Mr. Buchanan, chief of 
the department, intends to continue through the 
summer. In addition there are a number of 
miscellaneous constructions to which we shall refer 
elsewhere. 

The northern and southern ends of the Intra- 
mural Railway are not very far apart ; the former 
is outside the Government Building, the latter 
outside the Agricultural Building. Each end of 
the railway is formed by a circle of 100 ft. radius 
round which the trains run, so that there can be a 
continuous traffic as if it were an unbroken belt 
line. Starting from the Government Building, the 
railway runs past the Fisheries to the extreme 
northern end of the Park, accommodating that 
large and important district filled with the State 
buildings ; turning along the northern boundary, 
it follows the western fence for nearly half its 
length, serving the Women’s Building, the Mid- 
way Plaisance, and the Horticultural Building. 
Near this last named, it is diverted from the 
direct course, and passes over the annexe of the 
Transportation Building, across the main terminal 
railway station of the Exhibition (that behind the 
Administration Building), then, skirting the west 
end of the Machinery Hall annexe, it passes to the 
south of that building, and then with some rather 
sharp curves it attains its most southerly point, 
almost at the extreme end of the Exhibition 
grounds. The total length of this railway, as said 
above, is 6} miles, counted as a single track. 
The rail level is about 25 ft. from the ground, 
raised in a few instances to avoid buildings ; the 
most important instance of this occurs at the Trans- 
portation Building, where a considerable elevation 
was necessary to clear the roof, or rather to give 
sufficient headway for the annexe. Incidentally it 
may be remarked that the line thus contributes a 
quite important exhibit to this department, illustrat- 
ing the manner in which trains may be run almost 
continuously over even temporary buildings with- 
out causing inconvenience from noise or vibration. 
It is true that the trains are very light, but so is the 
building over which they run, and the speeds that 
are attained are relatively considerable. Of course 
at this place the foundations are of a much heavier 
character than usual, and are made quite inde- 
pendent of those of the Transportation Building. 
As said already, a somewhat steep grade on each 
side raises the line to the necessary height at 
this place, but elsewhere it may be assumed as 
being practically level. The curves, however, 
are numerous and very sharp in some cases, the 
smallest being 100 ft. radius ; where these occur 
the superelevation of the outer rail is 5} in. 

The constructive features of the line are essentially 
temporary and cheap, with due regard to safety. 
The structure consists of light iron girder work sup- 
ported on timber trestles placed at short distances 
apart; in the more important locations of the 
grounds, some attention has been paid to appear- 
ances by a moderately careful finish of the timber 
work, but for the most part thisconsists of rounded 
timbers somewhat roughly braced together. So 
far, then, as this part of the work is concerned, there 
is but little to comment upon. The stations are 
numerous, and, while quite commodious and well 
arranged, give ample evidence that no money has 
been wasted in their construction. As a uniform 
fare of 10 cents is charged, the traflic is managed 
in the same easy and cheap manner adopted on the 
elevated lines of New York and elsewhere. The 
passenger purchases his ticket and immediately 
afterwards drops it into a glass receptacle, where it 
is destroyed by an attendant, who allows the pas- 
senger to go through the barrier; or tickets may 
be purchased in quantity if desired. Although so 
widely differing from the Liverpool Electric Rail- 
way, there are some curious points of similarity 
between that work and the Intramural line at 
Jackson Park. The former is a permanent work, 
and no expense has been spared upon it ; the latter 
is entirely temporary, and cheapness, combined, of 
course, with safety and efliciency, was the chicf 


object in view. But many of the details have 
features in common, although both schemes were 
carried out quite independently of each other. 

Great care has been taken in laying the track of 
the Intramural, as the special conditions of traffic 
would render delays in the service fatal to the use- 
fulness of the undertaking; the same remark 
applies to every important detail of the work, 
which has been completed with as much care as if 
the line were to be permanent. The power station 
is placed at the extreme south end of the railway ; 
it is a large building, as indeed is necessary, for it 
has to contain an extensive installation of boilers, 
engines, and dynamos. The total power available 
is over 5000 horse-power ; steam is generated in a 
battery of five double Babcock and Willcox boilers, 
making ten in all, but except on emergency only a 
part of these will be required, and sufficient margin 
of power has been provided through all the instal- 
lation. There are five engines employed for driving 
the dynamos ; and here the very natural criticism 
will be made, that as an installation, a mistake has 
been committed in selecting engines of different 
types, and of widely different powers, for a station 
where the work will be—not uniform—but almost 
uniformly variable. The answer to this objection 
is, however, a satisfactory one. The engines are 
exhibits, and as such had to be accepted by the 
engineers of the work. Messrs. Allis and Co., of 
Milwaukee, who are conspicuous in the Machinery 
Hall, are also the largest contributors to the power 
station of the Intramural Railway They will have 
two engines in operation, the larger one of from 
2500 to 3000 horse-power, the smaller one of 750 
horse-power. Both are compound condensing 
engines, the smaller one being arranged taidem. 
Another 750 horse-power engine is shown by Messrs. 
Green and Co., of Providence, Rhode Island ; this 
is also a horizontal tandem compound condensing 
engine. A vertical compound condensing engine 
of the same power is sent by the Lake Erie Engine 
Works, of Buffalo. The fifth engine is horizontal, 
also compound condensing, and manufactured by 
Messrs. Macintosh and Seymour, of Auburn, New 
York. For the present we must confine ourselves 
to recording the character of these engines and the 
names of their makers ; on a later occasion we shall 
deal with them in greater detail. It will be seen 
that there is considerably more than 5000 horse- 
power available in the station for generating the 
current ; all the engines are coupled direct to the 
dynamos, except the 750 horse-power by Green and 
Co., of Providence. The working steam pressure 
for the engines in this building is 125 lb. Each 
engine drives a separate dynamo, the general parti- 
culars of which are as follows: That coupled to the 
shaft of the great Allis engine is a 12-polar dynamo 
of 1500 kilowatts ; it is driven at a speed of 75 re- 
volutions. The smaller Allis engine and the Lake 
Erie engine each drive a 10-polar 750 kilowatt 
dynamo at 100 revolutions. The 750 horse-power 
Green engine is employed to generate the current 
in a 4-polar 500-kilowatt dynamo at 350 revolu- 
tions ; this is the only one of the generators driven 
by belting. Finally, the 400 horse-power Macintosh 
and Seymour engine is coupled to a 6-polar 200- 
kilowatt dynamo driven at 150 revolutions. The 
plant is so arranged that a 500-volt current 
is generated throughout, and the whole or any 
portion of it can be delivered through the con- 
ductors by means of the commutator in the power- 
house. It may be mentioned that the installation 
includes a Green’s fuel economiser, supplied by the 
American branch of the English maker’s firm at 
Mattawan, New York. This form of economiser 
appears to be considerably adopted in the United 
States. 

A test efficiency of 92 per cent. of the current 
supplied by the generators, was recorded in the 
trials made upon the line, and in practice it is 
expected that the efficiency will never fall below 
80 per cent., and may be fairly assumed 85. The 
maximum speed imparted to the trains is 28 miles 
an hour, a very high rate considering the numerous 
stops at stations. It may be mentioned in passing 
that the highest speed in regular practice on any 
electric railway in the United States, is on the Cedar 
Rapids line in Iowa, where thirty-two miles an hour 
is regularly attained. When the complete service 
of trains is running on the Intramural Railway, it is 
intended that they will succeed each other at inter- 
vals of two or three minutes; then the whole 
available power of the station might conceivably 
be found far less than would be necessary. Such 
a condition would occur if all the trains had to be 


started simultaneously ; this, of course, would be 
quite impossible; nevertheless it will constantly 
happen that several of the trains will require to 
start at the same time, and there is little doubt 
that 5000 horse-power will be found none too much 
for the service. Current is delivered along the 
whole length of the line through a conductor 
formed of steel rails; it was for a long time con- 
sidered preferable to make use of a copper con- 
ductor, but a number of experiments, and the 
increased cost of copper, caused the engineers to 
adopt steel rails, which are placed on the outside of 
the track instead of in the centre, as in the case of 
the Liverpool Electric Railway. The rail joints are 
made on one side with an ordinary fish-plate, and 
on the other side with strips of copper, the number 
of which is varied according to their distance from 
the power station. The return conductor consists 
of the opposite rail, metallic connection being made 
by rods connecting the rails with the ironwork of 
the viaduct. It may be mentioned in this place 
that the traftic of the line is controlled by an 
automatic block signal arrangement, constructed 
by the Roll Potter Safety Stop Company, of Bos- 
ton. We may refer to this system on a future occa- 
sion; at present it is sufficient to say that if a train 
passes a danger signal, the current is cut off auto- 
matically, and the train is stopped. 

Coming now to a consideration of the trains; each 
will consist of four cars, which, by a curious coinci- 
dence, are of the same length as those on the 
Liverpool railway ; each car, however, seats two 
more persons than those at Liverpool, the drivers’ 
and conductors’ spaces being somewhat curtailed. 
The driver is, of course, placed in front of the 
leading car, and the motors, four in number for 
each train, are mounted beneath his platform. 
Current is taken to the motors by an iron block or 
shoe sliding on the steel conductor ; this shoe is 
hung on links so arranged as always to maintain a 
satisfactory contact. The maximum collective 
power of the motors is equal to 533 horse-power. 
This is required when putting the train in motion 
from a state of rest, it being a matter of necessity, 
for the convenient working of the traftic, to attain 
the highest speed as quickly as possible. The 
driver has under his control a vertical commutator, 
by which a series of combinations of the motors is 
rapidly made as the amount of energy required 
becomes reduced. The series under regular work- 
ing conditions is as follows: To start the train, all 
four motors are switched on in series; they are 
then changed to two in series and two in parallel ; 
finally all four motors are worked in parallel until 
the station is reached and the train is stopped; then 
on the restarting the operations are repeated. 
The inconvenient and even dangerous arcs created 
at the resistances of the commutator are kept within 
practical limits by an application of the Thompson 
magnetic blowing device, in which the current 
forming the arc is deflected by means of a powerful 
magnet, and the arc is thus broken. A small inde- 
pendent motor is mounted on the driver’s platform ; 
this is kept constantly supplied with current to drive 
an air compressing pump for charging the reservoirs 
of the air brakes with which the whole train is 
equipped ; it also supplies the air for the signal 
whistles on the train. The brake system is not 
that of Westinghouse, but belongs to the New 
York Air Brake Company, a corporation of which 
we shall have something to say in another place, 
and which appears to be doing quite a successful 
business. The commutators are also operated by a 
small motor. The cars have open sides, but are 
protected by an awning roof; they have side 
entrances, which are closed by doors sliding within 
recesses in the sides of the cars ; all these doors can 
be opened or closed simultaneously with a lever 
operated by the guard at the rear of the train; 
this official thus conveniently controls the egress 
and ingress of passengers. 

We have attempted in this article only to give a 
general idea of the construction and of the mode of 
operating this very interesting railway. There can 
be little doubt that it will prove successful in its 
working, and may even develop into a commercial 
success ; it is certain that during the hot season 
especially it will prove an inestimable boon to 
crowds of weary passengers anxious to get 
from one part to another of the Exposition and 
grounds. Its financial result, however, is a matter 
of small import compared to its public usefulness, 
and it will be absolutely invaluable in giving ex- 
perience on the very important subject of electric- 
ally transporting large crowds of people at a rela- 
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tively high rate of speed and with the continuous 
succession of trains. Probably the economical 
results of working will not be so good as if more 
uniform and different units of steam power had 
been adopted, but, as we have explained, this was 
impossible, owing to the peculiar conditions under 
which the power station was installed. 

There will be ample opportunity during the 
next five months of testing the various devices 
employed, and of learning how far they should be 
adopted for permanent work, or where modifica- 
tions should be introduced. In this manner the 
Intramural Railway will constitute an object lesson 
for the benefit of electrical engineers in the future. 
In conclusion we may mention the names of the 
organisers and the engineers of this interesting 
railway. The president of the organisation is Mr. 
B. E. Sunny; Mr. W. E. Baker is the general 
manager, and Mr. O. P. Mattack is the ohief en- 
gineer ; the electrical engineer is Mr. C. H. Mac- 
loskie, and Messrs. G. K. Wheeler, B. J. Arnold, 
and R. J. Sloan are consulting engineers. The 
generators were all built at Schenectady, New 
York, by the General Electric Company, under the 
supervision of Mr. A. L. Rohrer, and the motors 
were constructed at the Lynn (Mass.) Works of 
the General Electric Company, under the super- 
vision of Mr. W. H. Knight. The total cost of the 


railway and its equipment was 850,000 dols., or 
170,000I. 


THE NICARAGUA OANAL., 
(Concluded from page 607.) 


Section 5.—What has the American Canal Com- 
pany done from 1887 to 1890, and to the present 
time ? As has been stated in the first part of this 
article, the concession for the Nicaragua Canal was 
secured to an American company in the early part 
of 1887, and the contract, or convention for this, 
was finally ratified on April 24 of that year. A 
summary of some of the paragraphs of this 
document is given below. In this contract special 
attention is paid to the question of the neutrality 
of the interoceanic waterway and its terminal ports, 
and of a narrow zone of land on each side of the 
canal for its whole length, the Government of 
Nicaragua binding itself to procure diplomatically 
an international guarantee therefor. Both the 
Government of Nicaragua and the canal company 
are bound not to part with any shares, and the 
latter with any portion of the land grant, to any 
foreign Government, and the Nicaraguan Govern- 
ment, thoroughly alive to the importance of placing 
the international guarantee on a solid basis of 
self-interest, has further provided for the subjects 
of all nations being invited, through their respec- 
tive Governments, to take up a portion of the share 
capital of the company specially reserved for this 
purpose. 

The question of forfeiture of the concession is 


dealt with in Clause 53 as follows: ‘‘The present — 
concession shall be forfeited through (1) failure on 
the company’s part to comply with any of the con- 
ditions in Clauses 8, 46, 47, 48, and 49 ; (2) inter- — 
ruption in the working of the canal, after opening, — 
for six months, force majeure excepted. Forfeiture 
being declared for any of the above causes, the 
‘waste lands’ ceded under this contract shall 
revert to the Republic, whatever be their condi- — 
tion, without compensation, though buildings — 
should have been erected thereon, save and except — 
those lands which may have been legally parted of] 
with by the company to private parties, provided st 
that they shall not have been parted with within — 
the six months immediately preceding the date on 
which the company shall have become legally sub- 
ject to the prescribed penalty [of forfeiture].” We 
also give the clauses alluded to above im eatenso, a8 — 
they are the most important in the contract. ae 
““Clause 8.—The present concession shall be 
transferable only to the construction company which © 
may be formed by the Nicaragua Canal Company, — 
andin no case to foreign Governments or publie 4 
bodies. Neither shall the company cede to any . 
foreign Government any portion of the land ceded — 
to it by this contract, but this may be ceded to 
private parties subject to the same condition. The 
Republic of Nicaragua shall not part with its nights 
or shares in favour of any [other] Government. 
“ Clause 46.—By reason of the existence of an 
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exclusive monopoly granted by the Republic to 
Mr. F, Alf. Pellas, by contract ratified March 16, 
1877, for the steam navigation of the lake and 
river for the internal commerce of the Republic, 
the canal company shall have the right of expro- 
priating the rights and privileges secured to Mr. 
Pellas, subject to valuation of experts and payment 

- of the corresponding indemnity prescribed by the 
laws of the Republic. And it is also stipulated 
that the company is bound to pay to the Govern- 
ment of the Republic all [the profits] that [said 
company] may henceforth earn in any way there- 
from, for the purpose of improving the navigation 
of the River and Harbour of San Juan del Norte. 
This payment shall be made every six months from 
the date of the commencement of the canal works 
in accordance with the departmental accounts 
relating thereto.”’ 

‘* Clause 47. —The company shall make, at its own 
expense, the final surveys of the land [grant] and 
for the location of the canal trace, by means of a 
commission of competent engineers, two of whom 
shall be appointed by the Republic, who shall 
also protect said commission to the best of its 
ability. 

‘*The concession company is granted a term not 
exceeding one year to commence the final surveys of 
the canal, and an additional year and a half to com- 
plete the same, to form the construction company, 
and to commence the works. The above terms to 
count from the date of the final ratification of the 
present contract by the Congress of Nicaragua, as 
published in the official Gazette, which [publica- 
tion] shall be taken as [due] notification. These 
terms cannot be extended, and it is understood 
that the works of the undertaking shall not be con- 
sidered as commenced, unless within one year of their 
commencement 2,000,000 dols. [silver] shall have 
been expended thereon. 

** Clause 48.—A further term of 10 years is also 
granted to the company for carrying out and com- 
pleting the works and opening the canal to naviga- 
tion. Should, however, during the term of the 
said 10 years, properly authenticated delays due to 
force majewre occur, calculated to interrupt the 
regular prosecution of the works, then a further 
term, equal to the time lost through the aforesaid 
delays, shall be granted. 

“Tf at the expiration of the aforesaid term of 10 
years the works shall not have been completed, and 


the water communication between the two oceans 
opened, due consideration being given to the 
amount of capital expended by the company in the 
undertaking, to the diligence and ability displayed 
in carrying out the works, and to the difficulties 
encountered therein, the Republic binds itself to 
grant a further extension of time. 

‘* Clause 49.—As a guarantee for the fulfilment of 
the obligations undertaken by the company in 
Clause 47, the company shall deposit, to the order of 
the Government of Nicaragua, with a bank or mer- 
cantile house in the City of New York (selected by 
said Government), within 60 days from the date 
of the ratification of the contract, a sum of 
100,000 dols. (American gold), which the company 
shall forfeit to the Republic in the event of non- 
fulfilment of said conditions, and in the alternative 
this sum shall be treated as an advance to Govern- 
ment on account of the necessary expenses for 
canal police, &c., as stipulated in Clause 37. This 
deposit once made it shall be at the absolute dis- 
posal of Government.” 

The contract signed and the concession secured 
as above, a company was formed in New York 
to carry it out, and Mr. A. G. Menocal, C.E. 
(the most active promoter of the scheme), was 
sent out with a large staff of assistants to Nicaragua 
to make the necessary surveys, and finally locate 
the canal. 

Considering the natural difficulties in the way of 
this survey, through the deltoid swamps between 
the coast and the eastern divide, and the extremely 
inaccessible character of the whole country between 
San Juan del Norte and Ochoa, exceedingly satis- 
factory work was done, and ina very short time, 
as the trace was practically determined and the 
plans completed by the middle of 1888. As an 
instance of the exceedingly limited knowledge pre- 
viously available about the proposed route between 
the crossing of the San Juanillo and the eastern 
divide, which had been always believed to be a 
gradually rising swampy plain right up to the 
divide, it may be mentioned that every one con- 
cerned was very much surprised to encounter a 
broken and hilly country so near the coast as Lock 
No. 1, and that extensive and laborious exploration 
alone sufficed to disclose the present feasible route. 
The surveys were trigonometrical throughout, and 
the difficulty of carrying this out across deep and 
soft swamps, where the engineers had to work in 


stinking water up to their waists, and have stations 
specially built on piles to support their instruments 
at each intersection, can hardly be overstated. 
The exploration of this swampy country, covered 
with dense tropical bush, extended over a zone 
some 27 miles in width on each side of the centre 
line of the canal. The result, as shown by the plans 
and sections on pages 605 to 607 ante, has, however, 
been very satisfactory, and a fairly easy trace, sus- 
ceptible of improvement in minor details during 
construction, has been selected. The result of this 
survey work has been constantly revised and 
checked from time to time up to the present date, 
but has remained practically unaltered. Sub- 
stantially the adopted trace of the canal from San 
Juan del Norte to Ochoa remains that proposed by 
Messrs. Climie and Passmore, worked out and 
completed, while from Brito to Las Lagas it is 
that of Messrs. Childs and Fay unaltered. The 
snecial natural advantages of this adopted route 
can be seen by a glance at the small scale general 
section (page 606), and the following Table brings 
them still more prominently forward: 

Miles. Total Miles. 


Canal in excavation, east side... 16.048 
AS re west ,, ... 11.160 
“ FA six locks... 0.759 27.967 
Free navigation, Deseado Basin, 
east side ... aA AeA £720 
Free navigation, San Francisco 
Basin, east side... a <foy, LLco0s 
Free navigation, Tola Basin, 
west side... 5¢ i Zz, 5.504 21.092 
Free navigation, River San Juan 64.540 
Lake Nicaragua ... .. 66.500 121.040 
Total length of route 170.099 


The contrast between this and the Suez Canal 
is decidedly in favour of the former, as, although it 
isthe longer of the two, the canal proper, as com- 
pared with the free navigation, is by far the shorter. 


Dench Ce ee 
: er : er 
Miles. Cent. Miles. Cont 
Canal proper Py elev 16.4 87.2 87.9 
Free navigation ... 142.132 83.6 12.0 12.1 
Totals ... 170.099 100.00 99.2 100.00 
The characteristics of the trace are correctly, 


though generally, indicated in the figures. About 
two-thirds of the route is straight (exclusive of the 
lake, which is all straight); the remainder is mostly 
on easy curves of from 4000 ft. to 6000 ft. radius. 
The sharpest curve on the divide cutting is of 
2528 ft. radius; there are also two or three curves 
of similar radius on the River San Juan, but the 
channel is for the most part wide and straight. 

The situation of the borings taken by the com- 
pany along the adopted trace are mostly indicated 
on the section by vertical black lines ; owing, how- 
ever, to the adverse physical conditions previous to 
the clearing of the bush, too much reliance should 
not be placed on the absolute accuracy of the 
results obtained therefrom, but they no doubt 
afford a fair guide to the framing of an estimate. 
It must, however, be borne in mind that it is 
always extremely difficult to estimate the cost of 
canal works of this magnitude, as instance the 
Suez Canal, estimated at 8,000,000/., which cost 
20,000,0007., and the Manchester Canal, which, 
though not completed, has already largely exceeded 
the estimates. So that the canal estimate, 
founded on the foregoing surveys, notwithstanding 
the ample liberality of the prices, must be con- 
sidered as a mere rough approximation to the actual 
cost, and liable to 100 or 150 per cent. increase 
in the carrying out. The company have, therefore, 
wisely abstained from tying themselves to any very 
definite figures. 

Without giving the details of the resulting 
estimate, it amounted in round numbers to 
60,000,000 dols., or about 12,000,000/., but, as we 
have mentioned before, this original estimate is far 
more likely to expand into an actual 24,000,000). 
or even 30,000,000/. before the work is completed, 
the latter sum being, curiously enough, about the 
amount of one of the French estimates for this 
work published as far back as 1872. 

1, On the basis of the above surveys, plans, and 
estimates the canal works were officially inaugurated 
on October 8, 1889, and were carried on with con- 
siderable, though somewhat spasmodic, activity, 
for the succeeding twelve months, every effort 
being made to comply with clause 47 of the con- 
tract during that period, and avoid any question of 
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General Description of the Work on which the Estimates 
hav been Based. 


| 
Class ot| West East 
Work | Description. | Side | Side. Total 
| —— 
A Sea level canal; earth dredg-| miles | miles | miles 
| ing ad ee x Salen O;5 vie eL0:00) 10.57 
Bs Rock cutting; earth coating | 
ontop .. ce ap 6.40 2.836 | 9.236 
C Earth cutting ; no rock 2.42 2.146 4.566 
D An He layer of rock 
at bottom .. oe --| 2,00 | 0.356 2.354 
Total canal, exclusive locks..| 11.39 15.888 | 26.726 
E Natural basins flooded to| | 
30 ft. depth and over ; no} 
excavation or dredging ..| 4.53 13.60 18.13 
F Natural basins flooded to 
| 80 ft. depth and over, re- | | 
quiring earth dredging ..| 0.74 | 2.70 | 3.44 
G |Natural basins flooded to 
30 ft. depth and over, re- | 
quiring rock excavation ..| 0 0 | 0 
H Locks: rock | 0.869 | 0.246 |. 9 ngg 
; ear thinne eal eO000 Ml ROSS) Misi eae 
I |Natural watercourses with! | | 
| 30 ft. water and over -.| 87.04 43.67 | 80.71 
K Natural watercourses with 
| 380 ft. water and over re-| 
quiring earth dredging only! 2.40 24.10 26.50 
L Natural water courses with| | 
30 ft. water and over rc- 
quiring rock excavation .. 3.5 10.33 13.83 
roe: | 
Summary. 
Unaltered natural basins and water- Miles. Miles. 
courses and lake, 30 ft. depth an 
Over gma Xp a5 Ae ia 98.84 
Ditto, with earth dredging .. 29 94 
Ditto, with rock excavation.. oie 13.83 
Canal sections: Sea level dredgin 10.57 
Earth cuttings 4.566 26.726 
$3 rock and } earth 9.236 z 
fearth and } rock 2.854 
Six locks ae 0.763 
Total .. 170.099 


The approximate quantities include the following 
chief items : 


Excavation. 
cub. yds. cub, yds. 
Class A: Canal 23,489,478 Earth dredgings be- 
East Har- low sea level 88,203,836 
bour .. 9,055,460 
West Har- 
bour .. 5,658,898 
Classes C and F: 
Canal Earth cutting and 
dredging abave 
sealevel .. <» 16,440,368 
Classes B and G: 
Above 
5 
peice ad a } Rock cutting 15,583,792 
water.. 575,445 
Tota ae ape sts 70,227,996 
Filling. 
Rock to damg and breakwaters from divide cub. yds. 
cutting .. aS ae as re ie 4,845,787 
Earth to dams and breakwaters from canal 
and side cutting,. 5 5,085,171 
Total 9,930,958 


Miscellaneous. 
cubic yards 


Concrete for locks, &c. ee 518,675 


Stone pitching for dams, &c. be 94,813 
miles miles 
8 ft. 6 in. railway com- : 
plete, for purposes of feet © - 53 
construction, &c. LF 
Telegraph oe oe ae o : 128 


The prices corresponding thereto are as follows 
(American gold) : 


dols. 

Dredging, per cubic yard 5 .. 0.20 to 0.25 
Earth excavation, per cubic yard : Se 0.40 
Earth in foundations, per cubic yard .. 2.00 
Rock AA ae ay me 30 1.50 
Rock under water, per cubic yard... oa 5.00 
Stone pitching, exclusive cost of stone, pe 

cubic yard SF ah nA i af 2.00 
Stone filling in breakwaters, exclusive cost of 

stone, per cubic yard .. oie oa =e 1.50 
Earth filling to embankments, per cubic yard 0.50 
Clearing and stumping, per acre i 100.00 
Concrete, per cubic yard 66 on 6.00 
Concrete in foundations, per cubic yard 9 00 
Timber, per cubic foot She oe 0.50 
Sheet piling, per M.B.M... 70.00 
Piles in fenders, each . 15.60 
Piles in crib work, each .. a 8.00 
Puddle, per cubic yard .. ae At 0.75 
3 ft. 6in. railway complete, per mile .. 16,000 
First-class lighthouse, complete 100,000 
Second-class i) 10,000 
Telegraph complete, per mile .. 500 


forfeiture, in the face of very considerable financial 
obstacles. The company having to educate the 
United States investors up to the point of placing 
their money in an undertaking on foreign soil, and 
to please the American public generally by avoiding 
all assistance from non-American capital, they had 
to work under exceptionally difficult conditions, and 
their success, as far as it has gone, is both extraordi- 
nary and praiseworthy. During the year 1888-89 
a subsidiary company was formed to take over the 
Pellas Navigation monopoly, arrangements were 
made with the American Dredging and other com- 


panies at Panama to transfer their plant to San 
Juan del Norte, and to undertake extensive dredg- 
ing contracts, and five dredgers (only three fit for 
use) were sent from Panama, and one from the 
United Kingdom, to carry these out. 

1. The canal company’s staff first continued and 
completed the detail surveys. 

2. Buildings of a total area of over 50,000 square 
feet, for housing employés, as warehouses, repairing 
and erecting shops, were erected at ‘‘Cheney Camp, ” 
at the breakwater, ‘‘ Treat Camp,” along the rail- 
way, and at La Fé, in addition to offices, hospitals, 
&c., the whole of best selected timber with iron 
roofs, &c., but these were already showing the 
effects of the trying tropical climate, and were be- 
coming dilapidated in less than a year from erec- 
tion. 

3. Much temporary work was done in clear- 
ing obstructions (sags, roots, &c.) in the waterways 
of the lower San Juan, the Silico and Bernard 
Lagoons, and the San Juanillo and Deseado 
Rivers, &e. 

4, A narrow and temporary clearing was made 
and the telegraph erected between ‘‘ America” and 
Castillo. 

5. 850 yards (out of 1900 yards) of the timber 
core for the proposed breakwater at San Juan del 
Norte was driven (breadth, 24 ft.; height, 7 ft. 
above high-water mark), with creosoted timbers of 
14-in, scantling ; but owing to the stone filling not 
being at once available, and the creosoting being 
very inadequate protection against teredo, this 
timber work had already suffered considerably by 
the end of 1890. 

6. Clearings for cattle pastures and banana walks 
had been made and fenced in at ‘‘ Camp Menocal.”’ 

7. Eleven miles of the canal trace from San Juan 
del Norte, 485 ft. wide, or 628.8 acres, had been 
cleared, but only partially stumped. Some of this 
was through swamps 5 ft. in depth. 

8. Connected with the railway the following 
work was done : 


(44 miles, percentage of comple-) 
| 


Permanent | 14 ae cee of comple-| Miles 

way in stores 9 T tion'60.. Jie aut (oe dO 
T miles | 53 miles, percentage of comple- | 
Leus.tion 90). ies ce ae) 


Work delayed by absence of material for 6-mile 
embankment across swamps ; 280,000 cubic yards 
excavated by steam navvy near canal mouth, trans- 
ported and tipped by railway ; 180-ft. pile bridge 
over San Juanillo erected, piles driven in some 
cases 90 ft. through soft silt. 

9. Short timber jetty erected to right of canal 
mouth to carry railway across the San Juan Lagoon 
for tipping rock at the breakwater. 

10. Dredging commenced by American Dredging 
Company’s dredger City of Paris (1800 tons dis- 
placement, 600 horse-power) on October 18, 1890, 
work done by 30th, canal length, 1500 ft. ; width, 
120 ft. ; depth, 20 ft. ; showing signs of imminent 
silting up. 

11. Provisions, equipments, stores, machinery, 
&c., provided for several months’ working. 

12. Labourers employed varied from 400 to 1900 
per diem, and other employés from 120 to 300. 
Labourers provided throughout with board and 
lodging, exclusive of which their pay was 20 dols. 
silver per month. 

13. Most efficient hospital service established, 
which dealt with 2000 patients, with a total of 26 
deaths (5 accidents). 

14. The result of the jetty work in connection 
with the harbour was the temporary arresting and 
depositing of a mass of silt and sand behind the 
wooden structure to the south of the canal entrance 
during the summer floods, and the forming of a 
channel (see Fig. 6, page 607) 600 ft. wide and 6 ft. 
to 8 ft. deep, which for a few weeks permitted 
coasting steamers and other craft to enter the inner 
harbour, but with the cessation of the floods and the 
stoppage of the jetty work the improvement soon 
came to an end, and the channel was obliterated. 

15. Another excellent work done was the supply 
of pure drinking water from near the eastern 
divide, which was laid on to La Fé and America, 
&e. 

The Nicaraguan Government sent two commis- 
sioners to:report on the work done and amount 
expended to October 7 on the canal ; and in their 
report, dated November 6, 1890, they state that 
the total expenditure by the canal company’s 
books to that date was 2,406,371 dols. (silver), 
inclusive of materials landing and on their way 


to San Juan del Norte, stores, &c., but exclusive 
of office expenses in New York (140,000 dols.), 
The company claimed, in addition, the value of 
the dredgers and dredging plant (203,600 dols.), 
and the cost of the river and lake navigation 
monopoly (350,000 dols.), but produced no vouchers. 
Without going minutely into the figures, it seems 
that the expenditures which could properly be 
classed under Clause 47 amounted to about 50 per 
cent. of the above total (1,270,000 dols.), but that 


the effective expenditure which would contribute — 


to the final work was only about 25 per cent. of 
the same total. The Commissioners, however, 
took the most liberal view possible, and credited 
the company with the whole amount shown by their 
books and claimed, certifying that Clause 47 of 
the contract had been duly complied with. 


The financial obstacles adverted to in a former 


paragraph were not at that time (end of 1890), as 
they have not been yet, removed, and the works 
have been barely more than just kept going since, 
Attempts have been repeatedly made to remove 
them by inducing the United States Government to 
guarantee the company’s bonds on account of the 
national importance of the works, the last being so 
lately as the end of 1892, when an influential con- 
vention met at New Orleans for that purpose ; 
this very reasonable demand on the part of the 
promoters has not so far met with the success it 
merits. 

Section 6.— What are the future prospects of the 
scheme? 

We are now in a position to make a general fore- 
cast of the prospects of this most important under- 
taking, and can briefly summarise them as follows : 

1. The engineering difficulties can be overcome, 
and the canal opened to traflic by the end of the 
present century at a cost possibly not exceeding 
30,000, 0007. 

2. It will be carried out by American enterprise, 
with or without Government aid or foreign capital. 

3. The opening of the canal will (a) give an 
enormous impulse to all United States manufac- 
tures (especially cotton and iron and shipbuilding) ; 
(b) deal a commensurate blow to British manufac- 
tures and carrying trade; (c) enable the United 
States of America to largely cut out Great Britain 
in the trade of the South American continent, 
China, Japan, and Australia ; (d) revolutionise, pro 
tanto, the commerce of the world. 

4, It will afford the requisite motive to bring 
about the development of sea power by the United 
States, and the control of the western trade of the 
world by that country. 

5. It will raise the most serious rivalry to British 
commercial and maritime supremacy which Great 
Britain has ever had to encounter. 

As aspeculation, however, the canal undertaking 
will probably not turn out nearly so brilliant as the 
promoters would have the investing public believe, 
because— 

1. The cost will undoubtedly largely exceed 
12,000,000/., and may possibly amount to 
30,000,000/. (See Section 5.) 

2. The average traffic for at least the first five 
years will probably not exceed 2,000,000 tons per 
annum. (See Section 3.) 

3. The tolls per ton cannot well exceed 10s. 
(against 8s. for the Suez Canal), or the gross 
revenue for the first five years exceed 1,000,000/. 
per annum. 


4, While the average working expenses will cer- 


tainly amount to 250,000/. (against 200,000. for 
the Suez Canal). 


5. The result being that for the above period 


the canal will probably earn little, if any, more 
than 24 per cent. on its cost. 

Taking into consideration, however, the world- 
wide importance of this canal and its future 
prospects beyond the first few years’ working, it 
must be considered, on the whole, as a thoroughly 
sound undertaking. : 


THE KRUPP PAVILION AT JACKSON 
PARK. 

Sours of the building containing the Columbus 
relics, to which we have already called the atten- 
tion of our readers—in fact, almost in the extreme 
south-east corner of the space bounding the stock- 
yards, has been erected the pavilion in which the 
monster artillery exhibit sent to Chicago by Essen is 
collected. The Krupp establishment has not been 
seen at any International Exhibition since the Phila- 
delphia Centennial in 1876, and on that occasion 
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the display made by the famous firm was quite un- 
representative, even for the time. Some of our 
readers will remember that Essen was splendidly 
represented at the International Exhibition of 
Vienna in 1873, but that event is quite ancient 
history so far as gun construction is concerned. It 
was only ata recent date that Krupp decided to 
take a part in the World’s Fair of 1893. Like all 
other German manufacturers, great and small, he 
shrank from incurring the trouble and expense ; for 
the false reasoning about the now moribund 
McKinley tariff, which has helped so largely to 
paralyse Great Britain’s representation, was equally 
potent in Germany, and it was only by the most 
persistent hard work and personal influence brought 
to bear upon industrials, that the German section 
has been made the brilliant success that it is to-day. 
It is currently reported that Krupp only consented 
to participate at the personal request of the Govern- 
ment, and we can imagine that this was the case. 
But, however that might have been, having once 
determined to do so, there was no hesitation as to 
the manner in which the great gun factory of Ger- 
many should be represented. Certainly, so far as 
prestige is concerned, there can be no doubt of the 
full success that will wait on the Krupp Pavilion ; 
as a commercial venture we should imagine that it 
will also be successful, for Essen is almost the only 
representative of heavy gunmaking in Jackson 
Park. In artillery, as in almost every other 
branch of industry, the commercial conditions have 
wholly changed since 1873 ; at that time, not only 
was Krupp the almost unchallenged gunmaker for 
the world, but foreign nations had scarcely com- 
menced the practice of purchasing costly arma- 
ments. To-day, from a trade point of view, he is 
confronted by two powerful competitors — Arm- 
strong and Canet—and even Essen cannot afford 
to neglect or ignore the efforts of trade rivals. But 
it is evident that Mr. Krupp was actuated by other 
motives than those of business, or even he would 
have refused to risk a vast outlay, stated to be 
some 300,000/., upon an uncertain issue. Patriotism 
was probably the strongest motive, the same feel- 
ing which has actuated almost every German ex- 
hibitor in helping to make Germany the leading 
country at the World’s Fair. It was also clear 
that if Essen exhibited at all, it must bein a manner 
not only creditable to the establishment, but to 
reflect the highest possible credit upon it. These 
three inducements have resulted in the Krupp 
Pavilion and its contents, making the largest and 
most important display of artillery ever shown by 
any individual manufacturer at an International 
Exhibition. With the exception of the artillery 
collection in and around the Government Building, 
sent by the War Department of the United States, 
there is no other exhibit of heavy guns at Jackson 
Park ; indeed, with these exceptions, the show of 
military weapons is quite insignificant. Hotchkiss 
and a few other makers of field and machine guns 
are indeed to be seen in the Transportation Build- 
ing, to which department, by a curious freak of 
classification, the Krupp Pavilion is attached, but 
that is all, for the dummy cannons on the model 
ship do not count. 

The building containing the Krupp exhibits is a 
large, and not very ornamental, though imposing 
structure. It was designed by Mr. H. T. Schmidt, 
of Frankfort-on-the-Maine ; the principal hall is 
200 ft. long, 82 ft. wide, and 43 ft. high. Outside, 
in front of the pavilion, an imitation bastion is 
being constructed. The manner in which the 
masonry walls of the structure are imitated, is very 
clever ; they are made of zine plates stamped to 
resemble dressed stone, and when complete and 
painted the deception will be quite perfect ; guns 
will be mounted on this fortification, which will 
present a very appropriate approach to the pavilion. 
The work is considerably in arrear, for though all 
the guns have arrived—and the transport of the 
heaviest taxed the ingenuity of the transport 
department of the Pennsylvania Railroad Com- 
pany—the interior of the building is at the time of 
our writing in disorder and closed to the public. 

We may confine ourselves on the present occa- 
sion to a somewhat general description of the 
exhibits ; probably at a later time we may be able 
to illustrate those of chief interest. The largest 
weapon shown, and it is the heaviest piece of 
ordnance ever brought to an Exhibition, is a 42- 
cent. (16.24 in.) coast defence gun; the total length 
is 33.5 calibres, or 45 ft. 11 in., the length of bore 
being 41 ft. 8 in. ; the total weight is 122,400 kilo- 
grammes, or nearly 122 tons; the general arrange- 


ment of breech block is that described and illustrated 
by us on a previous occasion (see ‘‘ Modern French 
Artillery,” ENGINEERING, vol. xlix., page 187) ; the 
sliding block is traversed by mechanism in the 
usual way, but there are a number of details which 
we are not at liberty at present to describe ; the 
arrangements are, however, practically similar to 
those referred to above. The gun is nota new one, 
aS it was manufactured in 1886, at a time when 
experience had not fully decided against this mon- 
ster class of ordnance, and, like our own 100-ton 
gun, it may be regarded as obsolete, and will pro- 
bably never be repeated ; it remains, however, a 
monument to the extraordinary manufacturing 
capacity of the Essen Works. This gun has fired 
sixteen rounds at the Krupp testing grounds at 
Meppen ; during these trials the following results 
were obtained : The projectile weighed 1000 kilo- 
grammes, or 2200 pounds, and the charge was 
902 lb. of brown prismatic powder; an _ initial 
velocity of 1981 ft. per second (604 metres) was 
recorded, and the striking energy was 18,594 metric 
tons. . The cost and trouble involved in the trans- 
port of this gun from Essen to Chicago must have 
been enormous. A special gun truck weighing 80 
tons had been previously built for handling it, and 
on this it was brought to Hamburg, where it was 
placed on board by means of the 150-ton crane at 
that port. The gun was landed at the Sparrow 
Point Works of the Maryland Steel Works near 
Baltimore, there being a 150-ton crane there. The 
details of the landing have been already fully de- 
scribed, so we need not again refer to them; we 
we may mention, however, that the weight of the 
gun and the capacity of the crane under the special 
conditions of transfer, were so nearly alike as to 
cause considerable anxiety. For the long journey 
from Baltimore to Chicago a railway truck was 
specially prepared by the Pennsylvania Railway 
Company ; this truck forms one of the exhibits of 
the railway, and we shall describe and illustrate it 
in a short time. The total weight of the car, 
which is carried on 32 wheels, is 175,000 lb., or about 
80 tons, and the totalload on the rails was there- 
fore nearly 230 tons, All sorts of strange objects 
have found their way to Chicago during the last six 
months, but this monster Krupp gun and the old- 
time locomotives which have bravely crawled there 
under their own steam, are surely the most 
remarkable. 

The next gun that attracts attention is of smaller 
calibre, and though less monumental, is a far more 
serious weapon than the 122-ton gun. ‘This is the 
12.01-in. calibre; it is not a new gun, but is far 
more interesting on that account, for it has already 
withstood the severe test of 98 rounds, and is still 
in service as a naval gun. This is a specially in- 
teresting exhibit, because it is mounted complete 
on its turret carriage, and the hydraulic arrange- 
ments for working and loading are very well 
illustrated. The breech of this gun is fitted with 
a vertical block of the usual Krupp type, 
which is raised and lowered by hydraulic power, 
the method being well illustrated, as also are the 
various operations of handling the ammunition, 
raising and lowering the gun, turning the carriage, 
firing, cleaning, &c. The length of bore is 36 ft., 
and the charge of smokeless powder is 226 lb. 
Three classes of projectiles are fired by this gaun— 
solid steel shot, steel shell, and cast-iron shell ; the 
weight is about 1000 pounds, and the initial velocity 
is 2290, giving a striking energy of 10,755 metric 
tons at the muzzle of the gun. 

The 28-cent. (11.02 in.) gun is the next that 
attracts attention ; this, as exhibited, is mounted 
on a coast defence hydraulic carriage, but the same 
type is also used for naval purposes. The length 
of bore is 40 calibres, or 36 ft, 6 in., and the total 
weight is 43 tons. This gun, as well as the one 
just referred to, was brought from Baltimore to 
Chicago by the Pennsylvania Railroad on a special 
car very similar to that made for transporting the 
122-ton gun, but not so heavy ; this car also forms 
a part of the Pennsylvania Company’s exhibit, and 
it, as well as the larger one, is shown with a 
wooden model of the gun mounted in place; the 
weight of the car is 113,000 Ib. 

The 28-cent. gun is mounted on a carriage which 
permits it to have a maximum elevation of 45 deg., 
at which angle the range is 20 kilometres (123 
miles) ; the weight of projectile fired is 759 lb., 
and the charge is 352 lb. of brown prismatic 
powder; with this charge an initial velocity of 
2066 ft. has been obtained ; this gives a striking 
energy at the muzzle of 6979 metric tons, re- 
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duced at a distance of 2 kilometres to 5300 metric 
tons, 

This exhibit is made all the more attractive 
because it is inclosed within a shell-proof casemate, 
and it may be mentioned that as the gun was con- 
structed last year, it may be considered to represent 
the latest Krupp type of heavy artillery. 

A similar range of 124 miles is that assigned to 
the next gun of the series shown in the Krupp 
Pavilion ; this is the 24-cent. (9.45 in.), intended 
for coast defence, and mounted on a coast defence 
carriage ; the bore is 40 calibres in length, and the 
total weight of the gun is 31 tons; the maximum 
elevation that can be given is 444 deg. A special 
interest attaches itself to this particular gun, 
because it was tested in the presence of the German 
Emperor at Meppen on April 28, 1892. On this 
occasion a range of 20,226 metres, or nearly 13 
miles, was attained ; the height of trajectory is 
stated to have been 6540 metres, or considerably 
higher than the summit of Mont Blanc above sea 
level (4810 metres). The projectiles fired from 
this gun are 473 lb., and the charge is 253 lb. of 
brown prismatic powder; the initial velocity is 
recorded as 2099 ft., and the striking energy at the 
muzzle is 4488 metric tons. This gun is also in- 
tended for the use of smokeless powder, the pre 
scribed charge of which is 92.4 lb., giving an initial 
velocity of 2296 ft., and a striking energy at the 
muzzle of 5380 metric tons, or 173.2 metric kilo- 
grammes per kilogramme of weight of gun. Besides 
the 473-lb. steel shell, a lighter projectile weighing 
352 lb. is also fired ; and with the same charge of 
smokeless powder referred to above, an _ initial 
velocity of 2624 ft. per second has been obtained. 

The last of the series of heavy guns for naval 
purposes or coast defence is a 21-cent. (826 in.) 
mounted on a central pivoted carriage ; the length 
of the bore is 24 ft., and the total weight of the 
gun is 14.2 tons. The mounting of this gun is 
interesting, because it is arranged to be manceuvred 
either by hand gear or by an electric motor. The 
carriage is protected against the attack of quick- 
firing guns by a steel shield. After this collection 
of heavy guns comes a series of smaller ones, of 
15, 12, 8.7, and 7.5 cent. calibres (5.90 in., 4.72 in., 
3.43 in., and 2.95in.). In the first three of these, 
the length of bore is 40 calibres, and they are each 
mounted on a central pivoted carriage adapted for 
the subsidiary armament of first-class ships, or 
for armed cruisers, corvettes, &c. ; the 8.7 cent. 
gun is especially intended for protection against 
the attacks of torpedo-boats, and may be regarded 
as a Krupp type of quick-firing gun-——in fact, all 
three of the calibres come under the same category, 
as may be seen from the following official statement. 
From the 15-cent. gun 296 rounds have been fired 
at a rate of ten aim shots per minute ; the 12-cent. 
gun gave a speed of 13, and the 8.7-cent. a rate 
of 19 aimed shots per minute. Of course these, 
as well as the smaller calibres, are served with 
ammunition in which the shot and powder charge 
are combined in the ordinary manner for quick- 
firing guns. A special device for firing the charge 
automatically with the closing of the breech gives, 
so it is claimed, a rate of no less than 40 rounds a 
minute for the 7.5 cent. gun ; the powder charge 
for this latter is 13.2 Ib. 

Siege artillery is represented by a 7.5 cent. mor- 
tar; other types of fort and siege guns shown are 
of 24 cent. and 10.5 cent. (9.45 in. and 4.13 in.), 
This last-named gun has special interest from the 
fact that 1843 rounds have been fired from it, and 
it is stated as evidence of the power of the gun to 
resist wear, that after the 1800th round, and at a 
range of 2000 metres, a series of ten shells were 
fired within a rectangle measuring about 5 ft. 
by 3 ft. 

Beyond are two types of field guns of 295 in. 
bore ; one of these is of a standard heavy, and the 
other of a standard light pattern. There is also a 
2.36 in. boat gun, with mount for boat service as 
well as for shore, and there are two mountain 
guns of 2.95 in. and 2.36 in. respectively ; these, 
with their carriages, are arranged for mule trans- 
port. The smallest gun of the whole series is a 
light 1.06-in. gun, designed for easy transport 
through difficult country. We should add that 
complete sets of ammunition are displayed near all 
the guns, so that as far as possible a clear idea ig 
given to the visitor of the nature and size of the 
various projectiles and powder charges. 

The second part of the exhibit consists of armour 
plates manufactured at the Krupp Works; of these, 
perhaps, the most interesting are some compound 
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100-TON ELECTRICAL LOCOMOTIVE: HEILMANN’S SYSTEM. 


and nickel steel plates. There is a compound plate 
15.75 in. thick, a nickel steel plate 11.8 in., anda 
third of the same character, but of different quality, 
10,23 in. thick ; all these plates were fired at by the 
Same guns and under exactly the same conditions, 
80 as to show what is claimed for them, namely, 
that though of such varying thickness the strength 
In each case is the same. The compound plate is 
remarkable for the perfect manner in which the 
steel face is welded to the iron back. The nickel 
Bees are also remarkable for the resistance they 

lave shown, and indicate great toughness. Espe- 
cially interesting is the thinner of the two plates, 
which illustrates an improved method of manu- 
facture ; all of the series are, it is stated, of the 
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same strength, and the damage inflicted appears to 
bear out the statement. 
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part of a 5000-ton stamping press; it weighs 
62.4 tons, and is 12.2in. thick ; the length is 27 ft., 
and the diameter 44 in. 

In railway material there is shown a group of 54 
steel tyres, a number of complete wheels, and a 
collection of axles. This part of the exhibit at 
least is of particular commercial value, because the 
Essen Works have a large trade with America in 
this branch of their industry. 

Of cast steel there are some notable examples. 
The largest is the bow frame for a new German 
ironclad ; the part shown weighs 24 tons, and is 
42 ft. high ; this is made in three parts. There is 
also a portion of astern frame for the same ship, 
in two pieces, weighing respectively 12.8 and 11.3 
tons. It may be mentioned with regard to these 
castings that they could not be conveniently trans- 
ported by rail, and were brought all the way from 
Essen to Chicago by water. There is also an engine 
bedplate of 6.3 tons ; there are some examples of 
steel locomotive side frames, anda number of other 
objects, the most important of which is a repro- 
duction of the screw of the German Lloyd steamers 
Spree and Revel. The standard test for this 
steel prescribes an elastic limit of from 24 to 
28 tons, with an extension of the test piece of 38 
percent. It will be noted that the screw just 
referred to is mounted on a copy of the shaft, 
which is made of Siemens-Martin steel ; there are 
three cranks on this shaft set at angles of 120deg., 
and the shaft is bored throughout its whole 
length. It may be mentioned that the shaft, which 
broke on the Spree on November 26, 1892, was 
not made by Krupp, and was not a hollow shaft. 
Near these specimens is a second shaft, made from 
a block of forged steel 8 ft. 9in. long and 4 ft. 
wide ; this was hammered into a shaft 11.81 in. in 


Passing from the exhibits coming from the armour | diameter, and is bored throughout its length, the 
plate section of the Krupp Works, we come to those | diameter of the bore being 4.32 in. 


sent out of the plate mills of a lighter type. Pro- 


The Krupp exhibit is completed by a variety of 


bably this part of the exhibit will illustrate more | miscellaneous objects, the most important of which 


clearly to a greater number of visitors the magni- 
tude and resources of Essen. First comes asection 
ofa boiler, weighing nearly 3} tons; it is 12 ft. 10 in, 
in diameter, and the thickness of the plate is 1.5 in. 
The next heaviest plate weighs 16 tons ; it is made 
of Siemens-Martin steel, and is 65 ft. 9 in. long 
and 1.26 in. thick. There are also some very fine 
specimens of stamped and flanged steel plates for 
boiler work. The largest casting shown is to form 


are two travelling cranes, each of 85 tons, that 
were used in the erection of the pavilion, and in 
the handling of the large guns and the other heavy 
pieces that characterise the Krupp exhibit. 

There is also quite a collection of mining 
machinery, which has always been a speciality of 
Essen. The walls of the pavilion are hung with a 
number of views illustrating the Krupp Works. At 
the end of the main hall are seven large drawings 
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three of them—the largest—being of the works, and 
the others plans of the Meppen testing grounds, 
and diagrams of the progress and development of 
the Krupp industry. Beneath are two very in- 
teresting memorials, the first contributed by the 
workmen and employés in honour of the founder, 
the late Alfred Krupp, and the other a representa- 
tion of the old dwelling-place of the founder, a 
modest house that speaks eloquently of the developed 
fortunes of the family, thanks to the energy, talent, 
and opportunities of the founder. This house has 
always been preserved intact as a memento, and is 
highly prized by all those associated with the works. 
A number of portraits of the more prominent 
directors, and photographs of the more famous 
guns built at Essen, complete this very remarkable 
exhibit. We regret that we have not had the 
opportunity of describing it in more technical 
detail, but we have said enough to show that not 
only has Mr. Krupp fully maintained the reputa- 
tion of his firm by this remarkable exhibit, but he 
has added additional glory to the German section, 
and has contributed more than any other single 
exhibitor to the success of the World’s Fair. 


PORTABLE ENGINE FITTED TO BURN 
LIQUID FUEL. 

TE portable engine which we illustrate on page 831 
has been designed by its makers, Messrs. Clayton and 
Shuttleworth, engineers, Lincoln, to work with liquid 
fuel on Holden’s system. This method of using 
petroleum has the great advantage that coal can be 
burnt equally as well as petroleum or tar in case the 
price of these latter rises. Of course liquid fuel will 
only be used when cheaper than coal, as itnormally is in 
some parts of South America. The ability to use coal 
at need is, however, a great convenience, as it prevents 
a “corner” being formed by the oil merchants ; this 
actually occurred, we believe, in Peru, when the first 
locomotives fitted up with Holden’s apparatus were 
imported into that country. The engine shown has 
worked perfectly satisfactorily with oil. A cast-iron 
baffle plate, protected with fireclay, is used to prevent 
the direct impact of the flame on the tubeplate of the 
boiler. ‘he grate when using oil is covered with 
lumps of broken firebrick and limestone, small quan- 
tities of coal being also introduced at intervals. Very 
littlesmokeand no sparks are produced when liquidfuel 
is thus burnt, and the fireman’s labours are greatly 
reduced, as the oil or tar is automatically fed to the 
the furnace by an injector. 


STERN DELIVERING DREDGER ON THE 
LEEDS AND LIVERPOOL CANAL. 

WE illustrate on page 830 a dredger of somewhat 
special type which has recently been designed and 
constructed for the Leeds and Liverpool Canal Com- 
pany by Messrs. Hunter and English, engineers, of 
Bow, London, E. The Leeds and Liverpool Canal 
is 144 miles long, and runs from Liverpool through 
Wigan, Chorley, Accrington, Burnley, Shipley, and 
Bradford to Leeds. Forming a connection between 
these large towns, it is one of the most important 
waterways in the north of England, and is well known 
for the facilities which it provides for the traflic pass- 
ing along it, and for the speed with which it carries the 
goods committed to it for transit, Mr. Charles White, 
Memb. Inst. C.E., the engineer to the company, being 
desirous of increasing the depth of the waterway, 
instructed Messrs. Hunter and English last year to 
design a dredger which, without hindering the traffic, 
should be capable of delivering the dredged material 
over the stern into barges moored behind it, instead of 
by the usual method of discharging the material 
through shoots on to barges on either side of the 
dredger. 

To that end Messrs. Hunter and English decided to 
adopt the plan of delivering the material by a con- 
veyor belt extending for the necessary distance beyond 
the stern of the dredger, so as to deliver into the 
barge. It was further necessary that the frame of the 
dredger should be able to turn down, so as to pass 
under bridges having a clear height above the water- 
way of only 10 ft. The size of the vessel was restricted 
to 58 ft. by 14 ft. in order to enable it to pass through 
the locks, and the depth at the side was 4 ft. It was 
further stipulated that the mean draught of the 
dredger should not be more than 2 ft. 6 in. All 
these stipulations have been fulfilled. The dredger 
and framing were made of steel, the frame being 
hinged and constructed so that it could turn down 
within 10 ft. of the water-line. The engine is of 
8 horse-power nominal, and the boiler of the return 
tube multitubular type, the connections between the 
two being of copper. The engine drives the upper 
tumbler by means of a belt running over a pulley on 
the countershaft, upon which is fixed a spur pinion 
gearing into a spurwheel upon the upper tumbler 
shaft, The pinion is also fitted with a clutch and lever, 
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to enable the buckets to be thrown out of gear without 
The excavated 
material is delivered by the buckets to a shoot, whence 
it runs on to an endless belt, 2 ft. wide, driven at high 
speed from the engine by means of wire rope pulleys, 
and which delivers the material about 17 ft. astern of 
A trough is formed upon the deck to 
prevent any material which may tumble off the belt 
conveyor from spreading over the deck, a channel 
being provided to either side of the hull at the engine- 
house end, through which the trough may becleaned out 
atthe end ofeach day’s work. The dredger is provided 


interfering with other operations. 


the dredger. 


with four anchors—one head anchor, two bow anchors, 
and one astern. 


the control of one man. 


of the engineers to the canal company. 


A 100-TON ELECTRICAL LOCOMOTIVE. 
By C. 8S. Du Ricnz PretuEr, M.A., Ph.D., 
M.LE.E., A.M.1.C.E. 

(Concluded from page 807.) 

Exciting Dynamo and Steam Engine (Figs. 20 and 21, 
page 834).—The exciting dynamo, making 350 revolu- 


tions per minute, is of the four-pole ironclad type, and 
has a series-wound armature ; it has an output of 260 


amperes at 50 volts or 13 kilowatts, of which only 5 


kilowatts are required for excitation,and the remainder 


serves for lighting the train. It is driven direct by 
a small vertical steam engine with two cylinders acting 
on to cranks at 180 deg., being thus almost perfectly 
balanced. The engine was designed by Mr. Charles 
Brown, and has circular slide valves, the ports being 
also ares of circles, ach slide valve is fitted in a 
circular strap on its valve spindle ; and whenever there 
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The cables for these anchors are 
worked from the engine by means of shafting and fric- 
tional gearing, so that either can be hauled in, held 
in the brake, or let out at will, being completely under 
The hoisting gear is arranged 
so that the buckets can excavate the sides of the canal 
to any desired slope, the ladder projecting beyond the 
head of the dredger to allow this to be done, and also 
to enable it to cut its own way. The dredger was 
tried in some very hard material close to Wigan, which 
it excavated and delivered to the entire satisfaction 
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also propels the axle wheel by means of an elastic 
coupling, and the effect of the hammering of the 
wheels on the rails, as well as of the jerks in start- 
ing, is thereby greatly mitigated. The bronze caps 
which close the motor at each side have apertures for 
ventilation, and for inspecting and regulating the 
carbon brushes. The yokes or shells of the motors 
are also held by spiral springs to the locomotive frame, 
and each pair is coupled by a connecting bar, so that 
they balance each other reciprocally. One of the 
wheels of each axle, being bolted to the latter, can be 
easily removed for the purpose of taking out or putting 
in the motor. The weight of a motor mounted and 
complete is 2.7 tons, or, in respect of its maximum 
energy of 80 horse-power or 60 kilowatts, only 45 kilo- 
grammes per kilowatt. 

Bogie Trucks. (Figs. 24 to 27, page 835)—The frame. 
of each of these is composed of two double longitudinal 
steel plate girders, each pair being riveted together by 
an intermediate plate of forged steel, and the two pairs 
being tied by a central cast steel cross stay which 
carries the pivot, and by steel-plate cross stays between 
the end axles. There is one spring to every two 
wheels, the ends being suspended from the axle-boxes 
by short flexible knee-joints. As the load of the 
locomotive resting on the frame is transmitted by the 
bogie girders to the suspended springs, it is equally 
distributed over the eight axles. ‘The fact of there 
being four axles to each bogie truck has the further ad- 
vantage of lessening the shock or blow in passing over 
the rail joints, the drop of the truck being only one- 
fourth of that of the axle, and the passage over the 
joints being effected progressively. The diameter of 
the wheels is 1.16 metres (3.8ft.), and the total 
wheel base of one truck 4 metres (13.12 ft.) The 
peculiar form of the axle-boxes admits of the bearings 
being taken out by simply removing the cap, which 
latter also carries the axle-guard governing the lateral 
play of the axle. 

Brake.—The action of the brake is founded on a 
patent taken out by M, Heilmann in 1881, having 
for its object to keep the rolling surface separate from 
the surface of the brake blocks. Accordingly, the 
brake blocks, instead of acting direct on the wheel 
tyres, press against a disc which is keyed to the 


is abnormal friction either on one side or other, the 
rotary motion of the valves takes effect and changes 
the contact surfaces, thus equalising the wear. The 
engine is provided with a speed governor, and the 
following are its leading dimensions: Diameter of 
cylinders, 15 centimetres (5.89 in.) ; length of stroke, 
15 centimetres (5.89 in.) ; initial pressure, 12 atmo- 
spheres (176 lb. per square inch) ; consumption of steam, 
14 kilogrammes (31 lb.) per indicated, and 17 kilo- 
grammes (37.5 lb.) per effective horse-power per hour. 

Motors (Fig. 22, page 834, and Fig. 23, annexed).— 
The axle-wound continuous current motors, eight 
in number, were designed by Mr. C. E. L. Brown, 
and have each four poles with only two bobbins, 
this type having been adopted owing not only to the 
restricted space, but notably on account of the high 
efficiency (88 per cent.) of these motors. The out- 
side frame or shell carrying the field magnets is of 
steel cast in one piece, and has the form of a closed 
box. The circular cores of the bobbins are of iron, 
and are bolted to the frame. The armature is a 
Gramme ring with Pacinotti teeth. It has a diameter 
of 65 centimetres (25.6 in.), and the whole motor is 
mounted on a steel tube or hollow shaft fitted to the 
wheel axle by the insertion of two rings of woodite, 


which has the advantage over indiarubber of not being 
At one end the steel 


affected either by heat or by oil. 
tube carries a perforated disc, into the eleven holes of 


which fit corresponding coupling bolts attached to 
the corresponding wheel of the locomotive, the holes 
Thus the motor 
not only actuates the axle by an elastic medium, but 


being likewise lined with woodite. 


wheel by the coupling pins of the woodite-lined din 
before mentioned. The brake blocks are acted upon 
by the Westinghouse brake, the pump and reservoir 
being fitted on the locomotive in the usual way. Pro- 
vision is also made for using the motors as dynamos, 
the energy thus developed constituting a very power- 
ful electrical safety brake in the event of the Westing- 
house brake failing to act. 

Regulators and Indicators.—These are fitted at the 
front end of the locomotive reserved for the driver, 
who, accordingly, has under his control the regulator 
of the steam engine, the cut-outs and rheostats, and 
the Westinghouse brake, while the ampére and volt 
meters on the indicator board are arranged so as to 
read off the current supplied to each of the eight 
motors. Each motor also has its own switch, so that 
it can be cut out at any time in case of emergency. 

Conclusion.—Altogether, the locomotive we have 
been describing is one of exceptional interest, and 
the enterprise and ability of its inventor, as well as of 
those responsible for the details of its design and 
construction, deserve great praise. Its merits and 
its possible defects as a motor of high-speed passenger 
or of low-speed goods train will be fully tested 
at the forthcoming trials, which will also afford an 
instructive comparison with the most perfected and 
powerful steam locomotives so far constructed. In 
the meantime, the Heilmann locomotive not only 
marks an important step in the universal evolution 
from steam to clectrical traction, but affords eloquent 
proof how, day by day, electrical science is becoming 
more blended with mechanical engineering. 
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THE WHITWORTH SCHOLARSHIPS. 
To THk Eprror oF ENGINEERING. 

Sir,—I read with pleasure the article in your issue of the 
9th inst. on ‘* Whitworth Scholarships,” but was surprised 
you did not suggest among other improvements a revision 
of the list of subjects in which candidates are examined. 
There is, I believe, a widely spread feeling among engi- 
neering students that the subjects Sound, Light, and 
Heat might with advantage be cut out of the list, whilst 
others, such as Applied Mechanics, Theoretical Mechanics 
—Solid and Fluid, and Steam—might be expanded in 
their scope, the last-named having a few questions on 
modern engineering, to the exclusion of Ancient History. 

My reason for suggesting the omission of the first- 
named subjects is that Sound and Light are of little use 
to an engineer, except, perhaps, in cases of specialities, 
and are of still less use to a young engineer. Having little 
or no use for it, the knowledge in those branches of science 
is soon lost. Then Heat, though much more useful, is, I 
believe, unnecessary as a special subject, for Steam in- 
cludes all of that subject that most engineers require. 

In Mathematics, two stages might well be the maxi- 
mum number possible to take at any one competition, for 
when a candidate devotesso much time to that large sub- 
ject as to take three stages, and those sometimes the 
highest in each division, it is almost certain he cannot 
have done justice to the more useful and necessary engi- 
neering subjects, not to speak of workshop experience, 
which, it is generally agreed, is most useful of all. 

In making these suggestions I do not mean that candi- 
dates for Whitworth scholarships should know only just 
enough of each subject, but that they should be required 
to have a more intimate knowledge of a few important 
subjects rather than asuperficial knowledge of many, im- 
portant and otherwise. The higher branches of engi- 
neering science should be acquired with the monetary aid 
afforded by the scholarships. 

Under present circumstances, the course of cramming 
required must have, and in some cases has, evil results, 
either permanent or temporary. It may be of some use 
to the successful who continue their studies at college, but 
to many who still keep to practical engineering most of it 
is worse than useless. If some reform in the present 
conditions of competition for these scholarships could be 
effected which would make it possible to remember—say 
six months after the examination—what has been acquired 
by hard work before that time, the competition would be 
more popular among that class of young engineers who 
would use its advantages in the way Sir Joseph Whit- 
worth intended. Yours truly, 

REFORM. 


MARINE BOILERS AND LEAKY TUBES. 
To THE Eprror oF ENGINEERING. ‘ 
Sir,—I have read your article, and those of various 
correspondents, with great interest, on the all-important 
subject, marine boilers and leaky tubes. At the time it 
struck me that something could be done to obviate the 
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For the past few months my thoughts have been 
directed to the cheapest and most practical way of manu- 
facturing the tubeplate I propose ; this I need not trouble 
further about, because on receipt of the number of Enar- 
NEERING dated March 3, and which I received two mails 
ago, I find a Mr. J. Phillips has anticipated me and 
patented the identical tubeplate ; however, his method of 
securing the tube ends may not be the same, therefore I 
forward my plan for insertion in your valuable journal, 
and apologise for taking up space therein. 

Tam, Sir, very sincerely yours, 
Guo. PrEBtgs, Superintending Engineer, 
China Navigation Company, Limited. 
Shanghai, China, May 5, 1893. 


To THE Eprror or ENGINEERING. 
S1r,—Since your realm extends over the whole world, 

I offer it to you as an excuse for the following. 
_ Herein inclosed you will find a tracing of our mode of 
inserting boiler tubes in furnace tube sheets of boilers. 
The sketch is made to scale full size. The tube sheet a 
is 4in. thick, the tube ¢ 24in. in diameter, and of 
standard thickness; 6 is a copper ferrule made from 
cold drawn tubing 24in. outside diameter, and about 
isin. thick. The modus operandi is as follows: The 


a.a. babe sheet Ve ticle 
6, Copper ferrule, _. 
u9 © Tron tube 272 dia. 


tube ends intended for the furnace are first swaged 
down in a special tool to 23 in. diameter ; then annealed 
in cinders or air-slaked lime ; ferrules of sufficient width 
are then cut, and a flange turned as at b. When every- 
thing is ready for the insertion of the tubes, the copper 
ferrules are first put in place from the inside, then the 
tubes driven in with a snug fit, and the beading is donein 
the usual way. Iam not the originator of this process, 
and I do not know whois; but I know that under the 
most severe tests it has been entirely successful, as I will 
try to convince you in the following. 

In this extreme north-west section of the United States 


trouble and expense makers have been put to, so that the 
boilers and machinery may be accepted on the comple- 
tion of the first trial. p 
The method I propose is shown in sketches herewith. 
Fig. 1 shows the back tubeplate angled, so that the steam 
enerated at the bottom shall not keep in contact with 
the tubeplate while ascending to the steam space, conse- 
quently the water will have free access to it, and keep the 
ee from being overheated. You will also observe that 
have made the tubeplate with a boss around each 
tube, a little more in thickness than that of the tube ; this 
will allow a much thinner plate to be employed, and 
thereby add to the steaming qualities of the boiler, besides 
assuring tightness of tubes, as the boss part of the plate 
will not alter its shape on account of the water being con- 
tinually around it. 

Fig. 2 shows one method of fixing the tubes in the back- 
plate. Yon willobserve the plate is stepped in the hole, 
the tube end beaded over, and a ferrule inserted in the 
recess, to protect the tube end from the impact of flame ; 
these can easily be renewed when they get destroyed by 
the action of the fire. Fig. 3 shows the tube hole 
bevelled, and the tube expanded to fit same; this 
method would be much cheaper to manufacture, and I 
think as efficient, both as regards tightness and staying 
of the plate, 


of America, we are using boilers that, for the amount of 
steam pressure carried, are behind no country in the world. 
We have successfully built marine engines and their 
boilers with steam pressures from 140 lb. to 200 lb. per 
square inch ; but our larger experience has been in stern- 
wheel river boats, having records for speed that have 
never been equalled anywhere by boats of similar de- 
sign. 

Pa bout three years ago we designed a firebox boiler of 
the locomotive type, for a set of sternwheel boat machinery, 
having cylinders 14 in. in diameter and 6 ft. stroke. 
The diameter of the boiler shell is 50 in., and it contains 
109 tubes, 24 in. in diameter and 16 ft. long. The firebox is 
6 ft. deep, 5 ft. long, and 4 ft. 8 in. wide, all inside 
dimensions. All the plates are steel 60,000 lb, tensile 
strength, 2in. thick, the tube sheet and back head 3 in. 
thick ; the rivets are iron (Burden make), braces, stay bolts 
of best Norway iron ; the water space in legs, sides and 
front, is 4 in., in back leg 5 in. This boiler was built 
throughout to carry 180 lb. of steam, and tested by 
hydraulic pressure to 270 lb. per square inch; it 
has been in constant use without repairs since that 
time, andI am informed that it has repeatedly carried 
all the steam pressure allowed, and enough to win the 
day when running for glory. The fuel ordinarily 
used is wood, with a small addition of good coal if a 
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little pressed, and some oil if required. When jogging along 
the steam is cut off in the cylinder at about three-eighths of 
the stroke ; if it is wanted to make time it is carried seven- 
eighthsormore, and thenumber of revolutionsabout thirty- 
six or more. The forced draught is produced by the ex- 
haust in the stack, and is such that one can see the mass 
going down at every discharge of the steam. This will 
probably give an idea of its intensity. The approximate 
heating surface is about 1300 square feet, and the indicated 
horse-power under extreme conditions would probably be 
800, giving a trifle over 14 square feet per horse-power for 
its heating surface. I could name other equally good 
examples, but believe this one to be sufficient. This 
boiler uses nothing but fresh water, and is washed clean 
about every week, 

I shall refrain from expressing an opinion, as I have 
only endeavoured to state facts as they are, thinking that 
this mite would be accepted as a small return for the 
knowledge I have gained through other contributions. 
Notwithstanding the high pressures carried, neither the 
crown sheet nor the sides of the furnace have shown any 
tendency to sag down or bulge, and they are in as good 
condition to-day as when the boiler left the shop. 

I remain, very respectfully yours, 
J. A. Lesourp. 
468, East Ninth-street, Station A, Portland, 
Oregon, U.S.A., May 17, 1893, 


THE STEAM CONSUMPTION OF 
PULSOMETERS. 
To THE Epitor or ENGINEERING. 

Srr,—I would feel obliged if you, or any of your readers, 
could tell me where I could find details of any experi- 
ments showing the steam consumption of pumps of the 
pulsometer class. 

I am, yours, 
A. Maclvor. 

Shotley-grove, Shotley Bridge, County Durham. 

June 8, 1893. 


THE METRIC SYSTEM. 
To THE Epriror or ENGINEERING, 

Str,—The letter from Messrs. Jno. Birch and Co. in 
your issue of the 9th inst. interests me very much. 

When I was at a large steel works we frequently re- 
ceived orders from abroad for crankshafts, &c., all of the 
measurements being given in millimetres. These dimen- 
sions I converted into English inches and fractions of an 
inch as far as jth for our hammermen and our fitting- 
shop to work to, and no complaint ever reached us as to 
any inaccuracy as to the measurements. 

The reason why both England and the United States 
have objected to the metric system, is that it is so clumsy, 
so inaccurate, so artificial, and so unscientific. 

On the other hand, our old English inch is purely 
scientitic—is, in fact, the very essence of science, for it is 


the 500,000,000 th part of the polar diameter of the earth— 


and this inch is shown repeatedly in the Great Pyramid 
of Egypt, built more than 2000 years B.c. 

If any one has any doubt of the old English inch being 
scientific, let him read Sir John Herschell’s letter to 
the editor of the London Z'%mes newspaper dated April 
30, 1869. 

Sir John said the inch was the best earth measure he 
had ever heard of, whereas he said the Parisian super 
ficial and curved metre idea was not a blunder only, it 
was a sin against geometrical simplicity. 

The metrical system has to be patched up in practice to 
be of any service; its errors of science and its uselessness 
for ordinary business for the great bulk of men make it, I 
may say, the laughing-stock of scientific men. 

When the French philosophers assumed the metre to be 


1 
the “10,000,000 th part of a quadrant of the earth’s curved 


surface, they could not foresee that geodesy would make 
such progress during the last thirty years as to show that 
the earth’s equator is not a circle, “‘ but a rather irregular 
curvilinear figure, perhaps ellipsoidal on the whole, so 
that it has many different lengths of equatorial diameters, 
and therefore also different lengths of quadrants in dif- 
ferent longitudes.” 

How then can the French metre be a scientifically 
exact measure ? 

The late Astronomer-Royal for Scotland says that 
under the French metric system, ‘‘if there should arise a 
difference of opinion as to which is the longer of two 
measuring rods, or the heavier of two weights, you must 
carry both of them away to where they can he reduced in 
temperature to freezing point, and by some difficult and 
expensive contrivance placed in a vacuum.” 

Could anything be more absurd? It is as certain as 
day succeeds night that the English inch will live long 
after the French metre is dead and forgotten. 

But notwithstanding these facts, how are we to com- 
mand the markets of the world, if some of them demand 
to be supplied with circulars, showing what we will 
supply given in unscientific French measures, rather than 
scientific English measures ? 

The remedy seems to be very simple. Let our merchants 
send out their circulars giving the English measurements 
with the corresponding French equivalents attached. 

Our English workman will not have the smallest diffi- 
culty in working to a millimetre, because snd of an 
English inch is nearly 20 percent. less than 1 millimetre, 
and yth of an English inch nearly 20 per cent. less than 
4 a millimetre. 

In one English inch there are 25? millimetres, but $3nds 
of that same inch. 

Why then should Messrs. Jno, Bireh and Co. be afraid 
to give millimetre dimensions in their circulars, accept 
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their orders from abroad in this way, and convert these 
measurements into English sizes for the workshops to 
work to? 

The works would accept the responsibility of con- 
verting the dimensions if Messrs. Birch did not care to 
do so. 

Yours respectfully, 
JAMES HUME. 

35, Chapel-chambers North, Chapel-street, Liverpool, 

June 12, 1893. 


To THE Eprror oF ENGINEERING. 

Srr,—I am much interested in Messrs. Birch’s letter, 
and copy of the letter which they have received from the 
Brazils. 

As an old advocate of the introduction of the metric 
system, I have been astonished at the supineness of English 
merchants in metric countries on the subject. 

They have the matter entirely in their own hands; yet 
they have seldom, if ever, ordered machinery to metric 
dimensions, or even sent home their own drawings in 
metric measurements. 


English manufacturers are not so careless of their own | 


interest as to allow orders to pass, if working to metric 
measures will secure them; but until English agents 
abroad press for the use of metric dimensions, and point 
out their necessity, manufacturers at home, as a body, 
will be slow to realise the importance of the question. 

T cannot, therefore, agree with the view which Messrs. 
Birch take, that manufacturers as a whole will not use 
metric measures, although it is very probable that some 
makers might object to the trouble and expense of getting 
out a set of templates for a single locomotive. 

In my opinion, Messrs. Birch correctly state that the 
difficulties in the way are much overestimated. The 
principal obstacle is the inertia of official circles and the 
retention of English dimensions in the Government works 
and public plans. In the case of weights, manufac- 
turers can simplify matters by giving all shipping 
weights in tons and decimals. 

The difference between the English ton and the metric 
tonne is only at 12 per cent., a variation which would 
make no appreciable difference in calculating freight, &c. 
The Whitworth screw threads are in force almost univer- 
sally in metric countries, and no difficulty arises in their 
use. Wheel gearing presents no objection. 

English pitches may be converted into metric dia- 
metrical pitches by allowing 1 mm. of diametrical pitch 
for each ¢ in. circumferential pitch. There is an error of 
about 14 per cent., or one contraction. 

The patterns of many Lancashire firms are made to 
accurate dimensions without allowing for contraction, 
hence the diameter of the casting will compare closely 
with that calculated from the metrical diametrical pitch ; 
while it will be 1 per cent. less than if calculated from the 
nominal pitch in inches. 

Engineers would do well to abandon the use of scales of 
4, ts, oy, &e., and use 4, 74, os, and = of full size. This 
may be objected to on the ground that workmen cannot 
take dimensions of a drawing with their rules. This is so, 
and acts as a very good precaution. If any necessary 
dimension is not figured on a drawing, it should be re- 
turned to the drawing office for revision. : 

I have commenced using such scales, and had the ques- 
tion raised. I was asked to allow scales for use in the 
shops, but declined, with the view of preventing slipshod 
work in the drawing office. 

I remain, yours truly, 
CHarLEs Louis Hert. 

Turbine Foundry, Brigg, June 14, 1893. 


Western MerarturcicAL Inpustry—The metallur- 
gical industry of sixteen western and north-western States 
of the American Union—Ohio, Indiana, Michigan, 
Illinois, Wisconsin, Minnesota, Iowa, Kansas, Wyoming, 
Nebraska, Colorado, Utah, California, Oregon, and 
Washington—is attaining some importance. In 1890 
these States produced 2,680,803 tons of pig. In 1880 the 
corresponding output had been 998,535 tons ; and in 1870, 
522,161 tons. 


New SMOKELESS PowpgER.—A second series of experi- 
ments has just been carried out by Sir W. G. Arm- 
strong and Co., in connection with the newly-invented 
smokeless powder made by M. St. Mare, a French officer, 
who resides at 14, Rue des Bordeaux, Charenton, near 
Paris. The results of the first experiment, which were 
conducted at the Armstrong experimental station at 
Silloth, near Carlisle, have already been published. The 
second trial of the powder has proved even more satis- 
factory. The gun used was a quick-firing Hotchkiss, 
having a calibre of 47 millimetres. The distance from 
the mouth of, the gun to the target was 50 metres. 
With a charge of 12 oz. of powder an initial velocity 
of 657 metres per second was obtained, with a 14-oz. 
charge 702 metres, and with a 16-oz. charge 874 metres, 
The powder is blue in colour, the size of each grain 
being 10 millimetres by 4 millimetres. The inventor 
claims that it will keep for an indefinite period, absorb- 
ing no moisture, which quality all smokeless powders 
hitherto invented have failed to possess. The gun- 
nery firm on the Tyne and another firm in Belgium 
are in treaty with M. St. Mare for acquiring his secret. 
Eixperiments were to have been carried out with a big 
gun at Silloth, but a licence to make the required amount 
of powder could not be obtained from the Home Office 
without its being stated of what materials the powder was 
composed. M. St. Mare has now returned to Paris, 
where he make will a quantity of his powder and bring it 
over to this country for the purpose. 


THE HORNSBY-AKROYD 
CONSTRUCTED BY MESSRS. R. HORNSBY 


Tue steady increase in the size of oil engines is 
shown by the fact that Messrs. Richard Hornsby and 
Sons, of Grantham, are about to exhibit at the Royal 
Agricultural Society’s Show, which opens to-morrow 
at Chester, an engine of 16 brake horse - power. 
The general appearance is shown by the illustration 
above. We have on more than one occasion de- 
scribed the construction of these engines,* but we 
may recall that they are differentiated from those of 
other makers by the fact that there is no separate 
vaporiser and no ignition tube. The oil is injected 
directly into the combustion chamber, and is imme- 
diately flashed into vapour, exploding spontaneously 
when the compression attains its maximum. The result 
is that great simplicity of construction is attained. The 
governor reduces the supply of oil, as the demand for 
power falls off, but does not cut it off completely, as 
in the hit-and-miss arrangements. More regular 
turning is thus secured. 

These engines are now constructed from 14 up to 25 
brake horse-power, as single cylinder engines, and up 
to 50 horse-power, with two cylinders. They will run 
with oil varying froma specific gravity of .8 to .886. 


ROLLING MILL PLANT AT TIRYDAIL 
TINPLATE WORKS. 

Fue rolling mill plant which we illustrate on pages 
839 and page 842 was supplied and erected at Tiry- 
dail for the Tirydail Tinplate Company, Ammon- 
ford, Carmarthenshire, by the Lilleshall Company, 
Limited, of Wellington, Salop. 

Being the first tinplate rolling plant undertaken 
by the latter company, considerable scope was given 
to the designer throughout, as no drawings or patterns 
existed, and except a few leading dimensions no par- 
ticular stipulations as to design were imposed by the 
Tirydail Company. The engine, Figs. 1 and 2, is of 
the compound inverted type, having cylinders 26 in. 
and 46 in. in diameter by 48 in. stroke. Hach 
cylinder has half the entablature cast to it; this is 
simply a frame open at the top, and forms a conve- 
nient means of bolting the cylinders together and to 
the tops of the columns; moreover, as the bottom of 
the entablature is flush with the bottom of the cylin- 
ders, there is no difficulty with the lower cover joints, 
nor any awkwardness in getting at the stuffing-boxes. 
The crankshaft is in two parts, each part having 
two journals 16 in. in diameter by 24 in. long. The 
high-pressure engine crank is forged solid with a part 
of the shaft, and the low-pressure engine crank is 
built up and connects the two parts together. The shaft 
was originally specified to be in one piece, but the 
question of machining a shaft 20ft. long with two 
immense cranks ina shop not specially equipped for 
such work, led to its modification as described. The 
columns are 13 in, in external diameter at the top and 
15 in, at the base, with a thickness of lin. Each 
column is fixed to the bed by four 23-in. bolts. The 
columns are bound together by rectangular hollow dis- 


* See ENGINEERING, vol. liii., page 772; and vol. li, 
page 752. 
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SAFETY OIL ENGINE. 


& SONS, LTD., ENGINEERS, GRANTHAM. 


tance pieces, which also serve to carry the slide bars, 
and form a very firm and rigid framework. The slide 
bars are 12in. wide, and the slipper blocks 22 in, in 
length. The condenser and air pump, of the usual jet 
condensing type, were arranged to go under the mill 
floor, so as to be entirely out of the way. The cranks 
are fixed at angle of 120 deg. with each other, the low- 
pressure leading. The flywheel is 22ft. in diameter, 
and is constructed in four parts firmly keyed together, 
and weighs a trifle over 35 tons. Its construction is 
shown in Fig. 3. The engine is fitted with Muncaster’s 
patent automatic expansion gear controlled by a 
Porter governor, &c., and the low-pressure cylinder 
has Muncaster’s patent balanced slide valve, by which 


in this case the valve is relieved of about 75 per cent. — 


of the load due to the steam pressure. Three types of 
rolling mill are used, the largest figures, 4, 5, and 6, 
having rolls 19in. in diameter and 26 in. long. The 
other rolls, Figs. 7, 8, 9, and 10, and Figs. 14 and 
15, are of the same length, but are not quite so heavy. 
Particulars of the shearing machine for trimming the 
plates are shown in Figs. 11 to 13. 


Russian Rattways.—The length of railway in opera: 
tion in Russia in 1878 was 13,340 miles. In 1889 the 
corresponding length of completed line was 17,277 miles, 
showing an increase of 3938 miles. The increase in the 
working expenses between 1878 and 1889 was 9 per cent., 
while the net revenue increased to the extent of 62 per 
cent. The net revenue in 1889 only represented, however, 
an average of 12 per cent. per annum upon the capital 
engaged. 


Narat Iron.—It has been known for some time past that 
iron ore deposits of great extent exist in the Newcastle 
district in Natal. Several tons of the ore were recently 
sent to England for smelting, instructions being at the 
same time given to have the product thoroughly tested 
and manufactured into articles for which it was deemed 
suitable. This has now been done. The ore experimented 
with was found to be well adapted for the production of 
steel, and a quantity of cutlery has been made from it. 


AnorHeR Smart Run spy THE ‘¢ CampantA.”—The 
mails by the Campania were delivered in London on 
Saturday morning, the 10th inst., the same as_ was the 
case on the last trip of that steamer. The Campania 
reached Queenstown at five minutes past twelve noon 
on Friday, and sailed again in half anhour, Her time on 
the trip, although about three hours more than on her 
first homeward run, is, nevertheless, remarkably good— 
viz., from New York to Daunts Rock, Queenstown, 
5 days 20 hours 13 minutes. Her mails were landed, an 
the steamer arrived off Liverpool Bar about ten o’clock 
at night. The tide was not full until about seven the 
next morning, otherwise the steamer would have entered 
the Mersey in the evening. The company sent down a 
tender for any of the passengers who cared to land. The 
specie was also landed. The Campania left New York 
at 10.42 on Saturday morning, June 3, The runs of 
the Compania are as follows: To noon on the 4th, 595 
miles; 5th, 489 miles; 6th, 481 miles; 7th, 467 miles; 
Sth, 482 miles; and 9th, 486 miles. The steamer ha 
moderate weather except on the 7th, when she had a 
westerly gale and fresh breez», and squally on the 8th, 
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Manufactured Iron and Steel.—We are pleased to be 
able to report some improvement in the manufactured 
iron and steel trades. Prices are better than they were a 
week ago, but they are still considerably below what they 
should be, and cannot be very remunerative. It is, how- 
ever, satisfactory to learn that a good few orders have 
recently been placed, particularly for steel shipbuilding 
material. Manufactured iron producers also report more 
doing, but few firms are well employed. Common iron 
bars are quoted 4. 17s. 6d. ; iron ship-plates, 4/. 12s. 6d. ; 
iron ship-angles, 4/. 12s. 6d.; steel ship-plates, 5/.; and 
steel ship-angles, 4/. 13s. 9d. to 47. 15s.; all less the 
customary 24 per cent. discount for cash. Heavy sections 
of steel rails remain at 3/. 15s. neb at works, 


The Fuel Trade.—On the whole the fuel trade shows 
some improvement. At Newcastle best Northumbrian 
steam eoal is quoted 8s. 9d. f.o.b., and second qualities 8s. 
Gas coal, as is usual at this season of the year, is very 
dull and weak in price. Coke is rather dear, but quota- 
tions vary somewhat. Here it is difficult to purchase 
good blast-furnace qualities under 12s. per ton delivered. 


The State of the Shipbuilding Trade.—A number of very 
important orders for steamers are said to have been 
received lately by shipbuilding firms on the Wear. 
Amongst the contracts said to be secured is one for 
a couple of mail and passenger boats of a high 
quality. It is also reported that the orders for the 
engines of these vessels have been secured by Wear 
firms. The Strand Slipway Company, who have done no 
new work for the past two years, have now commenced 
frame building for a vessel to take the place of the 
Black Diamond. Progress is also being made with the 
new yard at South Hylton, and it may be said that the 
shipbuilding trade on the Wear is in a better condition 
than it has been. The firm of Messrs. Burrell and Sons, 
Glasgow, have given out orders for eight steamers, the 
largest from one firm for several years. Shipbuilders on 
che Tyne and Tees are also said to have booked a few 
orders lately. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
John Brown and Oo., Limited.—The directors of this 
company have decided to recommend the payment of a 
further dividend on the ordinary shares of the company 
of 12s. 6d. per share, making, with the interim dividend 
paid in December last, 74 per cent. for the year. 


Yorkshire Miners’ Association.—The annual report of 
this combination was issued yesterday. It contends that 
the lowering of values of coal and of wages does not induce 
the consumption of one ton of coal more than would be 
used were there no reductions, either in value or in wages. 
In Yorkshire, during 1892, the output had increased by 
300,000 tons. The report adds it is admitted on all hands 
that reductions in miners’ wages never bring profit to the 
owners of collieries. Colliery owners in 1892 made good 
and reasonable profits, ranging from 5 to 174 per cent., in 
some instances not merely giving a substantial dividend, 
but handing back, by bonus, to the shareholders part of 
the capital. The advice of the association to the men is 
“*to tell the employers straight they are quite prepared 
to make the 40 per cent. the normal condition of wages ;” 
in other words, no reduction. In Yorkshire 89 lives were 
lost in 1892, against 99 in 1891. It continues: ‘‘ Colliery 
managers ought to be made wholly responsible, in a 
criminal sense, for the introduction of unskilled labour 
into mines.” Entire prohibition will sooner or later be 
brought about. It is hoped the time is not far distant 
when the Eight Hours Miners’ Bill will become law, and 
so dispose of one of the most prominent questions of the 
day. Large sums are now being paid from the funds 
because of victimisation. The branches will have to 
seriously consider whether, where such victims are made. 
and persistently made, they will not bring out the whole 
of the persons in the colliery, and so put an end to “‘in- 
vidious treatment by vexatious managers.” The return 
of the membership is attached to thereport. It shows a 
total of 159 branches, of which four have not sent any 
return. The 159 have 54,089 financial, 2250 unfinancial, 
and 706 new members. 


Neepsend Rolling Mills Company, Limited. —The 
directors in their annual report say the reports which 
have recently been issued by other rolling mill com- 
panies will have prepared the shareholders of this com- 
pany to expect to hear that the results of the year’s 
business are disappointing. The hope that was enter- 
tained a year ago of a revival of the American trade has 
not been justified by the event; and though the home 
trade has been considerably increased, and is increasing, 
that increase has not yet been sufficient to make up the 
loss sustained in other directions, and the profit balance 
is consequently very small. No dividend is declared. 


The Heavy Trades.—No further encouraging movement 
is to be noted in connection with the iron trade, pig 
remaining at 42s. to 44s. for foundry, and 40s. to 42s. for 
forge. Hematite pig is in full supply. Bar continues to 
sell most freely, export orders being principally for India 
and Australia. The heavy steel trades are depressed, 
orders for marine material being very short. Railway 
material is working off most freely of the output, on home 
and Kast Indian orders, with others expected from South 
Africa and South America. Quotations as given last 
week are unaltered. There isa steady demand for best 
iron and steel boiler-plates and patent flues and tubes. 
Some fair orders are also in hand for Bessemer steel for 
the Continent, and crucible cast tool steel is selling well 
on United States, Indian, and Brazilian account. In the 
coal market prices still tend downward. The loss of im- 
portant gas contracts placed in this district last year 
makes the situation more acute, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Comparatively little busi- 
nsss was done in the pig-iron warrant market last Thurs- 
day forenoon—some 3500 tons of Scotch and 2000 tons of 
Cumberland hematite iron. Of the Scotch, 1000 tons 
were sold at 41s. per ton, and the rest at $d. per ton 
more. Prices generally were firmer. The market was 
very firm in the afternoon, with a fair amount of busi- 
ness done. About 10,000 tons of Scotch iron changed 
hands at 41s. 2d. per ton on Monday. At the close the 
settlement prices were—Scotch iron, 41s. 12d. per ton; 
Cleveland, 34s. 443d.; Cumberland and Middlesbrough 
hematite iron, respectively, 44s. 74d. and 42s. 74d. per 
ton. On Friday forenoon rather more life was displayed, 
and the tone was very firm, due principally to ‘‘ options” 
and “forfeits” falling due, while the Board of Trade 
returns were looked upon as favourable. Jn Scotch 
warrants about 10,000 tons were dealt in, and the cash 
price advanced to 41s. 4d., or an advance of 2d. per ton 
from the preceding night’s finish. Ex-official business 
was also done in Scotch iron at 41s. 14d., with a 
“plant” this week, and at 41s. 2d. and 41s. 3$d. a 
month open, with 1s. forfeit in sellers’ option. A few 
lots of Cleveland iron also changed hands, and the price 
rose 1d. per ton in sympathy with Scotch iron. Cumber- 
land hematite, however, declined in price 1d. per ton. 
The market was not so active in the afternoon, but prices 
were very firm. Between 7000 and 8000 tons of Scotch 
changed hands, principally on month account. For cash 
the price touched 41s. 5d., closing with sellers $d. under. 
The settlement prices at the close were—Scotch iron, 
41s. 44d. per ton; Cleveland, 34s. 74d. ; Cumberland 
and Middlesbrough hematite iron, respectively, 44s. 74d. 
and 42s. 74d. per ton. Business was quiet in Monday’s 
market. At first the tone was good, and 41s. 6d. cash 
was paid for Scotch, but 41s. 4d. was afterwards accepted, 
41s. 44d. per ton being the finish. Cleveland and hema- 
tite iron were neglected. The closing settlement prices 
were—Scotch iron, 41s. 42d. per ton ; Cleveland, 34s. 6d.; 
Cumberland and Middlesbrough hematite iron, 44s. 7d. 
and 42s. 74d. per ton respectively. Tuesday’s market was 
quiet and dull. At the forenoon meeting of the “ring” 
there were only 4000 tons of Scotch warrants dealt 
in, andthe cash price, which opened at 41s. 43d., gave 
way to 41s. 3d. per ton, buyers afterwards offering 
41s. 13d., so that from the previous day’s close there was 
a decline of 3d. per ton. Cleveland and hematite iron 
were neglected, and unchanged in price. At the after- 
noon market the tone was still flat, Scotch iron touchin 
41s. 1d. per ton cash, but rallying at the best to 41s, 13d. 
cash. With the exception of Scotch, which was 41s. 1$d. 
per ton, all the other settlement prices were the same as 
at the close on Monday. The tone of the market this 
forenoon was firmer for Scotch iron, which alone was 
dealt in, but not more than 5000 tons cash and one 
month changed hands. At 41s. 34d. per ton cash 
the price showed a rise of 13d. per ton from yesterday’s 
close. The market for Scotch was strong during the 
afternoon, and 41s, 5d. per ton cash was paid. At the 
close the settlement prices were—Scotch iron, 41s, 44d. 
per ton; Cleveland, 34s. 6d. ; Cumberland and Middles- 
brough hematite iron, respectively, 44s. 7$d. and 42s, 3d. 
perton. The following are the current quotations for 
several No. 1 special brands of makers’ iron ; Clyde, 47s. 
per ton ; Gartsherrie, 47s. 6d. ; Calder, 48s. ; Summerlee, 
49s.; Coltness, 53s. 6d.; Langloan, 54s.—the foregoing 
all shipped at Glasgow Harbour ; Glengarnock (shipped 
at Ardrossan), 49s.; Shotts (shipped at Leith), 51s. ; 
Carron (shipped at Grangemouth), 52s. 6d. per ton. 
There are still 71 blast furnaces in active operation in 
Scotland, as compared with 77 at this time last year. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 5800 tons, against 6378 tons in the corre- 
sponding week of last year. They included 175 tons for 
Canada, 105 tons for Australia, 510 tons for Italy, 621 
tons for Germany, 225 tons for Russia, 425 tons for Hol- 
land, 125 tons for Belgium, 147 tons for China and 
Japan, smaller quantities for other countries, and 
3387 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores yesterday evening 
stood at 337,253 tons, as compared with 337,635 tons yes- 
terday week, thus showing for the week a reduction 
amounting to 382 tons. 


Finished Iron and Steel Trades.—Makers of bar iron, 
who report an increase of orders, are inclined to advance 
their prices 2s. 6d. per ton, the increased demand from 
the China and Indian markets being the cause of the 
hardening in prices. Merchants seem to be very ready 
to accept contracts at the lately established levels, but 
makers are prepared to bide their time. Most of the 
works are running full time; and, although the orders 
are not booked far forward, they still keep coming in 
sufficiently to keep the mills running, It is said that 
there are plenty of orders in the market for unbranded 
iron, but makers generally prefer to let such orders get 
the ‘‘go-by.” Orders for bars have lately been booked 
at 5/. 10s., 5J. 15s., and even at 6/. 5s. per ton. Several 
hundred tons of common bars have recently been placed 
at 51. 7s. 6d. f.0.b. Glasgow. It is reported that many of 
the iron merchants are taking their chance of the 
low prices, and are filling their warehouses. Sheet 
makers are well employed, and have decided to 
maintain prices on the basis of 7/. 5s. per ton for 
“singles.” The local steel trade promises to be more 
active than it has been for some time past. In some 
instances the makers are well booked forward. At 
present there is a brisk demand for steel bar crop ends, 
for which 27. 15s. per ton net is offered taking large 

uantities. Steel-plate scrap is also in active request, 

ocal railmakers complain of the scarcity of supplies. 


Admiralty Contract for Boiler Tubes.—Messrs. A. and 
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J. Stewart and Clydesdale, Limited, have just secured 
a good order from the Admiraly for boiler tubes. 


Copper Ore Imports at Clyde.—The imports in May of 
Spanish copper pyrites at the Clyde ports, chiefly con- 
signed to the Tharsis Company, amounted to 4762 tons, 
This shows an increase of 1467 tons over the landings in 
May, 1892. For the five months there is an increase of 
4750 tons, or equal to 20 per cent. The returns are; 


Month. Five Months. 
Vessels. Tons. Vessels. Tons, 
1893 3 4762 16 27,384 
1892 2 3293 iB} 22,634 
1891 4 4780 14 19,685 
1890 3 4641 16 23,803 
1889 3 4635 20 25,849 
1888 2 2381 15 19,390 


Coal Contracts for the Glasgow Corporation Gas Supply 
Undertaking.—Itisstated this afternoon that, at a meeting 
of the Glasgow Corporation Gas Committee held to-day, 
contracts were closed for the supply of about 400,000 tons 
of different kinds of cannel and splint coal for the finan- 
cial year ending May 31, 1894. In some instances the 
cannels were offered at prices ranging from 8s. to 5s. or 
more per ton under the prices asked for the same qualities 
of coal at this time last year; and in nearly every case 
there was a reduction of price. The report goes that there 
is at least an average reduction in prices amounting to 2s, 
per ton. That reduction on 400,000 tons of mineral 
means a nice sum for the benefit of the gas con- 
sumers, who believe they are quite justified in looking 
out for a reduction in the price of gas, certainly to the 
extent of having the advance of 3d. per 1000 cubic feeb 
taken off that was made last year. It is said that at 
least 104 tenders were sent in, some of which ranged from 
15,000 and 20,000 tons up to 60,600 tons, 


The Disposal of Clyde Dredgings.—Parliament continues 
to keep a sharp eye on the disposal of the Clyde dredg- 
ings. Asis well known, the Clyde Trust have been 
driven out of Loch Long so far as river and harbour 
dredgings are concerned, but they are not the only body 
who carry on dredging operations. The Clyde Light- 
house Trustees dredge around Greenock and Port- 
Glasgow, and it appears that the deposit from these 
harbours is still being taken to Loch Long. This is an 
arrangement which Parliament sanctioned in 1880 for a 
period of fifteen years, so that the Lighthouse Trustees 
have two years of grace to run. When 1895 arrives the 
Board of Trade propose to look into the matter. The 


& | result is a foregone conclusion. 


More Shipbuilding Orders.—In addition to the new 
steamers ordered by Messrs. Burrell and Sons, of Glas- 
gow, as mentioned in last week’s ‘‘ Notes,” orders have 
just been placed by that firm for another four steamers. 
One of them is to be built by Messrs. A. Rodger and Co., 
Port-Glasgow; two are to be built by Messrs. Alexander 
Stephen and Sons, Linthouse; and one by a north of 
England firm ; and Messrs.‘Ramage and Ferguson, Leith, 
have taken a contract to build a steamer of 700 tons for a 
Grangemouth firm. 


NOTES FROM THE SOUTH-WEST. 

Dock Extension at Newport.—The new dock just opened 
at Newport, which will be known as the South Dock, to 
distinguish it from the adjoining North Dock, is 1500 ft. 
long by 550 ft. wide in deep water, and was built from 
designs by Mr. W. Stopford Smyth. It has a depth on 
the sills at spring tides of 35 ft., and at neaps of 25 ft. 
Above the natural surface the sides slope 14 to 1, and are 
faced with stone pitching. The original plan provided for a 
totallength of 2270 ft. To the erection of quays, yards, 
warehouses, &c., 215 acres are devoted, and 100 acres for 
the deposit of ballast. The lock is 503% ft. long and 72 ft. 
wide. The dock is surrounded by nearly 200 acres of 
land for sidings and storage, and has a frontage to the 
Usk of 1} miles. The total deep-water acreage now at 
the command of the Newport Dock Company is 61 acres, 
viz., Old Dock, 123 acres; North Dock, 28 acres ; and 
South Dock, 20 acres. 


South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in May were as 
follows: Cardiff—foreign, 869,369 tons ; coastwise, 126,548 
tons. Newport—foreign, 163,352 tons ; coastwise, 94,523 


tons. Swansea—foreign, 68,811 tons; coastwise, 55,185 
tons. Llanelly—foreign, 9730 tons; coastwise, 5495 
tons. The aggregate shipments of coal from the four 


ports in May were, accordingly—foreign, 1,111,262 tons ; 
coastwise, 281,731 tons. Theshipments of iron and steel 
from the four ports in May were: Cardiff, 1778 tons; 
Newport, 2438 tons; Swansea, 432 tons; Llanelly, nil; 
total, 4648 tons. The shipments of coke from the four 
ports in May were: Cardiff, 5836 tons; Newport, 990 
tons; Swansea, 10? tons; total, 6836% tons. The ship- 
ments of patent fuel from the four ports in May were: 
Cardiff, 31,529 tons; Newport, 4620 tons; Swansea, 
27,365 tons; Llanelly, nz; total, 63,514 tons. The 
aggregate shipments of coal from the four principal 
Welsh ports in the first five months of this year were as 
follows: Cardiff, 5,034,162 tons ; Newport, 1,162,048 tons; 
Swansea, 612,256 tons; Llanelly, 68,149 tons; total, 
6,876,615 tons. The aggregate shipments of iron and steel 
from the four principal ports during the first five months 
of this year were: Cardiff, 13,710 tons; Newport, 6936 
tons ; Swansea, 1006 tons; Llanelly, nz; total, 21,652 
tons. The aggregate shipments of coke to May 31 were: 
Cardiff, 36,963 tons ; Newport, 1919 tons ; Swansea, 891? 
tons ; Llanelly, nil; total, 39,7732 tons. The aggregate 
shipments of patent fuel to May 31 were: Cardiff, 
127,010 tons; Newport, 24,848 tons; Swansea, 129,117 
tons; Llanelly, nil; total, 280,965 tons, 
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Bristol Wagon and Carriage Works Company, Limited. 
—The accounts for the year ending March 31 show that 
after adding 1000/. to the reserve fund (making it 17,0002. ) 
and 1000/. to the depreciation fund (making it 14,000/.), 
the net profits, including the balance brought forward, 
amount to 11,886/. Deducting an interim dividend of 3 
per cent. paid in December, amounting to 3300/., there 
remains a disposable balance of 85867. The directors 
recommend that a dividend be declared on the called-up 
preference and ordinary share capital of the company of 
5 per cent. for the half-year ending March 31 last, which 
will amount to 5500/., and that the balance of 3086/. be 
carried forward. Continued depression exists in railway 
enterprise, but a fair amount of work has been secured 
by the company for execution during the current year. 
The rolling stock of the company consists of 3031 wagons 
and carriages, nearly all of which are let. 


The ‘* Spanker.”—The Spanker, gunboat, returned to 
Plymouth Sound on Friday last, after having been in the 
Channel for a twenty-four hours’ trial of her machi- 
nery. The trial, which resulted satisfactorily, was carried 
out at three-fifths full power with three boilers. The 
fourth boiler, having been recognised as defective since 
last summer, was not used. The results were: Mean 
steam in boilers, 129 lb. ; vacuum—starboard, 28.0 in., 
port 27.8in. ; revolutions—starboard 181.2, port 181.0; indi- 
cated horse-power—starboard 543, port, 607 ; total, 1150 ; 
air pressure, .3in. ; speed by log, 14.06 knots; consumption 
of coal, 2.30 lb. an hour per indicated horse-power. 
The trial was ordered for the purpose of obtaining records 
of coal consumption, &c., before removing the present 
boilers for a set of more modern type. 


Sir W. T. Lewis.—The Monmouthshire and South 
Wales Coalowners’ Association having placed 3000 
guineas at the disposal of Sir W. T. Lewis to mark their 
appreciation of his services as their president, and more 
especially as chairman of the Sliding Scale Committee, 
Sir William has intimated to the principal of University 
College, South Wales, that 10007. will be devoted towards 
two scholarships for working colliers, and 500/. will be 
given to the South Wales Institute of Engineers as 
premiums for papers read by students. 


The ‘‘ Talbot,” the ‘‘ Minerva,” and the ‘‘ Eclipse.” —It 
is understood that the plans for the arrangement of the 
machinery in the new cruisers Talbot, Minerva, and 
Eclipse have been approved by the Admiralty. These 
vessels are to be built respectively at Devonport, Chat- 
ham, and Portsmouth. At Devonport, before next April, 
6000/7. will be spent in labour on the Talbot, 5000/. of 
which will be expended at Keyham factory. The con- 
struction of the machinery, which will be of greater 
power than has ever yet been turned out of Keyham, will 
be commenced in August. 


Cardiff.—Business in steam coal has been somewhat 
restricted ; prices have, however, been well maintained ; 
the best qualities have made 10s. 3d. to 10s. 6d., while 
secondary descriptions have brought 9s. 6d. to 9s. 9d. per 
ton. There has been rather a better demand for house- 
hold coal ; No. 3 Rhondda large has made 9s. 6d. to 10s. 
per ton. Foundry coke has brought 17s. 6d. to 17s. 9d., 
and furnace ditto, 16s. to 16s. 6d. per ton. The iron and 
steel trades have shown little change, and orders have, 
upon the whole, been scarce. 


The Rhymney Valley.—Work has been fairly regular in 
this district, although there are numbers of men unem- 
ployed. The Llanbraddach pits are progressing satis- 
factorily, as well as those which are being sunk in the 
Aber Valley. 


MISCELLANEA. 
Tue Junior Engineering Society recently paid a visit to 
the Tower Bridge, being shown over the works by Mr. E. 
W. Cruttwell, M. Inst. C.E. 


The French Navy Estimates for the year 1894 contem- 
plate the laying down of thirty-two new vessels of various 
types, including three first-class battleships and five 
second-class cruisers. 


The general manager reports that the Cape railways 
yielded 4/. 14s. 8d. per cent. on a capital of 184 millions 
last year, against 4/. 13s. 4d. per cent. on 164 millions in 
the year 1891. The working expenses were 61 per cent, 
of the receipts. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ended June 4, 
amounted, on 16,4474 miles, to 1,387,673/., and for the 
corresponding period of 1892, on 16,3734 miles, to 
1,522,883/., an increase of 744 miles, or 0.4 per cent., and 
a decrease of 104,260/., or 9.7 per cent. 


At the ordinary monthly meeting of the London 
Association of Foremen Engineers and Draughtsmen, 
held on the 8rd inst., a gold watch and chain and an 
illuminated address were presented to Mr. Coates, the 
president and treasurer, in recognition of his services to 
the society, with which he has been connected for twenty- 
one years. 


The sand pump dredger Jupiter, built by Messrs, 
Simons, Renfrew, has broken an Australian dredging 
record at Maclean. In one day recently she lifted and 
discharged 8000 tons of silt in eight hours, the previous 
record of 2000 tons, which were lifted but not discharged, 
being held by the river dredger Neptune. She is now 
deepening the river channel at Lawrence. 


Mr. Herbert Cheesman asks us to state that the lecture 
mentioned in our issue of June 2 as being delivered by 
him atthe Yorkshire College, Leeds, on May 29, was 
really given on May 8, and dealt with the manufacture of 
wire ropes generally, as wellas on the ‘“‘Telodynamic 


Transmission of Power.” There was a good audience, 
and the discussion on the paper was adjourned. 


The Norwegian Krag-Jirgensen rifle is receiving 
much attention at the hands of the Turkish Govern- 
ment. Captain Krag has recently left Constantinople 
and gone to Paris, in order to offer his invention to 
the French Government. Turkey is stated to have 
ordered 200,000 rifles and 100,000 carbines of the Krag- 
Jorgensen model. 


An arrangement has been come to between the firms of 
AC Perkins and Son, Limited, and Werner and 
Pfleiderer, whereby that branch of the business of the 
former firm, which comprises the manufacture of the 
“* Perkins’ steam oven,” has been combined with the Lon- 
don branch of the latter firm. The show rooms are at 
117, Queen Victoria-street. 


The trade and navigation returns for May are more 
satisfactory than they were expected to be. They show 
exports amounting to 17,822,560/., an increase of 38,4912, 
or 0.2 per cent., on the corresponding month in 1892 ; the 
imports amounting to 36,836,951/., an increase of 
1,801,2137., or 5.1 per cent. The value of the iron and 
steel exports was 1,927,819/., against 1,803,289/., an in- 
crease of 6.9 per cent. ; and of the coal and coke exports 
1,262, 422/., against 1,305,319/., a decrease of 3.2 per cent. 
For the first five months of the year the falling off in 
exports is 5 per cent., and in imports 73 per cent. 


Composite steel and wood gunboats have been approved 
by Secretary Herbert, of the United States Navy Depart: 
ment. The length of these gunboats is 220 ft.; their 
extreme beam, 38 ft. ; mean draught, 11 ft. ; displacement, 
1200 tons ; full coal capacity, 300 tons ; estimated speed, 
14 knots. The battery is eight 4-in. rapid-fire guns, four 
6 1b., two1lb., and two Gatlings. The engines are of 
the direct-acting vertical inverted type, with quadruple ex- 
pansion cylinders as follows: High pressure, 11 in. ; first 
intermediate, 17 in. ; second intermediate, 24 in. ; low 
pressure, 34 in. These vessels are the first composite gun- 
boats built for the United States Navy. 


The Great Western Railway Company is now engaged 
in doubling a portion of its lines in Devon. This section 
of the line contains a large number of big bridges, via- 
ducts, and heavy gradients, and when laid out by Brunel 
no provision was made for a future widening. The works 
now in progress are in the neighbourhood of Brent, and the 
total length being dealt with is11 miles 20 chains, The 
work was commenced shortly after the conversion to the 
narrow gauge, and has been rapidly pushed forward, 
about 25 miles of the doubling being opened to traffic 
last month. The works include the rebuilding of seven 
of Brunel’s wooden viaducts, a tunnel near Marley, and 
the reconstruction of many under and over bridges. 


The report of the Indian Railway Administration for 
the past year shows an apparent loss of 171 lakhs, but 
if the interest on the lines under construction be ex- 
cluded, the net loss is only 98 lakhs. This unfavourable 
result is due to the heavy fall in exchange. The State 
still has to pay 4# per cent. on the capital raised by the 
guaranteed companies, whereas loans could now be raised 
at about 3 per cent. The amount of rupees remitted to 
England to pay the sterling interest charges is, owing to 
the fall in exchange, equivalent to a payment of interest 
of over 7% per cent. on the capital raised, converted at 
par. Had silver remained at par the guaranteed rail- 
ways would have shown in 1891 a surplus of 60 lakhs. 


The French Naval Budget for 1894 comprises the build- 
ing of the following vessels, partly at the Government 
dockyards and partly at private shipbuilding firms: 
Three armoured battleships, five second and one third 
class cruisers, eighteen torpedo-boats of various types, a 
despatch boat, and some smaller vessels. Four of these 
ships are to be built at the dockyards, and the rest by 
private firms. The ironclads will cost 1,100,000/., their 
displacement will be 11,000 tons, and their speed 18 knots. 
The cruisers will have a speed of about 20 knots, and the 
torpedo-boats will vary in speed from 16 to 23 knots, 
ioe service in Africa several small steam launches will be 

uilt. 


A trial of armour plate was recently made at Beth- 
lehem, Pa., with a 12-in. curved nickel steel plate 164 ft. 
long and 6 ft. high, bent to an inside radius of 13} ft., and 
fitted to curved backing. Three shots from an 8-in. gun 
were fired. The first shot sent the 250-lb. Holtzer pro- 
jectile with a velocity of 1577 feet per second, but the pene- 
tration was only 114 in. The second shot was fired with 
90.3 lb. of powder, developing a velocity of 1826 feet per 
second and driving the projectile about 15} in. into the 
plate. These two shots produced no cracks, nor did the 
third and last, whena velocity of 2005 feet per second was 
developed, and the projectile penetrated through the 
plate, but was broken into small bits. The trials were 
witnessed by Admiral Koznakoff, of the Russian Navy, 
and a number of officers of the Austrian Navy. The 
firing was in charge of Lieutenant Meigs. 


The ship in which Dr. Nansen is to make his forth- 
coming Arctic voyage is named the Fram, and has been 
built at Laurick, Norway, at the yard of Mr. Colin 
Archer. In form she resembles a Scotch buckie boat, 
but schooner rigged, and furnished with engines of about 
170 indicated horse-power. She is 39 metres (128 ft.) lon 
by 11 metres (36 ft.) broad. Dr. Nansen expects the vesse 
to be frozen in somewhere in the neighbourhood of the 
Liakov Islands, and that she will then by conveyed by 
the drift of the ice to and past the North Pole, and finally 
set free again in the East Greenland seas. The crew 
will consist of twelve men, and provisions for five years 
will be carried. The proper ventilation of a ship under 
such conditions as arise in the polar regions is a matter 
of some difficulty, but all the arrangements for this pur- 


pose have been made by Messrs. Robert Boyle and Sons, 
of London and Glasgow, who are fitting their air-pump 
ventilators on board. 


An interesting test of cast-steel projectiles has lately 
been completed by the United States Bureau of Ord- 
nance. They were furnished by L. G. Johnson, of 
Spuyten Duyvil, New York, who has a contract to 
deliver 500 shells treated by a secret process. One of 
them was discharged from a 10-in. gun with a muzzle 
velocity of 1330 ft. against a 10-in. nickel steel plate, but 
the results could not be accurately determined, as it was 
upset against the plate. A second shell fired with a 
velocity of 1500 ft. not only perforated the plate, but 
went through the backing and landed some distance 
behind the target. The result is highly pleasing to the 
officers, and further tests will be made. The Carnegie 
Works furnished an oil-tempered steel shell which was 
very successfully tried several months ago, and the trials 
of these two makes of projectiles are spoken of among 
ordnance officers as indicating the possibility of a good 
shell being produced at one-third the cost of the forged 
steel pattern. 


Discussing a paper by Mr. James Owen, ‘‘ On some Dis- 
puted Points in Road Construction,” recently read before 
the American Society of Civil Engineers, Mr. Calvin 
Tomkins remarked that the efficiency of a road as a floor 
largely depended on its properties as a roof, This was 
especially true in the case of thin roads, and roads resting 
on bad natural bottems. It was possible, by making the 
road sufficiently thick, to ignore a wet bottom, but it was 
cheaper to arrange for a dry foundation and place a 
thinner road on it. Whilst not disputing the great 
strength and durability of trap rock, he had found 
that hard broken limestone had a capacity for binding 
compactly on the road surface, in Bee a way as to make 
it impervious to water, and that trap-rock did not do this 
so efficiently. This valuable cohesive property of many 
limestones was probably due to the solution and subse- 
quent crystallisation of carbonate of lime. The cement- 
ing action began as soon as the stones were laid. Hence, 
though admitting that a heavy road constructed of clean 
trap-stone and sharp-binding material, thoroughly rolled, 
was the best road, he still believed, that a road con- 
structed of a hard silicious limestone was better adapted 
to the following conditions: (1) When suitable lime- 
stone could be got much cheaper than trap. (2) When 
the heavy and protracted rolling, necessary to compact a 
trap road laid without loam or clay binder, could not be 
afforded, or was otherwise impracticable. (8) On country 
and suburban roads not subjected to heavy travel. (4) 
On hillsides subject to heavy wash. 


A Tower ror NIAGARA.—Niagara Falls are to have a 
new iron observation tower 290 ft. in height, The old 
tower was removed some time since, because its founda- 
tion was considered unsafe on account of an encroach- 
ment of the Falls, 


SewAGE IRRIGATION IN INDIA.—Some interesting par- 
ticulars have reached us with regard to the progress of the 
drainage works and sewage farm at Ahmedabad, designed 
by Mr. Baldwin Latham, M. Inst. C.E. It is officially 
reported that up to the present time 966 house connec- 
tions have been completed, the sullage water of which is 
being daily carried by drain to the pumping station, 
whence it is pumped to the sewage farm, situated at 
a distance of more than two miles. The streets which 
have been drained are said to be greatly improved 
from a sanitary point of view, and there are 
no complaints from householders whose houses have 
been connected with the sewers. Flushing tanks are 
provided at the heads of sewers, which are flushed every 
day, and although some of the sewers have been used for 
more than four months, there is nosiltin them. The gra- 
dients of the drainage system are said to be so good that 
with proper arrangementsof flushing the drainsno nuisance 
need be feared. By making the house connections already 
completed it has been possible to discontinue the use of 
452 cesspits or ‘‘ khalesoas,” which polluted the subsoil 
water and air, and which are so strongly denounced by 
all the sanitary authorities. The total area included in 
Mr. Baldwin Latham’s scheme, is about 91 acres, and 32 
acres of this area, containing 1500 houses, having been 
finished, the municipality have decided on sanitary 
and economic grounds to finish the complete scheme, 
by which the boon of sanitation will be extended 
to about 5000 houses. The sewage farm is also 
said to be a success ; the land is sandy loam, and readily 
absorbs large quantities of sullage water. As for crops, 
potatoes have been successfully tried, but it is expected 
that the raising of ‘‘ jowar” crop will be the most profit- 
able. Two cuttings have already been made since July 
last year, and a third is expected before the monsoon. 
The fodder is liked by cattle, and it is expected the 
“‘jowar” crop will realise from Rs, 150 to Rs. 200 per 
acre in one year, Guinea grass is doing well, and is 
being sold. Sugar-cane has been planted, and from its 
appearance is likely to flourish. Other crops, such as 
castor-oil seed, cotton, and some kind of vegetables used 
by the natives, have also been tried. It is sur- 
prising that all prejudice against using sewage for irriga- 
tion purposes should have disappeared, and that native 
cultivators should come forward ready to adopt this 
mode of cultivation. It is confidently expected that, 
taking into consideration the intrinsic value of the water 
as well as the manurial ingredients of the sewage in a 
province like Guzerat, the drainage scheme properl 
managed will not only be a sanitary reform, but will 
repay well from the crops it will help to produce, 
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RorreRDAM : H. A. Kramer and Son. 

Sourn AustrauiA, Adelaide: W. C. Rigby. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, MR. CHARLES 
GiBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States, Mr. W. H. Winky, 53, East 10th-street, New York, 
and Mr. H. V. Holmes, 44, Lakeside Building, Chicago. The 

rices of Subscription (payable in advance) for one year are: For 

hin (foreign) paper edition, 12. 16s. Od. ; for thick (ordinary) 
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THE FUEL SUPPLY OF WARSHIPS. 


Untit the happy day shall arrive when we shall 
burn liquid fue! in marine boiler furnaces—a 
natural or artificial supply of that material being 
procured from hitherto unsuspected sources—or 
better still, when we shall dispense with the boiler 
altogether, and develop the heat energy of the fuel 
in the motor cylinder itself ; until that millennial 
time the coaling of ships will remain a black spot 
in the record of mechanical propulsion. The 
question isa more serious one in regard to warships 
than in the merchant vessel. The latter knows its 
destination, and the pace at which it will travel, so 
that the fuel consumption can be calculated within 
very narrow limits before it starts on its voyage. 
Ships of war, on the other hand, have to be coaled 
at irregular intervals, the bunker supply sometimes 
lasting very much longer periods than at others. 
Mr. W. H. Riley, a staff engineer in the Royal 
Navy, has recently contributed a paper on the sub- 
ject of coal consumption in ships of war to the 
Royal United Service Institution. One of the 
leading topics that arises in connection with this 
question is naturally the great irregularity in the 
steaming power that occurs in warships, especially 
in peace service, and on this matter the paper gives 
information. A first-class battleship, capable of 
developing a maximum indicated horse-power of 
about 13,000, and a speed of 18 knots, actually on 
peace duty, develops powers which vary from 9000 
to 900, and speeds from 163 to 6 knots. A new 
factor, the importance of which has increased vastly 
of recent years, is the power required for auxiliary 
services. The great extent to which distillation is 
carried, both for the domestic purposes of the ship 
and for supplying the boilers, is well known. Hlec- 
trical illumination is answerable for a large demand 
upon the bunkers. Artificial ventilation is another 
comparatively modern feature, as also is steering by 
steam. Compressing air for torpedoes, working 
guns by hydraulic power, hoisting engines, steam 
capstans, and many other things are mentioned by 
Mr. Riley as steam eaters on board ship. <A good 
deal of valuable data is given in the paper bearing on 
this subject, and itis to be hoped it may havethe effect 
of bringing the matter more prominently forward, 
as the whole question of steam for auxiliaries is one 
which requires more careful working out than it has 
hitherto received. Efforts have been made to ap- 
portion the coal expenditure to the various pur- 
poses, but so long as steam is taken in common 
from all the boilers of the ship for both propelling 
and auxiliary engines, it will be very difficult to 
arrive at anything more than an approxima- 
tion. A careful engineer, by a system of weigh- 
ing coal and continual observation, will arrive 
at a very close approximation, which will be 
useful to him, as forming a guide, and in the course 
of time accumulated evidence, derived from many 
different sources, will give a fairly accurate return, 
based on the law of averages. In a recent paper, 
read before the Institution of Naval Architects, the 
late Admiral Long gave the following figures re- 
ferring to the coal consumption of a large battle- 
ship on ordinary peace service 


843 
: Tons, 
Steaming (making good distance)... a 869 
Laying fires, banking fires, steaming 
when no distance is logged, &c. 335 
Culinary purposes and warming ship 112 
Distilling for ship and boilers 481 
Electric lighting me oe oes 554 
Other auxiliary purposes, as steering, 
pumping, working guns and torpedoes, 
ventilating, workshops, &c, : S53 211 


The services here included comprise four short 
passages of 70 knots each and one of about 500 
knots, at moderately steady revolutions, and 
another passage of equal duration at revolutions of 


61 to 97 per minute ; fourteen days’ cruising at 


from 4 to 12 knots, covering, 2000. miles,- with 
occasional stoppages. One électric light engine 
was in use constantly throughout the whole period, 
generating a current from 260 to 410 amperes. A 
second electric engine was used occasionally a few 
hours at a time ; 1950 tons of water were distilled 
for ship purposes, and the usual ventilating, pump- 
ing, and other minor auxiliary engines were in 
daily use. Mr. Riley says that during war ser- 
vice the expenditure would probably be much 
increased, but we anticipate Mr. Riley means that 
the increase would be owing to a larger consump- 
tion for propelling machinery, due to the greater 
activity of the ship. Asa matter of fact, the demand 
for auxiliary machinery would probably be much 
checked, for, in a time of war, a great many neces- 
sities of life would become luxuries. In dealing 
with the fuel consumption in terms of the power 
developed, Mr. Riley gives some valuable figures. 
In one instance, that of a large battleship, he 
states that very full and reliable data have been 
obtained under definite conditions, and the engines 
in question are representative of a large number of 
recent construction. The figures are instructive, 
With 55 per cent. of the full designed power deve- 
loped, the coal consumption per indicated horse- 
power was 2.03 lb. per hour ; with 28 per cent. of 
the full power developed the consumption fell to 
1.82 lb. per indicated horse-power per hour; with 
22 per cent. of full power developed the consump- 
tion rose somewhat, being given as 1.93 lb. At 
14 per cent. there was a notable drop, the figure 
given being 1.76, but here we appear to reach the 
limit at which power can be economically reduced, 
for with 7 per cent. only of the full designed power 
developed the coal consumption rose to 2.2 Ib. 
Those in the habit of dealing with mercantile 
engines will wonder that the consumption figure 
continued to fall so long as it did, but it must be 
remembered that the engines of warships are 
designed with cylinder ratios adapted more for 
moderate speeds than for full speed, so far as 
economy is concerned. The greater part of a war- 
ship’s steaming is done at very moderate speeds, 
time generaily being not a great object. The war- 
ship, however, to justify her existence, must be 
capable of steaming at a high rate of speed, but as 
that fast steaming is not likely to be of frequent 
occurrence, something can then be sacrificed of 
economy. The engines above quoted are of the 
tri-compound type, and the figures are given by 
Mr. Riley as being a good average of advanced 
practice. We need not follow Mr. Riley in his 
remarks as to the economy of boilers. It is well 
known that the modern cylindrical furnace is not 
conducive to economy as compared to the old rec- 
tangular furnaces, which gave so much greater room 
for combustion of gases. The question of cylinder 
jackets, which is touched upon, naturally bears on 
this subject, and there is this to be said in their 
favour on board warships, as compared to their use 
in the mercantile marine, that when working at low 
powers and with high rates of expansion the jacket 
is especially useful in checking the large amount 
of liquefaction that would otherwise take place. 
Mr. Riley tells us that it has been found the amount 
of power developed by a given expenditure of fuel 
can be increased 10 per cent. by the use of jackets 
round the cylinders, but, apparently, not at the 
ends. This economy can be obtained without run- 
ning the cylinders so dry so as to endanger cutting, 
or to necessitate a supply of oil that would be 
excessively detrimental to the feed-water. 

We have already given fuel econony for per- 
centages of power, and it will be useful here to 
add some figures, quoted by the author, in which 
the subject is dealt with in different terms. The 
following details refer to the same battleship, the 
ordinary speed of which is 9} knots, which speed 
requires 1800 indicated horse-power. The most 
economical speed would probably be near 7 knots, 
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requiring just half the former amount of power to 
be developed, viz., 900 indicated horse-power : 


Indicated | 


; | 
Revolutions 
Hore: | Speed. [per | Caslper | Knoraper 
Power. Minute. | ; 3 
| tons 
7220 13.66 83.6 1575) 2.08 
3600 10.9 68.1 | 70.4 EG 
2870 9.92 62.0 59.6 4.0 
1810 8.96 54.2 34.3 6.2 
900 6.77 41.2 | 21.6 7.5 


Although the reduction of speed leads to economy 
of fuel in terms of the distance covered, there is 
naturally a point below which this reduction can- 
not be taken. Mr. Riley says that in warships the 
most economical speed is generally that correspond- 
ing to an expenditure of power equal to 12 per 
cent. of the full forced-draught power; this, of 
course, varies with different ships and with changes 
in weather, the state of the vessel, &. By a 
diagram illustrating these facts the author showed 
that speed may range from 30 to 60 revolutions, or 
from 4 to 74 knots, without any considerable varia- 
tion in fuel economy. Under these circumstances 
a commander would naturally prefer the higher 
speed, as not only distance covered but time also 
enters into the question of economy under ordi- 
nary conditions. The heat lost by radiation, and 
the amount of steam necessary to overcome the back 
pressure on the low-pressure cylinders, form two 
important sources of waste, and therefore require an 
increase in the quantity of steam used per indicated 
horse-power at low speeds. This has led to the 
adoption in the Navy of a lower ratio of volumes of 
the low and high pressure cylinders than is the 
practice in the merchant service. The proportion 
of cylinder volumes for tri-compound engines of 
warships averages as follows: High-pressure, 1 ; 
intermediate pressure, 24; low pressure, 5. 


For 
similar engines of merchant ships the figures are 
given asl, 23, and 7. With regard to the best 
way of reducing power in an engine of a given 
size, Mr. Riley points out, what of course is a well- 
known fact, that it is desirable to reduce the power 
by increasing therate of expansion, maintaining the 
same initial pressure as is used when running at full 
power. It is really surprising how far the economy 
of the triple-expansion engine may be carried, even 
under circumstances that do not favour its running. 
It will be remembered that at the recent meeting of 
the Institution of Naval Architects particulars on 
this head were given, in papers read by Mr. Inglis 
and by Mr. Cole. In dealing with this problem 
the question of steam jacketing becomes an im- 
portant one. Mr. Inglis said that in working a 
triple-expansion engine, the water of condensation 
that ran off from one cylinder would have filled a 
l-in. pipe ; and evidently too high a ratio of expan- 
sion in unjacketed cylinders must lead to excessive 
liquefaction. Mr. Riley is, therefore, right when 
he mentions the regulation of jacket pressures in 
this connection ; for this is clearly necessary to the 
efficiency of working with high initial pressure in 
an engine that is developing considerably less than 
its normal power. He is also undoubtedly right in 
advocating the lessening of the boiler pressure 
rather than throttling the steam by closing the 
valve, although in the exigencies of manceuvring 
warships it is often necessary to have a consider- 
able reserve of power available at very short notice, 
and this can only be got by manipulating the 
throttle valve. 

In dealing with the boiler question the author 
points out that there is not so much difficulty as 
with the engine, the source of power being neces- 
sarily subdivided. Advantage can, however, be 
taken of the smaller quantity of steam required 
with lower powers to obtain a more efficient distri- 
bation of heating surface. This can be got by 
using all or nearly all the boilers and reducing the 
grate area ; this, we are told, is sometimes effected 
by allowing the back bars to become clinkered 
over. We should prefer the alternative measure 
mentioned of placing vertical plates in the ashpits, 
so as to prevent air having access to the back fire- 
bars. The advantages of twin screws are fully 
recognised now—so much so that there is a chance 
that their efficiency may be somewhat overrated. 
We have heard of the excellent performances of 
ships which have broken down with one engine, 
and how easily the vessel will steam, having only a 
single propeller at work. It has been advanced 
by some that the best way of reducing speed in a 
warship would be by using only one screw in this 


way, but Mr. Riley shows that the falling off in 
speed caused by the resistance of the rudder put 
over to counteract the turning effect of one screw, 
and also that due to the resistance of the idle screw, 
is so great as to more than counteract the increased 
efficiency produced by developing the whole of the 
power in one engine. In the case of one battle- 
ship, one-tenth the full power was developed, the 
reduced power being 900 indicated horse-power. 
With two screws at work the speed was 6.8 knots, 
and with one screw the speed was 5.3 knots ; the 
distance made per ton of coal with two screws was 
74 knots, and with one screw 54 knots. 

The author gives some particulars of expendli- 
ture for electric light purposes on board a battle- 
ship, the figures being taken from a dockyard trial. 
It was found that one electric light engine, gene- 
rating a current of 400 ampéres, required a daily 
expenditure of 2.6 tons of Welsh coal of good 
average quality ; the requirements for a battleship 
for electric lighting, however, appear to be about 
3 tons of coal per day, a figure which will doubt- 
less be considerably reduced in the not far distant 
future. 

The author tells us, in regard to distillation, that 
on a large ship fresh water is often required to the 
extent of about 12 tons per day, for drinking, cook- 
ing, and washing, and about a quarter of a ton of 
water per ton of coal burnt in the boilers to make 
up losses of steam and water from the boilers, 
engines, pipes, valves, &c. Both of these amounts, 
however, he states are of a very elastic nature, and 
in many cases it has been found possible to mate- 
rially reduce them below these figures. When 
direct distillation from the boilers was employed, 
as in the older ships, a very fair return was ob- 
tained for 1 ton of coal—about 7% to 8 tons of fresh 
water; but when double distillers came into use 
the quantity of fresh water for 1 ton of coal was 
reduced to about 5to 54 tons. Referring to the 
figures as to the quantity of water required for 
making-up purposes in the machinery, it will be 
remembered that in the official report of the Boiler 
Committee, 6 tons per day per 1000 indicated horse- 
power was the amount of water set down as being 
desirable. Supposing 2 lb. of coal were burnt per 
indicated horse-power per hour, this would give 
560 lb. of water required as make-up for the 
burning of 2000 lb. of coal. Mr. Riley’s figures 
would give 500 lb. of water required to the burning 
of the same amount of coal. 


AMERICAN IRON AND 
INDUSTRIES. 


Tue past month or two has revealed a ray of 
hope here and there that the depression in the 
iron and steel industries of the United States may 
no longer continue; but the secretary of the 
American Iron and Steel Association, while ad- 
mitting this in his annual report, continues to 
regard the situation as unsatisfactory. Tariff re- 
vision he considers will delay the expected im- 
provement consequent on the usual reaction of 
trade ; and this revision means a keener foreign 
competition. ‘‘The outlook is not favourable for 
works that are badly situated, or are of antiquated 
construction, or are operated with insufficient 
capital.” But such works militate against the ad- 
vancement of America, and if tariff revision brings 
such change as shall make labour and capital of 
the highest utility, then America will be better able, 
with her great natural resources, not only to com- 
pete with foreign imported goods, but in foreign 
markets. The immediate consequences, although 
transient, seem to make it difticult for some Ameri- 
cans to take a broad view of tariff revision; but it is 
just possible that the decrease in the popularity 
of the tariff tracts, referred to in the report, may 
be an indication of a more comprehensive under- 
standing of the situation. There is no question of 
the immediate influence tending to hinder the re- 
covery of trade briskness ; probablyimmediate and 
decisive action would be a benefit. But the Ameri- 
can Iron Trade Association would serve a more 
patriotic duty by urging the necessity of strengthen- 
ing the resources rather than taking the narrow 
view. 

The condition of the trades has been unsatisfac- 
tory, but that is almost a universal experience. 
The lack of prosperity has been shared by the 
farmers of the west and the cotton planters of the 
south ; all prices are at their lowest, and the whole 
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situation has not been favourable to the building of. 


new railroads or the undertaking of new works. It 


is, however, pretty evident that while general 
causes affecting all industries in all parts—the 
Baring failure included—have affected all prices, 
over-production has been an important factor, and 
particularly in the case of rolled iron and steel 
wire, wire nails, and many other specialties. Al- 
though the production of pig iron has been slightly 
less than the maximum reached in 1890, there hag 
been great activity in the making of Bessemer pig 
iron, steel rails, steel billets, plates, &c., for ship- 
building, and all forms of structural iron and steel, 
and prices generally are about as low as they ever 
were. The total make of pig iron in 1892 wag 
9,157,000 gross tons, and here it may be remarked 
as significant that the Association now officially 
adopt the gross instead of the net ton. This total 
is nearly a million tons greater than in the preced- 
ing year ; but, as we have stated, is 45,703 tons less 
than the maximum in 1890. The increase, as was 
to be expected, is pronounced, and almost entirely 
in the southern States, Alabama, relatively new to 
pig-iron production, now making a tenth of the 
total, being fourth on the list. Pennsylvania, of 
course, is still first, having made 46 per cent., 
Ohio second, with 13 per cent. ; and I]linois third, 
with 10 per cent. The make in the nine southern 
States totals 1,890,000 tons, the highest yet reached, 
while the western States made 2.65 million tons, 
indicating clearly the movement of industry to 
other districts than the old centres. 

The steel production is the greatest in the history 
of the country, and it is interesting to compare the 
figures with those for Britain for the same year: 


i} 
Bessemer. Open-Hearth, | Together. 


tons tons | tons 
Britain 36 1,500,810 1,418, 83C 1,919,640 
United States 4,168,435 


669,889 | 4,838,324 


Of course this is not Britain’s maximum total ; the 
figures are those for 1892. The difference is most 
marked. Pennsylvania made 57 per cent. of the 
Bessemer steel, a lesser proportion than in previous 
years; Illinois also shows a decrease; but the 
western and southern States are increasing their 
production. Adding the 84,709 tons of crucible 
steel, and the 4548 tons of miscellaneous steel, the 
total is found to approximate 5 million tons, a 
million tons more than in the previous year. 
Such an increase suggests either increased home 
use, a greater export, or larger stocks with conse- 
quent decreases in price. Under the first alterna- 
tive, prominence must be given to rails. The new 
railway mileage has been decreasing each year since 
1887, when the maximum was reached, and now the 
total is but a third of what it then was. The new 
mileage in 1892 (4467 miles) required 500,000 tons 
in all, while the total production was 13 million 
tons, so that the surplus for repairs and reconstruc- 
tion was over a million tons, whereas in 1887 it 
was less than half a million tons. But there is the 
important development of street railways, of which 
there are now 11,665 miles in the States, more than 
half being operated by electricity. Yet it is 
doubtful if this new demand meets the sur- 
plus production, so that if the output is to 
be maintained foreign markets must be secured 
in the future. The exports last year were but 
7496 tons, against 11,079 tons in 1891. The 
development of ship construction, particularly on 
the lakes, and the building up of a navy, have of 
course increased the demand for plates, but it 
should be noted that the merchant vessels built of 
iron and steel in 1892 made up but half the tonnage 
of those launched in 1891—or but 51,374 tons. 
Wire rods and cut and wire nails have been more 
largely manufactured—more so than the demand 
justified ; while of blooms and billets only 2182 tons 
were made, against 5290 tons in 1891. These latter 
are still extensively imported. There is absence 
of any extension of exports commensurate with 
the increased production—the total in 1892 is 
rather less than in 1891, the value being 600, 0001. 
less. There has certainly not been the same de- 
velopment of exports as of manufactures within a 
period of years. This suggests greater stocks ; but 
the accurate total of these is not ascertained. _ 
The result of this over-production is that prices 
of all materials have declined by from 25 to 33 per 
cent, since the beginning of 1890. Foundry pig- 
iron at Philadelphia is down 10s. at 63s. ; Bessemer 
pig-iron at Pittsburgh, 18s. at 57s. 6d. ; steel rails, 
9s. at 61. per ton ; best refined bar iron, 1s. 6d. at 
7s. 93d. per 100 1b. ; while cut nails have declined 
3s, 4d. to 83. 1d. per keg. Indeed, prices of iron 
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and steel have never been lower in the United 
States, the differences on former bottom prices 
being from 4s. to 12s. 


THE INSTITUTE OF MARINE 
ENGINEERS. 

Last week the Institution of Marine Engineers 
had their annual social gathering, holding a dinner 
at the Holborn Restaurant, and we take the oppor- 
tunity thus afforded to give some little account of 
this young and vigorous society ; which has done 
much and promises to do so much more towards 
raising the status of the marine engineer, and to 
the spreading of engineering knowledge. The 
occasion is notable from the fact that this year the 
Institute is fortunate in having secured the Direc- 
tor of Naval Construction, Mr. W. H. White, as 
its President. It is the custom (somewhat unusual) 
for the presidential addresses of this society to be 
delivered at the annual dinner. It is an arrange- 
ment that could be approved if the address were 
made to take the place of the usual after-dinner 
speeches ; but dinner speeches and an address, to 
say nothing of musical interludes, constitute rather 
a formidable programme to be taken at one sitting. 

There was a very large attendance of members 
and guests at the dinner. From the annual report 
we learn that the membership roll now comprises 
658 members of all classes, an increase over the 
previous year of 120, and by the balance-sheet it 
appears that the annual income is over 1700. 
Daring the last session twenty-one meetings were 
held, a number of papers being read on various 
subjects ; some of these we have already noticed 
in ourcolumns. Mr. White’s address was, of course, 
the event of the evening, and in it he gave some in- 
teresting particulars of the progress made in the 
building of warships, and drew a comparison be- 
tween the featuresthat have to be observed in design- 
ing vessels for Her Maijesty’s Navy and those of the 
merchant service; naturally the very intermittent 
character of the duty required from naval vessels, 
as compared to that of the mercantile marine, 
being a prominent feature. Referring to ships of 
the Black Prince, Achilles, and Minotaur type, 
dating from 1859 to 1861, Mr. White said they had 
box tubular boilers, carrying 20 lb. to 25 lb. of 
steam, jet condensers, and simple expansive 
engines. The piston speeds were then 350 ft. to 
400 ft. per minute; the propelling apparatus, in 
full working order, weighed about 400 Ib. per horse- 
power, as developed on the contractors’ trials, and 
the rate of coal consumption was about 5% lb. per 
indicated horse-power per hour. The next step 
was to ships like the Monarch or Hercules, of the 
date 1865 to 1870. These had surface condensers, 
and ran with boiler pressures of 30 lb. to 35 Ib. ; 
the piston speeds had risen to 500 ft. to 650 ft. per 
minute, and the engines were of the horizontal 
simple expansive type; the propelling apparatus 
then weighed about 330 lb. per indicated horse- 
power, and the coal consumption was about 3? lb. 
per indicated horse-power per hour, Ships built 
during the next ten years, 1870 to 1880, had com- 
pound engines (either horizontal or vertical) ; cylin- 
drical boilers had been introduced, with steam 
pressures from 60 1b. to 65 1b., but there was no 
notable increase in the pistonspeeds. The average 
weight of the propelling apparatus was somewhat 
greater, about 360 lb. per indicated horse-power, 
developed on contractors’ trials, but the rate of coal 
consumption was reduced about 25 per cent. 
Following Mr. White through the next five years, 
which brings us up to 1885, we find that 
steam pressures rose from 90 lb. to 135 lb., 
piston speeds were 600 ft. to 800 ft. per minute, 
and these improvements resulted in a further 
saving of about 14 per cent. in weight of machinery 
and 9 per cent. in the rate of coal consumption. 
Since 1885 the ‘‘triple-expansion” engine has come 
to the fore, and we have now vertical engines 
working with boiler pressures from 130 lb. to 
155 lb., whilst the piston speeds range between 
700 ft. and 900 ft. a minute. The weight of the 
propelling apparatus has been reduced to 260 lb. 
per indicated horse-power on the eight hours’ con- 
tractors’ trials, and the coal consumption on full 
continuous steaming is now 1? lb. to 2} lb. per 
indicated horse-power per hour. From these 
figures it will be seen that since 1859 the propor- 
tional weight of propelling apparatus to power 
indicated has been reduced about 35 per cent., and 
the rate of coal consumption over 65 per cent. It 
should be noted, however, that the Admiralty 


practice is to regard only 60 per cent. of the power 
developed on the eight hours’ contractors’ trials to 
which the above figures refer, as the minimum 
which should be obtained in smooth water at sea 
for long periods. As a matter of fact, in many 
cases this minimum is exceeded, and 80 or even 
100 per cent. of the power developed on the con- 
tractors’ trials has been obtained on trials lasting 
three or four days, with the ordinary complement 
of the ship. Taking, however, 60 per cent. as the 
standard, it will be seen that the average weights 
of modern machinery and boilers in recent warships 
amount to 460 lb. to 470 lb. per horse-power. 

Mr. White made reference to the strong influence 
of the human factor in the performance of war- 
ships, and we hope that those who have the control 
of the ‘‘human factor” in the Navy will read his 
remarks and take them to heart ; certainly there 
is much need of instruction at Whitehall in this 
respect. ‘When dealing with the remarkable 
progress in marine engineering, and the resultant 
economies in weight and coal consumption, it must 
never be forgotten that these results depend upon 
skilful and intelligent management as well as upon 
design and manufacture. Marine engineers are not 
automatic machines, workable on the ‘ penny-in- 
the-slot’ principle, after they have been once 
erected and set to work. Their continued efliciency 
needs constant care and attention from those in 
charge. Without proper management the most 
perfectly designed and manufactured propelling 
apparatus may give results inferior to those obtained 
with less perfect apparatus. The ‘human factor’ 
is, in short, most important.” So says Mr. White, 
and everyone, we think, will agree with him ; never- 
theless, we find an important warship sent on her 
trial with an engine-room staff that ‘‘hardly knew 
their way down to the engine-room.” We find, 
also, torpedo-boats, sent out to run at their utmost 
speed with forced draught, having stokers grossly 
incompetent—not through their own fault, but 
through want of the necessary experience in their 
work—with disastrous results in loss of life and 
damage to property. The small attention paid to 
the fitness of men for their duties, so far as the 
engine-room is concerned, is notorious in the 
management of the Navy. Mr. White, as an 
engineer, and the head of the constructive depart- 
ment of the Navy, must see the evils that follow 
this bad policy, and it is much to be regretted 
that a technical man has not more voice in 
the ordering of these things. It is apparently 
useless to expect intelligent management either 
from the politicians or the admirals who rule 
at Whitehall. As a practical example of Mr. 
White’s advances, we will quote some of the 
facts given in the address. A ship was tested over 
along distance very early in her commission in 
order to determine her rate of coal consumption at 
10 knots. After being in commission nearly three 
years, the trial was repeated. Enlarged experience 
in management effected a saying of one-third in the 
rate of coal consumption. This ship had triple- 
expansion engines, so that at first the results 
obtained were no better than those which com- 
pound engines should have given. A sister ship in 
her first commission obtained as good results as the 
other reached finally. Two sister ships of another 
class, built and designed by the same firms, made a 
long passage in company when first commissioned. 
One burnt 10 percent. more coal on the voyage than 
the other. Two other sister ships, not engined by 
the same firm, but with similar engines and boilers, 
showed a difference of 20 per cent. in their rates of 
coal consumption, when indicating the same power, 
on about the same distance continuous steaming. 
A first-class passenger steamer on her trial trip 
attained a speed of about 20 knots, with about 80 
revolutions of the engines per minute. On her 
earlier voyages the revolutions averaged about 65, 
and the speed about 16 knots. Subsequently 
speeds and revolutions were obtained on service 
closely approaching the trial results. A change of 
propeller partly accounted for the improvement ; 
but there can be no doubt that experience and 
better organisation had a great influence. 

Mr. White gave in his address some interesting 
figures in regard to weights of machinery. He 
said it is possible in a boat with one large 
boiler worked by specially trained men to obtain 
results not to be repeated with a group of similar 
boilers in a larger vessel. For instance, with a 
single large locomotive boiler working under a 
certain air pressure in the stokehold and supply- 
ing steam to triple-expansion engines, about 
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50 horse-power have been obtained per ton of 
boiler, &c. With a group of similar boilers about 
two-thirds as much power per ton has been ob- 
tained. With water-tube boilers it is claimed that 
about 65 horse-power per ton of boilers, &c., has 
been obtained from a single boiler without distress- 
ing the boiler ; but with groups only about two- 
thirds as much. Mr. Yarrow had told Mr. White 
that with higher air pressures in the stokehold 
and a single locomotive boiler he had obtained as 
much as 69 horse-power per ton of boiler and water 
in boiler on trials of short duration. The highest 
development with cylindrical boilers worked 
under forced draught for three to four hours has 
been from 20 to 25 horse-power per ton, or about 
one-third only of the results claimed for single 
locomotive or single water-tube boilers, and 
about two-thirds the results claimed for groups. 
Taking the aggregate weights of propelling appa- 
ratus in a torpedo-boat with a single locomotive 
boiler worked under considerable air pressure, an 
indicated horse-power is obtained over short 
periods for a weight of 60 1b. to 80 1b. only. In a 
torpedo gunboat, with a group of locomotive 
boilers, and worked under more moderate air 
pressure, the corresponding weight per horse-power 
is 150 lb. to 1801b. As an extreme contrast, Mr. 
White took the case of a torpedo-boat of about 
100 tons displacement, about 22 knots speed, and 
1000 horse-power, and compared her with a cargo 
steamer of 4500 to 5000 tons displacement, with 
engines of about the same power, giving a 
sea speed of 9 knots. The cargo steamer 
‘‘threshes” along over long distances, making 
about 65 revolutions a minute, and her propelling 
apparatus weighs about 260 tons. The torpedo- 
boat engines make about 400 revolutions per minute, 
and in working order the whole propelling apparatus 
weighs about 35 to 40 tons. She can steam long 
distances at 10 knots, more moderate distances at 
higher speeds, but can only maintain her maximum 
speed for three to four hours. Obviously the engi- 
neers of the cargo steamer would not be much at 
home in the torpedo-boat, and the torpedo-boat 
staff would feel strange on board the cargo steamer; 
but the latter would have the less difficult task in 
settling down in their new surroundings. 

We congratulate the Institute not only on the 
success of the recent meeting, but also upon its 
general success. Possibly Stratford-by-Bow, where 
the headquarters now are, is as convenient a neich- 
bourhood as any other for marine engineers. “It 
may be hoped, however, for the sake of those who 
are not immediately connected with ships, and are 
not therefore necessarily employed in the neigh- 
bourhood of the docks, that the Institute should find 
a home and hold its meetings in a more central 
position, so that manufacturing engineers and 
others may have the great benefit of attending 
the meetings of this Institute and profiting by the 
practical advice of men who actually have the 
working of marine engines. There is no doubt 
that the Institute could get the hospitality of some 
established society or City company, so far as a 
room for holding its meetings is concerned, The 
growing membership and the promising state of 
finances give reason to hope that before long the 
Hate of Marine Engineers may travel west- 
ward. 


EXHIBITION OF FIRE- EXTINGUISH- 
ING APPLIANCES. 

Tue National Fire Brigades Union, formed in 
1887, and comprising 15,000 members, serve a 
treble purpose with their exhibition and tourna- 
ment at the Agricultural Hall, at Islington, opened 
on Monday by the Lord Mayor, and which is to 
continue open until to-morrow night. They afford 
the officers of fire brigades and the administrative 
authorities throughout the kingdom an oppor- 
tunity of judging of the relative merits of the dif- 
ferent designs of appliances by the various makers, 
In the two tournaments, when each day about sixty 
brigades of volunteer firemen from all parts com- 
pete for prizes, many suggestions of the methods 
of using and operating the appliances may be ob- 
tained, and, in the third place, the benevolent 
schemes of the union may profit financially. A 
prominent feature of the scheme is the presence 
of foreign firms and brigades, and no one will mis- 
interpret the statement that this tends more to 
education than an entirely British display of ap- 
pliances and of procedure. 

Fire extinction is of such vital importance that 
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nothing which tends to perfection in attaining the 
end should be neglected. The construction of steam 
fire engines has reached, in the hands of our engi- 
neers, a high degree of perfection; but after all 
the efficiency of these engines depends in great 
measure on the suitability and adaptability of the 
very numerous appliances which make up the equip- 
ment of a first-class team, and thus it comes that a 
study of foreign practice must be of value ; and few 
as are the exhibitors from abroad, the many chiefs 
of fire brigades in the provinces who have this week 
visited the Agricultural Hall have, doubtless, re- 
turned to their centres with quickened ideas, which 
will lead to increased demands for the production 
of improved appliances. This reason is sufficient 
excuse for even a more extended foreign represen- 
tation of exhibits at future exhibitions. 

Amongst the foreign exhibitors, America has 
taken a first place, and at each tournament a 
display is given by an American team under 
Captain Hale and Mr. Tinsley. The principal 
object of interest shown is the Hale tower, which 
is designed to throw a stream of water into a 
burning building at a high altitude. We have 
previously illustrated and described this tower,* 
and need only state here that mounted on wheels 
is a strong oak framework carrying an iron frame 
with an extending telescope tube, through which 
passes the hose, the lifting power being furnished 
from a chemical tank. Unfortunately it was not 
possible to work the tower in the hall, and there is 
a suggestion that those interested should have an 
opportunity of seeing it at Victoria Park or other 
suitable place. The American team had many 
ingenious arrangements, amongst which was a 
special swinging harness, which is attached at one 
operation, and in some cases the steam engine was 
being rushed along the arena five seconds after the 
signal was given. A word may be said of the 
Pompier ladder. Instead of having two vertical 
sides, there is one central member with the rungs 
mortised through, affording rungs on either side. 
The whole is made of hickory, and is strengthened 
by wire ropes fixed by stifles. At one end is a 
strong iron hoop, notched on the inner curve, which 
i3 passed into the window of a building and readily 
retains a hold, enabling the man toclimb up. It 
is light, and may be passed from the windows of 
one storey tothe next. In its manipulation the men 
are exceedingly smart. A passing reference may 
here be made to a hand ladder exhibited by an 
Oporto firm. It isinlonger lengths than is usual in 
this country, and the method of connecting the 
lengths is good. The bottom part of each length 
slips over the top of the other length, and instead 
of being jointed in two steps it runs the length 
of three, and is locked into position by a spring 
on the socket. The Boston Woven Hose and 
Rubber Company have a large collection of ap- 
pliances. In their extension ladder the upper 
section is raised by a combination of steel wire rope 
and chain, which passes over a 16 in. sheave at the 
top of the lower section and along the sides of the 
ladder and around two sprocket wheels at the lower 
end. The cranks ship into the centre of the 
sprocket wheels, and cannot slip out in hoisting or 
lowering. One of the cranks, by being placed in 
any of the holes on the sprocket wheels, locks the 
apparatus. There is also an arrangement for arrest- 
ing descent by clips which engage the rungs of the 
ladder. The firm exhibit heavily-jacketed hose, 
and adopt rubber for the nozzles, instead of a brass 
or canvas tube, so that they readily curve. The 
rubber is wound circularly, and hasan outer casing. 
Amongst the many other appliances, mention may 
be made ofa respirator fitted witha little flap valve 
of mica. Messrs. Samuel Hastman and Co., Hast 
Concord, N.H., show a holder and a connecting 
set whereby three pipes may feed the one nozzle, 
but by the use of automatic valves only one may be 
used if needed. Streams of 24 in. in diameter are 
thus possible. 

All the leadivg English firms are represented ; 
but it is scarcely necessary at this time to enter 
into the details of their designs, as we have from 
time to time illustrated and described the principal 
appliances. Messrs. Merryweather have several 
of their well-known Greenwich engines, one of 
which, of 450 gallons capacity, is for the Wigan 
Corporation. They have, too, for Burslem, one of 
their County Council engines, specially suited for 
small districts. The Valiant engine, which did 
such good service in pumping water for the Soudan 


* See ENGINEERING, pages 19] and 194 ante. 


ENGINEERING. 


campaign, is present, and suggests the remark that 
this and other similar engines have been largely in 
request for irrigating fields during the season’s 
drought. A pretty silver model attracted great 
attention as the bridal present of the Richmond 
Volunteer Fire Brigade to the Princess May. It 
has been arranged to serve as aninkstand. Messrs. 
Shand, Mason, and Co., amongst their exhibits, 
show a new pattern for the Metropolitan Fire 
Brigade, but of which Glasgow recently got two or 
three. These engines have two cylinders arranged 
vertically, with a capacity of 450 gallons per 
minute, and throw a 1-in. jet to a height of 
170 ft. Indeed, all types of the firm’s engines 
are on view, and one of the Edinburgh engines is 
exhibited as evidence of faithful service. It has 
been twenty years in use. The Fire Appliance 
Company, Northampton, have several of their well. 
known Vulcan engines from 600 gallons capacity 
downwards, with many auxiliaries. Messrs. Wm. 
Rose and Co., Manchester, show the first of an 
improved type of Kingston fire escape. In this 
the ladders are raised from a horizontal to a ver- 
tical position by means of a drum, while the raising 
of the upper ladders, also by a separate drum, is 
facilitated by small guide wheels held in brackets 
in the wooden frames, instead of by flanges as 
hitherto. The frames of the Victoria ladder are 
now stiffened by steel stays inside instead of the 
lattice-work outside, which secures more rigidity 
and compactness. To enable the top of the ladder 
to be swung to the window, the ladder moves on a 
central swivel, but the centre of gravity remains 
over the carriage. Messrs. Boden, Bucksey, and 
Zahringer exhibit for the first time a fire escape 
which is fitted inside the window, the primary 
part of which is a cylinder round which is wound 
a wire rope. To each end of the rope sacks 
are fitted, and the cylinder is so arranged as to 
counterbalance the weight of the occupied sacks 
descending while the empty sack returns. Mr. 
Cousins shows the Rawlings emergency stair- 
case. The stair folds up to the roof and is there 
locked by a spring catch which is released by a 
wire passing under the floor to the side wall. 
The stair is balanced by weights and springs fitted 
in connection with a trapdoor at the top of each 
stair. Another escape of a kindred nature is 
shown by Mr. EK. Weavers, Diss, Norfolk. Under 
the eaves of the building are two tubes sup- 
ported on brackets on which runs a carriage sup- 
porting blocks and tackle for sacks, slings, &c., 
which can be raised, lowered, or moved horizon- 
tally from the ground. ‘There are a large number 
of kindred exhibits, all of interest, although in few 
cases embodying new ideas, while in the museum 
are many articles of antiquarian interest. 


THE COLUMBUS RELICS AT 
JACKSON PARK. 
Curicaco, May 9, 1893. 

Wir the title of the Latin-American Depart- 
ment, and under the direction of Mr. William E. 
Curtis, an organisation was established at Wash- 
ington in the summer of 1890 with the object of 
collecting every possible relic connected with the 
life and times of Christopher Columbus. To put 
this idea into effect, officials were dispatched to 
every place where Columbus was known, or was 
reported, to have been; in Italy, in Spain, and in 
North and South America. As the work of the 
organisation proceeded, it was found to be much 
more extensive than was at first supposed ; relics 
of the great discoverer were more numerous than 
could have been imagined, and in most cases they 
were freely lent ; where this was impossible all 
facilities were given for the production of facsimiles. 
If the original idea was to confine the collection 
simply to the personal history of Columbus, it 
quickly received a great extension, and was made 
to include all available information about the 
alleged anticipators in the discovery of the New 
World, the history of the Spanish Court during the 
Columbus period, and the life and times of the 
most prominent adventurers in the northern and 
southern continents that succeeded Columbus in 
the work of discovery and conquest. When this 
organisation was fully under weigh, and it became 
evident that the collection would be one of consider- 
able size and of intense interest, the question 
arose as to the manner in which the relics should 
be displayed. Then it was that Mr. Curtis pro- 
posed the reproduction of the convent of La Rabida 
at Palos, the asylum which was ever open to 
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Columbus by the intelligent and hospitable Fran- 


ciscan monks, whether he came to them to explain, — 


with all the ardour of his great nature, the dreams 


of discovery upon which he lived, or whether he 


returned to them in triumph from the New World, 
or fled to them for shelter and protection against 
bigoted and miserable persecution. No happier 


thought than this has occurred in connection with 


the great show at Jackson Park. Within the 
peaceful whitewashed walls of the rude cloisters, 
or in the cells or refectory, where one can imagine 
Columbus often to have inspired his hearers with 


the glow of his enthusiasm, or in the chapel where _ 


certainly he often knelt, the visitor just now can 
enjoy the calm belonging to this out-of-the-way 
corner of the Old World. Probably this will not 
last long. For La Rabida must inevitably be 
thronged with hordes of the average Exhibition 
tourist type, and the illusion will be destroyed, 
The location chosen for the building is the best that 
could have been selected upon the grounds, and, 
indeed, it would be difficult to have chosen a more 
appropriate site. 
the ground rises somewhat until it forms a minia- 
ture bluff on the lakeshore. From this rise the long, 
low whitewashed walls of La Rabida, pierced with 
small square openings for the doors and windows, 
and surmounted by red heavy tiles of Spanish 
fashion. 
stovepipe protruding upwards rather spoils the 
scene, but that is a detail. Standing with one’s 
back to the south entrance of the Agricultural Hall, 
the picture is very beautiful. In front the pictur- 
esque irregular twelfth-century structure ; to the 
left the gleaming walls of the Casino, and the 


noble peristyle of Mr. Attwood that spans the — 


South of the Agricultural Hall - 


It is true that a length of rusty modern 
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mouth of the great basin, marred by the gigantic 


golden statue of Liberty that rises out of the water, 
a dazzling blot upon the landscape. 
of the convent is an open space on which some 
dozen or more military tents are placed ; they form 
the shelter of a military guard, the United States 


To the right 


El tee 


troops that, night and day, watch over the priceless 


treasures within the building. 


again is an inlet of the lake, where rides secure at 
anchor an ancient New Bedford whaler, which had 
survived half a century of peril, and has come at 


last to be an exhibit at Jackson Park. Add tothe — 


picture the wide expanse of Lake Michigan, pearly 


blue to-day (for at last a few hours of sunshine — 


Further to the — 
right is the vast Krupp Pavilion ; then tothe right 
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have been vouchsafed to Chicago) as the Lido, and — 


dotted here and there with sails and steamers, pro- 


minent among them the ancient side-wheeled 


guardian of the lake—the gunboat Michigan— 
and all that will be wanted 


is the fleet of 


caravels now on their tedious way from New 


York Harbour. They will, indeed, when moored 


beneath the convent, form a striking contrast to = 


the bustling white high-sided steamers that are 


busy loading and unloading at the pier head that — 


one sees stretching far out into the lake beyond the 
peristyle. 


So much for the building and its surroundings. 


Let us take a glance at its interior, for this 


building is almost singular among the hundreds 
that crowd Jackson Park, in being practically com- 
plete. The whitened walls of the cloister and its 


cells are lined with Columbus relics, pictures, — 


maps, and photographs ; the main hall, reached by 
a flight of steep medizeval steps, is occupied with the 
originals or replicas of the seventy known portraits 
of Columbus, none of them truly authentic, and 
most of them absolutely mythical. 


called Christian town erected in the New World, 
together with cases filled with objects of the highest 


interest, acquired by discovery or purchase. In the — 


chapel are displayed, under somewhat flimsy glass 


cases, numbers of priceless manuscripts, which will — 


doubtless require the utmost diligent watchfulness 


of the National Guard to save them from becoming — 


a prey of the unscrupulous relic-hunter. 

The whole of this collection divides itself into 
several periods, which are admirably referred to in 
the very complete catalogue prepared by Mr. Curtis. 
The first of these groups illustrate the amount of 
geographical knowledge before and at the time of 
Columbus. It comprises all the available evidence 
that could be collected to prove or suggest that the 
great adventurer had been anticipated in his dis- 
coveries. Scandinavia has put in a serious claim to 
this honour, and the evidence is sufficiently weighty 
to justify the exhibit in model of a Norse ship lent 
from the National Museum at Washington: By aid 


In a large room — 
below are the sole existing relics of the first so-_ 
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of this vessel Iceland was discovered in the year 


| to explain his plans to Ferdinand and Isabella, 


860 A.D. ; itis claimed that even at that time the bold; but they were once more rejected, and he left for 


yoyagers had ventured across the Atlantic and had 
cruised along the greater part of the eastern shores 
of the North American continent. Leif Erikson 
is the individualised hero of these adventures. 
He is, at least, an historical character, and it 
is on something more than tradition that his 
claim was based. As the story goes, he profited 
by the experiences of a returned castaway named 
Bjarne, and landed not far from where Boston 
now stands. So convinced are some able investi- 
gators of the true claim of Erikson, that a statue 
has been erected to him in the city of Boston, and 
it is very interesting to note that in the year 1836 
there was discovered near Fall River, Massachu- 
setts, a skeleton still partly clad in rusty and 
corroded armour. Investigations seem to point 
undoubtedly to its Scandinavian origin, and it was 
generally believed that the haphazard of the spade 
had brought to light the remains of Thorwald 
Erikson, the brother of the famous Leif. This 
somewhat vague evidence is to a certain extent 
corroborated by the Icelandic records of the four- 
teenth century, describing, 400 years afterwards, 
and a century before Columbus, the Atlantic 
voyages and discoveries of Krikson and his band. 
Two very interesting maps are found in this part 
of the collection—one a copy of the Zeno chart, on 
which is laid down the course taken by the Vene- 
tian navigator near the beginning of the fourteenth 
century, and who by good luck reached Greenland ; 
and the other a facsimile of a map of the world, as 
known about 1450, by Paolo Toscanelli, an eminent 
friend and patron of Columbus. We must pause 
to notice a copy of the famous terrestrial globe 
made by Martin Behaim in 1492 ; it is the earliest 
globe known to geographers, and is about 21 in. in 
diameter. There is a variety of other maps and 
charts—some criginal, but most facsimiles—that 
one showing the world as Columbus imagined 
it to be is of great interest. He supposed that 
between the west coast of Africa and the eastern 
coast of Asia there was no land, except a vast 
archipelago of which the Hast Indies formed the 
lower portion. The second section of this interest- 
ing exhibit contains pictures illustrating the time 
and Court of Ferdinand and Isabella. Interesting 
as this section is, we must pass it by unnoticed ; 
for while we feel we need no excuse for enlarging 
on the history of Columbus, we cannot attempt 
to stray into the field of general history. 

The city of Genoa has decided that to it belongs 
the glory of the birthplace of Columbus, though 
Cogoleto and other towns dispute the honour. In 
any case it appears clear that the parents of 
Columbus occupied a house at Quinto, about four 
miles from Genoa, and that from there they moved 
into the city in the year 1446; the house they 
lived in there, and in which Columbus was pro- 
bably born, is identified and marked by a tablet ; 
it was purchased for preservation in 1887. There 
seems little uncertainty about the details of 
his later career: he was educated at Pavia, where 
his knowledge of astronomy and navigation was 
acquired ; he was married at Lisbon, where he 
settled as the most profitable place for the pursuit 
of his business, the making and sale of maps, for 
if Columbus had lived to-day in the country he 
discovered, he would have been known as a 
book agent. Later he resided for some years in 
Madeira—at Funchal and Porto Santo. Then, 
returning to Portugal about the year 1484, he paid 
his first visit to La Rabida on his way to the Court 
of Ferdinand and Isabella, whose favour he hoped 
to gain to help him realise his dream of discovery. 
His hopes then were not to be fulfilled, and he 
returned after two years to pay his second visit to 
the monastery, a disappointed man. This, atleast, 
seems to be the probable story, though there are 
theories which differ from this. In any case it 
appears certain that when Columbus arrived at La 
Rabida he was quite destitute, but he did not seek 
for charity in vain, and more than this, he found in 
the superior a man of sympathetic tastes and 
learning, who, moreover, had been familiar with 
his efforts to interest the Court of Spain, because 
he had been the confessor to the Queen. This was 
Perez de Marchena, who not only indorsed the 
theories of Columbus, but helped him with all the 
power he possessed, and later was appointed 
astronomer to the expedition of 1493, although 
when the time came he remained at home. It was, 
in fact, owing to the influence of this powerful 
friend that Columbus was called back to the Court 


France to try his fortune there. The interest that 
had been aroused by this time must have been 
intense, because, while on his journey, messengers 
were sent after Columbus to return, and at Santa Fé 
arrangements were at last concluded by which the 
enterprise was rendered possible. It was then that 
the famous incident occurred that has formed the 
subject for many pictures, and which is recorded 
on one of the Columbian series of postage 
stamps—the offering of her jewels by the Queen 
to pay the expense of the expedition. As the 
highest estimate of the expense is only 1400I., 
the Treasury must have been very impoverished, 
and the estimate of the needs of an expedi- 
tion extremely moderate. It was suflicient, how- 
ever, and it did not include the cost of the fleet, 
because the town of Palos, for some previous offence, 
had been condemned to keep two caravels always 
at the disposal of the King. On August 3, 1492, 
Columbus took leave of his friend and patron, 
Marchena, and started on his unknown voyage. It 
is worth recalling that the flagship of Columbus, the 
Santa Maria, was only 120 tons burden; she was 
63 feet long over all,-51 ft. long on the keel, and 
10 ft. 6 in. draught. She carried a crew of 70 men, 
or more than half the expedition, which, all told, 
was 120, with provisions forsix months. Asall the 
world knows, this fleet has been reproduced with all 
the accuracy possible, in Spain, by Lieutenant 
Little; the Spanish Government undertook the 
construction of the flagship, provided that the Exhi- 
bition authorities built the two others. Congress, 
however, failed to make the necessary grant, and 
the idea would have been abandoned but for the 
generosity of Mr. Lyman Gage, who guaranteed 
the requisite outlay. Chicago thus owes to one of 
her citizens this interesting contribution to the 
World’s Fair. 

All available data referring to the landing of 
Columbus have been got together by Mr. Curtis, 
and the monotony of documents is relieved by a 
great variety of maps and photographs prepared for 
this exhibit. The spot where Columbus saw the 
lighted torch on the night of October 11, and which 
proved to him that his voyage was not to be fruit- 
less, is generally agreed to be Watling Island, an 
outlying member of the Bahama group. But the 
exact spot where the landing took place the next 
morning, and the new continent was annexed to 
Spain, was a vexed question, To settle this 
point, newspaper enterprise stepped in, and during 
1891 the Chicago Herald sent out a party to locate 
the spot. This has been done, and a monument 
has been built, so there can in future be no doubt 
on the subject. It is interesting to note that a 
careful survey of Watling Island had never been 
made till the Chicago Herald expedition undertook 
the work ; a large map, the result of its labours, is 
exhibited, and with so much care has the work been 
done, that the route of Columbus around the island, 
the place from which he saw the fisherman’s night 
signal, and much more interesting information, are 
marked with great preciseness. One thing is quite 
clear: Mr. Curtis’s collection of photographs of 
Watling Island is sufticiently large to include all 
the places where landing could have been possible. 
The manner in which the voyage of Columbus 
among the West India Islands is delineated is very 
admirable. Photographs of the coast where the 
Santa Maria was lost, on the Christmas Eve of 
1492, are given, and searching here, the officer in 
charge of this part of the work found last year a 
fifteenth-century anchor. There does appear to be 
good reason for belief in the authenticity of this 
relic. Columbus erected a fort near the place 
where he was wrecked, and in an inventory of 
stores, in his own handwriting, an anchor is men- 
tioned. In any case, the unanimous testimony of 
experts confirms the fact that the relic belongs to 
the period, if not to the expedition. By maps and 
pictures the return voyage of Columbus to Portugal 
is illustrated, not forgetting the visit of himself and 
crew to the Azores, to return thanks in the cathe- 
dral there. Landing at Lisbon, he met with ill- 
treatment, and with some difficulty made his way 
to Barcelona, where the Spanish Court then was, to 
report the result of his voyage to his sovereigns. 
The brilliant circumstances of his reception are too 
well known to need repetition here ; they are ad- 
mirably represented by Mr. Curtis in a series of 
pictures, some original, and others reproductions 
of well-known works. 

The second voyage of Columbus was on a larger 
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scale. He started from Cadiz on September 25, 
1493, with three ships of 100 tons, and fourteen 
caravels. Reaching Hayti, he found that the fort he 
had built was destroyed, and the small garrison mur- 
dered, so he made for San Domingo, and landed there 
to commence the erection of the first Christian town 
in the new world. It was called Isabella, and must 
have been on a very small scale, but it contained a 
church, a King’s house and a Governor’s palace, all 
built of stone ; the other structures were of wood 
and reeds. Of course, nothing but a heap of stones 
remains of this historic place, and these have been 
all collected, and now form part of the exhibit at 
Chicago. During their investigations, Mr. Curtis’s 
party found many interesting relics, both among 
the ruins and belonging to residents. A large 
number of these are shown. The destruction 
of Isabella was hastened by the discovery of gold 
on the mountains; and a second town, called La 
Vega, was built. Relics from this are also shown, 
the most interesting being the first bell used for 
Christian worship in America. The history of this 
bell is remarkable. It isof bronze, 8 in. high and 
64 in. in diameter; it bears the letter F on one 
side, and a device on the other. It was hung in the 
tower of the chapel at La Vega in 1494 ; the place 
was destroyed by an earthquake about seventy years 
after, and for more than 300 years the bell was 
buried. In 1886 it was found among the ruins, and 
after careful investigation it was admitted to the 
cathedral of Santo Domingo as a sacred relic, 
Through the efforts of the Dominican Minister to 
the United States, the bell was lent to the Exposi- 
tion. Fragments of chain armour, stirrups, horse- 
shoes, and other objects were found among the 
ruins of Isabella and La Vega. Amongst the 
remnants of weapons also found, one of the most 
interesting is the fragment of an old gun, called a 
lombard, which, after having been taken from a 
ship, was mounted on one of the forts con- 
structed by Columbus for defensive purposes ; a 
cannon ball made to be fired from this gun was also 
discovered. 

The next group of objects collected by Mr. 
Curtis refers to the third voyage of Columbus, when, 
worn out by hardship and disheartened by intrigue, 
the flood of his fortunes had turned. This third 
voyage was undertaken in the summer of 1498, and 
it was then that he discovered the Island of Trinidad 
and was nearly wrecked by the stormy waters at the 
mouth of the Orinoco, a river of whose existence he 
had no idea. Ananchor which presumably belonged 
to this expedition was discovered at Trinidad, but 
the interest of authenticity that attaches to the 
one already referred to does not appear to belong 
to this relic. Reaching San Domingo, which by 
that time was under organised Spanish dominion, 
Columbus found himself opposed by the hostility 
of those in authority, who had been indebted to 
him for their elevation. A long string of charges 
was devised against him, and being found guilty of 
these, he was imprisoned in the citadel, where he 
was placed in chains and exposed to indignities. 
Finally, in 1500, he was sent back prisoner to 
Spain, and received by Isabella with enthusiasm 
and promises of ample restitution, which, like the 
proverbial promises of princes, were never ful- 
filled. Nevertheless, he was so far taken again 
into royal favour that he obtained permission and 
funds to fit out a fourth expedition, which left 
Cadiz in May, 1502. The fleet was a small one of 
four vessels, the largest of not more than 70 tons, 
and the expedition numbered 150 men. He was 
forbidden to enter San Domingo, but being driven 
into the port there by stress of weather, he asked, 
and was refused, permission to anchor. The 
Spanish governor at that time, Ovando by name, 
was on the point of setting sail for Spain with a 
large fleet. Among the passengers was the old 
governor, Bobadilla, who had sent Columbus home 
in chains two years before. It is interesting to 
note that the whole of this fleet was lost in the 
storm from which Columbus had begged for 
shelter. It was only on this expedition that the 
great explorer landed on the American continent ; 
the exact spot was Carxinas Point, in Honduras, 
and, in spite of all his physical suffering, he ex- 
plored the whole coast of the isthmus from Yucatan 
to Columbia, and at last realised that an impassable 
barrier existed between him and his cherished 
hopes—that ofa direct sea passage westward to the 
Indies. From his return from this last voyage in 
November, in 1504, to the following May, Colum- 
bus lay ill at the convent of Cartuja, and from this 
time his work was over ; he died on May 20, 1506, 


848 


in the same convent. During this short period he 
was closely associated with Americus Vespucius, a 
navigator who, following in Columbus’s footsteps, 
carried his investigations much farther, and had 
the honour of naming the great continent. 
Columbus occupied the brief time remaining 
to him in writing a book to prove that his dis- 
coveries had been predicted in the Scriptures, 
and gave other indications that his mind as well as 
body had been broken by the adventures of his 
life. A number of relics have been collected, 
associated with the death of Columbus, together 
with many pictures and photographs relating to 
the same period. He was buried in the chapel of 
the convent of Cartuja, and in 1877 his coffin was 
opened and some of the precious dust was pre- 
sented to different people. A locket containing 
some of this dust is amongst the objects shown, as 
well as a series of photographs and facsimiles of 
caskets containing more. The greater portion, 
however, was collected in a gold and jewelled casket 
which is exposed on September 10 every year on 
the altar of the Cathedral at Seville when a High 
Mass is celebrated for the repose of the soul of the 
discoverer. It must not be supposed, however, 
that Spain is allowed to have the credit of being 
the burial-place of Columbus, without dispute. 
Havanna insists upon that honour, and appears to 
have the best of the argument, as the result of an 
official investigation has decided in favour of the 
Cuban capital. 

The next section of the collection refers to relics 
of Columbus, chiefly autograph letters in original 
or facsimile ; there are about twenty-five of these 
documents, some of them almost of priceless value. 
Coming now to the literature of the discovery of 
the New World, it will be found that Mr. Curtis 
has made a collection which will be the envy of 
American enthusiasts. The first is only a facsimile 
of the title-page of the first book published on the 
subject ; this was in the autumn of 1493, a few 
months after the return of Columbus from his first 
voyage. It is called a letter from Christopher 
Columbus, and six known editions of it were pub- 
lished during the same year, a sufficient proof of 
the excitement caused by the discoveries. Of the 
first edition but three copies are known, one of 
them being in the British Museum. Specimens of 
the second, fifth, and sixth editions are shown in 
the collection. One object of extreme interest 
is the famous Da Vinci map belonging to Her 
Majesty the Queen, and lent by her at the 
request of the President of the United States ; 
on this map occurs the word ‘‘ America ” 
for the first time, so far as is known. It is a 
curious fact that several letters passed between 
Columbus and Leonardo da Vinci, the celebrated 
painter of ‘‘The Last Supper,” respecting a western 
passage to the Indies. They were written in 1473 
and 1474, when Da Vinci was an engraver and 
mapmaker. There is also the original of the first 
chart of the West Indies, drawn upon an ox hide in 
1500 by Juan della Cosa. A large number of 
books, documents, and pictures refer to the naming 
of the continent, and the immediate followers of 
Columbus. Such a collection of original papers 
relating to the subject has never before been 
brought together, and the fact that the Spanish 
Government has been willing to lend these trea- 
sures, demonstrates how deep an interest they 
have taken in the Columbian Exposition. The 
principal ones are letters from the King of Portugal 
to Columbus, dated 1488 ; the original commission 
by Ferdinand and Isabella, together with letters 
patent relating to the first voyage, all dated April 
30, 1492 ; the will of Christopher Columbus, Feb- 
ruary 22, 1498; a large number of letters from 
Columbus to his family and friends; a report 
addressed by him to Ferdinand and Isabella before 
starting on his second voyage ; the agreement con- 
cerning his privileges and concessions, entered into 
between him and his sovereign; a rough draft 
letter book containing the autograph originals of 
his most important letters, and a number of other 
documents. 

His Holiness Pope Leo XIII. has taken an ex- 
traordinary interest in Mr. Curtis’s researches, and 
has lent him some priceless objects from the Vati- 
can, which are displayed in the convent building. 
Amongst these are some edicts of Pope Alexander V., 
dated 1493 ; they contain very striking evidence of 
the Papal power at that time, and of the very crude 
ideas which then existed on the most elementary 
conditions of commercial economy. Spain and 
Portugal were then rivals for the trade of the world, 
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and conflicts between the two countries were 
frequent for supremacy. To put an end to 
these, the Papal edict was issued on May 3, 
1493, giving Spain authority to sail west, and 
Portugal to sail south; in other words, decreeing 
that the latter country should control the trade 
with Africa and the East Indies, at that time 
fairly well developed ; and that Spain should exer- 
cise the same power over the islands that had just 
been discovered in the New World, and over what- 
ever might lie beyond them. On the following day 
a second edict was issued, about which we are told 
by Mr. Curtis, ‘‘The Portuguese Ambassador at 
Rome, having under instructions from his sovereign 
questioned the discoveries of Columbus, the Pope 
issued a second edict known as the Bull of Demar- 
cation, commending the achievements of Columbus, 
and declaring that the Spaniards were entitled to 
possess, on condition of planting the Catholic 
faith, all lands, not already occupied by Christian 
Powers, west of a meridian drawn one hundred 
leagues west of the Azores and Cape Verde 
Islands.” This wholesale parcelling out of the globe 
was destined to have effects not dreamt of even in 
the infallible mind of the Pope, and for many long 
years yet to come, the riches of the American con- 
tinents were used to benefit the Church, which 
made its influence supreme throughout all the New 
World. No time was lost in Rome in taking 
spiritual and indirectly practical control, as is 
shown by the Bull dated June 25, 1493, appointing 
the first missionary priest to America, and confer- 
ring on him full powers to govern ecclesiastical 
affairs in the New World. In connection with the 
famous Demarcation Edict is shown a map known 
as the Borgian Map of America, which was finished 
not later than 1529, thirty-seven years after 
Columbus’s first discovery. Upon it is the line 
traced by Pope Alexander VI., marking the 
areas assigned to Portugal and to Spain. This 
map was made by Diego Ribero, geographer to the 
Spanish King; it is not so complete or beautiful as 
another Ribero chart also shown and bearing the 
same date. An inscription on this map conspicu- 
ously states that all geographical knowledge up to 
date was inscribed upon it. Itis divided into two 
parts, conforming to the agreement made between 
the Kings of Spain and Portugal in the year 1494, 
and in accord with the Papal edict ; it is dotted 
over with the banner of Spain on the west and 
that of Portugal on the east, and in all respects 
is a most remarkable production as a piece of map- 
making. It bears curious evidence of the energy 
with which the work of exploration had been 
followed after Columbus had shown the way; 
no doubt the influence of the Church had much to 
do with this, but, however that might be, the 
eastern coast of the North and South Americas had 
been carefully surveyed, and are plotted with re- 
markable correctness upon the map. Of the interior 
of the continent but little was known, and of the 
western coast, nothing. Before that date, how- 
ever, a small party of explorers had penetrated to 
the Pacific coast across Mexico. But what, per- 
haps, is most remarkable in this chart is the com- 
pleteness with which the dark continent of Africa 
is mapped out. The indications of churches marked 
here and there prove that Rome had been busy ; 
the western coast was fringed with settlements, 
and the three great lakes in the interior of Africa, 
together with the source of the Nile, are shown 
with too much accuracy to permit the suggestion of 
an imaginative map-maker. 

We could extend our notice of this charming 
and extensive collection almost indefinitely, but 
our space forbids much further reference to the 
subject, at all events for the present. We must, 
however, make passing reference to the chapel 
attached to the convent, and, like it, a reproduction 
of the original. It is plain and crude enough, but 
its walls are covered with interesting pictures, in- 
cluding three very fine mosaics, and all lent by the 
Pope. Itis in this chapel that are placed the various 
glass cases containing the priceless manuscripts 
already referred to. These are guarded night and 
day, as we have already said, by a company of United 
States soldiers. At one end, facing the east, is the 
chancel, and here will be placed a reproduction of 
the high altar of La Rabida. Already a copy of a 
famous relic is in place, no less a thing than that of 
the original cross made by Columbus for the church 
in the town of Isabella. Certain Franciscan friars, 
resident in Chicago, have made application to be 
permitted to say Mass in this fictitious religious 
edifice, but it is probable that their religious ardour 
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will have to be toned down to the more prosaic 


duty of distributing programmes and of giving in- 
formation. Their presence, at all events, in any 


capacity would heighten the illusion, and help to — 


increase, if possible, the attraction of this marvel- 
lous place. We have said that Mr. Curtis has got 
his collection practically in order, and this is s0, 


but, like every other part of the Exhibition, it will 


better repay a visit a few weeks hence, when the 


little central garden within the cloisters shall be — 
beautified with grass and flowers; when the ap- 


proaches will be something better than penetrating 
sand or sticky mud ; when the caravels will have 
arrived at their moorings, and the waters of Lake 
Michigan shall have put off the cold grey hue of 


spring, and shall have assumed the blue and gold 


of summer. J.D; 


THE NEW TORPEDO CRAFT. 


Ir is satisfactory to know that the British Navy . 
is making an effort to take its proper leading — 


position in the matter of speed of small craft. 


For many years the highest productions of our” 
torpedo - boat builders were constructed to the 


order of foreign Goverments. The fact is not 
very creditable to the country in which the torpedo- 
boat originated, and which holds the premier 
position in the construction of these beautiful little 
craft. In the new type of torpedo-boat destroyer 
which has been ordered by the Admiralty, the 
speed of 27 knots has been stipulated for, carrying 
a load of 30 tons, and there is no doubt that this 
will be obtained. In a recent visit to Messrs. 
Yarrow and Co.’s yard, we had an opportunity of 
seeing the vessels they have in progress, which are 
now well forward. There are on the stocks two 
twin-screw ‘‘destroyers.”’ These are plated up, and 


the machinery will shortly be ready to be put in. — 


The three first-class torpedo-boats this firm is also 


constructing for the English Admiralty are likewise 


fully plated and ready to receive the machinery. 
The destroyers are known as the Havoc and 
the Hornet. Their length is 180 ft., and the 
beam 18 ft. 6in.; the rise of deck is about 8 in. 


These vessels are practically large torpedo-boats, — 


and appear to be on the model of the first-class 
boats built by this firm ; they having long, easy 
bows, and the rising floor characteristic of the 
Poplar boats. 
is of the usual torpedo-boat type, with a fairly high 
floor, easy bilge, and tumble home on the top sides. 


Long experience has resulted in the selection of — 


this form as combining speed and seaworthiness in 
a high degree. The latter quality is enforced by 


the hood forward. This hood, or turtle-back, for-_ 


ward is, however, somewhat differently arranged, 


and is, we think, an improvement on the torpedo- — 


boat design, as it affords superior sea-going 
qualities. In the torpedo-boat, the turtle-back 
only extends from side to side of the boat, until it 
gets as far aft as nearly to the position of the 
conning tower. Here it is swept in on each side 
to join the conning tower, leaving two flat pieces 
on deck on each side of the latter. This 
arrangement is very clearly shown in our illustra- 
tion of a torpedo-boat built for the Victorian 
Government by Messrs. Yarrow, as.shown in our 


issue of January 22, 1892 (vol. liii., page 105). 


In the destroyers, however, the turtle-back is 
carried right aft, to the after part of the conning- 
tower. In this way additional protection is given 
to the decking just abaft the conning-tower, and 
this protection is increased by high bulwarks on 
each side, at that position. The shielding against 
water coming on board is further provided for by 
a couple of deck-houses, placed here, and advan- 
tage has been taken of the position to mount two 
6-pounder quick-firing guns. These guns could be 
worked in bad weather, so far as protection against 
the elements is concerned, and the men are almost 
concealed from forward when working the guns. 
Another novel feature in this vessel—that is, 
novel as compared to torpedo-boat practice—is the 
working in forward of a watertight flat, at or about 
the level of the water line ; this iscarried aft to the 
forward boiler-room bulkhead, so that practically 
a double bottom is obtained for this part. It is 
divided up by cellular construction into various 
receptacles for ammunition, stores, &c. In this 
way the features which have been always insisted 
upon by the present Director of Naval Construction 
—Dr. White—of double bottom and subdivision, 
are carried out, and doubtless the necessity for 
these provisions was emphasised by the accident to 


The midship section of these boats — 


ea 
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the Apollo, and her fortunate escape, in spite of 
the rough usage she received. These destroyers 
are essentially sea-keeping vessels, and would have 
o go to sea and stop there as long as required. In 
connection with this feature, it may be said that the 
boat outfit is more complete than in torpedo craft ; 
there being in each vessel a 24-ft. whaleboat 
carried in davits (the latter being apparently of a 
novel form), and two 20-ft, Berthon boats, in addi- 
tion to a dingey. The formation of the stern of 
these vessels is similar to that which has been 
adopted for torpedo-boats by this firm ; the dead- 
wood is cut away aft, the rise from the keel 
beginning from about 45 ft. to 50 ft. from the stern- 
post, and running up to just about the water line, 
right aft. The stern is somewhat rounded, there 
being no counter; but as it is carried only to the 
surface, bluff lines do not matter, although the 
appearance of the vessel on the stocks is not sug- 
gestive of speed. The sternpost is inside the 
plating, and consists of a steel forging which 
projects above the deck a few inches, and 
below the hull, through the plating. In this 
way pintles are formed for carrying the rudder. 
This sternpost is flattened on the part below the 
deck, and that above the bottom plating, so that 
the portion inside the vessel is treated in this 
way, and forms, as it were, a butt strap for the 
attachment of the plating ; the method of construc- 
tion is very strong and rigid. The rudder itself 
deserves attention ; it is of the form which is usual 
in first-class boats built by this firm. It is hung 
in a novel manner upon the sternpost already 
referredto. The bottom pintle acts asa guide, the 
weight being taken by the top one. In the event 
of the rudder being damaged, it is only necessary 
to remove one nut, and the whole can be 
dropped, a point which might prove of very great 
convenience in war time, as no rudder at all is in- 
finitely preferable to one bent or deflected. The 
rudder itself is of the partially balanced type, a 
large part extending below the bottom, and the 
surface is so distributed that on the helm being put 
hard over the water does not escape over the top ; 
full advantage of the stream lines being thus 
secured. The area also is distributed in such a 
way that when the vessel is turning the pressure of 
the water on the rudder tends to counteract the 
heel of the boat, and this, of course, adds to the 
stability at a critical period. This feature we have 
alluded to on a former occasion, when describing 
the trials of this firm’s torpedo-boats, The pro- 
peller shaft brackets or A-frames must necessarily 
be a novel shape in a vessel with no deadwood. 
They were not in position at the time of our visit, 
and were being machined in the shops. A double 
angle iron is on the bottom of the vessel aft, and is 
evidently intended for the attachment of the shaft 
brackets. The propellers are three-bladed, and 
were in course of construction at the time of our 
visit. They have steel forged blades, keyed into 
steel bosses of the ordinary torpedo-boat type as 
used by this firm. 

According to the published accounts, these vessels 
are to carry three quick-firing guns. One of these 
is, we believe, to be a 12-pounder Hotchkiss, and 
will be placed on the top of the conning tower. 
The other two guns are, as stated, just abaft the 
turtle-back forward ; but there is provision made 
in the deck for alternative positions further aft, 
supposing the alteration be considered necessary. 
The usual search-light will be fitted. 

There are three torpedo dischargers, consisting 
of a double torpedo gun on a turntable aft, and a 
tube built into the hull forward; the latter, of 
course, discharging right ahead, and necessitating 
the manceuvring of the vessel in order to train it 
on an object. There is to be a transporting car- 
riage for torpedoes, running on a railway, which 
goes from the conning tower forward to the turn- 
table on which the torpedo guns are placed 
aft. According to present plans there will 
be only one mast forward, and this is not 
to carry sail, acting simply as a boom derrick 
for the handling of boats and torpedoes, and for 
signal purposes. An important detail, which 
has been very carefully considered in the design of 
these craft, is the ventilating arrangements—a 
matter too often little considered in similar vessels. 
The boat’s complement will be about 40, the 
crew being berthed forward, and the officers and 
petty officers aft. Ina boat under 200 ft., to run 
at 27 knots, there is not much room left after the 
machinery has been provided for, but in these 
vessels there will be a good deal more accommoda- 


tion than in the ordinary first-class torpedo-boat, 
even relatively to their size. Messrs. Yarrow have 
managed to compress the machinery to within 76 ft. 
of the length of the boat, according to measure- 
ments between bulkheads. The fitting of the 
cabins is to be more complete than is usual in 
vessels of the kind, owing to the sea-keeping 
duties for which they are designed. The wardroom 
and cabins aft occupy the space of about 30 ft., and 
quarters are to be very completely fitted up in 
the fore part. More attention than is usual has 
been given to the comfort of the men, a special 
point having been made in this respect with regard 
to ventilation, sleeping accommodation, and locker 
space. 

There are thirteen ’thwartship bulkheads, and 
there are also other divisions, forming about 
twenty watertight compartments in all. They are, 
of course, all connected to the bilge ejection. In 
the machinery space the bunkers afford coal pro- 
tection to the boilers, and add to the longitudinal 
strength in this part of the hull. The con- 
ning tower is formed of 4-in. steel plate, and is, 
therefore, from a torpedo-boat point of view, an 
armoured structure. 

The machinery is not the same in both vessels, 
there being the important difference of water- 
tube boilers in one case and locomotive boilers in 
the other. In all other respects the vessels are 
similar. The fact will naturally make the Havoc 
and the Hornet two of the most interesting craft 
in the Navy. If Mr. Yarrow can beat his own 
locomotive boilers there is nothing more to be said 
for the type, and here will be a fair chance of 
settling the matter. 

The Havoc is to have two locomotive boilers of the 
type adopted by Messrs. Yarrow, with which our 
readers arefamilar. They will each, we believe, be 
more powerful than any hitherto constructed. The 
fireboxes and tubes will be of copper. The Hornet 
will be provided with eight water-tube boilers of 
the Yarrow type. The object in having such a 
large number was—-firstly, in the event of one 
boiler being disabled, not to diminish materially 
the power developed ; secondly, to facilitate the 
removal of the boilers, in the event of heavy repairs 
being necessary, in which case it is desirable to 
avoid lifting any large weight, such as would be 
involved if the boilers were not so much subdivided. 
One important departure in these boilers is the 
adoption of copper instead of steel tubes, thereby 
avoiding pitting action, which experience has 
proved to be so rapid when the latter material is 
used in water-tube boilers. The Yarrow type of 
boiler admits of the adoption of copper, owing to 
the fact that the tubes are always filled with water, 
having all portions below the water-level. 

The engines for both boats are fairly advanced, 
those for one vessel being ready to putin. They 
consist of triple-expansion three-crank engines, of 
the usual type adopted by the firm, being specially 
designed for fast running ; the cylinders are 18in., 
26 in., and 39} in. ; working pressure, 180 1b. There 
are piston valves throughout. Whether any provi- 
sion is to be made for balancing, on Mr. Yarrow’s 
system, is not apparent in the present state of the 
work, but it is to be hoped that such an oppor- 
tunity as this will not be lost, of testing the 
system ona large scale. The necessity for reducing 
the vibrations in passenger ships is becoming more 
pressing every day, and is especially instanced by a 
most important vessel, which has recently been 
tried. 

The three torpedo-boats are each 140 ft. by 
14 ft. 6 in. They are single-screw, and have in 
two of the boats triple-expansion engines and 
locomotive boilers, the steam pressure being 180 1b. 
In the third boat a quadruple-expansion engine 
will be placed. In this vessel there will also be 
two water-tube boilers of an entirely new type, 
about which we shall have something to say at a 
later date. The working pressure in this case will 
be 220 lb. 

We hope at a later date to further describe and 
illustrate these very interesting vessels. 


Frenou WorKING Expenses.—The ratio of the working 
expenses to the traffic receipts upon the Paris, Lyons, 
and Mediterranean Railway last year was 48.47 per cent. 
The corresponding ratio in 1891 was 46.22 per cent. ; in 
1890, 44.94 per cent. ; in 1889, 48.65 per cent. ; in 1888, 
43.62 per cent. ; and in 1887, 44.02 per cent. The net 
revenue of the company in each of the six years was as 
follows: 1892, 7,373,741l.; 1891, 7,763,534. ; 1890, 
7,633,6592. ; 1889, 7,771, 385/. ; 1888, 7,235,7002. ; and 1887, 
6,985, 2910, 
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NOTES. 
Ick-BREAKING WITH DYNAMITE. 

THERE have been divided opinions about the ex- 
pediency of using dynamite for ice-breaking, and 
it has never been used for this purpose to any ex- 
tent. Practical experiments last winter at the 
Hangé Harbour, in Finland, seem, however, to 
have given very satisfactory results. The powerful 
Ice-breaker of the port was helpless in the face of 
a belt of some 1200 ft. of very thick ice, the thick- 
ness of which was measured to be as much as 18 ft. 
It would seem essential for successful ice-breaking 
with dynamite, that there should be suflicient room 
to dispose of the broken ice, for if this is allowed to 
remain broken in the channel it will still interfere 
with the progress of steamers. The cost of the 
dynamite ice-breaking at Hangé amounted to about 
501. 


New Diamonp-curring Matertat— 
CARBORUNDUM. 

A new grinding material has recently been pro- 
duced in the United States under the name of 
‘‘carborundum,” the inventor being Mr. E. G. 
Acheson, of Monongahela, Pa. Carborundum has 
the formula Si C, and is produced by subjecting a 
mixture of coke and silica, or a mixture of alumi- 
nium silicate and coke, together with a flux of 
common salt, to the heat of an electric furnace. 
At the high temperature thus obtained, the silica 
is reduced, and the silicon carbon compound formed. 
On cooling, this substance is obtained in the shape 
of crystals, usually octahedral, and the different 
sizes are graded. The material resembles bort, 
and is excessively hard, having been successfully 
used for diamond-cutting. It is usually of a dark 
colour, and is excessively refractory, withstand- 
ing for a long period of time the flame of the 
oxyhydrogen blowpipe. In addition to diamond- 
cutting, it is now being used as a substitute for 
emery, and the Westinghouse Hlectric Company 
are using wheels of it for grinding the stoppers of 
their new incandescent lamps. 

Opticians’ SCREWS. 

For a long time opticians’ screws were a bye- 
word for their irregularity and inexactitude. No 
male thread could be relied upon to fit any female 
thread except the one for which it was formed, 
and often the fit in that case was of a very loose 
character. Each optician had his own standards 
as toshape of thread and pitch ; and hence parts 
of apparatus from different makers could seldom 
be used together. In some degree this state of 
affairs is mending now, but still a great deal re- 
mains to be done. In relation to the screws used 
in lens fittings for photographic purposes the 
Photographic Society of Great Britain fixed upon 
a set of standards some years ago. For a time 
no firms adopted them, but gradually they are 
becoming known and appreciated. On Tuesday 
last a paper was read before the members by Mr. 
William Taylor, explaining how the system was 
carried out by his firm (Messrs. Taylor, Taylor, 
and Hobson, of Leicester). He commenced by 
pointing out that lenses have to be screwed and un- 
screwed by hand, and hence that their condition of 
interchangeability must be freer than with bolts or 
gas fittings, which are usually turned by wrenches. 
The Society thread follows the Whitworth standard 
as regards its form, although not as regards its pitch, 
For the male and female screws to go together freely 
and be perfectly interchangeable, the former must 
be slightly below the nominal size, and the latter 
slightly above. The allowable variation fixed by 
Mr. Taylor is one thousandth part of an inch. For 
the male screws double-sided gauges are employed, 
one side being (say) 2in., and the other 2—;,55in. 
Every screw of that nominal size must pass through 
the larger gauge and refuse to enter the smaller. 
For the female screws plug gauges of 2in. and 
2.001 in. are used. Working within these limits, 
perfect interchangeability is secured. The measure- 
ments are usually made over the points of the 
threads. control measurements at the roots of 
the thre ds are made by a measuring machine, and 
also by laying cylindrical rods between the threads 
and measuring how far they project above the points 
of the threads. To secure the threads bearing on their 
inclined sides, and not on their points, the rounding 
is rather increased at the points and somewhat 
lessened at the roots. Incidentally Mr. Taylor 
described a new form of chaser, or screw-cutting 
tool. A worm of two threads is cut on a small 
cylinder, and the threads are ground away for 
about one-fourth of the circumference of the 
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cylinder, leaving a cutting face. The worm is 
mounted on the end of a holder, and fixed to a rest 
moved by a guide screw on the tail of the lathe 
mandril. By means of a small emery wheel the 
cutter is ground when it becomes dull. To render 
it more easy to enter the screws, the incomplete 
part of the last thread is cut away both in the male 
and the female, the commencement of the thread 
being marked on the outside. By placing the 
marks together, the two screws enter easily, and 
three turns carries them home up to the shoulder. 


SroRAGE RESERVOIRS IN Hoyer. 


In Lord Cromer’s recent report, ‘‘ Kgypt,” 
No. 3 (March, 1893), it is stated that in 1892 a 
special establishment was appointed to take up the 
study of storage reservoirs. The final designs for 
the possible reservoir sites, with dams across the 
Nile Valley at Kalabsha, Assuan, and Silsileh, have 
been calculated, drawn, and estimated. All field 
work in connection with the capacities of these 
reservoirs is completed. It is now said that there 
will be two alternative Silsileh and Assuan schemes, 
and that all four will be ready before September. 
The trial surveys and borings in connection with 
Mr. Cope Whitehouse’s Raiyan project were also 
completed some months ago. The final alternative 
lines, described in ENGINEERING, September 14, 
1888, ‘‘The Raiyan Reservoir,” with map, and 
numbered 2 and 3, have now been laid out on the 
ground, and final borings made along each line. 
These lines will be lock-spitted through the desert, 
and their finality thus established beyond all possi- 
bility of change. The maps and plans are mean- 
while being pushed forward by Mr. Clifton and his 
staff. Lord Cromer said, in March, that the Under- 
Secretary of State for Public Works, Mr. Garstin, 
had every hope that the completed Raiyan project 
would be prepared for consideration in the spring 
of 1894, and that no pains would be spared on his 
part to effect this. An international commission of 
engineers is required, because the Egyptian 
Government proposes to utilise a grant of the 
surplus inits Treasury, which it is compelled by 
the law of liquidation to accumulate, as a loan to 
carry out the reservoir scheme approved. It is 
now satisfactorily shown that the question will be 
ripe for decision within six months. In view of 
the publication by the Italian Government of the 
lucid and exhaustive treatise of Professor Benetti, 
reviewed in ENGINEERING, January 6, 1893, and 
the keen rivalry which the execution of works 
amounting to at least a million of pounds is certain 
to excite, it is to be hoped that the facts will be 
communicated to the British public at the earliest 
possible date. The question whether a dam across 
the Nile Valley is to be preferred to the Raiyan de- 
pression will probably depend to a great extent upon 
certain preliminary issues, political, social, and sani- 
tary, as well as engineering and financial. On this 
will, therefore, also depend the nature of the work to 
be executed, whether largely consisting of stone and 
iron, or of earthwork and excavation. It will bea 
distinct advantage to the Public Works Depart- 
ment in Egypt to secure an enlightened public 
opinion on all points. No doubt, as Lord Cromer 
says, ‘‘ What is wanted is that Egypt shall have 
the best possible reservoir, whether it is to be in 
the Wadi Raiyan; or in the Nile Valley itself, 
formed by means of artificial dams.” It will 
materially conduce to this result if a report, which 
need not exceed a hundred pages, with such dia- 
grams as would serve to illustrate the different 
schemes, is published at once. We would also 
suggest that the Foreign Office might obtain tracings 
of the detailed plans and put them on the com- 
mercial side, where they could be examined, and 
that specimens of the granite of Assuan, the sand- 
stone of Silsileh, and the limestone of the Raiyan 
Isthmus might also be advantageously added. 


Tur New Water Works At GOTHENBURG,—The new 
umping station for the Gothenburg Water Works is 
ocated at Alelzeken, some three miles from the town. 
The pump-house forms a large hall, containing two high- 
pressure pumps of Professor Riedler’s system. The pumps 
are worked by two steam engines indicating 100 horse- 
power each. With a speed of 60 strokes a minute they 
yield 56 litres or about 124 gallons of water per second. 
There is room for a further installation of two similar 
pumps with engines, for which the foundation is ready. 
Next to the hall is the dynamo-room, where a De Laval 
turbine-dynamo is placed, feeding all the electric lamps. 
The water is taken from the river through a canal, some 
160 fb. long, built of concrete, and conveyed into large 
covered filters, each with a sand area of 100 ft. by 185 ft. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 8. 

FINANCIAL stringency has alarmed the promoters of 
some enterprises far enough to influence the amount 
of business done in iron and steel. The question of a 
lock-out in the iron mills in the west will probably be de- 
cided in afew days. The closing up of the union mills 
for even one month would create a general scarcity of 
iron. Prices are firm at present rates. Steel billets 
are quiet. All mills are full of orders for June. Steel 
rails are dull except for light sections. Structural 
mills are crowded, and large orders are in sight. The 
threatening condition of the country is alarming ; 
banks and a large number of enterprises that were to 
be prosecuted on borrowed capital will be tied up. 
The manufacturing establishments are, as a rule, work- 
ing full time. Railroad traffic is heavy, and May gross 
and net earnings make a better showing than same 
month last year. The net gold in the Treasury is 
now 90,000,000 dols. Bonds will probably not be 
issued until the 75,000,000 dols. is reached. The silver 
question overrides the tariff question for the time 
being. The precipitation of the silver issue will open 
one of the fiercest political campaigns ever known. 


THE NEW SECOND-CLASS CRUISER 
SLOG 

Tue second-class protected cruiser Fox, which was 
successfully launched at Portsmouth Dockyard on 
Thursday, and christened by the Countess of Clan- 
william, is one of the twenty-nine second-class cruisers 
built under the Naval Defence Act of 1889. The Fox 
has been constructed on precisely the same lines as 
the Bonaventure, which was launched at Devonport last 
December; but hitherto her building has been more 
rapid and economical, for, whereas the Bonaventure’s 
estimated cost for hull and machinery is 237,262/., itis 
anticipated that the new cruiser will cost about 6000/. 
less. The Fox was laid down on January 11, 1892, 
and the vessel has already been sheathed with wood. 
Her principal dimensionsare: Length, 320 ft. ; beam, 
494 ft.; draught of water, 19 ft. When completed 
she will have a displacement of 4360 tons, and the 
armament will consist of two 6-in. breechloading quick- 
firing guns, eight 4.7-in. quick-firing guns, eight 
6-pounders, and one 3-pounder Hotchkiss gun, besides 
four dischargers for Whitehead torpedoes. The steel 
protective deck varies in thickness from | in, to 2 in., 
and the conning tower is plated with 3-in. steel to 
withstand the shells of light guns. 

The engines of the Fox, which are now well ad- 
vanced towards completion, have been designed to 
develop 9000 horse-power under forced and 7000 
under natural draught, and are chiefly remark- 
able as being by far the most powerful hitherto 
built at the Portsmouth Dockyard factory. The 
work has been carried out under the direction of 
that very capable officer, Mr. John Corner, chief engi- 
neer of Portsmouth Dockyard, and the boilers have 
also been built in the factory. The principal dimen- 
sions of the propelling engines are as follows: Cy- 
linders—-high-pressure, 33 in.; intermediate, 49 in.; 
and low, 74 in. in diameter. Under full power the 
revolutions should be 140 per minute. Like the 
Bonaventure, the Fox will be fitted with eight boilers 
of the single-ended type, the dimensions of which are 
13 ft. 2in. by 9 ft. 7 in. There are 24 furnaces in all, 
supplied by Messrs. Fox. The boilers are now ready 
for putting on board, but the main engines will not be 
completed for a few weeks to come. 

The Admiralty are so well satisfied with the progress 
made in the Portsmouth factory with the machinery for 
the Fox, that the Engineer-in-Chief of the Navy has in- 
structed Mr. Corner to forthwith commence the construc- 
tion of another set of triple-expansion engines designed 
to develop 9,600 horse-power. These will be the most 
powerful engines built at any of the Royal dockyards, 
and they will be fitted to a second-class cruiser of 
slightly larger type than the Fox. These ‘‘improved ” 
cruisers, three in number, will shortly be laid down at 
Portsmouth, Chatham, and Devonport respectively. 
They will be 350 ft. in length, with a beam of 53 ft., 
and a mean draught of 20 ft. 3in. The engines are to 
develop 8000 horse-power under natural draught and 
9600 under forced draught. The armament of these 
cruisers will be more powerful than that of the Bona- 
venture class, as they will carry five 6-in. breechload- 
ing guns, instead of two; indeed, these three vessels 
will almost take rank as first-class cruisers. 


CaTALOGUES.— We have received from Messrs. A. Ran- 
some and Co., Limited, a catalogue giving a very com- 
plete and fully illustrated description of the cask-making 
plant manufactured by them. This firm state that they 
have patterns for 200 different machines, and are thus 
able to select such as are most suitable in any special 
case.—Messrs. B. Ward and Co., of 15, Great George- 
street, London, 8. W., have issued a new catalogue giving 
illustrations and descriptions of their artificial stone 
pavements, mouldings, fireproof floors, and similar work, 


THE INSTITUTION OF CIVIL ENGINEERS, 


THE Council of this society has made the following 
awards for original communications submitted during the _ 


past session : 


For PAPERS READ AND DISOUSSED AT THE 
ORDINARY MEETINGS. 


1, A Telford Medal and a Telford Premium to Peter 
William Willans,* M. Inst. C.K. (deceased), for his paper 
on ‘* Steam Engine Trials.” 

2. A George Stephenson Medal and a Telford Premium 
to Edward Hopkinson,t M.A., D.Sc., M. Inst. C.H., for 
his paper on ‘‘ Electrical Railways: the City and South 
London Railway.” 

3. Telford Medals and Telford Premiums to Mathew 
Buchan Jamieson, Assoc. M. Inst. C.E., and John 
Howell, for their joint paper entitled, ‘* Mining and Ore 
Treatment at Broken Hill, New South Wales.” 

4. A Watt Medal and a Telford Premium to John 
Rigby, M.A., for his paper on ‘‘ The Manufacture of 
Small Arms.” ; 

5. A Telford Premium to George Edward Wilson 
Cruttwell, M. Inst. C.E., for his paper on ‘“‘The Foun- 
dations of the two River Piers of the Tower Bridge.” 


6. A Telford Premium to Walter Pitt, M. Inst. C.E., 


for his paper on ‘‘ Plant for Harbour and Sea Works.” 


Tor PAPERS PRINTED IN THE PROCEEDINGS WITHOUT 
BEING DiIscussED. 


1. A Telford Medal and a Telford Premium to George 
Shattuck Morison, M. Inst. C.E., for his account of ** The 
River Piers of the Memphis Bridge.” 

2. A Telford Medal and a Telford Premium to Robert 
Gordon, M. Inst. C.H., for his paper entitled ‘‘ Hy- 
draulic Work on the Irawady Delta.” 

3. A Telford Medal and a Telford Premium to Alan 
Brebner,} B.Sc., Assoc. M. Inst. C.H., for his paper 
on ‘‘ Relative Powers of Lighthouse Lenses.” 

4, A Watt Medal and a Telford Premium to Herbert 
Byrom Ransom, Assoc. M. Inst. C.E., for his paper on 
‘““A Method of Testing Engine Governors.” 

5. A Telford Premium to George Morrison Barr, M. 
Inst. C.E., for his account of: the ‘‘ Improvement of the 
Entranca of Otago Harbour, New Zealand.” 

6. A Telford Premium to Alfred Weeks Szlumper,} M. 


Inst. C.E., for his paper on ‘‘ The Signalling at the Water- _ 7 


loo Terminus of the London and South-Western Rail- 


way. 

7. A Telford Premium to Joseph Harrison, Wh. 8c, 
Assoc. M. Inst. C.E., for his paper on ‘‘ Radial Valve — 
Gears—Analysis of the Motion of the Valve.” r 

8. A Telford Premium to Edmund Gregory Holtham, 
M. Inst. C.E., for his description of the ‘‘Chimpas 
Aqueduct and Mineral Railway, North-West Mexico.” — 

9. A Telford Premium to Charles Sheibner Du Riche 
Preller,s M.A., Ph.D., Assoc. M. Inst. C.H., for his 
account of the ‘* Zurich Water Supply, Power, and Hlec- 
tric Works.” 


For PAPERS READ AT THE SUPPLEMENTAL MEETINGS — 
or STUDENTS. 7 
1. A Miller Prize to Charles Davidson Barker, Stud. 
Inst. C.H., for his account of the ‘‘ Methods adopted in 
Constructing the Glasgow Central Railway—Bridgeton 
and Trongate Contracts.” 


2. A Miller Prize to David Carnegie,|| Stud. Inst.C.H., x 


for his paper on ‘‘The Manufacture and Efficiency of 
Armour- Plates.” 

8. A Miller Prize to John Wilson Steven, Stud. Inst. 
C.E., for his paper on ‘‘The Introduction of Rubble 
Blocks into Concrete Structures.” 

4, A Miller Prize to Francis Gibson Baily, B.A., Stud. 
Inst. C.E., for his paper entitled ‘“‘Some Points in the 
Regulation of Direct-Current Motors.” ; 

5. A Miller Prize to Arthur Shaw Butterworth, Stud. 
Inst. C.E., for his paper on ‘‘The Disposal of Town 
Refuse by Burning, and the Application of the Heat 
thereby Generated.” 


For PAPERS READ AT LooaL ASSOCIATIONS. 


1. A Miller Prize to William Robertson Copland, Jun., 
Stud. Inst. C.E. (of Glasgow), for his account of “The 
Tarapaca Water Works.” ; 

2. A Miller Prize to Philip Morris Pritchard, Stud. 
Inst. C.E. (of Newcastle-on-Tyne), for his paper on 
“‘The Relative Water and Fuel Consumption of English 
and American Locomotives.” 

It has been determined to print the first three students’ 
papers, either in whole or in part, in the Minutes of Pro- — 
ceedings. 


Tue Merssaceriges Marrrmes.—This great French 
steam shipping company gives its shareholders a dividend 
of 5 per cent. for 1892. The net profit realised by the 
company for the year was 128,298/., after full provision for 
working expenses, sinking funds, and fixed charges. Of 
the balance of 128,298/., 64147. was carried to the statu- 
tory reserve, 120,0002. was applied to the payment of a 
dividend at the rate of 5 per cent. per annum, and a final 
reliquat of 18847. was carried to the credit of 1893. In 
the course of last year the company carried 108,314 pas- 
sengers, 563,189 tons of goods, and specie and securities to 
the value of 7,828, 445/. 


* Has previously received a Watt Medal and a Telford 
Premium. 

+ Has previously received a Telford Medal and a Tel- 
ford Premium. 7 

+ Has previously received a Miller Scholarship. 

§ Has previously received Telford Premiums. 

|| Has previously received a Miller Prize. 
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WATT’S BOILER CIRCULATOR & DEPOSIT EXTRACTOR. 


Tue illustrations above show a cross-section and a 
longitudinal section of the boiler of the s.s. Talbot, 
belonging to Messrs. John Bacon, Limited, and explain 
the application of an automatic circulator and deposit 
extractor designed and patented by Mr. John Watt, of 
74, Cleveland-street, Birkenhead. On the top of the 
tubes is fitted an inverted pan, the object of which is to 
intercept the steam ascending from the furnace crowns 
and tubes, <A pipe shown on the right-hand side of the 
cross-section connects this pan with the bottom of the 
boiler. In the pan is placed a nozzle through which 
the steam issues, drawing with it a current of water 
from the bottom of the boiler. The current thus 
formed passes downward in the direction of the arrow 
and through the pipes on the left-hand to the bottom 
of the boiler. It will thus be seen that as long as 
there is sufficient fire on the bars to produce steam, 
a constant current is set up; the colder water from 
the lower portion of the boiler passes to the top, re- 
ceives an accession of heat from the steam, -and is 
again returned to the bottom. 

The value of good circulation is well known, but 
although boiler circulators cure one evil they generally 
create another by stirring up any mud or dirt and 
causing it to be spread over the heating surfaces in a 
very objectionable manner ; they sometimes also pro- 
duce priming. The apparatus we are describing is in- 
tended to obviate some of these disadvantages, as 
it automatically removes the mud and oil in the 
boiler. The mud from the bottom is drawn up the 
pipe, and the oil or scum is drawn down from the scum 
pan, placed on the top of the inverted steam pan, 
through an opening indicated by the arrow. The 
current next passes on to the depositor, where its 
course is suddenly changed ; the mud and other im- 
purities are precipitated to the bottom, and passing 
onwards down one side find their way to the bottom 
of the boiler. The mud and impurities collected in 
the bottom of the depositor are blown off from time 
to time through the small pipe passing to near the 
bottom, and through the two-way cock on the boiler 
shell ; one branch is coupled to the main blow-off, the 
other being led downwards so as to enable a sample to 
be drawn off at any time. After a little practice the 
engineer can tell what state his boiler is in internally. 
All the attention this apparatus requires is the blow- 
ing off a few gallons once or twice a day or oftener 
should the water show signs of being very dirty. 

In getting up steam from cold water the apparatus 
commences working as soon as steam begins to form, 
slowly at first, afterwards more rapidly. To assist the 
circulation before steam is up, the pan is supplied with 
steam from the auxiliary boiler by a pipe at end of the 
pan. This is only used when steam is being first got 
up from cold water, and is not again required ; even 
when lying under banked fires for days there is very 
little difference between the temperature at the bottom 
of the boiler and top. 


H.M. CRUISER “ GIBRALTAR.” 

UnpEr the Naval Defence Act, Parliament autho- 
rised the construction of nine first-class protected 
cruisers amongst the seventy vessels of all types 
included in what is now known as the Hamilton pro- 
ramme. ‘These nine first-class cruisers are all alike 
in general design, excepting that four have been 
sheathed with wood and coppered to enable them to 
keep the sea for long periods without requiring to 
dock. This renders them fit to go upon foreign com- 
mission, The Gibraltar belongs to this class, and may 


be accepted as a good representative, We, therefore, 
give on our two-page plate this week, engravings made 
from photographs of this vessel while lying in the 
Clyde at the yard of Messrs. R. Napier and Sons, 
Govan, who constructed the vessel and her machinery. 
The class is regarded favourably by naval critics, and 
Dr. W. H. White, C.B., Director of Naval Construc- 
tion, has been deservedly complimented on the very 
satisfactory results of the trials, which have shown 
the accuracy of all the calculations, The design 
represents the happy medium between the conflict- 
ing desiderata in warships. It is accepted that 
the principal functions of a cruiser are to protect 
commerce, as a rule, single-handed, in which cases 
high speed and coal endurance, powerful offensive 
and effective defensive qualities are the important 
considerations. It is not necessary here to determine 
the relative importance of these factors, but to indi- 
cate to what extent they have been considered in the 
design of these vessels. While embodying many of 
the best features of the Australia class—two of 
which, the Australia and the Gibraltar, were built 
by Messrs. Napier—the armour belt on the water- 
line has been departed from. Many question the 
efficiency of the belt, more especially when the 
ship is rolling in a heavy sea, or when with great 
waves the trough exposes the under-water hull to the 
enemy’s fire; and if deeper belts cannot be adopted, 
owing to considerations of weight and speed, pro- 
bably the best substitute is an increase in the thick- 
ness of the turtle-back armour-deck which covers 
in all the machinery and vital parts of the ship. 
The Gibraltar, too, is, apart from this change, an ad- 
vance alike in size, power, and speed. We do not 
question the serviceable qualities in the Australia 
design, although, as matter of interest, we indicate 
the essential differences. The machinery of the 
Gibraltar is about 1100 tons, against 850 tons in the 
Australia. The newer vessel is 60 ft. longer; and 
although the total displacement is 1750 tons more, 
allowing for the wood sheathing, the speed is two sea 
miles per hour greater, while the coal endurance is 
2000 knots longer at cruising speed. The Gibraltar, 
too, has the same primary armament, and a few more 
machine guns, 

Dealing for the present with the hull, we may first 
give the leading dimensions : 


Length between perpendiculars ... 360 ft 
Breadth at ae cut = Glry; 
Mean load draught ... 24 ft. 9 in 
Displacement bss 3 7700 tons 
Weight of hull and fittings 4040 ,, 


The hull is constructed of Siemens-Martin steel, with 
large phosphor-bronze castings for the stem, stern- 
post, rudder, shaft brackets, &c., the form of the stem 
constituting it a veryformidable ram, The use of this 
bronze was necessary to obviate galvanic action which 
would result from the contiguity of the copper with 
steel, had it been used in the framing. The steel hull 
has been sheathed with teak planking, which was cop- 
pered at the dockyard, to enable the ship, as already in- 
dicated, to remain at sea for long periods without 
affecting her speed. The double bottom, which runs 
throughout, is constructed on the cellular bracket 
system, and is subdivided into a great number of 
watertight compartments, which afford security against 
damage by grounding, torpedo attacks, mines, &c. 
The protective deck, as already stated, extends from 
stem to stern, while the cylinders of the engines, 
which, being placed vertically, extend above this deck, 
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are protected by 6-in. steel armour coaming, which 
is5 ft. 6in. high and backed with teak ; over the top, 
again, are heavy armoured gratings. The thickness 
in the parts of the deck most exposed is 5 in., and 
tapers to 2 in. forward and aft, while sloping towards 
the sides of the ship to below the water line. On 
the top of these sloping parts are coal bunkers, 
while other bunkers separate the boilers and engine- 
rooms from the sides of the ship, and thus afford 
supplementary defence against shot and shell, The 
5-in. thickness is made up of two lj-in. and one 
2h-in. plates. The deck beams are of angle-bulb 
section, and amidships they have a 9-in. vertical flange 
and 34 in. horizontal flange, while forward and aft 
the depth is 7 in. There is a beam to every frame ; 
these are spaced about 20 in. apart amidships, and 
there are gusset plates for extra attachment of beams 
and frames. There is one 4 in. in thickness, of teak 
sheathing. It is scarcely necessary to state that the 
interior both below and above the protective deck is 
minutely subdivided. 

Above the protective deck there are the main and 
upper decks. They are of Dantzic selected red pine, 
the stringers being carried on T-bulbs 8 in. deep and 
5 in. horizontal flange amidships, and 7 in. deep at the 
ends of ship. The guns are mounted on these two decks, 
The engravings do not show these in place, although 
they indicate the position of the principal guns. There 
are two 9,2-in, 22-ton breechloading guns. These are 
intended as bow and stern chasers, and are mounted 
on central pivot carriages, one immediately in front of 
the conning tower and navigating bridge, and the 
other aft a short distance from the stern. These guns 
can be fired on either broadside, besides commanding 
very large arcs of training before and abaft the beam, 
and as the vessel has an unusually high freeboard, they 
will dominate a great distance. The supports for 
these heavy guns are massive tubes about 26 in. in out- 
side diameter, piercing the protective deck to the 
magazines. Through these tubes the ammunition is 
raised by a hoist. The mounting is supported from 
the bottom of the ship by a steel cylinder of about 
9 ft. in diameter. There are also at each side two 
shell hoists connecting with shell-rooms below the 
protective deck. There are ten 6-in. quick-firing guns, 
three on each side of the upper deck, and two in each 
side in casemates on the main deck. The projection 
of the deck for the former amidships can easily be 
seen, as also can the casemates for the main-deck 
guns, 

The port for the casemate was formed by the shell 
plating being cut away and the ends bent inwards about 
3 ft. 6 in. on each side. To these ends were attached 
the 6-in. shield curved outwards sufficiently to make it 
project about 2 ft. outboard. The attachment of the 
casemate to the decks is a splendid job. The guns on 
these may fire parallel with the keel. Onthe bow and 
quarter on each side of the ship the hull has been 
pierced, as shown in our engravings, for the four quick- 
firing guns on the main deck. The guns are inclosed 
in converging walls of plating 2 in. thick, so that the 
men working them are protected, the ammunition 
being passed through a strong steel tube piercing the 
deck. These walls of steel revolve with the gun. 
There are twelve 6-pounder guns, distributed as 
follows : Two on the forward deck shelter, two on the 
after deck shelter, four on the upper deck, two on the 
main deck forward, and two aft. The auxiliary arma- 
ment consists of five 3-pounder guns, and several 
machine guns. There are four fixed torpedo-launch- 
ing tubes, two of which are submerged. The ship 
is also fitted with a conning tower forward con- 
structed of 12-in. steel-faced armour, with a forged 
steel tube 8 in. thick, for carrying the voice pipes 
and leads down to the protective deck. From this 
tower the commanding officer can direct the vessel 
in action by means of telegraphs and voice pipes to 
the engines, guns, torpedoes, steering gear, &c. The 
ordinary conning station is above it, and consists of a 
spacious bridge witha large chart-house and appliances 
for the safe navigation of the ship. 

There can be no question, therefore, of the protection 
or armament of the ship, while the speed obtained on 
the trial exceeded 20 knots ; but on this point we shall 
have more to say when we illustrate the propelling 
machinery in a future issue. Meanwhile it may be 
stated that amongst the auxiliary machinery are 
three complete sets of compressing machinery, three 
sets of combined engines and dynamos for electric 
lighting, two distilling machines capable of condensing 
300 gallons of water per hour, two sets of boat-hoist- 
ing machinery, two steam ventilating fans, fans for 
the forced draught, direct-acting steering engines 
with gear for both steam and hand, and an engineers’ 
workshop with its own engine and a very complete 
installation of tools. The coal supply under ordinary 
circumstances is 850 tons, which will enable the ship 
to steam continuously at a 10-knot speed over a 
radius of 10,000 knots, or 2800 knots at a speed of 
18 knots, but capacity is also provided for a supple- 
mentary quantity of coal, which is of the utmost im- 
portance in a vessel of this type. 

The ship is ventilated both by natural and artificial 
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means, the engine and boiler rooms and under the 
protective deck being ventilated by steam fans. 
Throughout she is lighted by electricity, having three 
sets of combined engines and dynamos, with about 
500 incandescent lamps and four search-lights, worked 
by machinery under cover. Amongst the other special 
fittings are the steam hoists with heavy derricks, for 
lifting the boats out and inboard from the beams, 
where they are carried above the upper deck. The 
steam steering gear is placed aft under the protective 
deck, with leads to the bridge and conning tower, and 
controls a large balanced rudder, which, with the 
twin-screws, gives great power of manceuvring. The 
complement of officers and men will be from 500 to 
600, for whom very commodious accommodation has 
been provided on the main decks, &c. The officers’ 
quarters are abaft the engines, and include a very 
large wardroom, with comfortable cabins, all with 
polished mahogany fittings; and in addition there is 
a complete suite of apartments for the admiral, con- 
sisting of a dining saloon, large writing-room, with a 
stern balcony opening off it, as shown in our engray- 
ing, deck and sleeping cabins, pantry, &c. While 
many warships are not noticeable for their beauty, the 
Gibraltar has a very handsome and rakish appearance, 
being designed on fine lines for a high rate of speed, 
while her heavy armament and wide range of action 
will make her a very dangerous opponent. 


INDUSTRIAL NOTES. 

THERE appears to be a general consensus of opinion 
to the effect that there is a turn of the tide as regards 
the state of trade in the shipping industries, the 
engineering and cognate industries, and in the 
textile trades. Not only is there more doing in all 
those varied branches, but the prospects appear to be 
better and brighter. The increase of trade is not large 
as yet, nor do the signs of returning industrial activity 
indicate any great movement towards a period of pro- 
sperity ; but the manifestations are such as to give 
some hope that we have touched the lowest level of 
depression. Hope begets hope, and a firmer and more 
buoyant tone will help to produce confidence, and this 
in its turn will hasten speculation and activity. It is 
opzervable also that there is less disturbance in the 
labour world. This may be due to the fact that some 
of the disturbing elements have been eliminated by 
the closing of strikes, and by concessions and com- 
promises with the view of averting threatened strikes, 
all of which events point toamore settled state of things 
in the industrial world. Labour disputes are always 
more numerous in a falling market than in a rising 
market, because, as a rule, in the latter case, employers 
are more ready to grant concessions than to enter upon 
contests which will stop their works; while, in the 
former case, the men strive to keep up wages to 
the higher level attained in days of industrial pro- 
sperity. The building trades, in nearly every part of 
the country, are busy, and there seem to be no indica- 
tions of lessened activity. On the contrary, the in- 
creasing attention paid to sanitation, the desire to live 
in healthier and better dwellings, and the conversion 
into palatial buildings, on the flat system, of parts of 
London, continue to employ large bodies of work- 
men of all grades. Another sign of better trade is to 
be found in the increase of exports. This is encourag- 
ing so far as it goes. But some of the increase is due 
to natural or seasonable causes, some ports being now 
open which had been closed, while in others greater 
activity prevails, 

It is gratifying to find that there is a further de- 
crease in the number of members on donation benefit 
in the Amalgamated Society of Engineers. The total 
number on unemployed benefit was 5139 this month, 
as against 5271 last month, a decrease of only 132, but 
in the six months of this year the decrease has 
amounted to 1667. The total number of members is 
now 72,569. Of these 5139 are on donation, 1700 on 
the sick list, and 2318 on superannuation allowance, 
the total on those benefits being 9157. This large 
proportion cost the society 3825/., or nearly ls. 3d. 
per member per week. The superannuation allowance 
now equals fourpence per week. The representatives 
of the society are in communication with the War 
Office as regards the discharges from the Royal Arsenal 
at Woolwich, and with the Admiralty as regards the 
discharges at the dockyards, with the view of seeing 
what can be done to minimise the disastrous effects of 
any large discharge of men from the Government 
factories and dockyards at the present time. It is 
suggested that, where practicable, short time shall be 
resorted to rather than entire dismissal, so that a larger 
number shall share the work on hand for four days a 
week, instead of a lesser number at full time. It is 
also proposed to be more strict against overtime, both 
in Government departments and in all private firms. 
The members of the Amalgamated Society are taking 
a vote upon the subject of direct representation by one 
of their own number in the House of Commons, as a 
means of direct communication with the Government 
upon all matters pertaining to the engineering trades, 
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Each of the eight divisions into which the union is 
divided is taking votes for the delegates to be ap- 
pointed for the next Trades Union Congress, as each 
will send a representative. Trade is reported to be 
fairly good in America and in Canada, but very bad in 
the Australian colonies. In the latter it is stated that 
thousands of able-bodied men are out of work, and dis- 
putes are pending against 10 per cent. reductions in 
wages, in Victoria and New South Wales more parti- 
cularly. 


The report of the Ironfounders is not quite so 
satisfactory as that of the Engineers, for it shows an 
increase on donation of 272. The total number of 
members is 15,125. Of these 1450 were unemployed, 
371 on the sick list, 633 in receipt of superannuation 
allowance, 189 on other benefits, and 44 on strike. 
The report attributes the increase of unemployed to 
the recent Whitsun holidays, but apart from that it 
appears that the state of trade is no better in this 
branch. In summarising the returns as to the state 
of trade, the report says that in=44 branches, consist- 
ing of 5058 members, trade is in a healthy state, while 
78 branches, with 10,067 members, are returned under 
headings which denote bad conditions ; but from the 
latter should be deducted’ 16 branches, with 2461 
members, which do not come under a category which 
really denotes bad conditions. As a matter of fact 
also there is a decrease of two branches, and of nearly 
600 members, under the head of ‘‘ very bad ” as com- 
pared with last month. The funds also show an in- 
crease of 316/., making a total balance in hand of 
40,7627, Nevertheless the cost of the three principal 
benefits amounts to ls. 14d. per member per week. 
The branches are taking up the question of the eight 
hours, and the executive say that the time has come 
to ‘advocate the eight-hours day pure and simple, 
for come it must.” They also advocate trade halls for 
trade unions, and they are taking the vote for the 
delegates to the Trade Union Congress. It appears 
that the society has disputes at Barrow-in-Furness 
and at Hartlepool, otherwise it is free from strikes 
and disputes all over the country. In this uniona 
system of districts has been organised, by which 
certain localities adjacent to each other are grouped. 
These districts will be worked more incessantly than 
heretofore for organising purposes, for uniformity in 
working hours and wages, and for representation on 
the executive ofthe union. Juvenile branches are also 
being started for the boys who work at the trade, so as 
to train them up in the principles of trade unionism. 


The report of the Associated Blacksmiths states that 
the expectations of a revival in trade have not been 
realised ; the total number on unemployed benefit has 
increased by twelve over the previous month, but 
some of this was due to the recent Whitsun holidays. 
In the detailed reports of the state of trade from 
forty-four branches only five branches assert that trade 
is bad ; the others are good, tair, moderate, to dull, 
with oneimproving. On the Tyne the condition of trade 
is said to be very bad, a statement which is borne out 
by the reports of the engineers and the ironfounders. 
The report gives the terms of the agreement with the 
Naval Construction and Armaments Company, 
Limited, at Barrow-in-Furness, by which the smiths’ 
wages are reduced by 5 per cent. on piece rates, and 
ls. per week on wages at 25s. per week and over, and 
6d. per week on wages below 25s. per week, the 
reductions to take effect on July 1—that is, one month 
after the reduction of the smiths’ wages on the Tyne. 
Satisfaction is expressed at the terms of settlement, 
as they are more favourable than was expected. The 
terms agreed upon on the Tyne were also less than 
those agreed to by other branches, as they are exempted 
from the ls. per week reduction in July. The secre- 
tary of the Associated Blacksmiths has been promoted 
to a seat on the Board of the Oddfellows Order, which 
recently met in conference at Southampton, an Order 
in which Mr. Inglis is greatly interested. 

The report of the Amalgamated Carpenters and 
Joiners states that the total number of members is 
39,590, of whom only 840 are on unemployed benefit, 
722 onthe sick list, and 376 on superannuation allow- 
ance, or 1988 in all on the funds of the union. This 
fact shows that trade is good and _ prosperous. 
The report records advances in the rates of wages 
at Aberdeen, on the Clyde, in Ireland, at Braa- 
ford, Bristol, and several other places. Disputes 
exist at some other places either as to working hours 
or wages, or both. In some instances notices of re- 
ductions in wages were given, some of which were 
withdrawn ; in other cases the men are resisting, with 
a prospect of success. This report is a fair indication 
of the state of trade in the building branches generally, 
in all parts of the country. 

In some branches of the engineering trades in the 
Lancashire districts more activity is reported than of 
late. In the heavier branches of those industries some 
fairly large orders have been recently secured, and 
among electrical engineers a moderate amount of 
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work is stirring for engines and plant in connec- 
tion with lighting installations, which are bein 

put down for the ensuing winter. Machine toolmakerg 
and the more general branches remain very quiet 
in most instances. On the whole, it is said that 
there is no real improvement, only partial improve- 
ment in some branches. But there is, undoubtedly, 
more activity than there has been for some time. An 
examination in detail of the reports, from about ninety 
branches, of the engineers, shows that in sixty branches 
trade is moderately good, as compared with thirty 
branches in which it is stated to be bad. In the Man- 
chester and Bolton districts tradeis moderately good, 
but in Oldham, Wigan, and some other districts it is 
bad. In a few, such as Preston and Barrow, it ig 
stated to be very bad. 
as at Barrow, have been arranged, so that no serious 
strikes or stoppages are anticipated at the present time, 
In the iron trade inquiries are more frequent, but it is 
said that they are from merchants, rather than from 
consumers. But merchants do not deal except in 
anticipation of a return of increased activity. There 
have been moderate demands for best Scotch and Cleve- 
land pig, with a hardening tendency in prices. In the 
manufactured iron branches business continues to be 
very quiet, many of the forges being on short time, 
some only on half-time. The steel trade is still in a 
very unsatisfactory condition, very little business 
being done, and that at extremely low prices. In 
steel billets more business has been offering, but at 
prices which are not tempting to the makers, and 
boilerplates have shown a tendency to give way to 
lower prices than of late. It is stated that one 
large maker has been offering at 5s. per ton less, and 
some are said to be willing to book orders at 7s, 6d, 
per ton less than steel boilerplates were. But the 
quoted prices remain at 6/. 7s. 6d. per ton, while local 
makers accept 61. 2s. 6d., or even 6/. per ton delivered 
to the consumers in the district. 
be only a temporary reduction. 


In the Sheffield and Rotherham district most of the 


es 
‘ 
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The few threatened disputes, — 


This, however, may — 


staple trades are more active, and there is generally a 


better tone in view of brighter prospects. Hdge tools 
generally, machine knives, and hammers are in great 
request, and the crucible steel trade is decidedly more 
active. 


In other parts of Yorkshire the engineering — 


industries and cognate branches of trade, and also the — 


iron and steel trades generally, are in a depressed con- 
dition. At Leeds, Bradford, Huddersfield, and many 


other great centres of industry, the reports that come 


to hand state that trade is bad, with only here and there 
an instance of its being moderately good. But it 
is satisfactory to know that there is a general absence 
of labour disputes in nearly all cases, and no general 


movement for reductions in wages is manifest, except 


where agreements were made for reductions, on a basis 


of compromise some time ago, This is the one hopeful — 


sign in the various districts, especially as it is coupled - 
with the indication of a slight revival in some places, 


as an earnest, it is hoped, of a similar improvement 
elsewhere. 


The Sailors and Firemen’s Union is just now torn 
asunder by internal disputes and by the attacks made 
upon the general secretary in the press. 
the society has had to pass through a searching ordeal 
by reason of the recent reductions in wages, the blame 
for which is thrown upon the officials, 
union could withstand the downward tendency in 
trade—even the rich unions have not been able to 
do so. The dissension in the ranks of the seamen will, 
however, greatly injure their cause, and render them 
impotent if a struggle takes place. Two years ago 
the Sailors’ Union was said to be 80,000 strong ; to-day 
it has not one-fourth of that number. Its finances are 


low, its expenses are heavy, and it seems impossible for — 


it to go on, except it be reorganised on a more economic 
plan. If it fails, it is because it sought to do too 
much in too short a time. 


There have been more disquieting rumours as to a 
possible resumption of the Hull strike. The men 
allege that the employers are not fulfilling their 
agreement, and complain that preference is given to 
non-union men. 
another strike just now, whatever the pressure 0 
some of the Hull men. The Dockers’ Union could 
not find the means, and the Sailors’ Union.just now 1s 
busy with its own affairs. 
ing in giving assistance on various grounds, one of 
which is that the dockers will not levy themselves to 
pay strike allowance to those who were out. 

The Carpenters and Joiners have decided to support 
the legal eight-hours day by the large majority of 
13,600 men. On the other hand, the South Wales 
miners will not support the bank-to-bank proposal, so 
that they differ in this respect from the federation. 
No progress has been made with the Mines Eight- 
Hours Bill in the House of Commons. 


The Grand Committee on Law haye decided against 


But the leaders will be very shy of 


Other unions are hesitat- 


The fact is — 


But no new — 


~ 


. 
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the proposal to allow the workmen of the London and 
North-Western Railway Company, and others simi- 
larly situated, to contract themselves out of the Em- 
ployers’ Liability Act. Some of the men have me- 
morialised members of Parliament to meet them, to 
hear their views on the matter, as they allege that the 
Bill will place them in a great difficulty and injure 
them largely. 

The strike of joiners on the Birkenhead side of the 
Mersey, because the Mersey Docks Board have refused 
to concede the terms agreed upon by the Employers’ 
Association of Liverpool and Birkenhead, has ex- 
tended to the Liverpool side, about 200 joiners having 
decided to join the strike. The joiners’ strike at 
Southampton has led to the closing of the yard of 
shipbuilders, the company having offered ls. 6d. per 
week advance, while the men demand 2s. 6d. per 
week. The company declare that they will not re- 
open the works until they can obtain a supply of non- 
union labour, 


The reduction in the wages of the South Wales 
miners, referred to in the ‘‘ Industrial Notes” of last 
week, should have been 3% per cent., not 3 per cent., as 
there stated by mistake. That makes a total of 474 
per cent. during the past two years, leaving them only 
10 per cent. above the standard of 1879. These reduc- 
tions appear all the more strange by the side of the fact 
that the federation have prevented reductions in most 
of their districts. 

In the Forest of Dean matters remain pretty much 
as they were, except that a larger number are on the 
discharged list, the strike pay of whom costs the fede- 
ration 600/. per week. Most of the larger collieries are 
working two or three shifts per week, just to keep 
things going. It is said that the directors of one of the 
largest collieries are averse to the present action, 
especially as some of the smaller collieries are getting 
busier. The men think that they are on the winning 
side. 

The Scottish miners have carried a resolution to 
work only four days of eight hours per week, instead 
of stopping completely, as proposed by their chairman 
atthe conference. The proposed restriction of output 
is intended only for the districts in which the recent 
reductions in wages have occurred. 

In South Derbyshire 20 per cent. reduction in wages 
is sought by the Newhall Field Colliery. Notices to 
that effect have been served upon all employés at the 
colliery. The proposed settlement of the Granville 
strike was rejected by the representatives of the men, 
because the company refused to reinstate the engine- 
men who came out with the miners. 

In Yorkshire trade is bad ; in Durham and North- 
umberland not very much better. In Lancashire 
several disputes have taken place, some of which have 
been arranged, but others remain unsettled. In 
general the coal trade is dull, and will be until the 
iron and steel and other industries are more actively 
employed, as the house coal trade is very dull at this 
season. But everywhere the men show resistance to 
reductions in wages, 


WOVEN WIRE AND SEGREGATION.* 
By Bryan Corcoran. 

Wuen kindly honoured by the invitation of your 
Council to read a paper, I thought I would try and 
systematise some facts about sieving, and give such ex- 
planations as to render the tables I have made out of 
practical service. The explanations are rather simple for 
such an audience ; some are necessary for demonstrating 
other points than those I touch to-day, but they all tend 
to make the subject complete and allow of clearer defini- 
tions, and I hope they may lead to the better understand- 
ing of the more complicated processes. 

From any large gathering or collection may be selected 
a number of individuals on account of some special 
characteristic which they possess. In this way may be 
separated the large from the small, long from short, fat 
from thin, round from angular, rough from smooth, &e. 
Some may be set apart from their irregularities, while 
others are segregated because they are left out of all 
calculations and belong to no recognised class, ‘ 

Segregation is the whole aim of the miller. It is 
segregation that brings us together to-day. Segregating 
processes are going on in everything in all manner of 
ways and everywhere. All machines in a mill are 
segregators or some arrangement for helping them. 

I soon found that to make a logical story it was neces- 
sary for the explanation of sifting to be preceded by the 
considerat‘on of sieves, and this again had to give place 
first, to the material of which they are made, to arrive at 
anything like clearness. i 

Wickerwork and perforated skins can doubtless claim 
priority in matter of antiquity, but the most important, 
and that with which I begin, is woven wire. 

Woven Wire.—The inch is the standard of measure. I 
take No, 10 as my example, and therefore divide the inch 
into ten lines (Fig. 1), the square inch into 100 squares 
(Fig. 2), and the cubic inch into 1000 cubes (Fig. 3). 

Figs. 1 and 2 have reference to mesh, while Fig. 3 more 

* Paper read before the National Association of British 
ae Millers’ Conyention held at Liverpool, June 13, 
1893, 


particularly refers to the material to be sifted or dealt 
with. For want of a better term I shall call one of the 
little cubes of which Fig. 3 is built up my unit. The 
lines in the above diagrams may be understood to have 
“length without breadth,” but woven material is made 
of wire or threads having substance or thickness that 
Fig. 1, 
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occupy space, and I wish to show how this materially 
affects all calculations, and how a slight difference in their 
thickness alters the size of the units; in other words, 
when the wire is thin the units are large, and when the 
wire is thick the units are small. The amount of work 
required in dealing with the material is also altered. 

Mesh.—There is some uncertainty about the exact way 
of measuring the mesh. Webster’s Dictionary, referring 
to nets, says it is the space inclosed by the string, or the 
string that incloses the space, which does not help us 
much. Woven wire should be measured from ‘‘ centre to 
centre,” It is generally only in the coarser holes that 
any doubt can exist as to the mode of measurement, or 
where hand-made wirework is paid for by the piece, when 
instead of the actual 10 spaces and 10 wires in each inch, 
only 10 spaces and 94 wires are often reckoned; and 
this probably arises from the fact that it needs 11 wires 
to make 10 spaces. 

Tenth of an inch mesh may mean the size of the hole 
“in the clear,” in which case the number to the inch is 
regulated by the thickness of the wire, but No. 10, or 
10 hole, or 10 mesh, cannot well be measured otherwise 
than from ‘‘centre to centre,” like the pitch in gear 
wheels, which is not determined by the thickness of the 
teeth, and whereit is only necessary to continue counting 
round the whole circumference to discover that there are 
the same number of teeth as spaces. 

The safest way to count the mesh is to commence on 
the centre of a wire (warp) and continue until the end of 
any inch again coincides with the centre of a wire, and 
divide the number counted by the number of inches. 
Take 4} mesh as an example. At the end of the first 
inch the count is found to be over four mesh, and yet it 
is difficult to determine how much, whereas at the end 
of the fourth inch it comes exactly to 17, or 4} pitch, or 
the correct count. 

Weaving.—Suppose .025 be the thickness of the wire in 
our sample (Fig. 7). Ten such wires (warps) touching 
each other make } in., leaving the other # in. open space 
(Fig. 5). The shoots gathered together in the same 
manner gives the dead surface ;% of the square inch, of 
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which ;;is the crossing or overlapping of the wires, leaving 
;°; of space to be divided into the 100 holes. In Fig. 5 
the vertical lines on the left side of the illustration repre- 
sent the warp, the horizontal lines at the bottom the 
shoot, and the dotted lines only serve to indicate quarters 
of theinch. The No. 10 in my first Table, owing to the 
wire being thinner, would divide the square inch in a 
similar way into twenty-five parts, nine only of which 
would be dead surface. 

In the case of No. 10 strong rice wire (Fig. 6), such as 
is used in rice mills, the dead surface is nearly three- 
quarters of the whole (see Table II.). A foreigner gene- 
rally uses thin wire for economy’s sake, but the reason he 
gives is that it sifts more freely, which, of course, is per- 
fectly true. An Englishman usually prefers strong 
work. It is acommon experience to be asked to weave 
wire of a greater thickness than the size of the hole, 
forgetting that it is as impossible to do this as it is to 
put more than 12 in. in a foot, or 20 cwt. toa ton, for 
the wires that keep the cross wires from coming together 
are bent, and therefore occupy even more space than 
their thickness, and it requires a specially good quality of 
metal to stand being knocked up to the theoretical limit, 


Fig. 7 is 5-mesh, Fig. 8 is same mesh of stouter wire, 
and Fig. 9 is section of the latter. ae 

Of course, there are ways of getting over these diffi- 
culties by making the mesh long instead of square 
(different count one way to whatit is the other), warp and 
shoot of different thicknesses, or straight shoot, with flat 
warp, &e., (Figs. 10, 11, and 12), but it does not immediately 
concern my subject. 

My late father exhibited No. 150, or 22,500 square holes 
brass wire in the first Great Exhibition of 1851, and 
No. 160 x 180, or 28,800 square holes, in the International 
Exhibition of 1862, both made on the old premises, 
36, Mark-lane. I believe that this is the finest straight- 
forward wire weaving that has been accomplished, and 
that anything finer than 120 will be found to be twilled, 
and this is done as fine as No. 200. 

Twilling (see Fig. 13, and section, Fig. 14) does not 
produce a clear passage through the cloth, and is not well 
suited for sifting, as the holes are not all open alike, but 
it enables a thicker wire to be woven with less power, and 


[ Fie. 12. 


Fig. 13. 


inferior metal can be utilised. In this way also, springy 
material, such as horsehair, ay be made into sieve 
bottoms of a finer mesh than is possible in ordinary 
weaving. It alsoenables almost a solid surface to be pro- 
duced, as in the case Of hair seating for upholstery work, 
where the thread warp is hidden and the horsehair 
brought into view, forming a smooth face. 

Silk Gauze.—Wire is kinked by the process of weaving, 
which is sufficient to keep the meshes from shifting, 
unless the wire is very thin. For preserving the mesh in 
the best silk, there are two warps, which are twisted 
together between each shoot (see Fig. 15), otherwise the 
threads might be drawn together after the manner shown 
in Fig. 5; this gives a somewhat hexagonal shaped hole, 
but in my calculations I have taken the liberty of averag- 
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Fig. 16. 


Fig. 17. 


ing it, and reckon a square hole, and with warp and shoot 
of parallel and equal thickness. In fine meshes there is an 
alternate twisted warp (see Fig. 16), in still finer only 
an occasional one, and in the very finest it has to be 
omitted altogether. 

I am indebted to some friends for their kind assistance 
in measuring the thickness of fine threads, &c., by the 
microscope. 

Effect of Dead Surface.—Referring back to the cube 
(Fig. 3), and if instead of being divided by lines without 
thickness a cubic inch of material be sawn up and each 
saw cut be .025 in. wide, which is the thickness of the wire 
in Fig. 4, the 1000 units will occupy only a little over 
two-fifths of the cubic inch (Fig. 17), and those of the rice 


854 


ENGINEERING. 


[JUNE 16, 1893. 


wire not much more than one-seventh. To avoid as far as 
possible unnecessary repetition, I shall speak of the unit 
that just fits into any hole as respectively the unit of 
No. 10 sieve wire, No. 10 rice wire, No. 150 wire, No. 6 
silk, &c. 

The 1000 No. 10 sieve wire units placed one layer deep, 
forming, as it were, a tesellated pavement, occupy 52 in., 
although still requiring 10 in. of wire for each hole to be 
filled with a unit. 

The No. 10 rice wire units closed up together only 
cover 2? in., but again still require 10 superficial inches 
for each unit to occupy a hole. 

The 1000 units of the No. 10 sieve wire average 52 in, 
deep over a square inch (Fig. 17), and those of the rice 
wire only 2$ in. deep. 

It requires 2379 sieve wire and 7111 rice wire units 
respectively to make a cubic inch, a very great increase 
over 1000, the nominal cube number without thickness of 
wire (see Fig. 3). 

Passage through the Meshes.—Suppose the units in a 
cubic inch be piled up in columns over the holes in a 
square inch of the wire, the height will be 23% in sieve 
wire and 71 in rice wire. Again, suppose the meshes or 
holes to be all closed so that no unit could pass through, 
and that some ‘‘ action” opened the holes momentarily, 
allowing only one unit to get through each mesh before it 
closed again, it will be seen that this would take away the 
bottom layer of units resting on the meshes, and that the 
number of ‘‘actions” to pass the whole quantity would be 
the same as the number of units making the height con- 
tained in these imaginary columns. 

Cube and Sphere Units.—Unfortunately the cubic unit 
cannot easily pass through a mesh that it just fills, 
although a globe or sphere of the same diameter may do 
so, and I have therefore also calculated for spherical 
units. 

The difficulty in calculating this ‘‘ piling of shot ” may 
interest some, for I found that although each row con- 
tains the same number of balls, the rows fit into the inter- 
stices of their neighbours, and so occupy less space, and 
each layer drops into the recesses in the layer below; in 
other words, the number in width is greater than in the 
length, and in the depth again greater than in the width, 
thereby greatly increasing the total quantity contained. 
(See Fig. 18, where L represents the length, W the width, 


Fig. 18. 


and H the height or depth.) I give elevation and plan of 
a pile of spheres, and between these a plan of the two top 
layers, showing how the top one sits in the cavity of the 
three beneath it. The rest of the diagrams, I think, need 
no explanation. 

Measurement of Fractions.—I have spoken of decimal 
parts as though the units were cut up into pieces to 
make their number fit into an inch. The division is only 
theoretical to facilitate greater accuracy in calculation, 
for the units overlap the divisions of the inch, 

Some to whom I have shown the puzzle of piling of 
shot made the remark that piling a definite quantity 
could not be calculated, as it depended on their relative 
size as to how many could be got into a box of particular 
dimensions, for the rows and layers do not commence 
and terminate at the same place, so I venture to point out 
that this is not my problem. I simply give a figure that 
may be multiplied to give the correct number in a screen 
of given dimensions or a vessel of any size. 

Surface of Sieve.—The holes in perforated flat sheets 
have an even top edge, which is easily closed by any 
large material resting on the surface. Woven wire 
presents a succession of knuckles all over, without any 
flat surface for the material to rest on. Perforations, 
again, can be plugged so tightly by a slightly tapered 
rod fitted into them that water cannot pass. This is not 
possible in woven wire ; a square rod may be fitted into 
the hole and the wires may press it as closely on all sides, 
but owing to the roundness of the wire there is a crooked 
passage through each corner that cannot be stopped. 

A perforated hole, especially in thick plate, with its 
parallel sides the whole depth, is much more easily 
blocked than a woven mesh, for the wire presents the 
smallest surface at the smallest part of the hole, and even 
this is bent, and is not horizontal at any point. 

Accuracy.—Exact truth is difficult to attain in any- 
thing, and the best scientific instruments often onl 
srigbls the amount of error to be discovered and esti- 
mated. 


Extract FRoM TABLES OF RELATIVE SirTinc CaPaAcITy, AND PROPORTION OF DIFFERENT SIZED PARTICLES 
PASSING THROUGH DIFFERENT MESHES OF 


TABLE I.— Woven Wire. 


a 
| aaa F Gee , 
ica tole 40 Better an Size of Wire. rtclear Number sated in a Cubic | Sifting Actions for 
Cube nch, One Inch Deep, 
Pa ee a ee: Mesh or 
: Wire. ; Hole with- =) 
Inch Square . out. Wire 
: Inch. B.W.G. | Diameter. Cubes. Spheres. Cubes. | Spheres, 
No, | No | in. No. | in. in. "Tae 
| 4 16 | 64 . 2500 20 | .0360 .2140 102.0374 144.3022 6.3773 8.5677 
5 25 | 125 .2000 21 4 .0320 -1680 210,8999 298. 2634 8.4360 11.9304 
8 64 512 .1250 24 -0220 | .1030 915.1314 1294.2307 | 14.2989 20,2223 
10 100 | 1,000 -1000 25 -0200 .0800 1953,1250 2762.2608 | 19.5312 27.6226 
20 | 400 4,000 .0500 284 -0142 .0358 21794.4927 30822.6854 | 54.4862 77.0567 
50 | 2,500 125,000 -0200 35 -0084 -0116 640657.7304 906027.6557 | 256.2628 355.1667 
150 | 22,500 | 3,875,000) 0066 45 .0028 .0038 |18224212.0224 | 25772976.1643 | 809.9650 | 114.4654 
' 200 | 40,000 | 8,000,000' .0050 47 .0020 .0030  37087025.9185 | 52378510.5954 | 925.9256 | 1309,4627 
TaBiE Il.—Stout Woven Wire. 
{ 5 | 25 125 .2000 14 .0800 .1200 578.6967 | 818.4013 | 23.1478 32.7361 
10. | 100 1,000 -1000 ae 0250 .0750 2370.3526 8352.2140 23.7085 33.5221 
105 Ja 100 1,000 .1000 | 18 -0480 -0520 7112,0050 10058.0545 | 71.1200 | 100.5805 
TasLE ILI.—Silk Gauze. 
5 64 4,096 262,144 | .0156 -0035 -0121 564473.3542 798299.2823 | 137.8108 | 194.8972 
10 106 11,236 | 1,191,016 -0094 .0030 .0064 3812697. 2656 5394798.2220 | 339.3287 | 480.1351 
15 | 148 21,904 | 8,241,792 | .0068 | AG .0020 0048 9042241,0303 | 12787626,6381 | 417.8777 | 583.3467 
TaBLeE IV.—Stout Silk Grit Gauze. 
| 26 676 17,576 | .0384 .0010 0374 19115,5482 27033, 5413 28,2774 42,4474 
70 | 4,900 343,000 .0142 0004 0188 380507,.5812 538115.8247 77.6546 | 109.8195 
In my Tables I have, of course, reckoned a square | with a depth of 1 in., viz., 256, less 26 for the 10 per cent, 


mesh and wire of even thickness, &c., and with fairly 
good work slight discrepancies will not make themselves 
felt in the ordinary way, but the demand for greater 
exactness in details becomes more pressing as competi- 
tion increases. 

In some businesses woven wire is now used asa stan- 
dard gauge, usually the square number; so I venture to 
point out some of the difficulties, 

The warp is the right count, but it may fit loosely in 
the reed in the loom ; the shoot is seldom knocked up by 
the weaver to the nominal count; it is generally about 
5 per cent. coarser, and may be irregular, with lines of 
holes larger or smaller. The wire may not be round, nor 
all of the same gauge either in warp or shoot. 

In making a long length of wire the hole through 
which it is drawn wears so that the wire is a shade 
smaller in diameter at one end than at the other. The 
temper again of the metal may be uneven, allowing of 
unequal bend at different parts. Notwithstanding all 
this, the average is good enough for most purposes. 

Relative Capacity of Meshes.—A good miller avoids fine 
meshes as far as possible, especially in dealing with a 
large bulk of material, for by their use the process of 
sifting is lengthened, it is made more expensive, more 
power is expended, the material being treated is more 
rubbed, more machinery is required, the wear and tear is 
increased, and the renewal is more costly. 

The supposed necessity for fine numbers is often the 
result of previous bad work, and is generally resorted to 
as a cure for evils that need not exist. By my third 
Table it will be seen that No. 5 (64-mesh) silk passes twice 
as much as No. 10 (106-mesh), and nearly three times as 
much as No. 15 (148-mesh), and these proportions are 
greatly increased when much of the material is fine. 
Moreover, there are means of obtaining fine results 
through coarse meshes. 

Separation.—In dealing with material of mixed sizes— 
some normal, some large, and some small—over woven 
wire of such a mesh as just to allow the normal to pass 
through, thesmall will pour through such holes as are not 
blocked or partially closed by the larger pieces lying 
over the holes, and in their hurry these smaller will also 
tend to obstruct many of the normal that might other- 
wise have dropped through. 

It becomes evident that in a mixture, such as, for in- 
stance, one measure each of peas, wheat, mustard, clover, 
and dodder seeds, it is economical to take the large 
off first. In this diagram the proportion necessary for 
each sieve is fairly shown by the length of the different 
lines representing the wires : 


Peas pass over, 


Wire No. 4 —— 
Wheat ,, 
” 9 j—= 
Mustard ,, 
29 39 1Q == 
Clover ,, 
99 99 20 PTO EOE Ae IE I OO Se 


Dodder passes through. 


If the same mixture be fed on to a long screen, with 
the fine mesh at the head and the coarse at the tail in 
regular succession, the fine mesh not only has to bear the 
whole bulk passing over it, but needs to be of greater 
extent in consequence, and this inconvenience, although 
diminished at each mesh, continues all the way along the 
screen. 


No. 20 10 8 4 | Peas 
Dodder. Clover. Mustard. | Wheat. 


I have not altered the length of each number of the 
wires from the diagram above, but the screen would have 
to be longer, or some dodder will pass with the clover, 
some clover with the mustard, some mustard with the 
wheat, &c. 

Sifting.—To take from a quantity of sand 10 per cent. 
that will not pass through No. 50 mesh I reckon it will 
need by my first Table about 230 sieving actions to deal | 


of the coarse. 

Put the sand into a No. 50 hand-sieve, and shake the 
sieve until the separation is complete. It will be found 
that at first only the finest sand passes through ; gradu- 


ally it comes coarser as the process continues, till at last _ 


the largest particles that can possibly pass go through, 
leaving the 10 per cent. of too large in the sieve. 
fore, on a screen of any considerable length it is necessary 


Therma 
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to have a succession of several meshes, coarse at the head _ 


and fine at the tail, to produce a result of average degres _ 


of fineness. 
We have seen that the coarse particles impede the 


passage of the normal that could otherwise pass through — 


the meshes; that the fine crowd the surface of thesieya _ 


and obstruct them. Again, the normal may come the 


wrong way about, or get piled on the wires like an arch, _ 
and neither go through themselves nor allow ethers to 


pass; they may also come in contact with the wire more 
than once without passing through a mesh, and if their 
shape is irregular they may try several times before they 
are eventually worried through. 

All these circumstances tend to upset one’s calculations, 


but I think they prove that the depth of the material on — 


the sieve should be reduced as far as possible. For in- 
stance, No. 20, by my Table, has in round numbers 28 


cubic units over the whole surface of the wire, and requires 
56 actions to make an inch deep of them pass through; — 


but suppose we take a depth of only a quarter of an inch 
or seven deep over the whole surface, which requires only 


14 actions to pass all through, the trouble is greatly dee 


creased, and I think in this way my calculations may be 


of service in regulating the right quantity of feed passing 
to successive machines clothed with different meshes of 
wire or silk. 

Conclusion.—The speed even of water passing through 
asieve is impeded by the wires, and a mass of material 
whose particles are not too large to pass through the 
meshes will rest on the surface of the wire till some action 
moves it. As an example, turn a peppercastor topsy- 


turvy and alittle pepper is obtained by the action, butno 


more passes unless the castor is again shaken. 

Work cannot be accomplished without labour. In the 
case of the hand-sieve it is the man’s arm, and in ma- 
chinery the driving strap, that imparts the power. The 
advantages of the latter are the more even speed and 
greater regularity of motion, Many motions can be 
given by dexterity to a hand-sieve with as many different 
sifting results, and with machinery the number may be 
increased almost indefinitely. 

I believe the relative value in sifting actions of these 


motions and combinations may be calculated for the dif- — 


ferent machines, but it would take time, and I have 
already made this paper too long. pe: 
In conclusion, I beg to suggest that ‘‘the bringing 


together of like things” may be accomplished by many — : 


means. I have endeavoured to restrict my observations 
to-day to the use of meshes, but there are different 
methods of working even these ; there are also different 
forces that can be utilised, and these methods and forces 
in combination form an endless variety of means for 
overcoming most difficulties. : 

I have now only to thank you for the opportunity of 
bringing forward this subject. : 


Arizona.—Arizona is endeavouring to induce the 
United States Government to open negotiations with 
Mexico, so as to obtain such an extension of her 
boundaries as will give her a harbour on the Gulf of Cali- 
fornia, 


Victorian Rattways.—The Victorian Government 18 
anxious to have the land required for the construction of 
a railway from Korumburra to the Jumbunna coal mine 
handed over to the Victorian Railway Department, so 
that men can be at once set to work building the line. 
The Premier has asked the engineer-in-chief to make 
every effort to get the land transferred to the department 
as soon as possible, 


JUNE 16, 1893. | 


ENGINEERING. 


855 


‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Comritep By W. LLOYD WISE. 


BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is 
not illustrated, 

Where Inventions wre communicated from abroad, the Names 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


8222. W.C. Rechniewski, Paris. Dynamo Electric 
Machines. [5 Figs.) April 30, 1892.—The object of this in- 
vention is to obtain a dynamo electric machine from which two 
different voltages can be obtained, and so arranged that it can 
be accomplished by a simple change ofconnections. By reversing 
the exciting current of one of the field magnets by simply 
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changing the connections, the machine js converted from one of 
four poles and four brushes into one of two poles in which only 
two. brushes are used, the others being lifted off the collector, 
and the electromotive force of the machine doubled. The open- 
ing in the fields diminishes the action of the armature on 
the fields, and therefore the exciting current required. (Ac- 
cepted May 3, 1893). 


7855. C. E. Challis, London. Electric Switches. 
{6 Figs.] April 26, 1892.—In this invention a polygon plate is 
mounted upon the base A, and on it is placed the contact bar D, 
which has a lip turned over one side of the plate, and arms which 
rise vertically to a certain height and then curve downwards to 
the contact plates B. A central spindle is encircled by a helical 
spring, the two ends of which press upon the respective arms of 
the contact bar. A handle carrying a lifting piece is also loosely 
mounted upon the spindle, but is prevented from turning beyond 
a certain arc by astop formed on a washer. Upon turning the 
handle in one direction the trip-piece G upon it forces one end of 


the spring from the contact bar and carries it towards the other 
end, and in its course lifts one end of the bar until the lip is 
beyond the angle of the contact plate, after which the spring 
causes the motion to be continued round to the “‘ off” position ; 
upon turning the handle the reverse way, the contact bar is 
Similarly carried to the ‘‘on” position. The bar is provided 
with an elongated hole where the spindle passes throughit, to 
admit of displacement from the centre line, for the lip to pass 
over the angle of the polygon-shaped base plate. Means are pro- 
vided for avoiding the sideway movement of the contact bar 
occasioned by the lip being a part of it. (Accepted April 30, 1893). 


GAS, &c., ENGINES. 


5972. T. Belland J. Richardson, Lincoln. Semi- 
Portable Petroleum, &c., Engines. [3 Figs.] March 28, 
1892.—This invention relates to semi-portable petroleum engines. 
A cylindrical reservoir A is divided into three parts, one division 
A serving to contain water for cooling purposes, another to 
contain oil, and the other to silence the exhaust as discharged 
from the engine. An oil reservoir is placed in the engine bed. 


The engine cylinder and bed is bolted to a separate bedplate 
F, which carries the reservoir. The exhaust pipe from the 
petroleum engine cylinder is carried through the bedplate and 
then through one of the castings carrying the cylindrical reservoir. 
This casting may be made holhow to conceal the pipe which passes 
into the exhaust chamber B. The exhaust gases are discharged 
vy, ey G from the exhaust chamber. (Accepted May 3, 
93). 


12,165. F. H. Anderson, Openshaw, Lancs. Gas, 
&c., Engines. (2 Figs.) June 30, 1892.—This invention 
relates to gas or oil motor engines in which compression of the 
combustible charge is effected in the cylinder, and particularly 
to engines working on the ‘‘Otto” cycle. A cylinder B of larger 
diameter is provided in the same line as the ordinary working 
cylinder A, and has its piston C rigidly connected by a trunk to 


thesmaller piston D, and linked to the crankshaft by a connect 
ing-rodE. Asthe connected pistons C and D make their forward 
stroke, the smaller piston D draws into the working cylinder, 
through the charging valves, an explosive mixture of air with gas 
or oil vapour, and the larger piston C draws air into the annular 
space surrounding the trunk through a valve F controlled by a 
“timing” arrangement. On the return stroke the smaller piston 
D compresses the charge of explosive combustible mixture in the 
clearance space of its cylinder A; the larger piston, reaching the 
end of its cylinder B with little clearance, delivers through a valve 
G the air into the charge space of the small cylinder A, which is 
thus charged with an extra quantity of combustible mixture. 
This being ignited, the pistons are propelled forwards, the 
larger piston C again drawingin air. On the completion of this 
forward stroke the exhaust valve H is open, andthe pistons make 


their fourth stroke, the smaller piston D expelling products of 
combustion, and the larger piston C delivering air through the 
valve G into the working cylinder, so as to sweep out the residues 
of the products and clear the cylinder ready for reception of the 
next explosive charge. This completes the ‘‘four-stroke” cycle, 
which is repeated. The charge space of the smaller cylinder A 
being always left full of air at the end of the fourth stroke, 
insures that each successive combustible charge shall be the 
same, whether there has been an explosion or not during the 
previous cycle. The excess air over that delivered into the 
clearance space during the exhaust stroke passes by the valve H 
into the exhaust passages, and acts as an incombustible partition 
between the burning gases from the cylinder and any combus- 
tible gases that might be in the passages owing to defective igni- 
tion, &c. (Accepted May 3, 1893). 


MACHINE TOOLS, SHAFTING, &c. 


7939. C. Clarke, Plumstead, Kent. Lubricating 
Bearings. [1 Fig.) April 27, 1892.—In this invention a self- 
lubricating bearing is provided, having a clearance hole through 
the centre to allow the chain to revolve with the shafting, a clear- 
ance on each side of the centre of the bottom liner B and a groove 


in the centre of the top liner A also allowing the chain to revolve. 
The oil trough passes under the centre of the bearing, with two 
partitions of wire gauze, which can be removed to be cleaned when 


required, the wire gauze straining the oil before re-using. (Ac 
cepted May 3, 1893). 

8975. W. B. Douglas, Phenix, Kent, Spindle 
Bearing for Spinning, &c., Machinery. [6 Figs.] 


May 11, 1892.—This invention relates to a bearing for a spindle A, 
and consists of uwo rings c, cl placed one above the other in a tube 
to hold a circle of balls 2 between them, these rings havinga \/- 
shaped groove recessed in their contiguous faces to form a lip ex- 
tending partially over the inner surface of the balls or ring to 


retain them in place when the spindle is removed. The step has 
a screw thread ona part of its surface, and a recess in its upper 
end fitting closely to the lower end of the spindle, and having 
slots made through the sides of the recess, in which a ball moves 
freely, an outer supporting tube having a screw-thread in its lower 
end to receive the threaded part of the cylindrical piece. 
(Accepted May 3, 1893). 


RAILWAY APPLIANCES, 


9711. T. Zohrab and E. J. Biggs, London. Sig- 
nalling on Railways, [8 Figs.] May 21, 1892.—This inven- 
tion relates to means for communicating signals either visible or 
audible to the driver of a locomotive. When the locomotive 
passes over the bars the roller D2? rolls up the inclined upper 
face of one of the bars and thus raises therod ©. The amount of 
the lift depends onthe position ofthe bars. If the latter are in 
their lowest position the lift is only slight, and the signal is caused 
to indicate ‘‘ Line clear.” If, however, the bars have been 
raised, then the rod C is lifted still more, and another signal is 
brought opposite the slot. In order that the roller D2 is always 
at the rear end of the lever D, whichever way the engine is 
running, a reversing device is provided, which consists of the lever 
D pivoted to amovable bar and capable of being reversed so as 
to bring the pivot point on either side of the rod C. The bar 
is hinged to a pin carried by a bracket fixed to the engine frame, 
and the bar is extended upward to form a handle which pro- 
jects through a quadrant. The bar is, moreover, slotted. By 
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raising the bar and then pulling it forward or backward, the pivot 
is readily moved from one side of the rod O tothe other. The 
handle of the bar may be provided with a spring locking catch 


similar to that of an ordinary locomotive reversing lever, to engage 
with notches in the guide and lock the bar in either of the ex- 
treme positions to which it may be set. (Accepted May 3, 1898). 


STEAM ENGINES AND BOILERS. 


17,609. W. Bracewell, Brinscall, Lancs. Supply- 
ing Jets of Steam to Furnaces of Steam Boilers. 
{9 Figs.] October 4, 1892.—The object of this invention is to 
provide apparatus whereby a jet of steam in conjunction with a 
prescribed volume of atmospheric air is supplied to the furnaces 
of steam boilers in order to promote the complete combustion of 
the fuel and prevent the formation of dense smoke. The jet or 
injector is formed with a nozzle placed in the centre of an 
annular chamber provided with four or more inlet openings or 
apertures in its periphery. The periphery is surrounded with 
a sliding ring or shutter, with corresponding openings, which 
can be moved to open or close wholly or in part the inlet aper- 
tures. To the bottom of the chamber is attached by a pipe cl 
of other connection an inclined exit or discharge nozzle G in the 
form of a truncated cone expanding outwards to distribute the 
mixed steam and air over the top of the fire, and branches y, 1 
on either side to convey the current of air and steam to any 
desired point at the sides, bottom, orback of the furnace. The 
injector is connected by a tube e? fitted with a valve e3 with the 
steam space of the boiler, and the discharge nozzle G is placed 
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inside the furnace over the furnace door. The branch pipes 
g, gi are carried down on either side of the door frame and pass 
through the deadplate H to perforated tubes I and J placed on 
either side of the firebox and in close proximity to the underside 
of the firebars K, The tubes I and J are perforated throughout 
the whole of their length, and from these perforations the mixed 
current of steam and air impinges upon the underside of the fire, 
the superheated mixture passing between the bars through the 
fire. The ends of the tubes I and J pass through the back bridge 
Linto the combustion chamber M behind it formed by the baffle 
bridge fixed in the flue. The ends of the tubes are protected from 
the fire by being inclosed in the brickwork, the heat of whichalso 
tends to increase the temperature of the air and steam in them, 
which are delivered at a high temperature into the combustion 
chamber M. The baffle bridge N is formed with two openings h 
towards the sides opposite to the ends of the tubes. The uncon- 
sumed particles of carbon and the heated gases passing from the 
furnace come into contact with the heated air issuing from the 
ends of the pipes I and J, and an almost complete combustion 
ensues, preventing the passing away of dense smoke. (Accepted 
May 3, 1893). 

10,797. F. and 8. Pearn and T. Addyman, Man- 
chester. Pumps. [4 Figs.] June 7, 1892.—This invention 
relates to duplex steam pumps, intended for shaft sinking pur- 
poses, The hollow plate casting a serves for both pumps, and its 
hollow receives all the fluid from them, and has an outlet at a', to 
which the delivery pipe is connected by flanges and bolts. The 


hollow plate is connected by stay rods b, which form long bolts, 
with another part forming the cylinder forthe moving ram. On 
the upper side of the hollow plate castings a, both steam cylinders 
d rest, and thev are secured to it by screw bolts. A lid d! is 
secured to the upper end of each steam cylinder d. Each steam 
cylinder d has a valve box d2 for an ordinary slide valve in it, 
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worked by arod passing through a stuffing-box, the lower end of 
this rod being jointed toa link, which, at its lower end, is jointed 
to an armon a shaft in a bearing in a bracket a, secured to the 
plate a. On the other end of the shaft dé a lever is secured 
having a slotin its end for a bowl on a stud, secured in a projec- 
tion from the moving ram é, this arrangement working the valve 
of one steam cylinder for one pump from the ram ¢ of the other 
pump, the shaft a6 and the arm d* being used for working the 
valve for the other steam cylinder from the ram e of the other 
pump. The piston of each steam cylinder has two piston-rods, 
each passing through a gland in the hollow plate a, and being 
secured by a cottar in a projection from the upper end of the 
moving ram é which fits and slides upon a small ram J, the upper 
end of which is secured by a flange and screws to the underside 
of the plate a, the hollow in which communicates with the interior 
of the ram jf. Theupper end of the moving ram e has a packing 
gland in it for the small stationary ram f to pass through. The 
moving ram é works through a packing gland in a barrel g having 
projections upon it for the stay bolts ) and also for flanges, by 
which one-half or one pump is secured to the other half or other. 
Atthe lower end of the barrel g for each working ram e¢ is a 
lifting inlet valve g1, to which access is given at one side of the 
barrel g through an opening closed by a cover plate (Figs. 1 
and 2), The crossbar e? onthe lower end of the moving ram ¢ 
leaves a passage on one or both sides of it for liquid to pass up 
the hollow of the rams ¢andf. There is one branch pipe h con- 
nected to the ends of each barrel for the moving rams, and having 
two junctions, one below for the suction pipe and another above 
for a small air vessel, so that both ram barrels g are supplied from 
thesame suction pipe. When the pumps are used for pit sinking 
and similar purposes, they are suspended by chains passed 
through holes. (Accepted May 3, 1893). 


$353. J. Thom, Glasgow. Compound Steam En- 
gines. [6 Figs.] May 3, 1892.—In this invention, when the 
steam is to be used four times, the cranks 1*, 2*, 3%, 4* are so 
arranged that two adjacent ones are directly opposite one 
another, this arrangement reducing the pressure on the main 


bearings, and the momentum strains are in equilibrium, so re- 
ducing vibration. Two valves can thus be worked with one set of 
valve gear, as the motion can be taken from one slide valve to 
work the other. When the steam is only to be expanded through 
three stages, one of the stages is done simultaneously through two 
smaller cylinders. (Accepted May 3, 1893). 


1576. F.D. Taylor, Hartford, Connecticut, U.S.A. 
Stopping Engines. (3 Figs.) January 24, 1893.—The object 
of this invention is to provide an apparatus by means of which a 
steam engine can be quickly stopped from any point at a long 
distance from the apparatus. The spring-actuated shaft a has a 
threaded part, on which is a reciprocating nut held against 
rotation on it. A clutch device, consisting of a barrel j, pro- 
vided on one face with a ratchet, is secured to the shaft, 
a coiled spring being arranged within the barrel, one end secured 
to the latter, and the other to the axis on which the barrel is sup- 
ported, A sprccket wheel e is secured to the outer end of the 


Fig.1 


shaft, and a shipping lever 7 extends across the latter and has its 
outer end engaging a cam slot in a tumbler /, an elastic buffer 
being located at the back of the shipping lever, and having a cam 
slot in engagement with a projection on the latter, and an arm 
engaging a catch on the armature of an electro-magnet m, the 
armature having a catch device. The clutch part is mounted in 
operative relation to the shipping lever. The trip device o is 
provided with means for holding the clutch parts disengaged, the 
reciprocating nut having a flange adapted to operate the trip 
device in its reciprocating movement along the shaft, (Accepted 
May 3, 1893. 


10,679. T. Ledward, Brockley, Kent. Ejector Con- 
densers, [1 Fiy.] June 4, 1892.—This invention relates to 
means for regulating the capacity of ejector condensers, for pre- 
venting the reflux of water into the engine cylinder, and for 
directing the flow of the exhaust steam upon the water jet. The 
water nozzle n is constructed in two parts, the inner forming the 
working nozzle and sliding within an outer casing @, so that, by 
approaching it towards the mixing cone, the exposed surface of 
the water jet becomes reduced in proportion to the distance be- 
tween the water nozzle and the final mixing cone. To prevent 


the reflux of water into the exhaust pipe and steam cylinder a 
check valve v is attached in the exhaust pipe, and consis's of a 
clack valve connected toa lever and balance weight, so that the 
tendency of the valve to recoil is checked, and the valve can move 
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freely both in opening and closing, without shock ; a pointer 
visible from the outside serving to show the position of the valve, 
and a removable top cover enabling thevalve to be examined 
without disturbing the pipe joint. (Accepted May 3, 1893). 


16,625. W. G. Buck, Doncaster, Yorks. Engine 
Starting Gear. [5 Figs.] September 17, 1892.—This inven- 
tion consists of a metal casing containing two piston valves A, B 
attached to a beam C and equilibrium valve D working in connec- 
tion therewith. On the engine stop valve being opened, the 
steam lifts the piston valve A and opens the valve D. When the 


pressure in the low-pressure steam chest has reached an extent 
proportionate to the pressure on the high-pressure steam chest, 
the piston valve B rises and closes the valve D, bringing the 
valve A down on the seat Ff, and so reducing the area on the base 
ofthe valve A, that when the engines are running under high 
rates of expansion, the reduced proportion of pressure on the low- 
pressure side does not disturb the gear. (Accepted May 3, 1893). 


MISCELLANEOUS. 


11,228. J. Barbour, Belfast, Ireland. Cutting Key 
Seats in the Bosses of Screws of Steam Vessels, &c. 
[4 Figs.) June 15, 1892.—This invention relates to apparatus for 
cutting key seats in the bosses of screws of steam vessels, &c., 
especially where the holes in which the key seats are to be cut 
are large enough to admit of the milling tools being driven by 
means of gearing. The apparatus consists of milling tools 1 
driven by means of a shaft and bevel carried upon the sliding 
ram 2, which is capable of being moved endways in bearings 3 
attached to the cross slide of the lathe, motion being communi- 
cated to the apparatus by a pulley 4 at the opposite end of the 
ram 2 to the cutters 1. The rotary cutters 1 are fixed to a 
hollow spindle 5 carried in two bearings at the end of the 


ram. On the spindle 5 and between the bearings 6 is a toothed 
bevel-wheel drlven by a toothed bevel-wheel 8 fixed to the 
shaft 9, and on the opposite end of this latter shaft is fixed 
another toothed bevel- wheel 10 driven by another toothed 
bevel-wheel 11 operated by the agency of a belt pulley 4, motion 
being communicated through a worm 13 and wormwheel 14 and 
toothed bevel-wheels 15 and 16. The ram is trenched out to 
receive the shaft 9 and gear which communicates motion to the 
rotary cutters 1, and thus the driving gear is kept within the area 
of the ram, and a key seat can be cut in a hole practically the 
same diameter as the ram. The ram is moved endway’s at an 
angle to give the required taper to the key seats. (Accepted 
May 8, 1893). 


23,419. J. Gray, Bradford, M‘Kean, Penns., U.S.A, 
Gas. [7 Figs.] December 20, 1892.—This invention relates to 
the manufacture of heating and illuminating gas, except straight 
coal gas. The generators A and B are charged with coke. The 
valves at the top of the shells are opened for smoke-stacks, and 
the air turned on to get upaheat. When this is accomplished, 
the valves are closed and steam and air are admitted in limited 
quantities to make fuel gas. If the fire in A is blown from below, 
the air is admitted below the grate, and the steam above it, while 
the upper connections of steam and air are cutoff. The steam 
passing up through the mass of incandescent fuel becomes de- 
composed, forrhing water gas, which escaping from the fuel, is 
met by an oil vapour introduced through the oil pipe 26. The 
oil vapour and water-gas here intermingle, and both pass over 
to the second shell through valve 29, valve 31 being closed. The 
gas from the shell A here meets and mixes with the gas pro- 
duced in shell B. The commingled gases pass over the full 
length of the incandescent fuel in shell B, up through valve 43 
through retorts, where they are thoroughly fixed and made 


non-condensable, and out into the seal, thence to scrubber 
and holder. After running about half an hour by blowing - 
beneath the fire, while the latter at the bottom is bright, at the 
top it has been partially smothered by the heavy smoke from 
the oil vapour settling down upon and partly deadening the 
fire at that point. To overcome this, the blast is reversed by 
closing the air valve 16, and opening the valve 17, thus blowing 
down through the fire from above. The steam in this case ig 


admitted from the upper steam pipes and is blown down 
through the incandescent fuel. The water gas resulting escapes 
from the base of the shell A and passes over through pipe 30, 
valve 31, and pipe 28 to shell B, and is carburetted by admitting 
oil into the second shell, and is fixed. After running for a few 
hours the shells have to be refilled with fuel, the combustion 
being so regulated that the shells are charged alternately. (Ac- 
cepted May 3, 1898). 


11,527. T. Inglis, Edinburgh. Balancing the For- 
ward Thrust of the Screw Propellers of Vessels. 
[3 Figs.) June 20, 1892.—The object of this invention is to pro- 
vide means for equalising the pressure, and thereby balancing the 
forward thrust upon their shafts of the screw propellers, The 
collars B, C areinclosed in the strong metal cylindrical casing a, 
which is provided with internal annular flanges @1, w, each having 
an annular metallic working face L O for the collars C, B respec- 


tively. Stuffing-boxes S, with packing glands, are provided fore 
and aft for the passage of the shaft A. Between the collars and 
the casing, annular spaces E, P are provided, an accurate fit be- 
tween the collars and casing being effected by means such a3 
peripheral rings. In the casing a@ a small amount of longitudinal 
motion is allowed to the shaft and collars, the arrangement acting 
in effect like the piston of an ordinary cylinder. (Accepted 
April 19, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. : 


Vicror1An Raitways.—The present policy of the Vic- 
torian Government in regard to railway construction 1s 
to introduce only one Bill at a time into the Victorian 
Legislature, and to have it authorised before members 
know what is the next line to follow. The object of the 
Victorian Ministry in pursuing this course is to prevent 
‘* log-rolling.” 


Rats IN FRANcE.—The production of iron rails m 
France last year was 418 tons, as compared with 793 tons 
in 1891. Steel rails were made in France last year to the 
extent of 231,484 tons, as compared with 212,425 tons in 
1891. The aggregate output of rails in France last year 
was accordingly 231,902 tons, as compared with 213,218 
tons in 1891, showing an increase of 18,684 tons last 
year. ; 
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good example, and one wonders in looking at these 
models how such perfect pieces of engineering de- 
‘sign and work could possibly disappear and leave 
/no trace behind, as did the ill-fated Naronie last 


THE WORLD’S COLUMBIAN 
EXPOSITION. 
THE TRANSPORTATION BUILDING. 
(Continued from page 817.) 


Bestpes the main building devoted to exhibits paved with the rubber tesselated blocks that|this difference, 


connected with transportation, thereare several sepa- characterise the Majestic and Teutonic, and have 
rate pavilions of much interest. Of these the most many advantages, with the one great drawback of 
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important is that containing the Krupp exhibits, to 
which we have already devoted considerable atten- 
tion. There is also, not far from the main Trans- 
portation Building, a small but pretty pavilion 
erected by the White Star Company, and filled 
with the models of the more famous ships of this 
favourite line; the Majestic and Teutonic are 
there, and so are the Germanic and some others of 
the older but still popular vessels. Perhaps the 
most interesting, however, are those of the fast 
twin-screw freight ships, of which the Boviec is a 


Mopet oF 125-Ton Steam Hammer By THE BETHLEHEM 


Tron Company. 


jan evilsmell, which is prominent as a trade-mark 
| in the pavilion we are speaking of. That this smell 


is not a necessary accompaniment to the pavement 
is proved by the fact that it is used in some of the 
Pullman cars, where it is inodorous, in the main 
building, and of which more by-and-by. 

A third annexe is that of the Pennsylvania Rail- 
road on the south of the main building ; this is a 
most complete and interesting exhibit, which will 
repay a close and patientexamination. Toa large 
extent it is a museum; the building, in which a 


number of objects are arranged, is the reproduction 
of a first-class passenger station of really beau- 
tiful design and considerable dimensions. Be- 
side this station is laid a considerable length 


‘winter. The floor of this pavilion, by the way, is|of standard Pennsylvania Railroad track, with 


that the rails are both longer 
and heavier than any in use at present ; 
they weigh 100 lb. per yard, and are rolled in 
lengths of 100 ft. Asa matter of fact, the Penn- 
sylvania Railroad is rapidly approaching this 
weight, the present standard of rail for main lines 
being 90 lb., and this is found none too much for 
the heavy cars and high speeds which seem increas- 
ing all the time. This pattern track laid in front 
of the station is arranged exactly to the Pennsyl- 
vania specification, with stone ballast, side ditches, 
&c.; there are also introduced a number of 
switches, cross-overs, and points, so that a com- 
plete idea may be given of the standard road-bed 
of the line. On the other side isa platform and 
waiting-shed, so that nothing 1s wanting to illus- 
trate the station arrangements, and the two plat- 
forms are connected by an overhead bridge, the 
Pennsylvania road having introduced the innova- 
tion of checking passengers as much as possible 
from crossing on the tracks. A standard signal 
installation completes the station equipment. On 
the rails stand several very interesting objects. 
The first of these, between the two platforms of 
the station, is the old locomotive ‘‘ John Bull,” a 
relic that has seen much service, having been im- 
ported from England and placed in service on the 
Camden and Amboy Railroad in 1831. How much 
exactly of the original work remains it would be, 
perhaps, hard to say; but that the engine is a 
most interesting relic is very sure, and so are the two 
coaches of the same date; these stand behind the 
engine, and are coupled to it. This Old World 
train came from New York to Chicago under its own 
steam, making the journey in five days, and ex- 
citing great interest all along the route. In addi- 
tion to these souvenirs of early railroad history, 
are shown two of the most modern cars for the 
transport of heavy freight. They are the two 
vehicles employed for transporting the great Krupp 
guns from Baltimore to the Exposition, one weigh- 
ing about 120, and the other 70 tons ; wooden re- 
productions of these guns are mounted in a very 
realistic manner upon these cars. The other full- 
sized exhibits made by the company are a standard 
passenger coach, a standard refrigerator car, and a 
track inspection car ; these are all placed in the 
Transportation Building, and we only note their 
presence now, as we shall refer to them in detail 
on a later occasion. 

The station building is filled with interesting 
objects ; of these we cannot attempt the enumera- 
tion, because we should be reduced to make a 
catalogue, which is not our present purpose. But 
we may call attention to the excellent relief maps 
exhibited. One of these shows the course of the 
old Portage road that preceded the present line, the 
location of which is also shown upon the map by 
way of contrast. The model of the famous Horse- 
shoe Curve is also worth inspecting, and so are the 
models of the inclined planes that in the commence- 
ment of railway enterprise supplemented the canal 
boat in the transport of passengers. One of these 
is the once celebrated Madison Incline. It was 
completed in 1838 ; at that date passengers were 
taken taken as far as Johnstown by the Portage 
railroad, thence to Pittsburgh by canal. At 
Pittsburgh the Ohio was used as the means of trans- 
port as far as Madison, where the incline was made 
to connect with a railroad running into the interior 
of Indiana. Models of the winding machinery 
used upon the planes are also shown, and there are 
others of the canal boats themselves, which give a 
good idea of the way in which travel was conducted 
two generations ago. But the predecessors of the 
canal boat were yet more primitive ; first came the 
Conestoga wagon that. slowly and painfully toiled 
over the Alleghenies to those parts of the Ohio and 
Mississippi valleys wheretrafticceased; then followed 
the stage, which was a great improvement, and 
travelled regularly between Philadelphia and Pitts- 
burgh early in the century, taking as many days, 
almost, as hours are now required. The models of 
the floating equipment of the Pennsylvania Rail- 
way will be examined with interest. One of these 
is antique, and represents the screw steamer R. F. 
Stockton, that crossed the Atlantic in 1839, and was 
designed by Ericson. Another is modern; it is of 
the double-deck ferryboat Washington, running in 
New York Harbour. The manner of handling 
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freight cars on the Hudson River by means of 
flat barges and steam tugs is admirably shown. 
The smaller objects exhibited in the glass cases 
around the walls are almost endless. They con- 
sist of old engine and car fittings, early permanent 
way, series of tickets, newspapers, and a host of 
things too numerous to mention. The walls of the 
pavilion are also hung with photographs and draw- 
ings of the scenery on the line, and of equipment. 

The most striking object (in every sense) exhi- 
bited in the Transportation Building is the repro- 
duction of the famous 125-ton hammer at the 
works of the Bethlehem Iron Company. We give 
a view of it on page 857. It is of wood, and, 
as in the case of the somewhat smaller hammer 
shown by Schneider at Paris in 1878, the delusion 
is perfect. But whereas in Paris the Creusot model 
stood outside the pavilion with which it was asso- 
ciated, and was dwarfed by the surrounding build- 
ings, the Bethlehem hammer is placed inside the 
Transportation Building, and dwarfs everything 
aroundit. The height of the exhibit is 90 ft. ; its 
breadth, 38 ft. ; and the gap in the frame of the 
hammer spans the central aisle of the building. 
The model represents a weight of 2386 tons, in- 
cluding the foundations and also the falling parts— 
the piston-rod, piston, and tup, which weigh 
125 tons. The connection between a steam hammer 
and transportation is not very obvious, and the 
reason why this monster exhibit is found in this 
building may be mentioned. The Bethlehem Iron 
Company show a number of other objects which 
are, rightly or wrongly, assigned to this depart- 
ment, the reason being that the company refused 
to separate them. Altogether, but excluding the 
hammer, the company show nearly 300 tons of 
steel in the form of plates and ingots, shafts and 
guns. The annexed Table I. gives some general in- 
formation upon the various objects exhibited. It 
is quite needless to say that all the collection is 
worthy of the famous works so long presided over 
by Mr. John Fritz, and lately extended and de- 
veloped into one of the finest, if not the most com- 
plete, gun and armourplate works in the world. 

The great hammer stands about midway between 
the crane elevator in the centre of the building and 
a lofty ornate screen erected by the Germans at the 
end of the building. The north half of the hall is 
thus conspicuous by three great trophies, to say 
nothing of the vast hull of the Cramp Atlantic 
steamer, which was still unfinished at the end of 
May. Good as is our collection in objects of trans- 
portation, it cannot be compared, except in the 
class of ship models, with that of Germany. We 
are constantly repeating this statement, but then 
the fact is forced upon us at every turn, and as the 
German Court advances towards completion, the 
hope that in this building at least we might claim 
equality, is rudely dispelled. Germany, however, 
has made the mistake of scattering her ship models, 
and thus has diminished their importance ; as we 

‘have seen, there is a very beautiful collection in 
the gallery above. On the ground floor there are 
two remarkable exhibits, one made by the German 
Lloyd and the other by the Hamburg-American 
Company. The former shows its best vessels on a 
raised platform shaped like a galley; the latter 
has built a fine pavilion which of itself is a de- 
coration to the hall, and as an effective exhibit 
decidedly so scores over its competitor. In con- 
nection with these fine models of the great 
passenger lines of Germany, we may take a few 
statistics from the ofticial (German) catalogue. 
The Hamburg-American Company was founded as 
early as 1847, although the first steamer was not 
launched till 1856. Of course, though thus coming 
into competition with the English carrying trade, 
the company was largely dependent on English 
shipbuilders. The success attending the venture 
was for many years extremely limited, but in 1872 
the Transatlantic fleet numbered 13 large vessels, 
and to-day it has increased to 54 steamers and 36 
vessels of smaller types. The best ships of the 
company are the four twin-screw steamers of which 
the Fiirst Bismarck is the type, and which enjoy a 
deservedly high reputation for safety, speed, and 
comfort, although they have been distanced by the 
two great ships of the White Star Line, and still 
later by the Campania. The annexed Table IT. con- 
tains statistics of the’ most important German 
steamship companies. 

But the chief attraction in the German Court is the 
collection of civil engineering models and drawings, 
in which class of engineering we are conspicuous 
by our absence ; most of these objects come from 
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TABLE I.—Tne Exuisits oF THE BETHLEHEM IRON Company. 


Dimensions. 
ARTICLE. Diameter. Approximate 
Thick Weights. 
Length. | Breadth| Height. Ness | See ee een 
Outside.| Inside. 
Armour. ft. io. | ft. in| ft. in,] in. | ft. in. | ft. in. 1b. tons.g 
First experimental plate, 1891 (plain steel) .. Aait 4 6 d 11} osera| ti 12,782 6.7 
Barbette plate, battleship Indiana (nickel steel) 12 1 8 4 17 DC 69,798 31.2 
Experimental plate (nickel steel, case-hardened) ..| 8 0 6 0 10} eg Te 20,754 9.3 
Ventilator for Puritan (nickel steel) a8 50 Bo loess 41 6 rE 20,388 9.1 
Guns and Gun Forgings. | | 
12-in. breechloading rifle, Navy, Assembled Nava) | 
Gun Factory.. 06 an ite n0 a5 --| 36 9 3 9 1 0 | 201,248 45.2 
Trunnion hoop, 12-in. breechloading rifle, Army, | 
smooth forged ae a es are oe a2 1 93/ 65 68 4 0} | 38 32) 5,1C0 2.3 
Jacket, 13-in. breechloacing rifle, Navy, smooth | 
forged ss Miki eet ne oS am ake ane 91/7 and 8 2] 1113 56,800 25.4 
Tube, 13-in. breechloading rifle, Navy, smooth forged] 38 5 ae oe 8p Ree i 0) 59,000 26.3 
Gun hoops, smooth forged .. Various lengths and diameters. 102,747 45.9 
Hammer. 
Full size model of 125-ton+ steam hammer 3 | 88 0 , 90 0 ; 2386* 
Ingots. 
Fluid compressed, 54 in. round .. a6 15 0 re O13 SC 46 | 108,190 48.3 
Armour plate, rectangular (wooden model) 60 | 8576) j/e1875.0 52 : 251,686 112 5 
IP . 3 
Length. Diameter. 
| Throw | 
| | Half 
Over All| Webb. Shaft | Pin. | Hole. | Stroke 
Shafting. ft; in. || ft. in. | ft. in. | ft) in. in. ft. in 
Double-throw crank, built-up, Pacific Mail Steamship 
Company, City of Sydney, finished .. a5 -.| 20 6 7 10 1 6 1 4 6 2 6 52,550 23.5 
Single-throw crank, United States cruiser Minnea- | 
polis, finished A 8 a8 a 36 salle ee Hl nOo meee men AE a Pare 7 Ton 8,850 4.0 
Spare shaft, Old Colony Steamboat Company, finished) 39 5 oe 2 3 45 9 3 65,900 39.4 
Hollow-forged shaft, black, as coming from the forge] 66 11 Das 8} | 55,200 24.6 
j Torpedo. 
Air flask for Whitehead : ale 411 | 1 52 153 | 1,140 0.5 


MISCELLANEOUS, —Air cushion cylinders, 
carbon, showing fractures, tests, &c. 
of rails subjected to drop tests. 

* Hammer and foundation. 


+ Piston-rod, piston and tu 


Cases containing open-hearth and Bessemer steel billets of various percentages of 
Case containing pieces of rails of various sections, showing fractures, 
Pieces of rails showing splices subjected to drop tests: 


Pieces 


p (falling parts), 125 tons. § Weight to nearest tenth, 


TABLE ITI.—ParricuLars OF THE MOST IMPORTANT STEAMSHIP COMPANIES OF GERMANY. 


| 
No. Name of Company. | Chief Cffices. seamen Toe Destination of Steamships. 

1 | Norddeutscher Lloyd .. Bremen 55 179,700 North and South America, 

2 | Hamburg American Mail --| Hamburg 54 165,000 North America, Canada, La Plata, Ger- 
\ man Africa, Transvaal, Natal, West 
| Indies, and Mexico. 

3 Hansa ae DB ae xe Bremen 26 65,000 East Indies and Argentine. 

4 Hamburg and South American Hamburg 26 54,250 Brazil and La Plata. 

5 Sartori and Berger un AS Kiel 25 20,000 Scandinavia. 

6 | German Steamship Hamburg 16 23,100 East India, China, Japan, and India, 

7 | Kosmos 5 ae aa an Ditto 15 87,800 South America. 

8 | African Steamship, A. G. (Wor- 

man Line) a Se a6 Ditto 18 16,500 German East Africa. 
9 | Hamburg Pacific Steamship 
Line ae a ae Ditto 10 12,000 South America. 


Government sources. The Prussian State Rail- 
ways make a magnificent display of drawings 
and models, the latter including one of the 
Berlin Central Station, and adjoining there 
are a large number of other drawings and 
models of bridges and other works—the collective 
exhibit of the German technical societies—which 
have done their part in maintaining the prestige of 
the section. It should be noticed that none of our 
engineering societies have taken any trouble to 
represent the profession in Great Britain. The 
Hoerder Bergwerks and Hiitten Verein, of West- 
phalia, occupies a very large space, elaborately 
fitted up, in which they expose specimens of their 
specialities : bolts and nuts, steel sections, tyres 
and steel wheels, bars and angles, &c. This firm 
has realised that the best effect is not obtained by 
overcrowding, and has been successful accordingly. 
Adjoining the Hoerder exhibit is an extensive 
display of metallic rafts and lifeboats by Messrs. 
Drein and Son, of Wilmington, Delaware, and 
close by is the most important naval exhibit made 
by America. It is that of the Harlan and Hollings- 
worth Co., also of Wilmington, and comprises a 
great variety and range of ship models. It may 
be mentioned in passing that the same firm are ex- 
tensive builders of railway rolling stock, in which 
they are well represented in another part of the 
same building. The marine exhibit of this old and 
well-known firm includes no less than 80 models 
and half-models of vessels constructed by them 
during the half-century that they have been ship- 
builders. The largest they have yet completed is 
about 3000 tons, and many of the Morgan Line of 
steamers running from New York to New Orleans 
are from their yards. They have also launched 
some of the finest boats on American river service, 


and the side-wheel steamer New York upon the 
Hudson River is claimed to be the fastest vessel in 
the United States ; she made 274 miles an hour as 
her best record. She is 300 ft. long, and carries 
3000 passengers. Yachts and excursion steamers 
are specialities of this firm, and the New York 
Yacht Squadron owes many of its well-known 
vessels to Messrs. Harlan and Hollingsworth. 

The famous line of Sound steamers running be- 
tween New York and Boston is well represented 
by a beautiful model of the Puritan, of which 
we have published descriptions in this journal. 
We need only, therefore, on the present occasion, 
repeat some of the leading particulars of the ship, 
which apply generally to one or two others of the 
best vessels on this line : 


Length a oe 420 ft 
Length over water line... A ase AOE 
Width of hull vie Bs 8 ike ee re 
Width over guards ... Bea MY on 
Displacement 4 4150 tons 
Tonnage one Ne 4650 ,, 

Number of state-rooms 364 


Compound condensing beam engines 7500 dale fel 


Diameter of high-pressure cylinder 75 in. 
50 ,» low e 3 2 110%, 
Stroke bigh-pressure cylinder 9 ft. 
» low 55 % ewe Perse Baers 
Size of wheels ... 85 ft. by 14 ft, 
Total grate surface... ey 850 sq. ft. 
Total heating surface ace 20s O00 es 


The Puritan, and sister ships, were built by 
the Colony Steamboat Company, of Chester, Penn. ; 
Mr. W. A. Fletcher is the engineer. For further 
particulars we refer the reader to ENGINEERING, 
vol. li., pages 64 and 94. 

Near the model of the Puritan is a small 
Japanese court, in which are shown a few modela 
of ships belonging to the navy of that eountry: . 
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The exhibits of the Gas Engine and Power Com- 
pany of New York, and of Messrs. Kane and Co., 
of Chicago, are worth examination ; both are of 
naphtha and electric launches, as well as of rowing 
boats, and both show very high finish in the work. 
A passing reference may be made to the very pic- 
turesque pavilion of Austria. It has no pretence 
to technical value, and represents a characteristic 
facade through a central archway in which is a 
dioramic view of the Tyrolean Alps. The object 
of this pretty exhibit is, of course, to arouse the 
interest of possible American tourists. In the 
same order of idea is a model group, illustrating 
street life in Constantinople, and comprising a 
number of life-sized figures of men and women, 
animals, boats, and vehicles; this exhibit, we be- 
lieve, has been arranged by Mr. Willard A. Smith, 
the chief of the department. 

The French Court on the ground floor is not very 
extensive, but is of considerable interest. The 
principal objects are four locomotives, the only 
ones in the main building. One of these is a 
standard engine from the Nord, with four wheels 
coupled and a four-wheeled truck ; the second, 
built by the Fives-Lille Company for the French 
State Railways, has also four coupled wheels. The 
other two have six wheels coupled, and aresent by 
the Western Railway of France and by the Paris, 
Lyons, and Mediterranean Company. We shall 
have more to say about these later on. A small 
exhibit of wheels made by M. Pierre Arbel, of 
Rive-de-Gier, appears to attract considerable atten- 
tion from American railway men, whoare surprised 
at the prices quoted, and express doubts as to the 
merits claimed by the makers. The standing of 
the exhibitors should be a suflicient answer to the 
last point, supported as the exhibitors are by the 
certificate that the Paris, Lyons, and Mediterranean 
Railway Company have, since 1876, purchased from 
this firm 61,150 wheel centres for carriages and 
wagons, and a large number of wheels for loco- 
motives and tenders. It would seem as if, in spite 
of the tariff, European wheel makers can compete 
with those of the United States ; and if this can be 
done by French and German makers, there appears 
no good reason why our own manufacturers should 
not also enjoy similar opportunities. The visitor 
should examine the admirable exhibit of the 
Standard Wheel Company, of Philadelphia, and 
compare it with that of M. Arbel. A fairly large 
collection of road carriages completes all that is 
noticeable in the French transportation, on the 
ground floor. 

Most of the remainder of the space is occupied by 
American exhibits, of the more important of which 
we may give a brief notice. There are three or 
four very fine exhibits of air brakes, the most ex- 
tensive of which is that of the Westinghouse Com- 
pany, of Pittsburg ; the Boyden Brake Company, 
of Baltimore, also shows the complete equipment 
for a train, and so does the New York Air Brake 
Company, of New York. This last named com- 
pany is beginning to be much talked about in 
America, and it appears to be making quite a 
successful business, its brakes being fitted on a 
number of railways ; the fact that its fittings are 
interchangeable with those of the Westinghouse 
system has no doubt made its introduction more 
easy. We shall on an early occasion illustrate and 
describe this brake in detail, but we may now 
attempt to give some idea of its special features. 
The air pump used in this system is the chief 
characteristic. It is a duplex pump with two steam 
cylinders and two air cylinders; the diameter 
of the former is 5 in. in each case ; that of one of 
the air cylinders (the low pressure) is 7 in., and 
of the high pressure 5 in. 

In making its stroke the low-pressure piston 
compresses the air in the cylinder from atmospheric 
pressure into the volume of the high-pressure 
cylinder, before the piston of the latter has com- 
menced to make its stroke ; as this is done the air 
is still further compressed until the pressure in the 
air reservoirs on the train is exceeded, and the 
outlet valve from the cylinder is lifted, and the air 
flows into the reservoir. The air and steam 
cylinders are placed parallel to each other, and only 
so far apart as to allow the steam and air valves 
to be introduced between them; the latter are 
indeed placed below the steam cylinder, and are 
so arranged that a stem working in the hollow 
piston of the low-pressure cylinder actuates the 
valve for the high-pressure cylinder and vice versd, 
the steam and exhaust passages made in the walls 
between the cylinders being arranged for this pur- 
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pose. Between the two air cylinders suitable 
valves are placed admitting atmospheric air, cc m- 
pressed air from the larger to the smaller cylinder, 
and from the latter at the maximum pressure into 
the reservoirs. This arrangement is, as will be 
seen, a considerable departure from the Westing- 
house pump, but for the most part the general 
principle of the train fittings resemble those of 
Westinghouse more or less closely, and have, we 
believe, been made the subject of much litigation. 
The ordinary and the quick-action triple valve are 
both employed, though the details differ sensibly. 
The same may be said about the driver’s valve, the 
brake cylinders, &c. A very neat governor is 
attached to the pump to shut off automatically the 
supply of steam as soon as the pressure cf air in 
the reservoir reaches the standard, which is gene- 
rally at about 701b. Another addition is the use 
of a supplementary brake cylinder, mounted on the 
trucks of high-speed passenger cars for the purpose 
of suddenly and largely increasing the power of the 
brakes, and so increasing considerably the rapidity 
of an emergency stop. In addition to the brake 
apparatus, the exhibit includes a complete equip- 
ment for eight passenger cars of the company’s 
system of air signalling. The apparent complica- 
tion of a train fitted with all the automatic air 
brake appliances and the independent signalling 
apparatus is quite bewildering, and the tendency 
appears to be towards an effort to accomplish too 
much. As we have said in a recent article, the 
trains on the Intramural Railway within the Ex- 
position grounds will be all fitted with this brake. 
In addition to the compressed air brake the same 
company exhibits a vacuum brake equipment of 
the class employed on the New York and Brooklyn 
elevated railroads and on the Brooklyn Bridge. On 
these lines it is alleged that the non-automatic 
vacuum brake holds the trains under better control 
at the very frequent and quick stops, and one of 
the dangers which the automatic system provides 
against—that of the breaking of trains—is of too 
small importance on these lines to be considered. 
(To be continued.) 


THE USE OF CONCRETE IN RAILWAY 
STRUCTURES. 

CoNCRETE as a material for engineering works 
has, until within comparatively recent years, been 
chiefly confined to harbour works ; but lately it has 
been used in the construction of railway works, both 
at home and abroad. The advantage of employing 
this material is apparent in districts where the 
absence of good building stone or clay for the manu- 
facture of bricks makes the cost of masonry or brick 
structures very great. One of the early applica- 
tions of concrete for railway works was in con- 
nection with the last section of the Callander and 
Oban line, from Dalmally to Oban, in the west of 
Scotland. In this case the material was largely 
used in the form of rubble concrete for bridges, 
arches, culverts, retaining walls, platform walls, 
turntable and engine pits. Since the completion 
of that railway, Mr. John Strain, the engineer, 
has carried out the same methods of construc- 
tion on a number of lines in Scotland and also 
in Spain. 

Rubble concrete consists of large stones em- 
bedded in a matrix of Portland cement concrete. 
The Portland cement used in these works was 
very carefully specified and tested to secure its 
being of the very best quality. In every case it was 
required to be stored at the works at least one 
month before being used, being placed under 
cover in perfectly dry sheds erected for the pur- 
pose. During the fortnight prior to its use it had 
to be spread out on a wooden floor raised 2 ft. 
above the ground and turned over every alternate 
day during the fortnight, or until it was sufficiently 
cooled and fit for use. The cement had to satisfy 
the following conditions: The residue on a sieve 
of 2500 meshes per square inch, was not to exceed 
20 per cent.; weight per cubic foot to be not less 
than 90 lb.; test bricks of neat cement and of 
cross section 14 in. square, to stand a tensile strain 
of 790 lb. when seven days old, during the last 
six of which they were immersed in water. 
After the cement was sufficiently turned it was 
refilled into bags, the contents of each bag bearing a 
direct ratio to the size of the gauge-boxes used for 
the ballast. The sand used was always of coarse 
sharp quality and perfectly clean, being washed in 
every case where it was necessary todo so. The 
usual mixture for the eoncrete en these works was 


as follows: One part by measure of cement to 
five parts by measure of clean ballast. The ballast 
consisted of clean broken stones or slag and coarse- 
grained sand—the stones or slag were angular and 
of hard quality, broken to pass through a screen 
2 in. wide in the meshes—the proportion of sand to 
the stones being determined by experiment from 
time totime. The whole materials, after being 
carefully measured, were thoroughly mixed together 
dry by turning over at least four times, and then 
further mixed by turning at least four times while a 
proper quantity of water was added through arose. 
The mixing was done on a timber platform in a 
systematic manner by four men standing in a row, 
turning over the material by shovels from one to 
the other. 

The method of employing the materials in the 
construction of what istermed rubble concrete was 
as follows: A bed of concrete, at least 6 in. thick, 
was put in before each course of stones, and on 
this layer of concrete, rubble stones were laid, care 
being taken that no two stones were nearer one an- 
other than 3 in., nor nearer the face boarding of 
any exposed surface than 3in. The stones were 
firmly bedded downto make a solid bed, and after- 
wards carefully rammed and probed all round with 
a trowel to leave no interstices. All stones were 
placed irregularly with their diagonals at right 
angles to the exposed surfaces. Over each layer 
of rubble stones a further layer of concrete was 
placed and levelled off at a height of 6 in. above 
the top of the stones, and on this again a further 
course of rubble stones was placed and beaten down 
as before. All the faces were carefully formed 
against close horizontal boarding made into frames 
or boxes the shape of the work, and the concrete 
against these boards was carefully worked with 
trowels so as to leave the face quite smooth without 
any rendering or dressing. At exposed corners 
wocd was placed to form chamfers. This rubble 
concrete has been Jargely used for ordinary abut- 
ments and wing walls of girder bridges of different 
spans. It has been extensively used for the inter- 
mediate piers of long viaducts and also for arches. 

The best examples of its application to piers are 
to be found in the viaducts over the principal 
valleys and rivers crossed by the Tharsis and 
Calaias Railway in Spain. These viaducts were 
constructed in spans varying frcm 40 ft. to 45 ft., 
with piers which vary in height upto 80ft. All 
the piers were made of standard dimensions at the 
top—4 metres by 15 metres—and with the same 
batter, 1 in 30, to enable the moulds or frames of 
one pier to be used for all. Piers exceeding 10 
metres in height were at that distance from the 
top battered out an additional half-metre at esch 
side in a height of half a metre, below which the 
batter of 1 in 30 was continued. Fig. 2, page 860, is 
a section of one of the piers. The frames or moulds 
were simply large boxes without top or bottom. 
The four sides could easily be taken apart and 
put together. The depth of the boxes was uni- 
form, and they were numbered consecutively from 
top downwards. Thus the engineer in charge of 
the works, knowing the height of his pier, could 
determine the measurements at base, and knew 
which size of box to use asamould. As each box 
was filled the next one smaller in size was placed 
in position by a steam derrick crane, and thus the 
construction of the pier was accomplished. The 
following Table gives some of the dimensions of 
the bridges and the time taken in building : 


Concrete Piers for Bridges on the T'karsis and Calanas 


Railway. 
| -— x 
. | , ' 
: Number} Quantity Time 
Name. |Length.| Ueieht | of Pa atl Takei ta 
‘| Spans. Building.| Build. 
yards ft. , cub. yds, weelgs 
Tamujoso River} 145 28 32.78 Fn 2787 14} 
Oraque .. 141 31 Tleey 1 boOets ako 
Cascahelero ..| 160 |30to80| 10 | £680 | 21 
No. 16 (Valley).. 98 | 28,, 50 i) IL 1036 164 
Tiesa .. a 55 |16,, 23 8 420 4 


Itis quite evident from these figures that the ques- 
tion of time is an important element in this form of 
construction. The construction of some of these 
bridges in ordinary masonry would piobably have 
taken nearly as many monthsas the number of weeks 
occupied. The system adoptedalso enabled the work 
to be carried out largely by unskilled labour, with 
great rapidity andeconomy. The rock available for 
rubble stones in these piers was not of such a class 
as to give large blocks, consequently the proportion 
of pure eoncrete to the total mass of rubble coné 
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Fig. 1. 


crete was greater than would have been the case had 
larger blocks been got. The average proportion of 
pure concrete in the piers was 69.7 per cent., and 
in one case where the stones were smaller than 
usual the percentage was as high as 76.5 per cent. 
In other work the proportion has been as low as 
about 40 per cent. in rubble concrete faced with 
squared rubble, and about 55 per cent. in rubble 
concrete faced with fine concrete. The average 
quantities of the various materials required for 
lcubic yard of building of the average proportions 
was as follows : 


.304 cubic yard of rubble stone (measured as solid). 

.684 cubic yard of broken stones (measured in heap 
after breaking) representing about 

.342 cubic yard of solid stone. 

3858 4) >) sand. 

178 5) y, cement (3.9 cwt.) 

We reproduce above a photograph of the 
bridge referred to in the Table as No. 16 (valley) 
on the Tharsis and Calafias Railway. The iron used 
in the girders formed part of the arched ribs of one 
of the London bridges, which accounts for the 
peculiar curve shown on the engravings. This, it 
may be added, was the first adoption, in Spain, 
of concrete for railway structures, and on the 
completion of the works the Government engineer 
of the district granted a special certificate stating 
the complete satisfaction with which he viewed the 
new departure. 

On the Lanarkshire and Ayrshire Railway this 
method of construction was very extensively 
employed. The heaviest bridges in which it was 
adopted were the bridge carrying the Ardrossan 
line over the Glasgow and South-Western Railway, 
near Stevenston, the bridge carrying the Irvine line 
over the River Garnock, and the bridge carrying 
the Kilbirnie line over the Glasgow and South- 
Western Railway at Glengarnock, the two latter 
being illustrated on our two-page engraving. The 
first-named is built on a very heavy skew, 28 deg., 


BRIDGE OVER THE PiILETAS VALLEY, ON 


: 
| 


I a OY fay Te ee |, eee) 


Fie. 2, 


and consists of two spans of 34 ft. and 107 ft. 
respectively (measured on the angle). The quan- 
tity of rubble concrete used was 1650 cubic yards. 
It is a through bridge for a double line of railway, 
the floor consisting of cross girders and troughing 
carried by two massive lattice girders, The second 


THE THARSIS AND CALANAS RaiILtway, SPAIN. 


named bridge, that over the River Garnock (Figs. 
3 to 11), consists of two central spans of 51 ft., 
and two side spans of 26 ft. 6in., and is built on 
the square. The pier in the middle of the river 
was built within a cofferdam and carried down to a 
depth of about 10 ft. below the river bottom. The 
quantity of rubble concrete used was 1400 cubic 
yards. The superstructure consists of plate girders, 
and the bridge is decked with buckle-plates covered 
with a layer of about 4 in. of concrete. The 
ballasting is carried through, but on the bridge it 
consists of ashes, instead of the broken slag used 
generally on the whole line. The details of the 
work are shown on the engravings (Figs. 4 to 11). 
The third bridge named—that carrying the 
Kilbirnie branch over the Glasgow and South- 
Western Railway at Glengarnock—is illustrated by 
Figs. 12 to 16. The two abutments were built 
entirely of rubble concrete, of which about 2300 
cubic yards were used. The superstructure consists 
of cross girders and buckle plates carried on the top 
booms of two heavy lattice girders (Figs. 13 to 16). 
In building these bridges the manipulation of the 
materials was done in steam concrete mixers, which 
enabled a rate of building of 25 to 40 cubic yards 
per day to be attained. The rubble concrete was 
built within frames of horizontal boarding carried 
by vertical framing. For the bridges on the 
Ardrossan and Kilbirnie branches, the materials 
were the same as described in the case of the Tharsis 
and Calafias line; but on the Irvine line cement 
of a finer quality than that already described was 
used, leaving a residue not exceeding 10 per cent. 
by weight upon a sieve having 5800 meshes per 
square inch, and having a tensile strength of not 
less than 790 lb. upon an area of 2} square inches. 
After the concrete had been well mixed, it was 
tipped inside the boarding, levelled and well 
worked at the face. Then large irregular-sized stones 
up to 2 tons in weight (as they came from the 
quarry) were set so as to be 3 in. from the board- 
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ing and from one another, and were then firmly 
beaten down with malls to make a solid bed. All 
the spaces round the stones of this course were 
then packed solid with concrete, which was well 
worked as before. This course of stone was fol- 
lowed by another course of concrete, 6 in. thick, 
followed by another course of stone, and so on. 
Without counting the men engaged in breaking 
stones close by, the following were the numbers 
employed per crane: One craneman and boy, one 
mason, and ten labourers. In addition to these, 
about a quarter of the time of a joiner and his 
labourer was required daily to raise the boarding 
by a few feet at atime, so as not to cause unneces- 
sary lifting of the stones. For ordinary bridges 
of about 400 cubic yards, the daily rate of progress 
was about 12 to 15 yards, whereas for larger bridges 
the rate was from 20 to 26 cubic yards daily. To 
maintain the same rate of progress in a rubble 


bridge of similar size would require about twice as 
many men, of whom a large proportion would be 
masons. ‘Ten days usually were allowed to elapse 
before the boarding was removed. Weeping-holes 
were formed by inserting 2-in. tile drain pipes at 
intervals, and advantage was taken of these pipes 
to insert bolts during the construction of the walls 
for tying together the two sides of the frame. As 
showing the hardness of the rubble concrete it may 
be mentioned that in the case of one of the bridges 
on the Irvine line the abutments slipped forward 
and it became necessary to chip off a few inches 
of the face and reface them. Each quarryman em- 
ployed could ‘only on the average remove 54 cubic 
feet per day. 

The arches over the River Dochart on the Killin 
Railway in Scotland form an excellent example of | 


| tipped over upon the centering. 


the application of concrete construction to this type 
of bridge. As will be seen from the illustrations | 


|annexed (Figs. 17 to 20), this viaduct consists of 


five arches of 30 ft. span on the square and of 
42 ft. measured on the skew, the angle of obliquity 
being 45 deg. The piers were built in rubble 
masonry laid in cement mortar, the arches being 
thrown in concrete. The piers, spandrils, and a 
part of the arch were first carried up to about 5 ft. 
above the springing. The arches were then thrown, 
each in one day. The concrete, which was of the 
same composition as that already described, was 
mixed by hand upon a platform about 100 yards 
from the bridge, and was wheeled along a gangway 
to a point directly above the arch, where it was 
It was then care- 
fully rammed in layers about 6 in. thick, the surface 
of the layers being kept perpendicular to the 
surface of the cleading, the layers themselves 
being at right angles to the centre line of the 
bridge, so that each layer corresponded roughly to 
a course of arch stones. As the layers approached 
the crown of the arch they became more and 
more nearly vertical, so that some difficulty was 
experienced in keeping the surfaces perpendicular. 
Each of the arches was thrown in one day, which 
was an important point in obtaining thorough 
homogeneity throughout. The Board of Trade 
inspector, in order to satisfy himself as to the 
hardness of the concrete, sent men to drill holes 
through the arch, and found that the depth drilled 
was only about one-third of that which could be 


/done in the same time through ordinary building 


stone. 

For smaller works, such as culverts, platform 
walls,, masonry drains, &c,, of which many are 
required of the same pattern on every contract, 
concrete is eminently suited, as the same moulds 
may be used again and again; it was not deemed 
necessary to use pure concrete for such works, and 
rubble concrete made with large flat stones radiating 
from the centre of the arches was employed. 

A great economy is also effected in the dimen- 
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sions of masonry structures when rubble concrete ay 
is used, as the volume may be reduced to 70 per = 
cent. of that required with ordinary masonry built 

in lime mortar, while at the same time the con- E—¥ 


crete gives greater strength. In order to compare 
the relative costs of material fairly, it is necessary 
under these circumstances to deduct 25 per cent. 
from the cost of the rubble concrete per yard. 

Concrete is also very suitable for the construc- 
tion of engine and goods sheds and similar build- 
ings in connection with railway works. A good 
example of its application to such buildings is found 
in the engine shed at Ardrossan, drawings of which 
we reproduce in Figs. 21 and 22, The shed is 
169 ft. Gin. long and 58 ft. 8 in. wide inside, and 
accommodates twelve engines, there being fvur 
lines of rails. The side and end walls are con- 
structed in bays of about 15 ft., between vertical 
rolled columns, and are entirely of concrete made 
up of one part Portland cement to five parts of 
ballast. The method adopted was to clead both 
sides of the space (15 ft.) between the columns 
with horizontal planks, put up one by one as 
the concrete was brought up, and then to fill in the 
space between the planks with concrete, which was 
carefully worked against the planks on both sides 
to give asmooth surface. The concrete was brought 
up in layers of about 18in. in depth. The walls 
are 10 in. thick, and flush inside and outside with 
the columns. The rails are laid on longitudinal 
timbers 15 in. broad by 5 in. thick, and the clean- 
ing pit runs the whole length of the shed under 
each line of rails, being 3 ft. 8in. wide and 3 ft. 
deep, below rail level. All the spaces between the 
lines of rails were covered with concrete 5in. thick, 
draining into the cleaning pits. There are three 
hydrants between each pair of lines of rails for 
supplying water for cleaning purposes. The height 
of the roof (Fig. 21) to the underside of the beams 
is 16 ft. above rail level, and smoke traps are 
formed for each line of rails down to 12 ft. 3 in. 
above rail level. The smoke is carried off by 
chimneys in each bay of the roof. The shed is 
entirely lighted from the roof, and is supplied with 
fittings for lighting with gas. The cost, with an 
adjoining range of buildings, consisting of offices, 
foremen’s room, store, bothy, smithy, and sand- 
drying kiln, was 23501. There is a 50-ft. turn- 
table in connection with the shed. 

In conclusion we have to acknowledge our in- 
debtedness to Messrs. Strain, Robertson, and 
Thomson, Westminster and Glasgow, for informa- 
tion on this subject, and for the use of the draw- 
ings from which our engravings have been made. 


THE CHESTER SHOW. 

Ir is thirty-five years since the Royal Agricul- 
tural Society of England held its previous Show at 
Chester. This seems a long period for the capital 
town of such an important pastoral county to be 
left unvisited, but on more than one occasion the 
Show has been held within an easy distance, so that 
the local interests have not been neglected. The 
name of Cheshire raises visions of green fields 
filled with lowing kine, of rich cream and golden 
cheese, and of buxom dairymaids glowing with 
ruddy health ; and all these pictures are reflected 
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Year. | Place of Meeting. N ete of aes f 
1869 | Manchester 395 7,724 
1870 | Oxford Ass 406 7,851 
1871 | Wolverhampton 363 7,650 
1872 | Cardiff a 308 5,843 
1873 | Hull... 329 5,634 
1874 | Bedford 361 5,931 
1875 | Taunton 284 4,214 
1876 | Birmingham 420 6,414 
1877 | Liverpool 428 6,930 
1878 | Bristol 435 6,837 
1879 | London 704 11,878 
1880 | Carlisle 288 4,196 
1881 | Derby 293 5,960 
1882 | Reading 391 6,102 
1883 | York... és 401 6,058 
1884 | Shrewsbury 367 5,241 
1885 | Preston 360 5,313 
1886 | Norwich 322 4,656 
1887 | Newcastle ... 283 3,616 
1888 | Nottingham 368 4,717 
1889 | Windsor .. 553 7,446 
1890 | Plymouth* ... 307 4,141 
1891 | Doncaster ... 421 5,347 
1892 | Warwick 411 5,430 
1893 | Chester 408 5,527 


* 9078 ft. of shedding. 


in the Show ground. No less than 540]. were 
offered in prizes for Cheshire cheese, the entries 
amounting to 35 tons, and requiring special 
arrangements to be made to enable the judging 
to be got through in due time. Eighty-five 
dairymaids competed in the buttermaking for the 
Society’s prizes and certificates, while the entries of 
cattle were very numerous. The working dairy 
was always crowded with spectators, who took a 
keen interest in the proceedings, evidently com- 
paring the procedure with their own. There was a 
large display of apparatus for dealing with milk and 
butter, but nothing very new. It is quite evident 
that good butter can be made without the aid of 
elaborate appliances ; given sound knowledge, rea- 
sonable care, and scrupulous cleanliness, _ first- 
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class results can beobtained. Centrifugal separators, 
patent churns, and the like, lessen the cost of manu- 
facture, but they do not necessarily improve the 
product. 

This year’s Show is good in point of numbers, 
as will be seen from the annexed list, which we 
give according to custom. As to its quality, 
we can only repeat our oft-repeated assertion 
that the work turned out by our agricultural 
engineers leaves nothing to be desired as re- 
gards design, material, and workmanship. - Hach 
year we are compelled to express our admira- 
tion of it, while at the same time, from a journalistic 
point of view, we deplore the dearth of novelties. 
In doing this we freely admit that the exhibitors at 
the Show know their own business best, and that 
so long as they can obtain a steady sale for stock 
articles it would be folly in them to embark on the 
costly and speculative sea of experiment. It is not 
for nothing that fifty-four Royal Shows have been 
held ; each earries implements one step nearer per- 
fection, and naturally each step is shorter and more 
difficult to achieve than that which precedes it. Had 
it not been for the recent advent of the oil engine, 
the scientific and mechanical interest of the Show 
would have dwindled until it became a vanishing 
quantity, and even these engines are now attain- 
ing a family likeness which threatens to become 
monotonous in a very short time. 


Ort, Gas, AND STeEAm ENGINES. 


However, it is yet too early to complain, for 
the manufacture of oil engines appears to have a 
great attraction, and each year some fresh firm 
enters the list. At this Show we find for the first 
time Messrs. Robert Stephenson and Co., New- 
castle-upon-Tyne, who remind us of an event In 
their early history by naming their engine the 
‘“‘Rocket.” An engraving of this engine is_to be 
found on page 864, where it will be seen that it 
follows the usual type of construction ; the intro- 
duction, compression, explosion, and exhaust of 
the charge are arranged on the well-known Otto 
cycle, which seems to be difficult to improve upon. 
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The feature of novelty lies in the compression being 
omitted in those cycles in which no explosive 
charge is admitted. As is general in such 
engines, the governor cuts off the supply of oil 
vapour as soon as the normal speed is ex- 
ceeded; at the same moment a lever shifts the 
valve cam, and on the return stroke there is no 
compression. Although there is no theoretical 
gain, it tends to make the engine run more regu- 
larly, as the compression and subsequent expansion 
of the air tend first to slow and then to accelerate 
the speed of rotation. There are no pumps in this 
engine, the vacuum caused by the movement of 
the piston in the first stroke of the cycle serving to 
spray the oil. A day’s supply of oil is stored in 
the container A ; it flows by gravity to a receiver 
B, whence it is passed through a regulator C to the 
vaporiser HE. It is then drawn out, as already 
stated, by the vacuum in the cylinder, together 
with an air supply through the regulating cock 
D. The vaporiser contains tubes around which 
the exhaust gases circulate; in it the oil spray 
is heated till it becomes vapour, when it is 
ready to be used in the cylinder. Here it is 
mixed with air drawn through the regulating 
cock F, G being the admission valve, H the 
governor, I the ignition valve lever, and J the ex- 
haust valve lever. We have said that the governor 
cuts off the supply of combustible charge, but it 
does not do it in the ordinary method. Usually 
the charge is admitted when a hit-and-miss governor 
opens the valve ; in this case the valve lifts auto- 
matically whenever the piston makes its drawing-in 
stroke, except it be positively held shut by the 
governor. This is a modification of the pendulum 
type. It is raised positively at each cycle by 
a fixed projection, and then set free to be de- 
pressed by an adjustable spring. When the 
engine is running fast, the governor arm does not 
fall fast enough to miss the valve spindle, while at 
normal speed it just escapes the latter. By 
tightening the spring the speed of rotation can 
be varied through a wide range. There are no 
pumps whatever ; the delivery of the oilis regulated 
by a float. 

Another firm who show an oil engine for the 
first time are Messrs. Clayton and Shuttleworth, 
of Lincoln. They have adopted the Knight and 
Weyman patent, and, as would be expected 
from their reputation, have turned out an exceed- 
ingly well made motor. We have described this 
engine in previous issues,* but may call attention to 
a few of the newer features. The incandescent tube 
is heated by a lamp with a circular wick, the draught 
being obtained solely by a chimney. Air is fed 
both to the centre and the outside of the flame, 
but not in sufficient quantities to make a strongly 
reducing flame. It is found that the tube lasts 
exceedingly well, and instead of a life of a few 
days, as is often the case when the lamp is of the 
spray order, the duration is of months. The supply 
of oil is regulated by a hit-and-miss governor, which 
also controls the compression, letting it off when 
no explosion has taken place. There is a loose 
lamp for heating the vaporiser in the first instance, 
in getting the engine towork. The oil is delivered 
through a fine nozzle froma small reservoir in which 
a slight air pressure has been created by blowing 
into it by the breath. The spray thus created 
spurts up a chimney which immediately becomes 
heated, and this acts as a vaporiser, the flame 
pouring out at the top in large volumes and rapidly 
raising the vaporiser to the required temperature 
to enable it to convert the successive charges of oil 
into gas. 

Evidence of the growing size and popularity of 
the oil engine is found in the fact that it has been 
found necessary to devise a self-starter for it. 
During the last three or four years there have been 
a succession of self-starters for gas engines, but 
this is the first that has appeared for oil engines. 
It is shown by Messrs. Priestman Brothers, Limited, 
Hull. This firm have, as usual, a large and hand- 
somely displayed stand, which bears an appearance 
of actuality and genuine trade which is not always 
associated with oil engines. As our readers will 
remember, t the Priestman engine has a hand 
pump, by which a slight air pressure can be brought 
to bear on the store of oil to make it rise into the 
spray nozzle. This pump is now utilised to gain 
a store of air of some twenty pounds pressure. 
When the vaporiser is heated, and the engine set 


* See ENGINEERING, vol. liv., page 707. 
+ Ibid., vol. liii., page 359, 


ready to start, the spray is first turned on, and 
soon afterwards the compressed air, ‘This carries 
the charge forward, first filling the vaporiser, and 
then opening the valve between it and the cylinder, 
and flowing into that. Here the electric igniter is in 
full action, and consequently an explosion follows, 
starting the engine, which, on the next cycle, takes 
in its regular charge and gets away in the usual 
manner. 

An engraving of this arrangement, as applied to 
a double-cylinder engine, will be found on page 868, 
the oil reservoir being utilised as the air vessel, 
In starting the engine the plugs K, K! are taken 
out to ascertain that they are clean, the flywheel is 
turned until the crank has just passed the centre 
in the direction of rotation, and the valve E is 
screwed down perfectly tight. The vaporiser D is 
then warmed in the usual way, but a little hotter 
than is necessary when not using the self-starter. 
By means of the air pump F air is pumped into the 
oil tank I to a pressure of about 25 lb. ; when this 
is done the engine is ready for starting. A piece 
of tubing C is put between the forks H to make 
contact, and while the finger J makes contact in the 
other forks H!. The electric contacts in both 
cylinders are then inaction. The handle L of the 
sixway cock G is now turned on to ‘‘start,” and 
after a minute or less, the cock A is opened with 
the lever B ; this allows the compressed charge in 
the oil tank I to pass through the vaporiser D and 
find its way into the cylinders R, R', where the 
sparks are waiting to receive it ; the explosion then 
takes place, and the engine starts. Immediately it 
starts the cock A is closed. As the finger goes 
round it will knock out the tube in the other forks. 
Immediately the engine is started the contact forks 
H, H!' cause the electric current to be adjusted in 
the usual way. 

As we have recorded from time to time, Priest- 
man oil engines have been fitted to boats. The 
inability to stop and start an oil engine readily, 
and also to reverse it, has needed special arrange- 
ments for the control of the boat. In one boat 
now running on the Thames, the McGlasson re- 
versible propeller has been used, while a new form 
of propeller has recently been patented by Messrs. 
Priestman, and is to be seen on this stand. As 
shown on the annexed engraving, the blades are 


pivotally mounted in the propeller boss so as to 
admit of the inclination of the blades being 
reversed or varied. Each of the blades is formed 
with a shank by which it is mounted in the boss. 
The parts D of the boss are bolted together and 
toa flange , on the inner end of the propeller 
shaft. The face of each shank is provided with 
a central stud which engages in a slot formed ina 
plate E, these two plates engaging with pins pro- 
jecting from opposite sides of a central frame F. 
This frame is provided with a spindle which 
extends through the centre of the screw shaft. 
The spindle is screwed to a collar on the hollow 
part of the shaft, the key passing through slots in 
the shaft. By means of a lever the collar is moved 
to and fro on the shaft, thus causing the central 
frame to move a corresponding distance in an axial 


direction, the lever engaging with a quadrant and 
being arranged so as to permit of the collar rotat- 
ing with the shaft. When the spindle is moved in 
an axial direction, the plates slide on and turn the 
rectangular blocks, and thereby impart a rotative 
movement to the blades, which are thus set and 
held at any desired angle of inclination, thus 
causing the power to be applied in a forward or in 
a backward direction, or to be merely dissipated 
radially, the direction of rotation of the screw 
shaft and propeller meanwhile remaining constant. 

In our last issue (see page 838 ante) we gave an 
engraving of the large oil engine Messrs. Richard 
Hornsby and Sons, Limited, have at the Show, and 
there is little to add to our description except to 
call attention to the very heavy oil they are using. 
It is of a specific gravity of .855, and is naturally 
very cheap, while its flashing point is so high that 
all danger of accidental ignition is avoided. As 
most people are aware, ordinary lamp oil is ex- 
ceedingly difficult to light in bulk, although its 
flashing point is more than 100 deg. below that of 
the engine oil. The novelty on Messrs. Hornsby’s 
stand is a portable oil engine of 124 brake horse- 
power, and of very neat and workmanlike appear- 
ance, Itis mounted ona channel-iron frame, carried 
by four wheels. In the body is a tank to contain 
the cooling water for the cylinder. Were it not 
for the necessity of using this water, the oil engine 
would be like the British Army as described in 
after-dinner speeches —it could go anywhere 
and do anything. However, the bulk of water has 
been reduced to the smallest possible amount by 
the device of fitting the tank with a series of cascade 
plates over which the water, as it flows from the 
cylinder jacket, runs in a thin sheet. The ex- 
haust is delivered up the chimney, and the draught 
thus induced is utilised to draw a current of air 
over the water films and thus to cool them by 
evaporation. By this device it is possible to work 
for a considerable time with a very moderate supply 
of water. The weight of the engine is about the 
same as that of a steam portable of equivalent 
power, while it is powerful enough to drive a 4 ft. 
threshing machine. 

Messrs. Crossley Brothers, Limited, of Man- 
chester, show a 4 horse-power oil engine of their 
usual pattern, giving 64 horse-power on the brake. 
The alterations which they have made since last 
year are only in small details. The firm has several 
incandescent tubes of new alloys under trial, with a 
view of determining which is the most durable and 
efficient. 

We have already called attention to the engine 
made by Messrs. Weyman and Hitchcock, Guild- 
ford, in speaking of Messrs. Clayton and Shuttle- 
worth’s stand. This firm have a large exhibit, 
including a portable of 22 indicated horse-power, 
a horizontal of 9 indicated horse-power, a two- 
cylinder vertical engine of 15 indicated horse- 
power, and a small vertical engine of 17 indicated 
horse-power for dairy work. ‘The vertical engine, 
which is illustrated on page 865, is specially 
adapted for use in a boat for towing purpcses 
on canals, and the like. By working one or two 
cylinders, two different speeds can be attained. 
In its general arrangement it is similar to the 
horizontal engines of the same firm. In the latter 
the cranks are placed at 120 deg. apart, instead of 
being together, forming one crank, as is often the 
case in gas engines. By this arrangement it is 
sought to reduce the inertia strains; in the case 
of the portable engine steadiness is obtained in this 
way, and the tendency to vibrate backwards and 
forwards is greatly reduced. In all these engines 
the ignition tube is kept hot by a lamp in which a 
jet of oil is burned by aid of blast caused by an air 
pump, and equalised by the action of an india- 
rubber diaphragm. The catalogue allots the next 
stand to Clarke’s Crank and Forge Works Company, 
Lincoln, with the promise of a crane, a portable and 
a traction engine, each fitted with an oil engine, 
but the stand is empty. So many novelties would 
need a good deal of experiment to perfect, and 
are not to be produced in a few months— 
The Capitaine oil engine, shown by Messrs, Tolch 
and Co., of London and Liverpool, has already 
been illustrated by us.* It has, however, been 
considerably modified since the date of our previous 
notice. The pump is now arranged vertically, and 
is partly filled with glycerine, the rise and fall of 
the glycerine acting as a plunger for the oil. By 
this device the difficulty of keeping tight glands is 


* See ENGINEERING, vol. liii., page 10, 
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THE “ROCKET” PETROLEUM MOTOR AT THE CHESTER SHOW: 
CONSTRUCTED BY MESSRS. ROBERT STEPHENSON AND CO. LTD, ENGINEERS, NEWCASTLE-ON-TYNE. 
(For Description, see Page 862.) 
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but in place of them a slide valve is employed. 
The output of the pump is regulated by the 
governor and a hit-and-miss arrangement, the same 
motion operating the exhaust valve in order that 
the compression may be let off when no charge is 
admitted. The vaporiser is kept hot by a lamp, 
and its temperature is maintained constant by 
making its expansion control the valve which regu- 
lates the oil supply to the lamp. There is no in- 
candescent tube, the heat of the vaporiser effecting 
the ignition. The base is divided into three boxes, 
which act respectively as exhaust box, air silencer, 
and oil store. On the same stand is a portable 
engine of 4 horse-power nominal. It has two vertical 
cylinders, mounted in marine fashion. 

Messrs. Samuelson and Co., Limited, Banbury, 
employ a 6% horse-power oil engine, made by 
Messrs. Griffin and Co., of Bath, to drive one of 
their positive blowers. A full account of this 
engine will be found on page 585 of our last volume. 
It does not seem to have undergone any modifica- 2 
tion since the date of our description. D) 

Messrs. Robey’s oil engines do not show much 
change. They have a large display, including a 
portable of 5 effective horse-power, which recalls the 
appearance of the ordinary portable very closely. 
It is mounted on the shell of a locomotive boiler, 
the firebox portion being utilised as a store for 
petroleum, and the barrel for the cooling water. 
They also show a 14 horse-power (‘effective horse- 
power”) portable, and a 5 horse-power stationary 
engine. 

Concerning gas engines there is very little to say. 
More and more makers enter the field, and the 
engines grow steadily larger. But they have 
already settled down into a fixed pattern; the 
Otto cycle has very nearly driven all the rest out 
of the field, and of the numerous patents that were 
taken out with a view of avoiding its use, but very 
few have any commercial value now. In spite of 
its most serious defect of providing only one effec- 
tive stroke in four, it still holds the field against 
competitors of more lavish promise. Naturally 
Messrs. Crossley Brothers have a large display, 
marked with their accustomed high finish. They : 
meet the growing competition by keeping up the 


quality of their work to the highest possible | and exhaust valve, which are placed alongside the | the ordinary self-starter, to get a powerful ex- 
pitch. Next to them are Messrs. Fielding and| cylinder. There is thus no side shaft. A self-|plosion in the cylinder. This is the largest gas 


Platt, of Gloucester, with an engine of 80| starter is provided, which is said to be able to set the engine on the ground, and is of capital workman- 
brake horse- power, and of a new pattern. 


i ; engine in motion under two-thirds of its full load. | ship. Messrs. J. E. H.. Andrew and Co., Limited, of 
From the crankshaft there is driven a short shaft, | A supply of compressed air is stored in a wrought- | Stockport, have somewhat modified their self-starter 
parallel with the crankshaft, and having on it an | iron receiver by the action of the piston when the) this year. The incandescent tube has now an inner 
eccentric and a cam, These drive the air valve | engine is stopping, and is used, in conjunction with | tube, one end of which communicates with the 
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is no attempt to copy the action of a spade in cut- 
ting out a spit, and turning it neatly over. On the 
contrary, the soil is completely pulverised, the 
ground travelled over per stroke being from 5$ to 
6} inches. In order to prevent the machine sink- 
ing into soft soil, the wheels are very large, 5ft. 9in. 
by 25 in. This machine has already done a large 
amount of work, having been let out to cultivate 
the farms in the neighbourhood of the maker’s 
works. It is capable of covering an acre an hour, 
and it is stated that the cost does not exceed that 
of ploughing by horses, while the quality of the 
work is greatly superior. 1nthe present depressed 
state of azriculture, cheap methods of working are 
to be welcomed. 

One of the good effects of the wandering charac- 
ter of the Royal Show is that it encourages local 
makers to commence to exhibit; they are thus 
able to try this form of advertisement without the 
expense of taking their goods to a distance. This 
year we find a new firm in Messrs. H. Lanceley 
and Son, of Chester, who show a number of good 
workmanlike engines. They also bring a table 
engine which they have had in their shops for more 
than twenty years, and which is noticeable for an 
interesting form of valve gear. The valve, as 
shown by the views on page 865, is driven from a 
crank on a small countershaft. This shaft has at 
its opposite end a second crank with a long slot in 
it. In this slot there works a stud on the side of 
the connecting-rod. By the combined action of the 
angular and lengthwise motions of the connecting- 
rod, the countershaft is rotated, the turning effect 
being such that it has a ‘‘dwell” at each end of 
the valve stroke, with a rapid motion between. 
We have not seen a diagram from this engine, but 
the mechanism gives the idea of a very rapid open- 
ing and closing. Possibly there may be some little 
inequality between the upper and lower ends of the 
stroke, but the motion is, at any rate, interesting 
at a time when so many gears are being tried. The 
engine has a cylinder 5 in, in diameter by 9 in. 
stroke. 

At one period, every year saw a new arrange- 
ment of springs, or of spring wheels, for road loco- 
motives, but for some time past it has seemed as if 
makers believed their engines did very well without 
springs. The matter is, however, now being revived 
by Messrs. John Fowler and Co., Limited, of 
Leeds, who are showing an arrangement of springs 
of a thoroughly practical character, and one which 
may be expected to avoid the sources of failure that 
has wrecked many of the preceding types. In the first 
place, strong elliptical springs are used, of the same 
type as those employed ina locomotive. These are 
placed under the firebox, athwart the engine and 
parallelto the axle. This latter is carried in axle- 
boxes sliding in horn plates, as is also the first 
motion shaft, the two sets of axle-boxes being 
rigidly tied together by bolts, so that the axle and 
the first motion shaft follow exactly the same 
course, rising and falling together. Further, to 
insure that there shall be no ‘‘ cross-winding” when 
one wheel passes over a stone and the other does 
not, a pair of compensating levers are mounted just 
above the spring, to insure that each half of the 
spring shall have the same deflection. As the crank- 
shaft is carried in bearings rigidly connected 
to the boiler, while the intermediate shaft can 
rise and fall relatively to the boiler, it is evi- 
dent that a special device is needed to keep 
the spurwheels, through which the motion is 
transmitted, properly in gear. This is effected 
by fixing a hollow stud to the engine frame, con- 
centric with and surrounding one end of the inter- 
mediate shaft. Oa this stud runs a wheel, gearing 
with the pinion on the crankshaft. The motion is 
transmitted from the wheel to the road spurwheel by 
a driving plate, which can slide in one direction on 
the one wheel, and at right angles to this direction 
on the other wheel. Hence it follows that while the 
crankshaft and the axle are changing the distance 
between the centres continually, the wheels always 
run true on their pitch circles. The front end of 
the locomotive is carried on a fore carriage, which 
allows a free movement of the wheels in every 
direction. 

IMPLEMENTS. 

A competition of sheaf-binding harvesters for 
three prizes of 501., 30/., and 201. respectively is to 
be held this year, the exact date to depend on the 
state of the crops. If this weather, or anything 
like it, should hold till the harvest, it will make the 
work of the judges very difficult, for the wheat will 
be so straight and level that even an inferior 


machine will deal with it perfectly. Most of the 
leading makers have entered their machines for the 
competition, but no new machines have been 
brought forward for the purpose. There has also 
been a sheep-shearing competition ; the two firms 
who entered, drove their shears, of the horse-clipper 
type, by an arrangement of shafts jointed together 
by universal joints which allowed free motion in 
any direction. The competitions excited a great 
deal of curiosity, and were attended by large crowds 
of townspeople, to whom the sight of sheepshearing 
was a novelty. The men whoconducted the opera- 
tions were particularly expert, and handled the 
animals with great ease in the Australian fashion. 

A very well arranged and handy mower, the 
‘* Adriance Buckeye,” is shown by Messrs J. and H. 
Keyworth and Co., of Liverpool. The leading 
feature is that the driver’s seat is at the end of an 
arm keyed to a part of the apparatus for lifting 
the knives. By putting his foot against a stop the 
man can raise the knives without using his hand, and 
is therefore more on the alert to ease his machine 
over difficult places than if he had to do so by 
means of a hand lever. 

For haymaking on irregular ground, Mr. T. T. 
Mallett, of Blagrove Farm, Glastonbury, provides his 
kicker with a cam which rides a few inches clear of 
the turf. Should either wheel drop into a furrow or 
a hole, the cam catches the ground and is drawn 
back, raising the forks a considerable distance. When 
the wheel rises the cam falls back, and the forks 
resume their former position. Another machine 
in which it is sought to attain a similar end, is shown 
by Messrs. G. ©. Ogle and Son, Ripley, near 
Derby. In this the forks are arranged on a hinged 
frame which has a wheel running on the ground 
and causing the points of the forks to follow its 
contour. In some instances the width of the 
machine is divided into two frames, each with a 
carrying wheel. 

Messrs. Blackstone and Co., Limited, of Stam- 
ford, have a large swath turner, capable of dealing 
with two swaths at once, while the horse walks 
between them. There are two forks, like those on 
kickers, set at an angle to the swath, and as the 
machine moves forward the forks turn the two 
swaths over on to the dry ground between them, 
exposing their wet undersides to the sun and air. 
The forks are driven by bevel gear from the axle, 
and can be set to turn the hay either way. The 
same firm have a horse rake, in which every 
alternate tine can be moved out of the way when 
fine raking is not required. 

A horse rake having the important features of a 
through axle, and means for lifting and lowering 
the teeth, is shown by Messrs. HE. and H. Roberts, 
Limited, Deanshanger, Bucks. At each end of the 
axle is an eccentric sleeve on which the wheel 
revolves, and by rotating these sleeves the height 
of the rakesis adjusted. The ‘‘switchback” hay 
turner and tedder of Messrs. W. N. Nicholson and 
Sons, Limited, Newark-on-Trent, has a peculiar 
motion imitating the action of the hayfork in the 
hands of a labourer. This is obtained by fixing a 
short crosshead to the end of the handle or shaft. 
To each end of the crosshead there is connected a 
link pivoted at its other end toa fixed point, one 
of these points, however, being above the other by 
a considerable distance. Hence as the fork rises 
and falls it must also rotate backwards and for- 
wards, and thus it turns the hay to expose the 
underside. 

Woodville’s hay press, exhibited by Mr. T. A. 
Wynne Edwards, Denbigh, is a very handy appa- 
ratus. It is fitted with three travelling wheels, 
and when it arrives at its destination it is placed 
up on end, the leading wheel being in the air. The 
truss is placed on the lower platform, and the upper 
platform allowed to run down, raising in its descent 
a counterbalance box filled with stones. Pressure 
is then applied by means of two racks gearing with 
pinions on a shaft on which is a ratchet pinion 
gearing with a pawl ona long lever. The requisite 
pressure can be obtained to bring the hay within the 
density required by the railway companies to obtain 
the best rate. The machine can be worked by one 
man, and set up by two. 

A novel method of sowing clover and rye grass 
is shown by Messrs. George Cotton and Co., 
Limited, Willaston, Crewe. Mounted on the back 
of the land roller is a long metal cylinder, 6 in., 
9in., or 12 in. in diameter, perforated with holes 
for the seeds to fallthrough. Over this is a second 
cylinder, similarly perforated, and by moving the 
outer one the sizes of the holes can be adjusted to 
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the amount of seed required to be spread. The 
revolving sower moves round with the roller, distri- 
buting the seed with regularity. 

A well-made potato-raiser is shown by Messrs, 
Powell Brothers and Whitaker, Wrexham. This 
comprises a share that cuts through and disintegrates" 
the ridge, followed by a revolving fork that catches 
and throws out the haulms and tubers against a light 
rotating screen which stops them and dropsthem into 
the furrow. A new type of potato-digger has been 
brought out by Mr. James Holt, of Dunham 
Massey, Cheshire. In it there are three revolving 
tables, each composed of a central boss and a num- 
ber of very light arms. One lies almost in a hori- 
zontal plane, one at an angle of about 30 deg., and 
one at 45 deg. The share or shovel delivers the 
potatoes on to one of these tables, which screen and 
deliver them on one side clear of the track. 

Last year Messrs. Ransomes, Sims, and Jefferies, 
Limited, of Ipswich, attracted much attention by 
their potato diggers and planters, and this year the 
same implements appear in an improved condition. 
Their general appearance is shown in the engray- 
ings on page 869, The digger differs from other 
potato diggers by being fitted with small ploughs 
or skimmers to throw out the potatoes, instead of 
the usual prongs or forks. The share in front 
passes under the tubers and loosens the earth, the 
transverse rotary digger then operating on the soil 
and crop. The diggers are placed on radial arms 
driven by the road wheels. The points of the 
ploughs go under the potatoes, and the breasts, 
with their easy turn, push the soil and potatoes on 
one side without damaging them, scattering the 
soil and leaving all the potatoes exposed on the 
surface. The machine is fitted with a screen of 
netting, not shown in the engraving, which has 
rotary motion imparted to it by gearing from the 
machine itself. This screen catches the potatoes as 
they are thrown out by the digger, and, in conse- 
quence of its rotary motion, separates the potatoes 
from the earth, and leaves them in the narrowest 
possible space for collecting. The planter is much 
as it was last year, the difference being in details ; 
it is constructed to plant two rows of potatoes at 
a time on ridge or flat. It has a large hopper with 
revolving discs, and is made to plant in rows from 
24 in. to 30 in. apart at pleasure, and at distances 
of 12in., 14in., or 16 in. in the rows. The 
potatoes are seized by revolving forks, carried up 
to the level of the spouts, then the forks are with- 
drawn, allowing the seeds to fall into the spouts. 

In these days, when the land is likely to get into 
bad condition in consequence of the impoverished 
condition of the farmer, an implement for dealing 
with weeds should prove valuable. Such a one is 
provided by Mr. T. Mayos, of Llangunnock, near 
Ross. It is a light plough which skims off the top 
surface. Behind the share come a set of rotary 
beaters, which catch the weeds and fling them out, 
at the same time separating them from the soil 
which clings to their roots. By this device the 
scutch and other injurious plants are left exposed 
to the sun, and die in a short time if the weather 
is hot. At other times they can be collected into 
heaps, and be disposed of more effectually by 
burning. 

In the neighbourhood of large towns turnip-tops 
have a considerable value as an edible vegetable, 
and thus receive more attention than in rural dis- 
tricts, where their use as food is often unknown. 
To aid in their collection, Messrs. William Glover 
and Sons, Limited, Warwick, provide a ‘‘ turnip 
topper, tailer, and raiser,” which includes a short 
set of vibrating knives of the type used in mowing 
machines, capable of being raised and lowered by 
rack and pinion, and a light share. The imple- 
ment is mounted on wheels, which run in the 
furrows, and drive the knives through a pitched 
chain. 

For the application of insecticides, Mr. W. W. 
Cousins, of 142, Strand, London, has a tank 
mounted on wheels, and provided on the axle with 
cams which work bellows to provide an air pressure 
to force out the liquid through the nozzles. Straw- 
sons, Limited, 77, Queen Victoria-street, E.C., 
show a new implement for spraying potatoes. The 
liquid is carried in a barrel on wheels, and is dis- 
tributed by nozzles fixed to pipes on a widely ex- 
tending framework attached to the rear of the 
vehicle, so that a broad area can be covered at 
each passage. The pressure is obtained by a pump 
driven off the axle, and is equalised by the use of 
rubber tubes to the various spraying nozzles. 

Hall’s drill is shown for the first time by the East 
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Yorkshire Cart and Wagon Company, Limited, 
Beverley. It is intended specially for artificial ma- 
nures, which are very liable to aggregate and stick, 
especially if they are damp. The manure is fed to 
each of the three nozzles by rotating spoons in the 
usual way; it falls first into a box of consider- 
able size, in which is a reciprocating scraper, con- 
stantly working the manure towards the delivering 
orifice in the middle. Under this orifice is a 
wheel having compartments around its periphery ; 
each compartment fills with manure, and as it 
moves to the underside tips its contents down a 
spout. To insure their delivery, the bottom of the 
compartment is raised by a cam to the surface of 
the wheel, and is passed under a scraper, which 
thoroughly cleanses it. The machine is capitally 
well made, and should stand a great deal of service, 
while it is calculated to do its work with accuracy 
and certainty. 

Messrs. J. and F. Howard, Bedford, have made 
some alterations in their straw trusser, for binding 
up the sheaves as they leave the thresher. It now 
works without a travelling canvas, which is an im- 
provement, and is fitted with a throw-out motion 
by which the packers can be stopped while the 
string is being knotted. Some of these machines 
put one band round the sheaf, and some put two. 

Much money has been spent at various times in 
producing a corn screen that would automatically 
release the grains that get wedged between the 
wires. Generally this end is attained by means of 
a brush running in contact with the screen, but this 
is a method which requires very considerable atten- 
tion, and often gives trouble. At last, however, it 
seems as if a practicable arrangement had been 
devised. In the screenshown by Messrs. Hornsby 
and Co., of Grantham, the wires separate as they 
reach their highest position, and allow any grains 
that have been caught between them to become 
disengaged and fall down. The sieve is, of course, 
cylindrical and inclined; it is formed of wires 
wound helically, and bound together with other 
wires. At each end it terminates in a ring or 
wheel connected by arms toaboss. This boss runs 
on a stationary hollow spindle, set at an angle to 
the axis of the screen, and consequently the end of 
the sieve is not square with the body of it, the 
upper side of the sieve being the longer. The 
elastic construction of the helical wire cylinder 
allows it to draw in and out freely as it rotates, and 
thus to constantly vary the sizes of the interstices 
between the wires at each revolution. 


Datry. 


We remember seeing a machine for milking 
cows, by aid of an air pump, in the Great Exhi- 
bition of 1862. In spite, however, of the inven- 
tor of that apparatus, and all his followers 
since, the cow is still dependent on the gentle 
ministrations of the milkmaid to ease her of her 
ever-recurring burden. Whether this will continue 
to be the case we do not know, but nearly every 
year some one comes forward with a mechanical ap- 
pliance to replace hand milking. This time it is Mr. 
John Gray, of Stranraer, Wigtown, who essays the 
task. He has a small rotary pump, of the Roots’ 
blower type, exhausting a tin vessel. From this 
there proceed rubber tubes with branches to which 
four flexible pipes can be attached. These pipes 
each end with a horn-shaped cup, furnished with 
an indiarubber lip. One cup is slipped on to each 
teat of the cow, and the suction is applied. A 
pulsating action is obtained, something resembling 
that of the milkmaid’s hand, by means of a trap 
containing liquid. This is alternately drawn up 
and falls back, like a drop of water in a gas pipe, 
and produces a gurgling effect which is conducive to 
the milking operation. This apparatus has the ad- 
vantage of excluding hairs and dirt from the milk, 
but the inside of the tubes will need to be scrupu- 
lously cleansed, or they may introduce ferments 
more injurious than the visible impurities of the 
shippon. 

Churning is usually a slow process, and an attempt 
to hurry it generally produces an inferior product, 
But Mr. J. H. Duncan, 39, Coleman-street, E.C., 
showsa churn of the utmost simplicity, which brings 
good butter insome five minutes or less. A thin 
wooden disc, tapered to a knife edge, is driven at a 
very high speed by acrank handle and gearing. Its 
lower edge lies in the cream, and it is covered by a 
wooden hood. In its rotation it picks up the 
cream, and then flings it off at a high velocity into 
the hood, the impact breaking the fat globules and 
converting them into butter granules. As soon as 


these are formed the disc ceases to pick them up; 
and hence they do not get over-churned, or con- 
verted into the greasy mass that is produced in 
some dairies. The machine was shown in action, 
and the butter produced was of high quality. An- 
other quick churner is made by placing a small 
four-pronged fork in the delivery of a centrifugal 
separator, the butter cells being broken by impact 
as they pass through it. This is shown by Messrs. 
Harrison and Co., Pentonville-road, London. As 
we once pointed out before, the most favourable 
conditions of temperature for separating are not 
the best for churning, and hence the attempt to 
combine the two operations is attended with dis- 
advantages. 

The concentration of the dairy business in fac- 
tories and in the hands of large supply companies 
renders it essential that there should be an easy 
and rapid method of testing milk and cream. This 
is usually done by placing the samples in test tubes, 
with or without acid, and subjecting them to cen- 
trifugal force to separate the various elements they 
contain. To enable this process to be carried out 
to the greatest extent, Messrs. Watson, Laidlaw, 
and Co., Glasgow, manufacture a whirling machine, 
shown by Messrs. Freeth and Pocock, of Wands- 
worth-road, London, in which the tubes are placed 
in inclined holes around a shallow vessel filled with 
water. ‘The water and the milk are subject to the 
same centrifugal force, and hence there is practically 
no strain on the glass. Sixteeen samples can be tested 
at once, and the speed may be pushed up to 10,000 
revolutions per minute. Fora similar purpose the 
Dairy Supply Company, Limited, Museum-street, 
Bloomsbury, London, show the Laval Butyrometer, 
in which eighty tests can be conducted at the same 
time. Dr. Laval’s great reputation as a dairy ex- 
pert is guarantee of the efficiency of this machine. 
A small machine, dealing with four samples at 
once, is shown by Messrs. R. A. Lister and Co., of 
Dursley. This is for testing the amount of butter 
fat in new milk, skim milk, or whey, the material 
being first mixed with sulphuric acid, which dis- 
solves everything except the fat. 

A machine that should find an immediate market 
is the butter pat cutter of Messrs. William Hicks 
and Co., Oval-road, Camden Town, London. The 
butter is pressed out of a tube, forcing the print 
before it. When the requisite thickness of butter 
is exposed, the print is removed, a circular slice of 
butter cut of by a wire, and the pat deposited ona 
grid. There is room on this for ten pats, and 
when these are placed on it, the grid is lifted up 
and turned over, depositing the pats, right side 
up, on a cloth or other receptacle. It is stated 
that an operator can produce 2500 pats per hour. 
For the larger operation of making 4-lb. lumps, 
Messrs. R, A. Lister, of Dursley, show an appli- 
ance which recalls the brick-making machine. The 
butter is pressed out of ‘a cylinder through a die, 
and under a wooden roller engraved with the 
‘‘print.” -When a certain length is extruded a 
frame fitted with wires is pressed across the butter, 
and it is cut into }-lb. pieces. There are usually 
three dies to each cylinder, and three rolls of 
butter are delivered parallel to each other. It is 
stated that 1000 to 4000 half-pounds can be turned 
out per day. An implement acting on much the 
same principle is shown by Messrs. Harrison and 
Co., Pentonville-road, London. In this the cylin- 
der and piston is replaced by two screws which also 
serve to work the butter. 


MIsceLLANEOUS. 


This Show is prolific in new patterns of weigh- 
ing machines, although the differences from exist- 
ing forms are not striking. Messrs. Alexander 
Wood and Sons, of Glasgow, have a cattle weigh- 
ing machine with a dial for auction marts, and 
another machine which can be changed at a 
moment’s notice to accommodate either cattle or 
carts. Messrs. H. Pooley and Son, Liverpool, 
have a weighbridge fitted with sockets, by aid of 
which a pen can be rapidly erected for the weigh- 
ing of cattle ; also a farmer’s weighbridge which 
prints the weight on the ticket. Messrs. W. and 
T. Avery, Birmingham, also show new machines 
for weighing cattle, for grain, and for flour. 

There are always a few turbines at the Show for 
the use of farmers and small millers, and this year 
a modified form of Pelton wheel makes its appear- 
ance on the stand of Messrs. Carrick and Ritchie, 
Edinburgh. This isan exceedingly cheap and simple 


appliance, and economical when considerable head | 


can be obtained. It is not well suited for small 


falls. Mr. C. L. Hett, of Brigg, also shows an 
18-in. Pelton wheel, in addition to a number of 
turbines. He has also a centrifugal pump of new 
design in which the disc can be withdrawn for ex- 
amination without disturbing the suction or delivery 
pipe. Behind the stufting-box is a chamber into 
which water under pressure is admitted to prevent 
air leakage. 

The very useful bifurcated rivet, illustrated on 
page 627 of our fifty-second volume, is shown by the 
Bifurcated Rivet Company, Limited, of Warring- 
ton. It can be driven through a belt, or a piece 
of harness, without punching a hole, and can be 
clenched without a washer. It is a most handy 
appliance, both for the mechanic and the farmer. 

This year the Hardy Pick Company, Limited, of 
Sheffield, have brought anew form of disintegrator, 
in addition to the very successful type which they 
have been accustomed to show, and which took 
the first prize in the competition at Plymouth. 
The construction is shown by the section on page 
869, where it will be seen that four disinte- 
grators are placed side by side on the same shaft. 
In each compartment there is a boss with steel 
arms revolving in a chamber lined with chilled iron 
serrated plates, all the chambers being in commu- 
nication, as shown, The material to be ground is 
fed into the smallest chamber, and then proceeds 
gradually to the largest. The beaters produce a 
through draught, which follows the course of the 
material, carrying the particles forward, and 
eventually delivering those of sufficient fineness at 
the larger end. During the whole course the 
particles of material are subject to ceaseless percus- 
sion on the hard linings of the chamber, until they 
are finally broken to microscopic dimensions. It is 
stated that the most unlikely materials can be suc- 
cessfully treated. Maize can be ground to the soft- 
ness of wheat flour, while rags, leather, glue, husks, 
leaves, and fibres can all be reduced to the greatest 
tenuity. 

The cyclone pulveriser, from 9, Fenchurch 
Avenue, London, is shown on the next stand. It 
is supplied with a pneumatic separator and exhauster 
delivering into an exhaust room. The particles, 
when sufficiently fine, are carried away by the 
draught and deposited in the room. 

There are generally one or two windmills of the 
American pattern at the Royal Show, usually 
fitted with pumps for farm or estate use. This 
year, however, there is a considerable increase in 
their numbers. Messrs. A. Williams and Co., of 
Great Eastern-street, London, who have recently 
excited the opposition of the London County 
Council, as is related in another column, by the use 
of a windmill which was alleged to be a ‘‘ sky sign,” 
show a Halliday mill with a sail 10 ft. in dia- 
meter. Mr. C. Cadle, of Dublin, exhibits a mill of 
the Aérmotor Company, of Chicago. This, as 
shown by the view on page 868, is fixed on a 
tower which is pivoted about its centre, in order 
that the mill may be lowered for viling and repairs. 
This is a feature of some practical importance, as, 
if the mechanic in charge of the mill dislikes climb- 
ing to giddy heights, the mechanism is likely to go 
very short of oil unless it can be readily lowered. 
Messrs. McKenzie and Sons, of Liverpool, show a 
mill by the Wind Engine Company, of New York ; 
Mr. J. W. Titt, of Warminster, a ‘‘ Simplex ” wind 
engine ; and Messrs. R. Warner and Co., of Wal- 
ton-on-the-Naze, a ‘‘ star” windmill. 

There are several new machines this year for 
brickmaking, particularly for pressing. Mr. T. C. 
Fawcett, Hunslet, Leeds, has slightly modified his 
well-known duplex lever machine, which will make 
finished pressed bricks from shale and clay ina 
semiplastic or dry state. Mr. William Johnson, 
Armley, Leeds, shows his cutting-oft table, in which 
the table and cutting-off wires travel with the 
clay columns, thus preventing waste ends being 
made. Messrs. Pullan and Mann, Leeds, show a 
new press, worked by power, but arranged with a 
knock-off motion which stops it at each revolution 
to enable the bricks to be taken away by hand. All 
the bricks are made exactly to the same thickness, 
any variation in the amount of clay affecting the 
depth of depression in each face only, and not the 
edges. To this end the discis made in two parts, the 
outer part having a positive stroke, and the inner 
part being carried ona spring that can give way a 
little. Messrs. Bradley, Craven, show a screw press 
with automatic reversing gear. Messrs. Samuel 
Jefferies and Sons, Dudbridge, Stroud, again ex- 
hibit their automatic brick-cutting table and brick- 
removing apparatus, which we mentioned fayour- 
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ably last year. We hope to illustrate them next 
week. Stone breakers always secure a good deal of 
attention at the Show by the noise they make, but 
they seldom exhibit much change. This year, 
however, a new pattern is shown by Mr. W. H. 
Baxter, of Leeds; it is portable, all the parts, in- 
cluding the screens and elevator, being carried on 
the wheels without other framing. The broken 
stone is first passed through a fine rotary screen 
to take out the chippings, and is then elevated to 
a second screen, which sorts it into sizes and de- 
livers into carts, while the tailings go back into the 
machine to be rebroken. It is claimed that three- 
pence per ton is saved in labour by the arrange- 
ment of this machine. 

The Pulsometer Engineering Company, Limited, 
of Nine Elms, London, exhibit an ice-making 
machine which is wonderfully compact and simple, 
occupying a space of only 8 ft. 6 in. by 6 ft. by 
3 ft., and capable of making 10 cwt. of ice per 
twenty-four hours. It is especially suitable for 
dairies, hotels, and small cold rooms. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 16. 

Tue American iron trade is active, and prices are 
firm. Pig iron is selling freely at 15 dols. to 15.50 
dols. tide water for best No. 1, 14.50 dols. for No. 2, 
and 13.50 dols. for forge. Steel billets are firm at 24 
dols. for western, and 24,50 dols. and 25 dols. for 
eastern, Steel rails 29 dols. for standard to 34 dols. 
and 36 dols. for light. Beams, tees, and channels 
40 dols. per ton, Merchant bar mills are busy east 
and west. The Amalgamated Association of Iron- 
workers have resolved on 5.50 dols. per ton for 
puddling, the former rate, which probably means fight. 
The manufacturers have declared they will not pay it. 
The industries are all doing well, especially locomo- 
tive car and general machinery building. A more 
active demand will present itself after July 1. Pipe 
mills secure considerable work. All manner of shop, 
mill, and agricultural equipments are in fair request. 
Structural and plate mills will be kept busy through- 
out the summer months. 


Soorty or Arts. —The Council have awarded the 
Society’s silver medal to the following readers of papers 
during the session 1892-93 :—At the ordinary meetings : 
To James Douglas, for his paper on ‘‘The Copper Re- 
sources of the United States.” To William Key, for his 
paper on ‘‘ The Purification of the Air Supply to Public 
Buildings and Dwellings.” To Professor Frank Clowes, 
D.Sc., for his paper on ‘The Detection and Estimation 
of Small Proportions{of Inflammable Gas or Vapour in 
the Air.” To Thomas R. Dallmeyer, for his paper on 
““Tele-photography.” To Gisbert Kapp, for his paper 
on ‘‘Some Economic Points in Connection with Electric 
Supply.” To H. Van der Weyde, for his paper on ‘‘ The 
Pictorial Modification of Photographic Perspective by 
the Use of the Photo-Corrector or Visual Lenses in 
Portraiture and Landscape.”—In the Indian Section: 
To Herbert Thirkell White, I.C.S. (Burma), C.I.E., for 
his paper on ‘‘ Upper Burma under British Rule.” To J. 
Barr Robertson, for his paper on ‘‘The Currency 
Problem,” To Sir Juland Danvers, K.C.S.I., for his 

aper on ‘‘Indian Manufactures : their Present State and 

rospects.”—In the Foreign and Colonial Section: To 
Cecil Fane, for his paper on ‘‘ Newfoundland.” To 
H. A. McPherson, for his paper on ‘‘The Philippine 


Dovsie-CyLinpER Om Enoinz wire Setr-Srartinc Devicy, By Messrs. Prigstman Broruers, Hurt. (See Page 863.) 


Bu 


WINDMILL BY Messrs, C, Capie AnD Co., Dusiin. (See Page 867.) 


JUNE 23, 1893. ] ENGINEERING. 


869 


EXHIBITS AT THE CHESTER SHOW. 


TU 


AN 


ANN 


Porato Pranrer By Messrs. Ransomes, Sims, AND JEFFERIES, Limtrep, Ipswicu. (See Page 866.) 


Potato Diccrr py Messks. Ransomes, Sims, AND JEFFERIES, Limtrep, Ipswicu. (See Page 866.) 


Oil Chamber \ 


0// Chamber ! ties Srey 


1676 ‘ 
DIsINTEGRATOR BY THE Harpy Parent Pick Company, Limirep, SHEFFIELD. (See Page 867.) 


Islands.” To W. B. Perceval, Agent-General for New| in Egypt.’ A vote of thanks was passed to Sir Edward 
Zealand, for his paper on ‘‘ Aspects of Federation from a | Braddon and Mr. Dredge (who, as members of Council, 
Colonist’s Point of View.”—In the Applied Art Section : were ineligible to receive medals) for the following papers: 
To Hugh Stannus, F'.R.I.B.A., for his paper on ‘The | To Sir Edward Braddon, K.C.M.G., Agent-General for 
Theory of ‘Storiation’ in Art.” To Wilton P. Rix, for Tasmania, for his papers on ‘‘ Australasia as a Field for 
his paper on ‘‘ Pottery Glazes: their Classification and | Anglo-Indian Colonisation,” and “‘ Russia as a Field for 
Decorative Value in Ceramic Design.” To Professor | Tourists,” To James Dredge, for his paper on ‘‘ The 
W. M. Flinders Petrie, for his paper on ‘‘ Primitive Art | Chicago Exhibition, 1893,” 


THE METRIC SYSTEM. 
To THE Eprtror or ENGINEERING, 

Srr,—There can be no reasonable doubt that Govern- 
ment could at once, and with great public advantage, 
take decisive steps towards the metric system of weights 
and measures. J 

Allow me to point out that we should proceed, first, in 
directions where advance is easiest, and that we should 
instruct the public by object-lessons rather than words. 

Why is the medical profession not approached on the 
subject? For some years all members of it, including 
apothecaries, have been trained in the metric standards. 

They could adopt the system at once without difficulty, 
and their practice would be an excellent lesson to the 
public, just as the practice of neighbouring nations is 
compelling attention in this matter from even the most 
stubborn Jingoes. 

The Government of India could, if it chose, give this 
country a striking object-lesson by adopting the new 
system for the offices and railways of India, just asa 
different one was established some years ago, without 
any particular superiority either as regards custom or 
utility. Just at present the matter is under official con- 
sideration in India. 

There is little doubt that the United States will soon 
adopt this reform, and if she does Canada will be forced 
to go with her. 

The movement will progress slowly in this country if 
we confine ourselves to the ordinary modes of agitation, 
and if we work in directions where apathy or obstruction 
are strongest. At present, as I have said, India and the 
medical profession offer the best promise of aid. 

Yours faithfully, 
J. H. Twiee, 
Late of the Bengal Civil Service, 


THE REPORT OF THE ADMIRALTY BOILER 
COMMITTEE. 
To THE EprToR OF ENGINEERING. 

Srr,—In your first article on the Report of the Admi- 
ralty Boiler Committee, you mention that ‘‘the Com- 
mittee wisely discountenance the disconnecting of the 
low-pressure engine for the purpose of reducing power.” 
Unfortunately you do not favour us with your reasons for 
agreeing with the Committee on this point. I have heard 
something about ‘‘ giving up the advantages of triple 
expansion at low speeds,” but it seems to me possible to 
do so quite as much by attempting to work at, say, 500 
indicated horse-power, with engines capable of developing 
6000, as by disconnecting the low-pressure engine, and 
working the other two cylinders with double expansion. 
There is no magic in triple expansion per se, and it is only 
under equally good conditions that we can expect better 
results from triple than from double-expansion engines. 

I am tempted to think that many engineers fail to 
realise all that is involved by reducing a modern cruiser 
from full to half-speed, and the enormons reduction of 
indicated horse-power required; and I shall ask you to 
kindly let me lay before you a few figures, hoping you 
will then favour us with your views on the subject. 

Let us take the first-class cruiser Edgar as an example. 
From the interesting analysis of her progressive trials, in 
ENGINEERING for January 15, 1892, we find that with 
about 13,000 indicated horse-power a speed of nearly 21 
knots was obtained at about 105 revolutions, and at 
45 revolutions a speed of 9.65 knots was got with 920 indi- 
cated horse-power (corrected for draught). So that 
20 knots would require about 12,000 indicated horse-power 
at 99 revolutions, and 10 knots about 1000 indicated horse- 
power at 47 revolutions. Thus we have to reduce the 
power of each set of engines from 6000 at 99 revolutions 
to 500 at 47 revolutions, viz., in the ratio of 12:1. The 
piston speeds will be as 2.1: 1, and dividing 12 by 2.1 we 
get 5.7; therefore, as we have the same piston areas to 
deal with in both cases, it is evident that the ‘‘ equiva- 
lent mean pressure per square inch of low- pressure 
piston” (which has puzzled The Engineer) will have to 
be reduced in the ratio of 5.7 to 1.0. Now, 6000 indicated 
horse-power from an engine with an 88 in. low-pressure 
cylinder and 4 ft. 3in. stroke at 99 revolutions per 
minute, gives about 38.6 lb. equivalent mean pressure ; 
and dividing this by 5.7 we get 6.8 lb. ; corresponding to 
about 10 lb. mean pressure in the high-pressure cylinder, 
5 lb. in the intermediate pressure, and 2.5 Ib. in the low- 
pressure cylinder! Do you really think it possible to 
obtain any economical results from a triple-expansion 
engine with such pressures as these? Then, how are we 
to reduce the pressures to this point? Before investigat- 
ing this matter, let us first see what the 38.6 lb. above 
mentioned, means. 

I find that, generally, at full power, the initial pressure 
in the high-pressure cylinder does not exceed 150 lb. abso- 
lute. The steam is cut off about three-quarter stroke, and 
the cylinder ratiois about4.85; giving a nominal expansion 
of about 64times. The fall of pressure during admission 
is often 20 per cent., which is equivalent to a cut-off at 
initial pressure of 60 per cent., giving a virtual expansion 


of #85 — g 08 times. Talso find the “ diagram factor,” 


Actual equivalent mean pressure 


‘Theoretical mean pressure 
to .70 calculated from hyperbolic expansion, 

Now 150 lb. steam expanded hyperbolically eight times 
gives 57.7 lb. mean pressure; and taking a diagram 
factor of .67 gives us 38.6; corresponding to the value 
found from 6000 indicated horse-power at 99 revolutions. 

Let us now see how we are to reduce this 38.6 lb. to 
6.8 1b. How much can we link up, and how early can we 
cut off? I doubt if we can advantageously go below an 
actual cut-off of, say, 25 per cent., which, if we assume 


Viz, » varies from .65 
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tion. The drawing was only intended to give a general 
idea of the principle of construction, and I have no doubt 
a still better form of coupling could be designed. I must 
apologise for the length of this letter, and can only plead 
the number of points that have to be borne in mind. 
I am, Sir, yours faithfully, 
J. JENNINGS CAMPBELL. 


about the same amount of wire-drawing during admission 
as before, will give a virtual cut-off at 20 per cent. or a 
little earlier ; and a total expansion from initial pressure 
of, say, twenty-five times. : 

Steam at 150 lb. absolute expanded hyperbolically 
twenty-five times, gives a theoretical mean pressure of 
25.3 lb. Now, what with earlier release and compression, 
probable increase of loss between cylinders, &c., the 
‘‘diagram factor” will certainly be less than at full 
power. Assume it to be as low as .54; then we get an 
equivalent mean pressure of 25.31b. x .54 = 13.66 lb.; 
or double what we require to develop 500 indicated 
horse-power at 47 revolutions. The only way then of 
reducing this to 6,8 lb. is by reducing the initial pressure 
in the high-pressure cylinder to 75 1b., instead of 150 lb., 
either by working at lower boiler pressure or throttling. 

I should much like to see a set of the Edgar’s cards 
when indicating 1000 indicated horse-power collective at 
10 knots. 

The particulars you publish in your last issue of the 
trials of Schichau’s Russian torpedo cruisers show that at 
200 to 220 revolutions, and 3000 to 3600 indicated horse- 
power, the coal consumption is about 1.35 1b. per indicated 
horse-power per hour; while at 80 to 120 revolutions, and 
400 to 950 indicated horse-power, it is about 1.75 lb., an 
increase of about 30 per cent. And, as our cruisers use 
over 2 lb. at high powers, the probable consumption at 
10 knots would be about 2.5 lb., a poor result from triple- 
expansion engines. 

Now let us see what can be done with double-expansion 
engines under favourable conditions. 

In fhe Engineer for January 30, 1891, is a full account 
of some torpedo-boats, built and engined by M. Normand, 
of Havre, with drawings of engines and boiler, and record 
of 10-knot speed trials of one of them, also a pair of 
diagrams, These trials lasted two days, eight hours each 
day, and were ordered in consequence of the incredibly 
small consumption shown on the official six hours’ low- 
speed trials of three previous boats. The average of the 
16 hours trials gave a consumption of .462 kilo. per French 
horse-power=1.03 lb. per English indicated horse-power ; 
and, if an allowance is made for possible difference in 
state of fires, or water level, and the coal taken at .5 kilo. 
per French horse-power, it only gives 1.117 lb. per English 
indicated horse-power (not 1.25, as The Engineer makes it), 
a truly wonderful result. Much of the economy of these 
boats is attributed to the boiler, which is said to have an 
efficiency of 75 per cent. ; but even if these engines had 
been supplied by a less economical boiler, say 65 per 
cent. efficiency, the consumption would only have been 
raised to 131b., well within the results usually obtained 
from triple-expansion engines. In your pages for 1871 you 
will also find some good results from compound engines 
at low powers in the cases of the Briton and Tenedos. 
At any rate it seems possible to obtain better results from 
a donble-expansion engine properly proportioned to the 
work to be done than from a triple-expansion engine 
many times too large. 

To return to M. Normand’s engines. They had 
cylinders 17.8 in. and 27.25 in. in diameter, and ran on 
the low-speed trials at 391 ft. piston speed, with only 
60 lb. in the boiler, reduced to about 45 lb. or 60 lb. abso- 
lute initial pressure in high-pressure cylinder. The 
cylinder ratio is 2.48 to 1.0. The diagrams at the low 
speed were very good on the whole. They show a 
mean actual cut-off at about 29 per cent. of the stroke; 
andthe virtual cut-off at initial pressure, due to wire- 
drawing during admission, is about 25 per cent. The 
indicated horse-power was 114. 

Now, presumably, we could obtain similar cards from 
engines of larger size, with about the same piston speed ; 
consequently, with the same diagrams it would require 
cylinders about 36 in. and 57 in. at 400 ft. piston speed 
(4ft. 3in. x 2 x 47) to indicate 500 indicated horse- 
power. 

The high-pressure and intermediate-pressure cylinders 
of the Edgar are 40 in. and 59 in. respectively, which are 
fairly near thesize required, The ratio is, however, only 
2.175 to 1, instead of 2.48 tol ; which would necessitate a 
somewhat earlier cut-off in high-pressure cylinder—viz., 
about 25.5 per cent. instead of 29 per cent. This would 
not appreciably affect the diagram factor; and the only 
question is whether it might be worth while having the 
high-pressure and intermediate-pressure cranks at 90 deg. 
instead of 120deg. To ascertain this it would be neces- 
sary to work out, approximately, the turning efforts in 
the two cases. Judging from some cards I have worked out, 
it would not surprise me to find that the 120 deg. gave 
better turning efforts than the 90 deg. When we take 
the question of internal friction of engines into account, 
the advantage would seem to lie with the double-expansion 
working. The only objections to this method that I can 
see are, first, a little extra complication in the arrange- 
ment of steam and exhaust pipes of intermediate-pressure 
and low-pressure cylinders ; and, second, the difficulty of 
getting a satisfactory form of coupling for connecting and 
disconnecting the low-pressure engine from the others. 
Such a coupling must ke capable of being connected or 
disconnected quickly and easily ; and should also allow the 
two parts of crankshaft to work out of line when the 
high-pressure and intermediate-pressure portion wear 
down after cruising for a long time with the low-pressure 
engine at rest. This latter objection, however, applies 
just as much to the machinery of the Blake and Blenheim ; 
and I think think there is little doubt that our engineers 
would very soon find an adequate solution of this diffi- 
culty if required. Ina paper on ‘‘ Engines for Ships of 
War,” which I had the honour of reading to the North- 
East Coast Institution of Engineers in November, 1891, 
a copy of which I believe you possess, I gave a rough 
sketch of a coupling which was designed to fulfil the 
above conditions, and which I have since seen means of 
slightly improving, in regard to facility of disconnec- 


Newcastle, June 8, 1893. 

P.S.—By the way, Sir, is there not an error in your cor- 
rection of the power for change of draught in the Edgar’s 
trials? The increase of draught is 2.27 per cent., and 
you state that this will increase the wetted surface about 
43 per cent. It seems to me that if the immersed cross- 
sections were all triangles, the wetted surface would in- 
crease directly with draught, while, if they were rect- 
angles, only the vertical portion of the wetted surface 
would so increase ; and I should imagine that in an actual 
ship 2.27 per cent. increase of draught would only in- 
crease the wetted surface about 1.8 per cent. to 2 per cent. 


PNEUMATIC RIVETING MACHINE. 

To THE Eprror oF ENGINEERING. | 
Srr,—In your issue of May 26, page 749, we notice the 
letter from your correspondent ‘‘ Alpha” asking you to 
furnish him witb formula for obtaining the pressure upon 
the rivet when closed by the pneumatic riveting machine, 
and accompanied by a sketch of the machine and a dia- 
gram of its toggle levers (Figs. land 2). In your reply 
you suggest that as ‘‘the leverage of the machine at any 
moment is, of course, equal to the ratio of the motion of 
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the piston divided by the motion of the rivet bar” 
(or plunger), the best way to proceed would be by the 
graphic method, and adopting the proportions of levers 


give as the final leverage a proportion of about 11} times. 
This is a result very much below what is obtained in 
actual practice, even without taking into account the loss 
due to friction, and is likely to give a wrong impression 
of the efficiency of these machines. 
It will be obvious that the multiplying power of this 
combination of toggle levers depends upon the difference 


lever B C (Fig. 2, page 749), together with the length of 
the stroke of the piston working in combination with 
them, and if the particulars supplied by your corre- 


and stroke of piston furnished by your correspondent, you. 


between the length of the side levers B, D and the toggle | 


—————— SS 
spondent of the length of these levers had been propor- 


tioned to what are used in practice, the result of the  __ 
leverage would have come out very much in excess of _ 


what you give. 


give (Fig. 2) the proportions are as 22 to13. When the 
stroke of the piston is 11 in. the side levers B, D are made 
18 in. long from centre to centre and the toggle lever B G 
12 in. long. These are the dimensions most generally 
adopted in machines made to work upon rivets from 2 in, 
to g in. in diameter, and for such work it is our practice 
to use pistons 10 in. in diameter by 11 in. stroke. With 
air pressure from 60 1b. to 65 lb. per square inch it hag 
been found from actual experiment that the pressure 
upon the rivet amounts to from 32 to 36 tons. ¢ 
Accompanying this letter we send you a diagram (Fig. 1), 
dvawn to full size [reduced to one-fourth in our engraving, 
—Ep. E ], representing graphically the ratio of advance 
of the plunger for each one inch of travel of the piston 
when toggle levers and stroke of piston are adopted of the 
same proportions as above named, and from this it will 
be seen that the increase of power during the final por- 
tions of the stroke of the piston is much more than that 
givenin your diagram, amounting to asmuch as 50 tol 
during the last inch of its travel. ‘ 


requisition, because by the time the piston arrives at the - 
points 9 or 10, the rivet head, though not perfectly formed, 
requires almost as much pressure as the perfected head, 
and after passing this point the small additional travel of 
the plunger is taken up partly by the springing of the 
riveter frame. =e 

We also inclose you a diagram (Fig, 2) plotted out from 
the above data corresponding to your diagram (Fig, 3), and 
you will note the difference in the two curves, Also a 
Table showing the results of a series of experiments made 
to ascertain the effective pressure of the riveting cup 
upon the rivet with varying pressures of air. 

Yours truly, ~ 
Der Brreun and Co., Limrrep. 
Frank Jackson, Manager, 
Strangeways Iron Works, Manchester, June 14, 1893, 


Pneumatic Riveting Machine. 


Result of experiments made to ascertain the tons pressure 
upon rivet corresponding to air pressure in pounds per 
square inch when worked by a piston 10 in. in diameter 
by 11 in. stroke. ; 
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[Our note was merely intended to indicate a convenient 
method by which our correspondent could ascertain for 
himself the true leverage, We mentioned at the time 


Tn all the machines that we have supplied the propor- af in 
tions of the levers are as 3 to 2. In the diagram you __ 
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This great leverage is, however, hardly ever called into ca 
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_ that the sketch he sent us was on too small a scale for 
accurate work, and we have to thank Messrs. De Bergue 
and Co., Limited, for sending us the accurate diagram 
which we reproduce. The diagram (Fig. 2) is not, how- 
ever, drawn on the same plan as ours, as it gives travel 
instead of leverage.— Ep. E.] 


LIGHTNING CONDUCTORS. 
To THE Eprror oF ENGINEERING. _ 

Srr,—An accident which took place a short time ago 
in one of the large Silesian foundries, and which almost 
proved of disastrous consequences, has induced the owners 
of the ‘‘ Carls Works,” in Bunzlau, Silesia, Germany, to 
make a rather ingenious invention, to which public atten- 
tion ought to be turned, the question being of importance. 

Some time ago the heavy iron bar at the upper end of 
the lightning conductor of one of the bigh chimneys in 
the foundry, fell from its considerable height, and caused 
great damage. The reason was that the vapours escaping 
from the mouth of the chimney had completely destroyed 
the lower part of the iron bar. In another case, where 
the bar was of copper, the lower part became completely 
oxidised, and the bar bent over and fell. Owing to 
the ever-varying composition of the coal, containing, for 
instance, greater or smaller quantities of pyrites, and 
developing therefrom sulphurous acid by combustion, 
there must always be danger of complete oxidation and 
falling down of the lightning-bar, The question is now, 
how to stop this inconvenience? 


The Carls Works, Bunzlau, in Silesia, Germany, have 
met the case in the following ingenious way: The metal 
bar, being, as a rule, about 4 ft. in length and 1 in. in 
diameter, is surrounded or inclosed by a system of 
glass tubes of a special form. The interval between 
metal and glass is filled up by a special kind of cement. 
The upper end of the highest tube is covered hermetically 
by a small conical glass, allowing only the platinum point 
of the bar to project. 

The advantageof theconstructionisobvious. Theglassis 
not susceptible to the influence of atmospheric or chemical 
influence. But there is still a second point worthy of 
consideration. As a matter of fact, any metal will lose 
more or less its quality of conducting electricity by oxida- 
tion of even only its surface; thus in time the whole 
lightning conductor may become useless. To prevent 
even the slightest oxidation, the above apparatus is suit- 
able. So the Carls Works system, as described, will 
prove of the greatest advantage for protecting lightning 
conductors, whether on high chimneys, houses, or any 
other buildings. 

J. B. Breuer, Engineer, R.A., Berlin, 
Public Works Department, Bangkok. 

Bunzlau, Silesia, May 15, 1893. 


DREDGER FOR THE LEEDS AND LIVER- 
POOL CANAL. 
To THe Eprror or ENGINEERING. 

Str,—With reference to the description which you 
gave in your last issue of the dredger we recently con- 
structed for the Leeds and Liverpool Canal Company, 
we notice that one point has been omitted. 

In addition to its being specified that the dredger 
should deliver its material in barges lying astern, it was 
required that it should be able to cut itsown way through 
a bank, and also form the side sloyes of the canal. This 
necessitated the construction shown in your illustration. 
Otherwise, if deepening only had been required in con- 
junction with stern delivery, it would have been a simple 
matter to have placed the dredging ladder aft and de- 
livered by a shoot in the ordinary way, as we have done 
in other dredgers, such as that for the East and West 
India Dock Company’s dredger Blackwall. 

We remain, yours truly, 
HUNTER AND ENGLISH. 

Bow, London, E., June 19, 1893. 


New STEAMER FOR THE BRIGHTON RAILWAY CoMPANY. 
—Messrs. William Denny and Brothers, Dumbarton, 
have secured the order for a high-speed twin-screw 
steamer for the London, Brighton, and South Coast Rail- 
way Company. We understand that the speed desired 
for the dimensions is very high, and that the condi- 
tions generally are very onerous. Messrs. Denny have 
guaranteed all that the company asked, and tbe result 
will be awaited with interest. Professor J, H. Biles is 
consulting naval architect for the project. 


MISCELLANEA. 
Messrs. BLUMANN AND STERN, Limited, oil refiners, 
Rotherhithe, have removed their head offices to Odessa- 
street, Rotherhithe. 


The first real railway tunnel in Finland will be the one 
on the new Helsingfors- Abo coastline. It will pass 
through a mountain between Ekenés and Fiskars, but 
its length will not be great. 


Mr. G. J. Symons has been asked by the London 
County Council to make a monthly report on the rain- 
fall in the Thames Valley for a period of one year, so that 
accurate gaugings may be obtained. Twenty - four 
stations will be selected, equivalent to about one for every 
144 square miles, 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ended June 11, 
amounted, on 16,4614 miles, to 1,382,968/., and for the 
corresponding period of 1892, on 16,383} miles, to 
1,465,193/., an increase of 78 mules, or 0.4 per cent., and 
a decrease of 82,225/., or 6.6 per cent. 


The annual excursion of the South Staffordshire Insti- 
tute of Iron and Steel Works’ Managers will take place 
on Friday, June 30, when a visit will be paid to Cardiff, 
and many important works in the neighbourhood of that 
town will be mspected. Full information can be obtained 
from Mr. W. H. Carder, the secretary of the Associa- 
tion, Wordsley, Stourbridge. 


The annual conversazione of the Society of Arts is 
announced to take place on Friday evening, June 30, at 
the Imperial Institute, South Kensington. The bands 
of the Scots Guards and the Royal Artillery will per- 
form a selection of music in the gardens, which will be 
specially illuminated, and the galleries of the Institute, 
containing the Colonial and Indian collections, will be 
open for inspection, 


An American company is now introducing a new 
method of boring through rock, which is intended to 
replace the diamond drill. In this method steel shot are 
poured inside of the drill pipe into a ring or channel made 
in the rock by a few revolutions of the pipe. The pipe 
bears heavily on the shot, and when revolved the rock 
is crushed under the shot as they revolve, and the 
channel is cut deeper. <A test boring 8 in. in diameter 
and 390 ft. deep has already been put down by this 
method at Scranton, Pa. 


The United States Court of Appeal has finally decided 
against the Sunday closing of the World’s Fair. The 
reason given is that the Government has not sufficient 
capital invested in the Exhibition to support its claim to 
absolute jurisdiction, the Court holding that the local 
administration has complete control of the Fair. The 
case may now be considered as permanently settled, as 
any further appeal would have to go to the United States 
Supreme Court, which does not meet until October, when 
the Fair will be over. 


The British Iron Trade Association will hold a confer- 
ence at the Westminster Palace Hotel, Victoria-street, 
London, on Thursday, June 29. The business of the 
meeting will commence at 11 a.m., and the following 
papers will be read and discussed: 1. ‘‘On the Develop- 
ment of Colonial and Indian Railways as affecting the 
Tron Trade,” by the President, Mr. W. S. Caine, M.P. 
2. ‘On the Present Depression in the Iron Trade, as 
affected by Currency Questions,” by Sir William Houlds- 
worth, Bart., M.P. 3. ‘“‘On the Chicago World’s Fair 
and its Lessons to Iron and Steel Manufacturers,” by Mr. 
J.S. Jeans, secretary. In the evening the members will 
dine at the Criterion Restaurant, Piccadilly. 


The great cost of high resistances made out of metallic 
wire has led to many attempts to find a cheap substitute. 
Liquid resistances and pencil marks on glass or ebonite 
are unsatisfactory, as not only have they a large tempera- 
ture coefficient, but in the case of the pencil-mark resist- 
ances the accidental rubbing off of a few particles may 
cause a great increase in the resistance, which, further, is 
not independent of the electromotive force of the current 
measured, ‘To avoid these difficulties, Mr. E. Jones has 
devised a form consisting of an ebonite tube filled with a 
mixture of equal parts of graphite and unvulcanised 
ebonite, which he claims to be satisfactory. When the 
tube is filled its contents are vulcanised ; they then 
harden and adhere to the containing tube. In this way 
a resistance of a megohm can easily be obtained in a tube 
10 centimetres long and 15 millimetres in diameter, 


A French firm, MM. L. Dussand and S. Chambon, are 
now engaged in constructing a very large dry dock in 
the Bay of Talcahuano, Chili. For this purpose they 
are employing for the subaqueous portion of the work 
a pair of large diving bells, which measure about 70 ft. 
long by 22 ft. broad, and are 64 ft. high. These diving 
bells are suspended by chains from a couple of barges 
strongly braced together with timber. Some 13 ft. to 
20 ft. below the level of the sea bottom a perfectly com- 
pact and fissureless stratum is met with, on which the 
works are founded. The dock walls were, by means of 
these large diving bells, built up to nearly their full 
height, and the portion inclosed was then pumped out, 
and the work completed in the dry. The caisson was not 
wide enough to allow of the whole width of the wall being 
completed at one operation, but the separate layers were 
a bonded together, each layer being about 20 in. 
thick. 


The natural gas belt of Indiana is said to be 5000 square 
miles in area, but much of this yields only a gas light in 
pressure and small in quantity. The area which car be 
relied on to yield a large quantity of gas is said to be 
about 1600 square miles. The gas on analysis has been 
found to have the following composition ; 


Marsh gas ... 92.61 
Olefiant gas ... 0.30 
Hydrogen 218 
Nitrogen 3.65 
Oxygen 0.34 
Carbonic acid 0.26 

Ap oxide a 050 
Sulphuretted hydrogen 0.20 


The Midland Steel Company has six wells to supply its 
furnace. The aggregate yield of these wells, when all on, 
is at the rate of 12,000,000 cubic feet per day. The gasis 
used under a pressure of 24 oz. to 8 oz. per square inch. 


Mr. A. E. Hunt, of the Pittsburg Reduction Company, 
states that aluminium loses (permanently) much of its 
rigidity, and (temporarily) a very large proportion of its 
tensile strength, at a temperature of 400 deg. to 500 deg. 
Fahr., becomes pasty at 1000 deg. Fahr., and melts at 
1300 deg. Fahr. The longitudinal expansion of a 100-ft. 
rod of aluminium is .00115ft. per deg. Fahr. Its con- 
ductivity for heat is, for hard-drawn wire, 38 per cent., 
and for annealed wire 38,9 per cent. of that of silver. For 
electricity its conductivity is 50 per cent. of that of silver. 
Thus, one yard of annealed aluminium wire of 98.5 per 
cent. purity, and of .0325 in. in diameter, at 14 deg. Cent. 
has a resistance of 05484 ohm. Asregularly put upon the 
market the metal contains less than one-fifth of 1 per 
cent. of iron, and is free, therefore, from any appreciable 
magnetic polarity. By cold hammering, rolling, stamping, 
drawing, &c., the stiffness and hardness of the metal can 
be very much increased, as also by the addition of a few 
per cent. of alloy. Quite a small percentage of silver- 
chromium, manganese, wolfram or titanium is sufficient 
to distinctly improve the colour of aluminium by approxi- 
mating it to that of silver. For cold-rolling aluminium 
the number of passes is about the same as for the treat- 
ment of soft steel. There is little difficulty in reducing 
the metal by rolling alone to a sheet of one two-thousandth 
of an inch thickness. Aluminium is in the best condition 
for rolling, &c., at a temperature of from 200 deg. to 
300 deg. Kahr. The temperature of annealing is that at 
which a pine stick is charred by being drawn across the 
metal, or that at which a piece of iron appears just red in 
the dark. Insoldering aluminium, successful results can 
be obtained with an alloy of metal and zinc, with pure 
zinc, or even spelter or common soft solder, provided that 
a flux “‘which has just been covered by letters patent” 
be employed. 


BELGIAN Steet Ratts.—The exports of steel rails from 
Belgium in the first four months of this year were 5007 
tons. The corresponding exports in the corresponding 
period of 1892 were 14,650 tons. 

THE French Navy ProcRamME.—The French naval 
estimates for the year 1894 contemplate the laying down 
of no fewer than 32 new vessels of various types, viz.: 
Three first-class battleships, five second-class cruisers, 
one third-class cruiser, one sea-going torpedo-boat, five 
first-class torpedo-boats, four second-class torpedo-boats, 
nine torpedo launches, one second-class despatch vessel, 
and three gunboats. The battleships, which will be built 
two in the dockyards and one by contract, will have a 
displacement of 11,000 tons, and engines of 14,500 horse- 
power, giving a speed of 18 knots. Thearmament of each 
will be four 11.8in., ten 5.5in., six 3.9 in., sixteen 1.85 in., 
ten 1.45 in., and eight revolving guns. The second-class 
cruisers, one of which will be built in a Government yard 
and four by contract, are of two types. The first type, 
which is to include the vessels provisionally known as 14, 
E5, and K6, will be of 3990 tons displacement, 9000 horse- 
power, and 19 knots speed, carrying four 6.2 in., ten 
3.9in., fourteen 1.85 in., and four 1.45 in. quick-firing 
guns. The second type, which is to include the vessels 
provisionally known as G3 and G4, will be of 3800 tons 
displacement, 9100 horse-power, and 19.25 knots speed, 
carrying six 6.2 in., four 3.9 in,, eight 1.85 in., and twelve 
1.45 in, quick-firing guns. These five vessels are improved 
Chasseloup Laubats. The third-class cruiser, which is to 
be built in a Government yard, will be a modified 
Galilée of 2300 tons displacement, 6600 horse-power, 
and 20 knots speed, carrying four 5.5 in., two 3.9 in., 
eight 1.85in., four 1.45 in. quick-firing guns, and four 
revolving cannon. The sea-going torpedo-boat, which 
will probably be built by M. Normand, of Havre, will 
be a repetition of the Forban, which is now under con- 
struction, and will be of 3260 horse-power, and 30 
knots speed. She will measure 144 ft. long. The first- 
class torpedo-boats will be of 80 tons displacement, 1359 
horse-power, and 23.5 knots speed. The second-class 
torpedo-boats will be of 53 tons displacement, 700 horse- 
power, and 20.5 knots speed. The torpedo launches, 
which are intended to be carried on the deck of the new 
torpedo dépét ship Foudre, will be 62 ft. 4 in. long, dis- 
placing 14 tons, having engines of 210 horse-power, and 
being capable of a speed of 16.3 knots. It is expected 
that they will be built at Creusot, where the plans have 
been prepared. The gunboats, of which particulars are 
not made public, are believed to be river gunboats for 
colonial service. The most noteworthy feature in the new 
French building programme is the enormous multiplica- 
tion of guns in the larger craft. Each of the battleships, 
it may be noticed, will mount as many as fifty-four 
guns, of which no fewer than fifty will be quick-firing or 
machine guns. This number is far in excess of that 
carried by any British ship, and the determination of the 
French Government to mount so exceptional an armament 
seems to suggest that, great as are the already recognised 
advantages of the quick-firing gun, the weapon has a 
future even more important than is usually claimed for it. 
M. Gerville Réache has been designated by the commis- 
sion to report upon the proposals, all of which are likely 
to be adopted without much discussion. 
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THE LABOUR QUESTION IN INDIA. 


Tne Indian Empire is so vast, and its population 
is so enormous, that any facts with respect to its 
industries must be interesting to the people of the 
United Kingdom. In the first place, we have to 
deal with a territory of 962,069 square miles, or, 
including the feudatory States, of 1,558,382 square 
miles. In the\second place, the population of the 
Indian Empire alone is 221,172,952, or, including 
the feudatory States, 287,223,450 souls. Yet how 
little we know of that vast empire from an industrial 
point of view! The statistics in the evidence 
published by the Royal Commission on Labour 
relate mainly to only 142,400 persons in the six 
great provinces into which the empire is divided in 
the report. Singularly enough, it is stated in the 
report that in some districts the demand for 
labour is in excess of the available supply, and this, 
too, with a teeming population of nearly 290,000,000 
of people, a population which is rapidly increasing. 
The increase in twenty years has been over 
30,000,000, or nearly equal to the population of 
Great Britain. It is suggested that the dearth of 
labour is local and temporary, and that it arises 
from the caste system, and the dislike of the Indian 
people to change their employment from agricul- 
tural life to the industrial system and factory life. 
Wages in agriculture are low, but they are also low 
in the factories, though the latter have to offer 
higher wages to attract workers. The operatives 
do not seem to have the impression that the de- 
mand for labour is in excess of the supply, for they 
fear that their places would soon be filled if they 
were dismissed. Yet the employers state that they 
frequently find trouble in securing workmen. Pos- 
sibly the “ attractions” are not yet sufficiently 
tempting to induce workers to migrate to the fac- 
tories in Bengal and Bombay, though these two 
provinces contain 120,000 workers, out of the total 
of 142,400 workers in the whole of the factories of 
the six provinces enumerated in the report. 

It is said that trade differences, in the sense in 
which the term is used in England, are practically 
unknown in India. Not that perfect harmony pre- 
vails between employers and employed, but if ces- 
sation of work occurs, by reason of dissatisfaction 
with the conditions of employment, the cessation 
is usually on a small scale, and does not affect the 
whole of the operatives at a mill or other industry. 
The fixing of wages does not appear to have caused 
serious trade disputes in any case. It is said that 
no organisations exist among employers or em- 
ployed for regulating wages. The absence of 
organisation among employers does not seem to 
have had any disastrous effects, in so far as they 
are concerned, for the rates of wages have remained 
nearly stationary for the last thirty years. That is 
to say, the monopoly wage, as it is called, with 
which the factories were started, remains the same. 
Wages are fixed by employers, and they fix the rates 
at just that amount which will attract the natives 
from the fields in which they have for generations 
been employed, and which will reconcile them to 
the novel conditions under which they work and live 
in the factories. In Bombay there have been a few 
short-lived strikes for higher rates of pay, on 
account of the higher price of provisions, but in no 
case have the workers succeeded in enforcing their 
terms, and no strike has resulted in the stoppage 
of a mill for a single day. This fact would not 
seem to bear out the statement that there isa 
dearth of labour. A larger number of strikes have 
occurred in resisting reductions in wages, but in 
most instances the workers were unsuccessful, or a 
small concession caused them to yield to the em- 


ployers on the basis of a compromise. Fluctua- 
tions in wages do not often occur, for they 
remain at the same low limit; but it is said that 
profits are so low that reductions must be effected, 
and it is expected that this will lead to industrial 
organisation among the workers. 

Wages appear to be paid monthly as a rule, or 
they are calculated on that basis, while sometimes 
the wages are two months in arrear, with probably 
a small proportion doled out weekly. Truck, or 
payment in kind, is unknown. Fines and stop- 
pages are, however, largely resorted to, but in 
some mills they are credited to the workmen’s 
fund. It is said that the fear of punishment is the 
only incentive to careful and diligent working, and 
the only preventive of bad work, insubordina- 
tion, and destruction of property. ‘There is also 
nearly always the fear of summary dismissal for 
some grave offence—of course the judge in all cases 
being the employer, the overlooker, or a foreman. 
It is easy to see that the conditions of employ- 
ment are very uncertain, or may become very un- 
certain in the event of a demand for better wages, 
or other advantages connected with the employ- 
ment. 

It is said that no difficulties have occurred in 
India in connection with the hours of labour. 
Adult males work from nine to thirteen hours—in 
Bengal, nine to twelve hours ; in Bombay, eleven 
to thirteen hours ; inthe North-West Provinces and 
Punjab ten to thirteen hours. In some mills the 
hands work, according tothe seasons, from sunrise to 
sunset. Women and children generally work to the 
full limit allowed by law. The memorandum sagely 
says that it is desirable—l. That one hour’s rest 
should be given during the day—half an hour at 
9 a.m. and half an hour at noon, or a complete hour 
at noon. 2. That work in the mills should commence 
at a definite hour. (May we not add—and also end 
at a definite hour?) Under the Factory Act of 
1891 the millworkers get one day’s rest a week ; 
formerly this rest was not assured to them. They 
also get half an hour’s rest between noon and 
2 p.m. each day. In some places it is said that in 
case of a breakdown the hands are compelled to 
remain on the works, without pay, with the object 
of preventing them from obtaining employment 
elsewhere. 

It is stated that overtime is seldom worked, as, 
indeed, how should it be? Night shifts are some- 
times resorted to in certain factories fitted with 
electric light. But usually the work is done by 
daylight. Holidays are few, and the hands are not 
paid for such holidays—only the staff of over- 
lookers, &c. The sanitary condition of the fac- 
tories is said to be fairly good. The supervision 
is done by the Government. Care is taken as to 
fencing machinery, and few accidents occur. The 
machinery is mostly of the best English manufac- 
ture. Europeans are generally overlookers, 
managers, and engineers; the carpenters are 
Chinamen ; the other workers are natives of the 
several provinces. There are no definite kinds of 
insurance against accidents, nor do employers 
recognise liability, but some make provision for the 
injured, or pay wages during the time of illness, and 
provide light employment afterwards. 

It is said that, though there are no trade associa- 
tions in India, the workpeople have a common 
understanding, an unnamed and unwritten bond of 
union peculiar to the people. If a worker per- 
formed the various classes of work under the cur- 
rent rates, the other workers would resent it and 
boycott him. But the chief reason why no com- 
binations exist is because they are afraid of their 
employers or of the overlookers. This is put in 
the report thus: ‘‘The men still have such an 
inherent dread of and respect for their employers 
that combinations are weak.” ‘‘ Inherent dread of ” 
and ‘‘respect for ” are capitally adjusted terms, 
only the two things appear to Europeans to be 
irreconcilable. The Bombay Millowners’ Associa- 
tion has for its object ‘‘ the encouragement of good 
feeling and unanimity among millowners and users 
of steam and water power en all subjects involving 
their common good.” But it is stated that it does 
not interfere in trade disputes. This is, however, 
the official report of employers, and its value is 
tested by the next paragraph, relating to “ agita- 
tors,” &e. 

Referring to strikes and lock-outs, the report 
says ‘‘that none of general importance have 
occurred in India, and nothing of the nature of 
disputes involving organised action on a large scale 
between labour and capital.”’ There is no definite 
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information as to those that do occur. ‘‘ The hands 
occasionally stop away for a day or two when fined 
for absence or bad work, or when a reduction is 
attempted in wages ; in general this occurs when 
food is cheap and the weather agreeable.” Then 
comes the explanation: ‘‘These strikes can fre- 
quently be traced to the influence of a few mis- 
chievous and ignorant persons, who succeed in 
getting a sufficient number to strike, and then to 
intimidate the remainder.” This is the explana- 
tion, but it scarcely agrees with other parts of the 
report. It adds, however, that no strike has ever 
affected all the hands, even in one mill, and that 
they last only for a few hours, or at most a few 
days. No strike in Bombay has ever resulted in 
the absolute stoppage of a mill, even fora day. As 
the demand for labour is in excess of the supply, 
the men are not discharged on account of a strike 
as a general rule. 

The employers deprecate ‘‘all methods of inter- 
vention for the prevention of trade disputes in 
India,” as ‘‘ they regard them as unsuited to the 
conditions of the people and the country, and ex- 
tremely mischievous ;” because ‘‘ India is a country 
that is yet blessed with a large amount of honest 
simplicity, and still retains an uncorrupted civilisa- 
tion.” Therefore ‘‘ these questions are eschewed as 
the excrescence of an over-hasty civilisation, and 
are as far from a good purpose in this country, or a 
kindness to its people, as the east is from the west.” 
The institution of tribunals of labour might imply 
to the poor Indians that something was wrong, 
whereas it is all right. : 

One firm suggests a ‘‘closer co-operation and 
vigilance on the part of the police to prevent the 
physical interruption of those willing to work, but 
intimidated by a few ignorant and mischievous 
ringleaders.” This comes from one of the best 
firms in Madras. If this be a sample of the best 
employers, what may we not expect from the worst ? 
The Commission, on the other hand, suggested that 
employers should manifest a more sympathetic 
attitude on their part ‘‘than they did at present,” 
and that they should ‘‘pay more attention to the 
improvement of the condition of the workpeople.”’ 
The latter view indicates that the Commission 
did not think that ‘‘the relations between em- 
ployers and employed” were as ‘‘ cordial ” as they 
should be. 

No system of profit-sharing, co-partnership, or 
co-operation exists in India, The firms consulted 
say that such ideas are foreign to the people of 
India. But in Bengal a bonus is paid in some cases 
for production above the normal limits, and the 
system works successfully. There are no labour 
agencies for the unemployed in India, but the Sal- 
vation Army recently opened a labour office in 
Bombay. There do not appear to be any friendly 
societies, but a provident fund has been established 
in connection with a Cawnpore mill. 

It is suggested that a uniform eleven hours work- 
ing day be established by law ; that the Act limiting 
the hours of labour of women and children be re- 
pealed ; that the age at which a boy can work full 
time be reduced from 14 to12. These proposals are 
retrogressive. Itisalso proposed to compel provision 
for injured persons, and for medical aid. Indian 
manufacturers complain that Lancashire seeks to 
hamper India in its trade. The report, on the 
whole, is rather discouraging. It shows that labour 
is not well cared for, that the conditions of employ- 
ment are not good, and that employers fear any 
movement for the amelioration of the workers. 


THE POSSIBILITIES OF SPEED ON 
THE ATLANTIC. 


THE success of the Campania has intensified the 
interest in Atlantic steaming, and the speed which 
seemed impossible a few years ago is now regarded 
as probable. The Cunard Liner has at sea exceeded 
22 knots for a whole day, and when she takes the 
summer route there is every prospect of the record 
being ultimately reduced to something like 5 days 
8 hours. Messrs. Harland and Wolff, of Belfast, 
are building a vessel to beat the Campania, and 
Messrs. Cramp, of Philadelphia, have indicated 
that in addition to the four vessels now construct- 
ing for the American Line, they intend to build 
what is characteristically called a ‘‘ world-beater.” 
It may be taken as certain that Messrs. Thomson, 
of Clydebank, will not allow their name to be for- 
gotten. They have ideas of the future already 
maturing. In language not unassociated with 
Atlantic steamers, each will see the other and go 


one better. The question, therefore, suggests 
itself as to the possibilities of the effort thus 
indicated, and Professor J. H. Biles, who has been 
associated with the design and construction of some 
of the present high-speed steamers, writes on the 
subject in the North American Review. He recog- 
nises the necessity of the rate of speed being con- 
sistent with the condition of securing a fair in- 
terest upon the money invested in the ships, and 
urges that as a risk is involved commercially in 
attaining an increased speed in the hope of in- 
creased trade, this risk might be met by the 
country whose flag the ship flies, since the 
increased volume of trade benefits the country. 
Although for Naval Reserve purposes Government 
subventions are to be heartily commended, it is 
questionable if subsidies are desirable. Besides, 
there are evidences existing of obligations having 
little weight with the electorate, or with political 
leaders when engaged, as they so often are, in 
what is known in electioneering parlance as re- 
trenchment, so that at best Government subven- 
tions can only be regarded as temporary, and liable 
to be discontinued without reason at almost any 
moment. British companies therefore calculate, as 
a rule, without considering even postal or naval 
subvention. 

The weight carried by a ship determines the 
financial income, and this again is dependent in 
a given size of ship upon the coal burned. The 
cargo is the weight put on board less the amount of 
coal consumed on the way. Speed, therefore, 
affects the net amount of cargo delivered, but if the 
distance in miles between ports is short, and the 
annual number of cargoes or voyages increased, the 
efficiency, so far as cargo is concerned, is practically 
the same as at a lowspeed. A reduction in the sea 
voyage is, therefore, an element in the commercial 
success of high speeds, and Mr. Biles indicates that 
if the Paris steamed between Halifax and Galway, 
instead of New York and Southampton or Liver- 
pool, the distance would be reduced by 800 miles 
and the coal consumed on the voyage by 500 tons. 
This saving of weight in fuel consumed could be 
represented in a new steamer of the same dimen- 
sions by an addition to the motive power, and 
consequently to the speed. Less time would be 
taken to the voyage and less coal consumed in the 
ageregate, resulting finally in a gain of one sea mile 
per hour, equivalent to a reduction of seven hours 
on the voyage between New York and Queens- 
town. The Halifax and Galway trip would, under 
the circumstances, be accomplished in 4% days, 
but, of course, there are objections to its adoption. 
Since the length cannot be shortened and thus 
enable a reduction in the weight of fuel carried to 
be utilised for greater machinery power, the ship- 
owner must look to other considerations to attain 
the same end. If the cargo-carrying capability 
of the Atlantic liner of to-day were reduced by 500 
tons, and this 500 tons were replaced by additional 
motive power, the speed would be one knot more. 
Accepting the results stated, it is pretty evident 
that great possibilities await the ship which shall 
cease to carry cargo. By taking mails and pas- 
sengers only, and leaving the 1000 to 1500 tons of 
cargo presently carried to slower boats, it is 
assumed that a knot and a half to two knots could 
be added to the speed of a ship like the Paris 
if she replaced her cargo by additional motive 
power. 

A reduction in weight or displacement may be 
looked for also in the substitution of nickel steel, 
which, it is pointed out, is 40 to 50 per cent. 
stronger than ordinary steel, and yet the disparity 
between the price of nickel steel and ordinary 
steel is not greater than between steel and iron 
when the former was first introduced. The adop- 
tion of nickel steel and the reduction of scantlings 
would allow the machinery to be increased equiva- 
lent to another knot. In the matter of engines no 
immediate gain is anticipated. Mr. Biles makes 
no reference to the quadruple engine, although in 
the four new American liners building by Messrs. 
Cramp this type is being adopted to work with 
steam at 210 lb. pressure, and the intention is to 
get a speed equal to the Paris with 15,000 indi- 
cated horse-power instead of 18,000, a consequence 
being that there are six instead of nine double- 
ended boilers. Whether there is much saving in 
practice in fuel consumption with the quadruple over 
the triple-compound engine is difficult to determine ; 
but even if one-tenth of a pound per indicated 
horse-power per hour could be saved by high steam 
pressure, it would mean 190 tons on a five days’ 


trip in a vessel of 35,000 indicated horse-power, 
The author refers to the increase of piston speed of 
engines, which will slowly continue, and is an ele- 
ment in the possibilities of greater speed. 

More hope is based on the boiler experiments 
now being made. The great difficulty is the absence 
of data as to long steaming under the conditions 
obtaining on an Atlantic steamer ; and in view of 
the great possibilities it is surprising that no ex- 
tensive experiments have been made in an Atlantic 
vessel. Jt is admitted, for instance, that if the 
locomotive boiler as applied in torpedo-boats could 
be shown to give on prolonged voyages only two- 
thirds of its relative superiority on trial, its adop- 
tion would result of itself in a knot more speed. 
Again, there is the water-tube boiler; but all round 
there seems no disposition to make an experi- 
ment on a large scale in the merchant service, 
although many urge on the Admiralty to make a 
test of the various types. In a year or so we 
should have reliable data as to the relative efficiency 
of several types. The Speedy, as described in 
another column, has Thornycroft’s water-tube 
boiler fitted on board; one of the two 27-knot 
torpedo destroyers building by Messrs. Yarrow 
(page 848 ante) will have water-tube boilers, while 
the other, identical in other respects, will be fitted 
with the ordinary locomotive boiler, so that com- 
parative results will be reliable, particularly if 
the vessels go out at the same time and steam 
under the same conditions. Again, the Spanker 
is to be fitted with one of the types of tubulous 
boilers popular on the Continent, and tests have 
already been made with the locomotive boiler 
with the view of instituting a comparison of results. 
But, as we have already indicated, the best test 
would be to send the vessel across the Atlantic at 
full speed ; and here, again, there is the difficulty 
of carrying sufficient coal. The Committee ap- 
pointed by the Admiralty to consider the boiler 
question recommended that, if successful in smaller 
vessels, the tubulous boiler should be tried in one 
of the two cruisers which are to be built by 
contract under the current year’s Navy Hstimates, 
and which, it is hoped, may attain a speed not 
hitherto reached. Mr. Biles thinks that the de- 
velopment of the tubulous boiler promises to be 
more rapid in America than in Europe, and that the 
New World may lead the way. 

The choice of fuel and the method of combus- 
tion are also important factors, for 5 per cent. 
gained in efficiency means nearly a quarter of a 
knot in speed in a 20-knot vessel. The prin- 
ciples of the combustion of coal are beginning to 
be better understood. Marine boilers, he says, 
have been known to give on land, under certain 
conditions, 50 per cent. more work per ton of 
boiler than the best marine boilers on board ship 
are at present giving. But the author regards 
petroleum as superior to coal in all respects, as 
experiments have shown that one ton of oil will do 
as much work as two tons of the best coal, and the 
saving of one-half of the fuel would, if the weight 
were added to the engines, give 14 knots more 
speed. The difficulty is the supply, and it is 
hinted that the use of oil for less important 
purposes might be prohibited. The importance to 
America of such a change in fuel is not underrated. 
Mr. Biles assumes that if nickel steel became cheap 
enough, and the lighter type of boiler, such as the 
locomotive type, became a certain success for con- 
tinuous sea-going work, the speed may be increased 
by two knots above present speeds. 
fuel used, the speed might be increased 33 knots, 
and the time record from Sandy Hook to Queens- 
town be 4 days 16 hours, 

This, of course, is on the assumption that the 
dimensions of the vessel continue the same. But 
modifications in model add or detract from the 
speed. Mr. Biles says length is the most valu- 
able addition which can be made with a view 
to increasing speed. He states further, that 50 ft. 
added to the length of ‘‘one” of our best 
Atlantic liners, while adding nearly 10 per cent. 
to its gross money-earning capabilities, would 
not necessitate an addition of more than 4 per 
cent. to the engine power to attain the same 
speed. Draught is as potent an influence in 
regard to speed, but limitations have hitherto been 
necessary owing to harbour and dock accommoda- 
tion. If the loading draught of some of our 
steamers were 30ft. instead of 26 ft., they could 
have been designed to have a speed of 1 knots 
more, presumably, although it is not stated, for 
the same power. The author says that there seems 
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to be good reason to believe that the speed of 30 
knots necessary to accomplish the trip in four days 
from New York to Southampton or Liverpool will 
be attained in another ten years. The vessel he 
suggests will be 1000 ft. long, 100 ft. wide, with a 
draught of water of 30 ft., with the structure of 
stronger steel than is at present adopted, with 
lightened boilers, and with oil or some equally light 
fuel instead of coal. The design or construction 
will not involve any insuperable difficulties. The 
whole scheme seems comparatively simple, but the 
financial difficulties are great. Mr. Biles himself 
appreciates this, for, at the conclusion of his 
interesting contribution, he returns to the sub- 
vention idea, urging additional subsidy for 
each successive increment of speed. No doubt 
very fast merchant steamers would be of great 
service in periods of war, and might save the 
nation the primary cost of building the commerce- 
destroying class of cruiser. But we fancy it will be 
difficult to educate the politician up to increased 
expenditure in this direction, however commend- 
able itmay be for protection. Perhaps the most 
desirable scheme would be for some millionaire to 
give to one of our shipbuilding firms carte blanche 
for the production of the fastest steamer possible, 
irrespective of first cost or of cost of upkeep. We 
should then know the possibilities. Failing this, 
it seems probable that future ships will involve 
the construction of miniatures complete in every 
detail, which shall admit of the freest experiments 
under steam for long periods. 


THE HARDENING OF STRUCTURAL 
STEEL. 

In a paper recently read before the American 
Society of Civil Engineers, Mr. A. C. Cunningham 
has revived the idea that some advantages are to be 
gained by hardening structural steel. His paper 
contains the results of numerous experiments, of 
which the following are a summary, being the 
average results obtained from a large number of 
specimens : 
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The character of the fracture was much the same in all cases. 

As will be seen, the results show a substantial rise 
due to the hardening both in the elastic limit and 
the ultimate strength of the material, which was a 


mild steel, made by the open-hearth process, and | 


containing about 4 percent. of carbon, ;4 per cent. 
of phosphorus, and 4 per cent. of manganese. The 
results were, taken altogether, very uniform. 

Granted that this substantial increase in the ulti- 
mate strength is advantageous, the question remains 
as to whether the process is a desirable one to 
adopt with steel to be used in bridge structures. 
There is much to be said on both sides. With 
high-carbon steel, such as is used in the manufac- 
ture of springs, tempering is known to be bene- 
ficial, Such springs are in daily work commonly 
subjected to very much higher stresses than most 
people have any idea of—viz., from 25 to 30 tons 
per square inch, and they carry these heavy loads 
with comparatively few breakages. - Indeed, some 
experiments made by Mr. A. E. Young (Proceed- 
ings Institution of Civil Engineers, vol. ci.) with a 
volute buffer spring showed that stresses of as 
much as 59 tons per square inch might occur under 
certain circumstances, the spring carrying this 
amount without sign of failure. The effects of 
hardening on specimens of this steel were very 
marked, and were found by Mr. Young to be as 
given in the following Tables, the extensions being 
measured with a mirror apparatus reading by esti- 

i it 
mation to 100,000 1n. 

The very high calculated stresses at rupture in 
the torsion experiments are probably due to plastic 
flow of the metal, and hence cannot be relied upon. 
The results obtained both by Mr. Young and by 
Mr. Cunningham show that the tension elastic 
limit is raised in every case by hardening. Further 


Tension Experiments. 
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Torsion Experiments. 


: | Calculated | Modulus of 
Specimen. wee Stress at | Transverse 
| * | Rupture. | Elasticity. 
tonsp.sq.in.) tons per | tons per 
Hardened Swedish spring Notascer- sq. in. | sq. in, 
steel <2 aa ..| tained 73.7 5600 
Unhardened Swedishspring 
steel AG Aid | 21.0 ?) 50.7 | 5200 


experience with springs goes to show that the 
elastic limit of the material in compression is also 
raised, because it is now well recognised that the 
working stress of a material depends on its elastic 
limits (see ENGINEERING, vol. lii., page 159)—that 
is to say, the greater the elastic range of the material 
between its limit of elasticity in compression and 
its limit of elasticity in tension, the greater the 
stress to which the material can be safely sub- 
jected. Hence, since experience shows that the 
safe load on a spring of hardened steel is greater 
than that on one of unhardened metal, it follows 
that the elastic range of the former is greater, and 
hence the limits of elasticity, both in tension and 
compression, have beenraised. It is, indeed, con- 
ceivable that the whole extension of the elastic 
range occurs through a rise of the tension limit, 
but this is not very probable, though experiments on 
the subject are wanting. 

From the above it would seem that, if no other 
considerations intervened, a considerable reduction 
in the weight of a structure could be effected by the 
employment of hardened metal. The objections to 
it are mainly due to the risk of setting up internal 
strains. Even with annealed steel no man living 
can tell accurately the stress in a bridge member, 
as his calculations depend upon certain assump- 
tions, which usually are sufficiently accurate for his 
purpose, but are far from being absolutely true. If 
to these sources of error is added a third, arising 
from the internal stresses likely to be set up 


in large pieces of metal by the hardening 
process, he must expect occasional disastrous 
failures. Even small pieces of steel are liable 


to these strains when hardened, as every tool- 
maker knows, and these internal strains are 
emphasised as the size of the piece to be hardened 
increases, and Colonel Maitland proposed to aban- 
don the practice of oil-hardening gun hoops at 
Woolwich for this very reason. 

A much more satisfactory method, if it were 
feasible, of increasing the safe working strength 
of bridge members, would be to strain them 
beyond their elastic limit before working them into 
the bridge, taking the precaution to strain the 
tension members in tension and the compression 
members in compression. Some experiments made 
some years ago by Sir Benjamin Baker on the 
resistance to flexure of solid mild steel columns, 
30 diameters long, gave the following results : 
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THE WORLD’S COLUMBIAN 
EXPOSITION. 
Cuicaco, June 4, 1893. 

TaroucH the early part of the past week the 
solution of the jury problem continued to engage 
the best efforts of the foreign commissioners on 
the one side, and of Mr. Thacher and his colleagues 
on the other, and it was satisfactory to note that a 
conciliatory spirit continued to exist on both 
sides. Still it must be admitted by all who have 
carefully considered the matter (and without a 
full knowledge of the situation no useful opinion 
can be given), that there are many difficulties which 
can be scarcely overcome in sucha way as to give 
satisfaction to those most concerned, and leaving 
out of the account the exhibitors, who have, of 
course, the greatest interests to be served. In 
some very important points the present week has 


seen the rapprochement between the Exposition 
authorities and their foreign guests increase until 
the point has been reached when the last concessions 
to be yielded by the Board of Control have been 
officially announced. 

It will be remembered that about ten days ago 
Mr. Thacher was quite determined to yield no 
point of his cherished scheme, either in the spirit 
or the letter, and as it was evident that on such a 
basis time would be uselessly wasted in discussion 
until the period arrived when judging in any form 
would be impracticable, it was resolved at a meet- 
ing of the foreign commissioners that a protest 
should be signed by those present at the meeting 
informing Mr. Thacher that the time had passed 
when it was possible to hope for efficient foreign 
judges, and that therefore the foreign sections 
withdrew from competition. This document was 
signed in two ways—first, by the commissioners 
who had full powers to act by themselves ; these 
signed the protest unconditionally. Second, by 
those who had to consult with the home Govern- 
ments and commissions ; these signed it subject to 
confirmation from their respective Governments or 
colleagues at home. Meantime a committee of the 
foreign commissioners in Chicago was formed, and 
this committee was instructed to meet at a very 
early date for the purpose of conferring with Mr. 
Thacher, and learning from him absolutely and 
clearly what concessions he was prepared to make. 
Accordingly this committee had a very long con- 
ference with the Chairman of the Committee of 
Awards, and the result of the discussion was em- 
bodied in a report and submitted to the foreign 
commissioners at their next meeting; the report in 
question is reprinted in extenso below, as it sets 
forth the latest phase of the situation as approved 
by Mr. Thacher. Before the foreign commissioners 
met to consider the report, the Director-General 
announced that the subject would be discussed at 
a meeting of the Board of Control, and invited the 
foreign commissioners to attend. As, however, that 
body had before them the official statements of Mr. 
Thacher, they declined to attend the meeting, and 
forwarded the following resolution to the Director- 
General : 


‘‘That inasmuch as the foreign commissioners have 
already stated to Mr. Thacher their objections to his 
scheme for the appointment of judges, and as they 
presume Mr, Thacher has officially communicated those 
objections to the Director-General, this meeting considers 
it would be inexpedient to attend the proposed meeting 
one che to-morrow by the Board of Reference and 

ontrol.” 


At the meeting of the Board of Control, amongst 
other business, certain modifications in the rules 
governing the examination for awards were proposed 
and carried, these modifications describing (in some- 
what involved language) the changes explained in 
the report of the committee given below, and 
foreign commissioners were given to understand 
that the subject would not be reopened ; the whole 
question has therefore emerged from a nebulous 
condition into one of clearly defined fact. The 
following is the text of the report submitted to 
the foreign commissioners by their committee : 


Report OF A MEETING OF THR COMMITTER OF THR 
ForEIGN COMMISSIONERS TO CONSIDER THE (QUESTION 
or JURY AWARDS, HELD AT THE ADMINISTRATION 
BuiLpiIne ON JUNE 1, 1893, aT 3 P.M. 

“‘All the members of the committee nominated by the 
foreign commissioners were present, as follows: Mr, 
Wermuth, representing Germany ; Mr. Palmforst, Aus- 
tria ; Mr. Grinlinton, Ceylon ; Mr. Lemus, Guatemala ; 
Mr. Dredge, Great Britain; Mr. Lefiler (Honorary Sec- 
retary), Sweden. 

“The letter written by Mr. King on behalf of Mr, 
Thacher, which had been read at the meeting of the 
commissioners held on May 31, was again read, neither 
Mr. Wermuth nor Mr. Grinlinton having been made 
acquainted with its contents. It was stated that an 
intimation had been received that Mr. Thacher had pre- 
pared another letter to be laid before the committee, and 
if was therefore proposed that the letter written by Mr. 
King should not be discussed, at all events until the 
meeting was in possession of the letter of a later date 
that was to be handed in by Mr. Thacher. It was agreed 
that Mr. John Boyd Thacher, the chairman of the Com- 
mittee on Awards, should be invited to attend the meet- 
ing and make certain personal explanations as to the 
actual condition of his proposed plan for judging exhibits 
and to discuss the subject generally with the committee. 

“Mr. Leffler, the hon. secretary, communicated this 
wish of the committee to Mr. Thacher and to Governor 
Hoyt, who {t was desired should accompany Mr. Thacher. 
During the short interval that elapsed before Mr. 
Thacher and Mr. Hoyt entered the room, it was decided 
by the committee that the most convenient form which 
could be given to the interview was that a series of ques- 
tions should be put by the members of the committee 
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with a view to eliciting from Mr. Thacher the actual con- 
dition of the awards question. It was also decided that 
at the present meeting the duties of the committee should 
be confined to obtaining information, and not to framing 
any recommendation. It was further decided that a 
careful summary of the interview be prepared and laid 
before the foreign commissioners at their next meeting, 
to be held on June 3. 

“‘Tn accordance with this resolution all the members of 
the committee proposed a series of questions to Mr. 
Thacher, which were answered by that gentleman in 
great detail, and with the most evident intention of 
placing the foreign commissioners in possession of all the 
information at his disposal. The following is intended 
to be an accurate summary of Mr. Thacher’s state- 
ments; in this summary the order of Mr. Thacher’s 
remarks is not strictly followed, as it has been considered 
desirable to give to the report something like a logical 
continuity. 

“‘With regard to the total number of judges to be ap- 
pointed, Mr. Thacher stated that it was the intention of 
the Executive Committee on Awards that the total 
number of judges should be about 500, and that of these, 
at least one-half should consist of foreigners, as there was 
a general desire that the greatest consideration should be 
shown to foreign countries in the matter of judging ex- 
hibits. It is intended that all the Amerian judges should 
be paid a certain sum to defray their expenses, and that 
the foreign judges, up to the limits of number and of 
funds at the disposal of the Executive Committee on 
Awards, should also be paid; in the latter case the 
amounts would be 750 dols. for each judge. The number 
of paid judges accorded to a few of the principal countries 
has already been decided upon, but for the majority of 
foreign countries represented at Jackson Park, this ques- 
tion has still to be settled. The allotment of judges to 
foreign countries is recognised as a delicate work and one 
full of difficulties ; nevertheless the Executive Committee 
on Awards, which is now engaged upon this matter, is 
confident that the distribution to all foreign countries 
will soon be completed satisfactorily. 

‘9. Supplementary Judges.—Several countries have ex- 
pressed the opinion that the number of paid judges that 
can be allotted to them by the Executive Committee on 
Awards will not be sufficient for their requirements, and 
they have in consequence proposed that a certain number 
of supplementary judges should be allowed them ; these 
judges would be paid by the country to which they be- 
longed, and would form no charge upon the Executive 
Committee on Awards. France and Germany were the 
two countries most largely interested in this question, 
and verbal assurances which their commissioners con- 
sidered satisfactory, had been made to them towards the 
close of April last. Since that date France has definitely 
placed her exhibits hors concours, and Germany, there- 
fore, stands to-day as the most important country so far 
as the demand for supplementary judges is concerned. 
Other countries, however, such as Austria, Italy, and 
Spain, press simuar claims, but on a smaller scale. Mr. 
Thacher is not at present prepared to consider this ques- 
tion, even on general principles; he has not had time to 
do so. The Government order under which payment was 
secured to foreign judges was only issued on April 21 
last, and a somewhat serious difficulty arises in connec- 
tion with the matter. Premising that 500 is the total 
number of paid judges to be appointed, and that of these 
one-half is to consist of American judges, it follows that 
if the supplementary judges asked for are allowed, the 
intended equality between American and foreign judges 
will be disturbed, and the total number of judges must be 
increased by adding a sufficient number of American 
judges torestore the balance; as it is intended that all 
these gentlemen should be paid, the resources at the dis- 
posal of the Executive Committee on Awards would have 
to be increased. Without directly negativing the demand 
for supplementary judges, Mr. Thacher admits that ib is 
amatter of difficulty which has not yet been officially 
considered by his committee, but he has undertaken 
that it shall without loss of time receive the careful atten- 
tion of that committee. 

‘3. Grouping of Judges.—As is well known, the 
judges, American and foreign, will be divided into as 
many groups as there are main departments in the Ex- 
position, These groups will be known as ‘ depart- 
mental committees ;’ their strength will vary with the 
importance of the department or section whose interests 
they represent. The apportionment of these judges into 
their respective groups or committees will, of course, to 
alarge extent be settled by the nomination made by the 
foreign commissioners, and it will rest with the foreign 
commissioners to decide themselves upon the composition 
of the departmental committees, so far as the foreign 
members are concerned. Without interfering unneces- 
sarily in detail, the Executive Committee on Awards will 
keep itself acquainted with the composition of the de- 
partmental committees, and if in their judgment they 
consider that any such committee is too large in propor- 
tion to the work it will have to undertake, they reserve 
to themselves the right of pointing out the excess in 
strength of any departmental committee, and if they 
think it expedient, they will suggest that its numbers 
should be diminished, and that one of the other com- 
mittees not sufficiently strong in reference to the import- 
ance and scope of its duties, should be strengthened by 
the addition of the same number of judges as may be 
taken from other departments judged to be excessive in 
their strength. While naturally reserving to the Executive 
Committee on Awards the privilege of making suggestions 
as to the number of judges in any departmental committee, 
Mr. Thacher proposes to throw upon the foreign commis- 
sioners all responsibility connected with the composition 
of the foreign groups of judges in the various depart- 
ments. Hach of the departmental committees will have 


the power of electing their own president, vice-president, 
secretary, and other officers. ’ 

“4, Work of Examination.—The actual work of exami- 
nation of exhibits will be carried on by the members of 
the departmental committees, subject to certain provi- 
sions by the Executive Committee on Awards. These 
provisions are intended only to insure the proper exami- 
nation of every exhibit, and the preparation of suitable 
reports based upon such examination, and to assist 
generally the work of the judges. The power reserved 
by the Executive Committee on Awards in this connec- 
tion is chiefly as follows. 

“5. Appointment of Single Judges.—The Executive 
Committee on Awards reserves to itself the right of 
nominating any particular judge to examine and report 
upon particular exhibits; in other words, the depart- 
mental committees must accept the ruling of the Execu- 
tive Committee on Awards as to which of its members 
shall be appointed as the single judge for the examina- 
tion of any particular exhibit or exhibits. It must be 
borne in mind, however, that the Executive Committee 
on Awards accepts the nomination of foreign judges 
made by the foreign commissioners (except in the 
event of any judge so nominated not being considered 
by the Executive Committee on Awards as a fit and 
proper person for the office), and it is upon the assump- 
tion that all these nominations are appropriate, that the 
Committee on Awards would make the selection of the 
individual judges. It is intimated, however, that such a 
decision would not be an arbitrary one, and that any 
opinion expressed by the departmental committee would 
receive respectful attention. It is pointed out that the 
object of the Executive Committee on Awards in resery- 
ing this right to appoint the single judges is anxious to 
follow out its prescribed system for insuring that every 
exhibit shall receive proper attention, and the individual 
judges selected would receive from the Executive Com- 
mittee on Awards instructions as to the exhibits they 
are severally to examine and report upon. The Execu- 
tive Committee on Awards considers that by this method 
they will be able to keep track of every exhibit within 
Jackson Park, and in the event of any exhibit being 
neglected by the judge to whom it had been referred, 
they will be able to hold a single person responsible, and 
urge upon him the prompt completion of work that may 
have been overlooked. The Executive Committee also 
reserves to itself the full power to select in each case 
what nationality of judge shall be appointed for the 
various examinations. 

“6. Collaborating Judges.—The single judge system 
thus being maintained, Mr. Thacher admits the principle 
that in all cases the departmental committees shall be 
entitled to have any number of judges they consider 
desirable appointed to assist the single judge in the 
examination of any exhibits, provided that Mr. Thacher 
is furnished with a detailed list of such objects as the 
departmental committee desire shall be so collectively 
examined. It is intended that a single judge shall be 
first appointed as described above, in accordance with the 
general regulations, It is considered certain that there 
are a large number of exhibits which could be examined 
and reported upon by a single judge without any collabo- 
ration by his colleagues, The decision as to whether 
collaboration is necessary is to rest in the hands of the 
judges who collectively form any departmental committee 
before which the question comes for consideration. In 
cases where the departmental committees decide that 
collaboration with the single judge is necessary, the 
exhibits must be examined by the whole of the collabora- 
teurs acting together, and the report must be prepared 
by them jointly and signed by the single judge first 
appointed and by all the collaborating judges if they are 
in accord, or by the majority in the event of disagree- 
ment. It will be, however, in the power of the original 
single judge, who may in some sense be considered the 
chairman of the collaborateurs engaged in any special 
examination, in the event of his differing from his col- 
leagues, to prepare a minority report signed by himself. 

“7, Preparation of Reports.—The reports are to be 
prepared after a careful examination either by the single 
judge, if acting alone, or by him and all his colleaguesif 
acting collectively ; they are to be confined simply toa 
statement of the points of intrinsic excellence in the 
exhibit ; but they are not to be by any means comparative 
reports setting forth the relative excellence of an exhibit 
as compared with other exhibits of the same class. The 
report will be inscribed upon the diploma, which will 
ultimately belong to the exhibitor, who willalso, in those 
cases where excellence is distinctly proved, receive a 
medal of uniform value in every case. When the excel- 
lence of exhibits can only be demonstrated by actual test, 
as in the case of machinery nob in motion and a large 
number of other exhibits, it will be competent for the ex- 
hibitor to have suitable tests carried out, provided that he 
can make arrangements for that purpose, in order to 
enable the judges to arrive at their conclusion. 

“8. Inscription of Reports on Diplomas.—The reports 
for diplomas, formulating as briefly as possible the specific 
points of excellence disclosed by examination of the judge 
or judges, are in all cases to be sent to the Executive Com- 
mittee on Awards, after they have been approved by the 
departmental committee to which they belong. These 
certificates are to be signed by the chairman of the depart- 
mental committee and by the examining judge (or judges 
in cases where more than one judge has been occupied in 
the examination and report). In addition to the report 
for diplomas, longer and more general reports are to be 
prepared by the departmental committees, either by the 
chairman of each committee, or by a sub-committee, or 
some other means to be afterwards decided upon, and 
these reports'are to be handed to the Executive Committee 
onAwards for the purpose of subsequent publication, to 
form a part of the literature of the Columbian Exposition, 


[JUNE 23, 1893. 


————— SSE 
“9. Court of Appeal.—A court of appeal has been pro- 
vided for the benefit of the exhibitors and of the depart- 
mental committees ; this court of appeal is intended to 
report only as to cases of neglect or other irregularities, 
“10. Facilitating. Work of Judges.—Arrangements will 
be made to facilitate the work of the judges, by handing 
to exhibitors in advance of examination, printed forms, 
which they will be required to fill up, setting forth the 
special points of excellence which they claim for their 
exhibit. The Committee on Awards will also furnish the 
departmental committee with all possible assistance in 
clerical work, such as stenographers, typewriting, &e. 
“11. Probable Duration of Work.—Mr. Thacher con- 
sidered that the work of the judges might be completed 
in forty-five days; he, however, wished it tobe distinctly 
understood that this was a guess, and by no means an 
estimate, but he promised that a careful estimate should 
be prepared and placed before the foreign commissioners 
at their meeting on June 2. Assuming this period to be 
approximately accurate, assuming also that everything is 
in readiness for the judges to commence their work on 
July 1, it should be completed before the end of August, 
“12. Difficulty in Securing Judges.—It was poited out 
to Mr, Thacher that, in consequence of the various delays 
which have taken place (and which are by no means 
attributed to the Committee on Awards), and to the un- 
certainty which has attended the undertaking, it is quite 
possible that in many cases eminent men of various 
nationalities who were willing to have placed themselves 
at the disposition of the Exposition authorities, if the 
work of judging had commenced on June 1, as was at 
first contemplated, may now be unable to give effect to 
their intentions, and that in such cases their places must 
be filled by competent, though by less eminent men. 
‘‘The above is, to the best of my knowledge, a faithful 
and exact summary of Mr. Thacher’s explanation, and 
assurances made to the Committee of Foreign Commis- 
sioners, at their meeting on June 1. TI have to 
apologise to the honourable body of foreign commis- 
sioners, for the crude manner in which the report is 
worded. 'The time at my disposal has been very short, 
and I have been anxious that the exact meaning of 
each phrase should be quite clear, regardless of its literary 


construction. 
* (Signed) JAMES DREDGE, 
‘* Member of the British Royal Commission. 
“‘Member of the Committee of Foreign Commissioners, 
(Approved by John Boyd Thacher), 
“© June 1, 1898.” 


The foregoing report was read and approved by 
Mr. Thacher prior to its being submitted to the 
next meeting of the foreign commissioners, at which 
meeting it was ordered that the report be printed. 
It may therefore be fairly assumed that it expresses 
quite accurately the present position of the jury 
problem. It will be seen that the principle of 
positive and not relative examinations and judges’ 
reports is maintained, so that the question of com- 
parative superiority or inferiority between exhibits 
of the same kind is rigidly excluded. The points 
of excellence (comprising especially those of design, 
workmanship, and efficiency) are to be clearly set 
forth in the reports on each individual exhibit, these 
points being confirmed by the signatures of the 
examining judge or judges. The scheme of single 
judge examinations and reports is abandoned, and 
that of collaborateurs is substituted in such a way 
as may possibly prove satisfactory to exhibitors. 
The plan of awarding medals of equal value is 
preserved, and in no case will any award be given 
which shall indicate that one exhibit is better than 
another. 

Mr. Thacher’s wish is that the work of the judges 
shall be so complete and so valuable that it shall 
when completed and published be a full record of 
the arts, industries, and sciences at the close of the 
nineteenth century as demonstrated by the contents 
of the World’s Columbian Exposition. We fully 
admit the noble ambition and the lofty motives 
that have prompted Mr. Thacher in this plan, to 
the attempted execution of which the country 
appears to be pledged. We admit also that if the 
undertaking can be carried into effect, a labour of 
the highest benefit to the whole world will have 
been achieved; it is evident, however, that if 
commenced it must be completed in all the fulness 
of detail and the masterly ability which alone can 
justify by their results the bold experiment. 
Anything short of success must mean failure— 
absolute failure. We confess that we see the 
gravest difficulties in the way to this success, 
and the question is so serious a one that we 
may be pardoned if we devote some space to a 
consideration of them as they appear to us. We 
may admit that if the vast collection of expert 
literature which the reports would form, were 
completed in such a way as to touch Mr. Thacher’s 
standard of perfection, the world might be 
wiser and better by studying them, supposing 
that it did so. The matter of real interest, how- 
ever, is whether during the next few months this 
herculean labour can be accomplished. But before 
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considering that point, a word may be said about 
the exhibitor, whose trade interests have not, we 
fear, been sufficiently thought of. Indeed, Mr. 
Thacher admits this freely, and the very principles 
of his scheme rise above the level of trade and 
competitive struggles ; it is the world he would 
benefit, not the exhibitors who have spent money 
freely in coming to Jackson Park with the laudable 
intention for the most part of making money. It 
is true that they will have the experts’ summary 
reports, which they can use as advertisements, but 
half the value of these will disappear because no 
mention can be made of the superiority of one 
exhibitor’s speciality over that of his rivals. We 
think that when exhibitors understand this part of 
the project, they will, wrespective of nationality, 
complain that one of their principal objects in par- 
ticipating has been defeated. 

Passing that by, however, and assuming that this 
difficulty can be overcome, we may consider 
whether it is at all probable that the system of 
judging to which the Columbian Exposition is now 
committed can be carried into execution. The 
composition of the groups of judges, known as 
‘* departmental committees,” is clearly explained 
in the foregoing report, but their composition has 
yet to be decided on. In fact, one of the most dif- 
ficult and delicate parts of the preliminary work is 
still unsettled, although Mr. Thacher has announced 
officially that the apportionment will be made on 
the basis of ‘‘ the relative space occupied by each 
Government in any particular class of exhibits.” 
In acting on this decision he will be confronted 
with a grave difficulty. The total number of 
foreign judges cannot (unless radical changes are 
made) be altered ; the scale for foreign countries is 
set by the allotment to England, to whom forty 
judges were definitely given in April last. 

According to this scale the allotment of judges 
in departments would be roughly as follows, 
assuming that we occupy 320,000 square feet, which 
is more than we really do occupy, a good deal of 
space having been abandoned by us (as in the case 
of the gallery of the Transportation Building, where 
Japan has come to the rescue and taken up our 
vacant space) : 


Judges. 

Agriculture. . 2 
Mines and Mining 1 
Machinery 5 
Transportation... 7 
Manufactures ... 12 
Electricity a ag ure ie be 1 
Liberal Arts... fee see _ we 8 
Women ... ; re ; 1 
Fine Arts 3 

40 


But Germany occupies much more space than 
Great Britain ; in the Transportation Department, 
for example, she has over twice as much, and conse- 
quently she must have a larger allotment than the 
forty assigned to her, while other countries will also 
have such a proportion that the total of foreign 
judges will be swelled far beyond the limits assigned 
for them. Germany, too, may claim that the 
number of exhibitors should have some influence in 
determining the number of judges for each country, 
and that, therefore, the demands for her 5000 
industrial exhibitors must be many times greater 
than are those of Great Britain with her 500 or 
600 industrials. In all these matters there is 
fertile cause for dispute and delay, and loss of time 
is just what cannot be afforded at the present 
juncture. 

Let us assume, however, that all these troublous 
points are set at rest, that the judges are assembled, 
the organisation complete, that work is about to 
begin, and that the date is the highly improbable 
one officially named—the first day of July. What 
will the thirteen groups of judges have to do? 
In trying to answer this question we will assume 
that the complicated clerical organisation to aid 
them now being worked out will really be no 
hindrance, and that the powers reserved by the 
Executive Awards Committee will not be exercised 
injudiciously ; in other words, that the experts will 
be allowed to get through their work in the best 
way possible. The thirteen groups of judges, 
numbering in all, say, 500 members, will have to 
examine and report on the objects shown by the 
large number of exhibitors—probably 40,000—in 
Jackson Park. Many of these show a number of 
distinct and different objects (machine tools, for 
example). Hach of these objects must be examined 
and reported on, both in the extended form for the 


ultimate literature of the Exposition, and in the 
condensed and telegraphic form for the benefit of 
the exhibitor. We do not suppose that, if an exhi- 
bitor shows ten distinct objects, the judge or 
judges will have to prepare and sign ten distinct 
reports, but he, or they, will have to make himself 
thoroughly acquainted with the exact merits of 
each distinct object, and refer to it sufficiently to 
comply with the regulations and to maintain his 
own reputationasanexpert. In the case of machi- 
nery, efliciency is after all the most important 
matter on which the judge must satisfy himself ; 
he cannot accept any statement of the exhibitor in 
this respect. There is a vast amount of machinery 
that will especially have to be tested for this vital 
quality—for example, locomotives, refrigerator 
cars, artillery, machine tools, electric appliances, 
mining machinery, agricultural machines, &c. 
How can practical tests be applied to all or any 
of these? Yet without such tests how can any 
expert testify to the intrinsic merit of any such 
object he may be called on to examine ? Speaking 
of transportation exhibits, how are the vagaries of 
classification that have placed together ordnance and 
armour-plates and boiler flues and forgings and the 
sreat steam hammer, not to mention many other 
things, be properly judged by the Transportation 
group of judges? We maintain that this difficulty 
of testing exhibits cannot be overcome, and that, 
therefore, judging on the prescribed plan such 
objects as these is absolutely impossible. 

If there are 50,000 exhibits at Jackson Park, a 
figure midway between the extreme estimates, and 
if there are to be 500 judges, each judge will have 
an average of 100 exhibits to examine and report 
on, and the exhibitor, in many cases at least, will 
have several distinct exhibits ; therefore the work 
of the judges would be increased indefinitely. Yet 
everything must be examined so faithfully that the 
reputation of the judges can be pledged to every 
detail. Weleave to those gentlemen who have, or 
who propose, to assume the responsibility, to decide 
whether it is not a task far beyond human power 
to achieve, in the short time that lies between the 
first day of July and the last day of October. 

We have extended this article to extreme limits 
because it is a very serious thing for competent men 
to undertake the long and costly journey, the loss 
of time and the hard labour involved, without 
knowing something about what they will have to 
do, and that in some respects they will be called 
upon to perform impossibilities. We may, in con- 
clusion, add a few words on the position occupied 
by the Exposition authorities on the one hand and 
by the foreign commissioners at Chicago on the other. 
According to the latest utterance of the former, 
‘the action of the Board of Control is final in the 
matter, and foreign Governments are left to accept 
the conditions or withdraw the exhibits from ex- 
amination as in their judgment they may think best.”’ 
This is at least satisfactory as it puts an end to 
further discussion on the subject, and to further loss 
of time andtemper. As to the foreign countries, 
France had already withdrawn before matters had 
reached the present stage. As already mentioned, 
the British Royal Commissioners present in Chicago 
set the example to many other countries, in agreeing 
(subject to confirmation from their colleagues in 
London) that the time had passed when useful jury 
work could be done, and that therefore it would be 
necessary to withdraw. On telegraphing to London 
they ascertained that the members of the British 
juries had been appointed, and that British exhibits 
could not be placed hors concowrs without the general 
consent of the exhibitors. The position of Great 
Britain is therefore settled in this respect ; as for 
the others, their action has been suspended to learn 
what would be the outcome of the recent interview 
with Mr. Thacher embodied in the report we have 
reproduced above. Now that the issue is known, 
and that the door is closed to further argument, 
they will, no doubt, decide in a few days, and in the 
majority of cases there is little doubt what that 
decision will be. 

Cuicaco, June 11, 1893. 

With improving weather and greater confidence 
in the more finished state of the Exhibition, the 
attendance at Jackson Park continues to improve, 
though it sadly lacks yet in quantity, and disap- 
points the sanguine anticipations of enthusiasts, 
and the more moderate hopes of all those who have 
had the interests of the Fair at heart. Up to the 
present time more than one anda half millions of 
visitors have paid for admission ; probably with the 
too liberal system of passes that has prevailed, the 


total may be nearly double that figure. The fol- 
lowing list gives the official numbers of paid 
entrances up to date : 


Opening day __... 128,965 
First open Sunday 77,212 
Decoration day ... 115,578 
June 1 st 39,024 
ae 51,366 
ie i oh ena 55,558 
Second Sunday ... 56,760 
June 5 ae 59,651 
A Ae 78,715 
<j if 69,374 
aye 135,281 
= 9 61,208 
ae LO 72,807 


Total to date (including entrances 
on days in May not named above) 


1,677,918 
There is no doubt that these figures are far 
smaller than they ought to be, but there are many 
causes to account for the actual returns. In the 
first place, it must be admitted that the Chicago 
newspapers are to some extent responsible ; they 
have (some of them have) been extremely active in 
finding fault with arrangements that were more or 
less faulty, but quite tentative; for example, the 
Interocean carried on a violent crusade against the 
refreshment arrangements, and this gave not un- 
welcome material to some eastern papers to frighten 
visitors from the eastern States ; this alone is pro- 
bably responsible to a certain extent. But as a 
matter of fact the refreshment arrangements are 
not bad, and are not dear, all things considered, 
and they are improving. The absence of sufficient 
seating accommodation in the grounds was another 
chance to find fault with the direction, a chance 
that was made the most of, and visitors were kept 
away because they were assured that there were no 
benches on the grounds, and that tired visitors 
would not be allowed the repose offered by the 
friendly and casual packing-case. Well, there was 
an absence of seats on the grounds ; fourteen miles 
of benches had been ordered and were being 
supplied as fast as possible; but the com- 
plaint was good enough to sell papers with, 
and could not be thrown away. And so in many 
other ways, these enterprising sheets, or some of 
them, have undoubtedly made a bad impression 
that has travelled far beyond the Atlantic western 
shore, and will still prevent many Huropean 
visitors from coming to Chicago. But there are 
other reasons which cannot be ascribed to a similar 
cause. On the opening day the Exposition was in 
avery backward state, and this kept many away, 
even those living near the Exposition. They post- 
poned coming, quite regardless of the fact that from 
the first there was plenty to be seen. The bad 
weather that prevailed was a more powerful factor, 
and offered a really good excuse for postponement. 
But the chief reason lies in the fact that hitherto 
the attendance at the Exhibition has been mainly 
drawn from Chicago and the vicinity, and that 
local support has reached so large a figure is 


both surprising and _ satisfactory. Soon the 
school and college vacations will commence, 
and then students, with their ‘‘sisters and 


their cousins and their aunts,” will help to 
swell the growing crowds. The agricultural element 
is now absent, and the later months of the Exhi- 
bition will see them arrive in multitudes. Both 
these great sources of revenue are safely to be 
counted on, in all human probability. But the 
principal support must come from the masses, and 
not from the two classes just referred to. The 
general public from far and near is waiting for the 
railway companies to announce facilities, and the 
railway companies are deliberate in taking action. 
It is a somewhat startling fact that up to this time 
of writing, the magnificent railway station at the 
back of the Administration Building has remained 
unused ; not one passenger train has yet stopped 
at any of its numerous platforms. They will come 
later, but meantime one cannot repress the criti- 
cism that this great terminus was a mistake, and a 
very costly mistake too, for it has, with the 
approaches, been responsible for an outlay of at 
least half a million dollars, and it will have no 
raison d étre after the close of the Exposition. This 
station does not in any way serve the local visitors ; 
they are accommodated by the Illinois Central, or 
the Elevated, a favourite but dreary route ; or by the 
cable cars or the lake steamers. The monumental 
station in Jackson Park is solely for excursion 
trains, and as none of the railway companies have 
as yet begun this popular form of traftic, the 


878 


ENGINEERING. 


station remains so far useless. In fact, the com- 
panies are subjected to much harsh criticism because 
as yet they have run no excursion trains, but they 
will no doubt do so as soon as they consider it can 
be done with advantage to their stockholders ; any 
premature action, though favourable to the Exhi- 
bition, would certainly not meet the approval of 
those waiting for dividends. The first steps in 
this direction are, indeed, already commenced by a 
charge of half-fares on certain trains. But this 
concession will scarcely bring vitality to the great 
station, at which no baggage must be handled, 
and the companies using the platforms for their 
excursion trains must pay a tax of ten cents per 
head for the privilege. These restrictions do not 
meet with approval, and may be modified by com- 
promise, but it isnot thought likely that, under the 
most favourable conditions, the revenue to be de- 
rived from the railway companies can possibly repay 
the cost of the building and the approaches. 

The visit of the Spanish Princess to Chicago and 
the Exposition has drawn considerable crowds 
there, and on Thursday, the 8th inst., the first 
great success as regards attendance was scored. 
More than 130,000 people paid on entering, and 
the numbers on the grounds must have been nearly 
200,000. The day was fine, and in the evening a 
special firework display was announced. ‘There 
can be no more perfect location anywhere than the 
great Central Court of the Exposition, for pyro- 
technics. There is ample standing room for 
a vast crowd; the buildings on three sides afford 
space in the galleries for the more favoured 
spectators, and the great sheet of water on which 
the display took place doubled the charm by reflec- 
tion. Moreover, the coloured lights illuminated 
the surrounding buildings, and especially the 
peristyle spanning the east end of the basin, giving 
them a novel beauty, distinct from the effect of 
sunshine or the electric light. For the first time 
the transport arrangements seem to have been 
somewhat severely strained, and though no acci- 
dent happened on the grounds, several hours were 
occupied in getting the people away. This delay 
was largely due to a deficiency in the means of 
egress, which, while well adapted for a large and 
steady flow, are insufficient to meet a sudden 
emergency. No doubt the experience will be turned 
to the best account by the Exposition management 
before the next occasion arises. 

The privilege of photographing within the 
grounds has been discussed with much acrimony 
lately, and Mr. Arnold, the official photographer, 
is certainly for the moment the best-abused man in 
Chicago. It does appear to us that the permission 
to use a camera of a reasonable size (5 in. by 4 in.) 
on the payment of two dollars a day, leaves 
nothing to be complained of. But besides this, the 
accredited representatives of illustrated papers can, 
after taking the necessary steps, obtain all the 
photographs they desire, for nothing. This is more 
liberal treatment than was accorded at the Paris 
Exhibition, where no complaints were made. 
Between the framing of the very liberal regula- 
tions and their execution some mistakes occurred, 
and in two or three cases newspaper representa- 
tives were arrested, of course to be liberated after 
the proper explanations had been given ; but these 
incidents made good material for the morning papers, 
which were lavish in their abuse of the system and 
the concessionaire. For our own part, without ex- 
pressing any opinion on the merits of the dispute, 
we are bound to say that during the last eighteen 
months that we have had the pleasure of being 
under many obligations to Mr. Arnold, we have 
found him invariably courteous and obliging in the 
highest degree, and always ready to step beyond 
his official duties to render services; and we are 
glad to take this occasion to tender him publicly 
our sincere thanks. There is one view of this 
matter that has not been noticed. The Kodak 
fiend is rampant in Chicago, and it may well be 
that the Exhibition authorities feared that if he 
were allowed to ‘‘press the button” unchecked 
within the limits of Jackson Park, serious damage 
might be done to the interests of the Exhibition by 
the circulation of the amateurs’ photographic libels 
throughout the country. 

The award discussion has not made much head- 
way during the past week, and Mr. Thacher is 
now reported to be concluding his work of allotting 
to the different nations their proper proportion of 
judges. It is reasonable to suppose that when the 
announcement of this allotment is made, there will 
be considerable discussion between the foreign 


commissioners and Mr. Thacher ; he has, indeed, 
a difficult task to satisfy every one, and at the 
same time keep within the limits of the appropria- 
tion. Much time must be lost before this can be 
settled, but it must be definitely arranged before 
the international judges can be notified that they 
will be required ; then they will have to make 
their arrangements at home, and proceed to 
Chicago. Under these circumstances July 15 
must be regarded as the earliest date for com- 
menciug work ; some persons whose opinions are 
worth considering fix August 1. Meantime no 
departure (except some slight modifications) will 
be made, so far as Mr. Thacher is concerned, 
from the summary we publish on page 875, and 
the report to the foreign commissioners may be at 
present taken as correct. Buta serious misgiving 
has arisen on another point. Is Mr. Thacher after 
all supreme in this matter ; or cannot the Director- 
General go over his head and issue modified regu- 
lations? This is the question asked by the Foreign 
Commissioners, and to which an answer is expected 
this week. As we have already explained, England’s 
position being fixed, she has no need to take a hand 
in the discussion, but can only wait upon events. 
The great danger and difficulty of the situation lie 
in the loss of time, which is so rapidly passing, and 
if is abundantly clear that if Mr. Thacher’s plan be 
carried out, there will be scarcely time before the 
end of October to complete the work, no matter 
how industrious the judges may be. 

The decision as to the Sunday opening of the 
Exposition is still (at the time of our writing) 
in suspense; a few days ago the law officers of 
the Government issued a peremptory injunction 
against the opening, and by the general public 
the matter was considered settled. But almost 
immediately there followed a withdrawal of the 
injunction pending further argument, and to- 
day the Exposition is open as usual. Should this 
temporary permission be made permanent, it is yet 
an open question whether the privilege will be 
beneficial or the reverse. In the first place, such a 
permission is supposed to involve the return of the 
appropriation of about two million dollars made by 
the Government, and it would also mean the 
estrangement of a very large body of Sabbatarians 
throughout the country. On the other hand, the 
advocates for Sunday opening, at least the most 
energetic ones, who a short time since were breath- 
ing fire and fury against the Directory, and 
threatening to assert the divine right of the people 
by force, have, with a curious American charac- 
teristic, resigned themselves at once to the action 
of the law, and would now probably be active in 
sustaining its decision. And it is to be noticed 
that really the public do not seem to be excited on 
the subject ; only 86,000 have availed themselves 
of the permission to visit the Exposition to-day, 
and though, doubtless, as time goes on the 
numbers would become much greater, it is very 
doubtful if the receipts would be sufficient to repay 
the debt to the Government. 

Changes appear to be imminent in the manage- 
ment of the Exhibition; it is proposed that the 
power should be vested in the Director-General and 
Mr. Burnham, instead of being distributed rather 
vaguely in many hands, This would not nominally 
affect the position of the Executive Chicago Board, 
but it is considered that control would be much 
simplified, and experience has shown that this 
would be very desirable. With the two complicated 
and sometimes conflicting organisations at the head 
of affairs, it isa matter for surprise that everything 
has gone so well. Americans are loud in their 
condemnation of the system of government ; it is 
a pleasing duty for us to record the general opinion 
among foreign officials here, that the individuals 
administering the dual control are eminently 
adapted for their difficult positions, and have suc- 
ceeded in their respective duties far better than 
could have been expected of men who have never 
had previous experience of Exhibition work. 


J.D. 


NOTES. 

British AND AMERICAN Borer SHop WAGES. 

A CoMPARISON of the wages paid per hour to 
workmen must, always be qualified by a considera- 
tion of the relative amount, as well as value, of 
the work done within the sixty minutes, and as 
this depends on so many considerations, it is not 
quite determinable. The efficiency of the plant, 
the facility of moving about the component parts 
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of the job, and generally the nature of the organisa- 
tion, are all important factors. Yet it is interest- 
ing, if not important from the economic point of 
view, to compare the wages paid in the principal 
districts in America with those paid, say, on the 
Clyde. An American contemporary gives from 
what it regards as the ‘‘ most reliable sources,” the 
wages of boilermakers in the States, and we have 
ascertained the wages paid in the leading works on 
the Clyde. In the principal centres—at Phila- 
delphia and Harrisburg, in Pennsylvania State, 
and in some of the districts of Ohio, the boiler- 
makers, including platers, riveters, and caulkers, 
get from 10d. to 1s. per hour; at Baltimore, 11d, 
to 15d. ; while at New York, Boston, Pittsburg, 
San Francisco, and other districts they get from 
ls. upwards to 1s. 3d.; at Chicago the minimum 
seems to be 13jd. per hour. On the Clyde 
the platers get 7.8d. to 9d. per hour; the 
riveters and caulkers, 7.3d. There is a greater 
disparity in the case of helpers, for in America 
the lowest wage is 6}d.; the average, as in 
New York, is about 83d. In Boston and San 
Francisco it is 10d. This is a characteristic of 
wages in America, and as a result there is a more 
extensive adoption of labour-saving devices, which 
often gives the manufacturer of the States an ad- 
vantage. Onthe Clyde helpers get 33d. per hour. 
Holders on get 5.5d. per hour on the Clyde, while 
in Boston they get from 9d. to 10d. ; but there the 
higher rates rule, and in other districts it may be 
about 73d. or 8d. Flangers in the Scotch works get 
7.8d. to 9d., while in Boston the rates are from 
13.75d. to 18.75d., but in some other parts 11d. to 
ls, The rivet heaters on the Clyde get 1.75d. per 
hour, while at New York they get 64d., although at 
some parts they get slightly less. The Clyde, 
therefore, apparently has the advantage, and it 
may safely be conjectured that the cost of living 
there is less than in the States, in the same, if not 
in greater, proportion than the ratio of difference in 
wages. 


Tue Union or German Roxtiine Mitts. 


The arrangements, in accordance with which 
the Union of German Rolling Mills was formed six 
years ago, expire with the end of the present year, 
when the three years’ prolongation will come to an 
end. Whether a further extension is feasible re- 
mains to be seen. No doubt great efforts will be 
made to preserve this important organisation, which 
from a small beginning has sprung into the lead- 
ing factor in the German rolling mill industry; but 
there are very serious difficulties in the way, which 
will have to be first overcome. In the year 1886 
five rolling mills in Upper Silesia—viz., Bethlen- 
Fahnahiitte, Redenhiitte, Bismarckhiitte, Her- 
minenhiitte, and the Company for the Manufacture 
of Railway Material—formed a joint bureau forsales, 
which was also entered in the beginning of 1887 by 
the Baildonhiitte. This society soon proved to bea 
practical arrangement, and beneficial to the in- 
terests of the rolling mills, and it was soon further 
extended. At a meeting in Berlin in January, 
1887, where all the Upper Silesian rolling mills 
were represented, with but one exception, it was 
decided to leave the selling of the entire produc- 
tion for a quarter of a year to the United Kénigs- 
hiitte and Laurahiitte. This provisional arrangement 
worked very well, and as early as April 18, 1887, 
the Union of Rolling Mills in Upper Silesia was 
definitely formed, comprising all the rolling mills 
of that district except the Borsig Iren Works. 
A board, having its domicile in Berlin, was 
formed, and to it was left the selling of all the 
production for a period of three years from May 
15, 1887, both at home and abroad, with the ex- 
ception of Russia, within the limits of an annual 
production of 198,500 tons. The United Kénigs- 
hiitte and Laurahiitte, Marthahiitte, and some 
smaller works, had joined the union, as did 
the Piicalhiitte in Rudginitz, the Antonienhiitte, 
and the Paruschonitz rolling mill at Rybuik, - On 
a similar basis the Rhineland- Westphalian Rolling 
Mills Union was formed at Diisseldorff on June 
25, 1887, comprising some fifteen large rolling 
inills, The Silesian and the Rhineland-West- 
phalia Unions now began negotiations with a 
group of the Central German rolling mills and 
those rolling mills which had joined the Saar and 
Moselwerk Convention, and on October 15, 1887, 
the Union of German Rolling Mills was constituted 
for a term of three years. The annual average 
consumption in Germany was put at 613,500 tons ; 
of this 211,600 tons were allotted to the Rhine- 
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land- Westphalia group, 174,000 tons to the Upper 
Silesian group, 67,200 tons to the central German 
group, and 160,700 tons to the South German group. 
Since then a large number of other rolling mills 
have joined the union, which now comprises 
fifty-five rolling firms, of which thirty belong to 
the Rhineland-Westphalian group, eight to the 
Upper Silesian group, four to the Central German 
group, and thirteen to the South German group. 


Tae Great NortHERN TELEGRAPH CoMPANY. 

During 1892 five of the European cables were 
interrupted altogether eleven times, five stoppages 
having been upon the Anglo-Danish cable between 
Séndervig and Newbiggin. The more northerly 
Anglo-Scandinavian cables—there are altogether 
five—have not been so unlucky, and it may be 
noted that the first interruption ever experienced 
on the Newbiggin-Arendal-Morstrand cable, which 
was laid in 1880, happened in November last. 
This cable has thus worked for twelve years 
without any interruption. The cable steamer 
H. C. Orsted was altogether out 104 days. In 
eastern Asia there have been thirteen interrup- 
tions in five cables. The cables in that part of 
the world have been thoroughly overhauled ; the 
Shanghai-Nagasaki cable has been strengthened 
with a reserve cable. The cable steamer Store 
Nordiske (Great Northern) has been at work for 
258 days, of which, however, 90 days have been 
for other telegraph companies. For the Hong- 
Kong Government the Store Nordiske has laid a 
cable connecting the main island with the Gap 
Rock island or rock. The gross receipts for tele- 
grams were only some 10,000/. less in 1892 than 
during 1891, which must be considered as very 
satisfactory. The net receipts are not quite so satis- 
factory, owing to the fall in the silver exchange, 
which has entailed a loss of some 11,0001. With 
regard to the relations between the Great Northern 
Telegraph Company and China, matters have been 
allowed to stand over for several years, partly 
owing to Russia having expressed a desire to this 
effect. An agreement having, however, been 
arrived at between Russia and China for ten years 
to begin with, it was at the same time stipulated 
that the Chinese were not to have lower charges 
for overland European telegrams than rates charged 
for cablegrams, in the four towns, Shanghai, 
Fouchow, Amoy, and Hong-Kong, where the 
cables of the Great Northern Telegraph Company 
land. In other words, there must be no com- 
petition, so far as charges are concerned, between 
the Chinese and the European companies. 
Promptness and correctness in transmission will 
be the only advantages that can be offered, and 
as the four cable towns’ trattic represents four- 
fifths of the whole of China’s traflic with 
Europe, the above agreement may materially 
benefit the company. As a technical advance, 
effected in the course of last year, there may be 
mentioned the automatic transmission which has 
been established at Stockholm, whereby a quicker 
and more reliable service has been established be- 
tween Newcastle and Nystad in Finland. On the 
overland lines in England the duplex service has 
been adopted, and measures have been taken to 
further reduce the induction as far as the two and 
three cored cables are concerned. The financial 
result of the year is a net profit of 4,086,000 kr. 
(about 227,000/.), which is about 19,000/. less 
than that for 1891. The shareholders obtain the 
same dividend as in the previous year, viz., 6 kr. 
50 ore (about 7s. 3d.) per share, in addition to the 
5 per cent. paid on account. To the reserve and 
renewal fund there is added the sumof 1,500,000 kr., 
or about 82,500/.; to the pension fund 50,000 kr., 
or 22001., &c.; and a sum of 822,000 kr. (about 
45,5001.) is carried forward to the current year. 


Tue Vispration or Meratric BripGes. 

Professor F. Steiner, of Prague, has recently 
published in the ‘‘ Zeitschrift des Oesterreichisen 
Ingenieur und Architekten Vereine”’ a report on 
the vibrations of metallic bridges, which contains 
matter of much interest, though opinions may 
differ as to its practical value. It has long been 
known that every bridge, being an elastic structure, 
has a certain natural period of vibration, and that 
if such a structure is subjected to a series of shocks 
synchronising with this period of vibration, the 
safety of the structure may be seriously endangered, 
The only cases as yet in which it has been proved 
that failure has arisen from this cause, have been 
those of suspension bridges, of which more than 
one has failed by troops marching over them in 
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step. This action is peculiarly trying to many 
bridges, because there is a natural tendency on the 
part of the men to keep time with the vibration of 
the bridge, which may thus be augmented to a 
dangerous degree. In the case of the Kaiser 
Franz-Joseph Suspension Bridge, one of 150-m. 
(492-ft.) span, opened in 1883, it was found that 
the maximum stresses in some of the members 
were 50 per cent. more when half a company of 
men walked over the bridge in step than they were 
when heavily loaded wagons were passed over the 
bridge. Fortunately, with most girder bridges, 
especially those of short span, the natural period of 
vibration is very quick. For a particular class of 
bridge, Professor Steiner finds that the period of 
vibration was as follows : 
Span of bridge in feet 32.8 65.6 131.2 196.8 262.4 328.1 
Number of vibrations 

per second for loaded 


bridge ae ee Os 4d er al: 25 22 1,9 
Number of vibrations 

per second for un- 

loaded bridge 15.3 8.9 5.4 Shona. 6 


Professor Steiner points out that regular recurring 
shocks may arisefrom the counter weights of the loco- 
motive and from the rail joints, and under certain 
conditions these shocks may give rise to dangerous 
oscillations, and he concludes that there is reason to 
believe that the Moenchenstein disaster may have 
been due, at least in part, to this cause. In practice, 
however, we do not think that, save in the case of 
suspension bridges, there is much danger to be ap- 
prehended from this source. Repeated experiments 
have shown that, in the case of metallic railway 
bridges, the maximum deflections are not to an 
considerable extent more under a rolling load than 
they are under a statical one, and the reason 
is not far to seek. The period of vibration of the 
bridge depends upon the load on it, which 
changes as the train moves forward, and thus the 
shocks due to the counterweights of the locomotive 
cannot synchronise with the vibration of the struc- 
ture throughout the whole passage of the train. As 
regards those arising from the rail joints, the wheels 
of a train are very seldom evenly spaced, nor are 
they an exact multiple of the rail lengths, and thus 
again synchronisation is unlikely to occur. Finally, 
in the case of a single locomotive going over a com- 
paratively long bridge, it is no doubt true that the 
weight to be set in vibration will not greatly alter 
during the passage of the engine, and the action of 
the counterweights might, if continued long enough 
and uninterfered with, be dangerous. But, on the 
other hand, the weight to be set in vibration is then 
very great compared with the forces producing the 
vibrations, and a long time would be required for 
these to reach a dangerous amplitude, and further, 
the action of the counterweights is likely to be 
interfered with by the shocks due to the rail joints, 
which are very unlikely to synchronise with the 
action of the counterweights. 


ROYAL METEOROLOGICAL SOCIETY. 

Tue last meeting of this Society for the present session 
was held on Wednesday evening, the 21st inst., at the 
Institution of Civil Engineers, 25, Great George-street, 
Westminster, Dr. C. Theodore Williams, President, in 
the chair. 

Mr. R. H. Scott, F.R.S., read a paper on ‘‘ Fifteen 
Years’ Fogs in the British Islands, 1876-1890,” which was 
a discussion of the fog observations made at the stations 
which appear in the Daily Weather Report. The winter 
is the foggiest season, and the greatest number of fog 
observations are reported from London, Yarmouth, Ox- 
ford, and Ardrossan, Inthe summer half-year the fog 
prevalence attains a local maximum in two different 
districts, viz., at Scilly, St. Ann’s Head, and Roche’s 
Point in the south-west, and at Sumburgh Head and 
Wick in the north. These are evidently sea fogs 
accompanying warm weather. Mr. Scott, has made 
a collation of the observations of fog and the force 
of wind, and finds that fog almost invariably occurs 
only with calm or very light winds. The author 
says that it seems to be generally assumed that fogs 
in London are increasing in frequency and in severity. 
From the observations it appears that there is no trace of 
a regular increase either in the monthly or in the annual 
curve. All that can be said is that, taking the three lustral 
periods of five years each, the last of these, 1886-90, comes 
out markedly the worst, the successive totals being 262, 
250, and 322. 

A paper on “ Upper Currents of Air over the Arabian 
Sea,” by Mr. W. L, Dallas, F.R. Met. Soc., of the Indian 
Meteorological Office, was also read, in which it is shown 
that there exists a regular arrangement in the vertical 
succession of the upper currents, and that the doldrum 
region, and not the geographical equator, is really the 
dividing line between the currents of the northern and 
southern hemispheres. 

Mr. E. D. Archibald, M.A., F.R. Met. Soc., also gave 
an address on ‘‘ Australian Climate and Weather,” which 
was illustrated by a number of interesting lantern slides. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippiessrouGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was not a 
large attendance on ’Change, but the market was strong, 
sellers being very firm in their quotations. There was 
not a great deal of business done, however, buyers hardly 
being disposed to keep pace with the advancing rates. A 
pretty cheerful view was taken generally of the outlook, 
many people expressing the belief that trade will continue 
to steadily improve. Makers of pig, nearly all of 
whom are now well sold, were indifferent about enter- 
ing into new contracts, opining that before long orders 
will be obtainable on more favourable terms than at 
present. It was said that middlemen had not much 
iron on hand, and that they would have to purchase 
shortly, in order to fulfil contracts made a little while 
ago. Sales were recorded at 35s. for prompt f.o.b. de- 
livery of No. 3 g.m.b. Cleveland pig iron, and there were 
lots of sellers at that figure, but buyers reported being 
able to purchase at less. Parcels changed hands at 
343, 103d., and an odd lot or two at 34s. 9d. The lower 
qualities were quietest, No. 4 foundry being obtainable 
at 33s. 6d. to 33s. 9d. and grey forge at 32s. 6d., but 
several sellers asked rather more. There was not much 
doing in Middlesbrough warrants, which opened 35s. 
cash buyers and closed 34s. 104d. cash buyers. A good 
demand was reported for local hematite pig iron, and 43s. 
was the general quotation for early delivery of mixed 
numbers, though some firms held out for 43s. 3d. To-day 
our market was steady and firm, with prices about the 
same as yesterday, the only alteration being that Middles- 
brough warrants returned to 35s. cash buyers. : 


Manufactured Iron and Steel.—There is little change in 
the manufactured iron trade, but we are pleased to say 
that what slight alteration there is is for the better. 
Works, however, are still badly employed, and new 
orders are scarce notwithstanding the very low rates, 
One or two firms have secured a little work lately. 
Common iron bars may be quoted 4/. 17s. 6d.; best bars, 
5l. 7s. 6d.; iron ship-plates, 4/7. 12s. 6d.; and iron ship 
angles. 4/. 12s. 6d.; all less 24 per cent. discount 
for cash. Steel producers are now pretty busy, a 
considerable number of contracts for shipbuilding 
material having recently been entered into in conse- 
quence of the orders for vessels which have been placed 
lately. Steel railmakers have also secured a fair 
amount of work. Prices for all classes of material are 
rather better, and have an upward tendency, but they 
are still considerably below what they should be, and 
cannot leave much profit for producers. Ship-plates are 
put at 5/. and ship angles at 4/. 15s., both less the usual 
discount, and rather more than these figures has been 
asked. For heavy sections of steel rails 32. 17s. 6d. net 
at works is mentioned hy sellers, but orders might still 
be placed at 37. 15s. net. 


The Fuel Trade.—On the whole, a fairly satisfactory 
account is given of the fuel trade. At Newcastle, owing 
to the races, coal is firmer, the output being restricted. 
Best Northumbrian steam coal is quoted 8s. 9d. for 
prompt f.o.b. delivery, second qualities 8s., and small 
steam 3s. 6d. to 3s. 9d. Gas coal keeps very quiet at 
6s. to 6s. 6d., the present being the slackest part of the 
year for that quality. Bunker coal is in rather better de- 
mand, but is still quiet, the abundant supply keeping 
quotations low. About 6s, 3d. per ton is the current 
price. Coke is strong and in large request, but quotations 
vary a little. Here, however, it is very difficult to pro- 
ae Bose blast furnace qualities under 12s. per ton de- 
ivered. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co,, Limited.—The twenty-ninth 
annual report of this company has been issued. It states 
that the depression in the iron and steel trades referred 
to in last year’s report still continues, causing a consider- 
able contraction in the business of the company. The 
success attending the trials of hardened steel armour- 
plates has rendered it necessary that considerable altera- 
tions should be made in the works in order to meet the 
demand for this class of armour. Plant is also being 
erected for the manufacture of Serve tubes, the prospects of 
this branch of thecompany’s business being, in the opinion of 
the directors, sufficient to justify the proposed outlay. The 
coal trade has been seriously depressed, and future pros- 
pects are discouraging. The High Hazels and the Barnsley 
seams of coal at Rotherham Main Colliery are now being 
opened out, and during the year the Parkgate seam has 
been reached, and found to have the excellent quality 
which characterises the same seam at Aldwarke and Car 
House. The net profit for the year is 94,113/. ; 23,3532. 
is brought forward from last year, a dividend of 74 per 
cent. for the year is paid on the ordinary shares, and 
43,2171. is carried forward to the account of next year. 


Yorkshire Miners’ A ssociation.—The annual demonstra- 
tion of this association took place at Barnsley on Mon- 
day, and was attended by about 60,000 miners from all 
parts of the county. Resolutions approving of federation 
principles and the Hight Hours (Miners) Bill were 
adopted. It was stated that at the end of December 
last the association had a balance of cash in hand and 
property amounting to 163,825/., which was 46,0002. 
better than the previous year. Lock-out and other ex- 
penses were increasing. They had spent 4103/7. on 
lock-outs since April 1. Something would have to 
be done to try to stop that. With regard to the 
contingent fund, the first quarter’s income of this 

ear was 1221/., the second quarter’s 1138/., whilst they 

ad paid for contingent purposes 56047. If the contin- 
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gent fund was to carry it would have to be pub on a 
firmer basis. It was regretted that so many collieries 
were shut down, that some colliery managers were show- 
ing themselves ‘“‘tyrannously disposed,” and it was 

ointed out that there had been an increase of 7718 men 
in the pit bottoms of Yorkshire in the last two years, 
which told against the trained men. Information was 
asked for as to pits where lads were being introduced to 
supplement old hands. 


Marchay Main Colliery.—The new pit ‘‘ Minnie,” which 
has been sunk in the vicinity of the old workshop of the 
*‘Low Main,” is 11 ft. 1 in. in diameter, and was com- 
menced on August 3, 1891. Much difficulty with water 
and gas bas been met with in passing through the old 
workings, but the new Kilburne coal seam was struck on 
Monday night at a depth of 403 yards. No expense has 
been spared by the owner, Mr. C. Ford, Rowley Hall, 
Stafford. The colliery, generally speaking, has been 
worked at least seventy years. Mr. R. Hallam, of Langley 
Mill, has been the contractor. 


Iron and Steel.—There are signs of improvement in 
connection with the iron trade, pig being firmer at 40s. 
to 42s. 6d. for forge, and 43s. to 44s. for foundry. Better 
orders are to hand for medium qualities of bar for India 
and Australia. In the heavy steel trade there are good 
lines in hand for tyres and wheel centres, but the call for 
marine material is below the average. A couple of 
armour-plate houses are busy on all-steel plates. Bes- 
semer billets are going freely at 5/. 7s. 6d. per ton. For 
crucible tool steel an all-round demand from the United 
States, Brazil, and the Colonies is developing. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday there was 
some little excitement and something like the old spirit 
of activity in the Glasgow pig-iron market. A brisk 
business was done and prices were very buoyant, and not 
only was the collapse in prices in the earlier part of the 
week made up, but the quotations went up 2d. per ton 
higher than the top quotation of the preceding Monday. 
The closing price of Scotch iron showed an advance of 
3d. on the day. Cleveland iron improved 24d. per 
ton, and Cumberland hematite iron went up 34d. per 
ton. There were sellers of Middlesbrough hematite 
iron who sought an advance of 13d. per ton further, 
making a rise of 103d. on the two days. The settlement 
prices at the close were—Scotch iron, 41s. 73d. per ton ; 
Cleveland, 34s. 9d.; Cumberland and Middlesbrough 
hematite iron, respectively, 45s. and 48s, 13d. per ton. 
There was a continuation of the activity and strength in 
the iron market on Friday, coupled with a further im- 
provement in quotations. Scotch pig iron rose 24d. per 
ton, and the other sorts rose 13d, and 2d. per ton. Some 
10,000 or 12,000 tons of Scotch and a few lots of Cleve- 
land changed hands. At the close the settlement 
prices were—Scotch iron, 41s. 103d. per ton ; Cleveland, 
84s. 10$d.; Cumberland and Middlesbrough hematite iron, 
respectively, 45s. 1$d. and 43s. 44d. per ton. There was 
a quieter tone in iron trade circles on Monday forenoon, 
and the iron market was dull at the opening, buta stronger 
feeling set in during the afternoon, when the close was 
very strong. Scotch iron, after being 14d. per ton down 
in the forenoon, recovered, and closed 14d. dearer on the 
day. Cleveland prices had the same course. Cumber- 
land hematite iron was offered 1d. per ton cheaper, while 
Middlesbrough make was held for 14d. of advance. The 
closing settlement prices were—Scotch iron, 41s. 104d. 
per ton; Cleveland, 34s. 103d. ; Cumberland and Mid- 
dlesbrough hematite iron, respectively, 45s. 14d. and 
43s. 44d. per ton. Tuesday’s market was very active in 
the forenoon, when over 10,000. tons of Scotch iron 
changed hands. The cash price was firm, leaving off at 
42s. 03d. per ton, being 13d. of a rise from Monday 
night. Sellers preponderated at the afternoon market, 
and the close was dull, with the cash price for Scotch 
iron back to 41s. 103d. Cleveland and hematite iron 
warrants were easier, Middlesbrough particularly. The 
settlement prices at the close were—NScotch iron, 41s. 104d. 
per ton; Cleveland unchanged ; Cumberland and Middles- 
brough hematite iron, respectively, 45s. 14d. and 42s. 104d. 
per ton. The market was inactive this forenoon, but the 
tone was firm. About 6000 tons of Scotch iron were sold 
at 41s. 11d. and 42s. per ton cash, and 42s, 2d. one month, 
At the close there were buyers at the best. Middles- 
brough hematite and Cleveland ordinary iron were 
dearer. During the afternoon the market was rather 
easier, with 41s, 11d. cash for Scotch iron. The follow- 
ing are the current quotations for several special brands of 
No. 1 makers’ iron : Clyde, 47s. 6d. per ton; Calder, 48s. ; 
Gartsherrie, 48s. 6d. ; Summerlee, 49s.; Coltness, 54s. ; 
Langloan, 54s. 6d.—the foregoing all shipped at Glasgow ; 
Glengarnock (shipped at Ardrossan), 49s.; Shotts 
(shipped at Leith), 51s.; Carron (shipped at Grange- 
mouth), 52s.6d. per ton. There are still 71 blast fur- 
naces in active operation in Scotland, as compared with 
75 at thistime last year. Last week’s shipments of pig 
iron from all Scotch ports amounted to 6380 tons, against 
7122 tons in the corresponding week of last year. They 
included 200 tons for the United States, 520 tons for 
Australia, 470 tons for Germany, 100 tons for Russia, 510 
tons for Holland, 135 tons for Spain and Portugal, smaller 
quantities for other countries, and 4161 tons coastwise. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood yesterday afternoon at 337,062 tons, 
as compared with 337,253 tons yesterday week, thus 
Serine for the past week a decrease amounting to 191 
ons. 


Finished Iron and Steel Trades.—The improvement 
recently noticed in respect of the malleable iron trade of 
Lanarkshire is now more pronounced and general, the 


makers of bars reporting much better employment, with 
less difficulty in maintaining prices. The sheet depart- 
ment is firm, and good orders have been booked by the 
tubemakers. The recent inquiry for Cumberland hema- 
tite iron has been such as to suggest additional activity in 
the local steel trade. The new shipbuilding contracts 
that have been given will undoubtedly involve a large 
consumption of steel plates, angle bars, &c. Prices have 
now been firmly advanced 2s. 6d. per ton. 


Reconstruction of Greenock Corporation Tramways.— 
Messrs. Dick, Kerr, and Co., of Kilmarnock, Glasgow, 
and London, have secured the contract for the recon- 
struction of the Greenock Corporation Tramways, and 
will shortly commence active work. There were eight 
other tenders sent in for the work. 


Glasgow Corporation Gas Coal Contracts.—In the refer- 
ence made to the Glasgow gas coal contracts in last week’s 
“Notes,” it was stated that 400,000 tons had been pur- 
chased, and it is now said that the purchases actually 
amount to quite half a million tons. It is quite evident 
that the Contract Committee of the Gas Trust went into 
the market at the proper time for the benefit of the gas 
consumers, for it is said that in a number of instances the 
prices have gone up from 1s. to 2s. per ton since the 
acceptances were sent out. Corporations and companies 
elsewhere, whose contracts for the year 1893-4 have not 
yet been closed, will doubtless have to pay higher prices 
than those that apply to Glasgow. 


New Bridges for Ross-shire.—The Mid-Ross District 
Committee of the County Council of Ross-shire met at 
Dingwall on the 16th inst., to consider the report and 
designs by Messrs. Crouch and Hogg, of Glasgow, for the 
renewal of the Moy and Orrin Bridges. The bridges are 
of timber at present, and the committee resolved to renew 
them with steel girders at a cost of something like 5,0000. 


Glasgow Corporation Hydraulic Works.—Tenders have 
lately been received by the Glasgow Corporation Water 
Committee for the erection of the buildings at the junc- 
tion of High-street and Rotten-row, in which the engines, 
&e., are to be housed for supplying hydraulic power 
throughout the city by the Water Commissioners. It is 
announced this afternoon that, out of twelve tenders that 
were sent in, that of Messrs. John Paterson and Son, 
Limited, being the lowest, has been accepted. 


Glasgow and West of Scotland Technical College.—At a 
meeting of the Teaching and Staff Committee of this 
college held last week, twenty-four applications were 
submitted for the new chair of Steam, Steam Engines, and 
other Prime Movers, and after careful consideration the 
following were selected as a first leet: Alex. B. Dobbie, 
B.Sc., assistant to the professor of engineering, Glasgow 
University ; Robert M. Ferrier, B.Sc., C.E., lecturer in 
mechanical engineering at the Durham College of Seience, 
Newcastle-on-Tyne; William G. Walker, demonstrator 
in engineering at the University College, Bristol; 
William H. Watkinson, lecturer on engineering and 
director of workshops in the Central Higher Grade and 
Organised Science Schools, Sheffield. No few than three 
of these candidates received their engineering and other 
professional education in Glasgow, and two of them have 
held Whitworth scholarships in mechanical engineering. 
Two of them have already had experience as teachers or 
demonstrators in the college in which the new professor- 
ship is to be instituted. 


Edinburgh and Leith Corporation Gas Supply Under- 
taking.—The total revenue from this undertaking during 
the past year was 260,310/., as compared with 292,912/. 
in the preceding year. The decreased revenue is accounted 
for by the fact that for eight months of the past year— 
since October—the gas was sold at a reduction of 8d. per 
1000 cubic feet upon the 4s. 6d. ao which it had for some 
time previously been sold. After all liabilities have been 
met there will be a net balance on the year’s workings 
amounting to 2488/. lls. 8d. Last year, however, the 
balance carried over was 27,1807. Os. 10d., and conse- 
quently the commissioners have at their disposal, to be 
dealt with at their discretion, a sum of 29,668/. 12s. 6d. 


Testing a 100-Ton Crane at Greenock.—The large crane 
which was erected at Victoria Harbour, Greenock, in 
1873, but which had only a lifting power of 70 tons, 
has lately been so modified and improved, according to 
plans recommended by Professor Barr, D.Sc., of the 
chair of engineering in the University of Glasgow, and 
Mr. James Taylor, Birkenhead, that, as tested this week, 
if can readily lift a weight of 120 tons. The work 
of carrying out the alterations was done by Messrs. 
Alexander Chaplin and Co., Govan, at a cost of between 
17002. and 18002. 


Wick Harbour Government Debt.—The repayment of 
the Government loan of 60,000/., which was spent on the 
Wick breakwater, now in ruins, was suspended for ten 
years. That period will expire in about six months, and 
recently a deputation from the Wick Harbour Trust went 
to London with the view of inducing the Treasury to 
agree to the absolute remission of the debt. Sir John 
Hibbert said, before giving an answer, Sir Alexander 
Rendel, engineer for the Public Works Loan Board, 
would visit Wick and report on the subject. Sir Alex- 
ander arrived at Wick last Wednesday night, and pro- 
ceeded at once to inspect the new harbour works, for 
which a loan of 50,0007. was some years ago received. He 
met the harbour trustees the following day, and heard 
their views on various matters. The harbour improve- 
ments recommended in a report by Sir Alexander Rendel 
in 1887 have not been all completed, and in particular 
much has yet to be done in deepening the harbour. More 
money is, however, required for this, and with the remis- 
sion of the breakwater debt, which was incurred by the 
British Fisheries Society before the formation of a local 
harbour trust, it is hoped that an additional loan will 


be obtained to fully carry out the original plans of har- 
bour improvement. One of the chief results of what 
has already been done is that boats and vessels can now 
enter the harbour at all states of the tide. 


Large Vacuum Pan for Sugar Refinery in China.— 
Messrs. Barr and Co., coppersmiths and brassfounders, 
Greenock, have just finished the construction of a copper 
vacuum pan of large dimensions, which forms part of the 
extensive contract for sugar refining plant for China 
recently obtained by Messrs. J. and R. Houston, engi- 
neers and ironfounders, of the same town. 
10 ft. in diameter, and weighs about 15 tons. There are a 
number of special features about the pan. 


Tue Hare Warer Towrr.—The Hale water tower, 
described on page 194 ante, and which formed such an 
interesting feature of the American display at last week’s 
exhibition of fire-extinguishing appliances, was tested in 
the Victoria Park on Saturday last, in the presence of 
Chief Officer Simonds and Second Officer Gamble, of the 


Metropolitan Fire Brigade, Lieut.-Col. Seabroke, Captain — 


Folker, Superintendent Willis, Firemaster Wilkins, and 
other English officers, as well as the officers of the Portu- 
guese, Italian, French, and other brigades. A 2-in, 
nozzle was used, and three steam fire engines, each 
running two lines of hose, were coupled into the six inlets 
of the tower. The results proved highly satisfactory. 
CaTALOGUES.—We have received from the Phosphor 
Bronze Company, Limited, of 87, Sumner-street, South- 
wark, London, 8.E., a copy of their new catalogue, in 
which are described the properties of the special metals 
prepared by this company, in which, amongst others, are 
included phosphor bronze, Bull’s metal, and silicium bronze. 
The catalogue is printed on glazed paper, and is stoutly 
bound.—The catalogue issued by the Worthington Pump- 
ing Engine Company, of 153, Queen Victoria-street, 
London, contains illustrated descriptions of a very large 
number of sizes of these well-known pumps and acces- 
sories, and a complete telegraphic code is also included 
at the end of the volume, which is of a convenient size 
and well got up. bs 


THE BARRAGES OF THE NiLtE.—Although the head on 
the Rosetta branch is only 2.80 metres, and on the 
Damietta branch 3.34 metres, springs have shown them- 
selves in the bed of the Damietta branch. A dam has 
been built inclosing the area in which they appeared, and 
the water in it is slightly higher than the river. Diving 
bells are almost obsolete, but one has been imported in 
order that examinations may be made of the bed of the ~ 
Nile above the barrages, to discover, if possible, the 
sources of the springs. In addition to this inherent 
weakness of the great dams, the barrage system has been 
recently made the subject of severe strictures in the 
‘‘ Medical Magazine” for June, by Surgeon-Major Greene 
Pasha, formerly chief sanitary official in Egypt. He 
contrasts the cases of Damietta and Rosetta, to show 
how inferior, for sanitary purposes, the summer water 
flowing through an open canal is to inundation water 
stored in cisterns. 


A New Ponroon Docx.—Messrs. Edwards’ Ship- — 


building Company, Limited, Howdon, are at present 
constructing a large iron pontoon dock for the Man- 
chester Ship Canal Pontoons and Dry Docks Company, — 
Limited. _The dimensions are: 300 ft. long by 70 ft. 
broad, and 31 ft. to the top of the towers. There are 40 
watertight tanks, each 7 ft. deep, which will be filled by 
four inlet valves, each 18 in. in diameter, two on either 
side. These valves will be worked from the top of the 
towers. For the purpose of pumping out the water, 
after the dock has been sunk and the vessel to be docked 
has been placed upon the blocks, large centrifugal pumps, 
by Messrs. Tangye, of Birmingham, will be fitted. The 
whole of the machinery will be placed at the fore part of 
the dock, and will include, in addition to the pumps, two 
boilers, 9 ft. indiameter and 9 ft. long, by Messrs. J. T. 
Eltringham and Co., South Shields. The dock is one of 
Mr. Alexander Taylor’s invention, and similar to that built 
by Messrs. Swan and Hunter, of Wallsend, for the Walls- 
end Pontoon and Dry Docks Company, Limited. There 
have been used in the construction of the dock about 
1500 tons of iron, and nearly 400,000 rivets. 


Tur Cost or TELEPHONE APPARATUS IN NoRWAY.— 
There are in Norway 54 private telephone companies a8 
compared with 30 in 1889, and the Consul-General at 
Christiania sends some interesting details, with special 
reference to the Christiania company. Blake’s trans- 
mitters are now being generally replaced by transmitters 
on the carbon powder system. The cost of a complete 
apparatus is now from 2/, 15s. 6d. to 3J. 6s. 8d. Except 
at Christiania and Bergen, the private companies use for 
the exchanges Swedish iron or steel wire 2 mm, in 
diameter. At Christiania, aerial towers containing 27, 
52, or 102 wires, are used in the vicinity of the central 
station. Within the boundaries of Christiania bronze 
wire only 1.25 mm. in diameter is in use. Bimetallic 
wire (steel in copper), 1.9 mm. in diameter, is also used. 
The inter-urban double lines of the Christiania Telephone 
Company are mostly erected on poles on the parallel 
system, periodically crossed on a pole. Of late the prices 
have been for 25-ft. lengths of fir 1/. 6s. Sd. per dozen, 
for 50-ft, lengths 7/. 15s. 6d., and for 60-ft. lengths 10/. 
The cost of an ordinary private company’s porcelain insu- 
lator is 2;d. The charges for conversations are now 
from 12d. to 6d. for five minutes. The mutual societies 
of which the subscribers own the lines, the apparatus, and 
the central station, now charge from 1és. 8d. to 3J. 6s. 8d. 
per annum. 
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On the present page and page 872 we give three views 
of the torpedo gunboat Speedy, which has been built by 
Messrs. J. I. Thornycroft and Co., at Chiswick. The 
Speedy was launched on the 18th of last month, and in 
our issue of the following day (see page 709 ante) we 
gave a long account of the vessel herself and of the 
launch. We need therefore only give a few of the lead- 
ing particulars to accompany the present illustrations. 
H.M.S. Speedy is 230 ft. long by 27 ft. beam, and has 
a depth amidships of about 15 ft. Her displacement 
complete will be about 810 tons, and the load draught 
will be about 8 ft. 10 in. 

There are two sets of triple-expansion engines, having 
cylinders 22 in., 34 in., and 51 in. in diameter, by 
21 in. stroke. They are designed to run at 250 revolu- 
tions a minute, the boiler pressure being 210 lb. to the 
square inch. The boilers are to be of the Thornycroft 
water-tube type, and will be eight in number. Each 
boiler has 1840 square feet of heating surface and 25} 
square feet of grate surface. The Speedy is con- 
tracted to have a horse-power equal to 4500 indicated, 
at which the speed is calculated to be 20.25 knots. 
This gives 1000 horse-power more than any sister 
vessel of the same type having ordinary shell boilers, 
and the additional speed is 1 knot ; probably, how- 
ever, there will be a considerable increase of the indi- 
cated horse-power, and therefore of the speed, over 
that contracted for. 

Referring to our illustrations in the present issue, the 
upper view on page 872 is from a photograph taken 
above the upper deck of the vessel, whilst the operations 
of fitting were in progress. The view is from forward, 
looking aft, the position of the forward quick-firing gun 
in the shield being shown by the wooden dummy. The 
Speedy was built under a shed, the roof of which was 
removed prior to launching, as shown. The second 
illustration on page 872 is a stern view of the vessel on 
the ways. It may be remarked here that the fore- 
shortening of the photograph from which the en- 
gravings have been taken gives the picture somewhat 
the appearance of a vessel being inclined upwards 
towards the stern, instead of the reverse. In the 
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first view the spectator is supposed to face the river ; | 


in the second he has his back to the river, as the vessel 
was launched stern first as usual. 

In the stern view the form of the after part of the 
vessel is well shown, and yachtsmen will recognise it 
as not altogether dissimilar in form from the fashion- 
able 24-raters with the suspended rudder unsupported 
at the heel ; an arrangement we remember seeing ten 
or twelve years ago at Bristol in Rhode Island, in some 
small steamers designed by Mr. Nathaniel G. Herres- 
hoff. It was also used in Ross-Winan’s cigar ship. 
It was considered at the time an exceedingly risky 
and ‘‘un-shipshape” arrangement to have a rudder 
without bottom bearing, but engineers recognised 
that it was only a case of sufficient length of sup- 
port inboard; the arrangement being equivalent to 
an overhung bearing, which is effective if it is 
long enough. Our third illustration shows the Speedy 
afloat off Messrs. Thornycroft’s yard, and moored in 
the hole which was specially dredged to keep her 
afloat at all states of the tide. These illustrations 
give a good idea of the size of the vessel, which, as we 
have previously pointed out, is the largest steamer 
built on the River Thames above bridge, although, of 
course, she is far exceeded by the Victoria, which was 
built above bridge on the Tyne, and passed under the 
Scotswood Bridge, the high level bridge, and through 
the piers of the low level swing bridge. Our view of 
the stern, on page 872, 1s more interesting from the fact 
that Mr, Thornycroft himself isin the foreground, stand- 
ingin front of one blade of the starboard propeller. 


INDUSTRIAL NOTES. 

THE memorandum of the Labour Department of the 
Board of Trade on the state of the skilled labour 
market says: ‘‘On the whole, the state of employ- 
ment has improved during the past month. This is 
the more remarkable as occurring along with the 
Australian banking failures.” It goes on to say that 
the collapse of credit in Australia is an event which is 
likely to unfavourably affect British trade, and to 
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postpone a revival, the symptoms of which appear in 
many industrial districts. The 26 societies making 
returns this month embrace 307,959 members, of 
whom 19,391, or 6.2 per cent. of the total, were 
unemployed, as compared with 20,478, or 6.9 per cent., 
in the previous month, in the 23 societies then report- 
ing, or three societies less than in this month’s report. 
The percentage is still slightly above that for the 
corresponding month of last year. The improvement 
in the condition of trade is only slightly manifest in 
the engineering and shipbuilding industries, but the 
holiday season included in the report will to some 
extent account for the smallness of the increase in the 
proportion at work. The most noticeable improve- 
ment is in the cotton-spinning district of Oldham, 
where only 2,2 per cent. are unemployed, as compared 
with 28 per cent. last month. The improvement in 
the woollen trade is but trifling at present. Of the 
26 unions which make complete returns, 11 describe 
trade as good, 7 as moderate, and only 8 as bad. The 
building trades are busy, only 2.3 per cent. being un- 
employed, while the furniture trade is still gdod, 
though there is a small increase in those out of work, 
from 2.5 per cent. last month to 2.9 per cent. this 
month. The clothing and the leather trades are busy 
in the bespoke and better classes of work, but depressed 
in the export branches. Mining is depressed in Scot- 
land and England, but is more active in South Wales. 
The number of new disputes in the month ha’ reached 
87, an increase of 14 as compared with last month, but 
the number is less by six than in the same month of 
last year. Of the total number, no fewer than 39 have 
occurred in the building trades. There were 13 strikes 
in the mining industries, 7 in the clothing, and 7 in the 
textile industries ; 6 in connection with dock labour, 
6 in the shipbuilding trades, and 4 in the metal trades. 
In 63 strikes, out of the total of 87, no fewer than 
34,950 persons were engaged, the number affected 
being still larger. The report states that there is 
some friction at Hull over the late strike. 


The monthly report of the Boilermakers and Iron 
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Shipbuilders for this month reportsan increase of 590 on 
the funds, namely, 7889, ascompared with 7299 members 
last month, of which increase 390 are in receipt of 
donation benefit. The total on donation was 3536 ; 
members signing the vacant book, 2756 ; cards granted, 
83; total out of work, 6373. There were also on the 
sick list 1150, and on superannuation allowance, 364. 
The percentage of unemployed was 16.0 per cent., as 
compared with 14.5 last month. It is suggested that 
the cessation of work at Whitsuntide will account for 
some, if not much, of the increase. This union con- 
tributed 800/. to the Hull strike, but the report reads 
the hasty leaders a rather severe lesson. It says: 
“‘Our advice to Hull men and all others is: Don’t 
enter on a dispute if you can possibly avoid it, and by 
all means keep clear of a strike if you are not prepared 
for it. It is criminal for a body of men to deliberately 
throw up their employment, and leave themselves and 
families without support, unless there is adequate 
provision to help them to tide over the time of waiting 
for a settlement. Without this aid there is ruin and 
starvation for the workmen.” It then urges arbitra- 
tion wherever practicable. A very full account is given 
of the prolonged strike in the South Wales districts, 
against five great iron and steel companies, three of 
which have now conceded, in the main, the terms 
contended for, varying from 20 to 33 per cent. in 
wages. The Ebbw Vale and the Dowlais Companies 
have conceded from 20 to 33 per cent., and the 
Rhymney Company the full 33 per cent. advance. 
The success of the men is attributed to the boycott of 
about 200 ships carrying the material to be manufac- 
tured, and the manufactured article when completed, 
resulting in loss in freights. There was no flaunting 
in tone over a great victory, though the increase in 
wages varied from 4s. to 6s. per man per week. 

The condition of the engineering trades in Lanca- 
shire is but slowly, but let us hope surely, recovering 
from the depression which has for a long time charac- 
terised the general industries. It is true that the im- 
provement is partial, but it affects some of the chief 
branches. For example, the heavy stationary engine 
builders are for the most part well supplied with work ; 
boilermakers, also, are well employed, and machinists 
have a considerable amount of work in hand both for 
home requirements and for abroad. On the other 
hand, it appears that very little improvement is mani- 
fest amongst machine toolmakers, and locomotive 
builders are rather slack, while the general branches 
of engineering are still very quiet. In the iron market 
a better tone prevails generally, more inquiry has been 
stirring, and prices have a firmer tendency. In the 
steel trade there is also more business. The district is 
tolerably free from disputes. 

The textile trades in Lancashire are more active, 
and there is a healthier and more hopeful tone 
than of late.. It is expected that some pending dis- 
putes over price lists will be averted by concessions on 
the part of employers. The building trades are very 
busy, and advances in wages have been conceded, 
though at Oldham the carpenters and at Bolton the 
masons struck work to force theadyance. The strikes 
were, however, of short duration. The minor trades 
of Lancashire are busy generally, but the coal trade is 
still a difficulty. 


Reports as to the state of trade in the Sheffield and 
Rotherham district vary somewhat, but the report of 
the local labour correspondent to the Board of Trade 
Labour Department is rather less favourable than 
other reports. Mr. Uttley says that ‘‘ trade gene- 
rally is bad, with few exceptions.” But the details of 
his report are less unfavourable. The improved tone 
in the cutlery market is maintained. There is a 
ready sale of crucible steel, especially for the leading 
brands. In the heavier branches there is a good deal 
of activity in the manufacture of marine cranks and 
shafting, and several good orders have been secured 
for armour plates. On the other hand, there is less de- 
mand for agricultural implements. Engineers, iron 
and steel founders, and those engaged in the manufac- 
ture of railway plant, are very slack, and so also are 
the wagon and coach building branches. 


In the Cleveland district, and indeed in the north- 
east district generally, the recent improvement in the 
state of trade is well maintained, though it is very 
gradual in most instances. The iron market shows 
increased firmness, and prices generally have ad- 
vanced. The output is larger, and one additional 
furnace is in blast, making 87 at present. Orders for 
additional steamers have been secured in the district, 
so that the demand for steel plates and angles is 
greater. The finished iron trade is still dull, but gene. 
rally there is a more healthful tone, anda more hopeful 
view of the state and prospects of trade. The engi- 
neering and cognate trades are still dull, but the per- 
centage of unemployed only reaches 10 per cent., 
which is not in excess of the average elsewhere. The 
reductions in wages in those branches of industry have 
been general in all the districts, and were agreed to 
without a strike, except at one firm by the moulders, 


and at three firms at Hartlepool by the smiths. But 
the building operatives have had an advance at 
Middlesbrough, and one branch has succeeded in 
getting a code of working rules recognised, without a 
prolonged strike. 


The state of trade in the South Wales districts has 
improved in several industries, but others have been 
suffering from depression. In the ship-repairing firms 
of Cardiff, Newport, and Swansea there has been a 
great improvement; several firms which had been idle, 
or nearly so, are now busy. The tinplate industries 
are better, but in some cases they have suffered from 
a want of a proper supply of water. The masons’ 
strike, after lasting a whole year, has terminated with- 
out a settlement, but the men have gained 4d. per 
hour advance. The men state that they will still 
resist the importation of stone worked at the quarries. 
In some branches of the iron and steel trades the 
Welsh manufacturers say that they are unable to 
compete with northern makers, and the make is little 
at the great companies’ works, except for their own 
requirements. Every branch of the building trades 
is busy, and in some instances advances in wages have 
been conceded to avoid a strike. The Cardiff strike 
has had a chilling effect in this respect. 


In the Birmingham district trade has improved 
both in the pig iron and finished iron branches, the 
aggregate demand being larger than for some time 
past, and prices have in most instances been advanced. 
A better trade is done in bars than for some time. 
The cycle trade is still busy ; at many firms overtime 
is being worked. The makers of the newer styles of 
machines are most active. Building operations are un- 
usually active, and the demand for builders’ iron- 
mongery is generally good. Wire workers are busy, 
and tinplate workers are well employed. The tube 
trade, notably for bedsteads and cycles, is active 
in most cases, Brassfounders, also, are fairly well em- 
ployed. But the cheap jewellery trades are very de- 
pressed, both for gold, silver, and plated wares, and 
the glass workers are not so busy as they were. The 
gun trade, for sporting purposes, has improved. Gene- 
rally, the condition of trade is better, and fewer men 
are out of work than for some time past. 


In the Wolverhampton district there is still an im- 
proving tone, and more business is being got through. 
The inquiries are more encouraging, and orders are 
giving out more freely, and for larger quantities, 
The hardware trades are generally well off for orders, 
full time being worked in many branches. The iron- 
workers are not so well employed. The chainmakers’ 
strike is not settled, but some employers have given 
the full advance sought by the workers, 

The Employers’ Liability Bill is awaiting the report 
stage, the Government having assented to the inclu- 
sion of Government workmen not otherwise provided 
for, and the House has assented in Committee to the 
necessary provisicn of funds in case of such being 
required. It is expected that this concession will 
pave the way to a more ready acquiescence on the part 
of the great railway companies in due season. 

Mr. George Howell has secured the passing of another 
Bill of importance to the great mass of the thrifty 
working population—namely, the Friendly Societies 
Act, 1875, Amendment Bill, the object of which is to 
prevent the wasting of the funds of such societies 
in ruinous litigation, by exempting them from the 
operation of the Commercial Arbitration Act of 1889, 
one clause of which might land them in prolonged and 
expensive lawsuits. The Bill is being taken charge 
of by Lord Monkswell in the House of Lords, with 
the approval of the Lord Chancellor. This is Mr. 
Howell’s second piece of legislation this session, and 
he has secured the second reading of a Bill to consoli- 
date and amend the Industrial and Provident Societies 
Acts also, making three Bills in all. 

Strenuous efforts have been made to get a Saturday’s 
sitting for the Mines Hight Hours Bill, but it is 
thought that even with this arrangement the Bill 
could not be got through Committee. The opposition 
to the Bill increases, rather than diminishes. The mere 
assent to the second reading relieved the consciences 
of members pledged to the Bill, but they show very 
little anxiety to carry the measure through its remain- 
ing stages. The antagonism of mineowners is inten- 
sified, and some of the high and dry economists show 
a more decided opposition now that the Bill has been 
read a second time. The feeling of the miners’ repre- 
sentatives is one of disappointment at the small result 
of all their labours in this connection. 

The Workmen’s Exhibition, to be opened at the 
Royal Agricultural Hall on July 1, bids fair to bea 
grand success. H.R H. the Prince of Wales will per- 
form the opening ceremony, and the Lord Mayor and 
other representatives of the City of London Corpora- 
tion will be present, as also will be the majority of 
the labour members in Parliament, and other members. 
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large proportion of which has been given by the City of 
London Guilds. An ‘‘Ode to Labour” has been written 
by Mr. Bellamy, and set to music by Dr. Samuel 
Wesley ; this will be performed by a choir of 1000 voices. 
The exhibits will be very varied, and many of them will 
be exceedingly beautiful. The one great difficulty 
which the Trades Council had to contend with was 
a sufficient supply of exhibits which employers only 
could send, as they involved finished articles upon 
which many hands had to be engaged. There will be 
a plentiful supply of these, and also of works of art 
lent for the occasion by the City Guilds, the Corpora- 
tion, and many private persons. Every inch of space 
has been appropriated, and the council have had to 
abandon the proposed conferences and lectures, as all 
the available space has been occupied with the exhibits. 
The Government have sent many superb exhibits from 
the Royal Arsenal and other establishments. This is 
the first time that a purely Labour Council has under- 
taken such a gigantic piece of work. and no one will 
grudge them a magnificent success, pecuniarily, as well 
as inthe matter of exhibits and entertainments. It is 
expected that several members of the Royal family 
will visit the exhibition. 


No real friend of labour will grudge Mr. Joseph 
Arch, M.P., the distinguished honour of being invited 
to the garden party to meet Her Majesty the Queen, 
the invitation being sent personally by the Prince of 
Wales, who is one of Mr. Joseph Arch’s constituents, 
It is a compliment to labour through Joseph Arch. 
The Prince is a member of the Royal Commission 
on the Aged Poor, Mr. Arch is also a member, and 
it has been noticed over and over again that the Prince 
and the peasant get on exceedingly well together. 


In Staffordshire the coal and iron trades are still 
bad. Many men are unemployed, and the number is 
increasing. Notices of stoppages have been given in 
some instances. The men scarcely know what to 
think—whether the object be a reduction in wages, or 
stoppages through want of orders ; but the stoppages 
take place. In some cases the employers are, it is 
said, appealing to the federation to make some:con- 
cessions to enable the owners to continue to work the 
pits. These matters may be submitted to a conference 
later on, if trade does not take a turn for the better 
very soon. 

In Derbyshire reductions are being sought from 10 
to 20 per cent., but the men are resisting it at one 
colliery—Newhill Field—about 200 being on strike. 
The Eckington Company have given notices to about 
1000 men. The feceration threaten to call out 2000 
more if the 1000 men are thrown idle. In Lancashire 
the coal trade is bad, and several disputes are pend- 
ing. Many men are idle, and most of the pits are on 
short time. ; 


SKY SIGNS. 
A DECISION of some importance was recently given 
by Mr. Rose, at Worship-street Police Court, in respect 
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London County Council, on the ground that a wind- 
mili erected on the roof of Messrs. Williams’ premises 
came within the definition of a sky sign. The wind- 
mill is shown in our engraving. Originally it bore 
on its rudder or tail the words, ‘‘ Halliday’s Patent 
—Alfred Williams and Co,,” but these words were 
afterwards painted out. At first the wheel was 
carried on a skeleton framework, but this was after- 
wards boarded up. The mill was used for driving a 
lathe and also for pumping water, but Mr. Kose 
held that it was also used partly asan advertisement, 
even though it did bear Messrs. Williams’ name, 
as they were makers of these mills. The decision 
being on a test case, only a nominal penalty of ls. 
was inflicted, and the validity of this decision may 
be tried in a higher court. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on June9, 
1893, Professor J. Perry, F.R.S., Vice-President, in the 
chair, Professor A. Jamieson, Professor H. Stroud, and 
Mr. J. Wade were elected members of the Society. 

Mr. A. P. Trotter read a paper on ‘‘ A New Photometer.” 
The author has modified his ‘‘illumination photometer,” 
described Proc. I.C.E., vol. cx., Paper No. 2619, so as 
to adapt it to the measurement of candle-power. The 
principle employed is to view a screen illuminated by one 
source through an aperture in a second screen illuminated 
by the other light, the aperture becoming invisible when 
the illuminations are equal. After using perforations of 
various patterns, a series of narrow slots cut in thin paper 
were found to give the best results. The plain screen is 
mounted behind the slotted one, in a box sliding on the 
photometer bench, and they are arranged so that the light 
falls on them at equal angles. The screens are viewed 
from a distance of 6 ft. or 7 ft. through an opening in the 
front of the box, cords being provided for producing the 
traversing motion. Two “sights” set respectively at the 
middle of the length of the plain screen, and on the lower 
edge of the front opening, serve to show when the middle 
of the band of illumination is vertically above the pointer 
on the carriage. The photometer is found to be particu- 
larly valuable when it is desired to determine the maxi- 
mum power of a variable source. When lights of different 
colour are being compared, say a gas flame and an arc, one 
end of the screen shows blue strips on a yellow ground, 
and the other end yellow strips on a blue ground ; at the 
centre the colours seem to blend. To facilitate the com- 
parison of such lights Mr. Crompton, who has been work- 
ing at the subject simultaneously with the author, uses 
one screen tinted pale yellow and the other pale blue. 
Details of construction of the new photometer are given 
in the paper, and the accuracy attainable when compar- 
ing the equal lights of about eight candles, is stated to be 
within about 1 per cent. 

Professor 8. P. Thompson, D.Sc., F.R.S., read ‘‘ Some 
Notes on Photometry.” The first note relates to ‘‘ The Use 
of Two Overlapping Screens as an Isophotal,” and describes 
the evolution of the Thompson-Starling photometer, In 
this instrument a prismatic block, with apex upwards, 
rests crosswise on the photometer bench, and the inclined 
sides are respectively illuminated by the two sources to 
be compared. In testing differently coloured lights, 
coloured stuffs were placed over the surfaces of the wedge. 
In some cases notched and overlapping cards were used 
to form the overlapping surfaces. An inclination of 
about 70 deg. between the two surfaces was found con- 
venient. 

The second note refers to ‘‘ Zhe Periodic Principle in 
Photometry,” and in it the author discusses the various 
methods which have been, or may be, used for producing 
small differences of decreasing amount between the two 
sides of a photometer screen. By employing a device of 
this kind much greater accuracy of adjustment is possible. 
In one form of vibration photometer worked out by the 
author, the paraffin blocks of a Jolly’s photometer are 
mounted at one end of a spring, the other end being fixed 
to the carriage. The act of moving the carriage starts 
the blocks vibrating, thus producing the desired varia- 
tions. 

Ina third note the question of using ‘‘ The Electric Arc 
asa Standard of Light” is dealt with. Since 1878 the 
positive crater has been used as a standard of whiteness, 
and last year both the authorand Mr. Swinburne suggested 
that a given area of crater might be used as a standard of 
light. This proposal has since been carried out by M. 
Blondel. Since the intrinsic brilliancy of the crater is 
high, it necessitates very small apertures, or else the use 
of standards of large candle-power. Advantages of using 
powerful standards are pointed out in the paper. With 
a circular hole 1 mm. in diameter a standard of about 
55 candles could be obtained; with such a source benches 
longer than usual would be preferable. At the end of 
the note, the errors which may be introduced by using as 
an arc standard a hole in a plate of sensible thickness, 
when viewed obliquely, are investigated, as well as those 
due to inaccuracy of setting the plane of a hole made in 
foil, perpendicular to the photometer bench. 

Major-General Festing, in opening the discussion on 
both papers, said reflection from the sides of the holein a 
thick plate would tend to lessen the error calculated by 
Professor Thompson. The ordinary impurities in carbon 
were not likely to alter the brilliancy of the crater. Captain 
Abney and himself had reason to distrust its constancy. 
Both the vibrating photometer and Mr. Trotter’s arrange- 
ment would be very useful. 

Dr. Sumpner said his photometric experience had been 
obtained with the Bunsen, Jolly, and Lummer-Brodhun 
types. With the two former, the inaccuracy arising from 
uncertainty of adjustment was about 4 per cent. Changes 


of about 0.4 per cent. (average) resulted from reversing 
the screens. The Lummer-Brodhun instrument (which 
he described) was better than either of the other two, 
the average error being about } per cent. 

Mr. Alex. Wright thought scientific men gave too little 
attention to the question of light standards. Photometers 
could be relied on much more than any standard at pre- 
sent in use. The Methven screen was the most practical 
standard yet devised, but in his opinion no gaseous flame 
could be a real standard, on account of the influence of 
the surrounding atmosphere. Professor Ayrton saw dif- 
ficulties in using long benches as suggested by Dr. 
Thompson, on account of the serious atmospheric absorp- 
tion which occurs with light from ares. Decreasing the 
intensity by dispersion or otherwise was preferable. In 
some tests on glow lamps now being carried out at the 
Central Institution, a Bernstein lamp used as a standard 
was mounted on a spring and vibrated. Mr. Medley 
showed the vibrating standard referred to by Professor 
Ayrton, and gave series of numbers showing that with 
this device in conjunction with the Lummer-Brodhun 
photometer accuracies of about } per cent. were ob- 
tainable, 

Mr. Swinburne thought Mr. Trotter’s arrangement was 
better than the ‘‘ wobbling” photometer. As to the best 
length of bench, he was inclined to think the shorter the 
better, provided its dimensions were large compared with 
those of the standard light. He concurred with Mr. 
Wright in his remarks about the desirability of obtaining 
a better standard. Speaking of the arc as a standard, he 
said that only impurities less volatile than carbon would 
influence the brightness. An important factor was the 
emissivity of the carbon, which might not be constant. 

Mr. Blakesley thought the accuracy obtainable with 
Mr. Trotter’s photometer had been underrated, and 
pointed out that by using quadrant-shaped screens in- 
tersecting orthogonally on the axis of the photometer, 
instead of straight ones, the width of the neutral band 
could be greatly diminished. 

Mr. Trotter, referring to Dr. Thompson’s paper, said 
he had found considerable difficulty in making pinholes 
suitable for arc standards. It was not an easy matter to 
accurately measure the hole when made. In photometric 
measurements he had found it very important to reverse 
his screens. Curved screens, as suggested by Mr. 
Blakesley, had been tried, but with little advantage. 
They also destroyed the approximate direct-reading 
property of the photometer. The subject of changing 
the length of a bench and its effect on the gradient of 
illumination was discussed. With short benches one had 
to guard against the departure from the inverse-square 
law, due to appreciable size of the standard. Recent ex- 
periments had shown that the light given out by 1 square 
millimetre of crater surface differed considerably from 
70 candles. 

A paper on ‘‘ The Magnetic Field close to the Surface 
of a Wire conveying an Electrical Current,” by Professor 
G. M. Minchin, M.A., was taken as read. In this paper 
the author applies the solution he gave in March last, for 
the conical angle subtended by a circle at any point in 
space, to determine the magnetic potential at a point 
near the surface of a ring of wire of finite cross-section. 
The shapes of the Jines of force near the surface, for 
several laws of current distribution across the section, 
have also been worked out. 


THE MANUFACTURE OF SMALL ARMS.* 


By Joun Ricsy, M.A., Superintendent of the Royal 
Small Arms Factory, Enfield, 


(Concluded from page 824.) 


Manufacture of the Body.—The material used in the 
body is steel, and for this purpose the author prefers a 
crucible cast steel of a mild character, It must, however, 
be suitable for hardening in those parts exposed to the 
pressure of the bolt. The body is the most important 
component after the barrel, as it is the frame in which 
the bolt works. Into it the magazine is secured, and it 
forms the connection between the stock and the barrel. 
It is forged in two operations under the steam hammer. 
The second of these completes its form in top and 
bottom dies. It is then drilled through in machines 
similar to the barrel-drilling machines already described, 
and is subjected to a long series of operations before it 
assumes its final shape and dimensions. In the course of 
these the end is recessed to receive the screwed end of 
the barrel, and the corresponding thread in this recess is 
milled out in a specially-contrived machine to insure that 
the thread shall always start in the same place relative to 
the gauged part of the body. It is of great importance 
that the barrels should all screw up to the same place, 
and that the distance from the breech face of the barrel 
to the shoulders that hold up the bolt when closed to its 
position, should be always the same. 

The bolt, forged under the steam hammer, is of 
crucible cast steel of a medium temper (carbon about 
0.7 per cent.). Top and bottom dies are used to com- 
plete its forged shape. Owing to the rib that runs down 
one side and the opposite lug, it cannot be turned through- 
out its whole length; automatic shaping machines are 
used, These vary the length of stroke as the bolt 
revolves in the holder, so that the cutter travels over all 
the cylindrical portion without interruption. A special 
machine invented at Enfield is used to finish the bolts 
after shaping. In it they are forced between two 
stationary cutters that have the required profile, and 
clasp the bolt. Micrometer screws diminish the distance 
between these until the bolt is reduced to the required 
size and the marks of the shaping cutter are removed. 
After the machining is finished, the bolts, packed in wood 
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charcoal in iron cases, are heated and hardened _ by 
immersion in oil. The temper of the handle is then 
reduced in a lead bath. The rest of the bolt is tempered 
straw colour. The bolt head is similarly hardened and 
tempered, 

It is unnecessary to enumerate the other components 
comprised in a complete rifle. For the most part their 
shape is given either by mills built up to the required 
profile, or by copy-milling machines, the general type of 
which is a cutter or small milling tool on a vertical axis 
carried by a frame, whose motion relative to the work is 
controlled by a hard steel rubber, which is constrained to 
follow the profile of a hardened guide-piece of the exact 
size and shape of the part that is to be produced. The 
process of drifting has been used with good results at 
Enfield, and applied in a much more effective way than is 
generally the case. Drifting is used to finish all such 
slots or perforations as have parallel sides and are not 
cylindrical. The common practice is to force the drift 
through the hole by pressure applied behind it, but much 
better work can be done by pulling it through than by 
pushing. It is found that, used in this way, drifts are 
very valuable for interchangeable work. The sides are 
cut with successive teeth, each slightly larger than the 
preceding one, and the whole length of the drift is drawn 
through. Many thousands of holes can be finished in this 
way by one well-made drift before it needs to be renewed. 
Another process that has been usefully developed at 
Enfield is grinding by means of emery wheels, as a sub- 
stitute for finish milling and filing. This is largely 
used in finishing the back sight leaves and slides, and 
excellent work can be so produced at a very low cost, 
The wheels run under hoods, which are connected with a 
pneumatic exhaust that carries off the heated particles of 
steel and grit. 

It is popularly supposed that a machine once adjusted 
to turn out a component of a certain size and shape is 
capable of reproducing such in large numbers, all abso- 
lutely identical. This is so far from being the case that 
it may be said that no die, no drill, and no milling cutter, 
actually makes two consecutive articles of the same size, 
The wear of the cutters or dies proceeds slowly but 
surely, and it is only possible to produce in large numbers 
components of dimensions varying between a superior 
and an inferior limit. The machine is set to turn out 
pieces at one of these limits, and is kept at work just so 
long as the altering dimensions remain within their 
range. It is then reset to the original starting point, 
and so the production is continued. In small arm manu- 
facture a variation of 0.002 in. is about the amount 
tolerated. In small components, such as screws and pins, 
it is much less, and in some large pieces it is more. It is 
evident that it should not be constant in amount, but 
should vary in proportion to the size of the piece whose 
variations are to be measured. For instance, a difference 
of diameter in the sight-axis hole and in the size of the 
pin or axis, of 0.002 in., would cause a serious misfit ; 
whereas a similar difference in the measurement of the 
magazine, or of the recess in which it lies, would be 
quite immaterial, so long as the minimum recess were not 
actually smaller than the maximum magazine. In most 
of the operations on the components, the machine tender 
is provided with hand gauges by which he can check the 
work; and it is his duty tocall the attention of the 
fitter who is in charge of his section, as soon as the 
gauge informs him that any readjustment is required. 
Such adjustments and all tool sharpenings are done by 
qualified men, and as little as possible is left to the 
machine hands, as they are not skilled mechanics, but 
youths and labourers trained to perform the simple duties 
required. In many instances one man can tend several 
machines. 

Gauging.—A good deal of forethought has to beexercised 
in laying down a system of gauging for a new pattern. 
The important dimensions for the efficient working of the 
mechanism must be ascertained, and gauges made to 
measure these accurately, relatively, if possible, to three 
points, technically called the spotting points. In the 
body, the hole drilled for the bolt to a gauged size, gives 
on its axis two of these points. The recess for the guard 
(being the part of the body furthest from the centre of 
this hole) is taken as another point, to determine the 
vertical plane through the axis of the bolt-hole, This 
governs the position of the slot on the top of the body 
and the various surfaces that are either parallel or at 
right angles to it. 

Interchangeability.—In order to insure interchange 
ability of components made at different factories, or at 
different times in the same factory, an inspecting officer, 
appointed by the Director of Artillery, with a staff of 
viewers, examine and gauge all the components and the 
completed rifle in certain stages, which are laid down 
in the specification of the arm. The preparation of the 
gauges necessary for this work involves serious expense 
in starting a new pattern; as, in order to keep pace with 
the manufacture, several sets, all accurately conforming 
to standards, must be in use at one time for this purpose 
alone. These require workmanship of a very high class. 
Most of the components, and all the more important 
ones, are stamped by the inspection viewers if found to 
be correct. They are then returned to the factory, either 
to be further finished or to be stored until they are issued 
to the “assemblers,” as those workmen are called who, 
from a set of finished parts, build up the complete rifle. 
It is then finally viewed as a whole, and, if correct, is 
packed by the inspection department for issue. It must 
be understood that, according to the system initiated in 
1888, the inspection is independent of the manufacturing 
department, and their viewers have accommodation 
apart from the workmen whose productions they have to 
examine. This was a concession to the contractors, who 
sometimes asserted that viewers appointed by Enfield 
rejected work that would have been accepted if produced 
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at the Government factory. The result has been a con- 
siderable increase in the cost of inspection. 

Proof.—Among the duties of the inspection depart- 
ment are those of proof ; these, as carried out at Enfield, 
are as follows: i , 

First proof of the barrels before rifling. The breech is 
closed by a screwed plug with an axial touch-hole; the 
barrel is loaded from the muzzle with 110 grains of rifle 
fine-grain powder and a lead cylinder of 350 grains, kept 
in place by a felt wad; a number of barrels laid side by 
side in a horizontal frame are fired simultaneously by a 
train. Occasionally an unsound barrel is detected by 
this proof; but the quantity of those burst or bulged is 
very small; in 1891 the number was only four out of 
57,000 barrels proved. : 

Second proof, applied after the barrel has been rifled, 
and the body and bolt assembled to it—a proof of the 
latter, as well as of the barrel. A cartridge is used with 
a pellet and bullet calculated to exert a pressure of 24 
tons per square inch. : 

In designing the barrel of the Mark I rifle, some diffi- 
culty arose from the fact that the pressure of the smoke- 
less powder that would ultimately be adopted had not 
been ascertained. With black powder in pellets the 
pressure of 18 tons per square inch for a little over 1800 ft, 
per second muzzle velocity was ascertained to be a reason- 
able estimate, and the barrel was constructed to stand 
that pressure without injury. In order to ascertain the 
pressure along the bore, barrels of different lengths were 
used, and the muzzle velocity was ascertained for each 
by the chronograph. In this way the acceleration of the 
shot at different distances from the breech was deter- 
mined, and the corresponding pressures on the base of 
the bullet were computed. The curves in Fig, 16 show the 
pressure so computed at different parts of the bore for 
black powder and for cordite respectively. The strength 
curve shows the radial pressure that would exert a cir- 
cumferential stress of 20 tons per square inch on the 
metal around the bore. It will be seen that there is, 
especially with cordite, an ample margin of strength, 
particularly in the fore-part of the barrel. A certain 
excess of strength is required here for the support of the 
bayonet when fixed, and to prevent the barrel from being 
bent under rough usage. 

A somewhat remarkable instance of the difficulty of 
obtaining very high pressures with black powder in 
barrels of 0.303 bore occurred at Enfield two years ago, in 
the course of an experiment to ascertain the effect of 
hardening and tempering in diminishing wear and erosion. 
Barrels in the rifled stage were hardened in oil and 
reduced to aspring temper. They were tested to ascer- 
tain what stress they would endure without bursting. 
The charges both of lead and powder were increased 
gradually to 1700 grains of lead and 220 grains of powder 
without effect. A charge consisting of 210 grains of 
powder, a felt wad, an air space of 1 in., a plug of clay 
lin., then 2700 grains weight of bullets, the latter occu- 
pying about 15 in. of the bore, was fired. The load was 
forced forward about 6 in., but still remained in the 
barrel. In this state two of the barrels were screwed 
into bodies and fired with service cartridges in the cham- 
ber. One was only bulged; the other burst at the rear 
of the impediment, but without moving it or affecting 
the breech mechanism. The burst was caused by a sudden 
local increase of pressure when the bullet struck the 
impediment. In the other instance, on opening the 
breech, the cartridge case was blown out by the im- 
prisoned gas. The body and bolt were uninjured. There 
is no reason to believe that the pressure exceeded 30 tons 
per square inch, except the local pressure in the last trial. 

After the second proof, a third is given by firing five 
service cartridges from the assembled rifle into a sand 
butt, for the purpose of ascertaining that the mechanism 
works properly, and particularly that the feed and ex- 
traction are easy. In addition, a limited number of the 
rifles are fired at 500 yards from a machine rest, and 
diagrams are taken to test their accuracy. This test 
can be carried out at Enfield, where there are well- 
equipped ranges up to 2000 yards. The other factories 
engaged in the manufacture of the Lee-Metford rifle 
have not facilities for this operation. It is to some 
extent a trial of the ammunition as well as of the 
rifles. A barrel is rarely returned to the factory or re- 
jected through failure to pass the required standard. 
The accuracy of the sighting is not tested by the inspec- 
tion department, except by measurement of the various 
elevations from the axis of the bore. Small differences in 
the shooting occur that are not attributable to variation 
in the position or height of the sight. These can only be 
detected by shooting, and are generally corrected by the 
soldier after he has discovered them experimentally. 
They are as often in line as in elevation, and are occasion- 
ally due to unequal pressure exercised by the wooden 
fore-end, where it has become slightly warped. For mili- 
tary purposes they are not of serious importance. The de- 
termination of the sighting in new pattern arms, or when 
a change of ammunition is contemplated, is carried out 
at Enfield by the factory staff, aided by the range staff, 
whose services are requisitioned for the purpese when 
the weather is suitable. The first step taken is to ascer- 
tain the muzzle velocity of the ammunition to be used. 
For this purpose a perfectly sheltered range of 180 ft. is 
used, and a pair of Le Boulengé chronographs. Those at 
Enfield have been supplied by Pitkin, with improvements 
in details designed by Captain Holden, R.A. A secon- 
dary battery is employed ; and, for the purpose of charg- 
ing it, a small dynamo igs placed in one of theshops. The 
time of flight from muzzle (across which the wire is led) 
to a screen, formed of parallel windings of another wire, 
is ascertained in the usual way by the fall of a magneti- 
cally suspended bar; and the readings of both chrono- 
perks are noted. If any discrepancy (outside certain 
imits) appears in these readings, the observation is re- 


peated. The muzzle velocity is estimated from the time 
of flight, by assuming that the observed mean velocity is 
that for 90 ft. from the muzzle, and allowing by Bashforth 
tables the loss of velocity in 90 ft. This cannot be cor- 
rectly done until a reduction-coefficient has been deter- 
mined by experiment ; as it is found that the retardations 
experienced by the projectiles used by Bashforth in his 
experiments, were much greater than those of the 0.303 
bullet—the latter being only six-tenths or seven-tenths of 
the former. It has been hitherto usual in this country to 
take the Bashforth tables as applicable to the 0.308 bullet, 
for the purpose of estimating the muzzle-velocity from 
the mean. The author’s observations, however, show 
that this gives an over-estimate of the true muzzle- 
velocity, amounting to about 20 ft. per second. When it 
is desired to ascertain simultaneously the muzzle-velocity 
and the pressure at the base of the cartridge, the shots are 
fired from a form of pressure-gauge that was introduced 
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average of several observations is taken ; and the curve go 
found is compared with one calculated from the Bashforth 
tables, whence a coefficient is derived, by the use of which 
the observed and calculated trajectories are reconciled, 
It is then sufficiently accurate to assume that the co- 
efficient applies to other ranges; and in this way the 
angle of departure at intermediate and at longer ranges 
may be calculated. ‘The angles so found are added to or 
subtracted from the angle of ‘‘ jump,” which connects 
the shooting from the machine-rest with that in which 
the recoil is allowed to produce its ordinary effect on the 


initial direction ; the tangents of these angles multiplied — 


by the distance in inches between the fore and back 
sights, with the height of the fore sight added, give the 
required heights for the back sight above the axis of the 
bore. The scale so found is tested by shooting from an 
ordinary sand-bag rest at some of the ranges. The very 
high velocities attained in recent years have given rise to 
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by General Maitland when Director-General of Ordnance 
Factories. A Morse cartridge is used, whose base is not 
attached to the sides, but is free to slide backwards with- 
out escape of gas. The pressure is conveyed from the 
base to the copper by means of an intervening steel plug 
of small inertia. 

Sighting.--Having ascertained the muzzle-velocity, the 
next step is to ascertain as carefully as possible the effect 
of “jump,” or, as it is sometimes called, the angle of 
vibration. It is well known that guns, mounted on all 
descriptions of carriage, move under the influence of re- 
coil before the projectile leaves the muzzle. The effect 
of this upon the direction is very considerable in small 
arms, and materially affects the sighting. In the Martini- 
Henry 0.45-bore and 0.303-bore rifles, ib neutralises part 
of the elevation given to the bore by the sight; in other 
words, those arms have a negative ‘‘jump,” and its value 
must be added to the sighting in order to attain correct 
results. In rifles like the Lee-Metford, owing to the 
different distribution of the weights and resistance to re- 
coil, the ‘‘jump” is positive, or in aid of the elevation ; 
and this to such an extent that, with black: powder, it 
amounts to 18’, which is more than the angle required to 
counteract the fall of the bullet under gravity at 200 
yards. Consequently, at that range the front sight is 
higher than the back one, and the barrel is directed to- 
wards a point lower on the target than that which it is 
desired to hit. 

The next step in sighting is to ascertain the angles of 
departure required for the various ranges to which the 
sights apply. This can be done most conveniently by 
firing series of shots at each range, the rifle being 
secured in a machine-rest, and the angles observed 
by means of a clinometer inserted in the muzzle; the 
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various theories as to the manner in which the bullet dis- 

laces the air. German physicists have literally thrown 
ight upon this subject by taking instantaneous photo- 
graphs of the bullets during their flight, by means of the 
flash produced by the discharge of a Leyden jar. The 


bullet is found to drive a wave of condensed air before it, - 


and to be followed by a train of vortices. So definite is the 
conical outline of the preceding wave, that the velocity of 
the bullet may be inferred from the angle of the cone, the 
higher velocity giving the smaller angle. That these 
lines of condensation should be rendered visible in these 
photographs, as well as the outline of a bullet travelling 
at the rate of 28 miles per minute, is a marvel of photo- 
graphic art. The aperture and dial sights of the magazine 
rifle permit an elevation of over 1] deg. to be given, and 
the calculated range due to this angle is 2900 yards, with 
a charge giving 2000 ft. per second muzzle-velocity. Ex- 
periments carried on near Lydd in 1889 gave the range 
with the pellet powder as about 3500 yards at an angle of 
32 deg. dy 

The Stock.—So far only the barrel, sights, and action 
have been mentioned ; the stock also claims attention. This 
is in two parts, viz., the butt and fore end, the body and 
the stock-bolt serving to connect the butt with the barrel. 
This makes the stock stronger than it would be if, like 
many foreign rifles, it were in one piece, and had not the 
stock-bolt to add its strength to that of the wood, where 
the latter is much cut away to make room for the body 
and magazine. Walnut, called Italian, although largely 
grown in other countries, is the wood preferred for the 
stock. It is not too heavy, is tough and not easily split. 
The trees chosen for military stocks are those with 
straight, even grain, and the sap-wood is as suitable for 
this purpose as the heart-wood. It is lighter, often 


JUNE 23, 1893.] 


ENGINEERING. 


cleaner in grain, and is rather less liable to warp in 
seasoning, or after machining, than the heart-wood. 
Supplies of gun-stocks are obtained from France, 
Germany, Switzerland, and Italy. The trees are felled in 
autumn, and ofteucut up in the following year. Steaming 
is generally applied to hasten the seasoning and remove 
the sap, which otherwise gives much trouble, causing 
mildew unless the pieces are frequently wiped over and 
stacked in airy places. Beech, birch, and maple have 
been used for gun-stocks, and American walnut in the 
United States ; but this is a very inferior wood, and easily 
split. A large store of gun-stocks must be kept, as they 
require two or three years’ seasoning, and are benefited 
by still longer storage. At Enfield are the stores for 
supplying stocks to the Government factory at Birming- 
ham, as well as to the companies who have contracts for 
small arms. The machinery for shaping, &c., the butt 
and fore end is of American origin, and was designed for 
the use of the U.S. Government Small Arms Factory at 
Springfield. Many of the machines at Enfield are those 
originally obtained from America 35 years ago, and they 
form a collection of ingenious wood-working machinery. 
The first process is to turn the stocks in self-acting copy- 
ing-lathes, with cutter-wheels of 6 in. diameter, run at a 
speed of 3250 revolutions per minute. A second turning 
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and these are issued, in sufficient quantity to make a cer- 
tain number of complete rifles, to the foreman of the 
assembling-shop. Theoretically, the assemblers should 
have nothing to do but to fit and screw them together ; 
but small adjustments are found necessary in practice, 
particularly in parts that are hardened and tempered, as 
the dimensions alter slightly in these processes. Re- 
fitting is done wherever possible with the aid of emery- 
wheels. The amount of correction is generally exceedingly 
small. The fore end of the stock often requires to be 
eased in the barrel-groove, as the wood is apt to close or 
warp slightly. The completed arms are placed in trucks, 
and delivered into the inspection view-room, which is on 
the same level, and connected by a bridge with the 
assembling-shop. The factory sees them no more, as, if 
passed, they go down a lift into the packing-room under- 
neath, and are issued in cases of twenty each to Weedon 
or elsewhere. 

Swords and Sword-Bayonets.—The production of swords 
and sword-bayonets is an important branch of Enfield 
manufacture. The mystery that formerly surrounded 
sword-making can hardly be said to exist at present; but 
there is still a good deal of romance connected with it. 
In Japan it is an art associated with a religious rite, and 
the fame of illustrious sword-makers survives for genera- 
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gives the piece a surface fine enough to leave little for the 
stock-filer to do. All the recesses to receive the barrel, 
action, trigger-plate, heel-plate, and other parts, are cut 
out in special machines, the capstan principle with 
vertical spindles being largely us3d ; jets of compressed 
air clear the cutting. The stocking-shop is fitted with a 
system of exhaust pipes and a fan, by means of which the 
cuttings are conveyed to the boiler house, and discharged 
into a cyclone collector, from which they are removed and 
fed into the furnaces. 

The principal components have now been touched upon. 
Among the smaller ones, the screws are the most 
numerous, The admirable automatic screw-making 
machines of Pratt and Whitney produce these very 
rapidly ; great care is required to keep the tools in per- 
fect order, particularly in the case of steel screws to be 
hardened, as they are required to fit tightly and yet to 
interchange. In drilling the many holes of various sizes 
that are to be tapped, Morse drills of the exact size re- 
quired are used, and no subsequent rymering is done. 
The drills are fluted in the tool-room from bright steel 
wire drawn to the exact size required, perfectly round and 
straight, and are ready to be hardened without further 
finishing. The manufacture of the magazine involves a 
different set of processes from other components. The 
machines used are presses to cut and bend the sheet steel, 
and the brazing-table is applied to join up the angles. 
After brazing, they are passed to the grindery, and the 
adherent brass and rough edges are rapidly ground off. 
They are finished by polishing, and finally browned in 
the same way as the barrel body and other steel parts. 
Browning is effected by coating the surface with an acid 
mixture which causes rapid oxidation ; the action being 
hastened by frequent immersion in tanks kept at boiling- 
pera by means of steam-pipes. When a coat of rust is 

ormed, it is brushed off, and the barrel (its ends being 
closed) is kept in the tank for a time, and is again coated 
with the browning mixture—eight hours sufficing to pro- 
duce a black oxide that offers considerable opposition to 
the formation of rust. Other methods of browning have 
been proposed, but so far with less success. One in- 
genious plan of browning by electrolysis was patented 
about two years ago, a solution of lead oxide being used. 
The process was rapid, and a beautiful black oxide was 
formed ; but its adhesion to the surface was imperfect, 
and it was apt to scale off under pressure, leaving the 
polished surface exposed. 

The component-store receives the various finished parts, 
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tions. Elsewhere in the East, exceptional skill in the 
manufacture of steel is devoted to the production of 
sword-blades, and they command high prices. The fame 
of Toledo blades dates centuries back; but in England, 
in 1885, when it was decided to renew the cavalry swords, 
the art was in some danger of dying out, and only one 
firm in Birmingham was able to undertake a contract, 
and that in insufficient numbers. In that year the 
manufacture was resumed at Enfield on a small scale, but 
the bulk of the swords required were contracted for in 
Solingen, where, owing to the large demand for Conti- 


nental armies, there were manufactories able to turn out 


large numbers of those weapons. An order for 20,000 
swords was given to Messrs. Kirschbaum, of Solingen, 
who had applied machinery to forging blades with great 
success. Since 1889, all blades made at Enfield have been 
machine-forged. They are not hammered in any stage 
after the first rough reduction of the bar under the rider 
machine-hammer. The forging is completed by means 
of segmental rolls, and the method of compressing and 
drawing the steel is attended by excellent results. A 
area ae of the rolling-machine is shown in Figs. 17 
to 19. 

The chief difference between the system now followed 
at Enfield and former practice is in the hardening and 
tempering. The blades are heated for hardening in a 
furnace designed by the present manager, snd do not come 
in contact with the fuel. Figs. 20 to 23 show its general 
arrangement. When sufficiently heated, they are given 
the required curve by screw-pressure, and are returned to 
the furnace and brought up to the necessary heat required 
for hardening in oil. The oil-tank is surrounded by cold 
water in circulation, and the oil is agitated to assist the 
rapid and equable conduction of the heat. For tem- 
pering, a kind of oven is employed, which is kept at the 
required heat, and a number of blades are operated on at 
one time. They are left on the shelves of the oven until 
they assume the desired colour. In the Solingen manu- 
factory water-hardening is practised, but the steel is much 
lower in carbon. Their process of hardening and tem- 
pering is kept strictly secret. The blades, although 
elastic, are not so hard as the Enfield oil-hardened blades. 
The composition of the steel explains this, the two ana- 
lyses being as follows: 


English Sword-Steel. 
Carbon ... F va ds 
Silicon 
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Manganese 0.195 
Copper ... traces 
Phosphorus 0,002 
Sulphur... 0.020 
German Sword-Steel. 
Carbon ... 0.738 
Silicon ... 0.427 
Manganese 0.490 
Copper ... 0.060 
Phosphorus 0.036 
Sulphur 0.023 


In Enfield experience, the requisites for success in 
sword manufacture are: (1) A steel of suitable quality, 
ascertained by trial; (2) forging by pressure with the 
fewest reheatings possible, and forging the blade as 
close to the finished form and dimensions as possible; 
(3) hardening and tempering in specially designed 
mufiles; (4) giving the necessary curve before hardening, 
and straightening after tempering without hammering. 
After grinding, the blades are found to have lost a little 
of their elasticity. This is restored by heating them to 
the tempering-colour, and again dipping them in oil—a 
process known at Enfield as ‘‘stiffening.”’ 

The tests applied to swords and bayonets by the Army 
inspectors have been the subject of considerable contro- 
versy. Manufacturers believed that the bending tests 
used applied stresses too near to the limit of endurance. 
Commanding officers, on the other hand, condemned 
blades for not enduring, uninjured, such stresses as are 
only likely to occur by accident or unfair treatment. 
This controversy was brought happily to a termination 
by the report in 1889 of Sir Frederick Bramwell and Sir 
Benjamin Baker, made at the request of the Secretary of 
State. After carefully examining the question, and 
making several experiments to determine what ratio the 
stresses applied by the inspection test bore to those that 
would break or bend a good blade, they demonstrated 
that this exceeded, in some instances, 60 per cent. ; and 
they were consequently justified in reporting that such 
stresses applied alternately in opposite directions and 
several times repeated, must result in destroying the very 
qualities they were intended to test in the blade. This is 
an instance of the wide field covered by civil engineering, 
and is but one of the many contributions that those dis- 
tinguished members of the Institution have made to the 
scientific construction of military weapons. In addition 
to the Birmingham firm mentioned above, contracts for 
sword-bayonets, swords, and lances, are carried out by 
the Wilkinson Sword Company at their works at Chelsea. 
The methods there employed are those of the latest 
Solingen practice, Messrs. Kirschbaum being interested 
in the company. A Sheffield firm, Messrs. Sanderson 
and Co., have also commenced the manufacture of sword- 
bayonets ; so that there now are three contractors for 
this class of work, in addition to the Enfield establish- 
ment, and there is no longer any necessity to look abroad 
for a supply. 

Conelusion.—The author has, so far, traced the history 
of the present system of manufacturing military small 
arms, and has described the Enfield factory, with some 
account of the processes there applied to the production 
of the magazine rifle and sword-bayonet, and of swords 
generally. He has omitted the consideration of rifle- 
calibre machine guns and their mountings, which are also 
an Enfield manufacture; because these come under a 
separate category, and would unduly extend this com- 
munication. The paper would, however, be incomplete 
without some remarks upon the economic features of the 
Enfield system of manufacture, which is the result of long 
experience. In the earlier days of the factory, the plan 
of contracting was chiefly relied on. Almost all the 
components were contracted for by leading hands, who 
employed what assistance they thought fit, at such wages 
as they chose to pay. In this way these hands earned 
large sums, and something like sweating prevailed. For 
many years, however, the system in use at present has 
been followed with success. A strong staff of foremen is 
employed, and almost all operations have a piece-work 
price assigned to them. All the employés are rated 
according to the nature of their employment, at an hourly 
rate, and are so paid when on time-work. On piece-work 
they can, on an average, earn about one-third more than 
their hourly rate. ‘The superintendent is furnished 
weekly with lists, giving each man’s earnings at his 
piece-work, and the amount that his rate would have 
given him if at time-work for the same period. These 
lists enable the superintendent to ascertain whether the 
prices are fair, and to alter them should he find that the 
average earnings of all the men on the same operation 
are unreasonably high or low. In practice. there is not 
much difficulty in adjusting the prices. The foremen 
can generally calculate very accurately what time an 
operation requires, and how many times an expert hand 
can repeat itinan hour. It is the province of the fore- 
men, in consultation with and aided by the managers, 
to devise more expeditious methods and machines to 
supersede hand-labour as much as possible. When this 
is done, reductions are made in the prices paid to the 
workmen, that soon repay the cost of the new appliances ; 
whilst the position of the workman is generally improved, 
either by increased earnings or reduced labour, All com- 
ponents are gauged by the factory viewers in all the pay- 
stages of manufacture; and those that are incorrect are 
not counted to the credit of the workman. The loss of 
the material spoiled is not, however, deducted, the man 
only suffering his loss of time. All operations have their 
piece-work price, and all components are passed through 
the store in their various stages, and re-issued for the 
succeeding stage. To illustrate the work necessary to 
carry on this system, the receipts and issues by the store 
department have been taken for one week, ending 
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December 19, 1891: Number of stages of manufacture, 
804 ; receipts, 809,057 ; issues, 778,461. 

The success of the whole system depends upon a large 
output. The staff is necessarily expensive, as great 
vigilance is required to prevent material from being 
spoiled, and to prevent Jabour from being wasted on 
faulty material, and for various other objects. All the 
costs of staff, administrative and clerical, lighting, heat- 
ing and power, maintenance of machinery and buildings, 
stores and depreciation, besides tools of all sorts, gauges, 
cost of inspection by the factory viewers, costs of store 
department, work-takers, police, rates and taxes, sub- 
scriptions to church and schools, &c., are charged to 
indirect expenditure, and, as such, are added as a per- 
centage to the direct cost of the production of the year. 
If the output is large, the burden of indirect charges is 
spread over it and easily borne ; with a restricted output 
it becomes heavy, and the cost of all articles produced 
is correspondingly high. 


NOTES FROM THE SOUTH-WEST. 

Cardif.—There has been about an average demand for 
steam coal; the best qualities have made 10s. 3d. to 
103. 6d., while secondary descriptions have brought 9s. 6d. 
per ton. Household coal has been in rather better 
request ; No. 3 Rhondda large has made 9s. 6d. to 9s. 9d. 
perton. Patent fuel has shown little change. Coke has 
ruled firm; foundry qualities have made 17s. 6d. to 
17s. 9d., and furnace ditto, 16s. to 16s. 6d. per ton. Iron 
ore has remained quiet. The manufactured iron and 
steel trades have shown little change ; some small orders 
for rails are stated to have been secured. 


The Great Western Railway and its Rates.—The chief 
goods manager of the Great Western Railway Company 
has forwarded to the secretary of the Bristol Chamber 
of Commerce a revised edition of ‘‘The General Railway 
Classification of Goods,” and ina circular which accom- 
panies the book Mr. Wilkinson says, ‘‘ that while many 
articles are placed in lower classes this year than was 
formerly the case, the compensating advantages granted 
by Parliament have almost without exception been 
voluntarily waived by the railway companies. Moreover, 
the company is willing to apply the revised classification 
retrospectively as from the commencement of the present 
year.’ 


Water Supply of Plymouth.—At a Local Government 
Board inquiry at Plymouth on Saturday into an applica- 
tion to borrow 50002. for purposes of water supply, it 
was incidentally stated that the present storage reser- 
voirs only contained one day’s supply. The daily intake 
of water at Head Weir was, however, stated to be 
3,750,000 gallons, which by the time it reached Robo- 
rough was reduced by waste and supplies to small places 
to 3,100,000 gallons. 


Portsmouth and Devonport.—Mr. J. T. Corner, chief 
engineer of Portsmouth Dockyard, has been directed to 
commence the construction of a set of triple-expansion 
engines of 9600 horse-power. These engines will be the 
most powerful ever built in any one of the Government 
factories, exceeding those of the Bonaventure class by 600 
horse-power. It is understood that a similar order will 
be given to the Devonport factory, as the Lords of the 
Admiralty have decided to build three cruisers of an 
improved Bonaventure type. 


Budleigh Salterton.—The Budleigh Salterton Local 
‘Board has accepted the tender of Messrs. Hawkins and 
3est, of Teignmouth, for the construction of a pumping 
station and machinery at Kersbrook, together with the 
provision and laying of about 2000 yards of cast-iron 
pipes, 3 in. to 9 in. in diameter; also the construction of 
a reservoir and other works. The plans have been pre- 
pared by Mr. J. Martin, C.E., of Exeter. Seven tenders 
were sent in, the lowest (Messrs. Hawkins and Best) being 
10802. 


Ebbw Vale Steel, Iron, and Coxl Company (Limited ).— 
The directors have issued their report for the year ending 
March 31, 1893, in which they state that the result of the 
past year’s working is satisfactory. The amount brought 
forward from last year’s profit and loss account is 36,4917. 
The gross profit for the year ending March 31, 1893, 
amounted to 92,390/., making a total of 128,881/., from 
which have to be deducted expenses of head office and 
legal expenses, 7982/., and interest on debentures and 
fully paid up shares, 16,8147. A sum of 22,028. is written 
off for depreciation of property, leaving a balance of 
82,0557. This is sufficient to pay a dividend of 2} per 
cent., but, in view of the present outlook in both the coal 
and the iron and steel trades, and the desirability of 
completing the work of re-establishing the company on a 
thoroughly sound financial basis, the directors cannot 
recommend the distribution of any dividend. Important 
changes in the internal economy of the works are in pro- 
gress. A considerable quantity of coal is being raised at 
the Craig Fawr new pits. The quality of the various 
seams is excellent, and the Board have reason to believe 
that in ordinary times the expectations formed as to this 
property will be fully realised. 


The Telephone in the West.—Arrangements are in pro- 
Se for a post-office telephone trunk line service from 

outh Wales to Newcastle-on-Tyne. The work of laying 
the wire (which weighs 600 lb. to the mile) in sections 
from Swansea, Cardiff, and Newport to Hereford and 
Bristol from the South Wales end, and from Newzastle- 
on-Tyne, has already been commenced, and it is hoped 
that the line will be completed by the end of the year. 


The Rhymney Vailley.—The output of coal has been 
well maintained in this district. Rapid progress is being 
made with the completion of several pits now in course of 
ninking, 
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The Aber Valley.—The Universal Coal Company, 
Limited, has commenced sinking operations, and the pit, 
one of the largest in South Wales (18 ft. Gin. inside the 
brickwork) has already been sunk to a depth of 22 yards, 
As soon as the masonry work is completed, it is expected 
that No. 2 pit will be commenced, and that sinking 
operations will be carried on at both pits until the coal 
measures are reached. 


Widening the Great Western.—The widening of the 
Great Western Railway between Reading and Didcot 
will be completed by the middle of next month, when the 
whole of the auxiliary line from Paddington to Didcot, a 
distance of 53 miles, will become available for the train 
services between the metropolis and the northern and 
western seetionsof the system. A handsome station, to 
replace the old buildings, will shortly be commenced at 
Reading. 


More Welsh Qoal.—Tbe Beynmorgan Colliery Com- 
pany has struck the Brass vein of coal at a trial bore 
alongside the Twrch. Thecoal is all that can be desired, 
both as regards quality and thickness, and it lies near 
the Swansea Vale section of the Midland Railway. 


Newport Docks.—A second coal-loading hoist at the 
Alexandra Dock extension will be ready for work in a 
few days. The first has already loaded three large ships 
since the opening of the extension. The Powell-Duffryn 
Company will shortly take possession of new offices. 


LAUNCHES AND TRIAL TRIPS. 

Le Yacht announces that the French torpedo-boat 
Lansquenet, which was launched at Nantes on May 18, 
has undergone her trials, and has attained a speed of 26 
knots, or very nearly 30 statute miles an hour. The 
Lansquenet displaces 138 tons, is 165 ft. 4in. long and 
15 ft. 8 in. broad, and draws 4 ft. 3 in. of water. She has 
twin screws and two triple-expansion engines which 
together indicate 2800 horse-power. At present she is 
the fastest craft in the French Navy. 

The s.s. Yarrow, built by Messrs. R. Napier and 
Sons, Govan, for Messrs. William Sloan and Co., 
Glasgow, had a most successful trial on the Firth of 
Clyde on June 8. This new steamer has been specially 
designed for service between Silloth and Dublin, call- 
ing during the season at Douglas, Isle of Man. The 
Yarrow is built of steel, and her principal dimensions 
are: Length p. p., 230 ft.; breadth, 32 ft.; depth of 
hold to main deck, 14 ft. 10 in. The machinery con- 
sists of a set of triple-expansion engines having cy- 
linders 214 in, 34 in., and 57 in, diameter by 42 in. 
stroke, and two single-ended boilers for a working pressure 
pean lb, A mean speed of 13} knots was maintained on 
trial. 


Messrs. Napier, Shanks, and Bell, Yoker, Glasgow, 
launched on Tuesday, June 6, the steam yacht Maria, 
857 tons, built for Mr. Ninian B. Stewart. The dimen- 
sions are: Length on load water line, 210ft. ; breadth, 
28 ft. 2in.; and depth, 19 ft. The yacht is expected to 
attain about 14 knots. The yacht has been constructed 
to designs by Mr. St. Clare J. Byrne, of Liverpool. 

There was launched from Messrs. Cramp’s yard at 
Philadelphia on Saturday, the 10th inst., the coast line 
turret battleship Massachusetts, which is 348 ft. long and 
69 ft. 3in. beam, and at 24 ft. draught displaces 10,231 
tons. She is heavily armoured, the belt being 18 in., 
while the main turrets have 17 in. armour, and the smaller 
turrets 8 in. to6 in. armour. The armament consists of 
four 13-in., eight 8-in., and four 6-in. breechloading guns, 
with sixteen 6-pounder and four 1-pounder quick-firing 
guns, in addition to several machine guns and torpedo 
launching cars. The vessel in some respects approximates 
to our second-class battleships Centurion and Barfleur, 
although these latter have heavier big guns, although 
not so many smaller weapons. The British ships, too, 
have much greater power and two knots more speed, the 
engines of the Massachusetts being specified to indicate 
9000 horse-power, and give 16 knots speed. The cost is 
about the same asthe Centurion, just over 600,0002. 


The steel sloop racing yacht Pilgrim, designed by 
Messrs. Stewart and Binney, as the America Cup de- 
fender, was launched at Wilmington, on the Delaware 
River, on the 12th inst. She has been towed to 
Brooklyn to have her tins placed, and will then go to 
Boston for outfitting. The Pilgrim is 120 ft. long, 23 ft. 
beam, 5 ft. in depth, with 17-ft. fins. The total draught 
is 22 ft. She will have 20 tons of lead ballast, and will 
carry more canvas than the yacht Volunteer, her model 
being a radical departure from accepted theories. She 
will have no keel, but three fins--one a small centre- 
board forward ; the main fin, under the centre of the hull, 
being a steel plate 17 ft. deep covering half the length of 
the hull; and a small after-fin, forming a stay for the 
rudder under the overhanging stern end. 


The gs.s. Bannockburn, built by Sir Raylton Dixon and 
Co., Middlesbrough, went on her official trial trip on the 
8th inst. This steamer has been built in four months, 
and is for the Montreal Transportation Company, of 
MontreaJ], Canada. The principal dimensions are: 
Length, 254 ft.; beam, 40 ft.; depth moulded, 21 ft. 4 in.; 
with a deadweight carrying capacity cf over 2700 tons. 
She has been designed for the trade on the great lakes of 
North America, and as the locks on the St. Lawrence 
(through which she will have to pass before she can reach 
the lakes) are much too short for the length of the ship, 
efficient provision bas had to be made to enable the vessel 
te be evt in two portions, each of which will float ata suit- 
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able draught, and when she has cleared these short 
locks the two portions will be riveted together again, 
The engines have been fitted by the North-Eastern 
Marine Engineering Company, Limited, Wallsend-on- 
Tyne, and the cylinders are 21in., 34in., and 56in, by 
39 in. stroke, with two large stee] boilers working at a 
pressure of 160 Ib. per square inch. 


Messrs. William Simons and Co., Renfrew, launched on 
the 13th inst., from their yard, the hopper dredger 
Pholas, which they constructed to the order of the Crown 
Agents for the Colonies to the designs and under the 
direction of Messrs, Coode, Son, and Matthews, West- 
minster. It will be employed deepening the port of St, 
John’s, Antigua, toa depth of 32 ft. under water level. 
The hopper compartments have a capacity for over 400 
tons of dredgings. It is provided with a set of triple- 
expansion engines of 550 indicated horse-power, and two 
stee] boilers of 160 lb. working pressure, also steam steer 
ing and steam starting and reversing gear. 3 


The Indian troopship Warren Hastings, built by the 
Naval Construction and Armaments Company, Barrow, 
and recently described in ENGINEERING, completed on 
Saturday, the 10th inst., a series of trials in the Clyde. 
The trials were highly satisfactory on both the measured 
mile and six-hours deep-sea run, the contract speed being 
exceeded bya knot. The twin propellers are of Delta 
bronze, the diameter being 13 ft. 6 in., and the pitch 
15 ft. 3 in., each blade weighing about 26 cwt. The 
indicated horse-power developed was 3500, and the revo- 
lutions 135 per minute. 


The new first-class gunboat Onyx, built and engined 
by Messrs. Laird, of Birkenhead, underwent an eight- 
hours full-power trial of her machinery at the mouth of 
the Thames on the 14th inst. The ship, which has just 
been delivered under the Naval Defence Act, was tested 
under natural draught and with a pressure of steam of 
125 lb., and, the engines working 218 revolutions per 
minute, a mean of 2531 horse-power was developed, with 
a speed of 17.5 knots. The results were considered satis- 
factory, and the Onyx returned to Sheerness to prepare 
for her forced-draught trial. The official forced-draught 
trial of the Onyx took place on Friday, the 16th inst., 
under the superintendence of officials representing the 
Admiralty and the Sheerness Dockyard Reserve. With 
a pressure of steam of 140 lb., and the engines working 
247 revolutions a minute, a mean of 3546 horse-power was 
indicated, with a speed of 19 knots. The Onyx returned 
to Sheerness Harbour, and will be immediately 2ompleted 
for commission. 


The new second-class cruiser Charybdis, designed for 
service as a flagship, was successfully launched from the 
building slip at Sheerness Dockyard on the 15th inst. The 
Charybdis, which is the largest war vessel everconstructed 
at Sheerness Dockyard, is a sister ship to the Fox, 
launched on the same day, and fully described on page 
850 ante. The Charybdis was laid down on September 28, 
1891. The engines have been manufactured by Harle’s 
Shipbuilding and Engineering Company, of Hull. The 
total cost of the ship, including her equipment, is esti- 
mated at 245,549/. 


On the 15th inst. there was launched from the yard of 
William Doxford and Sons, Limited, of Sunderland, a 
whaleback steamer, No. 218, which hrs keen built on 
foreign account through Messrs. W. Johnston and Co, 
Limited, of Liverpool. This is the first vessel built in 
Great Britain of the American whaleback type under the 
McDougall patents. Her principal dimensions are 
320 ft. by 38 ft. 2 in. by 26 ft.; load draught, 19ft.; and 
she is intended to carry about 3500 tons. She is fitted 
with triple-expansion engines, also by Messrs. Doxford. 
The cylinders are 23in., 37in., and 60in. in diameter by 
42 in. stroke, and steam is supplied from large single- 
ended boilers. The hull generally is of the whaleback de- 
sign, and above this are erected seven towers, forming sup- 
ports on which are carried the winches, derricks, cabins, 
&c., the two towers over the machinery space being much 
larger thanthe others, and upon them and around the 
engine and boiler openings are built the whole of the 
cabins, which are7 ft. above the hull proper, and are sup- 
ported at the sides by large ventilating tubes which are 
carried down through the decks and into the engine and 
boiler room. The vessel has nine cargo hatchways, and, 
as usual in whaleback steamers, these are built without 


coamings, and are fitted with watertight iron covers which ~ 


are bolted down, leaving the whole of the upper portion 
of the vessel clear of obstructions other than the towers 
already referred to. 


AUSTRALASIAN ASSOCIATION FOR THE ADVANCEMENT OF 
Scrmnce.—The next meeting will be held in Adelaide, 
South Australia, commencing on September 25, 1893. 
The meeting will be presided over by Mr. Ralph Tate, 
F.L.S., F.G.S., Professor of Natural Science at the 
University of Adelaide. The Association now numbers 
over 900 members. Its work is divided into sections, 
and carried out on the same lines as those of the British 
Association. The time fixed for the meeting is the 
pleasantest period of the year in Southern Australia, when 
spring is merging into summer. Hyery facility for 
travelling at reduced rates is given by both the Colcnial 
Governments and the local steamship companies. Intend- 
ing visitors can obtain information ficm the local 
secretaries, Professors Rennie and Bragg, of the Adelaide 
University, or from Professor H. Lamb, F.R.S., Owens 
College, Manchester, and Professor T. Hudscn Beare, 
M: Inst: Ci E., University College, London: 
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** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ComPILteD By W. LLOYD WISE. 


BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 18883—1888. 

The number of views given in the Specification Drawings ts stated 
in each case ; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specisication is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specifieation, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


MACHINE TOOLS, SHAFTING, &c. 


11,652. A. Robertson, Carron, Stirling; G. F. 
Loudon, J. T. Stuart, and H. L. Hopkin, Johnstone, 
Renfrews. Turning Lathes. [13 Figs.] June 22, 1892.— 
This invention relates to screw-cutting, &c., lathes. A swing 
bracket is provided to carry the pinions for the right and left- 
hand feed gear, the bracket being pivoted on a boss cast on the 
back stay plate. This stay plate is formed with two slot holes, 
through one of which a pinching screw is passed to bind the 
swing bracket in position, and when changing the direction of 
the feed, this screw is removed from one slot to the other, the 


bracket being swung over accordingly. The pinions 7, c3 are 
arranged to slide on the sleeve so that either can be geared with 
that on the lathe spindle through pinions a, 0 fitted to the swing 
bracket. A sleeve attachment slides on the stay rod, which has 
a groove made to receive a key to keep the sleeve in the desired 
position, this key being fixed by a set screw. The arrangement 
of the parts is such that various pitches are obtained without 
moving any wheel out of position by gearing one of the pinions 
through the pinions a, b provided on the swing bracket s. (Accepted 
May 10, 1893). 


MINING AND METALLURGY. 

11,767. F. Baum, Herne, Prussia. Separating 
Ores, &c. [1 Fig.) June 23, 1892.—This invention relates to 
hydraulic depositing apparatus in which granular material such as 
coal or ore to be separated from foreign matter is placed upon a 
sieve and is agitated thereon by an alternate up-and-down 
motion produced by alternately forcing water upward through 
the sieve by air, gas, or steam pressure, and then allowing the 


water to pass down through the sieve again hy withdrawing the 
gaseous pressure. The specifically heavy particles thus become de- 
posited on the sieve, while the lighter gangue or sludge is partially 
floated off from the top, and partially washed down through the 
sieve. A closing device H, actuated so as to alternately admit 
and cut off the supply of fluid pressure to the chamber A, is 
interposed between the conduit pipe supplying the fluid pressure 
andthe chamber. (Accepted May 10, 1893). 


STEAM ENGINES AND BOILERS. 


9940. L. White and W. Y. Baker, London. Hori- 
zontal Tubular Boilers. [2 Figs.] May 26, 1892.—This 
invention relates to tubular hot-water generators, and consists of 


boiler proper. A further series of pipes C is added to the boiler | and is made with an expanded part forming a valve adapted to 
and supported in waterway castings D, which rest upon and join | be screwed down tightly on the countersunk end of the hole in 


the lower waterway castings B. Means of communication are 
provided between the castings where they join one another to 
permit of the circulation of the water within the boiler. The 
jointing together is effected by hinged bolts E, which engage with 
the two castings B, D, so as to draw them together. In order 
that the boiler shall absorb as much heat as possible from the 
heated gases as they pass from the furnace to the chimney, baffle 
plates G are provided above the horizontal layers of pipes, and 
are so arranged as to leave a clear passage between the tubes at 
alternate ends, so as to cause the ascending heated gases of the 
fire to travel to and fro along the pipes in a zig-zag fashion until 
they escape eventually into the flue. (Accepted May 10, 1893). 


8685. G. H. Taylor, London, and W. 0. A. Lowe, 
Liverpool. Locomotive, &c., Boilers. [4 Figs.) May 
7, 1892.—This invention relates to locomotive, &c., boilers, in 
which a combustion chamber is arranged within the barrel, and 
is in communication with the firebox, and its object is to construct 
them so that the gases generated in the firebox are conducted 
into the combustion chamber wherein they are more fully burned 
and a secondary combustion ensues. The firebox A has fire-bars 
Aland a fuel-charging shoot B, closed by a lid, and having a 
second lid pivoted and turning down so as to provide access to 


the fire. The gases from the firebox have access to the combus- 
tion chamber C by passages D, arranged outside the boiler one on 
each side. The air necessary to promote combustion enters the 
chamber C by the passages C! communicating with an air chamber 
E, which is supplied with air by the inlets El, the air in the 
chamber E becoming highly heated by its contiguity to the fire- 
box A. The air enters the chamber C by the passage Cl in a 
direction perpendicular to that by which the heated gases enter 
by the passages D from the firebox, thus causing an effective 
mingling of the two. (Accepted May 10, 1893). 


11,442. J. Lewis, Barry Dock, Glamorgans. 
Metallic Packing. (4 Figs.) June18, 1892.—This invention 
relates to a construction of metallic packing for rods such as 
piston-rods. Next the rod A to be packed several adjacent rings 
B of antifriction metal, such as white metal, are arranged, each 
made in segments. Around these rings are two or more concen- 
tric sets of split rings %, each set comprising two rings. Each 
split ring is of gradually increasing thickness from one free end 
to the opposite part of its diameter, and of gradually decreasing 


thickness from that point to the other free end, the arrangements 
being such that when the two rings forming a set are placed 
together in. position for use, the combined thickness of the two 
is the same at all parts. The antifriction metal rings and the 
spring rings are contained within a casing formed of two parts, 
each composed of an annular ring with an inwardly extending 
flange. Between the inner surface of one of these flanges and the 
antifriction and spring rings are an annular plate and a coiled 
et former being arranged next therings. (Accepted May 
10, i 


12,508. H. S. Maxim, Bexley, Kent. Indicating 
the Flow of Fluid. (3 Figs.) July 6, 1892.—This invention 
consists in means for enabling the attendant to ascertain ata 
glance whether water is or is not passing into the boiler, and indi- 
cating the amount of fluid passing the valve on its way to it. 
Within the casing A a cylindrical tube B is secured so that all the 
fluid which passes into the shell enters the tube, from which the 
only exit for the fluid is by perforations B' provided in the wall. 
The tube B (Fig. 2) is screwed into the casing at its upper end, 
and its lower end fits tightly into a recess provided in the casing 
to receive it. At the lower end of the tube is a seat for a disc, 
which, when resting on the seat, acts to prevent the return of 
fluid into the supply pipe, thereby constituting a check valve. 
The disc fits closely but easily within the tube B, in which it is 
adapted to slide in the direction of the axis. The fluid delivered 
into the tube B by the supply pipe passes out through the perfora- 
tions after raising the disc from its seat through the required 
distance to uncover a sufficient number of perforations. A rod 
Cl secured to the disc extends through a hole in the lid of the 
valve casing and projects into a strong glass tube D. The glass 
tube is secured in place within a skeleton extension of the lid A4 
by a nut and lock-nut. Packing rings are provided to prevent 
leakage of the fluid at the ends of the tube. Eis a scale upon 
which is marked the rate of supply corresponding to the position 


a series of pipes mounted in waterway ends with means for the | at any time of the end of the rod O! with reference to the scale 
detachable connection of a further series to the boiler through | The indicating point on the rod C1 (Fig. 2) is a bevelled edged 


the waterway ends, so that the added series form part of the | dise seeuted te the end; A vent plug F is screwed into a nt AS, | in their length, motioti being given to t 


the nut to close the hole. By unscrewing the plug a vent is made 
that permits of the ape of air from the glass tube D. (Accepted 
May 10, 1893), . 


\ 1 
“AY APPLIANCES. 


RA 
12,516. W. E. Fér; 1son, Mont Clair, Essex, New 
Jersey, U.S.A. Illuminating Railway Lines. (3 Figs.] 


July 6, 1892 —This invention has for its object to enable rail- 
way lines to be illuminated by lighis placed between the rails 
without interfering with the traffic or affecting the vision 
of the driver. A board 10 is employed equal in length to the space 
intervening between the webs of the opposing rails of the line. 
The board is provided on its under face near each end with a 


MISCELLANEOUS, 


11,116. J.R. Peacock, Nottingham. Applying the 
Tension to Semi-Divided Nuts, [4 /igs.] June 14, 189”. 
—This invention relates to means for giving a lateral twist of the 
two parts of semi-divided nuts for bolts, and consists of two sets 
of adjustable jaws, one above the other, so arranged that one set 
seizes the lower part, and the other the uprer part of the nut. 
The top of the standard A is constructed as a table upon which a 
plate B is fixcd carrying the lower yair of jaws, the back jaw 
being stationary, and the front one held in slides, so that it can 
be moved horizontally towards the back one by a sliding piece U 
operated by a cam D, turned by a lever E. When the pressure of 


the cam D is removed the plate C is drawn back by the action of 
a spring F opening the jaws. The nut is supported in the jaws by 
a narrow ledge, but when the jaws are opened the nut falls 
through into a receiver. Above the plate B is a plate G, also pro- 
vided with a pair of jaws, which open in the opposite direction to 
those below, and which are opened and closed by means ofa right 
and left-handed screw, working in corresponding nuts secured to 
the jaws by screws. This upper plate G has a short rotating 
movement upon the segmental ends of the plate B, which are 
mochined ior ee teas ota ae centre of the jaws being the 
ommon centre from whic e segments are struck, 
May 10, 1893). z claret 


9710. F. H. Livens, Lincoln. Thrashing Machine 
(3 Figs.] May 21, 1892.——In this invention the pe are a 
pended at their drum and opposite ends, in alternate order 


and the shaft carrying the eccentrics is pad at about midway 
em by bars G, H whieh 
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pass across the machine, the bar connecting the inside pair of 
eccentrics being placed on the opposite side of the eccentric shaft 
to that connecting the outside pair. One, two, or three of the 
shakers rock at their ends nearest to the drum, and the remainder 
at their front ends, and as the motion of the rods, secured to the 
eccentrics which actuate the shakers, approximates to the cir- 
cular motion of the eccentrics, the motion of the free ends of all 
the shakers is elliptical, alarger amount of lift at their drum ends 
being thus obtained, and an approximately parallel motion of all 
the shakers one with the other. (Accepted May 10, 1893). 


11,036. W. Eckstein. Sheet Metal Lathing, &c. 
{5 Figs.) June 11, 1892.—The object of this invention is to 
prepare sheets, employed as a foundation to receive wall plaster, 
by cutting in them short parallel slits, and so, without removing 
any of the metal or producing any free ends, isolating the strips 
at distances apart across the sheet, so far as to admit of their 
being bulged upwards, whilst other portions of the sheet lying 
between the strips are bulged downwards. The strips in suc- 
cessive rows arearranged alternately, the slit in one row coinciding 


with the interval between two in the next, and overlapping and 
extending into the intervals. The machine by which the sheets 
are prepared contains a pair of rollers b, c between which the 
sheets are passed. The slits are produced by teeth upon the 
rollers. Each tooth of one roller works against the side of a tooth 
on the other, and the edges operate as shears to slit the plate 
which is between them. Counterpart rollers are built up from 
discs, and simultaneously slit and corrugate the sheet. (Accepted 
May 10, 1893). 

12,309. J. Fraser, Perth. Smoke Testing of Drains, 
&c. [2 Fiys.) July 2, 1892.—This invention relates to the smoke 
testing of drains, &. Anair-pump is employed for forcing the 
smoke out of the smoke chamber of the apparatus into the drain 
pipe. The pump consists of a cylinder E into which is fitted a 
piston F operated by a piston-rod which is worked up and down 
by a handle at the top of the cylinder. The cylinder is closed at 
both e.ds, but is provided at the top and bottom with two clack 
valves. As the piston is raised, air enters the one valve H at the 
bottom of the cylinder, and simultaneously the air in the cylinder 


G=a\ 


above the piston is forced out through one of the valves at the 
top of the cylinder and is forced through a pipe into the bottom 
of the smoke chamber, and the smoke is thus forced out of the 
chamber into the drain pipe by asmoke tube. During the opera- 
tion of the piston the other valve at the bottom of the cylinder is 
closed, and simultaneously the other valve at the top of the 
cylinder. On the descent of the piston, the yalves which were 
before opened now become closed, and the other valves are opened. 
(Accented May 10, 1893). 

11,842, W. H. Davies, Tranmere. Stopping Ships, 
&ec. [6 ligs.) June 24, 1892,—This invention relates to means 
for rapidly controlling a ship in emergency and bringing it toa 
standstill when required. An obstruction being directly ahead, 


open until stopped through the levers F coming in contact with 
the buffer H. These two wings standing out nearly at right 
avgles form a great impediment to the continued forward motion 
of the ship, and it soon comes to a standstill. To turn the ship 
bard a-port or hard a-starboard, the door on the respective side 
alone is let loose. When the ship has come to astandstill, the 
windlass K is worked till the levers F pass under the notches in 
catches I and are caught by them, the doors being then in a closed 
position ready for another emergency. (Accepted May 10, 1893). 


12,570. P. Loughry, Limerick, Ireland. Regulating 
the Feed of Grain to Roller, &c., Mills. [2 Figs.) 
July 7, 1892.—This invention has reference to means for regulat- 
ing the feed of grain to roller, &c., mills, and consists of a hollow 
measuring cylinder C, divided by partitions P into segmental 
compartments, this cylinder revolving in a casing which has at 
the one side an inlet for the grain supplied, and in its lower part 
an outlet for the grain discharged from the successive compart- 
ments of the cylinder. To the one end of this cylinder, on the 


same axis with it, an adjusting cylinder is applied, which is split 
into as many segments as there are compartments in the mea- 
suring cylinder, there being cuts made longitudinally into the 
body of the adjusting cylinder to receive the partitions of the 
measuring one. Means are provided for sliding the adjusting 
cylirder longitudinally along the axis, so that by its segments 
entering more or less the segmental compartments of the mea- 
suring cylinder, these compartments are made shorter or longer, 
Fe of less or greater capacity. (Accepted May 10, 
893). 


9909. S. Puplett and J. L. Rigg, London. Ice- 
Making and Refrigerating Apparatus. [5 Figs.] 
May 26, 1892.—This invention relates to ice-making and refrigerat- 
ing machinery by which freezing or cooling is effected by the 
vaporisation of a liquefi d gas. The refrigerator is constructed 
of coils, which are inclosed in metal cisterns D fixed in the 
tank containing the liquid to be frozen. The cisterns are charged 
with a non-congealable liquid, such as brine, so that the coils are 
submerged. The liquefied gas used as the refrigerant being 
allowed to vaporise inside the coils, the temperature of the eur 


ay 3505 


rounding brine is reduced to any required degree, and ice is 
formed on the outside of the metal cisterns. When the required 
th‘ckness is attained, the brine is drawn off by the cock K, and the 
cisterns are filled with warm liquor, so that the ice is liberated 
from the sides. At the inlet of each coil or group of coils a valve 
H is arranged, so that the inlet il of any coil or group may be 
closed, thereby preventing any of the liquefied gas entering it, and 
stopping the process of freezing in that one without interrupting 
the processin any other. (Accepted May 10, 1893). 


11,656. J. Barr, Kilmarnock, Ayrs. Valves for 
Reducing the Pressure of Water, &c, [6 Figs.] June 
22, 1892 —YThis invention has for its object to construct valves for 
water, &c. The valve A is arranged in equilibrium, and is made 
with two discs B, C having cylindrical rims working in cylindrical 
parts B1,Cl, The valve A is connected by a spindle D toa packed 
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piston E working ina cylindrical chamber E! formed in the valve- 
box Al, this chamber having a cover E2, on the removal of which 
the internal parts can be withdrawn for examination or repair. 
The underside of the piston E is acted on by the reduced pressure, 
and the cylinder chamber E! is connected above the piston E with 
the supply pressure by a pipe G having on it a threeway cock G1, 


the controlling lever of which is connected to a diaphragm of 
rubber combined with a conoido-volute spring inclosed in a casing 
fixed to the side of the valve-box. One side of the diaphragm H 
is subjected to atmospheric pressure, and the other to the reduced 
pressure through a small pipe provided with a stopcock. With 
any variation of the reduced pressure, the spring diaphragm acts 
on the threeway cock, so as to either admit high-pressure fluid 
above the piston E or allow fluid to escape, the action being 
without abruptness. The connection between the threeway 
valve and the diaphragm is adjustable, the connecting-rod from 
the diaphragm to the valve being divided, and connected by a 
tight-and-left screw coupling. The parts are arranged so that 


the complete opening of the main valve is brought about, and — 


the action can be availed of instantly when a full supply of water 
is wanted fora fire. (Accepted May 10, 1893). 


12,208. G. Lateulade, Santiago de Cuba. Sugar 
Cane Mills. (2 Fivs.] July 1, 1892.—In this invention a 
fourth roller A is added to the three-roller arrangement, so as to 
cause the canes to be subjected to three separate crushing actions 
in passing through the mill instead of two. The three main 
rollers B, C, D are arranged relatively to each other, and the 


added roller A, which is a little smaller than the others, is placed — 


above the lower one B on the feeding-in side in a position tocrush 
the canes between itself and the top roller O. The fourth roller 
isdriven by means of a pinion E on its shaft F, and gears with 
the pinion G of the top main roller C. The housings J are 
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formed to take in the bearings K for the fourth roller A, and each 
has at the feeding-in side gaps L for the bearings K of the fourth 
roller A, and the bearings M of the lower main roller B at that 
side, single caps N securing both bearings, these caps being 
made with notches engaging on projections on the side frames, 
the caps R of the bearings of the top and lower main rollers C, 
D on the discharge side being secured by long through bolts, of 
which, one fixing the lap of the rol'er, extends through and fixes 
the cap N of the opposite roller B. The canes are raised by an 
elevator to the top of aninclined shoot, and are fedin between 
the rollers. (Accepted May 3, 1898). 


11,873, E. and W. H. Crowther, Fudsey, Yorks, 
Scribblers or Carding Engines. (3 figs.) June 26, 
1892.—This invention relates to machines for carding wool, &c. 
Above the last ‘‘ worker” and “fancy ” roller 8 on each of the 
‘“swifts” an endless apron 1 covered with card clothing is 
mounted, and as it travels when the machine is in motion, it 
draws off the fibre from the last worker ard carries it to a 


592 


stripper 2, which removes it from the apron and delivers it on to 
the first worker 4 of the next swift, and so on through the 
machine. The greater portion of the fibre passes from one swift 
to the next without coming in contact with the fancy roller 8 or 
the doffer, and the former have little else to do but to keep the 
swifts in working order, and the doffers have onJy to remove the 
shorter fibres from the swifts, and all dirt and waste falls to the 


ground. (Accepted May 8, 1893). 
11,100. S. Jefferies, Stroud, Gloucester. Brick 
Machinery. [8 Figs.) June 13, 1892 —This invention relates 


to horizontal brick machinery, which receives plastic clay into a 
chamber at one end, and forces it out through a die at the other 
in a stream ready for the cutting table. Within the fore part of 
the casing is the screw for expelling the clay through the die. 
This screw is driven by the shaft B, whichis driven by the spur- 
wheel in engagement with a pinion on the shaft of the 
band pulleys D, Dl. To prevent the’ difficulty of ‘‘ bridging” 
the clay in the chamber F, one of the sides of the latter is made 
to oscillate atregular intervals. This side is fast on a rocking 
shaft mounted in bearings on the framing A parallel with the 
driving shaft B. Upon the end of this rocking shaft is a frame 


G, which embraces a cam b keyed on the driving sheft B, so that 
when the latter rotates, the cam, through the frame G, rocks the 
shaft to and fro, and oscillates the slide, the extent of movment 
being limited both outwardly and inwardJy, so as not to strike 
the revolving blades, nor to move beyond the edges of the 
chamber ends. The die for forming the clay expelled by thescrew 


a 


into a stream consists of an outer metal cating H, top and boticm ~ 


plates of hard metal, such as stee), side plates of the same mate- 
rial, and a front and back plate. A pipe conveys lubricant under 
pressure tothe die, and a passage within the die casing receives 
the jubricant, Valves are provided for controlling the exit of the 
lubricant from the passage, and passages in the die casing admit 
the lubricant to the clay, the entrance to these passages being 
controlled by the valves. (Accepted May 10, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be- 
consulted, gratis, at the offices of ENGINEERING, 36 and 36, Bedford- 
street, Strand. 
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BURMAH AND ITS OILFIELDS. 


CENTURIES before the existence of the American 
Continent was known to Europeans, the peoples 
of eastern countries were gathering petroleum 
from the surface of the earth and utilising it for 
domestic purposes, yet history proves conclu- 
sively that it was the white man who, by his 
inquisitiveness, discovered the true value of the 
fluid, and developed it into its present great 
commercial position. The manner of obtaining 
the oil in China, India, and Burmah is  prac- 
tically the same. It is to-day the same primi- 
tive method which those peoples have adhered to 


peoples, however, move slowly, and the reports 
from the western world had but little effect in turn- 
ing them from their plodding course. Russia, 
owing perhaps to her closer contact with western 
civilisation, was the first to move, but with such 
slow steps that her progress was not apparent 
until fully a dozen years had passed after the 
valleys of Pennsylvania were swarming with oil- 
hunters. It must be said that the natives of Baku 


and the surrounding oil territory had for ages used 
the oil, and as early as 1813 the Russian Govern- 
ment was deriving a small revenue from its sale ; 
but it was not until KE. L. Drake put down the first 
well near Titusville, Penn., on May 1, 1858, and 
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for a thousand years or more, and will not improve 
upon, no matter what their necessities may be. 
The Chinese, there can be no doubt, were the first 
to adopt a system of drilling deep wells, when 
seeking brine, and many of the ‘‘ boreholes” in 
that country, which have for ages provided the 
inhabitants with salt, compare favourably as to 
depth with some of the deepest of the famous wells 
of Pennsylvania. The present Canadian ‘‘ pole ” 
system of drilling is nothing more nor less than a 
copy of that employed by the Mongolians many 
hundreds of years before Canadian soil was touched 
by the foot of the white man ; but iron and steel 
have taken the place of the bamboo and twine, and 
the platform lever upon which the ancient Celes- 
tials danced their monotonous jigs, has given way 
to the high derrick, and the walking beam operated 
by that domesticated giant, the steam engine. But, 
although oil was found in India, China, and many 
other parts of the Old World, its use was confined 
to the immediate vicinity of the springs, until Pro- 
fessor Silliman, by his discovery of the true pro- 
perties of petroleum in 1854, indicated that 
nature, with her inscrutable bounty, had afforded 
to man a substitute for coa], The rush that 
was made for the oilfields of Pennsylvania 
was, if anything, greater than that for the 
goldfields of California, South Africa, and Aus- 
tralia, and the news soon spread to other coun- 
tries that the mysterious fluid which exuded from 
the earth was of great commercial value, Hastern 
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western Republic on the one hand, and autocrati- 
cally governed Russia on the other. 

Russia produces so much oil at present that it 
would be reasonable to suppose that she can place 
her oil on board ship at such a low rate that the 
United States could not attempt to compete with 
her. But such is not the case. The Russian 
petroleum affords but about 40 per cent. of refined 
oil, and the means of conveying it to the port at 
Batoum are still very inadequate. On the other 
hand, the American pipe lines connect the wells 
with the Atlantic seaboard, and the petroleum con- 
tains about 75 per cent. of light oil, besides being 
rich in paraftin, which latter product is of large 
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obtained petroleum therefrom in the summer of commercialimportance. For illuminating oil alone 
1859, that the Russian territory attracted the atten-| America could compete with Russia, even if her 


tion it deserved ; in fact, the first practical move-| 
ment for its development dates back no longer | 


wells only produced one-half that of the latter. 
While the two countries have been fighting for 


than 1872, when private enterprise was permitted the increasing eastern trade, there has been a steady 
to engage in the work which has now grown to growth in the local oilfields of that part of the 


such vast proportions. 


| world, and the development of petroleum in th 
There is to-day no greater rivalry in the peaceful | « ‘ 1 


uncivilised” territories has now not only passed 


lines of commerce than that between the great the line of probability, but is beginning to show 
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itself within the commercial radius in such a manner 
that those countries which claim both the benefits 
of civilisation and unlimited petroleum will soon 
have to don all their armour and fight that most 
inveterate foe of monopoly—competition. 

Now that petroleum has made its way so 
thoroughly into commercial life, the question 
arises, What will be the outcome of its general 
production throughout the earth ? 

In October last ENGINEERING referred to the 
vast deposits of petroleum in Peru, and indicated 
that their development would have the effect of 
closing the South American market against Penn- 
sylvanian oil. The American Consul at Callao, in 
his recent report to the Government, shows that 
the time is not far distant when the production of 
the South American fields will be more than 
sufficient to supply that contifent, and that it can 
be placed on the market afj’such prices that will 
practically prohibit the sale of the northern oil 
within the territory. This opinion, coming as it 
does from an official source, will not please those 
who have striven so hard to keep the southern oil- 
fields underacloud. The drill has beaten them 
with facts. 

The same state of affairs exists to-day in Burmah, 
and, indeed, to a greater extent. The eastern 
countries are dependent at present for kerosene 
upon either Russia or America, although it is a 
well-known fact that petroleum is at their very 
doors, and only awaits development in a practical 
manner. The Dutch on the Island of Sumatra 
have begun to develop the oilfields of Langkat, 
and are said to have met with very fair success. 
The industry is young, and, although several con- 
cessions have been given by the Dutch Govern- 
ment, the English capitalists have not as yet made 
very much progress. The Dutch company which 
started its first well near the shore of Arn Bay in 
July last, has had some very satisfactory results ; 
in fact, about 10,000 cases of 10 gallons each are 
said to be shipped every month for distribution 
among the islands in the Straits of Malacca. 

In India the efforts to develop the petroleum 
industry, where indications of the oil were found, 
have not been attended by encouraging results, and 
it would seem that the country was either out of 
the line of the oil belt, or the formation in which 
the oil is deposited is deeper lying than the wells 
have been sunk to. The Indian Government has 
been exploring for oil in Beloochistan for some 
time, but after expending upwards of six lakhs of 
rupees, the quest for liquid fuel has been given up 
asabad job. The same is true of the oilfields of 
Khattan, where many borings of from 700 ft. to 
1400 ft. have been made without increasing in any 
way the small production that marked the inaugur- 
tion of the work. 

The Chinese wells yield but little petroleum, 
although great quantities of gas are obtained ; and, 
therefore, no attempt is made to search for the oil, 
salt being of by far the greatest value in the eyes of 
Ah Sin and his cousins, The Chinese are keen in 
cultivating the rivalry of the great oil-producing 
countries, and take from Russia, America, and 
Peru just so much as suits them, and at prices that 
are reduced to the minimum by competition, and 
by the wily purchasers biding their time. 

The Japanese wells produce a fair quantity of 
oil, but the system of getting it is no improvement 
upon that of the mainland. Take, for instance, 
the wells at Kudoso, in Echigo, at present. The 
oil is not pumped, as it would be had the Anglo- 
Saxon workman anything to do with it. It is 
raised by buckets, which are attached to a rope 
passing over a wheel at the surface, and it is 
arranged so that one bucket is coming up while the 
other is going down. The buckets average about 
five gallons each, and, therefore, one man can do 
the hauling, as the weight against him is no more 
than about 40 lb. The cost of sinking wells in the 
eastern and western hemispheres is apt to mislead 
people, but when the time taken up in completing 
the work is considered, the extra cost ismore than 
counterbalanced by the saving of precious hours, not 
to speak of days. In Japan a 300-ft. well costs 
about 60/., and takes three months to sink. In 
Gallicia it would cost about 8s. per foot, or 1201., 
and take about as many weeks; and in the States, 
the formation being suited to the cable system of 
drilling, they can do 300 ft. in a fortnight, and 
sometimes less. The Japanese oilfields also lack 
definiteness, whichis due, no doubt, to the volcanic 
character of the islands. 

In Burmah the oilfields are on a different basis. 


There the oil has not only been known to exist, 
but, with the aid of the most primitively con- 
structed wells of no great depth, the natives have 
been able for ages to keep up a flourishing export 
trade with adjacent countries. 

The physical features of Burmah, and particularly 
those of the valley of the Irrawadi, are admirably 
suited forgetting the oil out of thecountry when once 
taken from the wells (see Map, Fig. 1, page 889). 

What is known as British Burmah is divided into 
a series of valleys formed by the three ranges of 
mountains—the Pounglung, Pegu, andthe Arracan 
ranges. The first range begins at the head of the 
Gulf of Martaban and to the east of the Sittang 
River, and runs in a due northerly direction along 
the east bank of the river for a distance of about 
300 miles, when it spreads into a great ridged 
plateau to the eastward of Mandalay. In this 
great plateau lie the sources of all the tributaries of 


the Salween River, which marks the Siam boundary ! 


line. 

The second range, the Pegu, begins a little to 
the north-east of Rangoon, and also runs directly 
north until it is broken by the gorge of the Irrawadi 
River, which turns directly to the east at Sagain. 
It lies midway between the Irrawadi and the 
Sittang, and forms their eastern and western water- 
sheds respectively. The Arracan range commences 
at Cape Negrais, the extreme south-western point 
of the district of Pegu, and follows the coast-line 
of the Bay of Bengal until it is lost in the intricate 
mass of high lands south of the Bramaputra. 

The Sittang Valley is considerably narrower than 
that of the Irrawadi, the mountains forming it in 
many places almost merging, and forming the steep 
gorges through which the river rushes with great 
violence. That of the Irrawadi, in which the oil- 
fields of Burmah are located, is broad at the southern 
extremity, but contracts near the town of Prome, 
and expands again after Yenangyoung is passed, 
its width being about 250 miles in the latitude of 
Mandalay, where it is, however, broken by small dis- 
connected ranges of mountains of no great height. 

The Irrawadi River, the source of which is still 
a mystery, hidden in the bosom of the Tibet Moun- 
tains, is navigable for a distance of about 850 miles 
from the sea, aud is subject to great fluctuations in 
level, the highest being sometimes 40 ft. above the 
summer level during the rainy season. During this 
period the banks are completely covered, and the 
velocity of the water reaches fully five miles per 
hour in the centre of the stream. It does not 
suffer, however, from the effects of the ‘‘ bore,” as 
in the case of the Sittang on the other side of the 
Pegu range. This peculiar tidal phenomenon seems 
to be confined to the north-eastern shores of the 
Gulf of Martaban, and is, no doubt, due to the 
influence of the tide waves from the Indian Ocean 
upon the local currents along the Tenasserim coast. 
But, whatever the cause, its effects are very disas- 
trous, and the greatest caution is necessary on the 
part of navigators to avoid it. The natives, how- 
ever, endeavour to utilise the great carrying power 
of the great tidal wave—a rather risky practice— 
by waiting for it to pass one of the small creeks, 
and then pushing into the rushing water that fol- 
lows the crest. 

The Irrawadi River, south of Nussaoh, is divided 
into a great number of passages, the banks of which 
are scarcely raised above high-water. Indeed, the 
delta, which is being extended seaward steadily, 
consists of nothing more than a series of mud flats, 
between which are many channels more or less 
navigable, the principal being the Rangoon, the 
Dallah, and the Bassein ‘‘ rivers.”’ 

It is no uncommon thing to see the plains lying 
between the mountain chains completely covered 
by water to a depth of from 1 ft. to 10 ft., and when 
this is so, all communication between the houses is 
made by means of boats, and the cattle are rele- 
gated to the first floor from the roof. The juvenile 
Burmans tempt the finny tribes that venture into 
the back yards with cunningly baited hooks which 
are let down from the chimney tops, and thus 
manage to indulge in the pastime of Isaak Walton 
without undergoing the discomfort of leaving their 
homes. 

Although one would imagine that such periodical 
overflows would render the climate unhealthy, such 
is not the fact. There is, of course, a certain 
amount of fever at the beginning and end of the 
rainy season, but not more so than in districts having 
less claim to notoriety for moisture. The seasons 
are well defined—the rainy, the cold, and the hot. 
The first begins in May and ends in October, the 


second extends into February, and the balance of 
the year is hot. 

The petroleum industry, as has been remarked, 
is of long standing, but the Twinzas, or native well- 
owners, have never attempted to produce the oil in 
any other than the primitive way common to all 
the far eastern countries, and therefore the quan- 
tity available for export and home consumption 
was infinitesimally small compared with what was 
left untouched in the earth. In 1854 the first 
attempt was made to enlarge the industry, when 
Mr. W. de la Rue patented a process for the manu- 
facture of various products from the crude petro- 
leum of Yenangyoung, and even this was carried 
out to a very limited degree. The cause of the 
delay, it seems, was mainly due to the fact that the 
sources of the oil supply were under the control of 
the king, and he was not disposed to grant any 
concessions for their development except under 
such conditions that precluded their being worked 
profitably. When Upper Burmah was annexed in 
1876, however, the Burmah Oil Company began 
operations which proved highly successful, and 
very soon the oil extracted at Kodoung and Yenang- 
young was being refined at Rangoon. The steam 
drill supplanted the shovel in opening up wells, but, 
strange to say, the latter were not drilled to anything 
like a proper denth. It seemed as if the first show 
of oil was considered sufficient, and it is only lately 
that the districts, known to contain vast deposits of 
oil, have been taken up with the view to the pro- 
duction of sufficient petroleum to supply the great 
market that surrounds the district. 

One of the most actively interested people in the 
development of the Burmah oilfields is Mr. CO. D. 
Aria, who some time ago sent out an oil expert 
to examine and report upon the district, and, if 
necessary, secure the drilling rights. The expert, 
Mr. Frazer, made a careful survey of the ground, 
and selected numerous blocks of land where the oil 
shows were pronounced. There were others in the 
field also seeking for good drilling sites, but, 
through the energy of Mr. Aria, the interests of 
the several syndicates have been merged, and 
arrangements are being made to work the rich 
petroleum lands in a thoroughly practical manner. 

The districts wherein the best indications have 
been met with are in Yenangyoung (Magwe), 
Yenangyoung (Myingyan), Minbu, Yenangkyet 
(Pokoko), and Padoukpen (Thayetmyo). These 
districts are all close to the Irrawadi River, and 
therefore the question of transport need scarcely 
be considered. Mr. Boverton Redwood, than whom 
there is no better authority on matters petrological, 
thus summarises the report of each district : 

Yenangyoung (Magwe).—‘‘The geological age of 
the strata is the Miocene, or, at any rate, not later 
than that epoch, and the oil-bearing rocks there- 
fore resemble those of Southern Russia and Gallicia 
in belonging to the tertiary period. They consist 
chiefly of laminated and clayey sands, sometimes 
a little indurated so as to form soft sandstones, but 
some of the beds are highly calcareous, concre- 
tionary masses of sandy limestone abounding. 
Nodular concretions of a very hard quartzitic lime- 
stone are also found. The sandstone varies in 
colour from white or very pale yellow to dark red 
and blue. The clays and sand clays have a bluish 
grey tint. It is worthy of note that the claybeds 
thin out and the beds of sandstone grow thicker as 
the depth increases, the oil-bearing sandstone, 
classed by Dr. Noetting as the fourth group of 
rocks, having an estimated thickness of as muchas 
200 ft. This group consists of more or less soft, 
coarse, or fine micaceous sandstones of bluish 
grey colour, changed to a more or less yellowish 
green according to the amount of oil present, inter- 
stratified with hard sandstone and blue clunch. 
Samples of this sandstone, which were submitted to 
me in 1890, contained a large amount of petroleum, 
and evidently constituted an oil-bearing formation 
of a most satisfactory character. The perforation 
of the strata by the usual process of drilling does 
not appear to present any exceptional difficulties, 
but the wells are stated to be specially liable to 
‘cave,’ and therefore need to be carefully cased.” 

Yenangyoung (Myingyan) or Singu.—‘' This oil 
territory lies to the north of Yenangyoung, and may 
be regarded as an extension of the Yenangyoung 
oil belt, which here crosses the river and appears 
again on the opposite bank at Yenangkyet (Pokoko 
district). The geological formation is similar to 
that of Yenangyoung, and there are evidences of 
petroleum in many places. At Minbu, about 
eighteen miles below Yenangyoung on the opposite 
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or west bank of the Irrawadi, petroleum also occurs, 
but the deposits have never been commercially 
worked, though there, as near Pagan, arrange- 
ments have been made to drill. The oil occurs in 
the immediate neighbourhood of mud vulcanoes, as 
it does in the Island of Ramri, off the west coast.” 
The illustrations on page 889 clearly indicate the 
nature of the district, the upper view, Fig. 2, 
showing a small lake or basin of oil, and Fig. 3a 
cone thrown out by a mud volcano. 

Yenangkyet (Pokoko).—‘*This oil district, as stated 
before, lies on the opposite bank of the river to 
Singu, and about 20 miles higher up. There is 
deep water close to the bank of the river, so that 
vessels can load up with oil by means of a short 
pipe line. The facilities for operations are very 
good, for plenty of jungle wood affords the pre- 
liminary fuel for the engines, and water is to be had 
by pumping from the river. The next district—a 
very important one—is in urgent need of a county 
council or some other body corporate, to give it 
adefinite name. It is one of those peculiar places 
that, if you give it any name you like—except a 
bad one—the genial native will be able to locate it, 
simply because he will imagine you have some 
oject in adding one more to the many it is known 
by. The Thayetmyo oilfields may be called 
Padoukpen, Padoukbeng, or Padoukgong, with- 
out fear of incurring the displeasure of the local 
inhabitants, but no doubt a time will come when 
the political factions will have serious quarrels over 
the ‘pen,’ ‘beng,’ and ‘gong,’ unless they are 
carefully weaned from ideas of local government by 
inducements to chop wood and pump water for well- 
boring purposes. This district alone, if properly 
worked, seems to have a future that will compare 
with any of the Burmah oilfields, and that is say- 
ing a great deal, for the existence of petroleum in 
the country has not alone been proved, but the 
possibilities of its resources are within the area of 
definite estimation. Burmah is destined to take 
her place as the vendor of oil to the western Paci- 
fic and India, and when the enterprise, which is 
now well under way, begins to perforate the soil 
for petroleum, the rubies in old King Thebaw’s 
mines will turn pale with envy.” 

Mr. Redwood has had the opportunity of analys- 
ing the oil from several of the fields, and reported 
thereon as follows : 

‘a, Three samples were from Padoukbeng or Padouk- 
pen (west of Thayetmyo), and these furnished the follow- 
ing resulss on examination : 


| Viscosity at 

Specific F.P. | F.P. | pipe | Ceases | 90 Dee. F., 

— | Gravityat } Abel | Open Test, to Flow Rape Oil at 

60 Deg. F. | Test. Test. - at 69 Dez. F. 
=100, 
deg. F. deg. F. deg. F. deg. F. 

1 854 8) 92 120 Toi 6 38 
2 .859 110 144 180 (dee ah 7.81 
8 870 126 164 186 80 | 8.78 


‘From the temperature at which the samples ceased 
to flow in consequence of the crystallisation of solid 
hydrocarbons, it is evident that they would constitute an 
important source of paraffin. Without distilling the 
oil on a larger scale than the size of the samples admitted 
of, the percentage and character of the paraffin could not 
be satisfactorily determined, but I think it may be fairly 
assumed that the samples contain from 8 to 10 per cent. 
of this valuable commercial product. The flashing point 
of samples 2 and 3 is indicative of the loss of the more 
volatile hydrocarbons by evaporation, and even sample 
1 partakes in this particular of the character of petro- 
leum obtained near the surface. Probably wells drilled 
in this locality would yield petroleum containing a con- 
siderable proportion of hydrocarbons of comparatively 
low density, and capable of being advantageously utilised 
as a source of kerosene. 

**b. One of the samples (4) was from the Pokoko dis- 
trict, and this was found to be an oil of exceptionally 
high quality. Its specific gravity was .832 (at 60 deg. 
Fahr.); its flashing point 70 deg. Fahr. by the Abel test, 
and 92 deg. Fahr. by the open test ; its fire test 110 deg. 
Fahr.; it ceased to flow at 70 deg. Fahr., and its viscosity 
at 90 deg. Fahr. was 5.54. (cape oil at 60 deg. Fahr. =100). 
Such an oil would probably in practice yield at least 50 
per cent. of kerosene, besides a considerable proportion of 
paraffin, 

‘fc. Two of the samples were from the Yenangyoung 
oilfield, and these furnished on testing results as under : 
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Specific | F.P.  F.P. |, Ceases | 09 Deg. F., 
Gravity at | Abel Open sist ha pes | Rape Oil at 
| 60 Deg. F. | Test. | Test, | 88 | 9 |60 Deg. F.= 
| | | 100. 
Shae ) | 
| | deg. F., deg F. deg. F. deg. F. 
5 .887 5 120 176 ‘Ty | 10,21 
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Sample 5 was from a drilled well, and sample 6 from the 
native dug well. Both represented the well-known 
characteristics of the oil, which is now obtained in this 
field in considerable quantities, and is refined in Rangoon. 

““d. One sample (7) was from Minbu. This had a 
specific gravity of .999 at 60 deg. Fahr.; a flashing point 
of 294 deg. Fahr. by the Abel test, and 314 deg. Fahr. by 
the open test; a fire test of 360 deg. Fahr. ; it ceased to 
flow at 35 deg. Fahr. ; and its viscosity at 90 deg. Fahr. 
was 703.06 (rape oil at 60 deg. Fahr. = 100). Such oil 
could not be regarded as an important source of paraffin, 
and would not yield kerosene by the ordinary process of 
distillation. It might be utilised as a source of lubri- 
cating oils, but judging from experience elsewhere, it is 
by no means unlikely that petroleum obtained by drilling 
in this locality would be found to be of comparatively low 
density, and to coatain a notable proportion of the kero- 
sene hydrocarbons. 

“‘e, One sample (8) was from the Island of Ramri. 
This gave the f llowing results: Specific gravity at 
60 deg. Fahr., .890; flashing point, 125 deg. Fahr. by the 
Abel test, and 160 deg. Fahr. by the open test; fire test, 
186 deg. Fahr. ; fluid at zero Fahr. ; viscosity at 90 deg. 
Fahr., 10.21 (rape oil at 60 deg. Fahr. = 100). These 
results are characteristic of Arakan petroleum, but the 
sample had probably lost its more volatile constituents by 
exposure. The cold test is inconsistent with the pre- 
sence of any notable amount of solid hydrocarbons 


(paratin). 
‘*(Signed) 


From the foregoing outline of the petroleum 
industry of Burmah, it will be seen that the United 
States and Russia cannot hope to have it all their 
own way in the near future. The inactivity of the 
eastern people enabled the two nations to fight 
their commercial battles on territory which has 
indications of being very rich in the commodity 
they supply. The oil territory of Burmah may 
be small, but it is clearly a case of multiwm in 
parvo, and the future will show how much can 
be got out of a small area when properly worked. 


Boverton Repwoop.” 


THE WORLD’S COLUMBIAN 
EXPOSITION. 
THE TRANSPORTATION BoILpINe. 
(Concluded from page 859.) 

{v need hardly be said that there is in the build- 
ing alarge and miscellaneous collection of exhibits 
of railway fittings for permanent way and for rolling 
stock. Rail fastenings of various kinds, experi- 
mental and well tested, are numerous. So are 
exhibits of stamped steel pieces for wagon and car 
fittings and connections, the manufacture of which 
has developed into a great and widely scattered 
industry. Thereare many forms of automatic and 
other barriers for level crossings, the use of which 
is unfortunately too general in the United States. 
Cattle crossings are a speciality unknown, we 
believe, elsewhere, but of considerable application 
here. In principle they consist of a grid made of 
angle irons spaced parallel and at close intervals, 
attached to a rectangular frame and laid on the 
track parallel to and between the rails, but at a 
somewhat lower level; the length of the guards is 
about 10 ft , and they appear to be entirely effec- 
tive in preventing cattle from crossing any spot 
where they are placed, the animals objecting to 
trust their feet on the sharp and uncertain surface 
presented by the angle bars. The finest bridge 
model in the Transportation Building is that of the 
Memphis bridge, built by Mr. George S. Morison, 
of Chicago ; this interesting structure has already 
been fully illustrated and described in ENGINEER- 
1NG. (See page 164 ante.) It is the largest bridge 
that has yet been constructed across the Missis- 
sippi, although the probabilities are that a much 
more important one will, before long, be built over 
the great river at New Orleans by Mr. Corthell. 
The glass case inclosing the model of the Memphis 
bridge is surrounded by a number of photographs 
showing the progress of the works. A very fine 
display of photographs and drawings is made 
by the Kingbridge Company, of Cleveland, Ohio, 
and there are preparations yet in progress 
for the exhibits of companies of a similar kind. 
Railway car seats and fittings occupy considerable 
space, and are shown by a number of makers, and 
there is at least one pavilion devoted to railway 
lamps and finished brass work. Of signalling 
there is but little shown, there being only two 
important exhibitors. The R. R. Johnson Signal 
Company, of Rahway, New Jersey, have a very 
fine exhibit of interlocking and block-signalling 
apparatus ; we shall refer to this again on a future 
occasion ; meantime we may mention that the 
exhibitors are the American manufacturers of the 
Sykes’s block system so largely used in this coun- 
try, and which has been recently described in Ev- 


GINEERING. There is another signal exhibit at the 
south end of the building, or rather preparations 
are being made fer one, but it is too early yet to 
do more than record the fact of its probable ulti- 
mate materialisation. A model that attracts 
general attention is that of the City of Pullman. 
lt is on avery large scale, and is made in great 
detail, every house being shown. We have so 
recently referred to this remarkable economic 
enterprise that we need do little more now than 
reccrd the existence of the model in the Transpor- 
tation Building. Still, a recent visit to Pullman 
has suggested many points that might have been 
mentioned with advantage in that article. We 
may correct an error into which we fell. We 
stated that many of the workmen employed own 
their own houses ; this is not so, because it is one 
of the fundamental rules of the city that no houses 
or land shall be sold within the Pullman domain. 
It is the case, however, that out of 2200 workmen 
employed at the car factories, 1000 own their 
houses on the borders of the town. It is worth 
noting, too, that a strip of land, perhaps half a 
mile wide, surrounds a part of Pullman; this 
belongs to the company, but is not built upon, as 
it is desired to hold the surrcunding suburbs of 
Chicago at a distance and maintain the rigid 
order of temperance to which Pullman un- 
doubtedly owes a large part of its success, 
by keeping drinking saloons at arm’s length. The 
laws of Pullman are strangely autocratic for a 
republican country, and are viewed with great dis- 
favour by many people outside its limits, a senti- 
ment that may be easily understood. But there is 
no gainsaying the fact that commercially it is a vast 
success ; that the workmen are of a better class, 
with better homes, and more money in the savings 
bank, than any similar number of workmen else- 
where ; that they live in better houses, work more 
cheerfully, and earn more wages, than in any com- 
munity where the agitator is allowed to set his 
foot and organise trade unions. There is no pos- 
sible compulsion to go to, or to remain at, Pull- 
man, but there is competition for employment 
there, and it isa remarkable fact that during the 
busy times at Jackson Park, where more money 
could be earned, none of the Pullman workwen 
were tempted to leave. There have been scme 
important developments at Pullman since we 
last visited it three years ago. The wagon shops 
are increased in capacity until they can now pro- 
duce 50 low-sided. and 40 covered cars a day; 
these shops are well arranged, and interesting from 
the fact that the rough timber is delivered at one 
end, and the finished car is drawn out upon sidings 
at the other, ready for delivery. This same pro- 
gressive system is also well shown in the great 
laundry, which has only been in operation about 
six months, and which has replaced the private 
contractors who formerly did all the laundry work 
for the great organisation of sleeping and dining 
cars. About 60,000 pieces are washed and ironed 
daily. These figures give some idea of the extent 
of the railway hotel business carried on by the 
company. Probably the sleeping-car business is 
the only industry in the United States that could 
have created and maintained a flourishing indus- 
trial town, but it is evident that so long as the 
hotel branch of the company’s business can fill the 
shops at Pullman, so long must this interesting 
place continue to flourish and increase. Of late a 
new branch of manufacture has been added, and 
now there is quite a busy department for the build- 
ing of street cars ; a locomotive department is also 
in contemplation. 

Returning from this somewhat long digression 
to the Transportation Building, we are naturally 
led from the model of Pullman to the exhibit that 
has been sent from there. For the present we 
must content ourselves with a very brief notice of 
this remarkable collection of cars, in which one 
would suppose that luxury in railway travel has 
reached its limit. Of the constructive details we 
may say that the most important are the Pratt 
truss side frames that span the long distance 
between the bearings over the trucks, extended 
by cantilevers beyond to each end of the car; and 
the mode of vestibuling the train. The platforms 
at each end are unusually large, and the available 
space is increased by hinged flaps that cover both 
sets of steps that give access to the car; when 
travelling these flaps are lowered, and the platforms 
are thus considerably increased. The flexible 
connection between the cars makes a continuous 
covered passage from end to end cf the train in the 
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usual manner, except that some improvements in 
detail are introduced. But for the first time the cars 
are ‘‘vestibuled” to the engine, or rather, to the 
tender ; not for the purpose of communication, but 
to give increased rigidity to the whole train. Itis 
said that very successful results have attended this 
addition, which has been as yet only experimentally 
tried. As for the internal fittings and arrange- 
ment of the cars, they, of course, go far beyond any- 
thing that has yet been attempted, and no royal 
trains of Kurope will bear comparison with them. 
Yet they will no doubt set the standard for the 
better class of American travel before long, although 
for some time after the close of the Exhibition 
we believe it to be the intention to reserve them for 
special occasions, when distinguished visitors are 
to be honoured. The interiors of all the cars form- 
ing the train are finished for the most part in 
Padouk, or, as it is commonly known, vermilion 
wood, a valuable Hast Indian timber, some speci- 
mens of which, by the way, constitute our paltry 
contribution to the Forestry Building. This wood 
somewhat resembles mahogany, but is much richer 
in colour and considerably harder ; its cost, more- 
over, is greater, which is, perhaps, a feature that 
recommends it for adoption in these cars. All the 
lavatory fittings in which marble generally is em- 
ployed, are of Mexican onyx, carefully selected and 
beautifully finished. The bath-rooms are spacious 
and luxurious, and probably for the first time in 
car construction, the sides of the room are lined 
with encaustic tiles. To a large extent foreign em- 
broideries are introduced into the furnishings, the 
‘‘ bunk fronts” especially being covered with 
splendid specimens of work from Bohemia. In a 
boudoir car all the compartments are fitted up in 
different harmonies of silk and velvet, so that 
colour sensitives may enjoy a continuously plea- 
surable sensation on long journeys; there is of 
course a bridal suite in this same car. Electric 
lamps are profusely scattered throughout all the 
vehicles, and it is most remarkable that while 
there is the greatest amount of luxurious pro- 


fusion that a prolific imagination could suggest, 
there is an artistic feeling shown which has ex- 
cluded anything like a want of harmony in the 
train, and speaks very highly for the decorative 
talent at the disposal of Mr. Pullman. The street 
road cars that form a conspicuous part of the Pull- 
man exhibit, are also very interesting. It is some- 
what strange that outside seats on street cars 
have found no favour in the United States, and 
those shown by Mr. Pullman are an undoubted 
novelty. Access to the car both above and 
below is given by doors and a winding stair- 
way in the centre, an arrangement that sug- 
gests considerable waste of room. The exhibit 
includes a motor car, and we believe that a similar 
train is before long to be placed on a street line 
belonging to the Pullman Company, and running 
from Pullman to the Exhibition, partly, however, 
over the rails of another company. Of the locomo- 
tive and rolling stock collection in the annexe of 
the Transportation Building, and forming an exten- 
sion of it, it is impossible to speak within the 
limits of a general article like the present. The 
Baldwin Locomotive Company, of Philadelphia, 
has seventeen engines, the largest of which, for 
heavy loads and slow speeds, and weighing 100 tons, 
never fails to attract the interest of the intelligent 
passer-by. Most of the locomotives are compound, 
on the Baldwin system, of which several hundreds 
have been built by this firm, whose output has now 
reached 1000 engines a year. The big Baldwin 
locomotive was not intended for exhibition under 
cover ; it was to have been place on a pedestal in 
front of the main exit from the railway station at the 
back of the Administration Building, but the plan 
was changed after the two pedestals were well 
advanced, for another heavy locomotive similarly 
displayed was to have accompanied the 100-ton 
Baldwin. Messrs. H. K. Porter and Oo., of Pitts- 
burg, send five locomotives ; the Brooks Locomo- 
tive Works, of Dunkirk (N.Y.), also make a fine 
exhibit ; so do the Richmond Locomotive Works 
and a number of others. In foreign sections, loco- 


motives are shown by Great Britain, as we have 
already said; by France, by Germany, and by 
Canada. The representative of the last-named 
country—the Canadian Pacific—shows a standard 
passenger train and locomotive. American rolling 
stock is largely represented, and among it, refri- 
gerator cars form a very interesting part. We shall 
hope gradually to notice all those possessing special 
features of interest, but it is impossible to do more 
than give them a passing word in this article. In 
the same annexe is an important series of exhibits 
consisting of steam excavators, the principal 
being those of the Marion Steam Shovel Com- 
pany, and of the Bucyrus Steam Shovel and 
Dredge Company. Some of the machines ex- 
hibited are of very large dimensions, but do not 
possess apparently any special novelty in construc- 
tion ; they are of the type that is being employed 
on the new drainage scheme for Chicago, which 
has been commenced, though it cannot be com- 
pleted for a number of years. The Link Belt 
Machinery Company of Chicago makes a large and 
important exhibit. This company makes a speci- 
ality of handling materials by endless transmission, 
and the exhibit shows the means adopted for such 
varying loads as ore, barrels, coal, wheat, &e. 
With one more short reference to a most inter- 
esting exhibit we must complete this long, though 
imperfect, review of the contents of the Transpor- 
tation Building. This is the display of the Balti- 
more and Ohio Railroad, designed and carried out 
under the superintendence of Major Pangborne, one 
of the presidents of the company. The exhibits 
consist of two principal parts: historical engines 
and models, and of drawings. ‘There is, besides, a 
considerable collection of permanent way material. 
Of course, there are but few original locomotives 
from England, and these have been in the country 
for so many years that they have all become natur- 
alised, so to speak, by frequent repairs and re- 
newals. But carefully executed models have been 
made full size, from actual measurement where 
possible ; from drawings, and from published and 
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vind voce evidence, where the original did not exist. 
As a result of this careful investigation, it will be 
found that some of the famous old engines that have 
passed away and exist only by their. records, have 
been reproduced with details differing from those 
which have been usually accredited to them. But 
wherever these differences occur, they are justified 
by the best evidence attainable, the reliability of 
which will, however, be, no doubt, challenged here- 
after, and thus by discussion many interesting facts 
willbe elucidated. The drawings are very numerous 
—so numerous, in fact, that despite the great 
amount of hanging space provided, they will 
scarcely be all displayed. The ‘‘ History of the 
Railway,” thus set pictorially forth, includes steam 
traction on common roads, and we think that a 
number of the enlarged and well-executed drawings 
of the mechanical absurdities with which the old 
Mechanics’ Magazine used to astonish its credulous 
readers, might have been well omitted. But the 
object of Major Pangborne has been to make his 
series as complete as possible ; and if he has erred, 

it is on the side of a generous rendering of his 
ingenious idea of presenting to the public a 
thoroughly typical series of the development of 
the railway. It is satisfactory to know that Major 
Pangborne received the warm co-operation of many 
people in England, especially from South Kensing- 
ton Museum and from various railway companies ; 
at the same time he found an untiring and suc- 
cessful agent in Mr. Clement Stretton, to whom he 
is indebted for many of the interesting relics and 
drawings. The ‘‘History of the Railway” will 
scarcely be scattered at the close of the Exhibition: 

it would form the foundation for an invaluable 
railroad technical museum, and for this no doubt it 
is destined by the Baltimore and Ohio Railroad Co. 


THE WORLD’S COLUMBIAN 
EXPOSITION. 
Tse Mines anp Mrinine Burxpine. 
Tue Mines and Mining Building is one of the 
great structures whose southern facade forms a 
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part of the court that surrounds the central basin on 
three of its sides ; the fourth side, that on the east, 
is completed by the peristyle that stretches across 
the mouth of the basin on the lake front. The north 
facade of the Mines Building faces on the lagoon, 
a broad asphalted road being laid between it and the 
lagoon. The west front is parallel to the main facade 
of the Transportation Building, and is separated 
from it by the road leading to the Administration 
Building, while the east front is parallel to the 
Electricity Building, which it adjoins. The organi- 
sation of the mining exhibits is under the control 
of Mr. F. J. V. Skiff, the chief of the department, 
who has carried out his work with great ability, 
and who certainly is not to blame that on the Ist of 
June the section is very far from being complete. 
The building itself is extremely well adapted for 
exhibition purposes, and is well lighted. Spacious 
galleries run around all four sides of the rectangle 
that constitutes the plan of the building. The 
ground floor is, for the most part, divided intospaces 
occupied by pavilions of the different States and of 
the foreign countries exhibiting. The floor beneath 
thegalleriesis largely occupied by mining machinery, 
but it must not be supposed that the vagaries of 
classification have permitted all the mining exhibits 
to be under one roof; they must be sought 
for in varying and remote parts of the Exhibition. 
Most of the pavilions of the different States are 
handsome, and some are very elaborate structures. 
It is here that is to be seen the magnificent German 
trophy of iron and steel industries, and here, as 
elsewhere, Germany is supreme among the foreign 
countries, Here also England is worse than usual, 

and one cannot but regret that she attempted to 
exhibit at all when failure was so palpable. The 
altogether unrepresentative exhibits of the metal- 
lurgical industry of England might have been 
useful in helping out her meagre show in another 
department, instead of being ridiculous in this 
one. That this was not done is an example of a 
surprising blunder. After Germany comes New 
South Wales among the foreign countries, and if 
we have reason to be ashamed of England, we have 
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the fullest cause to be proud of our great Australian 
colony. But Dr. Renwick, the commissioner, is an 
able and energetic man, who has spared no pains to 
earn the right for his country to occupy an honour- 
able place in the front rank of the foreign nations 
at the World’s Fair, and that not in this depart- 
ment alone, but in nearly all of those in which the 
industries and wealth of the colony could be repre- 
sented. 

In attempting to give an idea, even the most 
general idea, of the contents of the Mining 
Building, one is met with a serious difficulty. 
For the most part the objects are merely 
samples, interesting because of their associations, 
not because of themselves. There are, of course, 
many exceptions to this rule: in the machinery 
exhibited, in the not infrequent models, and in 
many cases in the remarkable mineralogical speci- 
mens shown, or in such objects as the examples of 
alloys exhibited by Messrs. Tiffany, of New York. 
Another exception is the column of coal that repre- 
sents the famous 60-ft. seam of anthracite, contri- 
buted by Pennsylvania, and which rises towards the 
roof of the building, an object of interest and 
wonder to most of the visitors. So is the other 
interesting and now almost completed column 
arranged by Mr. David T. Day, chief of the division 
of Mining Statistics and Technology. And here 
we may say that Mr. Skiff is indeed fortunate in 
having the collaboration of two persons so famous 
in their respective departments of mineralogy as 
Mr. Day and Mr. Kunz, the great authority upon 
precious stones. 

To return to the column just referred to. It 
represents the mineral output of all kinds per 
second of time in the United States; its base is a 
large block of bituminous coal ; its apex, a tiny 
group of jewels carefully selected, and still more 
carefully weighed, invisible, of course, from the 
ground, but all there none the less. There are, 
indeed, eloquent sermons in these stones, and we 
may take them as our texts in endeavouring to give 
some idea of the American contents of the Mining 
Building, of which the column is, as it were, a. 
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synopsis, rather than attempt any description of 
the exhibits in the various pavilions themselves. 

The base of the column, as we just said, is formed 
of a block of*bituminous coal], measuring 4 ft. 6 in. 
on every side ; above is a smaller block of anthra- 
cite; then come in the order of their volumes, 
limestone, natural gas, petroleum, iron ore, 
granite, salt, sandstone, phosphate rock, marble, 
gypsum, marl, mineral waters, copper, zinc, lead, 
and a number of other metals, the column being 
surmounted by blocks of the precious metals, and 
the summit being formed by the small group of 
gems. Two or three points of special interest may 
be referred to here. The petroleum block is formed 
of a tank of plate-glass; the natural gas cube 
represents the total flow per second, about 27, 000ft., 
compressed tu the specific gravity of coal, and re- 
presented by a block of that materal. The cube of 
gypsum does not fairly represent the average pro- 
duction of this mineral, because, owing to the 
enormous demand in constructing the Exposition, 
the output was greatly increased during 1891 and 
1892. The following list, taken from the census, 
gives the quantities and values of the principal 
materials composing the column; they are taken 
from the last census reports : 


Tons. Dols. 
Bituminous coal ... 105,268,000 117,188,000 
Anthracite 45,236,000 73,944,000 
Limestone 5,000,000 2,300,000 
Natural gas 15,000,000 
Petroleum 54,291,000 32,575,000 
Pig iron 8,000,000 128,337,000 
Salt ae, 9,000,000 4,716,000 
Building stone ... 47,294,000 
Phosphate rock ... 587,000 3,651,000 
Marls ae 135,000 67,000 
Mineral waters ... 2,996,000 
Copper = 88,455,000 
Silver, troy oz. 58,330,000 75,416,000 
Gold@ Vyj00. 1,604,840 33,175,000 
Gems 235,000 


The foregoing list does not by any means include 
all the minera!s that make up the column, nor the 
official census list, but it comprises those which 
are the mostimportant. 'Tosummarise the mineral 
wealth illustrated in this ingenious manner and in 
the courts of all the pavilions of the different 
States in the Mines Building, we give the follow- 
ing figures : 

Dols. 
302,307,922 
353 790,416 

10,000,000 


Metals ae te 
Non-metallic mineral substances 
Value of miscellaneous minerals 


Total 


636,105,837 


In attempting any description of the mineral 
industries of the United States, we must of course 
fall back almost entirely upon official statistics, 
supplemented by what information we may possess 
in certain cases. Fortunately much of the data 
required have been most admirably collected by 
Dr. Day and his collaborateurs, and we hereby 
acknowledge the full amount of our indebtness to 
these various gentlemen. 

Bituminous coal is mined in 32 States of the 
Union ; in the east, in 11 States ; in the north, in 
one; in three of the central States; in seven of 
the western ; in three on the Pacific coast, and in 
seven in the Rocky Mountain region. According 
to the official catalogue, which unfortunately is not 
just now quite a reliable guide, 12 of the 32 
bituminous coal producing States make exhibits of 
this mineral, either in the Mines Building or in 
their respective pavilions; in fact, it might be 
fairly assumed that on a larger or smaller scale the 
bituminous coal from every State in the Union 
mining it, is to be found within the grounds. 
Besides the true bituminous coals there is an inter- 
mediate range on each side ; on the one hand the 
semi-bituminous, on the other the brown coals and 
lignite, of which considerable quantities are mined 
in certain States. Including these, the total out- 
put in 1891, the latest date for which reliable 
figures are attainable, amounted to 105,268,962 
long tons, representing a total value of more than 
23 millions sterling at the mines. Mining this 
coal gave employment to 205,372 men, showing a 
total production per man of 574 tons in the year. 
As, however, this includes al] the men employed 
above, as well as under ground, the actual pro- 
duction for each miner would be more. The State 
of Pennsylvania produced the greatest amount 
(nearly 43,000,000 tons); the State of Rhode 
Island produced the least (500 tons) during the 
year. After Pennsylvania, the four States of 
greatest production were Illinois, 15,660,000 ; 


Ohio, 12,860,000 ; West Virginia, 9,000,000; and 
Alabama, 4,560,000 tons. Of the total production, 
more than 92} million tons were loaded at the 
mines for shipment. No less than 15,718,000 tons 
were used for coke, and the balance was either 
sold for local consumption, or burnt at the mines 
to provide steam power and heat. These various 
uses suggest a variety of investigations which must 
be deferred for the present, but which are, toa 
large extent, well illustrated at the Exposition in 
the Mines Building. 

It is interesting to note at what a rapid rate the 
coal production of the United States is overtaking 
that of Great Britain ; the respective tonnage for 
1891 having been 168,566,669 and 185,479,126 ; of 
course jn the first figures the anthracite pro- 
duction is included. When it is remembered that 
only a few years ago the yield of the United States 
collieries was far behind that of England ; in 1891 
it was only some 17,000,000 tons less, and that the 
American production of 1891 was 9,623,000 tons 
greater than that of 1890,it may be fairly concluded 
that in a very short time, even if it is not so at the 
present moment, the United States will produce 
more coal than ourselves. This rapid growth must 
of course be accepted as inevitable, though it can- 
not be regarded with complacency ; the wants of 
66 millions of people are of necessity far greater 
than those of our smaller population, but the coal 
production of the United States increases faster than 
its home demands, and this fact points towards the 
approaching time of severe competition either in the 
direct exportation of coal, or of the products 
which depend upon the use of fuel for their manu- 
facture. It is an interesting fact that coal is still 
imported into the United States, chiefly from 
Australia and British Columbia to the Pacific coast, 
and from England and Nova Scotia to points on the 
Atlantic coast. The quantity is relatively small, 
having amounted in 1891 to 36,607 tons of anthra- 
cite and to 1,862,387 tons of bituminous coal. This 
importation is simply for local convenience, and is 
more than balanced by the exports, which have in- 
creased steadily each year, until they amounted in 
1891 to more than a million and a half tons of 
bituminous coal. 

Although we shall revert on a future occasion to 
the wonderful exhibit of the Standard Oil Com- 
pany in the northern gallery of the Mines Building, 
and which is not yet completed, we must give some 
general idea of the arrangement, which cannot 
fail to be of great popular as well as scientific 
interest. Although the exhibit is made by the 
Standard Oil Company, it is by no means a trade 
display, but shows in a very ingenious manner the 
natural oil resources of the United States. The 
entire scheme has keen worked out by Dr. Day, 
who has personally arranged the greater part of 
the exhibits. The first portion consists of a large 
number of glass vases—over two hundred, we be- 
lieve—containing samples of every known variety of 
crude oil coming from all parts of the States. 
These specimens are not arranged geographically, 
but in the order of their specific gravities and other 
characteristics : thus we may find samples from 
Louisiana standing beside other samples from 
Pennsylvania ; the popular distinction lies in the 
differences in colour, and in this there is a wide 
range; on the one hand are the heavy black oils, and 
at the other end of the scale come the clear, 
pale, and limpid oils that are found exceptionally 
in various districts. The central part of the ex- 
hibit is occupied by a large glass vessel containing 
a barrel of crude oil, just as it is delivered from the 
pipe lines of Pennsylvania, the product of many 
wells pumped through promiscuously. Around 
this are placed three cases containing a great num- 
ber of bottles ; each case contains one of the three 
great products obtained from a barrel of such oilas 
is displayed. On the left are naphtha and its re- 
sultants ; in the centre, burning oils and their 
different grades ; on the right are the heavier resi- 
dues used for lubricating purposes, the manufacture 
of paraffin, &c. The largest vessel in each of these 
cases contains the exact quantity of naphtha, oil, or 
residue in the barrel; the smaller vessels collec- 
tively contain the quantity in the larger one. In 
a number of other cases are more vases filled with 
varieties of lubricants ; these, however, are only 
specimens, and form no part of the group just re- 
ferred to. Beyond are two models, one represent- 
ing the first refinery erected by the Standard Oil 
Company, and which laid the foundation of their 
present vast business ; the other a representa- 
tion of a modern refinery, in which every stage of 
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the operations is illustrated and emphasised by the 
presence of glass bottles containing the product 
from different parts of the works. Another case 
contains examples of all the chief commercial uses 
of paraftin, and last of all comes a pyramid of 
minute barrels representing the oil production of 
one day in the United States ; as this pyramid con- 
tains the equivalent of 142,000 barrels, a striking 
illustration of the vast iadustry is given at a 
glance. In addition to this the pyramid is painted 
in different colours, which indicate, not only the 
total quantity, but the proportions of the varying 
products, burning oil, naphtha, lubricants, &e. 
The chief trophy of this interesting exhibit is a 
lighthouse lamp, in which the value of petroleum 
for this purpose is well shown; there is, besides, a 
large and curious collection of lamps, ancient and 
modern. Finally, we may mention a modelled 
geological section, extending the whole length 
of the gallery, and giving a good indication of the 
formations in which the oil occurs. 


(To be continued.) 
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The Naval Annual, 1893. Edited by T. A. Brassey, 
B.A., F.R.G.S. Portsmouth: J. Griffin and Co., 1893. 

TuE seventh publication of Brassey’s ‘* Naval 
Annual” is on the lines adopted by the editor last 
year. Various persons whose names are well 
known in the respective branches upon which they 
treat, have supplied original articles. Amongst 
the new names are Admiral of the Fleet Sir Geof- 
frey Phipps Hornby, G.C.B., and Capt. Hardley- 
Wilmot, R.N. Messrs. E. Weyl, R. E. Oldknow, 
J. R. Thursfield, and W. Laird-Clowes also con- 
tribute. Mr. F. K. Barnes has prepared the 


information concerning war vessels, which is the 


most important part of the work; whilst Capt. 
Orde Browne, R.A., has centributed a section on 
armour and ordnance. Signor H. Ristori has 
added a note on smokeless powders. 

The introductory matter is by Lord Brassey, who 
refers to the fact that Earl Spencer has succeeded 
Lord George Hamilton as First Lord of the Admi- 


ralty, whilst Sir U. Kay-Shuttleworth has replaced — 


Mr. Forwood, and Mr. Robertson has succeeded 
Sir Ashmead Bartlett. As Lord Brassey points 
out, politics do not fall within the scope of the 
‘* Naval Annual,” but he takes occasion to state that 
he has the most perfect confidence in the present 
Administration. Lord Northbrook came into 
office at a time when public feeling was apathetic 
in regard to the Navy. ‘‘ Officials,” Lord Brassey 
says, ‘‘cannot be agitators, but when opinion out 


of doors created the necessary stimulus in Parlia- ~ 


ment, the occasion was gladly seized for proposing 
a reinforcement of the fleet. Lord George Hamil- 
ton, happy in his opportunity, went to Parliament 
at a time when Parliament, expressing the will of 
the nation, was resolved, at whatever cost, to make 
our naval defence secure. Under these favouring 
conditions, it is here gladly acknowledged that 
the late Admiralty did the day’s work of a giant.” 
In speaking on the general question of the Navy, 
Lord Brassey, of course, quotes Capt. Mahan, and 
sincethelatter has brought Transatlantic authorities 
so much into fashion, also Lieut. Bainbridge Hoff, 
U.S.N., upon the functions of the sea-going 
armoured fleet, although we think there was no 
need to go across the Atlantic for instruction on 
the self-evident points set forth as to tke duties 
of such a fleet. Lord Brassey puts the matter 
himself more pithily when he says that the policy 
of our fleet should be analogous to that of the 
fencing-master in the ‘‘ Bourgeois Gentilhomme,” 
who explained that the whole secret of success in 
arms consisted of two things—giving wounds and 
not receiving them. ‘‘If this duty of offensive 
defence,” says the author, ‘‘should be effectively 
performed, the enemies to be encountered in the 
broad Atlantic will be chiefly light cruisers and 
privateers. East of the line between the Fastnet 
and Cape Finisterre the safety of the trade con- 
verging upon the entrances to the English and 
Irish Channels must be assured by patrolling the 
waters with a force of cruisers so numerous as to 
render it all but impossible that any armed vessel 
of the enemy should escape pursuit. Once clear of 
the land, the trade with the ports of America would 
probably give us little cause for anxiety.”” We do 
not quite follow the author here ; doubtless it is the 
ends of trade routes that require special protection, 


for here the stream lines of commerce must con- 
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verge; but there are two ends to a line, and it 
would be necessary that the neighbourhood of 
large foreign ports, to which our ships would be 
directed, should also be guarded. Lord Brassey 
speaks evidently with the fast Atlantic greyhounds 
in his mind, which, if they once got a fair start, 
and protection on entering their port of destina- 
tion, could laugh at any single cruiser possessed by 
our possible enemies, but the number of these high- 
speed vessels is very limited. They have not a 
great cargo capacity, and the freight they could 
transport is small compared to the great volume 
that is carried between England and America 
annually. There is, it is true, the question of 
coaling, and our enemies’ cruisers might find great 
difficulty in renewing their fuel supply if they 
were required to keep at sea for any considerable 
time, and had to steam for any considerable 
distance at high speed. We must not, however, 
trust to the contingency of such a difficulty arising 
for our food supply in. case of war. It is said 
that coaling at sea is impossible, but many im- 
possible things are done in war time by an enter- 
prising enemy. Speaking of the Eastern trade, 
Lord Brassey says, ‘‘A prudent resolve to divert 
our commerce to the Kast as far as possible from 
the Mediterranean, will preserve us in a large 
degree from the injury we might otherwise sus- 
tain.” 

Having disposed of the introductory matter, we 
come to the first chapter of Part I., which is con- 
tributed by a Frenchman, and is entitled, ‘‘The 
Progress of Foreign Navies.” M. Weyl, the 
author, is undoubtedly one of the best authorities 
on this subject, and we doubt if the editor could 
have found an Englishman, unattached, to treat 
the matter with the full knowledge and critical 
spirit of the correspondent to Le Yacht. The 
author of this chapter also indulges in introductory 
remarks, and it is a result of the scheme of the 
work that much the same ground should be occa- 
sionally trodden by the different authors. M. 
Weyl says: ‘‘The naval constructor of to-day is 
constantly endeavouring to increase the protection 
afforded to the guns’ crews from the fire of the 
quick-firing and machine-gun armament. The 
chief points to be considered in the construction of 
the modern ship-of-war are governed by this con- 
sideration. It is at least certain that it would be 
impossible to use the guns under the conditions in 
which they are generally placed at the present 
time. The storm of small projectiles which would 
in battle be directed from the military tops on the 
barbettes, or on the sponsons, would annihilate 
the guns’ crews. In the quick-firing guns of 
medium calibres, owing to their power of perfora- 
tion, which so greatly exceeds that of the older 
guns, the battleship has to reckon with a new 
adversary. The higher the initial velocity, the 
flatter the trajectory, and the greater the certainty 
of aim, especially at sea.” There is no doubt that 
the author puts the matter very concisely in this 
passage. The quick-firing gun now absorbs much 
of the attention which a short time ago it appeared 
probable would be engrossed by high explosive 
shells; the latter, it is true, caused much reflection 
on the part of the naval designer, but they did not 
so entirely overshadow all other factors as at one 
time appeared probable. To a certain extent the 
machine-gun and the high explosive shell lead to 
similar features in the warship design. It is 
satisfactory to know that in our more recent war 
vessels the English designers have taken this 
matter very thoroughly into consideration, and all 
has been done that appears possible in protecting 
guns’ positions, by casemates or otherwise, and we 
believe the subject will receive further development 
in the new designs of this year. The reference to 
military tops which the author makes is worth 
notice, but it must be remembered that the motion 
of a vessel rolling at sea is much exaggerated at a 
considerable height from the centre of gravity of 
the ship ; and taking aim is proportionately more 
difficult. In the majority of instances, however, 
the fire from the tops of machine-guns, pouring 
forth a stream of bullets, like water from a hose, 
would be an extremely important feature in de- 
ciding the issue of a contest at close quarters. M. 
Weyl’s remarks in this part of the work are well 
worth consideration and study by all interested in 
these matters. Speaking of the French Fleet, he 
points out that the closed turret is now completely 
in the ascendant, and in order to diminish the 
weight of armour to be carried, and to increase the 
number of guns in the auxiliary armament, the 
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English system of mounting the large guns in pairs 
has, after much hesitation, been adopted. We 
commend this passage to the notice of the gentle- 
man who recently read a paper before the Royal 
United Service Institution on this subject. M. 
Weyl gives us some information on the progress 
made lately with submarine boats. We got over 
our submarine boat fever some little time ago, but 
the contagion appears to have spread to foreign 
countries. In France we hear a third submarine 
boat has been laid down, whilst the Italians are 
congratulating themselves on the success of a new 
vessel of this kind, and there are others, of which 
flying rumours come, in other countries. There is, 
however, one characteristic common to them all, 
and that is, the extreme mystery in which they 
are enveloped. It would be unwise on our part, 
however, to ignore what is being done abroad ; the 
submarine boat, like the fish torpedo itself, is an 
instrument of attack of immense possibilities, what- 
ever the probabilities may be. M. Weyl] says 
‘‘submarine navigation is an accomplished fact.” 
No doubt that is true ; vessels can be made which 
will navigate below the surface of the ocean. We 
ourselves have actually seen more than one. The 
last exhibition of this kind was in the Tilbury 
Docks, where a diving boat descended to the 
bottom, and stopped there for a far longer time 
than was contemplated by the submarine navigators 
forming her crew, held in the sticky embraces of 
dock mud. That particular submarine torpedo- 
boat came near inflicting more damage on the 
British Fleet than probably will ever be carried 
out by any hostile vessel of the type, for the per- 
sons inclosed in her interior were near being suffo- 
cated, and amongst them was the present Director 
of Naval Construction. Since then inventors with 
submarine boat schemes have not been so enthu- 
siastically received at Whitehall. Whether a fuller 
developed submarine boat—one which will be able 
to swim about in the depths of the sea, like a shark 
or a flounder—will ever be possible, may well be 
doubted, but it is extremely likely that some means 
of attack, different to that now obtained by the ex- 
tremely fragile and very floaty torpedo craft, may 
be devised. 

Our French critic has a fling at forced draught, 
which, he says, has been justly termed the inven- 
tion of the Evil One, having ruined so many boilers 
and laid up so many ships. M. Weyl, however, is 
not an engineer, and may be excused for not recog- 
nising the difference between cause and effect in this 
matter. Forced draught is a good thing in itself; 
it is one of the best things put within the reach of 
the marine engineer for many years; but it needs 
proper application, or it may be disastrous in its 
effects, like many other good things. Reference is 
made more than once in the course of the book, 
and by M. Wey] in this section, to the use of petro- 
leum fuel, and reference is made to foreign experi- 
ments in this field. Nothing, however, is said, 
either by tha English or foreign writers in the 
volume, of the very successful results obtained by 
Messrs. Doxford with their torpedo-boat the 
Sunderland. In this vessel, it appeared to us, the 
petroleum question was most successfully grappled 
with, and it has often been a source of surprise that 
so little has been heard of this very promising 
craft. In following M. Weyl’s remarks on the 
navies of Europe, one is struck with the fact how 
often the schemes of naval authorities are thwarted 
by want of funds. Putting aside the Rochefou- 
cauldian doctrine in regard to the misfortunes of 
our friends, it is not altogether unpleasant to see 
that foreign nations are beginning to find the finan- 
cial burden of naval competition pressing somewhat 
heavily ; for it is in this quarter we may find relief 
ourselves. There is another matter in which the 
uncharitably disposed may also find instruction— 
namely, that France has had a boiler trouble ; 
although we will do the French naval critics the 
justice to say that they have been far more reticent 
in the matter than those of this country, their 
moderation in this matter being fortified by want 
of information. The author refers to the delay in 
completing French battleships, and although he 
acknowledges the practice is open to criticism, he 
states that it must be admitted that inventions 
succeed one another so rapidly that it sometimes is 
judicious to delay the completion of a ship until 
the final result of a trial which may affect her con- 
struction has been obtained. To carry out this 
principle to its logical conclusion would lead to no 
vessel ever being completed, for the march of in- 
vention has not yet been arrested. The principle 


is a dangerous one, from which we have suffered in 
this country, but happily we have seen the error of 
our ways. The progress that water-tube boilers 
have made in France is fairly well known in this 
country. The ‘‘ Annual” gives particulars of the 
French armoured cruisers Latouche, Treville, and 
Charner, recently launched. The propelling ma- 
chinery of these vessels consists of two horizontal 
triple-expansion engines, driven by sixteen Belle- 
ville boilers. The horse-power will be 7400 indi- 
cated, or 8300 with modified forced draught, at 
which the speed will be 19 knots. Amongst other 
things spoken of in this section of the work are 
triple screws; the use of electrical power for 
turning turrets, hoisting ammunition, &c., on 
shipboard ; and the fact that M. Normand is build- 
ing a torpedo-boat of 30 knots speed. In Germany 
we find that the Reichstag refused last year to pass 
all the shipbuilding votes proposed, and there 
appears to be nothing of special interest here. In 
Italy it is stated that monster ironclads have been 
abandoned, and a type of armoured cruiser, more 
suitable to the Mediterranean, has been finally 
adopted. In Italy, however, the financial difficulty 
is putting a limit to the plans of naval administra- 
tors. Two illustrations are given in the book of 
Russian battleships—the Dvenadsat Apostoloff 
and the Nicolai. These are from excellent draw- 
ings by Mr. W. F. Mitchell, and give a very good 
idea of the appearance of the ships under steam. 
Russia, M. Weyl says, is making great efforts to 
increase her navy, especially in the Baltic. The 
fleet in the Black Sea is composed of ships which 
are far superior to any that the Ottoman Empire 
possesses. The naval yards at St. Petersburg 
have been furnished with the most powerful 
appliances for constructing ships of war, and im- 
portant new ships have been laid down, in answer 
to the increase of the German Navy. Speaking of 
Austria, the author says: ‘‘ Austria observes with 
no little bitterness the increases of the navies of 
neighbouring Powers, and is daily reminded of the 
fact that her feeble Naval Budget is no longer 
sufficient for the maintenance of the pnumber of 
ships which she actually possesses.” In Spain, 
again, the Minister of Marine has been obliged to 
consent to a reduction in the Navy Estimates, and 
the crisis in the affairs of the Nervion Yard has 
also affected the progress of the shipbuilding. In 
Sweden, the Parliament will not vote the necessary 
funds ; and in Turkey the efforts in shipbuilding 
are not continuous, and bankers do not seem 
willing to furnish the funds necessary to purchase 
ships abroad. In the United States, of course, 
everything is flourishing. As the result of import- 
ant experiments which we are told have been made 
in that country with nickel steel, this metal is not 
only to be used in the manufacture of armour, but 
also in the construction of hulls and guns. South 
American Republics are chiefly notable for the in- 
troduction of the Elswick cruisers. An excellent 
portrait of the Captain Prat, by Mr. Mitchell, is 
given. Japan has recently received the armoured 
coast defence ship Matsushima, built at La Seyne; 
whilst a cruiser is completing at home in the 
Yokosuka Yard. The Yoshino was launched at 
Elswick for the navy of Japan in last December. 
It is stated that that country now obtains all her 
quick-firing armament from Armstrong, and her 
large guns from Canet. The torpedo gunboat 
Shishima, built in France, and which was run down 
and sunk on her first voyage, is to be replaced by 
a new torpedo gunboat, built at Armstrong’s. 
Amongst other Powers, Haiti will get two small 
gunboats, built in France. Liberia will get a 
small gunboat from Belfast ; whilst Siam is having 
a cruiser built in England, said to be the prototype 
of a fleet of similar vessels. 

The next section of the work is contributed by 
Lord Brassey, and gives an account of ships built 
and building. We do not propose reviewing this 
part of the book at any length—firstly, because 
Lord Brassey’s opinions are well known to his 
countrymen, and secondly, because we have given 
so much space already to M. Weyl’s writings, 
which are not so available to the majority of 
English readers. In speaking of dimensions of 
war-vessels, Lord Brassey says: ‘‘It has been re- 
cognised that if a single blow of the ram, a false 
movement of the helm, or the explosion of a tor- 
pedo discharged from a puny antagonist, may dis- 
able or sink the hugest and most costly ironclad, 
the balance of argument is in favour of restricting 
dimensions within some reasonable limit.” Further 
on it is said that ‘‘the elements of fighting effi- 
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ciency, as concentrated in the Royal Sovereign, are 
not redundant,” but the author goes on to add that 
‘‘the argument for combining some smaller ships 
with the Royal Sovereign class, rests on the fact 
that the large ships remain as vulnerable as the 
small ships, as against the attack by the ram or the 
torpedo. It is not desirable to concentrate so much 
expenditure on a vessel which cannot claim to be 
invulnerable.” Of course no vessel can claim to be 
invulmerable, but it may be pointed out that the 
- gun is still the premier weapon, and the gun is the 
best defence against the gun; although it is good 
to present a small target to the enemy. In the 
case of gun-fire, it is only by size that an eflicient 
ocean-going, habitable warship can be obtained ; 
one in which due weight is given to those features 
which are necessary to the production of such an 
engine of warfare. Lord Brassey, in this part of 
the book, treats of all descriptions of war-vessels, 
and has accumulated facts with that patient industry 
for which he has always been noted. In speaking 
of torpedo-boats, he quotes the late Admiral Long, 
by whose death, we may add, the Navy has lost 
one of its most promising officers. ‘‘In narrow 
waters, and especially where fine weather prevails, 
torpedo-boats constitute a formidable offensive 
Weapon, requiring, however, secure harbours 
whence to carry on operations. Our experience 
does not furnish the means of determining precisely 
the best type of vessel to secure our supremacy in 
waters infested by such assailants; but where 
numbers are so important it seems probable that 
some type not greatly exceeding the first-class boat 
in size may ultimately be found suitable.” There 
was no better authority on the subject than Admiral 
Long. In speaking of manning the fleet, Lord 
Brassey says : ‘‘ It is highly desirable to establish a 
reserve of engine-room artificers. They could be 
recruited from the superior ranks of firemen, known 
as ‘greasers,’ in the mercantile marine.” Lord 
Brassey does not speak as an engineer, and, we 
think, were he to make further inquiry into the 
duties required from engine-room artificers, he 
would see the extreme impolicy of taking any 
others than ‘“‘tradesmen” for the purpose. An 
artificer requires that training which he can never 
get as a fireman. The confusion in the author’s 
mind is that which we should expect from one 
taking his views from naval officers of the executive 
branch only, and not from engineers. 

Sir Geoffrey Hornby contributes a chapter on 
the training of British seamen. He laments the 
absence of apprenticeship in our mercantile navy, 
but admits that it would not be easy to re-establish 
the system ; as a matter of fact, it would be im- 
possible, He advocates the ‘« regimental system” 
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for naval purposes. The conditions obtaining in 
the Navy, however, are so different from those 
of the Army, that it is difficult, and indeed im- 
politic, to take one service as an example for the 
other. Of one thing we may be sure, that the 
regimental system cannot be so suited to the Navy 
as to the Army, owing to the great difference 
between warships of various classes, and, indeed, 
between individual ships of the same class in the 
Royal Navy. A man brought up in one ship 
would be useless in another, until he had gained ex- 
perience. This, of course, applies more especially 
to the engine-room branch, and it would be interest- 
ing to hear the opinion of engineering officers on 
this subject. 

Mr. Oldknow again contributes a chapter on 
marine engineering, and makes full reference to the 
ferrule, which has played so important a part in 
nayal history during the last year or so, and very 
justly says the point at present undetermined is, 
how long these ferrules may be expected to last on 
ordinary service—the point which we ourselves 
have raised on a previous occasion. We believe, 
however, that it is anticipated two sets.of ferrules 
will last a commission ; at least, that is the regula- 
tion allowance at present in use. The Admiralty 
ferrule is illustrated, and also the ferrule intro- 
duced by Messrs. Humphrys, Tennant, and Co., 
and which, we believe, was designed by Mr. 
Langton, of that firm. Probably if the service 
ferrule now in use be found too short-lived, Mr. 
Langton’s device will have to be adopted in spite 
of its additional cost. In this chapter Mr. Old- 
know treats of many subjects, such as tubulous 
boilers, engine-room telegraphs, triple screws, in- 
duced draught, grease filters, liquid fuel, broken 
shafts, and other matters. 

The next chapter is by Captain S. EHardley- 
Wilmot, R.N., and is on colonial defence and 
commerce protection—a subject with which the 
writer's connection with the Naval Intelligence 
Department renders him especially fitted to deal. 
In regard to attacks on commerce, the author 
says that a superior fleet is now a more 
complete check on extensive military operations 
across the water than ever it was ; and if, there- 
fore, any suspicion arise as to our liability to 
sustain an attack of this nature, the safest plan is 
to augment the fleet rather than adopt elaborate 
measures for dealing with such a force on arrival. 
This is the more necessary as disabled warships 
cannot be quickly replaced or repaired. As to 
cruiser raids on merchant ships, the author says 
that the production of vessels with a speed of 20 
knots, and able to traverse thousands of miles 
without replenishing their coal supply, has put 
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within reach possibilities that a few years ago 
existed only in the imagination. The vessel might 
be a bond-fide war cruiser, or an armed merchant 
vessel. Other nations own steamers engaged in 
commerce which at short notice can be converted 
into auxiliary cruisers; and, evading our own 
cruisers, they can effect considerable damage before 
being brought to bay. It must be apparent to all 
that the antidote is not to be found only in harbour 
defence ironclads or gunboats ; for only by vessels 
of similar qualities can they be permanently driven 
off or captured. Cruisers of high speed and mode- 
rate gun power must be employed against an 
enemy of this description ; although, with our 
numerous coaling stations, there is not the same 
necessity for an enormous fuel supply, The 
author’s remarks on the defence of colonial ports 
and foreign routes, are well to the point ; his general 
conclusion being, more cruisers required. Mr. 
Thursfield next deals with, at some length, the 
British and foreign naval manceuvres of last year ; 
whilst Mr. J. R. Dasent provides a criticism of 
Captain Mahan’s work on the influence of sea- 
power on the French Revolution and Empire. This 
brings us to Mr. Barnes’ compilations, which are of 
the usual complete description. In the illustra- 
tions attached to this section of the work, showing 
various types of warships in outline, black ink has 
replaced the blue ink formerly used, and this, we 
think, is an improvement. The quality of the 
engravings, however, leaves much to be desired. 
Captain Orde Browne deals with the subject of 
Armour and Ordnance in his usua] able manner, 
and the tables he publishes are of great value. The 
last section of the book is devoted to statistics, 
official statements, and papers. 

Speaking generally, it may be said that the 
present issue of the ‘‘ Annual” sustains the reputa- 
tion of the series as one of the most valuable 
publications of the year, and the thanks of the 
public are due to the public spirit of the founder 
of the work, the present editor, and the various 
contributors. 


BRIDGING THE Misstsstpr1.—Plans for a great bridge 
across the Mississippi above New Orleans have been com- 
pleted. The length of the bridge from shore to shore 
will be 2290 ft.; the width of the central span will be 
1037 ft. 


Pig In GeRMANY.—The production of pig in the Ger- 
man Empire and the Grand Duchy of Luxembourg in 
March amounted to 409,399 tons, as compared with 
413,644 tons in March, 1892, The aggregate output for 
the first quarter of this year was 1,334,882 tons, as com- 
pared with 1,400,719 tons in the corresponding period of 
1892. 
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STEAM BOILER EXPERIMENTS. 
No. XII. 
By Mr. Bryan Donxty, Jun., and Professor 
A. B. W. Kennepy, F.R.S. 

Experiment No. XVII., January 26, 1888.—This 
trial was made at the printing office of ENGINEEK- 
ING, Bedfordbury, London, on a small boiler of the 
Cornish multitubular type. The feed water was 
measured in a very large tank, carefully graduated. 
Every assistance was given to ‘the authors to obtain 
exact results. The experiment was satisfactory 
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in every way, except that the work on the boiler | 
was too light to allow of the most economical results | 
to be obtained. The evaporative performance was 
partly reduced by the large amount of air drawn 
into the flue, as the fire had to be kept low and too 
thin for really economical working. 

Samples of gases were drawn and analysed in the 
usual way, but no CO was found. The damper 
was kept a very little open during the experiment. 
The temperature of the gases was taken by a mer- 
curial thermometer. 

The construction and setting of the boiler are, 
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shown by Figs. 56 and 57 annexed. The boiler is 
4 ft. 4 in. in diameter outside at the largest ring by 
9 ft. 7 ft. long, and contains a furnace 2 ft. 4 in. in 
diameter by 5 ft. 6 in. long, from which 28 
tubes, 3 in. in diameter and 4 ft. long between 
_tubeplates, extend to the rear end of the boiler. 
The form of setting is one which Mr. Maw has 
adopted in a number of instances for boilers of this 
type, and which gives great facilities for examina- 
tion. As will be seen, the boiler is carried on a 
pair of cast-iron saddles, and is simply inclosed in 
a chamber lined with firebrick. Along the bottom 


PARTICULARS AND DIMENSIONS OF BOILER, PRINCIPAL OBSERVATIONS—continued. 
Date: | Draught: 
January 26, 1883. Chimney draught... 0,24 in. 
Place: Radiation Experiment: 
ENGINEERING Printing Office, Bedfordbury, London, W.C. Charcoal per hour necessary to maintain pressure only ... 4.0 lb 
Per cent. of total coal used, including ashes and clinker, per hour 8.2 
Type: | 
Cornish multitubular boiler. ANALYSIS, &., OF FURNACE GASES. 
Heating Surface: Analysis of Dry Furnace Gases: 
Heati f £ boil 19). 6 eqaane fone MAS Volume 
eating suriace of bouer : Get een Carbonic dioxide, CO, ... iba 7.5 per cent. 
F P of oxide, oo 0.0 0.0 An 
iregrate: Oxygen, O.. 13,15 aol Se, 
Dimensions of firegrate ... 1 ft. 114 in. by 1 ft. 10 in. Nitrogen, N- 75.8 80.32, 
ae o grate : ; ; ne square feet 
rea of air spaces aw ‘ 3 é 
Ratio of air space to area of grate 0.282 || PRINCIPAL RESULTS. 
Ratio of boiler surface to grate surface 54.0 | Carbon: 
wince: | Per cent. weight of carbon to dry gases... Ae ee w. 3,0 per cent, 
Kind of flues and direction of gases. ss te { hae under Air: 
¥ | Pounds of dry air per pound of carbon 32.7 lb 
p ‘5 rp vs coal ... 29.05; 5 
PRINCIPAL OBSERVATIONS. ” pure and dry coal... as 30.0 ,, 
@iené? furnace gases er pound of pure and dry coal 30.6 ,, 
See | Ratio of air used to air t eoretically required arr 2.80 
Duration ..  ... re nek 9.0 hours 
| Temperature of Gases: 
team Pressure: Rise in temperature of gases from temperature of aironday ... 431 deg. Fahr. 
Mean steam pressure above atmosphere rh 64.5 lb. | 
» absolute steam pressure eh 79.2 4, | Combustion: 
Temperature Fahr. corresponding to this pressure . 311.3 deg. Fahr. Pounds of coal burnt per square foot of grate surface per hour... 13.7 Ib. 
Feed Water: | ” Fy = eating surface per hour 0.254 ,, 
Temperature of feed. 58.7 deg. Fahr, | Transmission of Heat: 
after feed water heater | 159 ; Thermal units per square foot of heating surface per hour 2440 T. U. 
Total feed water evaporated a 3995 lb, 
oe per hour .. 444 ,, | Evaporation: 
Beat acd’ Aphes: ty Be water evaporated per pound of coal from feed tem- sae ge 
Total coal put on grate .. 449 lb Equivalent ev. aporation per pound of coal from and at 212 deg. 
a drawn... 1s Fahr. .. e 9.31 ;, 
+ used, including ashes and clinker Ar 438 ,, | Equivalent ey aporation per pound of coal pure and dry... LOSLE iy 
Per cent. of ash and clinker in total coal used ...0.2 ash, 1.4 clinker | BS i 77 square foot of grate per hour LS6 55 
moisture in fuel ... * Si 0,26 . * “4 os heating surface 2.52 ;; 
Total weight of pure and dry coal used per hour ... 47.8 lb, Factor of evaporation 3 r £ 1,087 
Ratio of total pure and dry coal to coal including ash, &e. 0,981 | 
Total coal used, including ash and clinker, per hour oes 48.7 lb. || Percentage Balance-Shect of Heat. 
» weight of ash and clinker Bs Pie 11b. ash, 61b, clinker |, 
Heat Evolved. Per Cent. Heat Absorbed. Per Cent 
Stoking: ho oat SEM, a RSE eS Vase Secs 4 elma ee AS hs leptin 
Thickness of fires... ne at : 4in, |, Heat from pure and dry coal...) 100 Heating and evaporating water} 62.7 
Number of times each fire stoked per hour . yp. | Heating furnace gases 20.7 
i| Evaporating moisture in coal 0.0 
Temperature of Air: | otis ; ie a §.2 
Feit ; . | eat in fire drawn ee H3 0.1 
Temperature of air in boiler-house A ... 67.5 deg. Fahr. | | Unaccounted for ... ‘: a 83 
Temperature of Gases : | Total bw (et 168 Total ne 100 
Temperature of furnace gases at base of chimney... on » 498deg. Fahr. | 
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of this chamber runs a flue, which is covered by 
wrought-iron plates (so arranged that they can 
readily be lifted) to within a short distance from the 
front end. At the part left uncovered by the 
plates, a damper (not shown in our engraving) is 
provided. The gases after leaving the tubes thus 
traverse the chamber around the shell of the boiler 
towards the front end, where they pass down into 
the bottom flue and so to the chimney. The boiler 
was well covered at the top and front. 

The steam generated during the trial worked a 
horizontal non-condensing steam engine driving 
shafting and the printing machines. The exhaust 
steam from the engine passed through a feed- 
water heater. A radiation trial was also made in 
which charcoal was burnt to get the heat required 
to maintain the steam pressure only. The usual 
stoker fired the boiler by hand, 

The experiment lasted nine hours. One of the 
authors was present during the test, and it was 
considered a good reliable trial in every way. The 
coal was weighed in numbered sacks as usual. 

A graphic time diagram of coal and water used, 
steam pressure, &c., is given in Fig. 58 annexed. 


A VIEW IN THE COLUMBIAN EXPOSITION 
GROUNDS. 

Now that order prevails in the grounds of the 
Columbian Exposition, with the trees and shrubs clad 
in summer foliage, the charming effects of the joint 
efforts of the architect and landscape gardener can be 
fully appreciated, since the colours of nature enhance 
the embellishment of the buildings. The view on 
page 892—characteristic of the general appearance 
of the many avenues in Jackson Park—is from a 
photograph taken while the trees were ‘‘ waiting 
for spring’s awakening touch,” and gives promise 
of the beauty of summer and autumn. In the 
distance is the northern front of the Administra- 
tion Building, with its corner pavilions and its colon- 
nade with immense Doric columns, surmounting all 
being the dome, rising 250 ft. above the ground level. 
To the right of the engraving is the Mining Building, 
while to the left is the Electricity Building, the avenue 
between adorned with statuary, &c. 


JEFFERIES’ BRICKMAKING PLANT. 

In connection with the recent Show of the Royal 
Agricultural Society at Chester, we called attention to 
the very complete brickmaking plant exhibited by 
Messrs. Samuel Jefferies and Sons, Dudbridge, Stroud, 
Gloucestershire. This set of machines has been de- 
signed with special reference to reduction of labour, 
the whole of the operations being continuous and auto- 
matic, so that not only is the output very large, but it 
is obtained at a minimum cost. The mechanism is 
exceedingly ingenious, while at the same time it is 
free from complication, and may be expected to work 
well under the rough conditions that prevail in a 
brickyard. It exhibits the greatest advance in this 
type of machine which has been made for several 
years. On page 896 an engraving of the machine is 
given, and we will proceed to explain its construc- 
tion. In the mill itself there is not a great amount of 
novelty ; the clay is tipped into the hopper above the 
rolls, and is then thoroughly pugged before being 
forced into the die by a set of revolving blades which 
act a screw to drive it forward. It is customary for 
the man in charge of sucha machine to keep an eye on 
the clay to see that it does not arch over, and thus 
cease to be fed to the knives, but in the mill 
before us the necessity for such supervision is 
ingeniously avoided by making one side of the 
chamber movable, and giving it a reciprocating action. 
The side is keyed on a rocking shaft, which is geared 
to the main shaft in such a way that it has a constant 
to-and-fro motion. The width of the chamber is kept 
regularly varying ; first the side moves almost close to 
the rotary knives, and then it recedes from them, 
rendering it impossible for the clay to bridge the 
space from side to side. In this way a regular feed is 
insured, without labour or attention. 

The serew delivers the clay through a die in the 
usual way. This die is lined with hard steel plates, 
and has a special arrangement for lubrication. The 
lubricant is fed under pressure to an upper channel 
in the die casing, and then makes its way through ad- 
justable valves to recesses in each side of the die, 
where it thoroughly lubricates the column of clay 
without being able to escape from the die, After 
emerging from the die, the column of clay needs to be 
again well lubricated to prevent its adhesion to any 
part of the cutting-off table or its attachments. Its 
lower side runs over rollers revolving in an oil trough 
in the usual way. The side which moves against the 
back or rest that resists the action of the cutting wires 
is lubricated by a roller mounted elastically on a vertical 
spindle, while the stop itself also receives oil through 
a pipe from a small tank T (Fig. 2). 
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The cutting-off table works automatically, cutting 
the column of clay into bricks as soon as the full 
amount has been fed to it, and delivering these bricks 
on to boards which can then be carried off on wheel- 
barrows, or transferred to a travelling band to trans- 
port them to the kiln. The column of clay d (Fig. 2) 
having passed over the lubricating rollers, slides 
along the table C, until it comes to the stop or 
fence at the end of it. This table C is mounted 
on a lower table B, running on rollers a, and on the 
clay meeting the stop the table B moves forward with 
it, and in so doing operates a ratchet which sets the 
cutting mechanism in operation. Figs. 3 and 4 show 
the arrangement of the ratchet. Loose on the shaft F 
(Fig. 2) is a spurwheel E, having on its boss the ratchet 
wheel ¢. Both these wheels are kept constantly run- 
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ning by a pinion not shown. Keyed on the shaft F is 
a radial arm G, provided with a hook /! for engaging 
with the ratchet wheel c, and a pawl f? for engaging 
with the ratchet wheel h, which is fast on the bevel 


wheel H and loose on the shaft F. By means of the | 


hook f! the spurwheel E may be locked to the shaft 
I, and by means of the pawl /? the pinion H may also 
be locked to the shaft F. 

Supposing the column of clay to have reached the 
stop and moved the carriage B forward, the hook /}, 
which is normally held clear of the ratchet wheel e by 
the projection b* (Fig. 3) on the table B pressing on 
its tail, is released and engages with the ratchet wheel 


_when the bricks are placed on the board, 


e. The shaft Eis thus set into motion, and at the 
same time the pawl f? engages with one of the two 
teeth of the ratchet wheel h (Fig. 4), and drives it 
round, together with the bevel wheel Hand the crankJ. 
A connecting-rod i coupling the crank J to the table C 
pulls the whole of the carriage C, together with the re- 
ceiving board and the cutting wires, across the line 
of travel of the stream of clay, which is itself pressed 
against and supported by the bridge D, attached to 
the under table B. By this action the column is 
divided into bricks, which are deposited on the board, 


since, in the act of cutting, the carriage C passes from | 


under them, and the board takes its place. On the 
return motion of the crank, the board, with the bricks, 
is returned to its old position. 

As the carriage C, the board, and the wires are all 
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moving forward together during the cutting operation, 
the divisions are perfectly fair and square. But when 


the movement commences the clay is continuous from 


the die to the stop; it is evident that to get the 
bricks away easily they must be drawn away from the 
cut end of the column of clay. Immediately the 
severance is complete a scroll cam K on the shaft F 
accelerates the motion of the carriage B, and thus 
moves the bricks away. The cam makes a complete 
revolution, and returns the table to its original posi- 
tion. : 

The functions of the machine are not exhausted 
The board 
itself is afterwards transferred to a barrow or travel- 
ling band, not, indeed, automatically, but as the 
result of the attendant touching a pedal lever. To 
this end there is employed a parallel frame comprising 
two arms m m', connected at the upper ends by a link 
m*, and pivoted at their lower ends on shafts M, M. 
By means of a lever on the shaft M, a connecting 
rod nm, and a crank P, the frame can be moved 
from the position shown in full lines to that 
shown in dotted lines, the board and_ bricks 
being carried on the frame. As the motion commences 
the spring stops S, which normally engage the brick- 
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supporting board to prevent it slipping, are depressed 
by the roller on the arm m coming into contact with 
the tail of the lever c'. To facilitate the return of the 
mechanism without the bricks, the arms m! are made 
with elbows, which give way under the weight of the 
bricks in completing the forward movement, to clear 
the bars m? from the board, and straighten again under 
the influence of springs during the backward move- 
ment, The crank P, by which the stroke of the brick- 
delivering apparatus is effected, is loose on a con- 
stantly rotating shaft. It stands next to a ratchet 
wheel keyed on the shaft, and is provided with a 
pawl, which usually stands in contact with a stop on 
the pedal lever. When this lever is pressed the stop 
is removed, the pawl drops into the ratchet wheel, 
when the crank is carried round until the stop is re- 
turned to its old position ; the pawl is then raised and 
the crank stopped. This is a simple and ingenious 
motion, acting excellently well. 


BROTHERHOOD ENGINE AND WEST- 
MINSTER DYNAMO. 

Tut Brotherhood three-cylinder engine, which is 
illustrated driving a Westminster dynamo on page 
893, contains some novel features. The principal 
object in view in its design was to arrange that all 
the working parts should be open to view, and it was 
also thought desirable to prevent the exhaust passing 
through the central chamber, so as to avoid any lubri- 
cant being carried over with exhaust steam in cases in 
which the engine is coupled to a condenser. The valve 
motion is quite open, as will be seen, and the other 
working parts can be inspected whilst the engine is 
running by simply removing the side of the central 

_ chamber. The engine illustrated has cylinders 3 in. 
in diameter by 4 in. stroke, and the Westminster 
dynamo connected to it has under full load an output 
of 50 ampéres at 80 volts, when running at 650 revo- 
lutions per minute. The maker of the engine described 
is Mr. Peter Brotherhood, of Belvedere-road, West- 
minster Bridge, London, 8, E. 


THE LATE SIR WILLIAM MACKINNON, 
BART. 

WuEN some future Smiles arouses the spirit of 
emulation in a future generation by the narration of 
the triumphs of ‘‘ Self-Help,” he will find a noble 
example in the life of Sir William Mackinnon, 
Bart., whose death in London on the 22nd inst. 
has awakened a widespread regret. And _ this 
regret is intensified by the unexpectedness of the 
end, for although he had been in delicate health for 
some time, no great anxiety was entertained. He 
was born on March 31, 1823, in Campbeltown, the 
youngest of a family of nine, with nothing but his 
brains as capital, and it may truly be said that during 
the seventy years of his life his country has earned a 
handsome return, 

The deceased baronet started life as a lad in a shop 
in his native town, and afterwards found his way to 
Glasgow, where he subsequently entered the office ofa 
merchant engaged in the Eastern trade. This situa- 
tion was destined to have an important influence in 
his career, for it induced him in 1847 to join an old 
schoolfellow named Mackenzie in an export and import 
store ina small town up the Ganges. In 1855 the 
business was removed to Calcutta, the ramifications 
having immensely increased, as a result of great 
business energy. In the same year a skipper who 
traded between India and Burmah saw a great 
opportunity of establishing a trade on a large scale 
in Burmah. He interested Mr. Mackinnon, who 
managed to raise capital among his friends, and 
thus began the British India Steam Navigation 
Company, which went on prospering and extend- 
ing its operations from England to India and 
other parts of Asia, and afterwards to Australia. 
This great company was founded in 1857, the 
fourth steamer launched from the Pointhouse yard 
at Glasgow by Messrs. Inglis being for the ‘‘B.I.,” 
as it is now so well known, and it is interesting 
here to note that with a few unimportant exceptions 
the fleet has been built by Messrs. Inglis and 
Messrs. Denny, Dumbarton, who became associated 
with the company later, Mackinnon, it may be said, 
has through these firms distributed between five and six 
millions sterling. The fleet of the British India Company 
is the greatest of sea-going fleets in the world, compris- 
ing about 110 vessels, all of considerable size, and it 
has been built without Government aid. Forty or 
fifty vessels more belong to the Australasian fleet 
founded by Sir William Mackinnon, while an immense 
commerce also results from the trade carried by the 
Irrawaddy Flotilla Company, likewise associated with 
his name, The development of India, and particularly 
of the north-eastern part, and of Burmah, are due to 
the shrewdness and business aptitude of Sir William 
Mackinnon. 

In another part of the world, too, his great influ- 
ence has been felt. Twenty years ago he established a 
mail service between Aden and Zanzibar, and to 


mark his respect and admiration for efforts which had 
greatly benefited the island, the Sultan in 1878 offered 
to make over his territories to the protection of the 
British Government, through the agency of the head of 
the great shipping firm. The Government then unfor- 
tunately did not see their way to accept the offer, 
otherwise profit might by this time have resulted. 
In 1885 the Germans established a footing in Kast 
Africa, and had it not been for Sir William’s decisive 
action they might now have been supreme over the 
whole of Kast Africa from the Rovuma to the Jub, 
but he secured a footing for England in the region 
north of that in which Germany had established itself. 
Through his influence, rights were acquired which 
justified the British Government in granting a Royal 
charter, and by subsequent treaties the territory of 
the British East Africa Company has been extended to 
something like a million square miles. 

As to the man, one who knew him in all his moods 
and tenses, more intimately, probably, than any other, 
writes us a private note, from which we may be 
pardoned for making an extract, since it gives a sincere 
estimate, free from conventionalities: ‘‘ His abilities 
were extraordinary. He had a memory that was 
really prodigious, holding small things and great with 
equal tenacity. Noone lever knew could so pierce 
difficulties, and see to the other side of them. Pro- 
sperity never elated him unduly, nor did misfortune 
depress. You see he did not keep his religious con- 
victions for Sunday use only, like a good many who 
pass through the world with a reputation for piety. 
One of the most remarkable things was the loyalty 
with which he was served. I fancy that a humbug 
felt uneasy before him, and had an impression he 
wasn't wanted. At all events, it is the fact that those 
who were under him, or associated with him, felt they 
must do their best somehow.” 


THE METRIC SYSTEM. 


To THE EpiTror or ENGINEERING. 

Str,—The discussion initiated by the well-known firm 
of John Birch and Co. in your pages on this subject will, 
1 trust, not be confined to the letters of Messrs. Hume, 
Hett, and Twigg, but will attract the attention and em- 
brace the opinions of some of our leading manufacturers 
who are accustomed to supply to foreign clients, 

The present suggestion extends only to adopting the 
system of metrical weights and measures side by side 
with those now in use in England, in such works as supply 
to foreign consumers, and while such a change is simple 
and inexpensive in most cases to apply, appreciable com- 
mercial advantage may often follow. 

As regards the workman, if provided with rule marked 
with both French and English measures, he uses either 
side with equal facility after a few months’ experience. 

Plant, on the other hand, is often difficult and expen- 
sive to adapt for a general change in dimensions, but 
when once the desirability of the change is acknowledged, 
provision can be made where new plant is needed, and 
elsewhere gradually. 

It is now no use blinking the fact that the majority of 
well-trained and educated Continental engineers neither 
know nor care what a foot, or other English weight or 
measurement, means, The metrical system serves their 
purposes admirably, and they neither want, nor will 
accept, any other. 

Whether one system displaces in practice the other is 
beyond the object of the present discussion. 

Equally so is the scientific accuracy of the unit, which, 
not on account of its own merits, but because it is required 
by others, it is suggested to use, 

I am sorry to disagree from so stout a champion of the 
metrical system as Mr, C. L, Hett as to where the fault 
lies. 

Amongst the thousands of catalogues and price lists 
issued by English makers, and distributed amongst 
foreign engineers with the object of obtaining orders, it 
is quite an exception to find dimensions, weights, capaci- 
ties, and prices expressed in terms familiar to those to 
whom such documents are addressed. 

English merchants abroad soon recognise that expense 
and delay are attendant on any departure from existing 
patterns and practice, and therefore do notsuggest it. 

I remain, yours faithfully, 
J. W. Bennett, 


COUNTY SURVEYORSHIPS, IRELAND, 
To THE Epitor or ENGINEERING. 

Srr,—I notice in the public papers that advertisements 
have been issued inviting candidates for the above office, 

That this examination is one of the most severe held by 
the Civil Service Commissioners, can be seen either from 
the programme of subjects or the last published questions 
of the examination. 

It might be well if those intending to compete asked for 
(and if possible obtained) some guarantee from the 
Government authorities that the holders of such offices 
would have their existing or prospective rights preserved 
in the present Irish Home Rule Bill. 

As these offices are left open for public competition 
amongst qualified engineers of the United Kingdom, 
the matter is not a private one, nor has it any 
political bearing, but is simply that when the authorities 
invite competition some guarantee should be given that 
any political party, or new political arrangements, should 
not alter the status for the worse, of any who take 
service under the principle of open competition. 
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It is true the county surveyors have a certédli Status 
under the Grand Jury Acts, and under the Pensions Acts, 
their salaries varying from 400/. to 6001. per annum, just 
as the county or division may happen to be a poor ora 
rich one; but this salary is reduced by travelling and 
incidental expenses, which often exceed 100/. per annum, 
and this all county surveyors incur, so that the principle 
of ‘‘the more work the less pay ” holds good. 

In other official appointments, such as those of the 
Board of Works, &c., travelling expenses are allowed, 
but as the Grand Jury Acts were passed in 1838, modern 
ideas regarding more frequent inspections of works were 
not thought of then, nor had any county so many re- 
quirements on the timeand skill of the surveyor, who had 
then only the main roads to look after, and not the ever 
increasing amount of inspections for roads and works of 
construction which are his lot at present. 

Iam, &c., &e., 
OPEN COMPETITION, 


THE MANUFACTURE OF SMALL ARMS, 
To THe Eprtor or ENGINEERING. 

Smr,—I read with much interest the paper by Mr, 
John Rigby, M.A., on the manufacture of small arms at 
the Royal Factory, Enfield, but there is one point in his 
concluding portion which other steel workers, as well as 
myself, I am sure, would like a fuller exylanation of, if 
Mr. Rigby considered it within his province to give it us. 

In speaking of the sword manufacture, Mr. Rigby says 
the requisites for successful manufacture are, amongst 
other things, straightening after tempering without 
hammering, 

Now, most of us who haveanything to do with straight- 
ening long blades or saws, are well aware of the great 
expense and risk incurred by hammering these to get 
them straight after tempering. I shall be greatly obliged 
for any information on this subject. 

I am, dear De 
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THE INVENTOR OF GUTTA-PERCHA 
COVERED WIRE. 
To THE Ebrror or ENGINEERING, 

Srr,—Owing to the illness and death of my husband, a 
letter by Mr. Carl Siemens, in your issue of February 24, 
has remained unanswered. From my husband’s notes 
made during this (his last) illness, and from inquiries 
made at the Patent Offices at London and Washington, 
and from other sources, I have ascertained the following. 

On March 19, 1845, Mr. I’, Wishaw, the secretary of the 
“Society of Arts,” read a paper upon ‘‘ Gutta-percha” 
before that Society, and exhibited specimens of the 
material in the raw state, and moulded into various 
shapes by himself, 

This, then, was probably the occasion at which both 
Mr. William Siemens and Mr. Danchell obtained samples, 
and the former sent it to his brother, Mr. E. W. Siemens, 
at Berlin, while my husband at once conceived the idea 
of applying it as insulating material for telegraph wires, 
and succeeded in doing this, and then started for Berlin, 
See his letter in Encinnrrine of January 6. 

My husband thus spent money, time, and brains, and 
solved the problem, while no statement is forthcoming of 
Mr. E. Siemens having done so till 1847. 

It appears that gutta-percha already then—that is, in 
1845—through a Dr. Montgomerie, of Singapore, had 
become known to a few in London, for there are the fol- 
lowing British patents at this time, viz. : 

Brooman, dated March 11, 1845, No. 10,550, for pre- 
paring gutta-percha by purifying, masticating, and mix- 
ing it with sulphur, rubber, French chalk, &c. 

Brooman, March 27, 1845, No. 10,582, for making it 
into thread. 

Nickels, May 20, 1845, No. 10,673, for applying it to 
book covers, writing cases, &c, 

Bewley, dated September 4, 1845, No. 10,825, for 
moulding and pressing it into various shapes, also for 
lapping it in strips round a core, the edges being joined 
by heat or solution. This patent specification shows a 
cylinder with piston and steam-heated die-box, the gutta- 
percha being pressed through it and around a core bar or 
wire, thus coating the wire. He also describes another 
apparatus for doing the same thing, viz., by means of 
grooved rolls and a core. This final specification was 
filed on February 22, 1846. 

Here we have, I believe, the first publication of a 
machine for coating or covering telegraph wire. It is 
strange that neither Mr. Carl Siemens nor Mr, Alexander 
Siemens say anything about this patent. 

My husband made his machine long before this date, I 
believe, but the books of the Prussian Patent Office, if 
still extant, ought to show the precise date of my husband’s 
patent application in Berlin, and fix the date of his 
presence there, 

The Prussian Patent Commission, of which we are told 
that Mr. E. W. Siemens was then a member, first in- 
formed my husband that they could not grant him a 
patent without knowing what gutta-percha was, or with- 
out seeing how the wire covering was done, and when he 
had shown the Commission, including Mr. E, W. Siemens, 
the machine he had had made at Berlin for covering tele- 
graph wires, he was told by the first commissioner, on 
personal inquiry, that the matter was too important to 
give any one the monopoly of it. For the next see my 
husband’s letter in ENGINEERING of January 6. 

But we are told that Mr. E. W, Siemens had pre- 
viously been appointed one of the Royal Patent Commis- 
sioners with the object of developing his invention of cover- 
ing wires with gutta-percha. 

It may then be that Mr. Siemens was so appointed 
some time after March 19, 1845, and that the time my 
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husband had the meeting with the Patent Commissioners 


was soon after March 19, 1845, ENGINES OF H.M. S. ‘e GIBRALTAR.” 


From the letterof Mr. Carl Siemens it appears that 


Mr. E. W. Siemens, while going to inspect officially Mr. CONSTRUCTED BY MESSRS. R. NAPIER AND SONS, ENGINEERS, GLASGOW. 
Danchell’s invention, was himself interested in the same 
matter, and was a member of the commission which dealt (For Description, see opposite Page.) 


with my husband in the manner described in his letter 
in ENGINEERING of January 6. 

Between March 11, 1845, the date of Brooman’s above- 
named Patent No. 10,550, and April 23, 1850, the date 
when Mr. E. W. Siemens applied for his patent 
for an improved machine for covering telegraph 
wires (forming, in fact, an improvement upon Bewley’s 
Patent No. 10,825 of September 4, 1845), there are over 
fifty British patents for treating and applying gutta- 
percha to a great many purposes, and amongst them is 
one by Ricardo, No. 12,262 of 1848, for covering tele- 
graph wires with gutta-percha; and one by Barlow and 
Forster, No. 12,136 of 1848, for the same purpose. 

T have had inquiries made at Washington, and am told 
that in none of the official reports on the cases of ‘‘ Col- 
gate versus Western Union Telegraph Company,” or 
against various other telegraph companies, is there any 
reference found to the name or inventorship of Mr. E. 
W. Siemens, except as regards ‘‘ Colgate v. Gold and 
Stock Telegraph Company,” who brought up against 
Colgate an articlein ‘‘ Dingler’s Journal,” which referred 
to an alleged invention of his, but the American court 
held that the description was insufficient and did not dis- 
close the invention beyond the bare mention of providing 
insulation. No mention is found of a commission being 
appointed or going to Berlin. Colgate’s patent was NTT 
upheld in all actions, and heavy royalties obtained. HU) 
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found in technical periodicals respecting the claims of 
Mr. E. W. Siemens, and I do not wish to detract from 
their merits, but merely point out that my husband and 
others were quite as early and earlier in the field, and 
that he was badly a in the matter by ites ‘ 
Patent Commission. IJ understand many more have had | | Wy 
similar experiences. It would, however, be interesting to HI) NUH) oN { | i YY \ ‘unm 


know how long before 1847 Mr. E. W. Siemens actually 

made a machine for covering telegraph wires, and where icy || } Mess} 

that machine is to be seen. It seems that my husband Zz a | } ANI \ aN Hy » ' 

made his machine in 1845 at Berlin. mu HS GH TAU, WZ, BASS Y y 
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Your obedient servant, ke 
(Signed) Exien Haun DANCHELL. 
Lyngby per Copenhagen, June 17, 1893. 


LAUNCHES AND TRIAL TRIPS. 

THE new hopper dredger Pholas, recently launched by 
Messrs. Wm. Simons and Co., Renfrew, completed, on the 
21st inst., its dredging trials at Greenock, with satisfac- 
tory results. It raised over 400 tons of dredgings in an 
hour, and dredged to 32 ft. depth of water, and afterwards 
proceeded to Skelmorlie, and the speed trial showed a 
result considerably in excess of the contract. The Pholas 
is built to the order of the Crown Agents for the Colonies, 
and in a few days will leave for St. John’s Harbour, 
Antigua, where it is to be employed. 


The s.s. Elax, built by Messrs. Wm. Gray and Co. for 
Messrs. M. Samuel and Co., of London, proceeded to sea 
and was fully tried on the 12th inst. The vessel, the con- 
struction of which was superintended by Messrs. Flannery, 
Bagallay, and Johnson, London, has a length of 347 ft., 
a breadth of 45 ft. 6 in., and depth of 28 ft. 6 in., and is |! 
driven by engines having cylinders 26 in., 423 in., 
and 70 in. in diameter by 45 in. stroke, and taking 
steam from three large single-ended boilers of 14 ft. 1 in. 
diameter, and 10 ft. in length. She is intended for carry- 
ing petroleum to the Hast and returning with general 
cargo. Between 1400 and 1500 horse-power were indicated 
by the engines, driving the ship, fully loaded, between 
the Tyne and Dover at nearly 11 knots. 


Scale 74 a , 
From Messrs. Harland and Wolft’s yard, Belfast, there = ; 
was, on Wednesday, the 28th inst., launched a large twin- 
screw steamer named the Gothic, for the White Star See 
Line. The dimensions are: Length, 490 ft.; breadth, fi , 
53 ft.; and depth of hold, 37 ft. 6 in. ; and the gross ton- “i ‘ 
nage about 7500. Although it is probable that the Gothic i a ee ne 
may make a few voyages in the New York service, as the 
bookings of the Whits Star Line continue to be heavy A Pi Mean nrese = 8208 H.P. Mean Press.44:187 
ire antuan ewe: it Pages cee she a ulti- Revs. ..... 106 Revs. .... 106 
mately take her place with her predecessors the Ionic ff! IG 
Doric, and Coptic, and the stoatiinna of the Shaw, Savill; Us eat be stic3 ge Aces ag 
and Albion Company, the Arawa and Tainui, in the Sey 
New Zealand trade, sailing from Plymouth each month, 
and calling at Teneriffe, Cape Town, and Hobart out- 
ward, and Rio de Janeiro and Teneriffe homewards. ; 
The distance traversed on each round voyage exceeds Seale 80 
26,000 miles, and in thus, for the first time, introducing 
twin-screws into the New Zealand trade, the owners of 
the White Star Line believe they are acquiring an addi- 


tional element of safety. Accommodation has been Int. e2: ; 

arranged for 104 saloon passengers amidships. On the 3 gi Sane a duis be ou ie le 
quarter-deck aft accommodation will be provided for 114 eine Ce Revs... 105 
steerage passengers. In addition to ordinary coal and /.H.P. ..... 1672: 052 PY /700.643 


cargo space, this steamer will be fitted with two of Hall’s 
refrigerating machines on the carbonic anhydride system, 
having an insulated capacity for some 75,000 carcases of 


sheep. The Gothic will be the largest steamer, as well as 
the largest carrier, in the Australian and New Zealand . 
trades. ; } 

Mr. D. M. Cumming, Blackhill Dock, Glasgow, - 
launched on the 17th inst. a steel paddle steamer, 61 ft. é : 
ee as by + 4 AY in. carrer Berek to the order of . L.P, Mean Press. — 1-8/2 : 

e€ Lown Council of Inveraray for their passenger traffic ; 
between Inveraray and St. Catherines: The engines, Revs. ..... (08 af AAR Fer ats 
eee being supplied by Messrs. Lees, Anderson, and cg I cece £04) 832 VA Ps 3 1942-99) F 
Be eed mets of the diagonal compound surface- Total |.H.P. .... 6398-08 Total 1.H.P. ...... SI4AS 3H. . 
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out was 154 lb. with an air pressure of .15 of an inch, 
the fans merely running for ventilation purposes, and 
the average indicated horse-power developed during 
the eight hours was 10,553, being 553 in excess of the 
contract, with a coal consumption of 1.67 lb. per indi- 
cated horse-power per hour, while the log showed that 
a distance of 164 knots had been traversed, giving a 
mean speed of 20.4 knots, a result greatly in excess of 
what was anticipated with natural draught. 

The following are the tabulated results, while on 
page 900 we give engravings of a series of diagrams 
taken during the run; 


Results of an Hight Hours’ Trial in the English 


Channel. 
Starboard Port. 

Pressure of steam in boilers ... 154 Ib 
Vacuum... acb “as : 27 in. 
Revolutions per minute 106 105 
Mean Pressure : 

High ... a 49.08 44,187 

Intermediate... 22.4 23 

Low ... ah oF 12.35 11.812 
Indicated horse-power : 

High ... Tee Ne 1684.19 1501.75 

Intermediate... 1672.05 1700.64 

Low ... ee ot «.. /2051.83 1942.99 
Total indicated horse-power... 5408.07 5145.38 
Collective indicated ., 10,553.45 
Mean air pressure 0.15 in. 
Speed of vessel... ee ee 20.4 knots. 
Coal consumption per indi- 

cated horse-power per hour 1.67 lb. 


These results were obtained without a hitch of any 
kind; there was an abundant supply of steam, without 
any trace of priming. The absence of vibration in the 
engines was much commented upon, and their speedy 
reversing and starting under full steam rendered 
manuceuvring an easy matter, 


PASSENGER LOCOMOTIVE FOR THE 

BARRY DOCK AND RAILWAY COMPANY. 

Tue passenger locomotive which we illustrate on page 
904 has been built by the Vulcan Foundry Company, of 
Newton-le- Willows, to the designs of Mr. J. H. Has- 
good, M.I.M.E., and is intended to work the passenger 
traffic between Barry and Cogan, a distance of 5? 
miles. Though the service is short, as will be seen, 
there are frequent stops, and the runs between these 
are made at a high speed. The engine has side tanks, 
and is carried on eight wheels, the leading and driving 
wheels being coupled, whilst at the trailing end there 
is a four-wheeled swing bogie. The boiler is of the 
usual type, the barrel and firebox casing, being of best 
mild steel, the firebox of copper, and the tubes of brass. 
The boiler is fed by two Davies and Metcalf restarting 
injectors, and the water is delivered about midway in 
the length of the barrel, through a pipe inside the 
boiler, the clack-boxes being fitted on the back of the 
firebox casing. The working pressure is 150 lb. per 
square inch, The valve gear is of Allan’s straight link 
type, and the wheels have cast-steel centres; the 
tyres are secured by a clip flange. The crank axles 
are of best best Yorkshire iron, double faggoted ; the 
plain axles are of Siemens steel. The axle-box bear- 
ings are of Stone’s bronze. The slide-bars are of 
wrought iron case-hardened, and the crosshead is 
fitted with slide blocks of chilled cast iron, having 
recesses on each side filled with white metal. The 
eccentric sheaves are of cast iron, and have wrought- 
iron straps lined with gunmetal. The connecting and 
coupling rods are of best Yorkshire iron. Up to the 
present the engines have worked very satisfactorily, 
proving very suitable for their work. The train load 
varies from 10 to 12 six-wheeled carriages, weighing as 
a maximum 150 tons when empty. The heaviest 
grade is 34 miles long, the rise being 1 in 120. The 
coal consumption has averaged 31.52 lb. per mile, and 
the water consumption 30.86 gallons per mile. 

The leading dimensions are as follows, viz. : 


Cylinders 18 in. diameter by 
26 in. stroke 
i ft. in. 
padng ee \ Coupled ; on tread... 5 74 
Bogie 5a is 5 ee ees 3 0 
Distance from centre of leading to 
centre of driving axle... a ie ifs 73) 
Distance from centre of driving axle 
to centre of bogie 500 a ee 12 6 
Bogie wheel base ... eae fe ve 6b 0 
Total s ee ae ee “ie 22 5 
From rail to centre of boiler... 5 fe Tf 18) 
Boiler, smallest diameter inside We 4 4 
», length from smokebox tubeplati 
to front of shell... vf a ie, 10 6 
Number of tubes 2 in. outside diameter 181 
Heating surface : 
Tubes 1023 sq. ft. 
Firebox ... TOs 
Total oa sa oe ARRE 
Grate area ... ae Par ee at 202 ,, 
Capacity of tanks... 1400 gals, 
- coal box 30 cwt. 


Weight in working order. se “56 tons 1 owt, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 24, 

Tuer iron market is inactive at all points. Pig-iron 
production fell off nearly 8000 tons per week, mainly 
at southern furnaces. Stocks, however, are low at all 
points. Very few consumers are buying for mid- 
summer or latér. Nothing is likely to occur to impart 
an upward tendency to prices. Best foundry irons are 
delivered at 15 dols. to 154 dols., and forge at 13 dols. 
Steel billets are offered at 24 dols.; steel rails, 
28.50 dols. ; beams, tees, and channels at 38 dols. ; 
ordinary plate, 32 dols. The monetary disturbances 
extend throughout the country, and intimidate pro- 
motersagainst an immediately aggressivecourse. Much 
summer and autumn work is mapped out, and will no 
doubt be pushed to completion, but for the time 
being the market is without animation. The demand 
for all kinds of equipments is heavy. Agricultural 
conditions are favourable. Crops will not be quite 
so large as last year. 


THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on June 23, 
1893, Professor A. W. Riicker, M.A., F.R.S., President, 
in the chair, Professor J. Cox, M.A., was elected a 
member of the Society. 

Mr. I’. H. Nalder exhibited a bridge and commutator for 
comparing resistances by Professor Carey Foster’s method, 
the chief features of which are simplicity, compactness, 
long range, and great accuracy. The commutation of the 
coils to be compared is effected by mercury cups, the 
eight holes necessary for this purpose being arranged in a 
circle. An ebonite disc carrying the four connectors is 
mounted on a spindle in the middle of the circle, and the 
positions of the coils are interchanged by rotating the 
disc through 180 deg. A large range is secured by pro- 
viding a number of interchangable bridge wires, and a 
fine adjustment for the galvanometer key enables great 
accuracy to be attained. 

Mr. W. R. Pidgeon and Mr. J. Wimshurst each read a 
paper on ‘An Influence Machine,” and exhibited their 
machines in action. In designing his machine, Mr. 
Pidgeon has endeavoured: (1) To make the capacity of 
each sector large when being charged, and small when 
being discharged ; (2) to prevent leakage from sector to 
sector as they enter or leave the different fields of induc- 
tion ; and (8) to increase the capacity of the machine by 
making the sectors large and numerous. The first object 
is attained by arranging fixed inductors of opposite sign 
to the sectors near the charging points, and of the same 
sign near the places of discharge. Objects 2 and 3 are 
secured by imbedding the sectors in wax, run in channels 
in the ebonite discs which form the plates of the machine, 
and carrying wires from each sector through the ebonite, 
each wire terminating in a knob. In this way the sectors 
can be placed much nearer together than otherwise with- 
out sparking back. By setting the sectors skew with the 
radius, they are caused to enter the electric fields more 
gradually, consequently the potential difference between 
adjacent sectors is kept comparatively small. Experiment 
showed that the use of the stationary inductors at the 
charging points increased the output threefold, and as 
compared with an ordinary Wimshurst the output 
for a given area of plate passing the conductors was as 
5.6:1. The recovery of the machine after a spark had 
occurred was particularly rapid. 

Mr. Wimshurst’s new machine consists of two glass 
discs 3 ft. 5 in. in diameter, mounted about in. apart on 
the same spindle. Both plates turn in the same direc- 
tion. Between the discs are fixed four vertical glass 
slips over 4 ft. long, two on each side, and each covering 
about three-eighths of a disc. ach slip carries a tinfoil 
inductor, which has a brush touching lightly on the 
inside of the adjacent disc, on its leading edge. Collect- 
ing and neutralising brushes touch the outsides of the 
discs and the few metallic sectors attached thereto. An 
account of some experiments made to determine the 
efficiency of the machine was given. The author also 
showed that when all the circuits of the machine were 
broken it still continued to excite itself freely, and 
sparked from the discs to the hands when brought near. 

In a written communication, Professor O. Lodge said 
his assistant, Mr. EK. EK. Robinson, constructed a machine 
on lines similar to Mr. Pidgeon’s, a few months ago, and 
had. now a large one nearly completed. Mr. Kobinson’s 
fixed inductors are carried on a third plate fixed between 
the two movable ones. The sectors are quite small, and 
neither they nor the inductors are imbedded. On close 


: : , F 1 
circuit the machine gives a large current, aeadS ampere, 
§ 


and on open circuit exceedingly high potentials. In Dr. 
Lodge’s opinion Mr. Pidgeon attaches too much import- 
ance to his sectors and their shape. 

Mr. J. Gray wrote to say that stationary inductors 
inclosed in insulating material would probably give 
trouble at high voltages, because of the surface of the 
insulator becoming charged with electricity of opposite 
sign to that on the inductor: He suggested that this 
might explain why Mr. Pidgeon could not obtain very 
long sparks. 

Professor C. V. Boys inquired as to how far the wax 
made insulating union with the ebonite, for, if good, glass 
might possibly be used instead of ebonite. He greatly 
appreciated the design of Mr. Pidgeon’s machine. 

After some remarks by the President on the great ad- 
vances which had been made, Mr. Pidgeon replied, and 
Mr. Wimsburst tried some further experiments with a 
small experimental machine. 

A paper on ‘'.4 New Volumenometer,” by Mr. J. E. 
Myers, B.Sc., describing the developed form of Professor 


[JUNE 30, 1893. 


Stroud’s instrument, was, in the absence of the author, 
taken as read. 

Mr. R. W. Paul exhibited a compact form of sulphuria 
acid voltameter of small resistance. The voltameter is a 


modification of a pattern designed at the Central Insti. 


tution, in which the rate of decomposition is determined 
from the time required to fill a bulb made in the stem of 
athistle funnel. He also showed a handy form of Daniell, 
all devised by Professor Barrett. When not in use, the 
porous pot containing the zinc is removed from the copper 
sulphate solution and placed in a vessel containing zine 
sulphate or sulphuric acid. 

A paper ‘‘ On Long-Distance Telephony,” by Professor 
J. Perry, F.R.S., assisted by H. A. Burton, was read by 
Professor Perry. The case of a line of infinite length, 
having resistance, capacity, self-induction, and leakage, is 
taken up, and the state ofa signal as it gets further and 
further away from the origin is considered. Taking the 
shrillest and gravest notes of the human voice to have fre- 
quencies of about 950 and 95 respectively, the distance 
from the origin at which the ratio of the amplitudes of these 


high and low frequency currents is lessened by 1/mth of : 


itself, has been determined when m = 4 for different 
values of leakage and self-induction, and under similar 
conditions the distances at which the relative phases of the 
two currents become altered by 1/nth of the periodic time 
of the most rapid one, have been worked out for n = 6, 
The result are given in the form of tables, from which it 
appears that, if there was no self-induction, increasing 
the leakage increases the distance to which we can tele- 
phone, whilst if there was no leakage, increasing the self- 
induction increases the distance. When self-induction 
and leakage are not too great, increasing either in- 
creases the distance, and for particular values the 
distances become very large. At the end of the paper, 
tables of general application are given, from which the 
limiting distances for any line can be readily found by 
multiplying the numbers by simple functions of the con- 
stants of the line, 

Mr. Blakesley said that some ten years ago he discussed 
the subject when capacity and resistance were alone con- 
sidered, and now pointed out that when self-induction 
and leakage were introduced, the equations were still of 
the same form. He also suggested how terminal condi- 
tions on lines of finite length might be easily taken into 
consideration. 

Professor Perry, in reply, said the introduction of self- 
induction and leakage rendered the calculations much 
more laborious, and that the terminal conditions were 
much more complicated than Mr. Blakesley supposed. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s warrant 
market was somewhat quieter and easier in tone than it 
had been for some days previously. Scotch iron opened in 
the forenoon at $d. per ton dearer than the closing quota- 
tion on Wednesday, but values went back 14d. per ton, 
and the closing prices showed a decline of 1d. per ton on 
the day, the cash quotation being down to 41s, 10d. 
Cleveland iron also opened strong, and with 14d. per ton 
of advance, but that gain, together with 4d. further, 
was lost. Hematite warrants were unchanged in price, 
and no business was done in them. The settlement prices 
at the close were—Scotch iron, 41s. 103d. per ton; Cleve- 
land, 35s.; Cumberland and Middlesbrough hematite 
iron, respectively, 45s. 14d. and 43s. 3d. per ton. 
moderate amount of business was done in the market on 
Friday, and prices were all strong. Scotch pig iron 
recovered the previous day’s decline of 1d., and 
rose $d. per ton further. Cleveland iron, which was 
active, went steadily up to the extent of 43d. per 
ton. Hematite iron was idle, but sellers were firm at 
Thursday’s quotations. The closing settlement prices 
were—Scotch iron, 42s, per ton; Cleveland, 35s. 44d. ; 
Cumberland and Middlesbrough hematite iron, 453. 14d. 
and 43s. 3d. per ton respectively. A fairly large amount 
of business was done in the pig-iron market on Monday, 
and at easier prices. Scotch warrants declined in price 
2d. per ton during the forenoon, and 3d. further in the 
afternoon, but Cleveland iron was very strong, and 
quotations closed 2d. per tou dearer. Hematite warrants 
showed no change in quotations, and there were no 
transactions in them, At the close the settlement 
prices were—Scotch iron, 41s. 9d. per ton ; Cleveland, 
35s. 6d.; Cumberland and Middlesbrough hematite 
iron, 45s. 1jd. and 43s. 3d. per ton respectively. 
There was a moderate amount of dealing in warrants 
in Tuesday’s market, a little over 15,000 tons of war- 
rant iron changing hands. Scotch iron was weak ab 
the opening, in sympathy with the prices of silver, tin, 
and other metals ; but after being 1d. per ton down there 
was a recovery, and the market closed as on the preced- 
ing day. Cleveland was very weak. and although not 
closing at the worst prices, there was a decline of 4d. per 
ton on the day. Both kinds of hematite iron were offered 
at 3d. per ton cheaper. The closing settlement prices 
were—Scotch iron, 41s. 9d. per ton ; Cleveland, 35s. 3d.; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 44s. 103d. and 43s. 14d. per ton. To-day’s forenoon 
market was quiet butsteady. Scotch warrants were done ab 
last prices. Cleveland advanced in price 1d. per ton, 
and hematite irons were unchanged in price. Only some 
4000 tons of Scotch iron were dealt in. The afternoon 
market was steady, and Scotch warrants were sold at 
41s. 9d. per toncash. No change was reported in respect 
of Cleveland and hematite iron warrants, except that 
Middlesbrough hematite iron was 1d. lower in price. 
The following are some of the quotations for No. 1 
special brands of makers’ iron: Clyde, Gartsherrie, and 
Calder, 47s. 6d. per ton; Summerlee, 48s, 6d.; Coltneas, 
53s, 6d.; Langloan, 54s.—the foregoing all shipped at 
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Glasgow ; Glengarnock (shipped at Ardrossan), 48s. 6d.; 
Shotts (shipped at Leith), 51s.; Carron (shipped 
at Grangemouth), 52s. 6d. per ton. ‘There are still 
71 blast furnaces in actual operation, as compared with 
75 at this time last year. Theshipments of pig iron 
from all Scotch ports last week amounted to 5927 tons, 
against 7514 tons in the corresponding week of last year. 
They included 350 tons for the United States, 105 tons 
for Canada, 950 tons for Italy, 440 tons for Germany, 550 
tons for Holland, 100 tons for Spain and Portugal, smaller 

uantities for other countries, and 3071 tons coastwise. 
‘he stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores yesterday afternoon stood at 336,780 tons, 
as compared with 337,062 tons yesterday week, thus 
showing for the week a reduction amounting to 332 tons, 


Glasgow Coal Market.—The coal market was very firm 
to-day. Splint coal is exceedingly scarce, and main and 
ell are in good demand, while steam coal is steady. The 
firmness in the market is attributed in great measure to 
the restrictive policy of the miners of Lanarkshire and 
adjoining counties, which is said to be sending away 
orders to Fifeshire and the Tyne that would under other 
circumstances be placed in Glasgow. Unless prices are 
put up by the Fifeshire and North of England colliery 
owners, it is not unlikely that in a short time business 
will become much quieter here. It is unhesitatingly 
affirmed that the four-days-a-week policy of the miners is 
doing harm by restricting the volume of trade. It has 
only taken partial hold on the Ayrshire miners. To-day’s 
prices at Glasgow Harbour are as follow : 


F.o.b. per Ton. 


rh dole Pty 168 

Splint ... Ae oe 6 FeO 9t0 - 7s O 
aincoal ,,. ots Res 6 0 — 
Steam ... Abo Bis 1G) 8 0 
Ell ye i ete 


Steam Boilers for India.—There is said to be a very fair 
inquiry in this district at present from India for boilers. 
The prices offered, however, are very low, and it is con- 
sidered questionable if much of the work, which is on a 
large scale, can go through. 


French Railway Engineers in Edinburgh.—A deputa- 
tion of engineers belonging to the permanent way 
department of the French railways visited Edinburgh 
last week, with M. A. Sire, agent-general of the Northern 
Railway of France in England, as the conductor. The 
following gentlemen were in the party: M. Lefebre, 
chief engineer; M. Tettelin, engineer, and M. Aumont, 
engineer, permanent way, Northern Railway of France ; 
M. Muntz, chief engineer, Eastern Railway of France; 
and M. Teulon, chief engineer, Western Railway 
of France. <A special portion of the work done by 
the engineer visitors was to inspect the new Princes- 
street station and approaches of the Caledonian Railway, 
on the invitation of Mr. James Thompson, general 
manager, 


The American Team of Firemen in Glasgow.—The Hale 
team of firemen from Kansas City, United States, gave 
two exhibitions of their work in Glasgow yesterday, at a 
new public recreation ground which was formerly the 
site of the well-known Phoenix Foundry. The exhibitions 
included the working of the Hale Water Tower, quick 
hitching apparatus, and pompier ladder and life-saving 
apparatus. At both displays there were very large 
gatherings of the townspeople, who were much delighted 
with what they saw. 


Glasgow and West of Scotland Technical College: 
New Engineering Chair.—The appointment to the new 
professorship of engineering in this college, which is to be 
the Chair of Steam, Steam Engines, and other Prime 
Motors, was made at a meeting of the governors, held 
this afternoon, the choice falling upon Mr. W. H. Wat- 
kinson, lecturer on engineering, Central Higher Grade 
School, Sheffield. The four candidates previously men- 
tioned in ENGINEERING were ‘‘interviewed” by the 
Teaching and Staff Committee of the Governors last 
week, and a very high opinion was then formed of Mr. 
Watkinson, who will, it is believed, prove to be a decided 
acquisition to the college. 


The Mining Institute of Scotland—A general meeting of 
the Mining Institute of Scotland was held in the hall of 
the Institute, Hamilton, last Thursday night, Mr. J. B. 
Atkinson, president, in the chair. Mr. Wyper’s paper 
on ‘‘Sagged Coal and its Causes” was discussed, and Mr. 
Wyper received the thanks of the Institute for his paper. 
A discussion took place on Mr. Gilchrist’s paper on ‘Tron 
and Steel Supports for Underground Roadways.” The 
experience of several members was that where there was 
any great weight the metal suddenly gave way without 
warning, whereas wood always showed signs of weak- 
ness. A combination of wood and steel or iron was 
considered the most reliable and best means of support 
for underground roadways. Mr. Gilchrist was thanked 
for his paper. Mr. William Best read a paper on ‘‘Im- 
provements in the Construction of Miners’ Safety Lamps,” 
and exhibited an improved lamp-cleaning machine. An 
interesting discussion followed, favourable remarks being 
made on the lamps and the cleaning machine. Mr. 
Hugh Train contributed a paper on ‘tA Mode of Work- 
ing the Virtuewell Coal at Machan Colliery,” and discus- 
sion of the subject was adjourned, 


Advantages of Machine Baking.—The second annual 
conference of the Scottish Association of Master Bakers 
was held in Glasgow yesterday. A large amount of busi- 
ness was got through, and several papers were read by 
Edinburgh and Glasgow authors. One of them was by 
Mr. Melvin, engineer, Glasgow, his subject being ‘‘ Ad- 
vantages of Machine Baking.” He described at some 
length a well-equipped bakery of two floors, together 


with the plant and machinery which it should contain in 
order to have a certain output of bread. The paper 
excited much interest amongst the members. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Threatened Strike at Carlton Main.—The colliers and 
management at this pit have been on unfriendly terms 
for a long period, though the officials of the Yorkshire 
Miners’ Association have done their best to prevent a col- 
lision between the parties. The men have four alleged 
grievances, and the result of a ballot is that they are pre- 
pared to go on strike in order to obtain redress. ‘The 
whole of the men intend to hand in their notices next 
making-up day. About 1600 hands are affected. 


The Coal Crisis—Amongst the colliers there is the 
greatest excitement, it having become known that they 
are to be asked to make a concession in wages of 25 per 
cent., which, if given, will leave them but 15 of the 40 per 
cent. advance they now enjoy. The matter will have to 
be placed before the ‘‘lodges” and voted on. The views 
of the Miners’ Federation are anxiously looked for. At the 
demonstration of miners, at Barnsley, last week, the fol- 
lowing remarks of Mr. Pickard were applauded: ‘‘ No 
reduction of wages will be submitted to. We intend to 
stick to what we have got. We gotit by conquest ; it will 
have to be taken from us by conquest.” These remarks 
appear to fully represent the present temper of the men, 
who deny that any reduction of their wages will increase 
trade. The majority of the pits are only working two 
and three days a week, and there are enormous stocks of 
coal in the district. Local coalmasters find themselves 
unable, under existing conditions, to successfully cope 
with outside competition. 


Iron and Steel.—There is a more cheerful tone in the 
iron trade, and local-made pig has risen from 1s. to 2s. 
per ton on the month. This advance appears likely to be 
maintained, as there is more inquiry for manufactured 
iron, particularly bar, for Australia, India, and South 
Africa. Sheet orders are unsatisfactory both as to quan- 
tity and price. Good lines are in hand for best boiler- 
plates and flues. All the engineering branches are 
depressed, but better at Leeds than elsewhere in the 
district. All-steel armour plates are only asked for, and 
two of the local houses are busy on Russian and Spanish 
contracts. Orders for shell are being proceeded with for 
the home Government. Bessemer billets and slabs are 
selling freely to home and Continental customers at 
51. 7s. 6d. to 5. 12s. 6d. per ton. The call for crucible 
cast steel is increasing on account of United States, 
South African, and Brazilian requirements. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
numerous attendance on ’Change, but the market was 
rather quieter, and little business was transacted. In- 
formation from Glasgow reported prices in the Scotch 
centre a little easier, and this somewhat affected the 
Cleveland market, but sellers were not at all inclined to 
reduce their quotations, and makers were very firm, many 
of them being quite indifferent about entering into new 
orders, as they have a good deal of work on hand, and 
they believe that there is a likelihood of prices advancing 
a little. The general opinion appeared to be that this 
month’s returns of the Cleveland Ironmasters’ Association 
will show little alteration in the stocks of pig iron. Busi- 
ness was reported at 35s. for prompt f.o.b. delivery of 
No. 3 g.m.b. Cleveland pig iron, but some buyers stated 
that they had procured the ruling quality at a trifle less 
than that figure. No. 4 foundry was 338s. 3d. to 33s. 6d., 
and grey forge 32s, 6d. to 32s. 9d. Middlesbrough 
warrants closed 35s, 2d. cash buyers. Local hematite pig 
was in fairly good request, and was not obtainable under 
43s. 6d. for mixed numbers, and in some cases 43s, 9d. 
was said to have been paid. Spanish ore was steady, 
rubio realising 12s. 3d. ex-ship Tees. To-day the market 
was almost idle. No. 3 changed hands at 35s., and at 
the close there were a good few sellers at that figure. 
Middlesbrough warrants closed at 35s. 3d. cash buyers. 


Manufactured Iron and Steel.—The manufactured iron 
trade continues flat, and several establishments are only 
poorly employed; 4/. 18s. 9d. has been asked for common 
bars, but orders might still be placed at 4/. 17s. 6d. Iron 
ship:plates and angles are each 4/. 12s. 6d., all less dis- 
count. There has not been much doing in the steel trade 
during the past week; but most firms are now pretty 
busy and quotations are strong. Ship-plates are 5/. 2s. 6d. 
and ship-angles 4/. 15s.; both less 24 per cent. discount 
for cash. Heavy steel rails might be bought at 3/. 15s, 
net at works, but 3/. 17s. 6d. is generally asked. 


Steelworkers’ Wages at Consett.—The management of the 
Consett Iron and Steel Company and the men’s delegates 
received the following notifications from Messrs. J. Win- 
penny, of Middlesbrough, and Edward Trow, of Darling- 
ton, secretaries to the North of England Iron Trade 
Board of Conciliation and Arbitration: ‘‘We have 
received from Mr. Waterhouse the result of his ascertain- 
ment of the average net selling prices of steel plates at 
Consett for the months of March, April, and May, 1893, 
and we hereby certify that, in accordance with the agree- 
ment entered into on the 24th day of March, 1890, and 
continued by resolution of the 15th day of March, 1892, 
the wages to be paid to the steel millmen during the 
months of July, August, and September, 1893, will be 
5 per cent. below the standard, or, in other words, 
24 per cent. below the wages prevailing during the 
preceding three months.” It may be mentioned, as 


showing the gradual depression in trade, that the scale 
rose to its highest point in the autumn of 1891, when the 
wages at Consett were 174 per cent. above the standard 
rate. The first reduction (7} per cent.) took place in 
January, 1892, and the scale has steadily gone down by 
24 per cent. instalments to the present time, the rate for 
the ensuing three months being 24 per cent. lower than 
ever prevailed under the scale. Had it not been for the 
fact that the scale was renewed four years ago on a basis 
of 2} per cent. higher than the original scale, the current 
rate of wages would have been 5 per cent. lower than 
they ever were under the present arrangement. 


Messrs. Head, Wrightson, and Co., Limited. —The 
balance sheet of Messrs. Head, Wrightson, and Co., 
Limited, Thornaby-on-Tees, for the past year shows a 
gross profit of 21,817/., to which must be added 1219/. 
carried over from the previous year. After paying 
debenture charges and the cost of management, the 
directors recommend a dividend of 5 per cent. on the 
ordinary shares, carrying over 1137/. to next year. 


NOTES FROM THE SOUTH-WEST. 

Cardij.—There has been a good demand for steam coal. 
The best descriptions have made 10s. 6d. to 10s. 9d., while 
secondary qualities have brought 9s, 6d. to 9s. 9d. per 
ton. Household coal has been only in moderate de- 
mand ; No. 3 Rhondda large has made 9s. 6d. to 9s. 9d. 
per ton. Coke has been rather easier ; foundry qualities 
have made 17s. 6d., and furnace ditto 16s. to 16s. 6d. per 
ton. The manufactured iron and steel trades have shown 
little change. 


Bristol Docks.—At the last sitting of the Bristol Town 
Council, the chairman of the Docks Committee reported 
the failure of the committee to arrive at a definite agree- 
ment with the railway companies in regard to the pro- 
posed new docks at Avonmouth, and it was decided to 
withdraw that portion of the Bristol Corporation Bill, 
now pending in Parliament, which authorises the expendi- 
ture of 1,000,0007. on new docks. The committee was 
instructed to report upon the whole question of the traffic 
and improvement of the port, with the view of presenting 
a well-digested scheme next session. 


An Automatic Lighthouse.—The East Usk lighthouse, 
for guiding vessels entering and leaving the mouth of the 
Usk, has just been completed. The chief feature of the 
new structure is automatic illumination by means of 
petroleum gas. The lighthouse, which is entirely of iron, 
has been erected in the parish of Nash, within a few 
yards of the sea wall. It rises in tower shape, supported 
on iron piles driven in the ground, to a height of about 
50 ft. The petroleum gas which constitutes the illu- 
minant is stored in two large tanks placed on end on the 
ground. The gas is conveyed to the tanks every month 
or six weeks from London, and is compressed to about 
80 lb. per square inch pressure. The gas proceeds by 
tubes to the lantern, and its supply and consumption are 
regulated by clockwork. The machinery so regulates the 
lantern that the light is only turned on at sunset, and is 
turned down (though not quite extinguished) at sunrise. 
Even the seasons are provided for in this arrangement. 
The lantern works an occulting light, which burns for 
eight seconds, and is invisible for two seconds at regular 
intervals. The ironwork was supplied by Messrs. Fraser 
and Co., of Bromley-by-Bow, and the lantern appliances 
by Messrs. Chance, of Birmingham. The work was carried 
out by the Trinity Board under the direction of Mr. 
Matthews, chief engineer. 


The ‘* Fox.”—The Fox, which has just been launched 
at Portsmouth, is in all essential details a facsimile 
of the Bonaventure, launched at Devonport last De- 
cember. The total cost of the hull and machinery is 
estimated at 231,0007. The Fox was Jaid down on January 
11, 1892, and having been already sheathed with wood, 
she is well advanced towards completion. Her dimen- 
sions are: Length, 320ft.; beam, 494 ft. ; mean draught 
of water, 19 ft. When completed she will have a 
displacement of 4360 tons, and will carry an armament 
consisting of two 6-in. breechloading quick-firing guns, 
eight 4.7-in. guns, eight 6-pounders and Whitehead tor- 
pedoes, with four dischargers. The vessel is fitted with a 
steel protective deck, varying from 1 in. to 2 in. in 
thickness, and the conning-tower is plated with 3 in. of 
steel. Her engines have been designed to indicate 9000 
horse-power with forced draught and 7000 horse-power 
with natural draught, and they are expected to secure a 
speed of 19} knots per hour. The engines and boilers 
have been built under the direction of Mr. J. T. Corner, 
chief engineer of Portsmouth Dockyard. The boilers, 
eight in number, are single-ended, measuring 13 ft. 2 in. 
by 8 ft. 7in. These are quite ready for shipping, and 
will be put on board forthwith, but the engines are not 
quite completed. Mr. Corner has been instructed to 
commence a still more powerful set of engines for another 
cruiser of a somewhat larger type. 


Barry.—Last week’s exports at Barry Dock amounted 
to 87,871 tons, and there were fifty ships in dock for 
cargoes. An Italian ship-of-war is expected for bunker- 
ing purposes, 


Swansea.—The patent fuel trade is fairly active, and 
shipments have been up to the average. Imports of 
minerals have been larger than for a considerable period, 
and have included 3200 tons of iron ore from Carthagena, 


__—$——$—$—$——————————————————_—__} 


CANADA, CHINA, AND JAPAN.—Owing to increasing 
trade between Canada and China and Japan, vid the 
Canadian Pacific route, Canada is about to appoint resi- 
dent corresponding agents at Yokohama, Hong Kong, 
and Shanghai. 
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THE LOSS OF THE “ VICTORIA.” 


Last week our country suffered one of the most 
terrible calamities that can occur to a nation in time 
of peace. Only a devastating and widespread 
pestilence could bring more sadness and more 
horror than the sinking of the Victoria, carrying 
with her so many of our best and bravest. The 
death of Admiral Tryon is, alone, a national loss of 
no small importance ; for the Commander-in-Chief 
in the Mediterranean has proved himself one of 
the most brilliant of our naval strategists, and 
his heroic death has shown that he possessed the 
greatest of all military virtues; that he carried on 
his duty to the last minute, calmly, and with an 
unruffled spirit. Of his other qualilies — those 
which make his death so poignant a sorrow to all 
who knew him—we cannot here speak ; his public 
virtues are enough for the public ear. As the 
Admiral was, so were all beneath him. We have, 
at the time of writing, but meagre particulars of 
this terrible misfortune, but all accounts give us 
substantial hope that in the dreadful moment 
there was no flinching from duty. This is our 
great consolation, that so many of our countrymen 
could look death calmly in the face ; passing from 
this world in the simple performance of an allotted 
task. We have yet another source of consolation. 
As a great loss will knit together the members of 
a family, healing differences and showing kindliness 
where before there may have been estrangement, so 
has the loss of the Victoria proved how warm is the 
sympathy nations bear towards each other when 
good feeling is not warped by prejudice, or humanity 
smothered by conflicting interests. The messages 
of sympathy that have come from all parts of the 
world have a genuine ring. They are far more 
than bloodless official utterances. Such incidents 
make the transition from diplomatic bickerings to 
acts of warfare more improbable, and show how 
much there is to bind us together in the brother- 
hood of common humanity. It is almost a relief 
to know, so far as the ship herself is concerned, 
that the Victoria is lost beyond recovery—that she 
has sunk in a depth of water that renders raising 
her an impossibility. Could she have been floated, 
the shadow of the great tragedy would always 
have rested on her; wehad better lose the million 
pounds she represented than have so sad a reminder 
in our fleet—a ship which has been a tomb to so 
many gallant seamen. Nothing but a brilliant 
action could have wiped away the memory of this 
dreadful calamity. When a disaster such as this 
occurs, the first feeling, after the shock which the 
grief and horror it engenders have a little subsided, 
is to endeavour to draw a useful lesson for the 
future. In this respect we are afraid that there 
isnot much to be gained from the sinking of the 
Victoria. The ram, we know, is the most potent 
weapon of the naval commander, if it can be used. 
Our warships are built to inflict the greatest amount 
of damage possible by ramming, and it may be said 
at once that no possible construction could be de- 
signed which would make a vessel safe against a 
serious blow from the ram. In order to effect 
such an end, the hull would require to be subdivided 
like a honeycomb, and would be both uninhabitable 
and useless for war purposes. On the next page 
we give three illustrations of the Victoria; the 
profile view and the plan of the hold show how 
thoroughly this vessel is subdivided, but, of course, 
the bulkheads, which are shown by the transverse 
and longitudinal lines, are pierced for communica- 
tion, though the openings are fitted with watertight 
doors. How many of these doors were closed and 
how many open at the actual time of the collision 


is a question of great importance ; whether full in- 
formation on this subject will ever be made known 
remains to be proved. A large number of men 
have been saved from the Victoria, and their evi- 
dence will be valuable, but it is probable that those 
who could have spoken most surely on the subject 
are those who were lost in the vessel. The general 
rule in regard to the closing of the watertight 
doors, is that at sea all should be closed ex- 
cepting those that it is necessary to leave open 
for the working of the vessel or for communication, 
and what is necessary is left to the discretion of the 
captain. The routine, however, is nearly the same 
in all ships. The closing of the doors is carried 
out by the stokers, and the occasions on which the 
doors are closed are at the signal being given for 
“General quarters” and at that for ‘‘ Collision 
quarters.” The former signal is to prepare for 
action, and then the watch of stokers longest off 
—the stokers being in three watches—go below 
and close all the doors in the engine-room depart- 
ment. After doing this they fallin in the engine- 
room and stokeholds, standing by for anything that 
is required. The remaining watch, that last off, 
close all doors outside the engine-room department, 
and then become a fire brigade. At the time of 
the accident the fleet was carrying out steam tactics. 
It being daylight and the weather fine, the doors 
may have been open. ‘‘ Collision quarters’ would 
be sounded when the prospect of collision became 
imminent, and the same procedure would be gone 
through with regard to doors as in ‘‘ General 
quarters,” but instead of forming a fire brigade, 
the watch last off would help to man the deck 
pumps, together with the stokers employed on 
outside work. It was probably the watch last off 
that formed the bulk of those saved. It will be 
seen that something like limitation with regard 
to the subdivision of a vessel has been reached. 
Unhappily, certain persons have taken advantage 
of this sad calamity to rush into print by expressing 
opinions not warranted by facts. It has been sug- 
gested, among other things, by some irresponsible 
newspaper correspondents, that no openings 
should be made in the bulkheads of war vessels. 
We would ask these persons to glance at the plans 
we here publish, and say how duty could be carried 
on were each of the bulkheads an impenetrable 
barrier. The question of habitability may be left 
out of account, although that alone would be sufli- 
cient to negative the proposals of these ill-informed 
naval critics. 

Until fuller information reaches us, it is difficult 
to form an estimate of what actually occurred 
during the collision. The most complete account 
is that which has been telegraphed from Port Said 
by a Times correspondent, and which was given by 
an officer of the Barham, the vessel which carried 
Rear-Admiral Markham’s despatches. It appears 
that on the day of the collision, Thursday, June 22, 
whilst the Mediterranean Fleet was approaching 
Tripoli in two columns, the order was signalled to 
change columns, so that the ships of the port 
column would occupy the relative positions formerly 
held by those of the starboard column. This is 
popularly known in the service as the “ gridiron” 
manceuvre, and by it one column takes the place 
of the other. As only two cables’ length separated 
each vessel from that immediately ahead of her, 
whilst the two columns were six cables apart, it will 
be seen that the ships must pass very close to each 
other in changing positions. It speaks highly 
for the way in which these immense war vessels 
are handled that we have never had such an acci- 
dent before, for the loss of the Vanguard was due 
to an entirely different cause. The Victoria and 
the Camperdown were the leading ships of their 
respective columns, and it would be the duty of the 
former to steam ahead. Although the manceuvre 
is a difficult,one to’carry out, it is not easy to account 
for the catastrophe which occurred, excepting 
perhaps on the supposition that the steering gear 
of one or other of the ships gave out. This is the 
great danger in manceuvres of this kind. Steering 
gear, worked by power, is a necessity in a modern 
ship-of-war, and reliance has, therefore, to be 
placed on mechanism which consists of many parts, 
the failure of any one of which may prove fatal. 
Unhappily we have had a good many examples of 
late of the giving out of steering gear. <A short 
time ago we illustrated the results of such a mishap 
on asmallscale, in the accident which happened to 
one of Messrs. Yarrow’s torpedo-boats on her trial, 
when, through the simple omission to open a split 
pin, the vessel steamed full speed into a loaded 
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barge. The accident is a good example of the grave 
results that may follow so insignificant a cause. 
Nevertheless, as we have said, power steering gear 
is a necessity for warfare, and in order that cap- 
tains may be proficient in its use, they must practise 
with it in time of peace. These considerations prove, 
what is after all a truism, that no pains should 
be spared to obtain absolute perfection in the 
steering gear of a vessel. We regret to say that 
our own observation has led us to the conclusion 
that steam steering gear is not always of that high 
quality that it should be. There is too much 
evidence of cheap work, and of the spirit of 
‘accepting the lowest tender.” It remains, how- 
ever, yet to be proved whether the steering gear was 
in fault in this case, but, whether or not, the 
above remarks still hold good. According to the 
report above referred to, when the signal was given 
for the vessels to change over, the Camperdown 
swung entirely round, and then, says the officer of 
the Barham, in the Port Said despatch, it seemed 
that either the vessel lost control of her rudder, or 


of any vessel, even a small skiff, and our battle- 
ships are especially built with a view to great 
strength forward ; the armour deck being carried 
down to the point of the ram. Of course the 
severity of the blow would depend on the speed at 
which the Camperdown was steaming. It may be 
questioned here, as a side issue, whether it is 
desirable to sacrifice so much to strengthening the 
actual spur of the ram, which has to deal with the 
comparatively slight substructure of a ship ; whilst 
near the water-line the stem would come into con- 
tact with the enormously strong armoured belt. It 
is questionable, however, whether anything should 
be done to enable a vessel to ram an armoured ship 
on the belt without injury to her own stem ; for it 
is perhaps better that the impact of the blow 
should be gradually taken up, even at the expense 
of crushing in the bow, and that reliance should 
be placed in the forward bulkhead for preventing 
water entering the body of the ship. 

The greater probability, however, is that the 
blow was delivered by the Camperdown on the 
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although not to have been expected—that the abso- 
lute hopelessness of preserving the Victoria was not 
recognised from the first, although possibly with so 
short.a time to elapse little more could have been ~ 
done to save the crew. The coast was six or seven 
miles distant, and the ship was steamed full speed 
for the shore. Had she remained stationary, the 
boats from the other vessels might have been of 
some assistance, although this is questionable, see- 


ing the suddenness with which the whole thing _ 
It seems to us, as we look back on 


took place. 5 
the naval disasters of the last few years, that 
nowadays the majority of shipwrecks occur in fine 
weather, and almost within reach of help, so that 
if those who have been drowned could have kept 
afloat but for a short time, their lives would have 
been saved. Strandings and collisions now supply 
the great majority of shipwrecks, for it is seldom 
that a large vessel is lost through stress of weather, 
The fact points to the desirability of a greater pro- 
vision of ready means of keeping men afloat for a 
short period of time. 
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that the Victoria swerved slightly out of her proper 
course. However this may be, the result was that the 
Camperdown’s ram struck the Victoria on the star- 
board side, somewhere in the neighbourhood of the 
turret, and therefore well forward. One report states 
that the blow took effect abaft the turret ; whilst 
another says that the Victoria was struck just in 
front of her armoured bulkhead, which, of course, 
would be forward of the turret. However this 
may be, there is little doubt that the blow was not 
a direct one, in spite of it being said that the 
Camperdown struck the Victoria almost at right 
angles. In either case, the result must have proved 
fatal, although the sinking of the ship would per- 
haps have taken longer if the blow had been 
direct. The point of the Camperdown’s spur 
would be about 10 ft. below the water-line. If 
the blow were abaft the turret and direct, the ram 
would penetrate first into the wing bulkhead 
and then through the coal bunkers. By this time 
the stem of the Camperdown at the water-line 
would have come in contact with the16-in. armoured 
belt of the Victoria. It is difficult to form any 
definite opinion as to what the effect of this would 
be. Sixteen inches of solid iron and steel, strongly 
backed and supported, is a formidable barrier ; 
at the same time the stem of an_ ironclad 
ship is an enormously strong structure. It ig 
surprising how great is the stiffness of the bows 


Victoria at a considerable angle, and in this case, 
as we have intimated, the damage would he likely 
to be of a more serious nature. Probably the side 
of the ship below the water-line was ripped up for 
a considerable length, and a large part opened 
directly up to the sea. In such a case the water 
would pour in instantly in immense yolumes. 
There would be no time for closing of watertight 
doors, even if that would avail, and the uselessness 
of a collision mat is at once apparent, Admiral 
Tryon evidently recognised the latter fact. The 
officer of the Barham, to whom we have referred, 
says: ‘‘ Before the Victoria had fully exposed her 
side to the point where I was standing, her men had 
commenced to spread the collision mat over the 
gaping hole in her side, and I could clearly distin- 
guish Vice-Admiral Tryon giving orders apparently 
as calmly as he had donea quarter of an hour before, 
and the crew working with the same discipline that 
would have prevailed in the quietest weather 
and under the safest conditions. In another minute 
the Admiral apparently realised the futility of the 
efforts to keep the water out of the vessel, and I 
could tell by the action of the men on deck that he 
had ordered them to save themselves in any way 
they could.” 

The first duty of a captain is to keep his ship 
afloat, but when that becomes impossible his chief 
concern should be to save life. It is to be regretted— 


It will not be known for some time how many 
lives have been lost by this terrible calamity. The 
first report gave the number as about 370, and this 
will probably turn out to be a fairly close estimate. 
The loss of life was enormously multiplied by the 
suction caused by the sinking of the ship, as is 
nearly always the case when a big vessel goes down 
suddenly. It would seem that the inrush of water 
forward so weighted down the bows that the stern 
was lifted right out of water, the ship going down 
head first, almost like a whale sounding. The 
fact is quite conceivable, and it will be remem- 
bered that in the case of a torpedo-boat which was 
sunk during the last manceuvres, a similar thing 
occurred. What added to the horror of the situation, 
if the reports are to be believed, was the revolving 
of the screws. In the despatch of the officer of the 
Barham, we find it said: ‘‘The sight as the vessel 
finally sank was most thrilling. The enormous twin 
screws were whirling rapidly in the air, in the absence 
of any resistance, going at a tremendous rate ; and 
although the sea around the vessel had become at 
the moment comparatively calm, when the hull 
settled so that the blades of the screws struck the 
water, an enormous cloud of spray shot into the air, 
and in another second, with a sound that appeared 
to be a giant gurgle, the vessel passed out of sight, 
and the water for 200 ft. in every direction foamed 


and hissed and rushed towards the maelstrom that 
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circled over the grave of the Victoria. The waters 
were still agitated when two muffled sounds from 
below and a heaving of the water showed that 
the boilers had exploded beneath the surface, and 
then in a few moments the sea became calm, and 
there was nothing but some floating débris to mark 
the spot.”’ 

We do not, for our own part, suppose that the 
boilers of the ship actually exploded. We know 
it is often stated that this accident occurs when 
ships founder, but this is due to a popular delu- 
sion. No doubt vessels themselves sometimes blow 
up owing to the pressure of the atmosphere, and 
possibly the large volumes of steam suddenly gene- 
rated by the inrush of sea-water to the boiler fur- 
naces. The revolving of the screws and the 
reported injury done to the men is a new horror 
added to the foundering of steamships. No doubt, 
as ahighly-coloured account from an American source 
states, when the Victoria sank there was a vortex 
formed, not due, however, to the revolving of the 
screws, but to the meeting of the inrushing streams 
over the sinking vessel. Swimmers would be 
sucked into this vortex, to be crushed by the 
screws. We cannot help here protesting against 
the bad taste displayed by some of the American 
papers in the long telegrams, evidently apochry- 
phal, which they have published. Nothing is 
required in the shape of reporter’s verbiage to add 
to the terrors of the scene, and these sensational 
reports may be read by the friends and relatives of 
those who were lost, and so add to their grief and 
horror. 

To us, as engineers, the catastrophe is especially 
terrible ; still we cannot but look with pride upon 
the part played by the engine-room complement. 
The loss of life in the engineering department is a 
commentary on the devotion displayed by the men 
of the staff. In the Victoria the number of com- 
batant officers above the rank of midshipman, not 
including the Admiral, was fifteen, viz., captain, 
commander, seven lieutenants, staff commander, 
three marine oflicers, and two sub-lieutenants. 
Happily, of these fifteen, only one was lost ; their 
duties not calling upon them to place themselves in 
the positions of greatest danger. The number of 
engineer officers was six, viz., fleet engineer, two 
engineers, and three assistant engineers. Of these 
six, five were lost. Out of ten engine-room arti- 
ficers, six were lost ; and out of 110 stokers and lead- 
ing stokers, seventy-four were lost. These figures, 
of course, are approximate, and may require correc- 
tion when the facts are more fully known. Un- 
doubtedly, in a case such as this, the heroism of the 
occasion is with the engine-room staff. They have 
to dive below, whilst others work towards the 
deck. Their awful position in the event of the 
ship capsizing needs no comment, and the fact that 
the engineer officers and men of the Victoria 
braved these dangers in the discharge of their 
duty, and went to what they must have known was 
certain death, forms one of the most noble pages in 
all the glorious annals of the British Navy. 

The loss of so valuable a ship as the Victoria has 
raised again the question of building large and 
costly war-vessels. Naturally the disaster is an 
object lesson which brings home very forcibly the 
drawbacks to large battleships. To have lost at 
one blow a ship roundly worth a million, and men 
worth to the country probably almost as much 
again (taking them simply as the equivalent of a 
monetary asset), is apt to put people out of con- 
ceit with big vessels. It must be remembered, 
however, that war-vessels are built for the time of 
war, and had the Mediterranean Squadron been 
engaged in an encounter with a hostile fleet we 
might have had an object lesson of another kind 
During the life of our steam navy we have lost 
two ships by ramming, but then the ram is the 
only weapon that is likely to be used in peace 
times. There isno fear of the guns or torpedoes of 
a ship going off accidentally and sinking a consort. 
Still the gun is the master weapon, and on it will 
mainly depend the decision of future naval engage- 
ments. Itis too large a subject to enter into here, 
that of the relative advantages of big, moderate, 
and small ships, but we think it may be granted 
that Great Britain, with her commerce spread all 
over the world, must have powerful battleships. 
Power and size must go hand in hand ; a small ship 
cannot be a strong one — that is, taking all 
factors into consideration. Two moderate ships, 
it may be said, will be more powerful than one 
large one, and of course this is the question at 
issue, Those, however, who would settle it off- 


hand on the strength of the sinking of the Victoria 
should remember that more weight of armour must 
be given to adequately protect two ships of a 
medium size than one of larger displacement. 
Again, size means speed and ability to cope with 
heavy seas. A small vessel might have so much 
motion as to be unable to work her guns adequately, 
whilst a larger one would be comparatively steady. 
In many other points we find subdivision means 
loss, and in addition to this the two smaller ships 
require more men for their complement than the one 
larger one. Lord Brassey said, in an interview 
with a newspaper correspondent, that the ram is a 
far more powerful weapon than the gun, with ships 
at close quarters ; that is only half a truth, for the 
ram is a weapon that is not likely to be used until 
an adversary be largely disabled. Lord Charles 
Beresford, who has also been interviewed, puts the 
matter very properly when he says that ramming 
would not often be attempted in modern warfare 
except to finish an already disabled enemy, so that 
all calculations might be upset by the unexpected 
action of an opponent, and might result in one’s 
own vessel being rammed instead, 


THE CARRYING OF BRITISH 
MERCHANDISE. 


Atatime when great depression is experienced 
in the shipping industry, and when freights are so 
low as to afford little or no remuneration to the 
capital involved, it is interesting to consider the posi- 
tion of our mercantile marine in relation to that of 
foreign countries, with particular reference to the 
carrying of British commerce. Some time ago we 
entered into a consideration of the share which our 
vessels had in carrying on the trade of other coun- 
tries (page 273 ante), and indicated by diagram that 
Norway and Sweden still stand by us, although the 
extent of their own trade carried in native craft, 
about seven-eighths of the total, is greater than in 
the case of any other country. Germany shows a 
slight tendency to get rid of the dependence on 
British vessels, France is stationary, Italy requires 
more of our tonnage, while in the case of Holland, 
Russia, and Portugal, our position shows little 
change. It isinteresting to inquire now to what 
extent the account is balanced by the participation 
of these countries in our carrying trade. A Govern- 
ment return just issued shows that the vessels enter- 
ing British ports in 1892 measured 37,672,000 tons, 
while the vessels leaving totalled 38,194,251 tons, 
the difference being due in large measure to 
the departure of new vessels. These figures show 
an increase of about 34 million tons on five years, 
whereas the aggregate value of imports and exports 
last year was not so much greater than was the case 
five years ago. The decline in values, however, 
accounts in some measure for this. But it is re- 
markable to note that of the total vessels entering, 
over 13,000, measuring over eight million tons, came 
in ballast to carry away cargo; while 4} millions of 
tonnage left in ballast. The proportion of foreign 
vessels to the total thus arriving and leaving in 
ballast was considerably greater than the ratio of 
foreign to the aggregate ; but it does not necessarily 
follow that this indicates that British ships can 
more easily obtain employment, for a great propor- 
tion of our tonnage is engaged in regular trafic, 
and relatively few on ‘‘tramp” service. The 
greater proportion of foreign-owned tonnage, on 
the other hand, depends on general work. But for 
all practical purposes it is well to take the aggre- 
gates of 37 and 38 million tons. 

It is remarkable that about 87 per cent. of this 
total is steam tonnage, and that of the remaining 
13 per cent. a preponderating proportion belongs 
to foreign nations. Inother words, of the 38 mil- 
lion tons entering or clearing, there is but 2} 
million tons of British sailing tonnage, and this is 
a quickly decreasing ratio. The foreigners seem 
to maintain their sailing total at about 3.6 million 
tons. But there is every indication that the 
sailing ship is the exception, and this is borne out by 
the fact that even in trades where ships a year or 
two ago were entirely engaged, steamers now offer 
a keen competition. The nitrate traffic is a case in 
point. This fact, again, somewhat affects any com- 
parison between foreign and British tonnage en- 
gaged in carrying British merchandise, for the 
2.66 million tons of Norway vessels is not of 
the same carrying efficiency as a corresponding 
amount of British tonnage, in respect that of 
the former over 70 per cent, is sail tonnage, 


and of the latter 7.7 per cent. only is sail. 
But in view of the opportunities of compe- 
tition for the foreign tonnage being prescribed 
by reason of the large preponderance of regular 
British traders, the fact is significant that the 
foreign steam tonnage has increased in five years 
by fully 13 million tons, and now approximates 
seven million tons, being 184 per cent. of the total 
tonnage, as compared with 15,7 per cent. five years 
ago, while the British steam tonnage has increased 
from 65 to 66 per cent., the total in the latter case 
having gone up three million tons. Hach 100 tons 
of vessels leaving Britain is thus made up in the 
two years 1888 and 1892 : 


British. Foreign. British. For, 
1888 Steam .. 65.19 15.71 Sail.. 8.28 108 
1892 rf 66.10 18.42 ity 0 5.67 9.8 
Of the total tonnage which entered in 1892, Britain 


owned 71% per cent., as against 73} per cent. in 


1888 ; and be it noted the decrease has been steady 
and gradual. The foreign tonnage, on the other 
hand, has increased from 26} to 28} percent. If 
it be admitted that the ratio of sailing tonnage 
under foreign owners is probably equalled by the 
ratio of sail in the British tonnage available for 
general trading or tramp service, it is demonstrated 
that the foreign vessels are carrying a greater 
quantity of our merchandise. In any case the 
advance is significant, more especially when taken 
in conjunction with the extension of shipbuilding 
in foreign countries. 

Norway owns the largest amount of foreign ton- 
nage frequenting our ports—rather over 2.66 mil- 
lion tons, or 7 per cent. of the aggregate, hailing 
from the land of the Viking. It is true that about 
1.9 million tons is sailing, but there is a steady 
increase in the steam tonnage owned by them. The 
tonnage of British ships entering Norwegian har- 
bours does not exceed a million, so that the balance 
is very distinctly in their favour. As they have in 
the past readily purchased many of our old ships, 
probably we have little reason to complain. Ger- 
many nominally takes second place; but the tonnage 
does a much larger trade for Britainthan Norway, for 
while the totalis just over two million tons—rather less 
than in the two preceding years, although an advance 
on five years ago—three-fourths of it is steam, so 
that they stand with a higher ratio of steam to the 
total than other countries—41 per cent. Their 
proportion of the aggregate is 5.3 per cent., only a 
fractional improvement on the five years. But we 
hold the balance, for between seven and eight 
million tonnage of British vessels frequent German 
ports as compared with the two millions which come 
here. France shows a retrogressive movement, and 
has never topped one million tons, while we send 
yearly over eleven million tons to French ports. 
Sweden, Denmark, and Holland have also been 
advancing, the two former towards one million tons, 
while the latter has passed that total, and the in- 
crease is principally in steamers; but they have 
still a heavy debit balance, for we send to Sweden 
about 24 millions, and to Holland over 5} million 
tons annually. The only other countries which 
exceed 1 percent. of our total are Spain and 
Belgium, with 1.5 and 1.27 per cent. respectively. 
In both cases, particularly the latter, there is a 
steady advance, the totals being almost entirely 
made up of steamers. The other countries do not 
show any very pronounced forward movement. 

Nearly all countries are increasing their propor- 
portion to the total, while our ratio decreases. In 
other countries, too, as we have already shown, 
we are not making any distinct compensating gain, 
and as our ships, so far as structural detail is con- 
cerned, are preferred, the conviction is forced 
home that the cause of the apparent diminution in 
the employment of British ships relative to the 
work to be done, rests with the method of work- 
ing and financial considerations. The first operates 
on the latter. The long series of Parliamentary enact- 
ments—some desirable, others needlessly stringent 
—have tended to hamper the shipowner in his com- 
petition with the foreigner, affording in some cases 
to the latter an equivalent to a premium ; while the 
innumerable difliculties which are included in that 
comprehensive phrase, the labour problem, also 
make it more easy for the foreign ship to accept 
lower rates. Freedom from interference and cheap 
working doubtless account for foreign ships being 
able to work remuneratively with low freights, and 
so long as there are too many vessels for the car- 
goes, they must continue to gain some advantage 
at our expense, 
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ENGINE-ROOM COMPLEMENTS. 


Tue Admiralty having considered the necessary 
provision to meet the increased requirements of 
the engine-room department of Her Majesty’s 
Fleet consequent on the completion of the vessels 
built under the Naval Defence Act, have issued 
o:ders embodying the changes they have decided 
to make, and which we now propose to briefly con- 
sider. In our issue of June 17, 1892, we dealt 
with this question at some length, and the issue of 
the Admiralty orders now enables us to return to 
the subject. 

Commencing with the higher ranks, we find that 
during the next three years the number of fleet, 
staff, and chief engineers will be gradually in- 
creased from 250 to 280. Thisis but justice, for as 
the vessels have been brought forward it has been 
necessary to appoint to some of them engineers 
‘Cin lieu” of chief engineers, and as there are now 
about thirty so appointed, the extra promotions 
will give them, rather tardily, the rank and pay of 
the duties they are already performing. Not- 
withstanding engineers and assistant engineers will 
be required for the additional ships, we find that 
the number of officers of these two ranks is to be 
correspondingly reduced from 487 to 457. These 
changes, by increasing the proportion of senior to 
junior officers, will of course insure the latter more 
rapid promotion, but they necessitate a portion of 
the duties hitherto performed by them being dis- 
charged by some one else. 

To meet this, one-fourth of the engine-room 
artificers are to be made chief engine-room artificers 
instead of one-fifth, but the total number of engine- 
room artificer ratings is to remain the same—viz., 
1600. Hitherto the qualifications for chief engine- 
room artificer have been six years’ service, and a 
recommendation for advancement signed by the 
chief engineer and approved by the captain of the 
ship in which the artificer has served; but these 
qualifications are now t2 be replaced by eight 
years’ service, and, in addition to the captain’s and 
the chief engineer officer’s recommendation, an 
examination before a chief inspector or an in- 
spector of machinery and a fleet, staff, or chief engi- 
neer. These increased qualifications are, doubtless, 
desirable, owing to the more responsible duties 
with which the chief engine-room artificers will 
be intrusted, but they are not accompanied by any 
increase in pay or rank. It should be remembered 
that all engine-room artificer ratings are but chief 
petty officers, their division into classes merely 
affecting their pay; and, however capable they 
may be of performing the professional duties of an 
engineer or assistant engineer, yet, in a service 
constituted like the Royal Navy, the element of rank 
plays a very important part in the efficient discharge 
of the duties of supervision ; the change of duties, 
therefore, from a commissioned officer to a chief 
petty officer, cannot but result in a decrease of 
efficiency, more especially in the case of the charge 
of machinery of a small ship. We are, we believe, 
certain of the support of every engineer officer in 
the Navy, in asserting that whenever a chief 
engine-room artificer is intrusted with the charge 
of machinery he should be promoted to the rank of 
warrant officer ; indeed, this rank might even be 
extended to certain other cases with advantage to 
the service. 

The chief engine-room artificers, thus detailed 
to perform the duties of engineers and assistant 
engineers, are, of course, like the officers they 
replace, available in an emergency to perform 
mechanical work, but the fact remains that 
while they are supervising they are not per- 
forming such work, so that in effect the mechanical 
staff is reduced, although the number of ships has 
been increased. 

But to make up for this the number of chief 
stokers is to be increased, and ‘‘in considera- 
tion of the more important duties which will be 
allotted to them,” their rates of pay will be 
altered from 2s. 11d. on advancement to the 
rating, and 3s. 5d. after three years’ service, 
to 3s. on advancement, to be increased trien- 
nially by 6d. per day to a maximum of 5s. 
per day. These rates of pay, although a great 
advance, are not so favourable as they appear at 
first sight, because, ten years’ service being neces- 
sary to be eligible for the rating, the present men 
cannot possibly reach the maximum by the end of 
their twenty years’ service ; and, even for engage- 
ments since 1885, with the period of service in- 
creased to twenty-two years, it is only possible 


to become entitled to the maximum on the day 
of taking pension; consequently it involves re- 
engaging for a further period of five years above 
that for which the existing regulations provide. 
This alternative is seldom accepted, the men 
generally preferring to take their pension as soon 
as they can, and make sure of it, rather than 
serve on with the possibility of being disrated. 
However, to return tothe men. It must be con- 
ceded that these chief stokers, distinguished as 
they are for intelligence, good conduct, and ex- 
perience of the service, form an exceptional body 
of whom it is impossible to speak too highly, and 
we trust the increase in their number will not 
detract from their excellence ; the presence of one 
or two on board a ship is greatly conducive to the 
discipline, and therefore to the efficiency of the de- 
partment, but when half a dozen or more are sent 
to a ship to replace engine-room artificers, further 
qualifications are requisite, and the only one we 
can find is that which directs that they must be 
stoker mechanics. This latter rating is amisnomer 
which is responsible for serious misconceptions, 
for a stoker mechanic is not a mechanic, but a 
handy man who can mix paint or red lead, plait 
gasket, sling weights, drill and tap a hole, remove 
and replace handrails and platforms, and do rough 
work with hammer, chisel, and file, or, in some 
cases, with a forge or soldering iron ; it may even 
be admitted that a few of them could be intrusted to 
overhaul certain parts of machinery where all the 
parts are perfect, and neither fitting nor adjustment 
required. But inthe case of a breakdown, and more 
especially of the fulfilment of the destiny of a ship- 
of-war which Fleet Engineer Quick has aptly ex- 
pressed as the ‘‘ day of battle and the week after,” 
we fear the reduction of the mechanical staff may 
be attended with serious consequences. 

The increase in the number of chief stokers re- 
duces that of the leading stokers, who are to become 
leading stokers, first class, with 2s. 6d. per day 
instead of 2s. 5d., and, to make up the deficit, a 
new rating of leading stoker, second class, is to be 
created. These men will have the honour of per- 
forming the same duties for 2s. 3d. per day. 

Lastly, the number of stoker ratings is to be in- 
creased during the current year by the entry of 450 
extra stokers, second class, this being the only 
addition to the numerical strength of the depart- 
ment. 

Bearing in mind that the reason assigned for 
these changes is the increased requirements of the 
engine-room department, they are very disappointng. 
The policy of spreading out the already heavily taxed 
mechanical staff, and intrusting duties hitherto per- 
formed by one grade to a lower and less skilled 
grade who will perform them for less pay, must be 
regarded as short-sighted economy ; the inevitable 
result being to increase the work which will have 
to be undertaken by the dockyards, instead of 
being made good by the ship’s staff. It would, we 
believe, be much more conducive to efficiency to 
increase the numerical strength of every grade of 
the engine-room department. 


THE PROJECTED RAILWAY IN 
BRITISH EAST AFRICA. 

A BiveE-Book has been issued giving the report 
of the officers sent by the Government to make a 
survey for the projected railway from Mombasa, 
the principal port on the shores of British East 
Africa, through that extensive territory to the great 
African lakes, 500 or 600 miles in the interior, and 
by them connected with Uganda. The survey was 
made by officers of the Royal Engineers, the chief 
being Captain MacDonald, and the executive en- 
gineer Captain Pringle, and the operations were 
conducted on military lines, which are very suit- 
able for reconnaissance work. The staff had large 
experience on Indian railways, and we find it 
largely drawn upon in determining the principal 
problems connected with the scheme, while there 
is indicated in several directions an appreciation of 
American modern practice. Thus curves are desig- 
nated by their degrees, and the gradesare ‘‘ bunched.” 
That is to say, the easiest grades seem to have been 
followed for the longest distance, and the climb of 
the Mau Escarpment accomplished in a short dis- 
tance, the gradient of 1 in 40 being adopted in three 
short lengths. Again, it is suggested that the line 
should be constructed on the telescopic principle, 
shooting forward a light temporary line. Little 
ballasting is to be adopted, and primarily the 
stations are to be temporary and of the simplest 


construction. These considerations are dictated by 
economy. The report indicates most painstaking 
work, and records in a most interesting way careful 
observations of the political, tribal, and commercial 
characteristics of the people, and the possibilities 
of the country, giving reason for the assumption 
that the line may soon after construction become 
financially successful. It is to be hoped, therefore, 
that the Government will assist in the construction 
of the railway. This country will greatly profit, as 
there will be opened upa new field for British 
enterprise and commerce, which is desiderated at 
the present time, when we are beset with financial 
difficulties in many countries, and with tariff exac- 
tions in others. 

The survey party traversed 2700 miles, and are 
satisfied that the route recommended is a good one, 
The length is 657 miles, and the cost is put at 
3409/. per mile, or a total of 2,240,000/. Although 
the distance is somewhat longer than that suggested 
by Sir John Fowler and other authorities, owing 
principally to geographical errors in the position of 
the eastern shores of the Lake Victoria, the average 
cost does not show much variance. To convert the 
railway into one for heavy traffic would involve an 
outlay of 2200]. per mile, making in all 56091., 
which compares favourably with the important 
metre-guage Indian railways. The route sug- 
gested is similar to that proposed by other engi- 
neers. It is scarcely necessary in this article to 
indicate the route in any detail; it may be suffi- 
cient to state that for the greater part of its length 
it follows the line of the caravan routes, and thus 
passes through the few populated districts, and 
close by the Masai grazing ground. Between these 
populated districts and the railway stations new 
cart roads are to be made. The line will start 
from the Island of Mombasa contiguous to the har- 
bour, and will cross to the mainland over the narrow 
arm of the sea, which at low tideisdry. Taking 
a north-west course, the line will ultimately curve 
south down the Nzoia River to the northern shore of 
the greatlake. The line attains its highest point of 
8700ft. above sea level on the Mau Escarpment, and 
descends on a steep grade to the lake, the fall to 
3850 ft. being made in about 150 miles. The 
limiting gradient is 1 in 66, compensated for 
curvature, while the sharpest curves are of 573 ft. 
radius. On the Mau Escarpment a curve of 
477 ft. radius, if adopted, might reduce cost of 
construction. The gauge it is proposed to assimi- 
late with that of the South Africa and Egyptian 
lines (3 ft. 6 in.). As the line is for light traftic, 
and the banks and cuttings low, it is considered 
sufficient to make the width of formation in all cases 
12 ft. 6 in. 

The line is to be purely a surface railway, and 
no difficulties of a serious character present them- 
selves. There are seven large rivers; some of them 
have sudden and heavy floods, as in the case of the 
Tsavo River, 124 miles from the coast, where a depth 
of 22 ft. extends fora width of 150 ft. The greatest 
difficulty is probably associated with the Eldoma 
River, 476 miles from the coast, where the gorge is 
200 ft. deep and of great width. This may require 
special treatment, but the estimate has been made 
for a bridge of 60-ft. plate girders on iron trestles. 
Bridges are all of the permanent type of construc- 
tion, and as for long stretches of country good build- 
ing stone and clean sand are wanting, operations in 
masonry would be expensive and tedious by reason 
of the long distances the materials would require 
to be conveyed. It is therefore proposed that 
for the larger bridges, where one span would save 
wet foundations, triangulated girders of 100 ft. 
should be used; for smaller bridges plate girders of 
60 ft., 40 ft., 20 ft., and 19 ft. are proposed, the 
girders in all cases being carried on wrought-iron 
trestles bedded on Portland cement foundations. 
It is considered that with a line telescopically 
developed, iron bridges will be more rapidly 
and more economically constructed. In very few 
cases is wood suggested, and it is proposed that 
even the sleepers should be of steel, the reasons 
given being that the natives might take the wood, 
or the white ant destroy it. The steel sleeper has 
the further advantage of not being easily carried 
away by floods. Moreover, the experience in 
India indicates a greater cost of maintenance for 
wooden sleepers, while the initial cost for steel is 
but 30/. to 401. a mile greater. The sleepers sug- 
gested are 70 lb. each, placed 32 in. centres, but 
rather closer on bridges. The rail recommended is 
a steel flat-footed one, weighing 50 lb. to the yard. 

As to the rolling stock, the influence of Indian 
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experience is evident. The general average speed 
of trains is put at 12 miles, including stoppages, 
but on easy gradients 20 miles or more per hour 
will be permissible. The engine is that now pro- 
posed for the Rajputana line, which, with 3 ft. 6 in. 
wheels, has a tractive power of about 11,000 lb., and 
weighs about 28 tons in working order, without the 
tender. The fuel consumption (English coal) is 
put at 35 lb. per train-mile, costing 10d., the con- 
sumption in India being for Indian coal from 20 lb. 
to 30lb. An engine could, therefore, travel 128 
miles without re-coaling. If, on the other hand, 
wood fuel were used, 100 lb, per train-mile would 
be needed, yet it would only cost 4d., or less than 
half the cost of coal. Every watering station could 
be a fuelling station, and as the clearing for the 
railway will give abundance of wood, this form 
of fuel may be adopted, at least, for some years to 
come. The tender carries 1500 gallons of water. 
The carriages recommended are also of Indian 
pattern with 9 ft. 10 in. wheel base, and 18 ft. long 
under-frames, while the goods wagons are to be 
covered and low-sided, all with four wheels, and 
carrying 10 tons. A large amount of traffic would 
come to the railway from districts over Lake Vic- 
toria Nyanza, and, therefore, a light-draught steamer 
is suggested. A paddle-wheel steamer of 200 tons, 
with engines of 140 horse-power, to attain a speed 
of 8 to 10 knots, is, therefore, suggested and in- 
cluded in the estimate, the idea being that with 
even the initial traffic it would pay. 

Owing to the small amount of local traftic antici- 
pated at the outset, it has been considered advisable 
to have the stations as far apart as is compatible with 
the necessities of watering, the average distance being 
30 miles. The buildings are to be generally of wattle 
and daub construction, with grass-thatched roofs, 
but bricks may be used where good clay is obtain- 
- able, while the whole site will be inclosed by strong 
live thorn boma to render arrows harmless. Of 
course permanent masonry structures, more in 
accordance with civilised ideas, will be made at the 
terminals, and at Kikuyu, the centre of the line, 
while at the more important stations two rooms 
will be provided for passengers resting over-night. 
European staff quarters, special strong-rooms, &c., 
would be confined to the three stations named, 
The Swahili askari men, now engaged supervising 
and guarding porters in caravan work, are recom- 
mended not only for police patrol during construc- 
tion, but for service on the railway when con- 
structed. 

In constructing the line, it is proposed to use 
heliographic communication instead of telegraphs, 
the wires of which would be a source of tempta- 
tion to the native. Indian workmen are sug- 
gested, and it is indicated that if engineers accus- 
tomed to handle Indian labour were employed, 
there would be no difficulty in recruiting suffi- 
cient numbers. It is thought that for porterage 
work the pay of labourers would be at 7d. a 
day, while for unskilled labour it would be about 
4d., engineers in the district stating that they can 
provide men at that wage, while slaves under 
the protection of the company are willing 
and eager for work. The survey work, it is 
anticipated, would proceed at the rate of sixty 
miles in four months, or half a mile of completed 
survey aday. The survey division would consist 
of 4 Europeans, 62 Indians, and 291 Swahilis, a 
total of 357. It would consume ordinarily .35 tons 
of food and 2 tons of water, and would require 
about .75 tons of fuel daily. It would survey and 
stake out for construction, and, with the aid of 
local labour, complete the clearing necessary for the 
line within the period given. ‘Two months after the 
survey party, would start the first constructional 
division of the line for earthworks, only the superin- 
tendents and assistants being Europeans, the others 
being Indians. This division would consist of four 
Europeans and 82 Indians, with coolies making the 
number to 3000, the assumption being that the 
average amount of earthwork per mile would 
be 300,000 cubic feet; to complete the 60 miles 
within a given period, 3000 men are needed. 
These would require 3 tons of food, 14 tons of 
water, and 5 tons of fuel daily, so that the light 
railway with a train capacity of 10 tons or 15 tons 
could supply food and half water requirements for 
one day witha single trip. This would probably 
be sufficient, as no allowance is made for food to 
be procured locally. The second division, for bridge 
work, would follow at a distance not exceeding 60 
miles, and the total approximate strength would 
be ; 4 Europeans, 84 native staff, and 1740 Indian 


workmen, with natives making the total to 2000. 
These would require 2.3 tons of food, 9 tons of 
water, and 3.5 tons of fuel. It is probable that little 
of theland necessary would require to be purchased ; 
but on the Island of Mombasa, and wherever the 
line passes through Arab plantations, compensation 
would require to be given, and 10/. per mile of rail- 
way is allowed. 

The estimate includes the following charges for 
the 657 miles of 3 ft, 6 in. railway, ballasted only 
in swampy ground : 


£ £ 

Reconnaissance 19,710 or 30 per mile. 
Survey er 39,420 ,, 6 An 
Land’ ... G,070L sel ne 
Formation 445,308 ,, 678 a 
Bridges ... ae =. 194,214 ,, 296 - 
Electric telegraphs 32,850 ,, 50 BE 
Ballast ... a eet 24,183 OT AD 
Permanent way ... 856,964 ,, 13804 a 
Stations and buildings 165,150 ,, 251 3 
Plant... ay ; 6,570 ,, 10 AP 
Steamboat on lake IPACYH egy * ad ne 
Rolling stock ... 1,400 ,, 200 A 
General charges 304,984 ,, 464 af 

Total .. 2,240,000 3409 aS 


As to the method of arriving at these estimates, 
full details are given ; but space forbids our enter- 
ing into the whole question. The cost of earth- 
works varies from 75/. to 500/. per 100,000 cubic 
feet, according to the nature of the soil, the Indian 
rates being from 281. to 188/. In the case of bridge- 
werk the concrete is estimated at 3/. per lineal 
foot of way, girders and erections 4/., and pro- 
tective works 2/., together 9/.; while the iron 
trestles are for 5 ft. height 1.75l. per lineal foot of 
bridge ; 10 ft., 4/.; 15 ft., 81.; and 20ft., 131.; 
so that a 40-ft. bridge in 20-ft. bank is estimated 
to cost 3601. for concrete girders, &c., at 91. per 
foot, and iron trestles 520/. at 131. per foot, to- 
gether 880/., while if on masonry piers the same 
bridge would cost 1040/., brickwork being 10 per 
cent. less than this latter sum. In the case of the 
Eldoma Bridge over the deep gorge already re- 
ferred to, the estimate is 601. per foot run, with 
piers of cast-iron pipes braced with wrought-iron 
struttings. 

It would be difficult at the outset to make the 
line self-supporting, but there can be no question 
of the immense value to be derived by the develop- 
ment of the great British territory between the 
coast and the lakes and around the great Nyanza. 
The estimate of working expenses has been care- 
fully prepared, and is based on Indian experience. 
The manager is to have 1500l. a year; the chief 
engineer, 1200/., with two executive engineers at 
7001. each ; the locomotive superintendent, 800I. ; 
the traflic superintendent, 8001. ; and the total work- 
ing expenses for six trains per week, representing a 
train mileage of 205,000 miles, is about 67,0001., or 
78d. per train-mile. And as evidence of the com- 
pleteness of the estimate, it may be indicated that 
an allowance is made for mission clergymen. In 
India the rate is 24d. to 33d. ; but this difference 
is due to the small train mileage, which will steadily 
improve, because the rolling stock is capable of 
undertaking double this work, so that profit would 
increase to a certain point almost pari passu with 
trafic receipts. The line as projected, too, is equal 
to running four trains a day with daylight running 
only, and from six to eight trains with both day 
and night running. 

As to the traffic, it is estimated at about 6.4 mil- 
lion passenger miles (three times the number at 
present travelling by caravan) and 5.2 million tons 
of goods, three-fourths of the latter being export 
or down grade trafic. The six trains per week could 
easily take this trafic, the tractive power of the loco- 
motives being determined accordingly, althoughthey 
are capable of running twelve trains a week. The 
rates charged, if fixed so as just to cover the working 
cost of the six trainsafter allowing 1000/. for mails, 
might average ld. per passenger and 2d. per ton of 
goods per mile, varying between #d. and 4d. per 
mile for passengers, and between 3d. to 5s. per ton 
per mile for goods. Taking the actual train ex- 
penses at 14d. per mile, and the average load at 
40 tons, it is assumed that the minimum rate must 
be .35d. per ton-mile. This would mean a rate for 
grain from the fields of Kikuyu and Victoria of 
10s. and 15s. respectively ; but it is thought prob- 
able that 75-ton trains could be made up to reduce 
the minimum rate to .2d. per ton-mile. As to the 
actual revenue, the whole commercial position of 
the territory is taken into consideration, and the 


total initial earnings are assumed at 61,000/. The 
3 per cent. interest charge on the first cost 
and the traflic expenses, totalling 133,000I., 
indicates an apparent loss of 70,0001. We 
say apparent, for a careful study of the report 
and the possibilities of the country clearly indi- 
cates that the railway may eventually become a 
paying concern, should the capital be got on easy 
terms. If the assumed traflic were doubled, it 
would pay 3 per cent. approximately on the capital, 
and the amount of trade thus involved is conceivable 
from a country possessing a population of at least 
5 millions, with an area suitable for cultivation of 
40 million acres within 30 miles of the railway or of 
the shores of Lake Victoria. 


' 


THE MODEL BATTLESHIP “ILLINOIS.” 

Tue brilliant exteriors of the many grand build- 
ings that form the World’s Columbian Exposition, 
present so perfect an illusion of solidity in con- 
struction, and costliness of material, that it is very 
difficult to realise they are but temporary works, of 
the slightest character consistent with safety, or 
that the semblance of statuary marble has been 
produced by gypsum strengthened with jute and 
cowhair. But though the deception is so perfect 
and the result so beautiful, it seems to us that, as a 
work of illusive art, the model battleship Illinois 
is the most successful object on the grounds. For 
other than ordinary building materials are imitated 
here ; the semblance of steel, and not of marble, 
had to be produced, and the forms of the naval 
architect’s design to be created. Moreover, the 
effect is heightened by the fact that the vessel 
appears to be afloat, although its absolutely quiet 
deck gives the lie to this pretence. The Illinois 
rides secure on its anchor of piles, close inshore, 
protected against the rough water of the lake by a 
pier that has been extended and made fit for the 
landing of those passengers who, coming from the 
city by the admirable steamer service, prefer to 
enter the grounds at the north end instead of by 
the southern pier, which is nearly a mile away. 

The foreshore of the lake for the whole extent of 
the Exhibition is protected by a stone pitched 
slope, on which the waves beat violently during 
southerly and easterly gales, and the top of this 
slope is surmounted by a wide and admirably laid 
walk that dates from a period prior to the Ex- 
hibition. From the deck of the ship the view is a 
very charming one ; looking shoreward the visitor 
sees to his left the eastern front of the Manu- 
factures Building, and beyond it to the south isa 
glimpse of the great golden statue of Liberty that 
occupies, without adorning, the middle of the great 
central basin. Near it is the northern front of the 
Concert Hall, and in the distance are suggestions 
of the Agricultural Building on the further side of 
the basin. Immediately in front rises the much- 
abused but commanding Government Building, the 
extensive space before which, where not laid down 
to grass, is occupied with smaller official buildings 
chiefly belonging to the Navy Department, and 
with tents in which the scanty contingent of 
marines allowed by Washington are quartered. 
Immediately in the foreground and a little to the 
right is the British Pavilion, and beyond are the 
confused suggestions of a crowd of buildings, some 
foreign, others representing all, or nearly all, 
the States of the Union. 

Still to the right, but beyond the northern 
boundary of the Exposition, rise the unfinished and 
deserted walls of the Spectatorium, that vast and 
unlucky theatrical venture which was to have given 
to the world a hall for spectacle such as had never 
before been dreamed of. It is not likely to be 
finished for the visitors to Chicago this year, how- 
ever, for the workmen have been long withdrawn, 
suggesting embarrassment on the part of the under- 
takers. 

We have already fully described the construction 
and arrangement of the model battleship, and have 
no intention to repeat the story, now well known to 
readers of our columns. We may, however, say 
once more that the ship is constructed on a plat- 
form carried upon piles driven into the lake ; that 
on this has been reared the counterpart of the four 
coast-protecting battleships, Indiana, Massachu- 
setts, Oregon, and Illinois. These vessels are 
348 ft. long, 69} ft. beam, 10,231 tons displace- 
ment, and 9000 horse-power. The maximum speed 
is 165 knots: 

The armour represented by the model in painted 
cement is, in the actual ships, 18 in, thick along the 
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water line. The redoubts, barbettes, and turrets, 
for the 13-in. guns, are protected by 17-in. armour. 
The barbette armour for the 8-in. guns is 10 in. 
thick ; that for the turrets is 8} in., and the torpedo 
tubes are protected by 3-in. armour. 

The deck is protected by 2?-in. steel plates. The 
armament of the Illinois consists of four 13-in. 
breechloading guns mounted in two turrets for- 
ward and aft on the main deck ; of four 8-in. guns 
mounted in pairs in turrets on each side of the 
superstructure deck fore and aft ; and of four 6-in. 
guns on the sponsons. There is also a secondary 
battery of fourteen 6-pounder Hotchkiss quick-firing 
guns, mounted in pivot brackets on the hammock 
rails; of four 6-pounder Driggs-Schroeder quick- 
firing guns mounted on the bridge and main deck ; 
of six 1-pounder Hotchkiss, some of which are in 
the tops, and of two gatlings in the military tops. 
Bow and stern tubes are provided for the discharge 
of Whitehead or Howell torpedoes, and the bow of 
the ship is specially strengthened for ramming. 
Such are some of the leading particulars of the 
battleship whose counterfeit is astonishing and 
delighting many thousands of people daily, most of 
whom probably have never seen anything afloat 
larger than the 3000-ton freight ships of the Hrie 
Railroad Company, nor more warlike than the 
ancient Michigan that is so often to be seen in the 
bay not far from Jackson Park. Engines and 
boilers are absent from the Illinois ; it was intended 
that they should be installed on shore and the 
former kept turning ; but the idea, like many others, 
had to be abandoned on account of expense. Apart 
from this vital feature, the ship is equipped as com- 
pletely as was found to be possible ; not only as 
regards external appearance, but below, where the 
ammunition-room, magazines, torpedo stores, 
dynamo-room, coal bunkers, quarters for officers 
and crew, hospitals, &c., are faithfully repro- 
duced, and fitted for the most part with the stores 
furnished from the Washington Navy Yard. On 
deck, too, are shown the various winches and cap- 
stans, pumps, steering gear, ventilators, just as 
they are seen in the actual vessel; in addition 
there area large number of objects not belonging 
necessarily to the ship. Amongst the exhibits 
thus included, are some 18 or 20 models of the 
chief vessels forming the United States modern 
Navy ; these are exhibited by the Bureau of Con- 
struction and Repair, which contributes also a num- 
ber of water-colour drawings of the same and other 
vessels. The display of the Bureau of Equipment is 
much more extensive, and indeed that department 
refers to a larger and more varied list of objects than 
does the Bureau of Construction. Under the charge 
of the Equipment Department comes all that relates 
to rigging, sails, anchors, navigating instruments, 
flags, signal lights, electrical apparatus for search- 
lights and other purposes, projectors, stores 
generally, the Naval Observatory, the Compass 
Office, pilotage, &c. Itis no matter for surprise, 
therefore, that some 800 exhibits are sent from this 
very miscellaneous department, including about 
400 volumes that are allowed as a naval library. 

The observatory branch of the Equipment 
Bureau has its large installation on shore. The 
Naval Observatory was authorised by Act of Con- 
gress in 1842, and it was erected at Washington on 
a location which had been reserved for the purpose 
as early as 1796. The duties of the bureau are 
chiefly as follows: To make the necessary astronomi- 
cal observations for the correct production of the 
Naval Almanac ; to test and regulate chronometers ; 
to issue correct standard time to the public over 
the whole of the United States; to fix the exact 
longitude of various places for geodetic and other 
surveys ; to study especially the subjects of mag- 
netism and meteorology ; and to distribute to 
the vessels of the American Navy instruments 
of precision for navigating purposes. From 
the foregoing partial list of the duties of this 
department it may readily be imagined that 
the United States Naval Department could make 
an exhibit of an extensive and highly interesting 
character. The original observatory has been re- 
placed by one on a much larger scale and more 
completely equipped ; it is located on Georgetown 
Heights, near Washington; the buildings are of 
white marble, the principal one being of two 
storeys and 300 ft. long ; the observatory containing 
the 26-in. equatorial telescope is to the west of the 
main building. This very fine installation has 
been only just completed; indeed, there still remains 
much to be done. Connected with the observatory 
is an admirable library containing about 15,000 


volumes. Of course no attempt has been made to 
reproduce this establishment at Jackson Park, but 
there are several small and inexpensive structures 
on the ground which to a large extent illustrate the 
work done at Georgetown. One of these is a room 
fitted to show the mode of carrying on the time, 
chronometer, and magnetic services; connected 
with it is a dark room furnished with a photohelio- 
graphic apparatus which projects a solar image of 
a diameter of 44 in. Ina scparate building there 
is, equatorially mounted, one of Alvan Clark’s 
telescopes with a 5-in. aperture; this is one of 
eight instruments that formed part of the equip- 
ments of the Government expeditions despatched 
to observe the transit of Venus in 1882. Adjoining 
is a transit house containing a number of instru- 
ments, models, and drawings of great interest. 
Amongst the latter are sectional views of the 26-in. 
equatorial, constructed by Messrs. Warner and 
Swasy, of Cleveland, Ohio, for the new Washington 
observatory ; the following particulars of this in- 
strument are given in the admirable catalogue just 
issued by the Navy Department : The column is of 
cast iron, 10 ft. by 12 ft. at the base, 33 ft. by 
6 ft. at the top, and weighing 15 tons. On 
this rectangular column rests the head, in which 
is journalled the polar axis. The polar axis 
is of steel, 9 in. in diameter, 7 ft. long, and weighs 
1800 lb. The declination axis is of steel, 8 in. in 
diameter, 63 ft. long, and weighs 12001lb. The 
tube is of steel, 32 ft. long. Its diameter is 32 in. 
at the centre, tapering towards the end, to 29in. 
The tube complete with all its attachments weighs 
1} tons. The driving clock is placed within the 
column, weighs 1300 lb., and is arranged for solar, 
lunar, and sidereal time. The centre of motion is 
254 ft. above the base, and, when the telescope is 
pointed to the zenith, the object glass is 41 ft. high. 
When turning the instrument in declination, the 
weight that is put in motion is two tons, and when 
it is in right ascension, 64 tons are being moved. The 
object glass weighs, with its cell, 221 lb. The total 
weight of the instrument is 28 tons. The diameter 
of the elevating floor is 41 ft.; it has a rise and fall 
of 12 ft. by means of four hydraulic rams 8 in. in 
diameter. The weight of the floor is 15 tons, which 
is nearly balanced by counterweights running in 
recesses in the wall. The outside diameter of the 
dome is 45 ft. The shutter opening is 30 ft. long 
by 6 ft. wide. The weight of the double shutter is 
24 tons. The weight of the dome is 24 tons, and it 
requires a direct pressure of 24 lb. per ton to 
revolve it. 

The foregoing, and many other exhibits of high 
value, are installed in various buildings on the 
Government space, but for the present we must 
confine ourselves to the ship itself, which is filled 
with objects illustrative of active naval service. 
Very considerable difficulties attended the success- 
ful completion of the work. There was first the 
smallness of the grant, which made a_curtail- 
ment of the original programme unavoidable. The 
other greatest difficulty was shortness of space, for 
although the room that would have been occupied 
by the engines was available, yet there were only 
two decks, as the model is constructed on the plat- 
form a few feet below the water level. The main 
deck is reserved for the armament, or, at least, 
such a portion of it as would properly belong there; 
space has been reserved on this deck for a few 
objects, but it is the one below that has been 
arranged as the real exhibiting space. One of the 
principal objects on the main deck is an Allen 
dense-air ice machine, which is adopted on all ves- 
sels of the United States Navy for producing ice or 
maintaining low temperatures. This machine, 
which is very compact, consists of a horizontal 
steam engine driving an air pump, which com- 
presses air into a horizontal receiver above the 
engine; the air thus compressed is expanded 
through a coil of pipes encircling a tank containing 
a freezing mixture in which are plunged the boxes 
holding the water to be frozen ; that this arrange- 
ment is found satisfactory is indicated by its official 
adoption by the Navy Department. 


(To be continued.) 


THE LARGE GERMAN STEAMER 
COMPANIES. 

Tue large German steamer companies have, on 
the whole, not done well during 1892, and worse, 
asarule, than during the previous year. The North- 
German Lloyd has a share capital of 2,000,000/., 
and debentures for rather more than 1,050,0001, 
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The company has a reserve fund, a renewal fund, 
and an insurance fund, which respectively amount 
to 226,5001., 385,500/., and 260,500/. The com- 
pany’s fleet consists of 53 ocean steamers and 20 
river steamers, in addition to which the company 
has, in course of construction in Germany, two very 
large Imperial mail steamers, and in Britain two 
ocean steamers intended for the South American 
traffic. The gross receipts during 1892 amounted 
to 432,000/., against 265,000/.; the increase has 
been caused by the Transatlantic traffic, which gave 
a revenue of 290,000/., against 64,000. during 1891. 
After deduction of working expenses, the figures 
were 820,000/. in 1892, against 190,000. the pre- 
vious year. The writings off, &c., amounted to 
290,0001., against 319,000/. the previous year. The 
surplus was, therefore, 30,000U., from which theshare- 
holders obtain 14 per cent., there having been a 
loss on the previous year’s working of 160,000I. 
The loss on the Imperial mail service is growing con- 
stantly smaller. It was in 1890, 75,000/.; in 1891, 
43,000]. ; and in 1892 only 17001. The company 
had a good many small averages and losses during 
1892, but no such great loss as that of the Eider in 
1891. The company, which has hitherto especially 
gone in for passenger traffic, is now paying more 
attention to the cargo traffic, and two new routes have 
have been opened for this purpose, viz., Bremen- 
Liverpool and Bremen-New York. The company 
has also made an arrangement with the Hansa 
Shipping Company about jointly working the La 
Plata traffic, so that they despatch a steamer 
alternately every eighth day, with joint agents at 
Bremen and Buenos Ayres. The Hamburg- 
American Steamer Company (Hamburg-Amerikan 
Packetfahrtgesellschaft) has a share capital of 
1,500,000/., and debentures for 437,000). The 
guarantee fund amounts to about 275,000). The 


surplus was in 1892 220,000/., against 246,000/. in ~ 


1891 ; of this sum 168,000. is applied to writings 
off, and the balance to extraordinary writings off, 
&c., so that the shareholders do not get any divi- 
dend for last year. The affairs of the company 
were in a sound and progressive state until the 
cholera broke out, but this caused very serious 
losses. Should cholera again break out this year, 
the company will again transfer its ‘‘ fast steamer” 
traffic to Southampton. The manner in which the 
North Atlantic Shipowners’ Union was carried on 
last year has given satisfaction, and it has therefore 
been renewed and somewhat extended for 1898. 


The cheapest fare to New York by fast boats has — 


been raised from 6/. to 7/. 10s. The company has 
decided to open a new direct line to Canada, in 
addition to which it has also materially extended 
the Stettin-Gothenburg-New York traffic. The 
Hamburg Pacific Steamer Line has a share capital 
of 200,000/., and debentures for 100,000/. The com- 
pany has its trade on the west coast of South 
America, a route in which there is keen com- 
petition both from English and other German 
companies. The profits were 14,7001. for 1892, 
against 42,400]. for 1891, and when the requisite 
writings off had been provided for, there was a loss 
of 2500/., which had to be taken from the reserve 
fund, which is now nearly exhausted. Last year a 
dividend of 4 per cent. was given. The German 
Steamer Company (Deutsche Dampfschiffsrhederei), 
Hamburg, has a share capital of 375,000/. and 
debentures for 150,000/. The company trades on 
East Jndia ; the profits last year were 11,600l., 
which, with writings off, left a loss of 4000/. 
The Kosmos Steamer Company, Hamburg, which 
trades on the west coast of South America, 
has a share capital of 300,000/. ; its reserve and 
renewal funds are _ respectively 380,000I. 
28,0001. The net profits last year were 31,600I., 
against 70,000/. for 1891. The company had been 
compelled to buy nitrate for its own account, 
so as to try and earn a freight, but the result 
was not satisfactory, the dividend being only 
24 per cent. for 1892, against 8} per cent. the 
previous year. The Hansa Steamer Company, 
Bremen, had last year profits amounting to 47,5001., 
of which 29,6001. was applied to writings off; the 
dividend was 3 per cent., against 34 per cent. for 
1891. The Asiatic Line had a small loss, the 
competition with the North German Lloyd had 
made the Argentine trade unremunerative, but it 
was hoped the arrangement now arrived at between 
the two companies would improve matters. 


Care Harreras.—Another attempt will shortly be 
made to erect a large iron lighthouse off Cape Hatteras. 


and 
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NOTES. 
Raitway DEVELOPMENT IN INpIA. 

Iypra and the depression of her trade is absorbing 
a large measure of attention at the present time, 
and it is to be hoped that the stoppage of free coin- 
age of silver and the determining of the value in 
gold of the rupee at 1s. 4d., may prove a successful 
experiment, as any recovery of activity in_ trade 
in our eastern dependency must react on British 
trade, and tend to the development of railways, 
which, in turn, will assist in some permanent 
improvement. This is much desired, as was 
evidenced by a deputation to the Indian Secretary 
the other day. There is no gainsaying the need 
for railways as a condition to the development 
of a country; the difficulty is financial. The 
annual capital expenditure for railways in India is 
determined at 34 millions, and in the Budget 
Estimate for the current year this sum has been 
included, rather more than one-fourth being pro- 
vided by revenue, and the remainder byloan. The 
intention primarily is to link up the many short 
independent lengths of railway which are not now 
so remunerative or so serviceable for trade purposes 
as they would otherwise be. There is no question 
about the propriety of this decision, for however 
desirable new routes may be, itis well to remember 
that even Government railways ought to be laid out 
with a view to reasonable success financially. The 
necessity for a line through Burmah, in the direc- 
tion of China, was urged upon Lord Kimberley, 
and he willingly recognised it, for that land, full of 
promise, would profit greatly, just as India had bene- 
tited by the wheat and other trades created by the 
railways. A survey has been made to Kunlon Ferry, 
which is on the direct road to Yunan, and the pro- 
mise was given that the Government would press 
forward with all possible speed the extension of 
railwaysin Burmah. A railway, too, is projected 
in Kurrachee, which would be most serviceable in 
view of the importance of that port, and an effort 
is to be made to get the Government to advance the 
capital at 24 or 3 per cent. 


A Novet Meruop or Execrric Heatine. 

In the methods of electric heating now com- 
mercially practised—as, for instance, the Cowles 
electric furnace, the fusion electrolytic aluminium 
process, the Benados arc welding process, and 
the Thomson low tension welding process—the 
object aimed at is the production of a point or 
plane or zone, of high resistance, in a con- 
ductor otherwise of good conductivity. In some 
cases this is done by breaking the metallic cir- 
cuit, and bridging the gap by an arc; while 
in others, as in the Thomson method, the im- 
perfect contact of two pieces of metal, to 
be welded together, causes the resistance 
which produces the sudden drop of potential 
necessary for the immediate and local development 
of heat. A new method of effecting the same 
object has recently been introduced by Messrs. 
Eugene Auguste Clement Lagrange and Carl 
Hubert Auguste Hoho, of Brussels. These in- 
ventors attain their end by the very unlikely 
means of dipping the metal to be heated into 
liquid, such as water, and making it part of the 
electric circuit. If a piece of iron connected to 
one pole of a generator be dipped into acidulated 
water contained in a metal tank, which is itself 
connected to the other pole of the generator, an 
electrolytic action is set up. Oxygen and hy- 
drogen are liberated, and deposited on the 
two electrodes. If matters are so arranged 
that the hydrogen goes to the iron, it quickly inter- 
poses a badly conducting medium between the 
metal and the water. If the electromotive force 
be high, sufficient current can be forced through 
this envelope of hydrogen to raise it and the skin 
of the metal to a very high temperature. The 
oxygen goes to the containing vessel, and being 
spread over a very much larger surface, does not 
cause any appreciable increase in heat. It is stated 
that a wrought iron bar may be brought to a weld- 
ing heat by this method, and that fragments of 
amorphous carbon can be detached from a carbon 
rod, showing that a temperature of 4000 deg. Cent. 
has been attained. During recent experiments at 
Berlin a current of 220 amperes at a pressure of 120 
volts was employed, and brilliant results obtained. 
It is evident that every atom of oxide will be cleared 
off by the action of the hydrogen, and a perfectly 
clean surface produced. The process presents pos- 
sibilities yet to be investigated in the reduction of 
ores. A carbon crucible can be raised to a white 


heat in a bath, or the ores themselves made to 
glow in an atmosphere of hydrogen. At Essen 
experiments are being made in the hardening of 
armour plates, as an intense surface heat can be 
produced and quenched without the general body 
of the metal being affected. One great advantage 
is that fairly high electromotive forces can be 
employed, and hence the conductors, clamps, and 
other apparatus can be of moderate section. 


SUIPOWNERS’ LIABILITY TO INJURED SEAMEN : 
ForeIGn PRACTICE. 


The attempt to include seamen under the pro- 
visions of the Employers’ Liability Act has doubt- 
less suggested the Parliamentary return as to the 
state of the law in several maritime countries ; but 
it is doubtful if the points brought out will be of 
any assistance. Indeed, it may almost be said 
that there is no precedent for the drastic alterations 
proposed to be made. There is no direct com- 
pensation in any country. In Germany medical 
attendance must be provided ; while an Act of 1887 
establishes, against bodily injury or death, a system 
of insurance which is managed and carried out 
by associations of shipowners. Administration 
charges are met by a contribution in proportion to 
tonnage owned, while the funds for general pur- 
poses are raised by an annual assessment accord- 
ing to the number of insured seamen employed 
during the previous year. Increased contribu- 
tions may be claimed for hazardous voyages, 
whether as respects cargo, season, or waters navi- 
gated. ‘The association may issue regulations for 
the prevention of accidents, and non-compliance 
involves extra rates. The seamen do not contri- 
bute ; after the lapse of the owner’s liability for 
statutory medical treatment, the association con- 
tinue medical attendance and make an allowance 
during the period of incapacity, beginning with 
the day when the owner’s direct liability ceases. 
In the case of total incapacity the allowance is 
at the rate of two-thirds of the man’s average 
yearly earnings. In other cases it is proportionately 
reduced, but continues until health is completely 
re-established. Only in cases where the accident 
has been brought about purposely can an insured 
seaman sue the owner; while if the employé him- 
self causes the accident purposely he forfeits all 
claim. In the United States, where democracy is 
supposed to be triumphant, there is no legislation 
of Congress on the subject, and the latest decisions 
of the Supreme Courts tend to widen rather than 
narrow the doctrine exonerating an employer from 
liability for injury caused by the negligence of 
a fellow-employé. In France shipowners are liable 
for the faults of their captains; but we are told 
that they are protected partly by the difficulty of 
proof of default and negligence, and partly by the 
delays of legal process. The contention here, 
indeed, is that it is impossible to determine re- 
sponsibility, and whether there was negligence or 
carelessness : the elements play such a part in all 
shipping accidents. In France the injured seaman 
can demand medical attendance on board, or to be 
landed at an intermediate port and sent home, 
there to be paid his wages until recovery, four 
months being the maximum period. The Employers’ 
Liability Act does not include seamen. 1n Sweden, 
also, the sick and those injured through no fault of 
their own, have to be nursed and medically treated 
on board ship or on land, and if incapacitated the 
treatment continues for four weeks, while the 
employé has the right of a free passage to the 
nearest Swedish port. In Norway similar conditions 
obtain. 


Tue PLane TABLE IN TopoGRAPHICAL WoRK. 


We find in the School of Mines Quarterly, a 
journal issued by the Columbia College, New York 
City, an interesting account of the methods adopted 
in the topographical work of the United States 
Geological Survey. The whole of this work is done 
by means of the plane table, making use of points 
fixed by a primary triangulation as bases for the rest 
of the work. These points and lines of latitude and 
longitude, for each 5 minutes of arc, are inked in on 


the plane-table sheet to a scale of ;;i,5 before com- 
mencing the field work. The field party usually 
consists of three individuals, viz., the topographer 
in charge, the plane-table man, and the traverse 
man, ‘The plane table is hght and convenient, and 
is supported on a tripod fitted with a ball-and- 
socket joint underneath the table, which permits 
of rapid levelling. The paper used is very stiff, 
and consists of two thicknesses mounted together, 


with the grain in different directions, with a view 
to prevent expansion and contraction of the sheet 
as much as possible. The sheets take in an area 
of 15 min. of longitude by 15 min. of latitude, and 
are secured to the table by screws. The object of 
the plane-table work is to locate a sufficient num- 
ber of points to enable the traverse man to 
accurately tie in his road traverses. Having placed 
the table in place, shots are taken to various promi- 
nent points, the vertical angle of the sighting tele- 
scope being noted at the same time. The shots are 
numbered, and their numbers are noted and com- 
pared with notes taken from other stations, the 
corresponding numbers being then entered in oppo- 
site columns. The positions of all prominent points 
are thus transferred to the plane-table sheet, and 
their distances being scaled off, their elevations can 
then be calculated from the verticalangles. A table 
is used for this purpose, which makes allowance for 
curvature and refraction. In this vertical angle 
work, very long shots are not desirable, but with 
shots of not more than eight or ten miles the results 
check very well, almost invariably within 10 ft. 
The instruments used in the traversing work are a 
traverse table and a buggy wheel. The former is 
a board measuring 18 in. by 18 in., mounted on 
a light tripod, and which is oriented by means of a 
compass. The alidade in this instance is merely a 
metal straight-edge, fitted with compass sights. 
The buggy wheel is taped to find its circumference, 
and its revolutions counted, a rag being tied to one 
of the spokes to facilitate this. Setting up this 
table at the starting point, the table is levelled by 
the eye, and oriented by the compass, and shots 
taken along the road or roads. Then, getting into 
the buggy, the revolutions of the wheel are counted 
up to the next bend, where the table is again set 
up, and the foregoing operations repeated. When 
all the roads in any neighbourhood have been 
traversed, they form a network which checks and 
ties itself together. All inhabited houses and the 
streams are also located. The traverses thus obtained 
are finally adjusted to agree with the work done on 
the main table. The method, although apparently 
rough, gives surprisingly accurate results. The 
contour lines are drawn at vertical intervals of 
20 ft., being located by use of an aneroid, using the 
known elevation of the plane-table locations as 
starting points and checks. The aneroid is com- 
pared as often as possible with elevations furnished 
by the previous work, and some days it stands 
very steadily, but on other occasions it requires 
frequent adjustment. 


AMERICAN TELEGRAPHY.—The Postal Telegraph Com- 
pany of the United States has taken a lease of the lines of 
the Commercial Telegraph Company. The lease runs for 
99 years from January 1, 1893, and the Commercial Union 
Telegraph Company is to receive a rent of 6 per cent. per 
annum upon its capital stock. 

Union Paciric RartRoaAp—The Union Pacific Rail- 
road Company worked last year 7673 miles of line, as com- 
pared with 7668 miles in 1891, and 7562 milesin 1890. The 
number of locomotives upon the system last year was 
1030, as compared with 1039 in 1891, and 1012 in 1890, 
The ratio of the working expenses to the traffic receipts 
stood last year at 66.69 per cent., as compared with 68,29 
per cent. in 1891, and 71.57 per cent. in 1890. 

Betcran Briast FurNAcres.—The number of furnaces in 
blast in Belgium at the commencement of June, 1893, 
was 25, while there were 22 out of blast. The total of 
25 representing the number of furnaces in blast at the 
commencement of June this year was made upas follows: 
Charleroi district, 8; Liége district, 12; Luxembourg, 
5; total, 25. The production of pig in Belgium in the 
first five months of this year amounted to 316,865 tons, 
as compared with 304,130 tons in the corresponding period 
of 1892. 


AMERICAN LOCOMOTIVE BuILp1InG.—The number of com- 
pound locomotives built in the United States up to April, 
1893, was about 500. The Baldwin Locomotive Works 
had either built or had in course of construction 410 Van- 
clain four-cylinder compounds ; the Rhode Island Loco- 
motive Works, 30 two-cylinder and nine four-cylinder 
(Johnston) ; the Schenectady Locomotive Works, about 
40 two-cylinder ; the Brooks Locomotive Works, one two- 
cylinder and one four-cylinder ; and the Rogers Locomo- 
tive Works, one two-cylinder compound engine, 

A TELEGRAPH TO THE AzoRES.—The French Submarine 
Telegraph Company has lost a concession which it had 
obtained conditionally from the Portuguese Government 
for laying and working a line from Bordeaux to Lisbon 
and the Azores. The French company undertook to 
procure the approval of the French Legislature as well as 
a subvention from the French Treasury by April 30, 1893. 
This, however, was not done, and the provisional con- 
tract became void. The Portuguese Government has 
now conceded the line to the Telegraph Construction and 
Maintenance Company, Limited. 
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MISCELLANEA. 


In a note recently presented to the Paris Académie 
des Sciences, M. H. Abraham claims to have shown that 
the dimensions of the absolute temperature are those of 
an electric potential. 


The gross receipts of the twenty-three principal rail- 
ways of the United Kingdom for the week ended June 18, 
amounted, on 16,461 miles, to 1,426,980/., and for the 
corresponding period of 1892, on 16,383 miles, to 
1,487,737/., an increase of 78 miles, or 0.4 per cent., and 
a decrease of 10,757/., or 0.7 per cent. 


The annual summer excursion of the members of the 
Neweastle Association of Students of the Institution of 
Civil Engineers was held last week. Starting on June 22, 
the members visited the Forth Bridge, and then proceeded 
to Glasgow, where on the following days many important 
works and other objects of interest in that locality were 
visited, amongst which may be mentioned the experi- 
mental tank of Messrs. Denny, at Dumbarton. On 
the Saturday the workings of the Glasgow Central Rail- 
way were visited, and later on the new harbour tunnel 
at Finnieston was inspected. The party returned to New- 
castle in the evening. 


The Governors of the People’s Palace, on Tuesday, the 
20th inst., appointed Mr. Robert Holt to the recently 
founded Professorship of Engineering at the People’s 
Palace. Mr. Holt held an assistant lectureship to the engi- 
neering department at University College, Liverpool, since 
1889, and has been connected with the Walker Labora- 
tories since their foundation. He twice obtained a 
Whitworth scholarship, and afterwards held a National 
scholarship, and was awarded a Science Research scholar- 
ship by the Commissioners of the 1851 Exhibition. Mr. 
Holt, besides undertaking other original work, assisted 
Professor H. 8. Hele-Shaw in the preparation of the report 
for the British Association on the ‘‘ Development of 
Graphic Methods in Mechanical Science.” 


The new Premier of New Zealand, the Hon. Robert J. 
Seddon, is a St. Helens man. He served his articles as 
an engineer to Messrs. Robert Daglish and Co., St. 
Helens Engineering Works, in that town; the partners 
at that time being the late Robert Daglish and George 
Heaton Daglish, C.H., M.E., managing partner, of Rock 
Mount, Aigburth, near Liverpool. Some twenty years ago 
Mr. Seddon went off to make his fortune at the antipodes. 
He interested himself in public affairs, and afew years ago 
was elected a member of the New Zealand Parliament. 
His ability was soon recognised, and he became Minister 
of Public Works, Minister of Mines, and Minister of 
Defence, and on the death of the late Premier, the Hon. 
John Ballance, he succeeded to the position of First 
Minister. 


At a discussion on the loads permissible on ball and 
roller bearings, at the Engineers’ Club, Philadelphia. 
Mr. Wilfred Lewis stated that a manufacturer informed 
him that almost nothing was known on the subject. 
Some crude experiments with 3-in. balls showed them to 
have an ultimate strength of 2000 lb., and a safe 
working limit of 400 lb., though when used in car journals 
in which the motion was continuous and rapid, it was 
better not to exceed 2001b. Whether a #-in. ball would 
carry twice or four times as much as a 2-in ball was not 
known, but there was an impression that over a given 
extent of surface more load could be carried on small 
balls than on large ones. The effect of hardening was 
believed to increase tenfold the carrying capacity of a 
ball bearing. 


A new disinfectant, which is claimed to possess very 
valuable properties, is now being introduced under the 
name of “‘Izal,” by Mr. T. B. Browne, of 163, Queen 
Victoria-street, London, H.C. This disinfectant is an 
oil obtained as a bye-product from the Thorncliffe patent 
coke ovens. (When refined, it is a clear, deep reddish 
brown liquid, insoluble in, and heavier than water. Mr. 
J. H. Worrall, F.C.S., has, however, succeeded in form- 
ing it into an emulsion with water, which renders its ap- 
plication very easy. Experiments by Dr. Klein, the 
well-known bacteriologist, show that ‘‘Izal” has very 
powerful disinfectant properties, greatly exceeding those 
of carbolic acid ; moreover, it has no caustic action on the 
skin, and is non-poisonous to the higher animals, either 
when taken internally or given by hypodermic injection. 
Dr. Klein’s experiments were made on a very large 
number of pathogenic bacteria, including those of 
typhoid fever, cholera, and scarlatina, and in every 
instance 1t was found that on submitting them for a short 
period to the action of the disinfectant, their vitality was 
totally destroyed. 


The American Manufacturer states that for some time 
past Mr. W. E. B. Wall, superintendent of motive power 
of the south-west system of Pennsylvania lines west of 
Pittsburg, has been using oil furnaces in his blacksmith 
shop at Columbus. These furnaces are 5 ft. by 9 ft., and 
are designed for heavy work, and have proved so success- 
ful and well adapted for the work required of them that 
others are being installed in other shops of the same 
system. One unusual feature of these furnaces is the 
absence of any stack. It has been found by actual ex- 
periment that when a stack is placed on such furnaces 
the temperature cannot be maintained at as high a point 
as desired. These furnaces when first installed gave an 
economy of about 50 per cent. over that of the coal fur- 
naces, and an increased output of 25 per cent. The 
economy was not wholly due to the difference in the cost of 


fuel, a portion of it being accomplished by the reduction | h 


of labour, there being no wheeling and shovelling of coal 
and ashes, Owing to a rise in the price of oil, the 


monetary saving has since been reduced, but the in- 
creased output is retained, 
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In a recent issue of the Zechnograph, General Wm. 
Sooysmith, M. Am. Soc. C.E., describes some deep 
pile foundations he has put down for the new 
Public Library building in Chicago. Hitherto most 
of the foundations of .the Chicago sky-scrapers have 
been made on a foundation built up of steel and 
concrete, which rested on a layer underlying most of the 
business parts of the city. General Sooysmith, how- 
ever, states that these foundations have in certain in- 
stances settled irregularly, and hence he has for the new 
building adopted groups of piles reaching down to a bed 
of compact clay and gravel about 45 ft. below the city 
datum. The piles were cut off at such a length that the 
highest level of the timber grillage is about 14 ft. below 
the level of Lake Michigan, and in this permanently 
moist situation decay is not to be feared. The driving 
has been effected by a steam pile-driver, the hammer 
weighing 4500 Jb. and making fifty-four blows per minute, 
its stroke being 42 in. The last 20ft. of the driving was 
effected by means of an oak follower. A group of four of 
these piles, driven at 24 ft. centres, were tested by loading 
them with 54 tons per pile for a period of four days. This 
load was then increased to 37.3 tons per pile for a period of 
eight days, and finally to 50.6 tons per pile for ten days, 
the maximum settlement not exceeding +}, ft. 


At a recent meeting of the New England Cotton Manu- 
facturers’ Association, a paper was read by Mr, C. J. H. 
Woodbury, M. Am. Soe. C.E., describing recent develop- 
ments in electric power transmission and distribution. 
He stated that multiphase synchronous motors will be 
used in transmitting power from Sewall’s Falls on the 
Merrimac River to Concord, N.H., a distance of about 
four miles. There is a total available power at this place 
of about 5000 horse-power, and it is expected that about 
3500 horse-power will be transmitted and utilised in the 
coming summer. One of the most valuable applications of 
the electric motor is to the direct driving of calico- 
printing machines. At the Dunnell Print Works at 
Pawtucket a motor has been at work for eighteen months 
driving a seven-roll printing machine. The uniformity 
of motion and the ease and smoothness with which the 
speed can be regulated have enabled the cloth to be 
printed at 50 per cent. greater speed than by the old 
steam-driven machine ; and allowing for stoppages to 
change rolls, at least one-third greater output per ma- 
chine is obtained. This gain on a machine whose first 
cost is about 50,000 dols., is an important one. The suc- 
cess of the application has been such that it is believed 
that in building a new print works it would be advisable 
to equip the whole establishment for electric power 
transmission. 


The following figures as to suspension bridges may be 
useful. Lets =the span; /=length of the chain; and 
h =the dip. Then we have the following ratios : 


h 1 dh ah 
8 s ds dl 

4 1.041 .255 1.58 
aly 1.025 202 1.86 
as 1.017 .167 2.38 
is 1.011 135 2.77 
zs 1.009 .112 3.35 
sy 1.005 .100 3.75 


The first column gives the ratio of rise to span, and the 
second the ratio of length of chain to length of span. 
The third and fourth columns are useful in estimating 
the variation in the dip with changes of temperature. 
Thus, suppose the effective span alters by a small 
amount A s, due to the elongation of the chain over the 
side spans, then the change in the dip due to this is 


2 x As. 
elongate an amount A /, the change in the dip due to this 


: dh 
will be qi aAw. 


Similarly, if the chains in the main span 


It will be seen that the alteration in 


length of the chain kas a much greater effect on the dip 
than the alteration in the effective span. 


In a paper recently read before the Franklin Institute, 
Mr. J. M. Dodge mentions some interesting facts with 
reference to rope transmission as worked in America, In 
the American system of rope transmission a single rope 
is used, passing round the rope sheaves as many times 
as may be necessary for the power to be transmitted, and 
a tension carriage is used on one of the strands of the 
rope, which insures that the right tension only shall be 
used, and that each part of the rope shall do its proper 
share of work. In making the rope pulleys it was for- 
merly the practice to cast the pulley with a considerable 
allowance for machining the grooves. The rim had to 
be then sufficiently heavy to stand the cut of the turning 
tool, but even then there was generally some spring 
of the rim in making the heavier cuts, so that three 
cuts were required to finish the pulley, the last 
being a very light one. At the present time the 
pulleys are not turned, it having been found pos- 
sible to cast them with perfect accuracy. The hubs, 
arms, and pulleys are very carefully designed to avoid 
contraction strains, and the grooves are cast on green- 
sand cores, a three-part flask being used. In this way 
the weight of the pulleys has been reduced by upwards of 
17 per cent., as compared with those made by the old 
method, whilst owing to the total absence of contraction 
strains they are fully as strong. Multi-grooved pulleys 
are made by bolting together arm segments and rim seg- 
ments. The former consist of a pulley with a single 
groove, and provided with arms, whilst the rim segments 
ave no arms. After bolting together, the sheave is 
bored out, the quantity of metal removed being trifling. 
The only finishing required by the grooves is effected 
with a block of emery held in the groove whilst the pulley 
is rotated at 120 revolutions per minute, About three 


to four minutes is required for each groove. Thus made, a 
48-in. five-groove sheave for 14 in. rope weighs in the 
rough only 433 lb., and when finished 4231b. Manilla 
ropes are mainly used in the States owing to their cheap- 
ness, but cotton ropes are better. The splice should be 
10 ft. to 12 ft. long in the case of 1-in. rope, made without 
increasing the diameter of the rope, though this involves 
a reduction in the strength. The ropes are best run at 
from 3600 to 4200 revolutions per minute, and the total 
maximum working tension is taken as 3 per cent. of the 
breaking. 


Fast Passace By THE ‘‘CampantA.”—The Cunard 
Royal Mail steamer Campania, which left Queenstown at 
12.40 p.m. on June 18, arrived at Sandy Hook Lightship 
at 11.42 p.m. on Friday, after a passage of 5 days 15 
hours 37 minutes, which is equal to an average of 21, 
knots. During the whole of the voyage the vessel went 
by the long southerly route. Her daily runs were as fol- 
lows: 509, 548, 521, 494, 532, 260; total, 2864 knots, It 
will be seen that on the second day the distance run was 
the best ever recorded for one day. The best previously 
recorded passage was the Paris’s, 5 days 14 hours 24 
minutes, but this was over the summer route, a distance 
of 2782 miles. As the Campania covered 82 miles more, 
her time by the short route would have been 5 days 12 
hours and 138 minutes. 


Tue Institution or Crvin Encineers.—At the first 
meeting of the recently elected Council of the Institution 
of Civil Engineers, the following reappointments were 
made: Mr. Hugh Lindsay Antrobus as treasurer; Dr. 
William Pole, F.R.S8., as honorary secretary ; and Mr. 
James Forrest as the secretary. The Council consists of 
Mr. A. Giles, President ; Sir Robert Rawlinson, K.C.B., 
Sir B. Baker, K.C.M.G., LL.D., F.R.8., Sir James N. 
Douglass, F.R.S., and M. J. Wolfe Barry, Vice-Presi- 
dents; Dr. William Anderson, F.R.S., Mr. Alex. R. 
Binnie, Sir Douglas fox, Sir Charles Hartley, K.C.M.G., 
F.R.S.E., Mr. J. C. Hawkshaw, Mr. Charles Hawksley, 
Professor Alex. B. W. Kennedy, F.R.S., Sir Bradford 
Leslie, K.C.I.E., Mr. James Mansergh, Sir Guilford L. 
Molesworth, K.C.I.E., Mr. W. H. Preece, F.R.8., Sir 
Edward James Reed, K.C.B., F.R.S., M.P., Mr. William 
chetorh oa ¥F. W. Webb, and Mr. W. H. White, 


Boarp oF Trape Exzcrric Licutine REGULATIONS.— 
The following notice has been issued by the Board of 
Trade: ‘‘ Whereas in certain regulations made by the 
Board of Trade under the Electric Lighting Acts, 1882 
to 1890, and certain provisional orders and _ licenses 
granted under those Acts, it is provided that where the 
supply of energy is transformed at a converting station, 
some means or apparatus approved by the Board of Trade 
shall be provided, which shall render it impossible that 
the low-pressure distributing mains shall be at any time 
charged to a dangerous difference of potential from the 
earth owing to any accidental contact with, or leakage 
from, the high-pressure system either within or without 
the converting station. And whereas in such regulations 
it is also provided that where any transforming apparatus 
is installed on a consumer’s premises, some means or appa- 
ratus approved by the Board of Trade shall be provided, 
which shall render it impossible that the Jow-pressure 
service lines and consumer’s wires shall be at any time 
charged to a dangerous difference of potential from 
the earth, owing to any accidental contact with, or 
leakage from, the high-pressure system, either within or 
without the transformer. Now, therefore, the Board of 
Trade approve of the apparatus known as the Cardew 
earthing device of the pattern deposited at the Board of 
Trade Laboratory, sealed, and numbered 3, 3A, and 3B, 
for use under such regulations. Provided that in all cases 
in which such devices are used suitable quick-acting fuses 
or cut-outs are inserted in the high-pressure circuit, and 
that in any case where the high-pressure current to the 
transforming apparatus may exceed 30 amperes, two such 
devices at the least shall be used.” 


Triats or H.M.S. ‘Grarton.” — The twin-screw 
cruiser Grafton has completed her steam trials. She is 
similar in design to the Gibraltar, whose machinery is 
illustrated in this week’s issue. She was designed 
by Mr. W. H. White, Director of Naval Con- 
struction, built by the Thames Iron Works and Ship- 
building Company, Blackwall, and engined by Messrs. 
Humphrys, Tennant, and Co., Deptford. She was de- 
scribed in ENGINEERING, vol. hii., page 180, and 
also on page 200 ante. On the 24th inst. a con- 
tinuous eight hours’ full-power trial with natural draught 
to the boilers was first undergone, and gave the follow- 
ing mean results: Steam was maintained at a boiler 
pressure of 154 1b. per square inch, with .41 in, of air 
pressure in the stokeholds, and, with a vacuum of 27 in., 
the engines attained a speed of 96 revolutions per minute, 
and developed a gross indicated power of 10,957 horses, 
giving the ship a speed by log of 19.5 knots, her draught at 
the time being 23 ft. forward and 24 ft. 3in. aft. On Tues- 


day, the 27th inst., the weather being rather rough, theship _ 


left Plymouth Sound at 8 a.m. for a four hours’ forced 
draught full-power trial, of which the results were— 
that with 1.16 in. of air pressure in the stokeholds 
a good supply of steam was maintained at a boiler pres- 
sure of 148 lb. per square inch, the mean vacuum was 
26.7 in., the revolutions of the engines, which were re- 
markably uniform, reached a mean of 101.6 per minute, 
and the total indicated horse-power developed by them 
was 13,484, the speed of the ship, taken at half-houy 
intervals by log, being 20.5 knots. The trials gave an 
excess in power developed by the engines over that con- 
tracted for of 957 indicated horse-power for the natural 
draught and 1484 for the forced draught trials, 
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T'nE press and steam compressor shown in the accom- 
panying engraving was constructed by Messrs. Brown 
Brothers and Co., Edinburgh, for their Rosebank 
Iron Works. The press consists of top and bottom 
castings, the upper one having a cast-steel cylinder 
2 ft, 2 in. in diameter by 3 ft. 6 in. stroke, capable of 
working at a pressure of 3 tons per square inch. 
Above this cylinder is a smaller one for the purpose 
of pulling up the forging ram; this is always open to 
a constant pressure of 800 lb. to the square inch from 
a low-pressure source of water. The steam com- 
pressor consists of a 3-ft. steam cylinder, 7 ft. stroke, 
operating on a 5-in. hydraulic ram working in the 
hydraulic cylinder. A pipe, without any valves, com- 
municates from this cylinder to the 3-ton per square 
inch forging cylinder as shown. The valve gear fitted 
to the compressor is similar to that of direct-acting 
pumps. ‘The piston valve on it is moved by an 
auxiliary cylinder steam-cushioned at the end of its 
stroke. The slide valve of this relay cylinder F is 
actuated from the piston-rod of the 36-in. cylinder at 
A, by a long spiral rod, which has a fine-pitch screw at 
its upper end for the purpose of giving a diminished 
stroke at B to work the valve gear. The upper stop 
of the crosshead on this finer screw is capable of varia- 
tion, so that this single-acting 7-ft. stroke steam com- 
pressor may be made to perform a lesser amount of 
stroke down to 12in., by turning the handwheel C. 
A pair of valves are shown at D by which water may 
be admitted to or exhausted from the press cylinder at 
a pressure of 800 1b. per square inch, the object of 
which is to adjust the forging ram at the proper dis- 
tance from the ingot to be forged. The steam is turned 
on at the compressor, when it at once begins to make 
from twenty to thirty strokes per minute, causing the 
forging ram to work through 3 in. stroke or less accord- 
ing to the setting of the valve gear upper stop. The 
compressor is always returned to its upper position 
in the cylinder by the constant pull back of the 


forging press lifting cylinder. It will thus be 
seen that in the operation of forging or compressing, 
where 3 tons per square inch is used, there are no 
hydraulic valves between the compressor and forging 
cylinder. The amount of steam used will always 
be in direct relation to the work being done, unlike 
hydraulic forging presses where the same pressure 
of water is used for all work. An hydraulic governor 
is shown at E. It is connected to the press cylinder, 
and opens according to the resistance which the forg- 
ing ram meets in the ingot. 


Tur Sunz CANAL.—The steady growth of business of the 
Suez Canal Company is reflected in the following figures, 
showing the number of ships which passed through the 
canal in 1872, 1877, 1882, 1887, and 1892: 1872, 1082; 
1877, 1663 ; 1882, 3198; 1887, 3137; and 1892, 3559. 


Curnese TELEGRAPHY.—The Chinese land telegraph 
system has been joined to the Russian system, and 
messages can now be sent to any part of the world from 
any station in China, at the rate of 2 dols. per word, the 
cost of transmission across the ocean being added. The 
only Chinese province which cannot now be reached by 
telegraph is Hunan, which still remains opposed to all 
foreign innovations. 


LocoMOTIvVES ON THE Bombay, BARODA, AND CENTRAL 
InpiA Rattway.—At the close of last year the Bombay, 
Baroda, and Central India Railway Company owned 15 
tank locomotives, 15 passenger locomotives, 29 goods and 
passenger locomotives, and 68 goods locomotives. Of this 
stock 115 engines were in running order at the close of 
December, 1892. The number repaired during the second 
half of last year was18; the number awaiting repairs at 
the close of December, 1892, was12. The outlay incurred 
in the second half of last year in the maintenance and 
renewal of locomotives was 11,1787. The whole expendi- 
ture of the locomotive department in the second half of 
1892 was 74,448/., as compared with 83,022/. in the corre- 
sponding period of 1891, 


913 _ 
GEDDES’S PROTECTOR FIRE DOORS. 


Tue fire door for marine boilers which we illus- 
trate below is now being introduced by Mr. C. 
Geddes, of 2a, Drury-buildings, Water-street, Liver- 
pool, with a view to prevent the frequent renewals of 
bafile plates and occasional leakage of rivets, arising 
from the common practice of firemen in bringing the 
fires too close to the doors. As will be seen on the 
illustrations (Figs. 1 and 2), the deadplate in the 
improved door is recessed beyond the line of bafiles, 
the lower part of the doors being curved inwards to 
fill the recess. This arrangement not only protects 
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the batHe plates, but the firing space is much larger, 
and affords increased facilities for good stoking. The 
doors are made of stamped steel, and have rolled steel 
spindles of special section. The balance weights are 
of cast iron, and are securely riveted to the spindle. 
The frame is of cast iron, andis very strong. Twosizes 
of the door are made at present, the smaller being 
164 in. by 12 in., and the other 18 in. by 13 in. ; but for 
very large furnaces double doors are recommended, 


INDUSTRIAL NOTES. 

Tue labour world generally continues to be in a state 
of unrest, and considerable anxiety is felt in some 
industries as to the situation and future prospects of 
trade. In our leading industries two currents, 
in opposite directions, seem to flow: the main current 
is towards reductions in wages, owing to depression in 
trade ; the other current is in favour of the workmen, 
higher wages, and shorter hours, but this is mostly con- 
fined to the building trades, It is stated that the ebb 
tide has begun to set in, even in those branches of 
industry. There is less demand for material, and 
some reductions in prices have been submitted to with 
the view of stimulating the somewhat flagging trade. 
In those branches of industry which have shown a 
tendency to increased activity, the revival is of so 
limping a character as to be regarded merely as a 
temporary spurt. The more thoughtful of the 
working-class leaders earnestly urge their followers 
to be careful, moderate in action and speech, and, 
above all things, not to provoke disputes in their 
several trades. They counsel rather a policy of 
conciliation, and even of concession, with the view 
of averting any dispute which may eventuate in a 
strike. This does not arise from timidity, but from a 
sense of responsibility, a responsibility which the mass 
of the workmen do not feel, and which the rasher few 
among the leaders do not share. On the whole, how- 
ever, the men loyally abide by the decision of their 
councils or executives, and shrink from a contest 
which their officials deprecate. Recent failures have 
taught some severe lessons in this direction, which 
even the dullest cannot altogether ignore. 

The condition of trade in the engineering branches 
in the Lancashire districts manifests but little change. 
The most that can be said of it, however, is that things 
are no worse, the slight revival which those industries 
have experienced having been maintained. Some of 
the larger establishments are fairly busy upon special 
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work, and some of the principal Lancashire firms in the 
heavy engine-building branches are well supplied with 
orders. The boilermakers also continue to be well 
employed. Machine toolmakers, on the contrary, are 
but indifferently supplied with work, while the general 
run of engineering work is slow to move, the orders 
coming forward being mostly of an unimportant 
character, the bulk of the establishments being also 
very short of orders. There have been more inquiries 
stirring of late amongst shipbuilders, but no new orders 
of any importance have as yet been secured. The 
Manchester Ship Canal Company have been placing 
some orders with local firms for the erection of sheds, 
to be built down the centre of the quays at the Man- 
chester and Salford Docks. These sheds range from 
300 ft. to 600 ft. in length, with about 72 ft. span. 
The roof principals, girders, and uprights are to be 
entirely of steel, and the roofings will consist of 
corrugated iron and slates. These sheds are to provide 
for the speedy transhipment of goods of all kinds, and 
for loading and unloading at all points on the quays. 
The firmer tone in the iron market recently reported 
is maintained, and the prices of some brands have 
advanced. The steel trade has somewhat improved, 
and prices are firmer than they were. In steel boiler- 
plates there is a more decided improvement. The 
finished iron trade is better, an increased weight of work 
coming forward, and makers are firm in their rates. 
On the whole, the tendency is upward in all branches of 
the iron and steel trades, though at a very slow rate. 
In the labour world, generally, there is peace in all 
branches of engineering and cognate industries, and in 
the iron and steel trades generally, also, there is an 
absence of disputes. 


In the Sheffield and Rotherham district a slightly 
better tone prevails in the iron and steel trades gene- 
rally, but it is feared that the improvement is tempo- 
rary rather than permanent. The report of Messrs. 
John Brown and Co., recently issued, refers to the de- 
pression in the district, and it holds out no prospect of 
improvement in the near future. The staple industries 
of the district are fairly well employed, but there is 
no great rush in any of them, though there is tolerable 
activity in some. The increased activity in certain 
season trades has spent itself, the market being well 
supplied. The export trade has been slow to revive, 
though the usual increase at this season of the year 
has been experienced in some departments. Generally 
there is an absence of serious labour disputes, and 
there are no indications at present of any considerable 
reductions in wages; the notices already given in some 
branches have been met by concessions on the part of 
the men, so as to avert a strike. 

The revival in the Birmingham iron trade which 
began with the present month has continued and im- 

roved; both consumers and merchants are evincing a 
disposition to purchase for forward delivery. Makers, 
however, are not very anxious for booking forward 
orders at present prices, especially as in many cases 
they have orders on hand which will take some time to 
complete. The recent advance in prices has been 
maintained, and the tendency is towards a hardening. 
Finished iron is also stiffening in prices, the orders 
coming forward being better. In most branches 
of the iron and steel trades there is a forward 
tendency, both in work and in prices. The staple 
trades are fairly busy, without any great rush. No 
labour disputes of any consequence disturb the 
relations of employer and employed, and it is thought 
that the crisis will pass away without any serious 
reductions in wages. 


In the Wolverhampton district the improvement is 
still more marked, a fairly satisfactory amount of busi- 
ness having been put throngh. Some heavy orders 
have been booked for bars, sheets, hoops, and plates 
for prompt delivery, both on home and foreign account, 
and specifications are being received at a steady rate 
for the completion of old contracts. Best bars are in 
better demand, but the bulk of the new work is for 
medium and common qualities. The mills and forges 
are in more regular operation than has been the case 
for the last six months, and manufacturers enter upon 
the summer quarter with a good volume of orders on 
their books. A difficulty has been experienced at the 
forges with the hot weather, but this has moderated 
recently. Sheet makers have been able to keep the 
mills running more regularly, some good orders having 
been secured. Steelmakers report a well-sustained 
demand for plates, sheets, and billets, but the prices 
are kept low by the competition of other districts. 
The finished iron trade is also better, there being an 
increased demand for forge and foundry iron of Staf- 
fordshire qualities. The district is fairly free from 
labour disputes of all kinds at the present moment. 

The joiners in the Wear shipyards having had 
notices served upon them of a reduction in wages of 
1s. 6d. per week, agreed to refer the matter to arbi- 
tration—to the Wear Conciliation Board. The result 
has been that a reduction of ls. per week has been 


agreed upon and accepted, and consequently the 
threatened strike has been averted, 

The employers in the rivet trade, in Staffordshire and 
Worcestershire, have agreed to an advance in wages 
to the extent demanded by the men, with the result 
that the strike is ended, and the men have resumed 
work. In the staple trades of this district, nuts and 
bolts, screws, nails, &c., the tendency of late has been 
favourable to the workers in nearly all cases. 

The workers in the Government factories at Enfield 
and Waltham Abbey, and at the Royal Arsenal at 
Woolwich, are endeavouring to force the hands of the 
Government into a concession of an eight-hours day, 
deputations with that view having waited upon some 
of the labour and other members to induce them to 
take the matter up in the House of Commons. 


A very curious combination has sprung up in the 
East End of London with the object of discouraging 
sweating, namely, joint action by the Master Middle- 
men Tailors’ Association and the journeymen’s trade 
union. It is said that they will proceed against some 
of the great wholesale clothing firms, who are alleged 
to be the chief cause of all the mischief prevailing in 
the trade. 

It appears that there is a growing disposition amongst 
railway employés to go in for the eight hours pure 
and simple. A manifesto has been issued in its favour, 
and the matter will be discussed at the national con- 
ference of signalmen to be held at Derby on the 27th 
of July next. 


The National Workmen’s Exhibition, which will be 
opened by H.R.H. the Prince of Wales to-morrow 
(July 1) at the Royal Agricultural Hall, will, it is 
expected, be a great success, the exhibits being even 
more important than was anticipated. The exhibits 
are arranged and classified, under their respective 
heads, in thirteen groups, and pains have been taken 
to place each allied trade in its proper place in each 
group. It was intended that each group should be 
treated historically and otherwise in a brief intro- 
ductory notice to each group in the catalogue, but it 
seems that the idea had to be abandoned on account of 
time and space. ‘The London Trades Council, by 
whom the exhibition is promoted, hope that the result 
of the undertaking will be to evoke a more general 
national interest in good workmanship, and lead to a 
better class of work in all industries. They also hope 
that by its means the social condition of the people 
will be advanced, and that a healthy public opinion 
will be created against sweating, and in favour of 
home industries as compared with foreign products. 
Though it is essentially a workmen’s exhibition, some 
of the large employers of labour in the metropolis have 
sent the best specimens of combined handicrafts in 
cases where individual exhibits were, from the nature 
of the work, impossible. Excellence in workmanship, 
in design, and in artistic decoration are the things 
aimed at, and it is hoped that a taste will be created 
for the best work, as against shoddy work and shoddy 
materials. Being promoted by the trade unions, there 
will be a large display of union banners in the hall, 
and some of the friendly societies have also lent their 
banners for the occasion. The Prince of Wales, the 
City Corporation, and the Livery Companies have lent 
some articles of great value and artistic beauty for the 
exhibition, especially gold and silver plate, and other 
works of art. But, wherever practicable, individual 
workmanship is the prime object of the exhibition, and 
in this class of articles it will be richer than some 
more ambitions projects of the same kind, 


The Labour Electoral Congress held in Hull last 
week was rather political than industrial, but its 
political side had much in it of an industrial character. 
The idea is growing that much more can be done for 
labour through Parliament and public bodies, than 
by labour for itself. This is undoubtedly true, but 
more is expected of Parliament than it can accomplish. 
There is, in point of fact, a danger lest, in relying upon 
Parliament, the workers will neglect those internal and 
external forces and influences which, during the present 
century, have done so much for the advancement of 
labour and the welfare of the people. The power of 
the Legislature has often been invoked against labour, 
now it is invoked in favour of labour. But just as the 
former Acts against labour failed, and had to be re- 
pealed, so Acts in favour of labour may also fail, and 
have to be repealed. The tone of the conference was, 
on the whole, good; the demands were moderate, 
and the language of the speakers was measured. 
There was a marked absence of the rampant dema- 
gogic element which sees in capital a tyrant to be 
crushed, rather than a valuable servant to be used for 
the advantage of all. 

The recent split in the Sailors and Firemen’s Union 
is filling with dismay the newer unions of the last few 
years. Few of them have come out of the recent 


labour struggles unscathed. Some are torn asur der 
with internal disputes, and others are quiescent by 
reason of their poverty. All of them have suffered, 
more or less, financially and numerically, few of 
them toa greater extent than the Dockers’ and the 
Sailors’. The latter was conducted on a costly scale. 
For a long time the branches were able to spend money 
without central control, and large sums, amounting to 
about 10,000/., were spent in lawsuits alone, It does not 
appear that it was wrongly spent, but it was extraya- 
gantlyspent. Men had to be defended, and lawyers’ 
bills soon run up toahigh figure. Then the union had 
its own organs in the press. These were costly, and 
had to be abandoned. If the union pulls through its 
present difficulty, it will, perhaps, be the better and the 
wiser for the ordeal. 

The state of things connected with the coal trades 
indicates a possible, not to say probable, struggle at no 
distant date. It is rumoured that a meeting of coal- 
owners has been convened to discuss the question of a 
general reduction in wages, some say to the extent of 
20 per cent. on present rates. No authoritative state- 
ment has been made public as to any decision by the 
conference, and no notices have been issued of any 
general reduction. But great anxiety is felt as to the 
probable course of action by the colliery owners. The 
very uncertainty is having a prejudicial effect in many 
of the mining districts. 

The National Federation of Miners have won what 
they consider another great victory. They have 
secured the adhesion of the Northumberland miners by 
a substantial majority, the result of the ballot being 
made known towards the close of last week. The 
federation now comprises the whole country, all the 
districts in England and Wales being federated, though 
in Wales there is some divergence in the matter of the 
sliding scale. Durham and Northumberland held out, 
but both have now thrown in their lot with the federa- 
tion, As regards the Mines Hight Hours Bill, the ad- 
hesion is most important, because now all sections 
seem to demand it. As regards the wages question, 
things are somewhat different, as Durham and North- 
umberland have accepted substantial reductions in 
wages, as well as South Wales under the sliding scale, 
so that all the federation districts will have to support 
the men who are first called upon to accept a reduc- 
tion, and who will be instructed to resist it. It does 
not appear that any general strike will be resorted to 
unless the combined action of the employers necessi- 
tates it. The outlook is indeed rather dark, and still 
more uncertain. One fact has been pointed out to the 
Northumberland men, namely, that while they have 
lower wages they have had regular work, whereas in 
the federation districts wages have been kept up, but 
the men have little to do, only from two to three or 
four shifts per week, 

The condition of affairs in the Forest of Dean remains 
pretty much the same—if anything, rather worse than 
it was. The system adopted is enforced idleness, or 
only very partial employment when coal is needed, 
or the condition of the pits requires it. The men have 
refused certain offers made to them, in some cases of 
regular work, if they will leave the federation and 
submit to a reduction in wages. The pits are thus 
partially closed. The system adopted seems to show 
that the coalowners hesitate to come to close quarters, 
especially as the men are supported by the federation, 
Several pits are closed, some partially closed, no 
definite time being fixed for the resumption of 
regular work. In the midst of this uncertainty, and 
notwithstanding the number of men out of work, the 
quarrymen are taking action against non-union men in 
oe district. A strike of the quarrymen seems inevit- 
able. 


ON BATTERING-FACED RETAINING 
WALLS. 


By Professor Krerrier, Munich. 


_ Reratnine walls of trapezoidal cross-section (battering 
in front and perpendicular at the back) are most fre- 
quently applied along railways and streets, owing to the 
simplicity of their execution. 

The late Professor Rankine, in his ‘“‘ Manual of Ap- 
plied Mechanics” (Art. 219), has first pointed out that the 
stability of position of a rectangular retaining wall is not 
altered when there be removed a triangular prism in 
front, the centre of gravity of which would be vertically 
above the centre of resistance of the base. 

By further investigating and generalising that problem, 
some results are arrived at which may be of some 
interest to practical engineers. 

Let a rectangular block of the length unity (Fig. 1) be 
supported on a horizontal plane, and let h be its height, 
a its breadth, Gp its weight. 

1. The moment of stability of the block about its front 
edge A is 

Go. 5 ; 
and that moment, relatively to any axis M paralle 
at a distance \ a from the snide ea Ee Lat wh 


Gp. Aa. 
If the latter be considered to afford sufficient safety 
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against the moment of the laterally applied forces, tend- 
ing to overturn the block, the degree of safety against 
being overturned about the edge A will be 
i 
2X 

If, é.g., in a rectangular base the centre of resistance M 
were in its limiting position (that is, when \=4) then the 
degree of safety will be 3. In this case there would, 
therefore, be no reason to attempt giving to such a block, 
say, twentyfold safety against being crushed, considering 
that the block would, owing to its stability, safely sustain 
only less than three times the thrust of the given bank. 

2. Let M, as before, be the centre of resistance at the 
base; let a battering plane A E (Fig. 2) pass through 


Fig, 2. 


Fig. 7 


the lower edge in front, and, relatively to M, let the 
statical moments of the rectangle A B C D of the 
triangle A D H, and of the trapezoid A B C E, be 
respectively denoted by 


9; Ao, 1; 
then obviously we must have 
% = CT + CP) 
0, => A wes 6, . 


oe da \ when the vertical lines 


drawn through the centres of gravity of the triangle and 


of the rectangle pass on Sree eLi ye \ of the centre of 
resistance M. 


Tf, therefore, we remove the triangular prism A E D 
then from equation (1) it appears that the stability of 
ae of the remaining trapezoidal block relatively to 

will be 


a. Increased, as long as 0, is negative, or DE 
<3(4—A)a. 
b. Diminished as soon as 62 becomes positive, 
or DE > 3(1—\)a. 
ce. Not altered, when D E=3 (4—) a. 


8. Thus, for any centre of resistance M, assumed there 
will be found one definite position of the sectional plane 
or batter A E, for which the moment of stability of the 
block A B C &, relatively to M, is a maximum. 

Let v denote any number > 1, so that 


ee Ve 
10 5 > 
then the weight of the triangular prism is 
Go 
20’ 
and its moment about M is 
eS Goa (eee r) 72) 
12 
62 being negative, and @) being=G, \a, according to (1) 
we obtain 
= 3 (1—2 \) v—2 
Oy God ( \ 4k See 
bes a( aio 
This value attains its maximum for 
liad 
~ 3(1=2n) 
In our issue we may put \=4, whence 
y=2 (3A) 
That is to say, the stability of position of the trapezoidal 
block to be deduced from a rectangular one will be 


greatest when the breadth of the summit is made half 
of that at the base. In this case equation (2) becomes 


0,= Got (+9), 


(1) 


The moment 6. is 


v2 
(2) 


(3) 


and the stability of the masonry block is thus increased 
inthe ratio 1+4:1. The sectional area, however, and 
consequently the mass and weight of the block, are 
diminished in the ratio 1—}: 1. 

4. By diminishing the weight of block, we diminish the 
frictional stability in the same proportion. This circum- 
stance may be improved by making the base slope back- 
wards, that-is, by adding a wedge A B B! below (Fig. 3), 
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5. Let 8) denote the modulus of resistance to crushing 
of the ground below the wall, y the weight of masonry; 
then, for a prismatic rectangular wall, the pressure of 
which is uniformly distributed at its base, the height 
must never attain 


ho= -20- 


0 . 
y 
If, in a wall with rectangular base, \ a be the deviation 
of the centre of pressure from the centre of figure within 
the middle third, the maximum intensity of pressure, 
at the edge towards which the deviation takes place, 


will be 
Bo = 6B (1 + 6d), 


8 being the mean intensity of pressure at the base; and 
for a trapezoidal wall of greatest stability, the weight of 
which per unit of length is #h!) a y, we have 


ga thory_ sy, y. 


a 
The limiting height of such a wall is therefcre 
hip = 4. Po 4 
FETE Ky “) 


the factor of safety employed being three, as mentioned 
in article 1. 

6. If the stability of position of the deduced trape- 
zoidal block be only required to be that of the original 
rectangular one, then for \=4 (Fig. 4) we must have: 


and since G: G'=a: a’ 


as = ont = 0.894 6 


- 
= (5) 

7. We may now establish the following simple rules 
tor the construction of trapezoidal retaining walls with 
perpendicular back : 

1. Compute a rectangular cross-section answering to 
the given lateral pressure. 

2. Reduce its breadth in the ratio 89 : 100. 

3. Let the battering plane face pass through the front 
edge at the base and through the middle of summit of the 
rectangular prism. 

4, Let the base, as well as the layers of the masonry, 
be made rectangular to the slope. 

5. If Bo be the intensity of pressure at which the ground 
begins to yield, then the height of the wall should never 


exceed 
' 2 B ; 
hy = ~-° 6 
: Gy" (6) 


and even for this height the forces applied at the back of 
the wall are required to have a horizontal resultant, not 
adding anything to the pressure of the wall at its base. 


os) 


=—5 
=H 


CONDENSATION IN STEAM CYLINDERS.* 


On the Particular Forms Water Assumes in Steam Engine 
Cylinders, its Movements, and Evaporation at Exhaust, 
ae, 

By Bryan Donkin, Jun. 

Proressor ANSPACH has raised many important points 
in his recent pamphlet, ‘4Le Role de l’Hau dans les 
Cylindres & Vapeur,” and the question is well worthy of 
fair and free discussion. In accordance with his wish, I 
have pleasure in giving the results of my observations. 
So little is known, and so few facts are on record, that 
great moderation is desirable in the expression of any 
opinions. 

In a discussion of this kind it is important that whether 
the views and observations expressed differ or not with 
those of other writers, they should be given without 
reserve, so that the truth may be arrived at irrespective of 
former opinions, 

The few observations I am able to offer are made from 
a practical point of view. What is wanted most of allis 
some device to enable engineers to see into engine cylin- 
ders and observe all the phases of the complicated 
phenomena taking place, rather than to give ingenious 
theories, 

In the cylinders of engines we have to deal with— 
firstly, a solid body, a good heat conductor having a high 
specific heat—viz., cast iron ; secondly, a liquid generally 
a bad conductor, water; thirdly, a gas steam which, 
after passing through badly protected pipes, is wet and 
always ready to condense quickly on relatively colder 
surfaces. During the steam stroke the water assumes 
various forms on the surfaces, depending chiefly on their 
temperature, such as the finest mist, and drops from +; 
to 4 millimetres in diameter, and sometimes films. 

In studying this question it is well to be as precise as 
possible, and it is of little use to speak of water in the 
cylinder in a general way. The particular part of a revo- 
lution intended should be mentioned, whether the steam 
or the exhaust stroke, or any portion of either of these, 
because different effects are produced during admission, 
expansion, release, and compression. Writers should also 
state whether the cylinder is jacketed or not. In a well- 
jacketed cylinder with hot walls there is certainly less 
water in all forms than in a non-jacketed cylinder with 
colder walls. Then, again, water should be defined as dew 
or mist, water films or drops, and if in motion or at rest, 
&ce. We should also know whether the cylinder under 
discussion is worked as a single cylinder or a compound 
engine, and whether condensing or non-condensing. 

The pressure of steam in the various parts of a stroke 
and their corresponding temperatures can be taken from 


* Translated from Revue des Mines of March, 1893. 
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the indicator diagrams. The temperature of the cylinder 
walls can also be obtained approximately, and in some 
cases the average temperature of the walls as compared 
with the temperatures from the diagram has been recorded, 
except perhaps for the most important part of the inner- 
most surface, ;'5 mm. or.si; mm, thick. By careful obser- 
vations on a glass revealer, arranged with two valves, like 
a steam engine, one for the admission of steam and one 
for the exhaust, the various phenomena can be seen and 
studied. 

The question of the temperature of the drops is rather 
a difficult problem to solve experimentally, particularly 
as the drops are forced along between the hot or cold 
cylinder walls and the hot steam, both of which are con- 
stantly varying in temperature during a given stroke. 
Such temperature will depend probably on the size of the 
drops, but they can scarcely, I think, be much colder or 
much hotter than the innermost surfaces of the cylinder. 
The finest drops or mist doubtless will take more quickly 
the temperature of the surfaces on the one side and the 
steam on the other, particularly if in motion. With the 
larger drops of 3mm. to 4 mm., however, it is more diffi- 
cult to speak as to their relative temperatures. 

The guestion next presenting itself, is the difference in 
temperature between the innermost surface of the cylin- 
der and that of the steam. With the drops in rapid 
motion, there can hardly, I think, be any great dif- 
ference at any particular part of the stroke between the 
inner good conducting metal surfaces (say 45 mm. thick) 
and the rapidly moving steam. Probably the mean tem- 
perature of the cylinder walls, whether hotter or colder 
than the steam, will affect the question, and also the time 
and length of a stroke or duration of the stroke in 
seconds, 

Water in any cylinder may, of course, arise from various 
causes. Somes is brought in with the steam from the 
colder pipes. Some is due to the surface or skin action. 
A small portion is attributable to the heat converted into 
power, and some to radiation outwards, and other 
causes, 

In addition to these, we have the effect of the water 
itself in its various forms on the steam. 

It ought not, I think, to be assumed that the water, 
films, &c., are stationary on any of the surfaces. My 
observations have always shown constant motion during 
admission, with violent ebullition at exhaust. The bear- 
ing of these movements of water and steam upon the 
points under discussion should not be overlooked. 

After what I have seen, I cannot believe in the exist- 
ence of any continuous film of water at rest, either on the 
vertical or horizontal internal surfaces of hot or cold cy- 
linders. There is neither uniformity nor repose, nor is 
stagnant water visible. It is difficult for the eye to follow 
the storm of mist, fog, drops, &c.,dashing against the walls 
in all directions and then evaporating rapidly. With 
these violent motions inside our cylinders, and especially 
on all the surfaces during nearly the whole period of each 
stroke, and with the action of the piston in wiping off 
drops and films on the cylindrical portion, it seems 
natural to conclude that the innermost surfaces of the 
metal walls, say 4; mm., should almost immediately 
assume the varying temperatures of the moving steam. 

The wall or skin action in’any cylinder is, | think, a 
Proved fact, and there is a certain depth to which the 

eat penetrates, or a periodic thickness of fluctuation per 
stroke into and out from the cylinder metal. A note on 
this subject is added. 

Water in all its forms has probably also an unecono- 
mical effect on the steam, so that the action, not only 
of the iron, but also of the water, should be considered. 
It may, therefore, be not so mucha question of iron versus 
water, but one of iron as well as water, that diminishes so 
much our economy in steam engines as compared with, 
say, internal combustion or gas engines. The question of 
speed or time per stroke doubtless affects many of the 
points raised, but in the above remarks speeds like those 
of ordinary mill engines are assumed. 


List or Notes. 


1. Observations with a double glass revealer on the 
condensation of steam into mist, drops, and films, during 
the steam stroke, and their evaporation during exhaust. 

2. Gives eight sketches, viz., the forms observed of the 
condensation of steam during the steam stroke on 
metallic walls kept at different temperatures; whether 
mist, drops, &c., and notes of what took place at exhaust. 
It will be seen that the different temperatures of the 
walls produce very different forms of water on the metal 
surfaces. 

3. On the depth of the thermal penetration in both hot 
and cold walls per steam stroke, or the effects of time 
and depth with a certain pressure of steam. As will be 
seen, this depth varies from 17mm. to 14% mm. (j: in. 
to ys in.) according to the particular speed and tempera- 
ture, &c. The depth is much greater with colder than 
with hotter walls. With the same temperature of sur- 
pote half speed gives greater penetration than the normal 
speed. 

OTE I.—Observations with a Double-Glass Revealer on the 

Condensation of Steam into Mist, Drops, and Films 

during the Steam Stroke, and their Evaporation during 

the Exhaust Stroke. 

The following note attempts a description of what was 
seen within the walls of a glass revealer 24 in. in diameter 
and 4 in. long, without any piston, filled with steam at 
constant volume, and exhausted by means of two valves 
asin a steam engine. There was in addition a second 
rather large glass cylinder outside the first, with air in 
the annular space between them. The inner glass was 
filled and emptied about 34 times per minute. Steam 
was cut off at about one-fifth of time of filling. An indi- 
cator diagram was taken in each case in the usual way. 
The first experiment was with steam of about 30 lb, 


916 ENGINEERING. 


NOTE. I[—On tur Conpensation or SreAM ON Mpratiic WALLS, AS SEEN IN A GLASS REVEALER, 
BY BryAN DONKIN, JuN., 1892. 
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admission of the steam and before the cut-off, the drops 
were in rapid motion on the walls, driven along by the 
current of steam. The drops from 3 mm. in diameter 
upwards ran down the vertical wet surfaces, but none 
were larger than, say, 4 mm. in diameter. 

Exhaust Stroke, Vertical Walls.—The instant the ex- 
haust valve opened, the motions of translation of the larger 
drops were exchanged for a general violent ebullition, due 
to the pressure falling to that of the condenser or atmo- 


sphere. 


the glass becoming quite clear. 


lost their circular shape during the exhaust stroke. 


the end of this stroke, 


There was immediate disappearance of all mist, 


he drops broke and 


At 


owever, many of the larger drops 


= 2 | : . % 
ga38 | A Results of Condensation) Evaporative | Walls (Vertical) a 
£5 4, General Character of Mist or Drops daneerne Steam Effects during | Cooler than » 5 
=o sg i) during Steam only (Full Size). Stroke |the 2xhaust ;, eu pereute a8 23 
ao Stroke only. Stroke Initial Steam o an 
gag [Condenser only.| Diagram. %, 
He” 2 i 
ap = Rw: 
cal 
sg | tt 
Nothing visible. | 0 Yells mA 0 
steam. 


Temperature 


of initial About same 


; : Immediate 
steam of dia-_ | — The finest mist. eee temperature as 1 
gram (low- | | disappearance. | “initial steam. 
pressure cy- | 
linder.) 
60 
| 
| * 0 . Fahr. 
Mist coarser, but no Very Ie peo tebe 9 
drops. re-evaporation. | jnitial steam. 
16 
| San Fe -2 - : 2 me Re 
Very minute drops, as | Rather quicker | 20 deg. Fahr. 3 
also mist. evaporation. cooler. 
70 
--'@ Mist and minute drops i 3 ; 
© | up to about } mm, in | Quick evapora- | 30 deg. Fahr. 4 
65 eeuetes Foe diameter tion. cooler. 
| 
| 
| 
“t(Mist and all sizes of ; 
drops up to about | Less quick 40 deg. Fahr. 5 
1 mm, in diameter. evaporation. cooler. 
Exhaust line 
fromdiagram. 
Temperature 
24 1b. to 3 1b. a alain by ies Lancbe he ee 
absolute pres- 
sure .. A 


bof Mist and all sizes of 


drops up to about | Slow evapora- 50 deg. Fahr. 6 


§ 14 mm. in diameter. tion. cooler. 
seoaiee | ee 
———<—+5 | 
g | 
": "Mist and all sizes of 
drops up to about Very slow 60 deg. Fahr. 7 
3 mm. in diameter, | evaporation. cooler. 


running down vertical 
walls. 


- Mist and all sizes of 
drops up to about 
4 mm. in diameter, 
running down vertical 
walls. 


Little or no 


70 deg. Fahr. 8 
evaporation. 


cooler. 


705. 


The metallic walls were kept successively at the different temperatures indicated above by means of a current of water on one 
side. The other side was exposed to steam and exhaust from the low-pressure cylinder of a compound condensing engine. As the 
temperature of the wall was varied, the same diagram steam, produced, as will be seen, very different effects on the metal walls. 
An attempt has been made to illustrate and describe this in the above Table, with the kind of mist and size of drops, and their 
aspect, asseen through the glass walls, for every 10 deg. Fahr. decreasing temperature of metal wall. 


pressure, working condensing, and the observations are| drops of all sizes—} mm., 1 mm., and 2 mm., up to about 
given separately for the steam and the exhaust stroke, 3mm. indiameter. The larger drops were very irregularly 

Steam Stroke, Vertical Glass Walls.—On the admission of spaced, say from 7 mm. to 10 mm. apart, and even more. 
the steam, these were immediately seen to be covered | The smaller drops were very much nearer each other. The 
with the finest white mist, and with circular, well-formed general aspect is that of sketch No. 8 above. During the 


of about 2 mm. and 3 mm. still remained, although the 
wall appeared quite dry between them. 

Horizontal Cast-Iron Bottom.—All over the bottom 
there was about 1 mm. to 14 mm. of water, but on the 
exhaust valve opening, strong ebullition took place, and 
at the end of the exhaust stroke the bottom did not 
seem to be quite dry. 

Horizontal Cast-Iron Cover.—Here there were also 
drops and mist, as on the vertical walls, and in motion 
during the admission of steam, the drops sometimes 
falling vertically. The same boiling effect as before at 
exhaust. 

Whether Condensing or Non-Condensing.—The ssme 
general phenomena took place, perhaps with rather n:ore 
violent and quicker evaporation at exhaust. 

Steel Cups inside Revealer.—These, about 4 mm. in 
diameter and 8 cm. long, could be very distinctly seen 
through the glass walls, and were covered with small 
drops and running moisture. The number of drops 
falling from the bottom of each cup could be counted 
—viz., about 1 to 14 per stroke. These cups seemed fairly 
dry at exhaust. 

Other Experiments.—In other experiments with a higher 
pressure of steam, about 34 atmospheres, all the pheno- 
mena were practically the same, with the addition of a 
little more moisture, and sometimes water films on the 
walls. These were forced by the steam rapidly over the 
surfaces, splashing about in all directions. At other times 
there were only drops and no water films. The above 
results were with glass vertical walls, but with cast-iron 
walls the effects seen were about the same. If the 
cylinder had been well jacketed with steam, the quantity 
of water would have been much less, as proved by other 
experiments. As the feed water was measured, the per- 
centage of steam and water at release was known. ‘The 
above is rather an extreme case, and is similar to a slow 
running, non-jacketed, small single cylinder and single- 
acting engine without a piston, and with more water pre- 
sent than is usual in larger engines. Further experiments 
were made with a similar dcuble glass revealer connected 
to the low-pressure cylinder cf a large jacketed compound 
condensing engine (200 horse-power) going at about 60 revo- 
lutions. The steam was known by experiments to be prac- 
tically dry at release, and the revealer confirms this fact. 
What was seen when the whole of the parts had taken their 
normal temperature was only the finest white mist on the 
walls during the steam stroke, and immediate disappear- 
ance at the exhaust, like sketch No. 1in Note II., the walls 
apparently being quite dry before the exhaust ended. It 
may be of interest to add, that when the revealer was first 
put on to the indicator cock of the engine, although it 
was too hot to hold in the hand, the walls not having 
assumed their normal temperature, the following effects 
take place. epon b drops ran from the walls and about 
lem. of water collected at the bottom, but all this gradu- 
ally evaporated off into the cylinder and to the condenser. 
In 15 to 20 minutes the finest mist only was seen, regularly 
appearing at each stroke as above stated. 

In another experiment on the low-pressure cylinder 
(jacketed) of a compound condensing engine of 50 indicated 
horse-power going at 35 revolutions per minute, the effects 
were found to be similar, only the mist was composed of 
larger particles. 


Note 3.—Depth of Heat Penetration into Cast-Iron Walls 
at each Steam Stroke with 50 lb. Steam Gauge Pressure. 


* |#28° |gie% 5 
e 2S Qa Se ry 
bad | Fl nm S o a 
ba |S 82 eae a = 
2 | Ogu Bees Walls, &c. ae 
3s Bo eigal eee a3 
ES Des oS RES = 8 
se ZSAQHS Shams at 
dg. F. dg. C mm | 
5, 6 (con- \ 309 = 165 ‘Walls hotter than 
densing) a initial steam 
32 . Temperature _ of| | About 
7,8 (mon- ?) 395 = 163 4 initial steam = 34. 
condensing) = 293 deg. F. = | 
145 deg. C. 
2 (condens- ) ms ‘Walls colder than 
oa 270 = 108 | initial steam 
| 8 to9 Temperature of) | About 
3, 4 (non- 236 = 113 | initial steam = 34. 
condensing) " 284 deg. FL = | 
|. 140 deg. C. 
11 (condens- | $26 = 108 Walls colder than 
ing) ity coe | initial steam Half 
14 |Temperature _ of} { speed 
12 hae 945 = 118 initial steam =| [ 16 to 
densing > 290 deg. F. = 17. 
143 deg. C. 


The thickness of cast iron heated up per stroke differs 
with the temperature of the wall, and this for the same 
speed and pressure of steam. Temperatures are taken in 
holes 3 mm. in diameter, drilled in the metal and filled 
up with mercury. A thermometer is placed in the mer- 
oury. 
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‘6 ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compinep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings ts stated 
in each case ; where none are mentioned, the Specification is 
not illustrated. 

Where Inventions are communicated from abroad, the Names 
c&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 

‘ale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


9566. L. B. Atkinson, London. Electric Percus- 
sive Tools. (2 Figs.) May 19, 1892.—This invention relates 
to percussive tools driven by an electric current. The moving 
part of the tool consists of a central rod aon which is mounted a 
solid cylinder X on which are threaded a number of discs of iron 
asin dynamo or motor armatures, This moving part is carried 


by bearings in which it can freely reciprocate and be rotated if 
desired, this part being equivalent to the moving field-magnet of 
a motor having a fixed armature. Surrounding this solid cylinder 
are arranged laminated magnetic cores C on which are wound 
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coils E corresponding to the armature coil of a motor. The tool 
is operated by a combination of a continuous alternating current 
as described in Patent No. 9683 of 1890. In this case, however, 
the continuous or unidirectional current circulates in coils partly 
surrounding the central cylinder, and partly that portion of the 
magnetic circuit of the armature in which it is desired to prevent 
magnetic change. The alternating current circulates in coils no 
longer circumferentially surrounding the reciprocating part, but 
wound on those parts of the armature in which it is desired that the 
magnetic variation shall take place. (Accepted May 17, 1893). 


13,894. W. H. Preece, Wimbledon. Surrey. Sub- 
marine Telegraph Cables. [8 Figs.) July 30, 1892.—In 
this invention the use of the earth as a part of the circuit is 
avoided, and the circuit is made entirely metallic. The cores of 
two conductors are constructed cylindrical and parallel, and 
separated from each other and from the water by insulating 
media, and so arranged that the effect of the mutual induction 
of the two conductors opposes and neutralises the effect of their 
inductive capacity. (Accepted May 31, 1893). 


GAS, &c., ENGINES. 


11,141. J. E. Weyman, G. Hitchcock, and J. A. 
Drake, Guildford, Surrey. Hydro-Carbon Motors. 
[2 Figs.) June 14, 1892.—The object of this invention is to auto- 
matically regulate the temperature of the vaporiser used in 
hydro-carbon engines. The vaporiser ) is placed at the back end 
of the cylinder a, which is provided with exit c for the exhaust 
gases, fitted with a controllable exhaust valve d, an additional 
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exit ¢ being so arranged as to pass through the vaporiser, and 
being fitted with a controllable valve /. By means of the first 
exit the exhaust gases are passed either into a silencing chamber, 
and thence into the atmosphere, or into the atmosphere direct, 
but by the additional exit the exhaust is made to pass, first, 
through or around the vaporiser according to the temperature 
which it is desired to maintain, means being provided for effect- 
ing this automatically. (Accepted May 17, 1893). 


MINING AND METALLURGY. 


9127. J. Y. Johnson, London. (N. Lébédef, St. Peters- 
burg, Russia). Extraction of Metals from Ores, &c. 
[3 Figs.) May 13, 1892.—In this invention ores or metalliferous 
materials are subjected whilst in a molten condition to the action 
of carbonic oxide, as in Patent No. 2193 of 1892, but carbon D, in 
the form of coke, &., placed upon the surface of the bath, is em- 
ployed in place of the plumbago apparatus. Under the oxidising 
action of the flaine of the furoaze the carbon burns and produces 
carbonic oxide, which under ordinary conditions tends to escape 
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along with the flame, and produces no perceptible effect upon the 
materials. In order to cause it to react upon the molten mass, a 
pipe E is introduced into the bath, and through it the gases 
occluded in the molten mass are exhausted. In proportion as the 
occluded gases escape through the suction tube the carbonic oxide 
resulting from the combustion of the carbon arranged on the 
surface of the bath passes in the direction of the mouth of the 
tube, and produces a corresponding reaction on the materials 
under treatment, (Accepted May 17, 1893). 


RAILWAY APPLIANCES. 


10,994. J. Higginson, Ancoats, Manchester. Com- 
pensators for Railway Signals, [6 Figs.) June11, 1892.— 
This invention relates to gear to compensate for the varying expan- 
sion and contraction which occurs in the wires controlling railway 
signals from the signal-boxes. The signalling wire A Bis attached 
to the opposing ends of a pivoted lever D from which a weight C 
is suspended, the weight being placed about the middle position 
between the signal lever K and the signal-post L, and the signal 
wire A B having chains passing over pulleys where the weight C 
is suspended. The weight C is made sufficiently heavy to over- 


come the counterbalance weight on the signal-post L, and 
when by the operation of the signal lever K, the weight is allowed 
to fully strain the signal wire, then the signal is moved to the 
‘Line clear” position. The weight is suspended ata point nearer 
the point of attachment of the wire from the signal-post, so that 
it is sometimes held up by an unequal-armed lever. Should the 
signal lever end of the wire break, then the weight falls, and the 
lever D so moves that the hook disengages from the signal-post 
half of the wire A, the semaphore thus rising to the danger 
position, being raised by the counterbalance weight. (Accepted 
May 17, 1893), 


10,140. H. H. Lake, London, (4. B. Ibbotson, Florence, 
Italy.) Railway Buffers. (15 Figs.] May 27, 1892.—This 
invention relates to railway buffers, and has for its object to pro- 
vide means for securing the buffer plunger in its case, and to 
divert the shock of recoil from the plunger to the buffer spring. 
The divided retaining flange C is secured in position in the cir- 


cumferential groove provided in the buffer plunger B to receive it 
by an undivided metal locking-ring D attached to the face of the 
retaining flange by a set screw. A recess is provided to receive 
the undivided metal locking-ring which is passed over the reduced 
part, and is secured against the unreduced part by a set screw. 
(Accepted May 17, 1893). 


STEAM ENGINES AND BOILERS. 


9271. J. S. Bieulac and M. Julien, Paris, France. 
Rotary Steam Engines, &c. [6 Figs.] May 16, 1892.— 
This invention consists of a rotary engine, pump, or blower 
having radial piston blades forced outwards by springs K 
and constructed each in three sections, the middle section i 
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being shaped and caused to act as a wedge to force the sections i!, 
between which it is placed, in the endwise direction of the cylinder, 
so as to constantly maintain a tight joint between the piston 
blade and the ends and circumference of the cylinder. (Accepted 
May 17, 1893). 


8897. G. Capper, J. Robert, and J. Hill, Stoke-on- 
Trent. Metallic Packing for Piston-Rods, &c. [3 
Figs.) May 11, 1892.—In this invention two metallic rings A 
come next to the piston-rod, a small piece F being taken out of 
each ring to allow of taking up the wear, and one ring overlap- 
ping the split in the other. The two rings A are inclosed in an 


outer ring B having two ears for the tension screw C to pass 
tension springs E bearing against the ears. 


through, The 


outer ring B has a space between the ears for taking up the 
wear of the rings A, which is done by turning the screw C in the 
nut D, the screwed end of the screw C bearing against the packing 
box J, in which the whole of the rings and springs are inclosed. 
The packing gland G screws into the packing box H for the ten- 
sion screw to work in. The rings A and B are held up to the 
junk ring by springs N placed on the bottom of the packing 
box J, a plain loose washer L being provided between the springs 
Nand rings A,B. (Accepted May 17, 1893). 


9879. L, T. de Kossuth, Naples,Italy. Steam En- 


gines. (7 Figs.] May 24,1892.—The object of this invention is to 
reduce condensation in steam engines, and to cause the water carried 
away mechanically from the boiler into the cylinders and steam 
chamber to be re-evaporated, An ejector is employed, and is 
operated by the exhaust steam, and adapted to produce suction 


in the casings © of the steam cylinders, these casings being con- 
nected with the interior of the smokebox, so that part of the 
heated gases received in the latter before escaping through the 
chimney, circulate around the steam cylinders, so as to heatthem. 
(Accepted May 17, 1893). 


11,503. C. H. Benton, Headingley, Leeds. High- 
Speed Fluid-Pressure Engines. [1 Fig.) June 20, 
1892.—This invention relates to a high-speed engine described in 
Patent No. 7729 of 1887, in which there are two sets of recipro- 
cating parts. One set is always in thrust, and transmits the 
fluid pressure to the crank in one direction only, being returned 
in the opposite direction by the crank. The other set is always 
in tension, and transmits the fluid pressure in turn in the contrary 
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direction to the same crank, by which it isalso returned. In this 
invention the same principle of action is retained, but in order 
to avoid the employment of separate slide valves, one set of 
reciprocating parts is arranged within the other, and each is pro- 
vided with trunks A, B with ports in them, a slight differential 
motion relatively to each other being given to them, a means 
of distributing the motive fluid being thus obtained, one set act- 
ing as a slide valve to the other. (Accepted May 17, 1893). 


9189. C.C. Black, Buckhurst Hill, Essex. Steam 
Generator Furnaces, &c. [26 Figs.] May 14, 1892.—This 
invention relates to the construction of steam generator furnaces, 
and to means for conveying the fuel first to a hopper a by means 
of acreeper band ¢c, &c., and thence to an injecting apparatus 
by which it is delivered into the furnace. The furnace is con- 
structed of refractory material such as firebrick, and comprises 
acrown piece b f, having a curved indent and arch against which 
the flame and inflammable gases impinge, and by which they are 
deflected and thoroughly mixed, and a curved base bi sloping 
downwards towards the mouth, and provided with a bridge piece 


at a short distance inwards from thearchbh. Beneath the base 
are two air inlets bm, bn, controlled by hinged dampers con- 
nected together by a rod and held in any position by a rack lever 
engaging with a corresponding pin in the damper plate. At the 
back of the bridge wall is arranged an air flue which conveys the 
current of air from the openings) m, b n, and projects it against 
the crown of the flue dt. The combustible gases are thus first 
mixed and burnt in the chamber A, after which the unconsumed 
products of combustion pass over the bridge b /, and are met by 
and mixed with a current of air from the flue bs, by which the 
process of combustion iscompleted. (Accepted May 17, 1893). 


MISCELLANEOUS, 


9069. A. C. Holms, Belfast. Dust Collector for 
Roads, &c, (1 Fig.) May 13, 1:92,—Th’s invention relates to 
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means for raising and collecting dust, &., upon roads. The 
blower A is placed above the axle, and the inlet passages D to it 
terminate at the apertures E in the horizontal surface F. These 
passages are made of pliable materia!. The central aperture is 
made with a trailing flap H to assist the dust to rise, and curtains 
hanging from the horizontal surface cause the air to impinge on 
the street surface. The horizontal surface is hinged so that the 
outside portions can fold upwards. It is swung by links, and ite 
weight is balanced by the springs M, the distance from the ground 
being regulated by the handwheel N. The toothed wheel O runs 
on the driving axle P, and communicates rotation to the blower 


by the intermediate speed wheels Q. The dust-laden air exhausts 
from the blower atS, and passes over the deflecting surfaces T on 
its way to the exhaust outlet U. The dust impinges on the de- 
flectiny surfacesand falls down the curved sides of the still-air 
chambers V, placed below the deflecting surfaces, The shield X 
deflects the exhaust current horizontally. The pipe Y leading 
from the top of the bar to the inlet entrance of the blower, allows 
a small circulation of air down through the still-air chambers. 
(Accepted May 17, 1893). 


9567. F. Van Rysselberghe, Brussels. Hydraulic, 
&c., Motors. [3 Figs.] May 19, 1892,— This invention relates 
to hydraulic, &c., motors. The buckets are cut out of the mass 
of the metal constituting the waterwheels and closed by rings. 
The wheels are rendered silent in action by arranging the number 
of buckets and the speed of the wheel so that the sound produced 
is in the neighbourhood of the limit of perception of the human 
ear, jets being arranged in couples so that there is an inter- 
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ference of sound. The jets conduct the motor fluid to the 
buckets of slightly larger internal diameter than that of the 
stream of motor fluid passing through them for creating a partial 
vacuum, and so overcoming theloss of head. The buckets do not 
exceed 4 in. in length measured along the path of the motor 
fluid. A speed governor is arranged to act through friction gear- 
ing upon a plug cock h controlling the admission of the motor 
fluid to the buckets. (Accepted May 17, 1893). 


10,024. H. A. Schlund, London. Hydraulic, &c., 
Presses. (2 Higs.] May 26, 1892.—This invention relates to 
hydraulic, &., presses, used for punching, &., the object being 
to provide means for effecting the removal of the article being 
operated upon from the punch. Upon the plate carrying the tool 
is arranged a ‘‘ knocker off,” which is adapted to slide upon the 
tool, so that when operated it serves to push off any article on it. 
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The movement cof the “‘kncecker off ” is effected by hydraulic 
plungers working in small cylinders in the plunger, the small 
plungers being attached to the back of the ‘‘ knocker off.” The 
plate carrying the tool is independent of the ram for operating it, 
and slides upon guides, an independent ram being employed for 
returning the tool plate to its normal position, which in rising 
carries with itthe main ram, (Accepted May 17, 1893), 


9162. T. Dale. Kirkcaldy, Scotland. Printing Floor- 
cloth, &c, [4 Figs.) May 14, 1892.—This invention relates to means 
for printing floorcloth by flat blocks described in Patent No. 1210 
of 1890. The air cylinder is actuated by means of an auxiliary 
cylinder 1 ard tappet gear 3. A quadrant 8 is employed for 
actuating the pad motion, the quadrant working into a pinion 
having a ratchet connected with it, and revclving free’y upon a 
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spindle supported in j urnals attached to the moving frame. 
Upon the spindle is an eccentric 11 which gives motion to arms 
12, which draw the pads 6 in and out below blocks 7. The gear 
for traversing the moving frame consists of the quadrant 20, 
clutch box, and cam by which motion is given to the moving 
frames at the proper times. The moving frames are stopped as 
they traverse the cloth by a bracket fixed to their under part, 
means being provided by which, as the free end of a lever 


is drawn up as the block holder ascends by a projecting piece 
fixed to it, a bolt is drawn down, and the moving frame3 traverse, 
the bolt being then released and shooting up a into notch. 
Means are provided for intermittently hauling the cloth along. 
(Accepted May 17, 1893). 


11,185. J. E. Ransome and J. A. Lewis, Ipswich. 
Digging Potatoes. [3 Figs.] June 14, 1892.—This inven- 
tion relates to means for adjueting the depth of digging apparatus 
on digging machines, in which a transverse rotary digger A is 
carried by a frame L fixed to the pole, and is driven from a trans- 
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verse axis MN on that frame, this axis itself receiving motion 
from the axle of the road wheels by spur gearing, the adjustment 
of the depth of the rotary digger being effected without derange- 
ment of the gearing by the movement of the axle in a circular 
course around the gear axis. (Accepted May 17, 1893). 


12,409. J. V. Musgrave, Listerhills, Yorks, Bur- 
ring Apparatus for Carding, &c., Machines. (3 Figs.] 
July 5, 1892,—This invention relates to the burring apparatus of 
carding, &c., machines, in which the burrs are struck off from 
the fibre by revolving beaters A scraper S is employed 
to sweep the tray, and is fixed on an endless band R arranged 
above the tray and approximately parallel to it, and mounted on 
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driving and guide rollers. The endless band is driven by a worm 
mounted on the shaft of the beater B engaging a wormwheel fixed 
to the driving roller, When the machine is in operation, the 
scraper secured to the endless band passes along in contact with 
the tray and sweeps the burrs along, dropping them off the end, 
where a receptacle is providcd to receive them. (Accepted May 10, 
1893). 


13,196. A. Colonies, Clermont Ferrand, France, 
Stopping the Fiow of Water into a Vessel when the 
Hull is Perforated. (23 Figs.) July 19, 1892.—This iu- 
vention relates to means for stopping the flow of water intoa 
vessel when the hull is perforated, and consists of a strong metal 
bar, one end of which is heavier than the other. Near its 
centre is a projecting eye by which it can be pivoted to the end 
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of a bolt. This bar carries at its centre a disc to check the flow 
of the water. The inner face of the bar which bears against the 
ship is roughed to prevent slipping. This bar is intended to lie 
across the aperture on the outside, and can be let down over the 
ship’s side by arope, (Accepted May 31, 1893). 


11,140. J. Perkins, Lichfield, Staffs. Potato 
Ploughs. [3 Figs.) June 14, 1592.—This invention relates to 
potato ploughs. A shield is attached to the frame of the plough 
above the share, which lifts the potatoes as it passes through the 
ground. Behind the share and bolted to the frame are two eyes 
carrying a horizontal cross-bar, upon which the ends of anumber 
of prongs are mounted, so as to allow the other ends to rise and 
fall independently of each other. The potatoes are raised by the 
shield on to the prongs, which by their independent movement 
thoroughly shake the potatoes clean and drop them on the ground, 
the prongs being curved down at the end to ass‘st this. Above 
the prongs and attached to the beam is a guide which spreads out 
fan shaped from the front, so as to throw the potato tops on one 
side and leave the course of the potatoes clear. (Accepted May 
31, 1893). 


10,283. H. Skinner, Gravesend, Kent. Pumps and 
Blowers. [7 Figs.) May 30, 1¢:92.—The pump is formed of 
of a cylindrical casing closed at its ends. Within and at one end 
of the casing is a circular plate carried by a shaft which passes 
out through the centre of that end. At three equidistant points 
around the circumference cf the circular plate are three projec- 
tions standing out from the latter, and parallel with the shaft, 
these extending and fitting up to the opposite end of the casing. 
Along one side of their circumference the projections also fit to 
the side of the circular casing, and along their opposite side they 
fit to the side of a fixed curved block, the outer circumference of 
which is concentric with the casing, the projections thus serving 
as pistons travelling slong the space between the outer circum- 
ference of the fixed block and the cylinder, This fixed block is 
secured to the cylinder cover. At one end of the annular groove 
an inlet port is formed through the side of the casing, and at the 
other end an outlet port. (Accepted May 31, 1893). 


10,267. R. Shaw, Manchester. Treating Fibrous 
Materials with Dye, &c. [17 Figs.] May 30, 1892.—The 
object of this invention is to provide means for dyeing cops of 
yarn. A fixed holder is provided forthe material, attached to 
and depending from the lower end of the suction chamber by a 
connecting pipe, ejectors being placed on the top by which the liquer 
ig drawn into or expelled from the receiver, and a movable dye 
vat, which is raised to and from the holder by a movable platform. 
The fixed holder consists of two or more heads, each provided 
with a perforated table to hold the cops, a suction chamber 
through which the liquor flows, and a connecting pipe which sup- 
ports the holder. (Accepted May 31, 1893). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 


GERMAN Coat Mininc.—Westphalian coalowners have 
been discussing the advisability of reducing production 
to a considerable extent, so as to prevent any further 
drop in prices. No definite action has been taken, how- 
ever, in the matter at present. 


AMERICAN ORDNANCE.—A contract for about 680 tons of 
forgings for guns will shortly be awarded by the United 
States Navy Department. It will supply ordnance for 
the Iowa, the Brooklyn, and three gunboats. The 
forgings, for which contracts will be shortly let, will 
furnish the service with 72 guns of calibres of from 4 in. 
to12in. There will be four 12-in. guns, sixteen 8-in. 
guns, twelve 5-in., and thirty 4-in. guns. The Iowa will 
be equipped with four 12-in. guns, eight of the 8 in. rifles 
and four of the 4-in. The remaining twenty-four 4 in. 
guns will be distributed equally among the three gun- 
boats. 


Sourn Austrian RarLway.—The rough receipts of this 
important system last year were 4,116,391/. The working 
expenses of the twelve months were 1,688, 064/., showing a 
ratio of 41 per cent. to the receipts. After allowing, how-- 
ever, for taxes and other charges, the net profits of 1892 
were brought down to 1,921,425/. ; and but for the help of 
large annuities received from the Hungarian and Italian 
Governments, the company would not have been able last 
year to provide for its fixed charges. As it was, the 
annuities not only provided for these charges in full, but 
left also a surplus sufficient to pay a dividend of 2s. 6d. 
per share. : 


Copnor AND Loscor SrwERAcE.—A Local Government 
Board inquiry was held by Colonel Hasted, R.E., at 
Codnor last week, to consider the application of the 
Basford Rural Sanitary Authority for sanction to borrow 
70002. for works of sewerage and sewage disposal for the 
districts of Codnor and Loscoe. The sewage of Codnor 
will be delivered by gravitation, and purified by irriga- 
tion on 12 acres of land, the sewage being first run 
through a small settling tank (which may also be used as 
a precipitation tank if required). The land will be pre- 
viously lightened and prepared for the reception of sew- 
age. Two small farms of about 23 and 1# acres respec- 
tively will be Jaid out in a similar way for the disposal 
of the sewage of Loscoe and Loscoe Grange. The total 
population is about 4000. The estimated cost of the work 
is 7000/., and the engineer is Mr. W. H. Radford, of 
Nottingham. 
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